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Synthesis and Estimation of Noval Heterocyclic Compounds 
with Its Biological Properties 

Manorama B. Motegaonkar 

Assistant Professor, Department of Chemistry, Azad Mahavidyalaya Ausa, Maharashtra, India 

 

ABSTRACT 

Chalcones were synthesized by the condensation product of DHA in combination with aromatic aldehydes in 

presence of strong base. It was found that the synthesized chalcones were having prominent role in modern 

coordination chemistry. The chalcone synthesized by base catalyzed condensation of 3-acetyl-6-methyl-2H-

pyran-2,4-(3H) dione (DHA) with different aromatic aldehyde. These chalcones were used for synthesis of 

derivatives i.e. flavones. The synthesized compounds were characterized by IR, 1HNMR and mass spectral 

analysis. The derivatives were further used for the estimation of its biological properties. It was found that the 

derivative possesses efficient antimicrobial properties. From the study it was found that the synthesized 

compounds are efficient for further research work. 

Keywords: Chalcone , Flavone , IR, 1HNMR Mass Spectroscopy, Biological Properties 

 

I. INTRODUCTION 

 

Chalcones are the special ligand molecules that used for the synthesis of complexes withdesired properties. 

The complexes are having variations in physical, chemical and biological properties. The existence of the α, 

β-unsaturated ketone moiety in chalcones is a common partfound in a large number of biological active 

compounds[1], Therefore, chalcone derivatives from nature or synthetic origin exhibit diverse 

pharmacological activities, such as antimicrobial[2], antitumor[3], anticancer[4], radical scavenger[5] and 

inhibitor of topoisomerase I.[6] 

Flavanones are important naturally occurring organic compounds possessing a  wide range of biological 

activities used in the treatment of various diseases [7]. Different methods are used for the synthesis of 

flavones, includes Allan- Robinson synthesis, synthesis from chalcones and via intramolecular witting 

reaction [8]. The most common method used involves Baker- Venkatramn arrangement. In this method 2- 

hydroxy acetophenone are converted to benzoyl ester, which in presence of base (pyridine / KOH) form 1,3 

diketones. The diketones are further cyclised under strong acidic condition to afford the flavones [9]. 

Inrecentdevelopmentofsuch dehydrative cyclization it includes the use of Amberlyst15, CoIII (sulpr)OH, 

FeCl3, Br2/CHCl3, EtOH/HCl, clay,NaOAc/AcOH and H2SO4 under microwave irradiation [10].Prenylated 

flavanone is a unique class of naturally occurring flavonoids characterized by the presence of a Prenylated 

side chain in the flavonoid skeleton. It was reported that one phenolic group and certain degree of 

lipophilicity are required for the activity of the flavonoids Substitution of the flavonoid ring system with 

http://www.ijsrst.com/


International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published :14 December 2022 Page No : 01-07 
 

 

 

 

 

2 

prenyl groups would increase their lipophilicity and consequently enhance their interaction with cellular 

membranes [11]. 4′ ,5,7-Trihydroxy-3′ - prenylflavanone has been isolated for the first time in 1989 from 

the chloroform extract of the stem bark of Erythrina eriotriocha. The chemical and pharmaceutical industries 

are always under the pressure to find out environmental friendly organic reaction methodologies. Microwave 

irradiation is used for a variety of organic reactions due to their use in a rapid and cleaner synthesis of organic 

compounds [12]. 

Flavones are a class of flavonoid based on the backbone of 2-phenyl chromene-4-one(2-phenyl-1-

benzopyrane-4-one ).They are polyphenolic compound which constitute one of the most numerous & 

ubiquitous group of plant metabolites, flavonoids are generally present as glycosylated conjugates in fruit, 

vegetables & other plant products consumed in a normal diet[13]. 

The immediate family members of flavonoids include flavones, flavanones, flavanols, anthocynidins and 

catechins. Luteolin is a flavonoids more specifically, it is thought to play an important role in the human body 

as an antioxidant, a free radical scavenger, an agent in the prevention of inflammation, a promoter of 

carbohydrate metabolism, and an immune system modulator. These characteristics of lutelin are laso believed 

to play an important part in the prevention of cancer multiple research eexperiments describe luteolin as a 

biochemical agent that can dramatically reduce inflammation and the symptoms of septic shock [14]. Luteolin 

is most often found in leaves, but it is also seen in rinds, barks,clover,blossom and ragweed pollen. It has also 

been isolated from salvia tomentosa. Dietary sources include celery, green pepper, perilla and camomile tea. 

Flavonoids have the same basic skeleton and the key feature which distinguishes one structural type from the 

other is the oxidation level of the various carbon in the heterocyclic ring, chromanones and flavones are 

integral part of humen diet have been reported to exhibit a wide range of biological effects. They also 

demonstrate, antibacterial, abortionist, cytotoxic, antimicrobial, antimalarial & antihypertensiveactivities[15]. 

 

II. RESULT AND DISCUSSION 

 

The chalcones of DHA were synthesized by claisen-schmidt condensation and characterized as good to 

excellent yield. The structures of all the compounds were established from IR, 1HNMR and mass spectral 

analysis is mentioned above.  The  IR  spectrum  of chalcones gives a broad band for OH group at (3000-3125 

cm-1) sharp and strong bands were observed at 1700-1750 cm-1 for lactone carbonyl group. Another sharp 

band was observed at 1598-1650 cm-1 due to the presence of carbonyl group and carbon- carbon band of α, 

β-unsaturated chalcone system. 

The structure of synthesized compounds were converted to the corresponding flavones (MBFI to MBFV) by 

oxidative cyclisation of chalcones. All these flavones did not gave violet colouration with ferric chloride 

solution and pink colouration with conc. Sulphuric acid. The IR spectra of flavones shows absences of band in 

the region 3000-3100 cm-1 (OH group). The 1H NMR Spectra showed singlet at δ 6.2 – 6.8 due to COCH 

proton and absence of singlet in the region δ 15-16 due to proton of hydroxyl group. In conclusion, we have 

reported that the synthesized chalcones derivatives using DHA (3-acetyl-6-methyl-2H-pyran-2,4-(3H) dione 

possessing good to moderate biological properties. These compounds will be having application in 
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pharmaceutical, agriculture, medical field for drug development. 

 
Fig. 1: Schematic representation of synthesized chalcone and Isoxazoline. 

  

III. MATERIAL AND METHODOLOGY 

 

Synthesis of substituted 3-Cinnamoyl-4-Hydroxy-6- Methyl-2-Pyrones (MBCI-V) 

10 mmol solutions of dehydroacetic acid and the10 mmol of aromatic aldehyde were taken and in to that 8-10 

drop of piperedine was added as a catalyst. The solutions was dissolved in 30 ml of ethanol solvent, the 

reaction mixture was then refluxed for a reaction time of 12-15 hrs. After reaction the compounds were 

checked by TLC. Then the mixture were filtered, dried and recrystallized with suitable solvent i.e. 

chloroform.[16] 

The characterizations were carried out further of synthesized compounds. Melting points were determined in 

open capillary and are uncorrected. IR spectra were recorded on FT-IR spectrometer using potassium 

bromide pellet as standard, 1HNMR were determined on a New AVANCE-500 MHz spectrometer against 

TMS as internal standard. The mass analysis was also carried out using Shimazu -machine. Purity of 

compounds was checked by thin layer chromatography (TLC). 

 

General method for the synthesis of Flavones: 

A solution of substituted 2-hydroxy chalcone was dissolved in DMSO (Dimethyl sulfoxide) a catalytic amount 

of iodine was added and the reaction mixture was refluxed for 2 to 3 hrs till the starting material had 

completely undergone conversion .Reaction was monitored by TLC, the reaction mixture was cooled at room 

temperature and sodium thiosulphate solution (10%) was added to decompose excess of iodine. The solid so 
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obtained was filtered and dried. The dry solid on crystallization from alcohol afforded flavone. The M.P. and 

Yield are listed in table. The structures of flavones were confirmed by spectral analysis (IR, 1HNMR and 

mass). 

 

Characteristic Test: 

The compound does not give violet coloration with FeCl3 solution and Wilson test was negative. 

Synthesis of flavones  

A solution of 1-(4-hydroxy-6-methyl-2-oxa-2H-pyran-3-yl)-3-(2-fluorophenyl)-2-propenone 

(0.001mol) and a crystal of iodine was added to it .The reaction mixture was refluxed for 1-2 hrs,the 

completion of reaction was checked by TLC. After completion of the reaction, the mixture was cooled at 

room temperatureanddilutedwithwater;theexcess ofiodine was decomposed withsaturated sodium 

thiosulphate solution. The solid thus obtained was filtered & washed with cold water & recrystallized from 

ethanol to get product name Similarly other compounds of the series were also synthesized by same 

procedure. The physical data of synthesized compounds are listed in table no. 1 and 2. 

 

Spectroscopic data of synthesized Flavone derivatives (MBFI-MBFV) 

MBFI : 7-methyl-2-(3-nitrophenyl) pyrano [4,3-b] pyran-4,5-dione 

IR (KBr, cm-1); 1650 (C=O), 1722(C=O Lactone), 2990 (C-H str. Of –CH3) 

1HNMR (CDCl3, δ/ ppm): 2.2 (3H, s, CH3), 6.5 (1H, s, COCH), 6.0 (1H, s, pyran ring), 6.8 to 8.4 (4H, m, Ar-

H ) 

Mass (m/z): (M+1) 300. 

 

MBFII : 7-methyl-2-(3,4,5-trimethoxyphenyl) pyrano [4,3-b] pyran-4,5-dione  

IR (KBr, cm-1); 1648 (C=O), 1716 (C=O Lactone), 2950 (C-H str. Of –CH3) 

1HNMR (CDCl3, δ/ ppm): 2.0 (3H, s, CH3), 3.8-4.2 (9H, s, 3XOCH3), 6.2 (1H, s, COCN) 6.0 

1H, s, pyran ring), 6.4 to 8.4 (2H, m, Ar-H ) 

Mass (m/z): (M+1) 345. 

 

MBFIII : 7-methyl-2-(3-methoxyphenyl) pyrano [4,3-b] pyran-4,5-dione 

IR (KBr, cm-1); 1658 (C=O), 1720 (C=O Lactone), 2978 (C-H str. Of –CH3) 

1HNMR (CDCl3, δ/ ppm): 2.3 (3H, s, CH3), 3.9 (3H, s, OCH3), 6.8 (1H, s, COCH), 5.9 (1H, s, 

pyran ring), 6.8 to 8.2 (4H, m, Ar-H ) 

Mass (m/z): (M+1) 283. 

 

MBFIV : 7-methyl-2-(3,4-dimethoxyphenyl) pyrano [4,3-b] pyran-4,5-dione 

IR (KBr, cm-1); 1651 (C=O), 1720 (C=O Lactone), 2950 (C-H str. Of –CH3) 

1HNMR (CDCl3, δ/ ppm): 2.1 (3H, s, CH3), 3.9-4.2 (6H, s, 2XOCH3), 6.8 (1H, s, COCH), 6.0 

(1H, s, pyran ring), 6.4 to 8.2 (4H, m, Ar-H ) 
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Mass (m/z): (M+1) 315. 

 

MBFV : 7-methyl-2-(2-florophenyl) pyrano [4,3-b] pyran-4,5-dione 

IR (KBr, cm-1); 1668 (C=O), 1722 (C=O Lactone), 2990 (C-H str. Of –CH3) 

1HNMR (CDCl3, δ/ ppm): 2.2 (3H, s, CH3), 6.6 (1H, s, COCH), 6.0 (1H, s, pyran ring), 6.3 to 

8.2 (4H, m, Ar-H ) 

Mass (m/z): (M+1) 273. 

 

Biological Activity 

The synthesized compounds were tested in in vitro for antimicrobial activity against bacterial isolates like S. 

aureus, E. coli and Salmonella Typhi and fungi species like Fusarium oxysporum, Candida albicans and 

Aspergillus flavus. The concentrations of compounds were taken as 150 μg/ml each. The antimicrobial 

activity was checked by agar plate diffusion method . The concentrations used for activity was confirmed 

after estimating the MICs of each compound. 

The solvent used for assay was dimethyl sulfoxide (DMSO) which further diluted with water.Nutrient agar 

and PDA (Potato Dextrose Agar) was used as the growth medium for the bacterial and fungal species 

respectively. DMSO was used as a negative control. The results were compared with standard drug penicillin 

for antimicrobial activity by measuring the zone of inhibition in mm using 150 μg/mL were mentioned in 

table no.3. Antimicrobial activity wasmeasured as a diameter of zone of inhibition (mm) [17-18]. 

 

Table 1: Percentage yield and melting point of substituted 3-Cinnamoyl-4-Hydroxy-6- Methyl-2-Pyrones. 

 

Entry X Product Yield % Melting 

point ºC 

1  

 

MBCI  

 

70 190 

2  

 

MBCII  

 

80 198 

3  

 

MBCIII  

 

85 195 
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4  

 

MBCIV 

 

80 176 

5  

 

MBCV  

 

84 160 

 

Table 2 Physical data of Flavones derivation (MBFI-MBFV) 

Compounds Molecular Formula M. P (ºC) Yield % 

MBF I C15H9O6N 210 85 

MBF II C18H16O7 250 88 

MBF III C16H12O5 212 65 

MBF IV C17H14O6 205 80 

MBF V C15H9O4F 260 79 

 

Table 3. Antimicrobial activity of Flavones 

Compound Bacteria 

(Zone of Inhibition in mm) 

Fungi 

(Zone of Inhibition in mm) 

A B C D E F 

MBF I 14 19 21 13 16 14 

MBF II 15 17 19 15 17 12 

MBF III 18 15 18 18 15 18 

MBF IV 19 18 18 12 18 17 

MBF V 14 20 16 14 20 19 

Penicillin* 11 10 12 10 12 13 

 

*standard, A- S. aureus , B- E. coli , C- S. Typhi , D- Fusarium oxysporum, E- Candida albicans , F- 

Aspergillusflavus. 
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ABSTRACT 

The synthesis of 4-(benzo[d]thiazol-2-yl)phenol(3) (Scheme-1)by reaction of 2-aminobenzenethiol(1)and 4-

hydroxybenzaldehyde(2)reflux in presence of toluene as a solvent. This reaction mixture is kept for overnight, 

the crystals of 4-(benzo[d]thiazol-2-yl)(3)obtained. Filtered and dried.As well as synthesis of 4-

(benzo[d]thiazol-2-yl)-2-methoxyphenol(5) (Scheme-2) by reaction of 2-aminobenzenethiol(1)and4-

hydroxy-3-methoxybenzaldehyde(4)reflux with toluene as a solvent. This reaction mixture is kept for 

overnight, the crystals of 4-(benzo[d]thiazol-2-yl)-2-methoxyphenol(5)obtained. Filtered and dried. 

The structures for the synthesized compounds are assigned on the basis of IR, 1HNMR and Mass spectral 

studies. 

KEYWORDS: 2-amino benzenethiol, 4-hydroxybenzaldehyde, 4-(benzo[d]thiazol-2-yl), toluene, 4-hydroxy-

3-methoxybenzaldehyde, 4-(benzo[d]thiazol-2-yl)-2-methoxyphenol 

 

I. INTRODUCTION 

 

The resistance of pathogenic bacteria and fungi to available antibiotic drugs has been posing a challenge to 

chemists and pharmacists. An interest in the design and development of new active antimicrobial agents can 

be ascribed to both the increasing emergency of bacterial resistance to antibiotic therapy and newly emerging 

pathogens[1,2]. Recently, the discovery of new compounds to deal with resistant bacteria and fungi has 

become one of the most important areas of antibacterial and antifungal research. The heterocyclic scaffold, 

benzothiazole is a privileged system with multiple applications. A number of 2-aminobenzothiazoles were 

intensively developed in the 1950s as central muscle relaxants. Riluzole(1) (6-trifluoromethoxy-2-

benzothiazoleamine, PK-26124,RP-25279) acts as a glutamate neurotransmission agent in biochemical, 

electrophysiological and behavioral experiments[3]. Research has been carried out recently on benzothiazole 

derivatives which are found to possess diverse chemical reactivity and wide spectrum of biological activities. 

The benzothiazole pharmacophore unit is found in several drugs which exhibit antimicrobial[4], antitumor[5], 

antioxidant behaviors[6] and as an acetyl cholinesterase[7] enzyme inhibitor. It is well documented that the 

unique frame work of benzothiazole is found in many antagonists like Ca+2 channel, LTD4 and orexin 

receptors[8]. By bearing in mind the aforesaid pharmacological applications of benzothiazole derivatives, our 
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group has synthesized recently 3-(2-(benzo[d]thiazol-2-yl)phenoxy)-1-(substituted acyclic/cyclic 

amino)propan-1-one derivatives and found them to be potent antimicrobial agents[9]. The chemistry of 

organophosphorus compounds has been growing rapidly since these molecules are involved in various 

biological processes, such as important substrates in the drug and pro-drugs synthesis. The phosphorus 

molecules play a vital role in medicinal and agricultural chemistry[10]. They also offer attractive possibilities 

for structural, synthetic and mechanistic studies[11]. Particularly, phosphoramidates have attained a 

distinctive reputation in P-chemistry since they act as pro-drugs and drugs in the antiviral and antitumor 

therapy[12]. The cyclic phosphorus derivative, cyclophosphamide is a pro-drug and it has been used in 

anticancer therapy[13]. The phosphoramidates in which the phosphate group is bonded with 

acyclic/cyclic/aryl amines or amino acid residues could develop lipophileicity[14] and as a result enriches 

their bioavailability and biological potency. These groups can also modify the physicochemical properties of 

active benzothiazole motif. The phosphoramidate derivatives of 5-nitroquinolin-8-ol and 5-nitroindazole 

synthesized recently by our group showed potential antimicrobial and antioxidant activities[15] and these 

results encouraged us to study the synthesis of title compounds and evaluate their bioactivity. 

 

II. EXPERIMENTAL SECTION 

 

All melting points were determined in open capillary tube and were uncorrected. IR spectra were recorded 

with potassium bromide pellets technique, 1H NMR spectra were recorded on AVANCE 300 MHz 

Spectrometer in DMSO using TMS as internal standard.  Mass spectra were recorded on a FT VG-7070 H 

Mass Spectrometer using EI technique at 70 eV. All the reactions were monitored by thin layer 

chromatography. 

 

III. MATERIAL AND METHODS  

 

1. Synthesis of 4-(benzo[d]thiazol-2-yl)phenol : 

In the present work, we report synthesis of 4-(benzo[d]thiazol-2-yl)phenol(3) (Scheme-1) by reaction of 2-

amino benzenethiol(1) and  4-hydroxybenzaldehyde(2) reflux in presence of toluene as a solvent. This 

reaction mixture is kept for overnight, the crystals of 4-(benzo[d]thiazol-2-yl) phenol(3)obtained. Filtered 

and dried. The Purity of compound was checked by TLC. The compound observed on TLC as single spot in 

benzene. Structures to these compounds are assigned on the basis of elemental analysis and spectral data. 

 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published :14 December 2022 Page No : 08-12 
 

 

 

 

 

10 

2. Synthesis of 4-(benzo[d]thiazol-2-yl)-2-methoxy phenol : 

In the present work, we report synthesis of 4-(benzo[d]thiazol-2-yl)-2-methoxyphenol(5) (Scheme-2) by 

reaction of 2-aminobenzenethiol(1) and 4-hydroxy-3-methoxybenzaldehyde(4)reflux with toluene as a 

solvent. This reaction mixture is kept for overnight, the crystals of 4-(benzo[d]thiazol-2-yl)-2-

methoxyphenol(5)obtained. Filtered and dried. The Purity of compound was checked by TLC. The compound 

observed on TLC as single spot in benzene. Structures to these compounds are assigned on the basis of 

elemental analysis and spectral data. 

 
 

Chemical analysis : 

 

1. 4-(benzo[d]thiazol-2-yl) phenol (3) 

IR:(KBr/cm-1) :3410 (-OH), 1621 (C=N), 1610-1590 (C=C), 780 (C-S),EI-MS: (m/z:RA%) :228 (M+1), Elemental 

analysis:C13H9NOS Calculated: (%) C, 68.70; H, 3.99; N, 6.16; O, 7.04; S, 14.11 Found (%) : C, 68.68; H, 3.95; N, 

6.10; O, 7.01; S, 14.08 

 

2. 4-(benzo[d]thiazol-2-yl)-2-methoxy phenol (5) 

IR:(KBr/cm-1) :3405 (-OH), 1620 (C=N), 1615-1595 (C=C), 784 (C-S),EI-MS: (m/z:RA%) :258 (M+1), Elemental 

analysis:C14H11NO2S Calculated: (%) C, 65.35; H, 4.31; N, 5.44; O, 12.44; S, 12.46 Found (%) : C, 65.30; H, 4.30; 

N, 5.42; O, 12.42; S, 12.41 

 

IV. RESULTS AND DISCUSSION 

 

Substituted benzothiazoles exert adverse effects on viruses and also act on yeasts and fungi. The antiviral 

screening results of MBT showed significant activity against two out of three viruses tested. The antifungal 

effects of MBT were also tested against Aspergillus nigerwith a suspension of spore-free mycelium 

homogenate as inoculum, and a 33 mg L−1 MBT concentration was the lower limit for 100% growth 

inhibition after five days of cultivation. Similar results, although obtained under other conditions, are 

described for the fungus Trichophyton rubrum. It was observed that for complete growth inhibition of 

Microsporumgypseumand Epidermophyton floccosum, MBT concentration had to exceed 50 mg L−1. The 

results of a study suggested that the thiol group of MBT is essential for its toxicity, since benzothiazole (BT) 
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was not an active fungicide. However, in another experiment the presence of zinc destroyed the fungicidal 

activity of MBT, and this contradicts what was suggested above. 

The antifungal activity of 4-(benzo[d]thiazol-2-yl) phenol, a significant inhibitory activity against Aspergillus 

niger, Penicillium roquefortl, and Chaetomium globosum was observed. On the other hand, 4-

(benzo[d]thiazol-2-yl)-2-methoxy phenol exhibited potent inhibitory activity against Aspergillus nigerand 

Chaetomium globosum. 

 

V. CONCLUSION 

 

Substituted benzothiazoles have been widely explored for industrial applications since their discovery. 

However, the biological activity of this class of compounds deserves further investigation. This becomes clear 

when microbial infections are considered. Although the research on this subject is incipient, the number of 

reports disclosing the effects of MBTs on pathogens of clinical interest has recently been increasing. 

Substituted 4-(benzo[d]thiazol-2-yl)phenolhave been shown to be promising, which calls for the design of 

more efficient antimicrobial, anthelmintic, anti-inflammatory, and anti-allergic agents. Future studies will 

undoubtedly uncover unexpected properties and applications. Advances in this field will require analyses of 

the structure-activity relationships of MBTs, as well as the mechanisms of action of these compounds. 
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ABSTRACT 

The present study is undertaken in order to find out quality of borewell water which is used for drinking 

purpose, cultivation of crop as well as household level in Tadola village of Maharashtra. We know that the 

underground water is the most important source of natural water. So the present work deals with valuation of 

borewell water of different place in Tadola village carried out in year 2020-2021. The physico-chemical 

parameters such as pH, temperature, electrical conductivity, total hardness, total alkalinity, dissolved oxygen, 

total dissolved solid are studied to measure quality of water.  

Kay words: Borewell, quality, household level, drinking water, physico-chemical analysis. 

 

I. INTRODUCTION 

 

We know that water is most important and most valuable natural resource available on the earth surface. 

Without which we cannot imagine life on the earth surface. Water is the fundamental need of all  plants, 

animals. The chemical formula of water is H2O. It means it is a combination of two hydrogen atoms and one 

oxygen atom. Near about 70% of earth surface is occupied by water. All over the world borewell water 

consists the largest and most important source of fresh potable water. We know that borewell water is the 

aboundant source of drinking as well cultivation of crop in urban and rural areas in India. Due to rapid 

growth of population, urbanization, industrialization and irrigation affects the availability and quality of 

groundwater because of its over exploitation and improper waste disposal. Generally water quality of 

borewell changes from place to place according to the nature of soils, rocks and surfaces through which-it 

moves (Seth, 2014, Okora N 2017). Industrial discharges, urban activity, agriculture can affect borewell water 

quality (Govindarajan, 2014). Borewell water is enormous source of drinking purposes as well as for 

cultivation of crop used in tadola village areas. In most of the countries major diseases are caused by water 

because of it’s poor quality.  
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II. METHODOLOGY 

 

Analysis of water sample :- 

The water quality parameters were PH, electrical conductivity, total hardness, total alkalinity, temperature, 

dissolved oxygen, total dissolved solid. These parameters analyzed by using standard methods recommended 

by APHA (2005) and Trivedi and Goel (1984) for the examination of water. The values of these parameters 

were campared with Indian Standards (IS) Bureau of Indian Standards (BIS) and World Health Organization 

(WHO) 

Table 1 : Water standards for ISI, BIS and WHO 

 

Sr.No. Parameters IS BIS WHO 

1 PH 6.5-7.5 6.5-7.5 7-8 

2 Electrical conductivity ( 𝜇mho/cm) --- --- 1400 

3 Total Hardness (ppm) 200-600 600 100 

4 Total Alkalinity (ppm) 200-600 600 - 

5 Temperature (0C) --- --- --- 

6 Dissolved oxygen (mg/lit) -- --- --- 

7 Total Dissolved solid (ppm) 500-2000 2000 1000 

 

III. RESULTS AND DISCUSSION  

 

Table 2 : Physico-chemical Analysis of Borewell water sample of Tadola Village. 

 

Sr. No. Parameters S1 S2 S3 S4 S5 

1 PH 6.75 6.76 7.2 7.0 6.2 

2 Electrical conductivity (𝜇 mho/cm) 1802 1855 1502 1432 1209 

3 Total Hardness (ppm) 275 280 355 350 240 

4 Total Alkalinity (ppm) 785 658 350 355 362 

5 Temperature (0C) 26 28 30 29 24 

6 Dissolved oxygen (mg/lit) 4.3 6.7 7.5 7.4 7.0 

7 Total dissolved solids (ppm)  1342 1205 1273 1061 1103 

 

Where, 

S1 = Kadam galli station  

S2 = Adsul galli station  

S3 = Devi galli station.  

S4 = Maroti mandir station 

S5 = Maske galli station  
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1) PH  

It is defined as hydrogen ion concentration of a solution. It is very important for aquatic life because most of 

the organisms are adopted to an optimum PH range and will not stand with small change in PH value. The PH 

value of stations in  the study range from 6.2 to 7.2 with a mean value 6.78 indicating slightly  acidic in 

nature. According to Shrivastava and Patil (2002), the value of PH below 6.5 causes corrosion in pipe and their 

by presence of toxic metals such as copper, zinc and cadmium. According to Indian standards (2012) the value 

of PH for drinking water ranges from 6.5 to 8.5. The PH values of sample collected at S1, S2, S3 and S4 are within 

permissible limits where as at S5 is below the permissible limits as shown in fig.1 

 
 

2) Electrical Conductivity : 

Electrical conductivity is defined as the ability of an aqueous solution to conduct to the electric current. 

According to Acharya (2008) electrical  conductivity is a useful for detection of purity of water. The electric 

conductivity depends upon the presence of free ions, temperature, nutrient status, variations in dissolved 

solids and mobility of water. It is observed that borewell water generally possess high electrical conductivity 

due to the presence of high amount of dissolved salts. It is a measure of capacity of water to conduct electric 

current. The electrical conductivity of water samples collected from varions stations ranges from 

1209 𝜇mho/cm to 1855 𝜇mho/cm. the mean value of electric conductivity is 1560 𝜇mho/cm. At station (S2) 

has highest value where as at station (S5) lowest value, shown in fig.2 
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Fig. 2 Electrical Conductivity v/s Sample collected 
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3) Total hardness :  

The presence of calcium and magnesium metals constitutes the total hardness of water. The most common 

salts are sulphates, carbonates and fluorides of calcium and magnesium. The hardness of water is very useful 

in order to prevent the corrosion in the pipes by forming a thin layer of scale thereby reducing the entry of 

heavy metals from the pipe to the water (shrivastava, 2002). The total hardness of sample collected at 

S1,S2,S3,S4,&S5 are within permissible limits as shown in fig. 3 

 
 

4) Total Alkalinity :- 

The total alkalinity is due to the presence of minerals dissolved in water from soil. It gives information about 

natural salts present in water. The total alkalinity of water samples ranged between 350 ppm to 785 ppm at all 

the sampling stations as shown in fig. 4. The 502 ppm is the mean value of alkalinity. The alkalinity value of 

samples collected at S1 and S2 are above the Indian standard limits i.e. 200 ppm -600 ppm where as at S3, S4 

and S5 are within the permissible limits. The high value of alkalinity should be due to the dissolution of 

mineral in water from minerals rich soil. According to Sawyer et. al.(2000) the various ionic salts such as 

carbonates, bicarbonates, phosphates, hydroxides, organic acids, borates, silicates and in few cases ammonia 

or hydroxides are responsible for the alkalinity. 
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5) Temperature :- 

Temperature is one of the most important physical parameter used for detection of quality of water. It affects 

on the aquatic organisms, vegetation and biological activity. The temperature value of samples collected 

ranges from 240C to 30 0C at all the stations and which is shown in fig.5 

 

6) Dissolved oxygen :- 

Dissolved oxygen is one of the most important parameter used in water quality assessment and biological 

processes preventing in the water. The degree of pollution in the water bodies can be determined with the 

help of dissolved oxygen. The presence of dissolved oxygen in water increases the quality of water and also 

acceptability. The dissolved oxygen values of water samples ranged from 4.3 mg/lit. to 7.5 mg/lit. The mean 

dissolved oxygen value was found to be 6.58 mg/lit. The dissolved oxygen values of samples collected at 

various stations are shown in fig. 6 

 
 

7) Total dissolved Solids :- 

The total dissolved solids mainly consists of inorganic substances which are dissolved in water. The effects of 

total dissolved solids on drinking water quality depends on the levels of its individual components, mineral 

depositions, taste, excesses hardness and corrosion are common properties of highly mineralized water. The 

total dissolved solids of water samples collected ranges from 1061 ppm to 1342 ppm. The mean value of total 
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dissolved solid was found to be 1196.8 ppm as shown in fig. 7 The total dissolved solid values of all the 

sampling stations are within the limits of Indian standards and safe for drinking. 

 
 

IV. CONCLUSION 

 

The present study of physic-chemical parameters is carried out during 2020-2021 of borewell water sample 

collected from five stations in Akhada Balapur city. During the study it was observed that the PH values of 

S1,S2, S3 sand S4 are normal as per IS and BIS where as at S5 it is below the normal level. The value of PH at all 

the stations were slightly acidic in nature. The electrical conductivity value is normal as per WHO standard 

only at S5 stations. The total hardness value are normal in all sampling station as per IS and BIS where as it is 

above as per WHO to all the sampling stations. 

It is observed that the total alkalinity at S3, S4 and S5 are normal level as per IS and BIS but is above at S1 and 

S2 stations as per IS and BIS. The total dissolved solids value is within the permissible limits as per IS and BIS 

to all the sampling stations where as it is high at all the sampling stations as per WHO standards. 

Overall observation clears that the borewell water quality of Akhada Balapur city is recently very good. It is 

necessary to construct gutters to avoid percolation of dirty polluted water.  

There should be pre-treatment of sevage water before disposed into the environment to minimize the 

contamination of avoiding health hazards. 
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ABSTRACT 

A novel and practical method was created for the synthesis of 3-(chloromethyl)-2-(piperazin-1-yl)quinoline 

derivatives, which were obtained from 2-chloroquinolin-3-carbaldehydes. Newly synthesised compounds 

were characterised by IR, 1HNMR, and mass spectroscopy, and they were tested for their antimicrobial, 

antibacterial, and antifungal activities. Compounds 4a, 4b, 4c, 4daeruginosa, E. coli, and S.aureus andS. 

pyogenes in comparison to common antibacterial drugs including Ampicillin, Erythromycin, 

Chloroamphenicol, Norfloxacin, and Ciprofloxacin. 

Compounds 4a, 4b, 4c, 4d, and 4e were discovered to have effective antifungal action against Candida albicans, 

A. nigeria, and A.Comparing Clavatusas to common forms of Nystatin and Greseofulvin. 

 

Keywords: 2-chloroquinoline-3-carbaldehyde,3-(chloromethyl)-2-(piperazin-1-yl)quinoline, antibacterial, 

antifungal. 

 

I. INTRODUCTION 

 

Quinoline ring systems, in which the benzene ring is fused with the pyridine heterocyclic ring system, 

comprise a significant class of heterocyclic compounds. With one nitrogen atom in one benzene ring and 

none in the other ring or at the ring junction, quinolines are also known as benzo[b]pyridine and 1-

azanaphthalene.Nitrogen-containing heterocycles have excellent and intriguing medical and pharmacological 

effects.1–4As an asthma medication, montelukast is utilised.5Additionally, many different kinds of natural 

goods contain quinolines as their primary component.6-7 drugs.8–10Many synthetic heterocyclic compounds 

contain and to improve their biological and therapeutic characteristics. Quinoline-ringed compounds 

demonstrated a range of biological, pharmacological, and chemical activities.11–12e.g. anti-

tuberculosis,13antiplasmodial,14 antibacterial,15-16antihistamine,17 antifungal,18 antimalarial,19-20 anti-HIV,21 

anticancer,22 anti-infammatory,23-24 anti-hypertensive,25 and antioxidant activities.26 In addition, the use of 

quinolines as tyrokinasePDGF-RTKinhibitor,27 inositol 5-phosphatase (SH2),28 DNA gyraseB inhibitors as 

Mycobacterium tuberculosis,29 and DNA topoisomerase inhibitors,30 were reported. Racemic 

fuoroquinolonenadifoxacin was introduced as a topical antibiotic in Japan in 1993 to treat methicillin-

resistant staphylococcal infections and acne. Quinolinic acid has recently been used to research bio-organic 

http://www.ijsrst.com/
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and bio-organometallic processes.31 Many pharmacologically significant synthetic compounds are designed 

using the skeleton of the quinoline as a crucial step.32-33 

A very interesting class of organic compounds, 2-Chloroquinoline-3-carbaldehydes can be used as precursors 

and building blocks for the synthesis of a variety of heterocyclic systems as well as powerful antibiotics for 

the treatment of cancer and bacteria.The current study indicates that quinoline derivatives display 

antibacterial and antifungal activities, continuing our work on the synthesis, characterisation, and activity of 

compounds containing quinoline34–39.  

 

II. MATERIALS AND METHODS 

 

Using the described technique, 2-Chloroquinoline-3-carbaldehydes were produced in the lab.Methanol, 

sodium hydroxide, sodium borohydride, dichloromethane, and piperazine were purchased from S.D.Fine-

chem.At atmospheric pressure, all physical constants were calculated in open capillaries.Using TMS as an 

internal standard, 1H NMR spectra in CDCl3, DMSO, and 400 MHz were captured on the AVANCE.On a 

Bruker FTIR, IR spectra were captured using KBr discs. Mass spectra were captured, displaying a molecular 

ion peak. TLC was used on Merck silica gel plates to determine the product purity and the rate of the 

reactions.  

 

General procedure:   

 

2-(piperazin-1-yl)quinoline-3-carbaldehyde(2a):1.9 gm of 2-Chloroquinoline-3-carbaldehydes (10 mmol) and 

4 gm of piperazine were added gradually while being stirred at room temperature in a 50 mL round-bottom 

flask.  The reaction mixture was heated to 450C. The progress of reaction was monitored on TLC (8:2 –Hexane: 

ethyl acetate). After the completion of the reaction (4 hr), the reaction mixture was poured on ice cold water, 

the solid obtained was filtered off and washed with water to get product 2-(piperazin-1-yl)quinoline-3-

carbaldehyde,drywt. 2.10 gm. 

(2-(piperazin-1-yl)quinolin-3-yl)methanol (3a):In a 50 ml round bottom flasktaken 2-(piperazin-1-

yl)quinoline-3-carbaldehyde1.95gm (8mmol) and 15 ml methanol was slowly added sodium borohydride (1.0 

gm) under stirring at room temperature.TLC was used to track the reaction's development (8:2 – Hexane: 

ethyl acetate).The reaction mixture was concentrated under decreased pressure to extract residue once the 

reaction had finished (10 minutes).Ice cold water was then added to this residue, and the resulting solid was 

filtered out and rinsed with water to achieve the desired product. (2-(piperazin-1-yl)quinolin-3-yl)methanol, 

dried in oven at 40 0Cfor 5.0 hr (1.95 gm). 

3-(chloromethyl)-2-(piperazin-1-yl)quinoline(4a):To the stirred solution of (2-(piperazin-1-yl)quinolin-3-

yl)methanol1.72gm(7mmol) in DCM (10 ml) in a 50 ml round bottom flask was added dropwise a solution of 

SOCl2 (2 ml) in 5 ml DCM. After the complete addition, stirred it for 1 hr at room temperature. The reaction 

progress was monitored by the TLC (8:2 -Hexane: ethyl acetate), after complete conversion, distilled out the 

solvent under reduced pressure to get the product,dried in oven at 50 0C for 4.0 hr (1.6 gm). 
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Antibacterial and Antifungal activity:- 

Escherichia coli (MTCC-443), Pseudomonas aeruginosa (MTCC-1688), Staphylococcus aureus (MTCC-96), 

and Streptococcus pyogenes (MTCC-442) were tested for antibacterial activity. Candida albicans (MTCC-227), 

Aspergillusniger (MTCC-282) and Aspergillusclavatus were tested for anti (MTCC-1323). 

The test bacteria were grown and the medication suspension was diluted using Mueller Hinton Broth as a 

nutrition medium. This agar media was autoclaved at 120 °C for 30 minutes to sanitise it, then it was poured 

at a uniform depth of 5 mm and left to set.To achieve uniform development of the organisms, themicrobial 

suspension (105 CFU/mL) was streaked over the surface of media using a sterile cotton swab.The chemicals 

under test were dissolved in DMSO to produce solutions with concentrations ranging from 3.25 to 1000 

g/ml.The solidified nutritional agar medium that has been treated with the appropriate microbe was deposited 

on sterilised filter paper discs measuring 6.25 mm in diameter. The discs had previously been soaked in a 

known quantity of the test substance in DMSO (fungi).Without any samples, a control disc impregnated with 

an equivalent amount of DMSO was also employed, but it did not result in any inhibition.The minimum 

bacterial inhibitory concentration (MIC) of the substance was measured using the agar streak dilution method. 

Ampicillin and griseofulvin were utilised as control medicines for antibacterial and antifungalactivity, 

respectively (Hawkey and Lewis 1994).Graded amounts of the test compounds were added to a defined 

amount of molten sterile agar for the evaluation of antibacterial and Sabouraud dextrose agar for 

antifungalactivity, respectively, from a stock solution of the produced compounds in DMSO.A Petri dish was 

filled to a depth of 4–5 mm with the medium containing the test substance, and aseptic conditions were used 

to allow the medium to solidify. Asuspension of the respective microorganism of approximately105 CFU/mL 

was prepared and applied to plateswith serially diluted compounds with concentrations in therange of 3.12–

1000 μg/mL in DMSO and incubated at (37± 1)°C for 24 hr (bacteria) and 72 hr(fungi). Test run wastriplicated; 

the lowest concentration of the substance thatprevents the development of visible growth is considered tobe 

the MIC value. 

 

III. RESULTS AND DISCUSSION 

 

Herein, we report a simple method for the synthesis of new3-(chloromethyl)-2-(piperazin-1-yl)quinolone 

derivatives in excellent yields (Scheme-I).The2-chloroquinoline-3-carbaldehyde 1a–e when reacted with 

piperazine using DBU base catalyst at 450Cformed the derivatives of2-(piperazin-1-yl)quinoline-3-

carbaldehyde2a–e in excellent 90–95% yields (Table 1, entries 1–5).These 2-(piperazin-1-yl)quinoline-3-

carbaldehyde2a–e derivatives on reduction with sodium borohydride in methanol at room temperature 

formed substituted (2-(piperazin-1-yl)quinolin-3-yl)methanol3a–e. These (2-(piperazin-1-yl)quinolin-3-

yl)methanolreactsthionyl chloride in DCM at room temperature to give the products3-(chloromethyl)-2-

(piperazin-1-yl)quinolone4a-e in excellent yields (88–93%) (Table-1, entries 11–15).The progress of the 

reaction was monitored by thin layer chromatography (8:2 - hexane: ethyl acetate solvent system). The 

reaction proceeded smoothly and completed in 1 hr to afford the corresponding titled compounds in very 

high yields (88–93%) (Table-1, entries 11–15). The chemical structures of all the new compounds were 
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confirmed by IR, 1H NMR, mass spectroscopic data, and elemental analysis. 

The antibacterial activity of the titled compounds (4a–e) was carried out against S. pyogenes, P. 

aeruginosa, S. aureus and E. coli using Ampicillin as thestandard. MIC values were obtained by the broth 

dilutiontechnique. DMSO was used as diluent. MIC values aresummarized in Table 2. Most of the synthesized 

compoundsdisplayed good antibacterialactivity compared with standard drug Ampicillin with Gram 

+vebacterial strains and Gram –vestrain. 

The antifungal activity of the titled compounds (4a–e) was appraised against A. niger, A. clavatusandC. 

albicans using Griseofulvin as the standard drugwith the broth dilution method (Table3). The 

synthesizedcompounds were found to be good activity against the standarddrug Griseofulvin against A. niger, 

A. clavatusandC. Albicans, strains. 

 

 
Scheme-1: Synthesis of 3-(chloromethyl)-2-(piperazin-1-yl)quinoline 

 

Table-1: Physical data of the synthesized compounds 

Entry Compound R1 R2 R3 Reaction Time  Yield (%) 

1 2a H H H 4hr 93 

2 2b CH3 H H 4hr 94 

3 2c H H  CH3 4 hr 94 

4 2d H  CH3 H 4 hr 96 

5 2e OCH3 H H 4hr 93 

6 3a H H H 10 min 95 

7 3b CH3 H H 10 min 94 

8 3c H H  CH3 10 min 94 

9 3d H CH3 H 10 min 95 

10 3e OCH3 H H 10 min 94 
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11 4a H H H 60 min 91 

12 4b CH3 H H 60 min 91 

13 4c H H CH3 60 min 90 

14 4d H CH3 H 60 min 92 

15 4e OCH3 H H 60 min 91 

 

Table-2: Antibacterial Activity 

 

Sr. 

No. 
Compound 

MINIMAL BACTERICIDAL CONCENTRATION 

E.COLI P.AERUGINOSA S.AUREUS S.PYOGENUS 

MTCC 443 MTCC 1688 MTCC 96 MTCC 442 

                                MICROGRAM/ML 

1 4a 250 250 250 100 

2 4b 500 250 500 250 

3 4c 250 100 250 125 

4 4d 100 250 500 100 

5 4e 125 150 250 100 

 

Table-3: Antifungal Activity 

 

Sr. 

No. 
Compound 

MINIMAL FUNGICIDAL CONCENTRATION 

C.ALBICANS A.NIGER A.CLAVATUS 

MTCC 227 MTCC 282 MTCC 1323 

MICROGRAM/ML  

1 4a 250 500 500 

2 4b 500 500 500 

3 4c 500 500 500 

4 4d 500 1000 500 

5 4e 500 500 500 

 

Table-4: Standard Drugs: 

MINIMAL BACTERICIDAL CONCENTRATION 

DRUG 
E.COLI P.AERUGINOSA S.AUREUS S.PYOGENUS 

MTCC 443 MTCC 1688 MTCC 96 MTCC 442 

(MICROGRAM/ML) 

ERYTHROMYCINE 2 5 0.25 0.5 

AMPICILLIN 100 100 250 100 
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CHLORAMPHENICOL 50 50 50 50 

CIPROFLOXACIN 25 25 50 50 

NORFLOXACIN 10 10 10 10 

 

MINIMAL FUNGICIDAL CONCENTRATION 

DRUG 
C.ALBICANS A.NIGER A.CLAVATUS 

MTCC 227 MTCC 282 MTCC 1323 

MICROGRAM/ML 

NYSTATIN 100 100 100 

GRESEOFULVIN 500 100 100 

 

IV. CONCLUSION 

 

In this study, a series of Newderivatives of 3-(chloromethyl)-2-(piperazin-1-yl)quinolone were prepared from 

2-chloroquinolin-3-carbaldehydes and preliminarybiological evaluation of antimicrobial activityof the 

synthesized compounds showedgood antibacterialactivity with standard drug Ampicillin with Gram 

+vebacterial strains and Gram –vestrain. The antifungal activity of the titled compounds (4a–e) was evaluted 

against A. niger, A. clavatusand C. albicans using Griseofulvin as the standard drugwith the broth dilution 

method (Table 3). The synthesizedcompounds were found to be good activity with the standarddrug 

Griseofulvin against A. niger, A. clavatusandC. albicans strains. 

All the reactions wereperformed under mild reaction conditionsshorter reaction time and in quantitative 

yields. The methodologydeveloped will be of much use tocombinatorial chemist. 
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Spectroscopic data:- 

4a) 3-(chloromethyl)-2-(piperazin-1-yl)quinoline 

IR (KBr):2897cm-1(-C-H); 1613cm-1 (-C=C); 748cm-1 (C-Cl); 
1H NMR (CDCl3,δppm):3.41(m, 4H, CH2);3.88(m, 6H, CH2);3.91 (s, 2H, CH2);7.36 (t, 1H, Ar-H); 7.58 (t, 1H, 

Ar-H);7.70(d, 1H, Ar-H); 7.86 (d, 1H, Ar-H); 8.13 (s, 1H, Ar-H). 

ESMS: m/z 262.05(m+1) 

4b) 3-(chloromethyl)-6-methyl-2-(piperazin-1-yl)quinoline 

IR (KBr):2975 cm-1(-C-H), 1615 cm-1(-C=C), 752 cm-1(-C-Cl) 
1H NMR (CDCl3, δ ppm):2.50(s, 3H, Ar-CH3);3.33(m, 4H, CH2); 3.70(m, 6H, CH2); 3.88(s, 2H, CH2); 7.19 (d, 

1H, Ar-H); 7.26 (s, 1H, Ar-H); 7.58 (d, 1H, Ar-H);  8.03(s, 1H, Ar-H). 

ESMS:m/z 276.06 (m+1) 
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4c) 3-(chloromethyl)-7-methyl-2-(piperazin-1-yl)quinoline 

IR (KBr): 2930 cm-1(-C-H), 1608cm-1 (-C=C), 748 cm-1(-C-Cl) 
1H NMR (CDCl3, δ ppm):2.50(s, 3H, Ar-CH3);3.33- 3.70 (m, 10H, CH2); 3.92(s, 2H, CH2); 7.21(d, 1H, Ar-H); 

7.26 (s, 1H, Ar-H); 7.58 (d, 1H, Ar-H); 8.03(s, 1H, Ar-H). 

ESMS:m/z 276.06 (m+1) 

4d) 3-(chloromethyl)-8-methyl-2-(piperazin-1-yl)quinoline 

IR (KBr):2919 cm-1 (C-H); 1594 cm-1 (C=C); 745cm-1 (C-Cl) 
1H NMR (CDCl3, δ ppm): 2.50(s, 3H, Ar-CH3);3.33 – 3.70 (m, 10H, CH2); 3.88(s, 2H, CH2); 7.15 (d, 1H, Ar-H); 

7.26 (s, 1H, Ar-H); 7.58 (d, 1H, Ar-H); 8.03(s, 1H, Ar-H). 

ESMS:m/z 276.02 (m+1) 

4e) 3-(chloromethyl)-6-methoxy-2-(piperazin-1-yl)quinoline 

IR (KBr):2973 cm-1(-C-H), 1621 cm-1(-C=C), 737cm-1 (-C-Cl) 
1H NMR (CDCl3, δ ppm): 3.30 - 3.70(s, 10H, CH2); 3.83(s, 3H, Ar-OCH3); 3.90(s, 2H, CH2); 7.02 (d, 1H, Ar-H); 

7.26 (s, 1H, Ar-H); 7.76 (d, 1H, Ar-H);  8.03(s, 1H, Ar-H). 

ESMS:m/z 292.02 (m+1) 
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ABSTRACT 

The rapid depletion of fossil fuel reserves is one of the threats to human civilization on mother earth with 

respect to the exponential growth rate of global energy consumption. Solar energy is the most attractive 

renewable replacement for fossil fuels because it is plentiful, inexhaustible, and widely distributed. 

Photocatalyst plays a crucial role in production of modern era fuel, Hydrogen from solar energy by means of 

water splitting. Recently there is rapid development in photocatalytic materials are possible with Density 

Functional Theory (DFT) calculation. 

 

I. INTRODUCTION 

 

It was estimated in year 2015 that the global energy consumption was about 17TW [1] and also projected for 

year 2050 in between 28 to 31TW [2,3]. This scenario has alerted us to look for alternative renewable energy 

solutions like photovoltaics, wind turbines, solar fuels, biomass conversion catalysts, electrification of 

automotive vehicles, fuel cells, storage batteries, flow batteries and any other energy conversion technology 

[4,5]. Amongst these, the optimal utilization of the solar energy enables us to move away from the 

dependency on fossil fuels owing to the fact that the energy of sunlight strikes on earth in one hour is more 

than the total consumption of energy in one year at global scale [6]. Of many ways to harvest solar energy, 

breaking chemical bonds and thereby storing energy in chemical form is prominent [5]. In photo-catalysis, 

the splitting of water with the help of sunlight into hydrogen and oxygen can be achieved (otherwise huge 

potential is required in electrochemical method) and hence became one of the promising research areas 

existing today to meet global energy requirements [7-9]. 

 

II. STATUS OF RESEARCH AND DEVELOPMENT IN THE SUBJECT  

 

2.1 International Status  

In the year 1972, Honda-Fujishima have published a ground breaking study on water splitting to produce 

hydrogen by using TiO2 as photoanode material, provided a proof to do photo-electrochemical water splitting 

http://www.ijsrst.com/
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[10]. The basic principle is, electrons in valence band (VB) of photoanode material will be jumped to 

conduction band (CB) while holes remain in VB upon irradiation to the suitable electromagnetic radiation on 

its surface. Then the holes will move towards the interface of anode and electrolyte to participate in water 

splitting and produce oxygen. At the same time, electrons move through external circuit to cathode to 

produce hydrogen. The free energy change in this process (2H2O⟶2H2+O2) amounts to 4.92 eV for four 

electron process i.e. each electron-hole needs 1.23 eV of potential difference to the reaction.  

Since then, many research efforts have been reported not only to understand the basic mechanism of 

photocatalytic water splitting but also to improve the efficiency of nontoxic, low cost, stable and 

environmental friendly TiO2. The large band gap (~3.0 eV for rutile and ~3.2 eV for anatase) restricts to 

capture the photons beyond ultraviolet region by loosing visible and long wave length near infra red region 

which covers more than half of the solar spectrum[11]. Doping is an effective method to tune the VB and CB 

and extend the absorption edge into visible region further. The doping with non-metal elements shifts VB up 

whereas CB will be stabilized with transition metal element dopants, in result decreasing the band gap. On 

the other hand co-doping with both transition metal and non-metal dopants will modify both VB and CB 

simultaneously [12].  

The developments in terms of principles, mechanism and materials application aspects have been well 

documented time to time [13,14]. In a report, the mechanistic pathway of photocatalytic oxygen evolution on 

aqueous TiO2 has been studied through first principle molecular dynamics to understand the reactive 

intermediates and also suggested that the participation of lattice oxygen in evolution of O2 in anatase TiO2 

which is not the case in rutile counterpart [15]. The correlation between high surface area to volume ratio 

and photocatalytic activity has been studied with two-dimensional TiO2nanosheets photo and 

electrochemical oxidation of water along with transition metal doping effect in reducing rate limiting 

thermodynamic barriers and required overpotentials[16]. On the other hand, adsorption of single metal atoms 

of Pt, Pd, Rh and Ru on rutile TiO2 surface has been carried out to understand the work function and surface 

activities of both doped and undopedanatase TiO2 (101) surfaces [17]. Wenxian Li has  reviewed recently the 

doping effect of several transition metals, rear earths, p-block metals and metalloids and non-metal elements 

as dopants and summarized the theoretical results on dopant induced variation in electronic structure, band 

gap and density of states of TiO2 [18]. The prominent role of highly oxidized metal ions as dopants in 

photocatalytic oxygen evolution has been explored with experimental results on Mn, Fe, Co, and Ni doped 

various nano crystals [19]. Apart from this, the splitting of d-orbitals of doped transition metals which causes 

the reduction of overpotentials and facilitation of oxygen evolution has been experimentally shown in 

another report [20]. 

Similarly, many reports on main group elements as dopants in anatase TiO2 in order to modify the VB are 

found. Specifically, the elements B, C, N, F and S are most widely studied as dopants to alter the VB, results 

shifting the band gap from UV range to visible range and improves the hole mobility at the surface [21-25]. 

On the other hand, the bulk vs surface doping effect of C, N and S on TiO2 has been thoroughly dealt with 

both experimentally and theoretically and concluded that the surface or sub-surface doping impacts the 

electronic structure of TiO2 and improves the photocatalytic activity [26]. 
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The main disadvantage with monodoping is with respect to the partial occupation of the localized mid-gap 

states which may facilitate hole-electron pair recombination and thus reduce the photocatalytic activity [27]. 

To overcome this negative effect, the co-doping procedure is commonly adopted where transition metal ions 

are used for altering the CB whereas non-metal ions for VB [28-32].  

 

2.2 National Status  

Large number of research groups across India have been found active in photocatalytic water splitting 

research area on metal oxides, sulfides, carbon based materials, and transition metal complexes. However, 

outcome of the most of the works published resides mainly in hydrogen evolution reactions. S.M. Senthil 

Kumar et al have shown that MoS2 nanospheres with higher defect concentration exhibited excellent 

hydrogen evolution activity [33]. Similarly, photoelectrocatalytic activity of MoS2/graphene vertical 

heterostructures are suggested with negligible potential difference i.e. 0 eV [34]. Reduced graphene oxide-

MoS2 supported NiCo2O4 photocatalyst has been tested for hydrogen evolution reaction and Rhodamine B dye 

degration successfully by S. Basu and co-workers [35]. On the other side, transition metal complexes and 

polymeric materials have also been studied by various research groups for hydrogen evolution [36-39]. Mixed 

metal oxides and their hetero junction photoelectrodes were also studied by both experimentally and density 

functional theory (DFT) for photocatalytic applications for water splitting as well as dye degradation [40-43].  

The basic concepts behind improving the visible light responsive metal oxides by doping with metals, non-

metals and improving the surface chemistry have been reviewed [44-45]. Apart from this, very few reports 

are found by research groups from CSIR-NCL, Pune and IIT, Kharagpur for photocatalytic oxygen evolution 

materials, namely NiCo alloy supported N-doped porous graphene and transition metal doped (Fe, Co, Cu) 

TiO2 [46-47].  

 

III. METHODOLOGY FOR DFT CALCULATIONS 

 

As very few articles are seen with first principle DFT calculations at surface phase in contrast to the bulk 

phase of TiO2, the specific objectives identified are as follows. 

1) Studying the position of each dopant (metal, non-metal and metalloids) location i.e. it prefers to present 

on surface/sub-surface or in bulk 

2) Understanding the interaction between H2O and TiO2 surface along with the reaction intermediates 

like –OH, –OOH and –O 

3) Studying the effect of newly formed structural defects with doping 

4) Studying the changes in band structure with mono and co-doping (metal and non-metal ions) 

5) Doping of metalloids to avoid mixing of d-orbitals in the forbidden region of band gap. 

All the geometries shall be fully optimized with either Vienna Ab initio Simulation Package (VASP) or any 

open source software like QUANTUM ESSPRESSO using the projector augmented wave (PAW) method with 

the generalized gradient approximation and “Hubbard U” scheme for a better treatment of the valence 

electrons of metal ions. A suitable plane-wave cutoff energy shall be employed to control the fineness of this 
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mesh. All oxygen evolution reaction steps can be investigated using fully optimized structures in which 

lattice vectors and ionic positions are fully relaxed until the maximum atomic forces are less than optimal 

value.  

Using well-established structures, the catalytic activities of doped TiO2 surfaces will be calculated by 

sequentially calculating the Gibbs free energies for the elementary steps based on the following mechanism. 

During the electrochemical water splitting by using solar radiation, photons excite electrons in a 

semiconductor in which the energy level of the VB is sufficiently low to CB. This process involves with the 

substantial overpotential and energy losses at anode where oxygen is evolved. This reaction can be 

represented with the following 4 electron transfer model [equation 1]. 

2𝐻2𝑂(𝑙) + 4𝑋1.23 𝑒𝑉 → 𝑂2 + 4𝐻+ + 4𝑒−     (1) 

This proposed reaction mechanism consists of four consecutive proton and electron transfer steps where  HO*, 

O* and HOO* are found to be reaction intermediates [equations 2-5]. 

𝑂𝐻− +∗⟶ 𝑂𝐻∗ + 𝑒−     (2) 

𝑂𝐻∗ + 𝑂𝐻− ⟶ 𝑂∗ + 𝐻2𝑂(𝑙) + 𝑒−     (3) 

𝑂∗ + 𝑂𝐻− ⟶ 𝑂𝑂𝐻∗ + 𝑒−     (4) 

𝑂𝑂𝐻∗ + 𝑂𝐻− ⟶∗ +𝑂2(𝑔) + 𝐻2𝑂(𝑙) + 𝑒−     (5) 

where * represents an active site on TiO2 surface, (l) and (g) refer to liquid and gas phases respectively, and O*, 

OH* and OOH* are absorbed intermediates. 

The binding energies of the intermediates O*, OH* and OOH* on the TiO2 surface (doped and undoped) will 

be obtained to know the rate limiting step in the overall reaction, on various active sites for different 

structures, as follows. 

Δ𝐸𝑂𝐻∗ = 𝐸(𝑂𝐻∗) − 𝐸(∗) − (𝐸𝐻2𝑂 −
1

2
𝐸𝐻2)     (6) 

Δ𝐸𝑂𝑂𝐻∗ = 𝐸(𝑂𝑂𝐻∗) − 𝐸(∗) − (2𝐸𝐻2𝑂 −
2

3
𝐸𝐻2)    (7) 

Δ𝐸𝑂∗ = 𝐸(𝑂∗) − 𝐸(∗) − (𝐸𝐻2𝑂 − 𝐸𝐻2)      (8) 

where E(*), E(OH*) and E(OOH*) are the ground state energies of the clean surface and surfaces adsorbed 

with OH*, O* and OOH* respectively. EH2O and EH2 are the calculated DFT energies of H2O and H2 molecules 

in the gas phase. 

Additionally, the zero-point energy and entropy corrections will be considered. From these calculations, the 

binding free energies like Δ𝐸𝑂𝐻∗ , Δ𝐸𝑂𝑂𝐻∗  and Δ𝐸𝑂∗  could be written in terms of adsorption free 

energies,Δ𝐺𝑎𝑑𝑠, by the following equation 

Δ𝐺𝑎𝑑𝑠 = Δ𝐸𝑎𝑑𝑠
𝐷𝐹𝑇 + Δ𝑍𝑃𝐸 − 𝑇Δ𝑆      (9) 

where, T is the temperature and ΔS is the entropy change. 

The free energy diagram will be constructed considering the following four electron reaction paths  

∆𝐺1=∆𝐺𝑂𝐻∗ + 𝜇𝑒− − ∆𝐺𝑂𝐻− − ∆𝐺∗              (10) 

∆𝐺2=∆𝐺𝑂∗ + ∆𝐺𝐻2𝑂 + 𝜇𝑒− − ∆𝐺𝑂𝐻∗ − ∆𝐺𝑂𝐻−        (11) 

∆𝐺3=∆𝐺𝑂𝑂𝐻∗ + 𝜇𝑒− − ∆𝐺𝑂∗ − ∆𝐺𝑂𝐻−       (12) 

∆𝐺4=∆𝐺𝑂2
+ ∆𝐺𝐻2𝑂 + 𝜇𝑒− − ∆𝐺𝑂𝑂𝐻∗ − ∆𝐺𝑂𝐻− − ∆𝐺∗           (13) 
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From the free energy diagram, an important parameter for electrocatalytic activity will be estimated that is 

the magnitude of the potential-determining step in four consecutive proton and electron transfer steps. This 

is the specific reaction step in the four-step mechanism with the largest∆𝐺 , that is, the concluding step to 

become downhill in free energy as the potential increased 

∆𝐺 = max [∆𝐺1
0, ∆𝐺2

0, ∆𝐺3
0, ∆𝐺4

0]    (14) 

The theoretical overpotential at standard conditions is then given by 

𝜂 = [
𝐺

𝑒
] − 1.23       (15) 

The lower the overpotential then superior the photocatalytic activity of doped photoanode in water splitting 

reaction.  

The quantitative performance of doped system can be calculated by the relative position of 𝜂 and absorption 

energy values in the volcano plot i.e. more closer to the peak confirms a better catalyst. 

 

IV. IMPORTANCE PHOTOCATALYST IN THE CONTEXT OF CURRENT STATUS  

 

As per discussion in the previous sections, though there exist great number of experimental results on (co) 

doping on TiO2 photoanode material, the number of first principle studies of how dopants affect light 

absorption, carrier transport and catalytic reactions are limited. On the other hand, the reliability of results 

based on first principle density functional theory methods has been proven by several reports and also it has 

reached to prediction kind of studies as well [48]. Moreover, tuning of VB and CB in order to reduce the band 

gap and minimization of charge carrier recombination are successfully dealt at bulk level DFT calculations, 

but water splitting mechanism with respect to several dopants has not been well established with the surface 

of doped TiO2. To be specific, in case of water splitting to get oxygen evolution at photoanode, several queries 

are still unanswered like, which parameter influence a dopant to present on surface or sub-surface of TiO2, 

the interaction of H2O and intermediates like -O, -OH, -OOH and -H are preferred to dopant or Ti center, 

the possibility of formation of new defects and their effect on expected band gap and mixing of dopant 

orbitals leads to generation of new bands are some of them. Hence, systematic studies on the gaps mentioned 

above are under progress with DFT calculations. 
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ABSTRACT 

The solid complexes of Mn(II), Fe(III), Ni(II) and Cu(II) have been synthesized Schiff base derived from 2-

hyhdroxybenzohydrazide and 2-Methyl benzaldehyde. And characterized by spectral and other 

physicochemical techniques such as 1H-NMR, UV-vis molar conductivity, magnetic susceptibility, thermal 

analysis, X-ray diffraction, FTIR, and mass spectroscopy. The analytical data of these metal complexes showed 

metal: ligand ratio (1:2). The physico–chemical study supports the presence of square planar geometry around 

Cu(II) and Ni(II) and octahedral geometry around Mn(II), and Fe(III). The IR spectral data reveal that the 

ligand behaves as bidentate with ON donor atom sequence towards central metal ion. The molar conductance 

values of metal complexes suggest their non electrolyte nature. The X-ray diffraction data suggest 

orthorombic crystal system for these complexes. Thermal behavior (TG/DTA) and kinetic parameters 

calculated by Coats-Redfern method are suggestive of more ordered activated state in complex formation. The 

ligand and their metal complexes were screened for antibacterial activity against Staphylococcus aureus, 

Escherichia coli and fungicidal activity against Aspergillus Niger and Trichoderma. 

KEYWORDS: Bidentate Schiff base, Metal complexes, Thermal analysis, XRD, Antimicrobial study.  

 

I. INTRODUCTION 

 

Many organic compounds, heterocyclic aromatic compounds in particular like benzimidazoles, 

benzothiazoles are reported to posses a variety of physiological activities such as fungicidal, insecticidal, 

antimicrobial and anesthetic properties. Schiff bases derived from aromatic amines and aromatic aldehydes 

have a wide variety of applications in many fields like biological, inorganic and analytical chemistry[1-2]. The 

development of the field of bioinorganic chemistry has increased the interest in Schiff base complexes since it 

has been recoganised that many of these complexes may serve as models for biologically important species [3-

5].The study of ligands involving such hydrazones is interesting as they demonstrate versatility in 

coordination, a tendency to yield stereochemistry of higher coordination number[6] an ability to behave as 
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neutral or deprotonated ligands and flexibility in assuming different conformations. Recently, several metal 

complexes of Schiff bases containing N, S and N, O donors have been synthesized and studied [7–9].  

In the present article Mn(II), Fe(III), Ni(II), and Cu(II), complexes with Schiff base derived from 2-

hyhdroxybenzohydrazide and 2-Methyl benzaldehyde. These have been characterized on the basis of 

physicochemical and spectral analysis. The antibacterial and antifungal activities of the ligand and its metal 

complexes were also tested. Unfortunately most schiff bases are chemically unstable and show a tendency to 

be involved in varius equalibrium, like tautomaric interconversion hydrolysis or formation of ionsised species 

[1, 2] 

 
Figure 1.Keto and enol form of ligand. 

 

II. EXPERIMENTAL 

 

Materials 

All chemicals used were of the analytical grade (AR) and of highest purity. Methyl 2-hydroxybezoate, 

hydrazine and benzaldehyde were purchased from E-Merk (AR grade) and were used for synthesis of ligand. 

AR grade metal chlorides of S. D. Fine chemicals were used for complex preparation. Spectral grade solvents 

were used for spectral measurements. The carbon, hydrogen and nitrogen contents were determined on 

Perkin Elmer (2400) CHNS analyzer. IR spectra for ligand and metal complexes were recorded on Jasco FT-

IR-4100 spectrometer using KBr pellets in the range of 4000-400 cm-1. 1H-NMR spectra of the ligand was 

measured in CDCl3 using TMS as an internal standard. The TG/DTA analysis was recorded on Perkin Elmer 

TA/SDT-2960 with heating rate 10°c/min. XRD was recorded on Philips 3701 employing CuKα. radiation 

(λ=1.541Å) in the range 20° to 90°. The UV-vis spectra of the complexes were recorded on Jasco UV-530 

Spectrophotometer. Magnetic susceptibility measurements were carried out on Guoy balance at room 

temperature using Hg[Co(SCN)4] as a calibrant. Conductance was measured on Elico CM-180 conductometer 

using 1 mM solution in dimethyl sulphoxide.  

 

Synthesis of Ligand 

Step-I 

50 mL ethanolic solution of 0.001 mol (0.168g.) of methyl salicylate was taken in round bottomed flask and to 

this 0.001 mol (0.108g.) of hydrazine in ethanol was added slowly under stirring. The resulting mixture was 

refluxed for about 4-5 h. It was naturally cooled to room temperature. After cooling, the solid residue was 

washed with hot ethanol and used for further study. (Yield 75%) 
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Step-II 

Above synthesised intermediate 0.001 mol was refluxed with 0.001 mol of 2-methyl benzaldehyde in super 

dry ethanol for 5 h. The precipitate thus formed was filtered, dried in vacuum in presence of CaCl2 and 

recrystallised in ethanol (yield: 79%).  

Fig. 2 

 
Figure 2.Synthesis of ligand. 

 

Preparation of Complexes 

To a hot solution of ligand (0.02 mol) in chloroform (25mL), methanolic solution of metal chloride (0.01 mol) 

was added under constant stirring. The pH of the reaction mixture was adjusted to 7.5-8.5 by adding 10 % 

ethanolic ammonia solution and refluxed for about 5 h. The precipitated solid metal complex was filtered and 

washed with hot methanol, followed by petroleum ether, ethyl acetate and dried over CaCl2 in vacuum 

desiccator (yield 61%). 

Fig.III. The proposed structure of the complexes 

 
Fig.III-a 
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Fig.III b 

 

Fig.III. The proposed structure of the complexes 

a. when M = Cu(II) and Fe(III) 

b. when M = Mn(II)and Ni(II) 

 

Table I. Physical characterization, analytical and molar conductance data of compounds. 

 

Compound F.W. M.P./ 

Decom. 

Temp 

°C 

Colour Molar 

conductance 

Mho 

cm2 mol-1 

%C 

(calcd.) 

%H 

(calcd.) 

%N 

(calcd.) 

%M 

(calcd.) 

H2L 

266 

258 White  70.10 

(70.85) 

5.45 

(5.54) 

11.25 

(11.01) 

 

[MnL]  

544.93 

>300 Yellow 

 

4.74 63.59 

(63.94) 

4.95 

(5.00) 

9.60 

(9.94) 

10.01 

(9.74) 

[FeL] 

545.84 

230 Black 

 

5.2 63.95 

(63.84) 

4.58 

(4.99) 

9.72 

(9.92) 

9.59 

(9.89) 

[NiL] 

548.69 

270 Brown 4.86 63.22 

(63.52) 

4.88 

(4.97) 

9.42 

(9.87) 

10.30 

(10.36) 

[CuL] 

553.54 

280 Pale 

green 

17.66 62.22 

(62.98) 

4.88 

(4.93) 

9.42 

(9.79) 

10.38 

(10.34) 

 

III. RESULT AND DISCUSSION 

 

All the complexes are coloured solids, air stable and are having line solubility in polar solvents DMF and 

DMSO. The elemental analysis show 1:2 (metal: ligand) stoichiometry for all the complexes. Micro analytical 

data and molar conductance values are given in Table I. The metal contents in complexes were estimated by 
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gravimetric analysis [10]. All the complexes show low conductance which indicates their non-electrolytic 

nature. The magnetic measurement studies suggest paramagnetic behavior of all these complexes 

 
1H-NMR spectra 
1H-NMR spectra of synthesiysed ligand was recorded in CDCl3. It shows signals at 7.59  (s,1H, -C-N-H), 7.08 

 (dd, 2H, Ar-H), 7.22  (dd, 2H, Ar-H), 7.01-7.75  (dd, 4H, Ar-H), 7.85  (s, 1H, N=C-H), 2.50  (s, 3H, Ar-

H) and 6.10  (s,1H, Ar-OH). 

 

Mass spectra of the ligand 

Mass spectra of the ligand H2L has been recorded which show the molecular ion peak (M+) at m/z = 255.28 

corresponding to its molecular mass. 

 

IR spectra 

The FT-IR spectrum of the free ligand shows four characteristic bands at 3240-3210, 3260, 1651 and 1615 cm-

1 assignable to (υ -N-H), free (-O-H) stretching phenolic moiety, amide carbonyl (-C=O) and azomethine (-

C=N), stretching modes respectively. The absence of a weak broad band in 3270-3300 cm-1 region, noted in 

the spectra of the metal complexes indicates deprotonation of bonded (-NH) group during the complexation 

and subsequent coordination of the oxygen of amide carbonyl to metal ion enolization[11]. The υ(C=N) band 

is shifted to lower frequency with respect to free ligand, indicating that the nitrogen of the azomethine group 

is coordinated to the metal ion, which was further confirmed by observation of the red shift in the υ(N-N) 

stretching frequency from 923 cm-1 to 953 cm-1 regions[12-14]. New bands observed in the complexes at 1621 

and 1624 cm-1 are attributed to the >C=N-N=C< group[13]. The spectra of metal chelates showed new bands 

in the 460-540 and 407-478 cm-1 regions which can be assigned to υ (M-O) and (M-N) vibrations 

respectively[15]. The spectra of Mn(II) and Fe(III).  showed a strong band at 3020-3500 cm-1 region, 

suggesting the presence of coordinated water in these metal complexes[10].. The presence of coordinated 

water is further confirmed by the appearance of non-ligand band in 827-846 cm-1 region[16]. The presence of 

coordinated water is also established and supported by TG/DTA analysis of these complexes. Hence co-

ordination takes place via oxygen of amide and nitrogen of azomethine group of ligand molecule [17]. 

 

Electronic absorption spectra and magnetic measurements  

The electronic spectra of Mn(II) complex in DMSO show bands at 12225, 16009, 27823 cm-1 assignable to a 
4T1g →T2g , 4T1g →A2g transition and charge transfer respectively. The electronic spectral data coupled with 

observed magnetic moment 5.8 B.M. suggest octahedral geometry for Mn(II) complex [18,19]. Fe(III) complex 

exhibits three bands at 16501, 24280 and 27871 cm-1 assignable to 6A1g → 4T1g , 6A1g → 4T2g  (F) transitions and 

charge transfer respectively. These transitions and observed magnetic moment 5.7 B.M indicate square planer 

geometry of the complex[20]. Ni(II) complex exhibits three bands at 12280, 16118 and 27270 cm-1 assignable 

to 4T1g →T2g , 4T1g →4A2g  transitions and charge transfer respectively. These transitions and observed magnetic 

moment 2.6 B.M indicate octahedral geometry of the complex[17,21]. The electronic spectra of Cu(II) 
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complex .show bands at 12600, 17980, 23475 cm-1 assignable to a 6A1g → 1T2g   transition and charge transfer 

respectively. The electronic spectral data coupled with observed magnetic moment 1.8 B.M. suggest square 

planar geometry for Cu(II) complex.[17]. 

 

Table I. Physical characterization, analytical and molar conductance data of compounds. 

 

Compound F.W. M.P./ 

Decom. 

Temp 

°C 

Colour Molar 

conductance 

Mho 

cm2 mol-1 

%C 

(calcd.) 

%H 

(calcd.) 

%N 

(calcd.) 

%M 

(calcd.) 

H2L 

266 

258 White  70.10 

(70.85) 

5.45 

(5.54) 

11.25 

(11.01) 

 

[MnL]  

544.93 

>300 Yellow 

 

4.74 63.59 

(63.94) 

4.95 

(5.00) 

9.60 

(9.94) 

10.01 

(9.74) 

[FeL] 

545.84 

230 Black 

 

5.2 63.95 

(63.84) 

4.58 

(4.99) 

9.72 

(9.92) 

9.59 

(9.89) 

[NiL] 

548.69 

270 Brown 4.86 63.22 

(63.52) 

4.88 

(4.97) 

9.42 

(9.87) 

10.30 

(10.36) 

[CuL] 

553.54 

280 Pale 

green 

17.66 62.22 

(62.98) 

4.88 

(4.93) 

9.42 

(9.79) 

10.38 

(10.34) 

 

X-ray diffraction study  

The X-ray diffractogram of a representative metal complex Mn(II) was scanned in the range 10-80o at 

wavelength 1.54 A° (Fig. 3). The diffractogram and associated data depict 2θ values for each peak, relative 

intensity and inter planar spacing (d-values). The diffractogram of Mn(II) complex showed fourteen 

reflections with maxima at 2θ (68.61o) corresponding to d value 1.35 Å. The X-ray diffraction pattern of the 

complex with respect to major peaks having relative intensity greater than 10 % have been indexed by using 

computer programme[22]. The above indexing method also yields Miller indices (hkl), unit cell parameters 

and volume. The unit cell of Mn(II) complex yielded values of lattice constants, a =7.55 Å, b =7.63 Å, c =8.11 

Å and unit cell volume, V = 471.24 (Å)3. In concurrence with these cell parameters of Mn(II) complex, the 

condition a≠ b≠c and α =β =γ = 90o required for the compound to be orthorhombic lattice type. The 

diffractogram of Fe(III) complex shows eight reflections with maxima at 2θ =61.81 corresponding to d value 

1.50A. The observed values of lattice constants, a= 4.71A˚, b = 4.91A˚, c = 5.40A˚ and α =β = 90o γ =120o. 

Fe(III) complex satisfies the condition a≠ b≠c and α =β = 90o γ =120o required for the compound to be 

monoclinic lattice type. The diffractogram of Ni(II) complex shows eight reflections with maxima at 2θ 

=62.38 corresponding to d value 1.43A. The observed values of lattice constants, a= 9.70A˚, b = 9.70A˚, c = 

6.63A˚ and α =β = γ =.90o Ni(II) complex satisfies the condition a=b≠c and α =β =γ = 90o required for the 

compound to be tetragonal lattice type. The diffractogram of Cu(II) complex shows thirteen reflections with 
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maxima at 2θ =31.00 corresponding to d value 2.88A. The observed values of lattice constants, a= 7.23A˚, 

b=7.48A˚, c = 6.31A˚ and α =β = 90o γ= 120 o Cu(II) complex satisfies the condition a≠ b≠c and α =β = 90o γ= 

120 o required for the compound to be monoclinic lattice type. The above values indicate that the metal 

complex has orthorhombic crystal system. Experimental density value of the complex was determined by 

using specific gravity method [23].  

20 40 60 80 100

%
 In

te
ns

ity



 
Fig. 3. X-ray diffractogram of Co(II) complex. 

 

Thermal analysis. 

The simultaneous TG/DT analysis of metal complexes was studied from ambient temperature to 1000 ºC in 

nitrogen atmosphere using α-Al2O3 as reference. The thermogram curve of Cu(II) metal complex shows mass 

loss 5.7 % (calcd.5.85 %) representative in the range 160-230ºC. An endothermic peak in this region ΔTmax = 

120ºC indicating presence of two coordinated water molecules [10]. The TG curve of Cu(II) complex, then 

show slow decomposition from 270ºC to 480ºC with mass loss 52.10% (calcd.51.20%). An exothermic peak 

ΔTmax = 310ºC in DTA may be attributed to the decomposition of non coordinated part of ligand. The second 

slow step from 510 to 790ºC with mass loss of 21.20% (calcd.21.50%) corresponds to decomposition of 

coordinated part of ligand. A broad endotherm ΔTmax = 740ºC in DTA is observed for this. The mass of final 

residue 15.90 % (calcd.16.10 %) corresponds to stable CuO. All other metal complexes show similar behavior. 

 

Kinetic calculations 

The kinetic and thermodynamic parameters viz order of reaction (n), energy of activation (Ea), pre-

exponential factor (z), entropy of activation (ΔS) and free energy change (ΔG) together with correlation 

coefficient (r) for non-isothermal decomposition of metal complexes have been determined by Horowitz-

Metzer (HM) approximation method and Coats-Redfern integral method[24] [34]. The data is given in Table 

III. The results show that the value obtained by two methods is comparable. The calculated value of energy of 

activation of the Co(II) and Ni(II) complexes is relatively low indicating the autocatalytic effect of metal ion 
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on thermal decomposition of the metal complex[25,26].  The negative value of entropy of activation indicates 

that the activated complex is more ordered than the reactant and that the reaction is slow. The more ordered 

nature may be due to the polarization of bonds in activated state which might happen through charge 

transfer electronic transition. 

 

Table III. The kinetic parameter of metal complexes calculated by the methods Horowitz-Metzger (HM) and 

Coats-Redfern (CR). 

 

Antimicrobial activity 

The antimicrobial activity of ligand and its metal complexes were tested in vitro against bacteria such as 

Staphylococcus aureus and Escherichia coli by paper disc plate method [27]. The compounds were tested at 

the concentration 500 and 1000 µg cm-3 in DMF and compared with known antibiotics viz ciproflaxin (Table 

IV). For fungicidal activity, compounds were screened in vitro against Aspergillus Niger and Trichoderma by 

mycelia dry weight method [28] with glucose nitrate media. The compounds were tested at the concentration 

250and 500 µg cm-3  in DMF and compared with control (Table V). From Table 4 and 5, it is clear that the 

inhibition by metal chelates is higher than that of a ligand and metal salts. The results are in good agreement 

with previous findings with respect to comparative activity of free ligand and its complexes[17,20]. The metal 

chelates have higher antibacterial activity than the corresponding free ligand and control against the same 

microorganism under identical experimental conditions. Such enhanced activity of metal chelates is due to 

increased lipophilic nature of the metal ions in complexes[29]. The increase in activity with concentration is 

due to the effect of metal ions on the normal process.  

The microbial results are presented in Tables IV and V. In case of antibacterial studies it was observed that, 

the ligand is moderately active towards Stapylococcus and less active towards E.Coli. Comparison of activities 

of the ligand and its metal chelates showed that the copper complex is approximately found to be more active 

than the ligand Cu(II) complex show higher activity than other metal complexes. The cobalt and manganese 

Complex Step n Method 
Ea 

(kJmol1) 

Z 

S-1 

ΔS# 

JK-1mol-1 

ΔG# 

(kJmol-1) 

Corelation 

coefficient 

(r) 

Ni(II) 

I 1.3 
HM  

CR 

12.25 

16.45 

3.7 ×105 

4.2 ×104 

-175 

-195 

50.23 

47.25 

0.9989 

0.9990 

II 1.1 
HM 

CR 

21.45 

16.15 

3.7 ×103 

5.2 ×104 

-161 

-198 

61.47 

52.40 

0.9989 

0.9989 

Cu(II) 

I 1.3 
HM  

CR 

24.47 

22.40 

6.6 ×106 

8.2 ×104 

-214 

-242 

41.35 

38.11 

0.9988 

0.9995 

II 1.1 
HM 

CR 

11.35 

14.40 

8.6 ×105 

6.2 ×104 

-236 

-283 

40.41 

39.33 

0.9992 

0.9995 
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complexes show the activity comparable to copper complex. However Fe(III) and Ni(II) complexes show less 

activity against E.Coli and Stapylococcus. The activity of these complexes follow the order Cu>Co>Mn>Ni>Fe.  

Investigation of antifungal activity of the ligand and its metal complexes revealed that all metal chelates are 

more fungi toxic than their parent ligand Table V. The antifungal activity of the ligand is found to enhance 

several times on being coordinated with metal ions. The activity of these complexes follow the order  of 

Aspergillus Niger Cu> Ni >Mn>Fe and that of Trichoderma Cu > Ni > Mn >Fe. 

As a result, metal complexes of Cu(II) and Mn(II) show good antibacterial and Cu > Ni show good antifungal 

activity, where as Fe(III) complexe shows comparatively less activity. 

 

Table IV. Antibacterial activity of ligand and its metal complexes. 

 

Test Compound 

inhibition zone (mm) 

E. Coli Staphylococus  

500ppm 1000ppm 500ppm 1000ppm 

Ciproflaxin 29 32 31 35 

[C30H28N4O4] (H2L) 12 15 13 17 

[C30H28N4O4Mn] 17 20 16 19 

[C30H28N4O4Fe] 12 16 13 17 

[C30H28N4O4Ni] 14 16 12 18 

[C30H28N4O4Cu] 17 24 16 20 

 

 

Table V. Antifungal activity of compounds yield of mycelial dry weight in mg (% inhibition) 

 

Test Compound 
A.niger Trichoderma 

250ppm 500ppm 250ppm 500ppm 

Control  79 79 70 70 

[C30H28N4O4]H2L 61 (22) 27 (65) 40 (42) 20 (72) 

[C30H28N4O4Mn] 53 (32) 15 (81) 32 (54) 08 (87) 

[C30H28N4O4Fe] 50 (36) 20 (74) 32 (54) 07 (90) 

[C30H28N4O4Ni] 45 (43) 14 (82) 21 (70) 05 (93) 

[C30H28N4O4Cu] 41 (48) 12 (84) 23 (68) 05 (93) 

 

IV. CONCLUSIONS 

 

In the light of above discussion we have proposed square-planar geometry for Cu(II) and Ni(II) complex and 

octahedral geometry for Mn(II) and Fe(III) complexes. On the basis of the physico-chemical and spectral data 

discussed above, one can assume that the ligand behave as monobasic, ON bidentate, coordinating via amide 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 |Published :14 December 2022 Page No :11-15 
 

 

 

 

 

46 

oxygen and azomethine nitrogen as illustrated in Fig.4. The complexes are biologically active and are having 

enhanced antimicrobial activities compared to free ligand. Thermal study reveals thermal stability of metal 

complexes. The XRD study suggests monoclinic crystal system for Cu (II)  and  Fe(III) complex, Mn(II) 

complex show orthorhombic crystal structure, and Ni(III) shows tetragonal crystal structure. 
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ABSTRACT 

The present revie work focuses on the importance and economic development of green chemistry. It is new 

branch in chemistry dealing with reduction of harmful and toxic chemicals in the synthesis and replacing it 

with ecofriendly methods. The principle of green chemistry with various benefits have been discussed to 

understand the basic requirement for replacement of conventional synthetic method with green chemistry 

synthesis. To describe it the synthetic approach for the synthesis of acetanilide has been discussed and 

compared. 

KEYWORDS:  Green Chemistry, Ecofriendly, Conventional, Acetanilide. 

 

I. INTRODUCTION 

 

The accelerated progress in  science  and  technology  now  a  days  has  led  to  economic development in 

world, but such economic development also cause environmental degradation  which is manifested  by 

climate change, the issue of ozone holes and accumulation of non-destructive organic pollutant in all parts of 

biospheres. So the present situation required the solution to balance the use of natural resources and 

environmental conservation. From last two decades awareness for environmental protection has increased by 

using the concept of “Green Chemistry”. The new laws and regulations have a Aim to protect the ecosystem 

from harmful chemicals and develop new compounds by the approach  of  Green  chemistry  which  are  less  

dangerous  to  human  health  and  the environment. 

Green chemistry is new branch of chemistry involves pulling together tools and techniques that helps to 

chemical engineers in research related to the creation of chemical product and processes that reduce or 

eliminate the use of harmful chemicals as well as reducing harmful and toxic products for the development of 

more eco-friendly and efficient product with less wastage. Green chemistry is now going to become an 

essential tool in the field of synthetic chemistry. 

 

1.1 Definition of Green Chemistry: 

According to environmental protection  agency, green chemistry is defined as a chemistry that designs 

chemical products and processes that are harmless to the environment. Chemical products should be made in 

such a manner that they do not remain in the environment at the end of their application and broken down 

into components that are harmless to environment. 
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1.2 History: 

The term green chemistry was first given by Poul .T. Anastas in 1991 in special program  launched  by  the  

US  environmental  Protection  Agency  (EPA)  to  implement sustainable development in 

chemistry  ,chemical technology by industry ,academia  and government.  In  1995  the  annual  US  

presidential  green  chemistry  challenge  was announced. In 1996 the working party on green chemistry was 

created, acting within the framework of International Union  of Pure  and Applied Chemistry.  The first  

book and journals on the subject of green chemistry were introduced in 1990 by the royal society of 

chemistry. Green chemistry includes  a  new approach to  the  synthesis,  processing and application  of  

chemical  substances  in such a manner to reduce scourge to health and environment like:  

1. Clean Chemistry 

2. Atom Economy 

3. Environmentally benign chemistry. 

Twelve principles of Green chemistry have been developed by Poul Anastas, speaks about the  reduction  of  

dangerous  or  harmful  substances  from  the  synthesis,  production  and application of chemical products. 

When designing a green chemistry process it is impossible to  meet  the requirements of all twelve principles  

of the process at the  same time,  but it attempts to apply as many principles during certain stages of synthesis. 

 

1.3 Principles of Green Chemistry  

1.3.1 Pollution Prevention: It is to prevent waste and to treat and clean up waste after it has been created. 

1.3.2 Atom Economy: It should be designed to maximize the incorporation of all materials used in process 

into the final product. 

1.3.3 Less Hazardous Chemical Synthesis: The synthetic method should be designed to use  and  generate  

substances  that  process  little  or  no  toxicity  to  human  health  and  the environment. 

1.3.4 Designing  Safer  Chemicals: Chemical  product  should be  designed  to  affect  their desired function 

while minimizing toxicity. 

1.3.5 Safer  Solvents  and Auxiliaries:  The  use  of auxiliary  substances  should  be  made unnecessary 

wherever possible. 

1.3.6 Design for Energy Efficiency: energy requirements of chemical processes should be recognized at low 

temperature and pressure. 

1.3.7 Use of Renewable Feedstock’s: A raw material of feedstock should be renewable.   

1.3.8 Reduce  Derivatives:  The  unnecessary  derivatization  like  use  of  blocking  groups, protection, 

deprotection should be avoided whenever impossible.  

1.3.9 Catalysis: The catalytic reagents are superior stoichiometric reagents.   

1.3.10 Design for Degradation: The chemical products should be designed so that at the end of their function 

they breakdown into harmless degradation products and do not persist in the environment.  

1.3.11 Real-time analysis for Pollution Prevention: Analytical methodologies need to be further  developed  

to  allow  for real-time,  in  process  monitoring and  control  prior  to  the formation of hazardous 

substances.  
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1.3.12 Inherently  Safer Chemistry  for Accident  Prevent:  The substances  used in  the chemical  process  

should  be  chosen  to  minimize  the  potential  for  chemical  accidents, explosion  and  fires.  This  

principle  can  motivate  chemistry  at  all  levels  like  research, education and public perception. 

 

1.4 Benefits of Green Chemistry: 

1. Benefits for health 

2. Cleaner air-less release of hazardous chemicals to air leading to less damage to lungs. 

3. Cleaner  water-less  release  of  hazardous  chemical  wastes  to  water  leading  to  cleaner drinking.  

4. Increase safety for worker in chemical industry, less use of toxic materials, less potential for accident.   

5. Benefits for environment  

6. Plants & animals suffer less harm from toxic chemicals in environment.  

7. Lower potential for global warming, ozone depletion & smog formation.   

8. Economy  

9. Better performance so that less product is needed to achieve the same function.   

 

II. REVIEW LITERATURE 

 

2.1 Green chemistry aims  to reduce  or even eliminates  the production of any harmful  bi-products  and  

maximizing  the  desired  product  without  compromising  with  the environment. The three key 

developments in green chemistry include use of super critical carbon di oxide as green solvent, aqueous 

hydrogen peroxide as an oxidizing agent and use of hydrogen in asymmetric synthesis. It also focuses on 

replacing traditional methods of  heating  with that of modern methods of heating  like  microwave  

radiations so that carbon footprint should be reduces as low as possible. 

2.2 The  work focuses to  reduce the chemical wastage  by applying the  concept  of green chemistry.  Few  

derivative of acetanilide were synthesized by  conventional  method as well  as  by  green  chemistry  

method.  In  conventional  method  there  was  wastage  of chemicals by the formation of acetic acid 

molecule  but by green synthesis method the formation of byproducts was avoided and the atom 

economy was calculated on the basis of molecular weight of desired product and it was found to be in the 

range of 72 to 82% which signify the utility of green synthesis method. 

2.3 Due  to technology development the  quality  of life on  earth  became  much better but harmful  effect  

of  chemistry  also  became  pronounced  main  among  them  being  the pollution of land, water and 

atmosphere. This is caused mainly due to the use of harmful reactants and effect of by-product of 

chemical industries, which are being discharge into air, rivers and the land, but by applying the concept 

of green chemistry these all problems can be reduced.  

2.4 Green  chemistry  is  a  term  that  refers  to  the  production  of  chemical  products  and processes that 

reduce the use of and production of harmful substances. 

2.5 The green chemistry revolution provides the various numbers of challenges to those who practice  

chemistry  in  industry,  education  and  research.  It  is  the  modern  science  of chemistry deals with 
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the application of environment friendly chemical compound in the various  area  of our life such as 

industries.  The chemical industries supply us  a huge variety  of  essential  product,  from  plastic  to  

pharmaceuticals,  these  industries  has  a potential to damage our environment, so green  chemistry 

serves to  promote the design and efficient use of chemicals and chemical processes. 

 

III. EXPERIMENTATION 

 

The synthesis of acetanilide by green chemistry has various disadvantages as there is a lot of wastage of acetic 

acid molecule, which can be minimized by green chemistry.  

 

3.1 Synthesis of compounds by conventional method: 

1. In a 250 ml beaker containing 125 ml of water, 4.6 ml of conc. Hydrochloric acid and 5.1 g of aniline / 

substituted anilines were introduced.   

2. Stirred until all the anilines passes completely into solution.  

3. To the resulting solution, 6.9 g (6.4ml) of redistilled acetic anhydride  was added and stirred until it was 

dissolved.  

4. Poured immediately in a solution of 3.8 g of crystalline sodium acetate in 25 ml of water.  

5. Stirred vigorously and cooled in ice. Filtered the acetanilide and substituted acetanilide with suction, 

washed with 10 ml water, drained  well and dried upon  filter paper.  The crude products were 

recrystallized from boiling water and methylated spirit.  

6. Non green component: Acetic anhydride leaves one molecule of acetic acid unused.   

 

3.2 Synthesis of compounds by green chemistry method : 

1. A  mixture  of aniline / substituted anilines (3.3g) and zinc dust (0.16g) in acetic acid (10ml)  in  100  ml  

round  bottom  flask  was  heated  over  a  gentle  flame  using  water condenser.   

2. Heating was continued for about 45 min., the reaction mixture was then carefully poured in cold water 

(33ml) in 250ml beaker with vigorous stirring.   

3. The  shining  crystals  of  product  were  separated  slowly.  After  15  min,  crystals  were collected by 

filtration. The solid crystals were washed over the Buchner funnel with water and product was dried and 

crystallized in boiling water.  

4. Green context: Minimize waste by-products, avoids use of acetic anhydride.  

 

IV. CONCLUSION 

 

This  review article will definitely  help  to understand  the  importance of green chemistry, which is  basic 

requirement  in today’s pharmaceutical  industries. The  approach will  help to avoid the utilization of the 

toxic chemicals leading to various hazards in the industry.  These conventional methods can be replaced 

easily by  the methods which utilize non toxic and environment friendly techniques for the synthesis of same.  
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One of such approach has been discussed for the synthesis of acetanilide. The approach will definitely help in 

the synthesis by keeping the environment safe. 
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ABSTRACT 

An multi-component reaction in PEG-400 medium in the presence of SiO2-SnCl4 has been developed for the 

synthesis of 1,4 dihydropyrano[2,3-c]pyrazole-5-carbonitrile.The present protocol describesynthesis of 

pyranopyrazole derivative starting with aromatic aldehyde, malonitrile, ethyl acetate, hydrazine hydrate  

under PEG-400.The presentmethod is efficient, energy saving gives the products in good to excellent yields. 

SiO2-SnCl4 catalyst works effectively. The key benefit of catalyst is that it is isolated easily at the end of 

reaction without any dullprocedure. 

Keyword: SiO2-SnCl4, Multi-component reaction, PEG-400 etc 

 

I. INTRODUCTION 

 

Heterocyclic chemistry is of prime importance as a sub-discipline of Organic Chemistry, as millions of 

heterocyclic compounds are known with more being synthesized regularly. 

The challenging task in chemistry is to develop practical methods, reaction media, conditions, and the use of 

materials based on the principles of green chemistry.The concept of ‘‘Green Chemistry’’ has emerged as one 

of the guiding principles ofenvironmentally benign synthesis. Thus, organic chemists are switching over to 

the maximum use of eco-friendly and sustainable in recent years, finding creative ways to reduce 

environmental pollution has been the goal of many organic resources. In water, organic reactions arising from 

hydrophobic effect will have reducedactivation energies and faster reactions. It has been focused on reducing 

or eliminating the use of toxic solvents to minimize damage for the human and environmental. 

Pyranopyrazole heterocycles have special importance in synthetic and medicinal chemistry. 

These compounds are found in synthetic products and many natural compounds that show a Wide range of 

biological activities [1]. It is also applicable to note that pyranopyrazole derivativesexhibitanti-

inflammatory[2], antihypertensive [3], anticancer[4],antimicrobial [5], insecticidal [6], antifungalactivities [7]. 

Multicomponent processes have recently gained considerable economic and ecological impetus as theyaddress 

fundamental principles of synthetic efficiency and reaction design. Multicomponent reactions(MCRs) have 

been proven to be very elegant and rapid way to access complex structures in a singlesynthetic operation 

from simple building blocks and show high atom economy and high selectivity [8,9].Therefore, choice of 

catalyst for green reaction is limited and has become a matter of concern for researchers nowadays. In recent 

times, few synthetic methods were developed for the preparation of pyranopyrazoles available in the 
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literature [10]. Amongst which the four components, one pot synthesis of pyranopyrazoles from ethyl acetate, 

malononitrile, aromatic aldehyde and hydrazine hydrate is a suitable methodology. Furthermore, a few 

procedures have described the one pot multicomponent synthesis of pyranopyrazoles based on catalysts such 

as 1,4-diazabicyclo [2.2.2] octane (DABCO) [11], cinchona alkaloid [12] and many others. The procedure had 

certain disadvantages such as the use of toxic catalysts, monotonous workup and poor yields. 

 

Experimental: chemicals taken from Sigma Aldrich without further purification. Melting points of all 

compounds were determined on a melting point apparatus and are found to be uncorrected. IR spectra were 

recorded on PerkinElmer FTIR spectrophotometer. The 1H NMR spectra were recorded on Bruker 

Spectrospin spectrometer (300 MHz) using TMS as an internal standard. 

 

II. GENERAL PROCEDURE 

 

To the aqueous mixture of hydrazine hydrate, (1 mmol) and ethyl acetoacetate (1 mmol), aromatic aldehyde 

(1 mmol), malononitrile (1 mmol) and SiO2-SnCl4as catalyst were added in a catalytic amount at room 

temperaturestirred for specific period till reaction is completed. The progress of reaction is confirmed by 

taking TLC periodically. After completion of the reaction the reaction mixture was filtered and obtained a 

solid crude product. The product was recrystallized by hot ethanol. The catalyst was recovered was simple 

filtration process which is dried under vacuum. The catalyst was recycled for further use. 

 
 

Spectra of some compounds: 

6-amino-4-(4-methoxy phenyl) 3-methyl-1, 4 dihydropyrano [ 2,3-c] pyrazole 5-carbonitrile 

IR (cm-1) 3490, 3254, 3110, 2838, 2170, 1632, 1498; 1HNMR (300MHz,CDCl3) δ 1.79 (3H,s,CH3), 3.74 (3H,s,-

OCH3), 4.44 (1H,s,CH), 6.82 (2H,s,NH2), 6.86-6.89 (2H,d,Ar-H), 7.05-7.09 (2H,d,Ar-H), 12.10 (1H,s,NH); 13C–

NMR (300MHz, CDCl3) δ 9.76, 35.46, 54.91, 57.65, 98.88, 113.70, 122.62, 126.55, 136.51, 136.46, 155.73, 

158.90, 161.65 ppm; m/z 283 (M+.,100%) 

6-amino-4-(4-methyl phenyl) 3-methyl-1, 4 dihydropyrano [ 2,3-c] pyrazole 5-carbonitrile  

IR (cm-1) 3242, 3042, 2900, 2360, 1681, 1268; 1HNMR (300MHz, CDCl3) δ 1.83(3H,s,CH3), 2.24 (3H,s,CH3), 

4.52(1H,s,CH), 6.92(2H,s,NH2), 7.04-7.08 (2H,d,Ar-H), 7.10-7.12 (2H,d,Ar-H),12.10(1H,s,NH); 13C–NMR 
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(300MHz, CDCl3) 164, 140.0, 113.8, 176.1, 27.2, 133.3, 60.4, 135.7, 129.4, 125.6, 118,14.5, 22.2 m/z 267 

(M+,100%) 

6-amino-4-(4-chloro phenyl) 3-methyl-1, 4 dihydropyrano [ 2,3-c] pyrazole 5-carbonitrile  

IR (cm-1) 3400, 3305, 3178, 2190, 1625; 1HNMR (300MHz, CDCl3): δ 1.91 (3H,s,CH3), 4.63 (1H,s,CH), 6.77 

(2H,s,NH2), 7.15-7.22 (2H,d,Ar-H), 7.37-7.42 (2H,d,Ar-H), 12.14 (1H,s,NH);  
13C–NMR (300MHz, CDCl3) 164, 146, 113, 132, 176, 26.5, 133.4, 59.2, 126, 130, 118, 14 

m/z 287 (M+). 

6-amino-4-(2, 4-dichloro phenyl) 3-methyl-1, 4 dihydropyrano [ 2,3-c] pyrazole 5-carbonitrile  

IR (cm-1) 3482, 3250, 3118, 2189, 1642, 1590; 1HNMR (300MHz, CDCl3) δ1.73 ( 3H,s ,  CH3), 4.56 (1H, s, 

CH),7.00 ( 1H, s, ArH), 7.20 (2H, s, NH2), 7.82 ( 2H, d,ArH), 7.77 ( 2H, d, ArH), 11.89 (1H,s , NH). m/z-

320(M+.). 

6-amino-4-(4-hydroxy-3-methoxy phenyl) 3-methyl-1, 4 dihydropyrano [ 2,3-c] pyrazole 5-carbonitrile  

1H NMR (300 MHz,CDCl3): δ 1.88 (s, 3H, CH3), 3.55 (s, 3H, OCH3), 4.62 (s, 1H, CH), 6.48 (d, 1H, OH), 6.79 (t, 

2H, CH2), 6.77 (s, 2H, CH2), 8.85 (s, 1H), 11.99.(s, 1H, NH); 13C NMR (300 MHz, CDCl3)δ 9.9, 36, 55.8, 57.8, 

98.9, 112.6,115.9, 120, 136.4, 136.8, 145.2, 147.3, 163. 

 

Catalytic Activity: 

In order to study catalytic activity of the catalyst for the synthesis of pyranopyrazole from aromatic aldehyde, 

malononitrile, ethyl acetate and phenyl hydrazine. We performed the synthesis of pyrano-pyrazole under 

optimized condition and the result is displayed in Table 1. 

In the beginning of the scheme benzaldehyde, malononitrile, ethyl acetate, phenyl hydrazine reacted 

together undergo cyclization to give 86% of selective yield in 4 hrs (Table 1, Entry 1). Further in order to 

study the effect electron donating group during the cyclo-condensation process for the synthesis of 

pyranopyrazole. So in next attempt 4- methoxy benzaldehyde, 3,4,5- tri-methoxy benzaldehyde and 4-

methyl benzaldehyde taken in separate round bottom flask is allowed to react with malonitrile, ethyl acetate 

and phenyl hydrazine at room temperature to yield 82%, 84%, 80% of pyranopyrazole derivative in 4.5hr., 4 

hr., 5hrs. Respectively (Entry 2,3,4).  So this result confirmed the presence of electron releasing group on 

benzaldehyde retard the rate of reaction with decrease in yield. Moving on, the same steps of reaction is 

carried with 4-chlorobenzaldehyde, 2,4-dichlorobenzaldehyde, 4-bromobenzaldehyde in a separate container 

with malononitrile, ethyl acetate and phenyl hydrazine to produce 88%, 92% and 93% of yield in 4, 3 and 3 

hrs respectively (Entry 5, 6 and 7). Soon after effect of electron withdrawing group is studied with 2-

nitrobenzaldehyde and 4-nitrobenzaldehyde in a separate flask of reaction with following same state of 

reaction as described above and very surprising output was obtained with 98% and 96% of yield within very 

short of time 2.5 hr. for both the reaction (Entry 8 and 9). These results clearly indicates that electron 

withdrawing group increases rate of reaction with increase in yield with reduction in the time required for 

proceeding the reaction 
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Table1- Synthesis of different substituted pyrano-pyrazole derivative by using SiO2-SnCl4under optimized 

reaction. 

 

Entry     Product   Time (hr.)            Yield (%)X 

 
a) All reaction performed with equimolar reactant (1mmol) and with 10 mol % of catalyst.  

b) x Refers to an isolated yield 
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III. RESULT AND DISCUSSION 

 

In summary, a green, effective and environmentally friendly approach was considered for the synthesis 

pyranopyrazole. pyranopyrazole derivatives was synthesizedby four component condensation reaction of 

various aromatic aldehydes, malononitrile, ethyl acetate and phenyl hydrazine under PEG-400 as a solvent 

atR.T.Considerable advantages of the presented investigation are reasonably high yield, cleaner reaction 

profile, short reaction time, simple work up procedure, recycle and reusability of SiO2-SnCl4. The whole 

reaction situation made close agreement with the green chemistry disciplines. The isolation and purification 

of catalyst at the end of reaction was also easy. The referredcatalyst also produces surprising result of good to 

excellent yield of pyranopyrazole within short of time. 

 

IV. REFERENCES 

 

[1]. D.S. Fischer, G.M. Allan, C. Bubert, N. Vicker, A. Smith, H.J. Tutill, A. Purohit, L. Wood, G. Packham, 

J. of Med. Chem., 48, 5749 (2005). 

[2]. M. E. A. Zaki, H. A. Soliman, O. A. Hiekal, A. E. Z, Zeitschrift, Naturforschung, 61, 1(2006). 

[3]. V.K. Ahluwalia, A. Dahiya, V.K. Garg,Cheminform,36, 88 (1997). 

[4]. J. L Wang., D. Liu, Z. J. Zhang, S. Shan, X. Han, S. M. Srinivasula, C. M. Croce, E. S. Alnemri, Z. Huang, 

,Proc. of the Nat. Acad. of Sci., 97, 7124 (2000). 

[5]. T. N. Bansode, R. M. Ansari, Y. K. Gawale,4, 1141(2011). 

[6]. Z. H. Ismail, G. M. Aly, M. S. El-Degwi, H. I. Heiba, M. M. Ghorab, Egypt. J. of Biotechn., 13, 73 (2003). 

[7]. M. Beerappa, K. Shivashankar, Synth. Communi.,48, 146 (2018). 

[8]. A. Alizadeh, F. Mobahedi, A. Esmaili,Tetrahedron Lett.,47, 4469 (2006). 

[9]. M. Umkeherer,C. Kalinski, J. Kolb, C. Burdack, Tetrahedron Lett., 47, 2391(2006). 

[10]. D. Enders, A. Grossmann, B. Gieraths, M. Duzdemir,C. Merkens,Org. Lett., 14, 4254 (2012). 

[11]. A. Keyume, Z. Esmayil, L. Wang, F. Jun, Tetrahedron,70, 3976 (2014). 

[12]. S. Gogoi,C. G. Zhao, Tetra. Lett.,50, 2252 (2009). 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

  

RACPS-2022  

Online National Conference on Recent Advances in Chemical and Physical Sciences 

In Association with International Journal of Scientific Research in Science and Technology 

Volume 9 | Issue 17 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com) 

 

 

 

 

 

 

  58 

Oxidised Activated Carbon: Highly Efficient and Recyclable 
Catalyst for The Synthesis of 1, 8-Dioxooctahydroxanthene 

Derivatives 
Mantosh B. Swami1, Sushil R. Mathapati2* 

1Department of Chemistry, Mahatma Basweshwar Mahavidyalay, Latur, Maharashtra, India 
2Department of Chemistry, Madhavrao Patil College Murum, Maharashtra, India 

 

ABSTRACT 

Oxidisd-AChas Found to be an effective heterogeneous catalyst for synthesis of series1,8- 

dioxooctahydroxanthene derivatives from condensation followed by cyclization of of 5,5-dimethyl 1,3-

cyclohexanedione and substituted aldehydes. The heterogeneous catalyst was prepared and characterized by 

using various advanced analytical techniques and employed in present reaction. The catalyst could be easily 

separated by simple filtration and reused further up to six cycles without loss of catalytic activity. Key 

advantage of this method is high yield, short reaction time, low cost, simple and easy work-up procedure. 

Keywords: Oxidised AC,Highly efficient, Recyclable Catalyst, 5, 5-dimethyl 1, 3-cyclohexanedione, 1, 8- 

dioxooctahydroxanthene derivatives. 

 

I. INTRODUCTION 

 

MCR involves three or more starting material reacts to form a product, it consist almost essential atoms from 

reactants. These are more convenient and useful over traditional multistep sequential assembly of target 

molecule. In multicomponent reactions, target molecule is prepared in convergent one step in one pot by 

simply mixing of starting materials. MCRs were performed via simple experimental procedure without need 

of any special condition. Multi-component reactions have emerged as highly efficient protocol in modern 

synthetic organic chemistry due to creation of various new bonds in one pot reaction[1]. These types of 

reactions have been studied widely in organic synthesis, primarily due to their ability to generate complex 

molecular functionality from simple starting materials via one-pot reactions[2]. This has considerable 

advantages because it saves precious time and drastically reduces effort. 

Xanthene derivative possesses variety of applications in biological and pharmaceutical field; derivatives of 

xanthenes are reported as anti-inflammatory [3], antibacterial [4], antiviral[5], anti-tumor [6], 

antiproliferative [7-8],anticancer [9-10],anti-oxidant [11], antiplasmodial[12], also acts as trypanothione 

reductase inhibitor[13], selective estrogen receptor modulator[14]. In addition, these compounds were used 

as pH sensitive fluorescent materials for visualization of biomolecules[15], luminescent sensors[16], xanthene 

dyes fluroscence based probes for optical imaging applications[17]. These are also used as antagonists for 

paralyzing action of zoxazolamine[18]. Xanthenediones possesses similar special structural units constituting 

http://www.ijsrst.com/
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many natural products and being used as versatile synthons because of inherent reactivity of their inbuilt 

pyran ring. In the recent year, there is enormous interest in the synthesis of this class of fused heterocyclic 

compounds, due to its number of applications increased in the field of medicinal chemistry and material 

science. 

There are a number of methods for the preparation of the xanthenes have been reported, these includes 

synthesis by cyclization of polycyclic aryltriflate esters[19], cyclo-condensation of 2-hydroxyl aromatic 

aldehyde with 2-tetralone[20], and trapping of benzynes by phenols[21] as well as reaction of aryloxy 

magnesium halides with triethyl orthoformate[22]. Synthesis of 1, 8-dioxooctahydroxanthenes has been 

worked out by using variety of catalyst and solvent system.  

The classical method for synthesis of 1, 8-dioxooctahydroxanthenes involves cyclization between dimedone 

and various substituted benzaldehyde in presence of different catalysts. However, many of these methods 

suffer from one or more disadvantages, such as longer reaction time, hazardous and expensive solvent, harsh 

reaction conditions, expensive chemicals, tedious work up, recovery of catalyst and poor yield. Therefore, 

there is a need to develop an efficient method for one-pot synthesis of 1, 8-dioxo- octahydroxanthene 

derivatives.  

In present protocol, we have reported one pot efficient synthesis of 1,8-dioxooctahydroxanthene derivatives 

from dimedoneand Substituted benzaldehyde in presence of catalytic amount of freshly prepared Oxidised 

AC. 

II. EXPERIMENTAL: 

 

General procedure for synthesis of 1,8-dioxooctahydroxanthene using Ox-AC catalyst: 

A mixture of substituted aldehyde (1mmol), 5, 5-dimethyl-1, 3-cyclohexanedione (2 mmol) and add Ox-

AC(10 wt %)then the resultant mixture was refluxed for two hour and progress of reaction was monitored by 

TLC. After completion, the catalyst was separated by using external magnet without filtration and solvent 

evaporated. Crude product was further purified by recrystallization in hot ethanol to get pure xanthenes 

derivatives. 

 
3,3,6,6-tetramethyl-9-(4-chloro-phenyl)-1,8-dioxooctahydroxanthene: 

IR (KBr, in cm-1): 3032, 2964, 2954, 1677, 1662, 1468, 1362, 1199, 1168, 1004, 852. 1HNMR(CDCl3, in δ ppm): 

7.18 - 7.25 (dd, 4H), 4.72 (s, 1H), 2.18 (q, 4H), 2.46 (s, 4H), 1.12 (s, 6H), 0.98 (s, 6H); 13CNMR (CDCl3, in δ 

ppm): 191.10, 157.18, 137.44, 126.78, 124.54, 122.98, 110.04, 45.46, 35.62, 26.96, 26.23, 24.04, 22.06MS 

(m/z):385.2 (M + 1) 
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3,3,6,6-tetramethyl-9-(4-hydroxy-3-methoxy-phenyl)-1,8-dioxooctahydroxanthene: 

IR (KBr, in cm-1): 3414, 3025, 2957, 1668, 1625, 1516, 1433, 1358, 1279, 1228, 1198, 1136, 1027, 

625,574.1HNMR(CDCl3, in δ ppm): 7.03 (s, 1H), 6.74 (d, 1H), 6.57 (dd, 1H), 5.48 (bs, 1H), 4.67 (s, 1H), 3.87 (s, 

3H), 2.47 (s, 4H), 2.22 (q, 4H), 1.02 (s, 12H); 13CNMR (CDCl3, in δ ppm): 196.5, 162.2, 145.9, 144.2, 136.5, 

120.2, 115.8, 113.8, 112.3, 55.4, 50.5, 40.5, 32.4, 31.4, 29.3, 27.4;MS (m/z): 419.40 

3,3,6,6-Tetramethyl-9-(4-nitrophenyl)-1,8-dioxo-octahydroxanthene 

IR (KBr, in cm-1): 3022, 2928, 1686, 1655, 1530, 1368, 1188, 1033, 855, 756, 633, 513. 1HNMR(CDCl3, in δ 

ppm): 8.11 (d, 2H), 7.38 (d, 2H), 4.85 (s, 1H), 2.88 (s, 4H), 2.33 (s, 4H), 1.14 (s, 6H), 0.98 (s, 6H); 13C NMR 

(CDCl3, in δ ppm): 197.20, 164.82, 148.64, 133.10, 131.42, 128.32, 126.80, 115.72, 114.40, 51.82, 43.90, 43.62, 

30.10, 29.51, 27.61, 27.4; MS (m/z): 395 [M+]. 

3,3,6,6-Tetramethyl-9-(4methoxy-phenyl)-1,8-dioxooctahydro-xanthene: 

IR (KBr, in cm-1): 3058, 2959, 2877, 1664, 1627, 1512, 1463, 1358, 1261, 1194, 1109, 1032, 844, 564.1HNMR 

(CDCl3, in δ ppm): 7.22 (d, 2H), 6.77 (d, 2H), 4.68(s, 1H), 3.74 (s, 3H), 2.46 (s, 4H), 2.19 (q, 4H), 1.08 (s, 6H), 

0.99 (s, 6H); 13CNMR (CDCl3, in δ ppm): 196.72, 162.00, 157.86, 136.52, 129.42, 115.80, 113.52, 55.22, 50.80, 

40.92, 32.30, 30.83, 29.22, 27.40 MS (m/z): 381.20 

 

III. RESULT AND DISCUSSION 

 

Catalytic Activity: 

Ox-ACas heterogeneous catalyst utilized for conversion of dimedone and substituted benzaldehyde to 1,8-

dioxooctahydroxanthenes. The reaction condition was optimized and their outcomes summarized in table II-

1. First attempt was carried out in absence of catalyst and solvent to check the reactivity of component. Still 

no conversion observed upto 42 hours stirring. Further reaction was performed at 100oC without addition of 

catalyst and solvent, to determine effect of temperature on reaction; no isolated product was obtained (Table 

-1, entry 2). Next experiment was carried out in ethanol as solvent without catalyst at reflux temperature for 

prolonged time gave lower yield (entry 3).  

 

Table-1: Optimization of reaction condition for the synthesis of 1, 8-dioxooctahydro- xanthenes using Ox-AC. 

Entry  Catalyst 
Cat. 

Amount 
 Solvent Temp. (oC) Time(h) Yield (%) 

1 - - - RT 48 
      0 

 

2 - 
- 

 
- 100 24 <10 

3 - - Ethanol Reflux 24 50 

4 Ox-AC 10 wt % - 100 10 65 

5 Ox-AC 10 wt % Acetonitrile Reflux 5 70 

6 Ox-AC 10 wt % Toulene Reflux 5 65 
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7 Ox-AC 10 wt % THF Reflux 2 72 

8 Ox-AC 5 wt % Ethanol Reflux 2 80 

9 Ox-AC 10 wt % Ethanol Reflux 2 94 

10 Ox-AC 20 wt % Ethanol Reflux 2 95 

 

Later on the reaction was carried out in presence Ox-ACunder solvent free condition at 100oC to know the 

efficiency of catalyst; product was obtained with moderate yield (Table-1, entry 4). We observed that the 

catalyst in absence of solvent unable to produce efficient yield, so the same reaction was continued in ethanol 

at reflux temperature to get 95% yield of xanthenes (entry 5). In order to understand the effect of solvent on 

yield of reaction, number of solvent were screened for selected reaction. The model reaction was tried in 

presence of Ox-ACin acetonitrile at reflux temperature gives moderate yield (Table 1, entry 5). While the 

reaction becomes slower in tetrahydrofuran with 72% yield. Further, next reaction were conducted in 

toluene, it results into lowest yield and requires more time (Table-1, entry 6). Screening test of solvent 

reveals, reaction performed in nonpolar solvent gives lower yield, while in polar solvent enhances rate as 

well as yield of product. Finally, ethanol was found to be better solvent for conversion of dimedone and 

substituted aldehyde into 1,8-dioxooctahydroxanthene upto 95% yield. Subsequently, we tested different 

amount of catalyst under reflux temperature in ethanol, 10wt% of catalyst shows efficient yield (Table-1, 

entry 9). Moreover, we tried same reaction with reduction of catalytic amount upto 5 wt%; the reaction 

becomes sluggish with quite low yield (Table-1, entry 9). However, on increasing catalytic amount upto 20 

wt%, yield obtained was same as of 10 and 20 wt% catalytic amount respectively. Consequently 10 wt% 

catalytic amount and ethanol was selected as optimized condition for the reaction.   

In earlier table, we have optimized reaction conditions and selected Ox-ACcatalyst for synthesis of xanthene 

derivatives 

Moreover, aromatic aldehyde bearing electron withdrawing group such as –NO2, -Cl, reacts smoothly with 

efficient yield of xanthenes (Table-2, Entry 8-11). Among the all substituted benzaldehydes, p-

nitrobenzaldehyde reacts more faster with high yield (Table II-3, entry 9.To examine scope and applicability 

of present methodology, wide range of substituted aldehydes with electron donating and withdrawing groups 

was condensed with dimedone under optimized reaction condition. Monitoring of all reactions and their 

completion was confirmed by thin layer chromatography, time taken and yield of product was summarized 

in Table -2. The dimedone and substituted aldehydes undergoes cyclization in presence of little quantity of 

catalyst for short reaction time and gives efficient yield. Table-2,   entry 1, clearly gives an idea about 

reactivity of aryl aldehyde with dimedone in presence of catalyst to give xanthenes. Entry 2, reveals that the 

decrease in reactivity due to presence of electron donating group on aryl aldehyde.  Fairly similar results 

were observed in case hydroxy and methoxy substituted benzaldehydes (Table -2, entry 3 & 4).   
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Table-2: Synthesis of different substituted 1,8-Dioxooctahydro xanthene derivatives using Ox-ACin 

optimized reaction condition. 

Entry Aldehyde Time (hr) Product code Yield (%) 

1 Benzaldehyde 2 II-3a 94 

2 4-Methylbenzaldehyde 2 II-3b 90 

3 4-Hydroxybenzaldehyde 2 II-3c 93 

4 4-Methoxybenzaldehyde 2 II-3d 92 

5 4-Chlorobenzaldehyde 2 II-3e 94 

6 4-Hydroxy-3-Methoxybenzaldehyde 2 II-3f 92 

7 4-Flurobenzaldehyde 2 II-3g 92 

8 3-Nitrobenzaldehyde 2 II-3h 95 

9 4-Nitrobenzaldehyde 2 II-3i 96 

10 3-Chlorobenzaldehyde 2 II-3j 94 

11 4-Formylbenzaldehyde 2 II-3k 94 

     

 

IV. CONCLUSIONS 

 

In Conclusion, Ox-ACwas utilized as heterogeneous catalyst for the conversion of aryl aldehyde and 

dimedone to xanthene derivatives. The catalyst was prepared and characterized successfully with help of 

various spectroscopic techniques which showed oxidation of Activated Carbon leads to COOH functionality. 

The catalyst proved itself as highly efficient and economically viable catalyst for synthesis of 1,8-

dioxooctahydroxanthene derivatives.The experimental procedure is not only advantageous from the 

environmental point of view but also offers high yield and reaction rate. In addition, catalyst could be 

recycled up to six cycles without affecting yield of product. The key advantages of this method are simplicity 

of operation, easy work up, recyclability of catalyst, high yields with maximum purification, short reaction 

time. 
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ABSTRACT 

Imidazoles derivatives are widely used in pharmacological drugs and have occupied a unique position in 

heterocyclic chemistry; its derivatives have attracted researcher to synthesize new derivatives by various methods 

and catalyst for its versatile properties in chemistry and pharmacology. This created interest in researchers to 

synthesize variety of imidazole derivatives and analyse for their biological activities. Imidazole is nitrogen- 

containing heterocyclic ring and its derivative possesses biological and pharmaceutical importance such as 

antibacterial1, Antimicrobial2, anti-inflammatory 3, anti-fungal4, anticancer 5, anti-depressant 6, anti-viral7 and 

anti-tubercular7. This paper aims to review the different types of imidazole derivatives which having biological 

activity. 

 

I. INTRODUCTION 

Imidazole is a five-member heterocyclic aromatic compound with two nitrogen atoms present at 1, 3-poaition. 

Both Nitrogen atoms are sp2 hybridized. The natural products like histamine, histidine, and nucleic acid are the 

important constituent of imidazole ring. Imidazole susceptible to nucleophilic and electrophilic attack. Imidazole 

generally colorless or pale yellow solid and it has amine like order. It is soluble in water and other polar solvents. 

Imidazole has melting point 88.9°C and it has boiling point 267.8°C. Imidazole has molecular formula C3H4N2. 

The high beneficial properties of the imidazole containing drugs have encouraged the medicinal chemists to 

prepare a large number of new therapeutic molecules. Imidazole drugs have wide spectrum of applications in 

pharmaceutical, medicinal, photosensitizes and biological processes. 

The    Some    imidazole    derivatives    show    activity     against Mycobacterium tuberculosis .Imidazole 

derivatives are pharmacologically and physiologically active and it is used in the treatment of various diseases. 

Imidazoles are important constituents and they are found in a large number of natural products and clinically 

active drug molecules. Synthetic imidazoles are present in many fungicides, anti-fungal, antiprotozoal and anti-

hypertensive medications. Due to their significance, it has become a suitable target for the synthetic and clinical. 

There are different techniques that have been used for assembling and modifying the imidazole ring with different 

functional groups. The basic site in imidazole nucleus is N-3. 

STRUCTURAL CHARACTERISTICS 

The imidazole is a planar, five member heteroaromatic compounds with 3C and 2N atom in 1 and 3 positions. It 

was present in two equivalent tautomeric forms because the hydrogen atom can be located on either of the two 

nitrogen atom (Figure-1). 

http://www.ijsrst.com/
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Imidazole is a highly polar compound, as evidenced by a calculated dipole of 3.61D, and is completely soluble in 

water. The compound is classified as aromatic due to the presence of a sextet of π-electrons, consisting of a pair of 

electrons from the protonated nitrogen atom and one from each of the remaining four atoms of the ring (figure-2). 

 

Imidazole can function as both acid and base; hence it is amphoteric in nature (figure-3). As an acid, the pKa of 

imidazole is 14.5, making imidazole less acidic than carboxylic acids, phenols and imides, but slightly more acidic 

than alcohols. The acidic proton is located on N- 

1. As a base, the pKa of the conjugated acid is approximately 7, making it is approximately sixty times more basic 

than pyridine. The resonance interactions help to explain these properties, which increase the basicity of the 3-

nitrogen atom 3. 

SYNTHESIS OF IMIDAZOLE AND ITS DERIVATIVES 

Scheme I 

Imidazole was first synthesized by Heinrich Debus in 1858, but various imidazole derivatives had been discovered 

as early as the 1840. The synthesis used glyoxal and formaldehyde in ammonia to form imidazole (Figure 4). 

Although various imidazole derivatives had been discovered earlier in the 1840.It has high boiling point 267.8°C 

than all other 5- membered heterocyclic compounds due to the inter- molecular H-bonding (figure-4), where 

there is linear association of molecule. 

Now-a-days several methods are available for the synthesis of imidazole and its derivatives, some of these are 

given below in Schemes 1and 2 . 

Scheme II  

RE-Diszewski Synthesis 

The synthesis denotes condensing a dicarbonyl compoundsuch as glyoxal, a keto aldehyde or a diketones with 

analdehyde in the presence of ammonia, with benzaldehyde and two molecules of ammonia react to yield 2,4,5-

triphenyl-1H-imidazole(figure-9)8,9. 
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SCHEME-III 

WallachSynthesis 

When N,N-dimethyloxamide is treated with PCl5 a chlorine containing compound is obtained which on 

reduction with HI acid Gives N-alkyl imidazole (figure-10) 10,11 

 

 

 

Biological Activity: 

1) Anti-fungal and anti-bacterial activity12: 

Ramya v et al synthesized a series of novel 5- (nitro/bromo)-styryl-2-benzimidazole derivatives and tested for the 

antibacterial and anti-fungal activity. This was comparable with Ciprofloxacin. 9 

 

 

Namita gupta et al synthesized N-substituted imidazole derivatives and the synthesized compounds are evaluated 

for in vitro antimicrobial activity against Staphylococcus aureus, Bacillus subtilis (Gram positive); Escherichia coli, 

Pseudomonas aeruginosa (Gram negative) and Candida albicans and Aspergillus niger. All compounds showed 

moderate to good activity10 

 

2) Anti-inflammatory and analgesic activities 12: 

Kavitha C.S et al synthesized a series of 2- methylaminibenzimidazole derivatives and the synthesized compounds 

were screened for analgesic and anti-inflammatory activities. This compound (compound : shows analgesic and 

anti-inflammatory activity, Nimesulide used as standard drug 11. 
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1) Anti-cancer activity 13: 

Yusuf Ozkay et alsynthesized many novel imidazole-(Benz) azole and imidazole epiperazine derivatives and 

synthesized compounds are tested for anticancer activity. All compounds showed good activity. Cisplatin was used 

as reference drug . 

The substituted imidazoles show good antibacterial activity against gram negative bacterial strains Klebsiella 

pneumoniae and Escherichia coli. The imidazole derivatives possess significant cytotoxic activity against Ehrich’s 

Ascites Carcinoma (EAC) cell lines and Dalton’s Lyphoma Ascites (DLA) cell lines. Compound (Figure-10) showed 

the best anti cancer activity with CTC50 value of 98.56 and 31.25 µg mLG against DLA and 1 EAC cell line 

 

3) Anti-depressant activities: 

Farzin Hadizadeh et al synthesized moclobemide analogues by replacing moclobemide phenyl ring with 

substituted imidazole and studied for the antidepressant activity using forced swimming test. All the analogues 

showed moderate to good activity. 
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4) Anti-tubercular: 

Harun M. Patel et.al synthesized imidazole [2, 1-b] [1, 2, 3] thiadiazole derivatives and evaluated for in-vitro 

antitubercular against M. tuberculosis strain H37Rv by using the MABA method. All the synthesized compounds 

(A-J) exhibited an interesting activity profile against the tested mycobacterial strain. 

 

 

 

5) Antileishmanial activity: 

A series of N,N’- disubstituted ethylenediamine and imidazolidine derivatives have been synthesized and their in 

vitro biological activities against Leishmania species have been evaluated. Of the nine synthesized compounds, five 

displayed a good activity in both L. amazonensis and L. major promastigotes. The compounds 1,2-Bis (p-

methoxybenzyl) ethylenediamine (Figure-12) and 1,3-Bis (p-methoxybenzyl)imidazolidines (Figure 14) showed 

the best activity on intracellular amastigotes, with IC  values of 50 2.0 and 9.4 µg mLG , respectively20 . 

6) Anti viral activity: 

Chronic infection with the Hepatitis C Virus (HCV) is a major cause for developing cirrhosis and hepatocellular 

carcinoma. A series of novel compounds, 5-alkynyl-1-beta- Dribofuranosylimidazole-4- carboxamides have been 

synthesized and identified as broad- spectrum antiviral agents. 5-Ethynyl-1-beta-D-ribofuranosylimidazole-4- 

carboxamide (EICAR) (Figure-15), the most potent congener of the group, showed antiviral potency about 10-to 

100- fold superior than that of ribavirin, (Figure-16) . EICAR is an 12 antiviral drug for the treatment of pox-, 
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toga-, arena-, reo-, orthomyxo and paramyxovirus infections. 

CONCLUSION: 

The present review study showed that imidazole derivatives signify an interesting class of compounds possessing a 

wide spectrum of biological activities. On the basis of various literature survey imidazole derivatives show various 

activity against antimicrobial, anti- inflammatory, analgesic, antitubercular, anticancer, Antileishmanial activity, 

antiviral, etc. The possible improvements in the activity can be further achieved by slight modifications in the 

substituents on the basic imidazole nucleus. Having structural similarity with histidine imidazole compound can 

bind with protein molecules with ease compared to the some other heterocyclic moieties. Thus imidazole offers 

better pharmacodynamic characteristics. Furthermore, some imidazole drugs, at high concentrations, could exert 

direct inhibitory effects on membranes, without interference with sterols and sterol esters. Various recent new 

drugs developments in imidazole derivatives show better effect and less toxicity. Series of compounds can be 

synthesized by using same approach and further characterized and evaluated for desire pharmacological activity 

with high potency and low toxicity. Moreover the possible improvements in the activity can be achieved by slight 

modifications in the substituent on the imidazole nucleus. This has been noticed so far, that modifications on 

imidazole moiety displayed important biological activities. It will be exciting to observe that these modifications 

can be utilized as potent therapeutic agents in future. 
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ABSTRACT 

2-ammino-5(substituted phenyl)1,3,4- thiadiazole is a heterocyclic nucleus plays important role in 

coordination chemistry. Using this nucleus the novel ligands 3-sub.benzylidene-4(5-sub.aryl-[1, 3, 4] 

thiadiazole-2-ylimino) pentan-2one were synthesized by knoevenagel condensation. The derived 

heterocyclic nucleus condensed with substituted aromatic/heterocyclic aldehyde and acetoacetone. 

Synthesized ligands were characterized by 1H NMR, IR and Mass spectroscopy. 

Keywords: Thiadiazole, Ligand, Synthesis, Characterization. 

 

I. INTRODUCTION 

 

The imines containing substituted 2-ammino-5(substituted phenyl)1,3,4- thiadiazole moiety have wide range 

of applications such as anticonvulsant activity1-2, anticancer agents3, antifungal and antibacterial4 activity 

screened by various researchers. Imines of heterocyclic ligands have vital role in coordination chemistry due 

to presence of one or more hetero atoms in it. The ligands of substituted 1,3,4-thiadiazole have potential sites 

for metal complexation. Wide range of imines based on 1,3,4-thiadiazole were synthesized by extending with 

some active organic molecules and synthesized their metal complexes with transition metals as well as with 

rare earth metals. 

With this interest study of new imines synthesis is carryout. The novel imines were synthesized by 

condensation of functionalized aromatic and heterocyclic aldehydes, acetoacetone and substituted 1,3,4-

thiadiazole. Synthesized ligands were screened by electron absorption spectroscopy for elucidation of 

structures.   

 

II. EXEPERIMENTAL 

 

The commercially purchased all reagents and solvents of analytical grade were used without any purification. 

2-ammino-5(substituted phenyl)1,3,4- thiadiazole was prepared5-7 in laboratory by alkanoylation of 

thiosemicarbazide followed by dehydration. The reaction progress was screened by thin layer 

chromatography (TLC). Molecular structure of derived moiety is as shown in figure 1.  

http://www.ijsrst.com/
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Figure 1 Preparation of novel Schiff base 3-sub. benzylidene-4(5-sub. aryl- [1, 3, 4] thiadiazole-2-ylimino) 

pentan-2one: 

 

A round bottom flask charged with substituted aromatic aldehyde, acetoacetone (10mmol) each and along 

with 10 mole % solid supported Morpholine in methanol (20ml) are refluxed at 70 0C by for 3 hours. The 

progress of reaction was monitored by using pet ether and ethyl acetate system (7:3 v/v). After that 2-amino-

5-(substituted aryl) thiadiazole (10mmol) added and continued refluxing for 1 hour. The progress of reaction 

was monitored by benzene, acetone system (7:3 v/v). The reaction mixture was poured on flaks of ice. The 

obtained solid yellow precipitate of expected ligand was filtered, dried and recrystallized in methanol. 

 
Figure-2 

Obtained ligands were characterized by various analytical techniques. The melting point was recorded on 

Cotech digital melting point apparatus. Elemental C, H, N, and S analysis was carried out on a Fison EA1108 

analyzer. The Infrared (FTIR) spectra were recorded by using FITR 8300 shimadzu spectrometer by using CsI 

disk in the frequency range of 4000 to 400cm-1. The 1H NMR spectra were recorded on Brunker 400 MHz 

spectrometer using CDCl3 as a solvent and TMS as internal standard. Mass spectra were recorded by mass wiff 

(turbo spray) spectrometer. 

 

III. RESULT AND DISCUSSION 

 

For purity and structural elucidation synthesized ligand were screened by physical and electron absorption 

techniques. Synthesized ligands and their physical characterizations are shown in Table-1.  
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Table-1 Melting Points, Elemental Analytical data (%) and m/z values of ligands. 

Compounds Symbol Physical 

appearance 

M.P. 

(0C) 

Elements (%) m/z 

C H N O S  

C19H17N3O2S L1 Yellow 107 63.70 5.05 12.38 9.43 9.45 351 

C21H18N3OSF L2 Yellow 145 65.37 4.94 11.44 4.35 8.73 379 

C22H21N3O2S L3 Buff 136 66.47 5.58 11.07 8.43 8.45 391 

C21H18N4O3S L4 Yellow 138 60.90 4.60 14.20 12.17 8.13 406 

C21H19N3O2S L5 Yellow 132 66.20 5.29 11.02 12.59 8.41 381 

C21H18N3OSCl L6 Yellow 142 63.85 4.85 10.63 8.10 8.11 395 

C22H21N3OS L7 Buff 139 70.46 5.91 11.20 8.53 8.55 375 

C22H21N3O3S L8 Buff 144 64.92 5.45 10.32 15.72 7.88 407 

 

The infrared spectrum data used to assign the formation of imines. The stretching bands obtained at1693- 

1708 assigned characteristic11 of υ(C=O) and at 1606-1660 for υ(C=N) for L1-L8.  (Table-2)  

The 1H NMR spectra of ligands L1-L8 gave additional information of imine formation. Spectra of L1 shown in 

figure-3, sharp peaks obtained are similar to the literature data. 1H NMR (400 M Hz, CDCl3) δ 1.79 (S, 3H, 

N=C-CH3), 2.10 (S, 3H, O=C-CH3), 5.30 (S, 1H, HC=C), 2.41 (S, 3H, Ar-CH3), 6.20-7.80 (M, 8H, Ar-H).  

 

TABLE-2 KEY INFRARED DATA OF LIGANDS 

 

Compounds 

Frequency (cm-1) 

υ(C=O) υ(C=N) υ(C-S-C) υ(N-N) 

C19H17N3O2S 1708 1633 634 1020 

C21H18N3OSF 1693 1620 632 1018 

C22H21N3O2S 1693 1606 634 1031 

C21H18N4O3S 1726 1662 603 1012 

C21H19N3O2S 1704 1635 634 1062 

C21H18N3OSCl 1707 1660 632 1012 

C22H21N3OS 1707 1656 634 1022 

C22H21N3O3S 1691 1633 634 1033 
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Figure-3 

 

Synthesized ligands also screened by mass spectroscopic analysis. Mass spectra revels confirmation of 

molecular structure.  For ligand L1 m/z is 351, spectra obtained at same mass is shown in figure-4. 

Furthermore spectra obtained of loss in mass with respect to temperature.   
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Figure-4 

 

IV. CONCLUTION 

 

All synthesized ligands matches with their physical and electron absorption spectroscopic data. L1-L8 

tridentate ligands are confirmed on their analytical data. Synthesized ligands were three coordinated, 

analyzed by various analytical techniques.  
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ABSTRACT 

Nanosponge is a modern category of material and is made up of tiny particles with a narrow cavity of few 

nanometers. These narrow cavities can be filled with various types of substances. These tiny particles are 

having a capability due to which it is able to carry both hydrophilic and lipophilic drug substance and can 

increase the stability of poorly water-soluble drug substance or molecules.Boswelliaserrata loaded 

nanosponges was developed and optimized using systematic Quality by Design approach. Firstly, the quality 

target product profile (QTPP) of nanosponge formulation was defined and critical quality attributes (CQAs) 

and critical material attributes (CMAs) were screened through risk assessment studies based on fish bone 

diagram.32 full factorial Box-Behnken design using Design Expert software (version 9.0) was employed to 

optimize the selected CMAs. Concentration of Concentration of polymer(X1), Stirring Speed(X2) and Stirring 

time (X3) were selected as independent CMAs. Particle size (Y1), entrapment efficiency (Y2), % Practical 

yield (Y3) was evaluated as dependant CQAs. Optimized formulation was then evaluated for FTIR, DSC, XRD, 

Particle size analysis, Zeta potential, SEM. Formulation was also found stable at different storage condition. 

Keywords: Boswelliaserrata, nanosponge, colloidal carrier, Box-Behnken design. Materials and Methods 

 

I. INTRODUCTION 

 

1.1 Rheumatoid Arthritis 

Rheumatoidarthritis(RA)isadiseaseofunknownorigincharacterisedbyinflammatory changes of the synovial 

tissue of joints, cartilage, and bone and, lessfrequently, extra-articular sites. In recent years, it has become 

evident that RA arisesbased on genetic and epigenetic components. The environment must also play 

animportant role, such as cigarette smoke, dust exposure, and especially the microbiomethat also represents 

an internal environment (Brown et al.,2020). Rheumatoid arthritis(RA) is a chronic polyarticular 

inflammatory arthritis that involves not only smalljoints of the hands and feet but also medium and large 
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joints. It is associated withexcessive disability, mortality, and morbidity. RA is a complex inflammatory 

andautoimmunediseasewithsystemicinvolvement andsymptoms(Smolen etal.,2018). 

The innate immune system and components of the adaptive immune system 

interactsignificantly.Autoantibodies,includingrheumatoidfactors(RF)andantibodiesagainstpost-

translationallymodifiedproteins(AMPA,whichincludesantibodiesagainst various modifications including 

citrullination (ACPA), carbamylation (aCarP),and acetylation (AAPA)), as well as the migration of T and B 

lymphocytes into thesynovium, are a result of abnormalities in the cellular and humoral immune 

response.Additionally, the tissue sites affected suffer a strong activation of the innate 

immunesystemwithhighlyactivatedmonocyte/macrophagesystemcells(Derksenetal.,2017). 

The histopathological and clinical characteristics of RA are the result of differentphenomena: joint discomfort, 

swelling, and progressive breakdown of cartilage andbone are all signs of inflammation, as are systemic 

manifestations brought on byinflammatory cytokines and arachidonic acid metabolites. Synovial hyperplasia 

is ahallmark of RA and the main contributor to the formation of an invasive pannus. 

TheobservationofTcellaccumulationinthesynoviumhasgeneratedthehypothesisofaT cell-dependent 

inflammatory reaction to an unknown antigen. (Otero &Goldring,2007) This assumption is supported by data 

derived from animal models, observationsabout disease remission in patients with AIDS, and the 

improvement after treatmentwith co-stimulation modulators. In RA, the synovial lining generally comprises 

1–3celllayersandbecomesremarkablythickened.Thisisduetoaninvasionofmacrophage-

likecellsandtheproliferationofresidentsynovialfibroblastsfigureno1.1.Thedegreeofsynovialhyperplasiacorrelate

swiththeseverityofcartilage 

 

List of Chemical 

BoswelliaSerrataextract, Ethylcellulose, Dichloromethane, PVA, Carbopol934, Ethanol, MethylParaben, 

Propyleneglycol, Triethanolamin, DistilledWater, Acetone, Phosphatebuffer7.4pH 

 

II. MATERIAL AND METHOD 

 

Method of preparation of nanosponges: 

 

i. Emulsion solvent diffusion method: 

In this method, two phases are used in a different proportion of organic and aqueous(ethyl cellulose and poly 

vinyl alcohol).The dispersed phase has ethyl cellulose anddrug gets dissolved in dichloromethane (20ml)and a 

definite amount of polyvinyl al-cohol added to 100 ml of aqueous continuous phase. Then, the mixture is 

stirredproperly at 1000 rpm for2hr. The nanosponges were collected by the process of filtra-tion by using 

Whatman filter paper (0.45µm) and kept for drying in an oven at 40ºCfor 24hr. Nanosponges are dried we 

restored in desiccators and residual solvent re-moved. 
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ii. Preparation of Boswellia Serrata loaded nanosponge 

Boswellia Serrata loaded nanosponges were prepared by emulsion solvent diffusionmethod figure no 6.3. 

Polyvinyl alcohol dissolved in distilled water at 80ºc for 30minis used as aqueous phase. The drug and 

polymer dissolved in dichloromethane (cross-linking agent) is usedasorganic phase. Organicphase is subjected 

to sonication for10 min in order to increase the solubility of drug in polymer solution. The organicphase is 

slowly added to aqueous phase to avoid foaming by using fine syringe with asize range of 0.001. This was 

performed on a Remi magnetic stirrer at 1000rmp for3hrs. The formed solid powder was collected by using 

membrane filter (pore size0.45μm) and dried in oven for 30min at 40°C for the removal of residual solvent. 

Theproduct was then packed and stored in airtight vials for characterization(Harsha et al.,2021) 

Figureno.1: Emulsionsolventmethodofnanosponge 

 
 

Tableno.1.:DesignVariables 

Srno. IndependentVariables Levels 

Low (-1) Medium(0) High(+1) 

1 Polymer(X1) 100 200 300 

2 StirringSpeed RPM(X2) 800 1000 1200 

3 StirringTimeHrs(X3) 1 2 3 

Sr no. Dependentvariables Goal 

1 Particlesize(Y1) Minimum 

2 %Entrapment efficiency(Y2) Maximum 

3 %Practicalyield(Y3) Maximum 
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Tableno.2.:NanospongeExperimentsbyBox-BehnkenDesign 

 

Stdrun Sr.no Polymer(X1)( mg) Stirring rate RPM(X2) Stirringtime(Hrs) (X3) 

8 1 300 1000 3 

13 2 200 1000 2 

14 3 200 1000 2 

5 4 100 1000 1 

16 5 200 1000 2 

 

 

iii. Preformulation studies: 

 

I. UltravioletVisible(UV-Visible)Spectroscopy- 

The standard solutions of Boswellia Serrata were separately scanned in 200 to 400 nmrange using methanol as 

blank. Maximum absorbance wavelengths were 

determined.TheoverlayspectrumofdrugwasplottedwhichisshowninFigureno.Dilutionswere prepared and their 

absorbance was recorded at obtained wavelength and calibra-tioncurvewas plotted(PushpalathaD et al., 2021). 

 

II. FourierTransformInfra-Red(FT-IR)spectroscopy– 

Boswellia Serrata, Ethyl cellulose, drug and polymer FT-IR spectra were recordedover4000 to 400 cm1 

rangebyPerkin ElmerUATR(Mehta et al., 2016) 

 

 

iv. EvaluationandCharacterizationof BSNS: 

 

1. EntrapmentEfficiency(%): 

10 mg from the prepared drug loaded nanosponges by emulsion solvent diffusionmethod using suitable 

polymer were suspended in 10 ml of methanol and were sub-

jectedforultracentrifugationfor40minutes.ThepercentageofincorporatedBoswellia Serrata was determined 

spectrophotometrically at 249nm. After centrifuga-tion of the aqueous suspension, amount of free drug was 

detected in the supernatantand the amount of incorporated drug was determined as a result of the initial drug 

mi-nusthefreedrug.Thedrugentrapmentefficiency(EE)ofBoswelliaSerratananosponges was determined using 

the formula(Harsha et al., 2021; Pushpalatha D etal.,2021). 

%Entrapmentefficiency 

=Totaldrugcontent-Drugweightinaqueousphase×100 

Total drugcontent 
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2. Practicalyield(%): 

Forcalculatingproductionyield,thetheoreticalmasswascalculatedinitiallybytak-

ingthemassofsolidingredientsadded.Preparednanospongeformulationwasaccrately weighed and the weight 

was recorded. The production yield of the nanospongeswasthen determined 

usingthefollowingequation(Rodrigueset al., 2022) 

Practicalmassofnanosponges 

%PracticalYield=Theoretical mass(polymer +drug)×100 

 

3. SEMstudies: 

Nanosponges can be easily visualized by scanning electron microscopy (SEM). 

SEMisapowerfulmicroscopethatuseselectronstoformanimage.Itallowsforimagingof samples at magnifications 

which cannot be achieved using traditional microscope.Typical SEM can reach magnifications of more than 

30,000X; whereas modern lightmicroscopes can achieve a magnification of ~1,000X. The resulting pictures it 

formsareinblack andwhiteasSEMdoesn’tuselighttocreateimages(Ghoseetal.,2020). 

 

4. Sizedistributionstudies: 

Particle size of the nanosponge can be determined by dynamic light scattering (DLS).It can be determined by 

measuring the random changes in the intensity of light whichare scattered from a sample. Small particles in 

the sample undergo random thermalmotion called Brownian motion. Light from the laser source illuminates 

the sample inthe cell. The scattered light signal is collected with one of two detectors, either at a90-degree 

(right angle) or 173-degree (back angle) scattering angle. The obtained op-

ticalsignalshowsrandomchangesduetorandomchangingpositionoftheparticles(Rodrigueset al., 2022). 

 

5. Zetapotential: 

Zeta potential of the formulation was measured by Zetasizer. Electrophoretic lightscattering method was 

utilized for zeta potential measurement. A dipcell with a pairof parallel Pd electrodes was used to provide 

electrical trigger on charged particles.The signals were collected at 24.9 °C and the data were analyzed using 

ZetasizerSoftware(Rodrigueset al., 2022). 

 

v. Evaluationof Nanospongebasedgel 

1. Determination of pH: The pH of Boswellia Serrata nanosponge loaded gel formu-lation was determined 

by using digital pH meter. One gram of gel was dispersed in100ml of distilled water and stored for two 

hours at constant temperature. The meas-urement of pH was done in triplicate and average values were 

calculated(Patel et al.,2012). 

2. Drug content: Boswellia Serrata content in nanosponge gel was measured by dis-

solving1000mgofgelin10mlsolvent(methanol)bysonication.Thesolutionwaspassed through the 

whatmann filter paper no.42 and filtered. Absorbance was meas-ured after suitable dilution at 249nm in 

UV - 1800 spectrophotometer(Deepa Gariya,YaminiChandola, AnkitaNegi et al., 2018;Patelet al., 2012). 
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3. Homogeneity: It was determined by visual inspection for the appearance of geland 

presenceofanyaggregates. 

4. Spreadability: By measuring the spreading diameter of 0.5g of gel between 20 x20 cm glass plates after 1 

min, spreadability of the formulated gel was 

determined.Themassoftheupperplatewasstandardizedat500g(DeepaGariya,YaminiChandola,AnkitaNegi 

etal., 2018).  

S=m×l/t  

Where,S=Spreadability;m=weightappliedtotheupperglassslide;l=lengthoftheglass slide; t = timetaken in 

seconds. 

5. Determinationofviscosity: ViscosityofpreparedgelswasdeterminedbyBrookfield DV II viscometer which 

contains a piston electromagnetic sensor andthermometer that provides viscosity and temperature 

readings respectively. The Spin-dle no 6 used for viscosity measurement at 10 rpm the results were 

displayed on thescreen ofBrookfield DVII. Determination wasdone in triplicates and the 

averagewascalculated(Patel etal., 2012). 

6. In vitrodrugdiffusionstudies: 

Nanogelswerepermeatedthroughanartificialcellophanemembrane.0.5gmofnanogelwasplacedinthedonor

compartment.ThereceptormediumconsistsofpH 7.4 phosphate buffer. The temperature was maintained 

at 37±0.5 °C to simulate thehuman skin condition during the experiment. 5 ml of sample was 

withdrawn at 0.5, 1,2, 6, and 12 hrs and replaced with fresh receptor solution. Collected samples 

werespectrophotometricallyanalyzedat 249nm.Thedrugreleaseamount wascalculated. 

7. Stability study 

Optimized topical gel was assessed for stability test for 30 days by exposing the sam-ple at room 

temperature (25 ± 2 °C) and accelerated condition (40 ± 2 °C, 75%RH) inStability chamber, after 30 days 

stability of the gel is evaluated for drug content, pH,viscosity(Pateletal.,20  

 

III. CONCLUSION 

 

Ethylcellulosenanospongeswerepreparedandscreenedasacarrierfortopicaldeliveryof BS. Characteristics of 

prepared nanosponges were influenced by different 

independentvariablessuchaspolymerconcentration,thestirringspeed,andthestirringtime.Meritsof prepared 

nanosponge-based gel such as release retardation for a more extended period,lack of significant irritation, and 

greater compatibility could help to reduce the 

dosingfrequencyandmightcausetheformulationtooccupythemarketinnearbyfuture.However, further clinical 

studies are warranted to establish the efficacy and safety oftheseformulations onInvivo animal studyand 

onhuman skin. 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

  

RACPS-2022  

Online National Conference on Recent Advances in Chemical and Physical Sciences 

In Association with International Journal of Scientific Research in Science and Technology 

Volume 9 | Issue 17 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com) 

 

 

 

 

 

 

   83 

A Facile and Expeditious Approach to Substituted 5-
Arylpyrimido-Quinoline-Diones Catalyzed by Iodine 
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ABSTRACT 

A facile and expeditious method for the synthesis of substituted 5-arylpyrimido-quinoline-diones using a 

three-component reaction involving substituted aldehydes, aromatic amines and barbituric acid catalyzed by 

as low as 10 mol % I2 has been demonstrated.This synthetic system features simple operation and mild 

reaction conditions, and displays a broad functionalgroup tolerance furnishing good to excellent yields. 

Key words: Substituted aldehydes, aromatic amines,barbituric acid and Iodine catalysis5-arylpyrimido-

quinoline-diones. 

 
 

I. INTRODUCTION 

 

Recent advances in the application of organocatalysts in organicreactions have provided a green approach for 

the efficient synthesisof a wide range of molecules.1 Also, applications of organocatalystsin organic 

transformations due to their uniquecharacteristics, has been enormously considered.2 Utilizingorganic 

catalysts instead of inorganic Lewis and protic acidshave some advantages, including the possibility of 

application ofacid-sensitive substrates in reactions and the fact that substratesbearing basic functional groups 

or electron-donating substituentsthat are prone to capture the acidic catalysts do not affect thereaction 

results.3 One of the most important classes of smallmoleculeorganocatalysts are amino acids, which are widely 

usedas catalysts in organic reactions in recent years.4molecular iodine have shown considerable 

catalyticefficiency in different reactions.5molecular iodine, has also been used asa catalyst in different 

multicomponent reactions (MCRs), and thestudies have shown that this catalyst efficiently promoted 

theseprotocols.6–8In multicomponent approaches, complex products and biologicallyactive molecules are 

synthesized from readily availablestarting materials in a single step process. From this point ofview, MCRs 
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have emerged as green and powerful tools inorganic synthesis and drug discovery.9,10 Also, in MCRs, 

byselecting the different starting materials, a new class of compounds can be synthesized which may show 

interestingproperties.11Organocatalyst-catalyzed MCRs and the use ofenvironmentally benign solvents and 

reagents are particularlyattractive, because they incorporate many of the green 

chemistryprinciples.Quinoline derivatives are common in nature, and many of thederivatives exhibit various 

biological activities, such as antimalarial,antitumor, anthelmintic, antibacterial, antiasthmatic, 

andantiplatelet.12 Due to these useful pharmacophoric properties,they have been extensively studied.13 In the 

view point of syntheticchemistry, MCRs are known as an important strategy toextend the structural diversity 

of quinolines.14 In this regard, thedevelopment of new multicomponent protocols for the synthesisof new 

quinoline-incorporating heterocycles have attracted considerableinterest in recent years.15Moreover, 

pyrimido[4,5-b]quinoline derivatives are of greatinterest because of their biological activities, including 

antimalarialeffects, antibacterial properties, analgesic and antitumoractivities.16 They are also attractive for 

the synthesis of electroluminescentmaterials, because they exhibit high fluorescenceactivity.17 It is 

noteworthy that, pyrimido[4,5-b]quinolines canbe synthesized using MCRs from a pyrimidine 

startingmaterial.18 Researchers have shown that azapodophyllotoxins, asdihydropyrimidine analogues of 

pyrimido[4,5-b]quinolines,exert antitumor activities by inhibition of DNA topoisomerase IIenzyme. This 

category of compounds have for the first time beensynthesized by Takeya et al. in a three step process.19 In 

the subsequentstudies, this class of compounds has been synthesizedusing a MCR between aldehydes, anilines, 

and tetronicacid.7,8,20Aknin et al. have used barbituric acid instead oftetronic acid to synthesis 5-

arylpyrimido[4,5-b]quinoline-2,4-(1H,3H)-dione derivatives.21 However, this method is much lessefficient for 

the synthesis of 5-arylpyrimido[4,5-b]quinoline-2,4- (1H,3H,5H,10H)-dione derivatives. In the current study, 

wewould like to report a green and efficient combinatorial approachfor one-pot andregioselective synthesis of 

5-arylpyrimido[4,5-b]-quinoline-2,4(1H,3H,5H,10H)-diones using the reaction of anilines,aldehydes and 

barbituric acids. This MCR was accomplishedin refluxing in the presence of iodine.  

 

II. PRESENT WORK 

 

There are several improved protocol for substituted 5-arylpyrimido-quinoline-diones reaction, including 

transition metal Lewis acid catalysis, solid phase synthesis and activation with certain additives, ionic liquids, 

heterogeneous catalysis, microwave irradiation and grinding techniques. All of the above improved 

procedures for the three component substituted 5-arylpyrimido-quinoline-diones reaction mainly utilize 

barbituric acid as one of the substrate. The literature survey has revealed that there is limited number of 

substituted 5-arylpyrimido-quinoline-diones reaction variations, which utilizes barbituric acid to afford 

substituted 5-arylpyrimido-quinoline-diones fused heterocycles. Owing to the importance of fused 

pyrimidine ring in natural products and drug chemistry, herein we wish to report one-pot three component 

condensation of barbituric acid, aldehyde and aromatic anilines using iodine as an efficient catalyst.(Scheme 

1).  
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(Scheme-1) 

 

III. RESULTS AND DISCUSSION 

 

Synthesis of 5-aryl-pyrimido[4,5-b]quinoline-diones 

To obtain optimised conditions for the designed protocol basedon the reaction of aniline,   benzaldehyde, and 

barbituric acid as model substrates, we checked different catalysts, solvents and temperatures and the results 

ofthis study are depicted in Table 1. 

It was found that when the reaction was carried out in theabsence of catalyst, no product was observed, even 

after 24 h(Table 1, entry 1). To obtain the desired product, we testedthe reaction using different Brønsted and 

Lewis acids (Table 1, entries 2 & 3). As shown in Table 1, the use of these catalysts ledto no desired product 

being obtained, even after 24 h. Thus,iodine as the best catalyst was tested for this reaction. In thepresence of 

10 mol% of iodine, product was isolated in85% yield after only 4h. Performing the reaction in the presenceof 

iodine at r.t. resulted in the production of product in lower yield(Table 1, entry 10). 

Table 1 Optimization of the three-component coupling reaction between benzaldehyde, anilines, and 

barbituric acids. 

Entry Catalyst 

(mol %) 

solvent Temp 

(oC) 

Time 

(h) 

Yield of product 

(%) 

1 ---------- EtOH Reflux 24 0 

2 CF3COOH EtOH Reflux 24 0 

3 PTSA EtOH Reflux 24 0 

4 β-Cyclodextrin H2O Reflux 24 0 

5 Iodine (20) EtOH Reflux 4 86 

6 Iodine (15) EtOH Reflux 4 86 

7 Iodine (10) EtOH Reflux 4 85 

8 Iodine (10) CH2Cl2 Reflux 8 57 

9 Iodine (10) CH3CN Reflux 7 59 

10 Iodine (10) EtOH r.t. 9 55 

11 Iodine (5) EtOH Reflux 5 82 
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Subsequently, the effect of solvent was examinedand MeOH, CH2Cl2 and CH3CN showed no superiority 

toEtOH as solvents. We also investigatedthe amount of iodine required for this reaction and it wasobserved 

that with decreasing the amount of catalyst, the yielddecreased. It observed that furtherdecrease of the 

catalyst loading to 5 mol% has no obviousinfluence on the reaction yield (Table 1, entry 11). Thus, 10 mol% 

of iodine is sufficient to catalyze this reaction.Under the optimized reaction conditions a series of 5-

arylpyrimido[4,5-b]quinoline-2,4(1H,3H,5H,10H)-dione derivativeswere synthesized and the results are 

summarized inTable 2. 

As is clearly shown in Table 2, this multicomponent approachcan be used for both aromatic aldehydes with 

electron-withdrawingand electron-donating groups. Similarly, heterocyclic aldehydescan be applied under 

optimized conditions. Furthermore, awide range of aromatic amines were used successfully in thisreaction 

with excellent results. 

Accordingly, we have been able to prepare a library of 5-arylpyrimido[4,5-b]quinoline-2,4(1H,3H,5H,10H)-

diones using barbituricacids, aromatic aldehydes, and anilines under green 

conditions. In this protocol, the products were separated from the reaction mixture by simple filtration, as 

they are not soluble inethanol. Consequently, after completion of the reactions, bysimple filtration and 

washing with water and ethanol, the pureproducts can be obtained 

 

Table 2 The products of the three-component reactions of anilines, aldehydes and barbituric acids in the 

presence of iodine as catalyst. 

 
Entry Product R R, Reaction Time (min) Yield a (%) 

1 4a H C6H5 4 85 

2 4b H 4-CH3O-C6H4 5 84 

3 4c H 4-Cl-C6H4 4 79 

4 4d H 3-NO2-C6H4 4 81 

5 4e CH3 C6H5 4 83 

6 4f CH3 4-CH3O-C6H4 5 83 

7 4g CH3 4-Cl-C6H4 4 82 

8 4h CH3 3-NO2-C6H4 5 85 
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IV. CONCLUSIONS 

 

In summary, we have developed a convenient, green andefficient procedure for the regioselective synthesis of 

5-aryl-pyrimido[4,5-b]quinoline-dionederivatives using the three-component coupling reactionof aromatic 

amines, aldehydes, and barbituric acids.A variety of these compounds were produced in a singlestep by use of 

different starting materials with good to excellentyields. Therefore, a new category of biologically active 

compoundsfor applications in medicinal chemistry were synthesized.While iodine, as an environmentally 

friendly catalyst,can efficiently catalyze these MCRs in aqueous media. 

 

V. EXPERIMENTAL SECTION 

 

Chemicals were purchased from Merck and Aldrich chemicalcompanies. All the chemicals and solvents were 

used as receivedwithout purification.Melting points were determined in open capillarytubes in Barnstead 

Electrothermal 9100 BZ circulating oilmelting point apparatus. The reaction monitoring was accomplishedby 

TLC on silica gel PolyGram SILG/UV254 plates. 

General procedure for the synthesis of 5-aryl-pyrimido[4,5-b]-quinoline-dione derivatives 

In a conical flask (10 mL), a mixture of aromatic amine compound(1 mmol), barbituric acid ( 1 mmol), 

aldehyde(1 mmol), and Iodine(10 mol%) in refluxing EtOH(10 mL) was stirred for the time indicated in 

Table-2. After completionof the reaction, as confirmed by TLC, the reactionmixture was cooled to r.t. The 

precipitate was collected by filtrationand washed with H2O (10 mL) and EtOH (5 mL) toafford the pure 

product (Table 2). 
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ABSTRACT 

In the present communication, reported the easy, convenient route for the synthesis of N-acetyl pyrazolines 

from α,β-unsaturated ketone (bis-chalcones). The reaction was done in ethanol solvent through microwave 

irradiation. The reaction time, yield and purity of synthesized compounds were notable advantages of present 

method. All synthesized compounds were confirmed on the basis of IR, 1H NMR, 13C NMR and CHN 

analysis. 

 

I. INTRODUCTION 

 

Amongst five‐membered heterocycles, Nitrogen containing heterocyclic compounds represents a wide range 

of pharmacological applications and pronounced biological properties [1-8]. Pyrazolines are useful synthons 

in organic chemistry and also important in the development of theory in heterocyclic chemistry [9-10]. A 

classical synthesis of these compounds involves the condensation of α,β-unsaturated carbonyl compounds 

with hydrazines [11].The three components one step synthesis has great current interest towards 

development of novel synthetic organic compounds. One of the three component one step reaction involve, 

synthesis of N-acetyl pyrazolines in which α,β–unsaturated ketone reacts with hydrazine hydrate in presence 

of acetic acid under microwave irradiation. 

 

II. MATERIAL AND METHODS 

 

Chemical and Instrumentation  

All chemicals, solvents and reagents used in the present study were of analytical grade purchased from Sigma, 

SD Fine, or Spectrochem. Melting points were determined in an open capillary tube and are uncorrected. The 

reactions were carried out in ethanol solvent (10 mL:10 mL, v/v) using 200. Purification of the compounds 

was indicated using TLC (mixture of ethyl acetate and hexane, 0.20 mL:0.20 mL, vv). IR spectra were 

recorded in KBr pellets on a Perkin‐Elmer FT‐IR Shimadzu spectrometer. 1H and 13C NMR spectra were 

obtained in DMSO‐d6 on Avance 300 MHz spectrometer using TMS as an internal standard. The mass spectra 

were recorded on EI‐Shimadzu‐GC‐MS spectrometer.  
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General Procedure for synthesis of N-acetylpyrazolines derived from bis-chalones: In 50 mL round bottom 

flask, a mixture of α,β-unsaturated ketones(0.01 mol), hydrazines hydrate(0.01mmol) and acetic acid(0.01 

mmol) was dissolved in ethanol (20 mL) by warming. The resulting reaction solution were irradiated under 

microwave irradiation for 5-10 min. The progress of reaction was indicated by TLC. After completion of 

reaction the precipitate formed was filtered through simple büchner funnel under vacuum pressure and 

crystallized from ethanol to yield 2‐pyrazolines (Scheme 1). 

3a. 1-(5-(4-methoxyphenyl)-3-(4-methoxystyryl)-4,5-dihydro-1H-pyrazol-1-yl)ethan-1-one: 

Yield: 75%, m.p. 203-205 oC. IR (KBr): 1635 (C=O), 1588 (C=N) cm-1. 1H NMR (300 MHZ, DMSO‐d6) δ 3.72 

(s, 6H, two OCH3), δ 3.21 (dd, J = 5.0, 17.8 HZ, 1H, HA), δ 3.65 (dd, J = 12.0, 17.8 HZ, 1H, HB), δ 5.57 (dd, J = 

5.1, 12.1 HZ, 1H, HX), δ 6.74 (d, J = 16.2 HZ,1H, Hα), δ 7.17 (d, J = 16.2 HZ, 1H, Hβ), δ 7.29-7.74 (m, 4H, Ar-

H), δ 4.32 (s, 1H, COCH3). m/z 350 (100%). 

3b.1-(5-(3,4-dimethoxyphenyl)-3-(3,4-dimethoxystyryl)-4,5-dihydro-1H-pyrazol-1-yl)ethan-1-one. 

Yield: 78%, m.p. 184-187 oC. IR (KBr): 1632 (C=O), 1580 (C=N) cm-1. 1H NMR (300 MHZ, DMSO‐d6) δ 3.70 

(s, 6H, four OCH3), δ 3.24 (dd, J = 5.0, 17.8 HZ, 1H, HA), δ 3.69 (dd, J = 12.0, 17.8 HZ, 1H, HB), δ 5.57 (dd, J = 

5.1, 12.1 HZ, 1H, HX), δ 6.78 (d, J = 16.2 HZ,1H, Hα), δ 7.13 (d, J = 16.2 HZ, 1H, Hβ), δ 7.24-7.54 (m, 4H, Ar-

H), δ 4.35 (s, 1H, COCH3). m/z410(100%). 

 

III. CONCLUSION 

 

In summary, present communication reported the synthesis of N-acetyl pyrazolines derivatives starting from 

α,β-unsaturated ketone in ethanol under MWI. The advantage of methods has notable advantages which 

includes clean reaction procedure, easy isolation of products, short reaction time and no need of special 

apparatus device. 
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ABSTRACT 

In the present investigation, a series of some novel 2, 4-[substituted-phenyl)-2, 3-dihydro-1H-1, 5-

benzodiazepines (3a-l) have been synthesized by the treatment of 1-(substituted-2-hydroxy-phenyl)-3-(4’-

dimethylamino-phenyl)-prop-2-en-1-ones (chalcones) (1a-l) with orthophenylene diamine (2) using absolute 

ethanol as solvent in the presence of catalytic amount of Lanthanum Nitrate in short reaction time with 

excellent yield (60-70%) by conventional method. The products were tested for purity by TLC and structures 

of newly synthesized compounds were confirmed by IR, 1H NMR and Mass spectral analysis. All these newly 

synthesized compounds were evaluated for their antimicrobial activity. Most of the compounds showed 

potent activity against the pathogens used. 

Key words: O-Hydroxychalcones, orthophenylene diamine, Lanthanum Nitrate, 1, 5-Benzodiazepines, 

Antimicrobial activity. 

 

I. INTRODUCTION 

 

1, 5- Benzodiazepines retained the interest of researchers due to the unique structural properties and broad 

spectrum of biological activities1. 1, 5 benzodiazepine derivatives showed a larg number of pharmacological 

properties such as antibacterial2-3, antifungal4, anticancer and antioxidant5-6, anti-Inflamatoryand cytotoxic7-8, 

anticonvulsant9, CNS depressant10 etc. It is well known that halogen substituted 1, 5-Benzodiazepine 

compounds are also strongly biologically active11. On the other hand, halogen and methyl groups substituted 

in benzene ring of 1, 5-benzodiazepine molecules also exhibit good biological activity12-13. Therefore there has 

been a particular interest in the synthesis of halogen; methyl and hydroxyl groups substituted 

benzodiazepines. 

 In view of these observations, in the present investigation we report here, the synthesis of a number of novel 

1, 5-Benzodiazepines(3a-l), having halogen, hydroxy and methyl groups with an aim to find new most active 

antibacterial and antifungal agents. We have synthesized a novel series of 2-(4’-(Dimethylamino-phenyl)-4-

(substituted-2-hydroxy-phenyl)-2, 3-dihydro-1H- 1, 5-Benzodiazepines as antimicrobial agents by refluxing 

the substituted 2’-hydroxychalcone with orthophenylene diamine in the presence of catalytic amount of 

Lanthanum Nitrate. The structures of the newly synthesized compounds (3a-l) were established on the basis 
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of IR, 1H NMR, and Mass spectral data. All the newly synthesized compounds were tested for their 

antibacterial activity against Escherichia coli, Salmonella typhi, Staphylococcus aureusand Bacillus subtilis 

and antifungal activity against Aspergillus niger, Penicillium chrysogenum, Fusarium moneliforme and 

Aspergillus flavus, using Peniciline and Greseofulvin as standard drugs.  

 

II. MATERIALS AND METHODS 

 

All the solvents and reagents were obtained from commercial sources and were used without further 

purification. The melting points were determined by Open Capillary method and are uncorrected. The mass 

spectra were obtained with a Shimadzu GC-MS spectrophotometer. 

The IR spectra in KBr were recorded on Shimadzu Spectrophotometer and 1HNMR spectra were recorded in 

DMSO on Avance 300 MHz Spectrometer using TMS as internal standard. The chemical shift values are 

expressed in part per million (ppm) downfield from the internal standard and signals are quoted as s (singlet), 

d (doublet), t (triplet) and m (multiplet). TLC was used to monitor the progress of all reactions and to check 

the purity of compounds by using ethyl acetate and petroleum ether as an eluent in the ratio of (3:7 v/v) 

which were further purified by column chromatography [ethyl acetate: pet ether (7:3)]. All the compounds 

were tested for their antibacterial and antifungal activities by agar diffusion method. 

General method for the Synthesis of 2, 4-(substituted-phenyl)-2, 3-dihydro-1H-1, 5-benzodiazepine: 

An equimolar reaction mixture of orthophenylene diamine (0.001mol) and substituted 2’-hydroxy chalcone 

(0.001mol) in 10 ml absolute ethanol was mixed in round flask refluxed for 1 hours, in the presence of 

Lanthanum Nitrate (10 m mol %). The progress of the reaction was monitored by using TLC [eluent; ethyl 

acetate; pet ether (3:7)]. After completion of reaction, the reaction mixture was distilled to remove the excess 

of solvent and the reaction mixture was poured on crushed ice. The solid crude product obtained was filtered, 

washed with cold water, dried and recrystallized by using ethanol to get corresponding 2, 4-(substituted-

aryl)-2, 3-dihydro-1H-1, 5-benzodiazepine in 60-70 % yield, which were further purified by column 

chromatography [ethyl acetate: pet ether (3:7)]. 

Scheme-1: Synthesis of 2, 4-(substituted-phenyl)-2, 3-dihydro-1H-1, 5-benzodiazepine 
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Table:- 1 Physical data of newly Synthesized 1, 5-Benzodiazepine derivatives (3a-l) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. RESULTS AND DISCUSSION 

 

In recent years, one of the most important conventional methods used for the syntheses of 2,4-substituted-

phenyl-2,3-dihydro-1H-1,5-benzodiazepines has been the reaction of α, β-unsaturated carbonyl compounds, 

such as substituted 2’-hydroxychalcone with 2-orthophenylene diamine14 (2) and α, β-unsaturated carbonyl 

compounds i.e. 2’hydroxychalcone (1a-l) in absolute ethanol was refluxed for 1 hour, in the presence of 

Lanthanum Nitrate. The reaction mixture was distilled to remove the excess of solvent and the reaction 

mixture was poured on crushed ice and recrystallized by using ethanol to get 2,4-(substituted-phenyl)-2,3-

dihydro-1H-1,5-benzodiazepine derivatives (3a-l) in 60-70 % yield.  In the literature, orthophenylene 

diamine has been reported to react with α, β-unsaturated carbonyl compounds or 2’-hydroxychalcone to give 

a Michael addition type adduct formed by the nucleophilic attack of the electron rich Nitrogen atom of the β 

carbon atom of the chalcone, rendered electrophilic by a carbonyl group, when the reaction is carried out 

under milder conditions by using a basic medium15. It has also been reported that final products are obtained 

under basic reaction conditions. The Michael addition products, when isolated, were cyclized to obtain the 

final product thereby establishing the reaction product as formed in one steps to give the final product. We 

identified the synthesized product exclusively, based on spectral observations. 

In the present work, a series of novel 1, 5-benzodiazepines (3a-l) were synthesized by cyclization of 

corresponding 2’-hydroxychalcones (1a-l). All the synthesized 1, 5-benzodiazepines didn’t give positive 

Wilson test and red coloration with concentration H2SO4 which confirmed the formation of 1, 5-

Sr. 

No 

Entry R1 R2 R3 R4 Molecular 

 formula 

Yield 

in % 

M. P. 

in 0C 

1 3a OH I H I C23H21N3I2O 62 152-153 

2 3b OH I H CH3 C24H24N3IO 67 102-103 

3 3c OH Cl H Cl C23H21N3Cl2O 70 145-146 

4 3d OH I H Cl C23H21N3IClO 65 133-134 

5 3e OH Br H CH3 C24H24N3BrO 66 122-123 

6 3f OH Br H Cl C23H21N3BrClO 67 105-106 

7 3g OH Br H Br C23H21N3Br2O 64 154-155 

8 3h OH I H Br C23H21N3IBrO 66 142-143 

9 3i OH H CH3 Cl C24H24N3ClO 65 113-114 

10 3j OH H H Br C23H21N3BrO 67 132-133 

11 3k H Br OH Br C23H21N3Br2O 70 115-116 

12 3l H I OH I C23H21N3I2O 68 158-159 
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benzodiazepine compounds. The newly synthesized compounds have been confirmed first by TLC and 

Melting Points of products were different from that of corresponding reactants. The structures of newly 

synthesized 2,4-substituted-phenyl-2,3-dihydro-1H-1,5-benzodiazepine derivatives were confirmed by IR,1H 

NMR and Mass spectral data. The IR spectrum of compound 3c exhibited peaks due to group -C=N, at 1589 

cm- The1H NMR spectrum shows characteristic peaks dd at δ 3.0 of HA and δ 3.40  of HB respectively due to 

proton of methylene group of seven member diazepine ring, due to germinal and vicinal coupling of -CH2 

protons of the diazepine ring. Further, the -CH proton of the ring resonated as a triplet at δ 5.25 (t, 1H, HX), 

due two vicinal coupling with the two non-equivalent protons of the methylene group at position three of 

the diazepine ring. The proton of >N-H singlet shows at pick δ 7.25 (s, 1H, >NH), and also sharp pick of -OH 

group at δ 11.1 (s, 1H, OH), these observations are in agreement with the spectral data reported by Anjali 

Saini.16-17  

All the newly synthesized 1, 5-benzodiazepine compounds were evaluated for their antibacterial activity 

against the selected four different pathogens, such as E. coli, S. typhi, S. aureus and B. subtilis. The 3b, 3c, 3g 

and 3i of 1, 5-benzodizepine compounds show maximum activity against E. coli. The compounds 3a,3e, 3j, 

and3l showed weak activity against S. typhi, while 3c, 3d, 3f, 3i and 3k showed stronger activity in 

comparison with standard drugs (Penicilin). All the synthesized compounds of benzodiazepine except 3f, 3g 

showed moderate activity against S. aureus. The bromine substituted compounds 3b, 3j and 3k showed 

significant activity against B. subtilis as compared with standard drugs. All the newly synthesized compounds 

were evaluated for their antifungal activity against the four different pathogens Aspergillus niger, Penicillium 

chrysogenum, Fusarium moneliforme and Aspergillus flavus. The antifungal activity of some     1, 5-

benzodiazepine compounds showed good activity against four pathogens. The presence of more 

electronegative substituted halogen atoms were found responsible for increasing antimicrobial activity.  

Spectral data of 1, 5-Benzodiazepine derivatives:- 

Synthesis of 2-(4’-Dimethylamino-phenyl)-4-(3-bromo-5-methyl-2-hydroxy-phenyl)-2,3-dihydro-1H-1, 5-

benzodiazepine (3e); IR (KBr) cm-1: 3348 (>N-H str of benzodiazepine),1519 (Ar >C=C< Str)  3027 (Ar C-H 

str), 817 (C-Br), 632 (C-N) cm-1; 1H NMR (DMSO): δ 2.1 (s, 3H, CH3), δ 2.85 (s, 6H, N-(CH3)2) δ 3.0 (dd, 1H, 

HA),  δ 3.40 (dd, 1H, HB)  δ 5.25 (t, 1H, HX), δ 7.4 (s, 1H, >NH)  δ 6.6-7.9 (m, 9H, Ar-H) δ 11.1 (s, 1H, OH, 

D2O exchangeable); MS (m/z): 450 (M+1). 

Synthesis of 2-(4’-Dimethylmino-phenyl)-4-(3-Bromo-5-Chloro-2-hydroxy-phenyl)-2, 3-dihydro-1H-1, 5-

benzodiazepine (3f) ; IR (KBr) cm-1: 3332 (>N-H str of benzodiazepine), 3194 (Ar-OH), 1610 (C=N), 1517 

(>C=C<), 812 (C-Cl), cm-1 ; 1H NMR(DMSO) : δ 2.82 (s, 6H, -N-(CH3)2), δ 3.0 (dd, 1H, HA), δ 3.4 (dd, 1H, HB), 

δ 5.30 (t, 1H, HX), δ 7.35 (s, 1H, >NH), δ 6.7-8.5 (m, 10H, Ar-H), δ 11.50 (s, 1H, OH, D2O exchangeable); MS 

(m/z):471 (M+1). 

Synthesis of 2-(4’-Dimethylamino-phenyl)-4-(3, 5-dibromo-2-hydroxy-phenyl)-2, 3-dihydro-1H-1, 5-

benzodiazepine (3g); IR (KBr) cm-1:3344 (>N-H str. of benzodiazepine), 3178 (Ar-OH), 1612 (C=N), 1519 

(>C=C<),817 (C-Br), cm-1; 1H NMR (DMSO) :δ 2.80 (s, 6H, N(CH3)2), δ 3.0 (dd, 1H, HA), δ 3.35 (dd, 1H, HB), δ 

5.35 (t, 1H, HX), δ 7.38 (s, 1H, >NH), δ 6.8-8.8 (m, 10H, Ar-H),  δ 11.55 (s, 1H, OH, D2O exchangeable); MS 

(m/z); 515 (M+1). 
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Synthesis of 2-(4’-Dimethylmino-phenyl)-4-(4-methyl-5-Choro-2-hydroxy-phenyl)-2, 3-dihydro-1, 5-

benzodiazepine (3i); IR (KBr) 3336 (>N-H str. benzodiazepine), 3172 (Ar-OH), 1588 (C=N), 1519 (>C=C<), 

815 (C-Cl), cm-1; 1H NMR(DMSO) : δ 2.1 (s, 3H, CH3), δ 2.85 (s, 6H, -N-(CH3)2), δ 3.05 (dd, 1H, HA), δ 3.35 

(dd, 1H, HB), δ 5.4 (t, 1H, HX), δ 7.35 (s, 1H, >NH), δ 6.7-7.7 (m, 10H, Ar-H), δ 11.55 (s, 1H, OH, D2O 

exchangeable); MS (m/z); 406 (M+1). 

 

Table 2: Antimicrobial activity of synthesized 1, 5-benzodiazepine derivatives (3a-l) 

 Bacteria 

(Zone of Inhibition in mm) 

Fungi 

(Zone of Inhibition in mm) 

Sr No. Entry A B C D E F G H 

1 3a 17 13 22 14 RG -ve -ve -ve 

2 3b 18 15 -- 22 -ve -ve -ve RG 

3 3c 20 18 20 -- RG RG -ve -ve 

4 3d -- 16 22 18 -ve -ve -ve -ve 

5 3e 14 14 -- 13 -ve -ve RG -ve 

6 3f -- 18 14 17 -ve -ve -ve -ve 

7 3g 18 -- 16 -- -ve RG -ve -ve 

8 3h 16 16 19 22 RG -ve -ve -ve 

9 3i 18 17 22 15 -ve -ve -ve _ve 

10 3j 17 14 22 26 RG -ve -ve -ve 

11 3k -- 16 17 25 -ve -ve RG -ve 

12 3l 18 15 18 23 -ve -ve -ve RG 

+veControl DMSO -ve -ve -ve -ve +ve +ve +ve +ve 

Penicilline 26 20 34 22 X X X X 

-ve Control 

(Griseofulvin) 

X X X X -ve -ve -ve -ve 

 

 (Zone of Inhibition in mm) 

A= Escherichia coli,               B=Salmonella typhi,     C= Staphylococcus aureus, 

D=Bacillus subtilis                 E= Aspergillusniger,     F=penicilliumchrysogenum, 

G=Fusariummoneliforme,   H= Aspergillusflavus    -- = No Antibacterial activity,   

RG= Reduced Growth (Moderate Activity),-ve = Growth (Antifungal Activity Observed), 

X= Not Applicable 
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IV. ANTIMICROBIAL ACTIVITIES 

 

All the newly synthesized 1, 5-benzodiazepine compounds were evaluated for their antibacterial activity 

against the selected four different pathogens, such as E. coli, S. typhi, S. aureus and B. subtilis. The 3b, 3c, 3g 

and 3i of 1, 5-benzodizepine compounds show maximum activity against E. coli. The compounds 3a,3e, 3j, 

and3l showed weak activity against S. typhi, while 3c, 3d, 3f, 3i and 3k showed stronger activity in 

comparison with standard drugs (Penicilin). All the synthesized compounds of benzodiazepine except 3f, 3g 

showed moderate activity against S. aureus. The bromine substituted compounds 3b, 3j and 3k showed 

significant activity against B. subtilis as compared with standard drugs. All the newly synthesized compounds 

were evaluated for their antifungal activity against the four different pathogens Aspergillus niger, Penicillium 

chrysogenum, Fusarium moneliforme and Aspergillus flavus. The antifungal activity of some     1, 5-

benzodiazepine compounds showed good activity against four pathogens.The presence of more 

electronegative substituted halogen atoms were found responsible for increasing antimicrobial activity. 

 

V. CONCLUSION 

 

In conclusion it can be summarized that, we have successfully synthesized 2, 4-(substituted-hydroxyl-

phenyl)-2, 3 dihydro-1H-1, 5-benzodiazepine derivatives. The reaction described is a simple and highly 

efficient condensation reaction between substituted 2’-hydroxychalcones with orthophenylene diamine using 

Lanthanum Nitrate in absolute ethanol as a solvent. The advantages of present protocol are simplicity of 

operation, time saving and high yield of products. The 1, 5-benzodizepine compounds 3b, 3c show activity 

against E. coli. All the synthesized compounds of benzodiazepine except 3f, 3g showed moderate activity 

against S. aureus. The bromine substituted compounds 3b, 3j and 3k showed significant activity against B. 

subtilis as compared with standard drugs. The antifungal activity of some benzodiazepine compounds showed 

good activity against four pathogens selected. The presences of more electronegative substituted halogen 

atoms were responsible for increasing antimicrobial activity. 
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ABSTRACT 

The ratesofhydrolysisaregreatlydependentonenvironmentalfactorssuchassolventcomposition, temperature and 

ionic strengths of salts present. In this study, 

kineticinvestigationonthehydrolysisofAceticAnhydridehasbeenundertakenconductometrically.Todeterminet

heeffectofsolvent ethanol on the hydrolysis of Acetic Anhydride, a series of -reactions wasconducted in 

different ethanol-water mixtures, keeping all other reaction conditionsidentical. The pseudo first order rate 

constants obtained in different ethanol-

watermixturesincreasewithincreasingpercentageofwaterinthemedium.Ineachsolventcomposition, the kinetics 

of hydrolysis of Acetic Anhydride was followed at varyingsubstrate concentration, keeping all other 

experimental parameters identical. In 

allcasesthereactionswerefollowedunderpseudofirstorderconditions.Theconstancyoftherateconstantvaluesindic

atethattheorderofthereactionwithrespecttoAceticAnhydride in different ethanol-water mixtures is one. 

Solvation is an electrostaticphenomenon. Since increasing proportion of ethanol retard the rate of reaction, it 

isconcluded that reaction proceeds faster in a more polar medium. Thus, we 

concludethatdecreaseinhydrolysisrateofaceticanhydridebyadditionofalesspolarsolventethanolisduetoprogressi

veincreaseinthesolvationofthereactantcomparedtothatofthe transitionstate. 

Keywords: Kinetics, Solvent Effect,Hydrolysis,Conductivity etc. 

 

I. INTRODUCTION 

 

Hydrolysisreactionshavebeenextensivelyusedindegradationofcomplexsubstancesto produce harmless eco-

friendly products. Solvent effect constitutes an interesting study innucleophilic displacement reactions. So, in 

the present study, the kinetics of hydrolysis ofAceticAnhydridewasinvestigatedinethanol-watersystem. 

Achangeofsolventmaychangethe rate of a chemical reaction by many orders of magnitude1. The relationship 

between thenature of the solvent and the reaction rate is very complex. Depending on the many 

possibleinteractionsbetweenthe solvent and thereactantsandsolventandtheTransitionState2, 3. 

Inthepresentstudy,effectofsubstrateconcentrationinvariousethanol-watermixtures at 308 K was studied. To 

determine the effect of solvent on hydrolysis, a series ofreactionswasconductedindifferentethanol-
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watermixtures,keepingallotherreactionconditions identical at 308 K. The pseudo first order rate constants 

increased with increasingpercentageofwaterinthemedium. 

 

II. EXPERIMENTAL 

 

PurifiedsamplesofAceticAnhydridewereused.Ethanolwasshakenwithquick lime and allowed to stand 

overnight. The supernatant liquid was decanted and fractiondistilling at 350.9 K was collected. All solutions 

and reaction mixtures were prepared inconductivitywater. 

 

KineticTechniques 

The kinetics of the hydrolysis was followed by continuous monitoring of the reactionmixture. The 

instrument used for this was a Systronics Digital Direct Reading 

ConductivityMeterwhichisdesignedformeasuring thespecificconductivity ofasolutionusing aconductivity cell. 

The accuracy and reproducibility of the readings are ± 0.5%. The rate 

ofhydrolysiswasfollowedbynotingthespecificconductanceofthesolutionatsuitableintervalsoftime.Ashydrolysisp

roceeded,weaklyionizedaceticacidwasproducedwhichcontributedtotheincreaseinspecificconductanceofthesol

ution.Anelectricallyoperatedthermostatwasused. Temperatures were recorded by means of an accurate, 

sensitive thermometer reading totenthsof a degree. 

 

III. RESULTSANDDISCUSSION 

 

Theobservedfirstorderrateconstantswereobtainedbyplottinglog(K∞-Kt)v/stimebasedon the expression 

K= 2.303/tlogK∞/ (K∞-Kt) 

LogKvalueswerealsoplottedagainst€-1/ (2€+1)values.Thisplotislinearwhichindicatesthatthereaction is ofdipole-

dipole type. 

 

EffectofSubstrateonReactionRateinEthanol –Watermixture 

Tofindouttheorderof thereactioninAceticAnhydrideinEthanol–water,experiments were conducted in 10% 

Ethanol at 305 K, by varying the initial 

Anhydrideconcentration,keepingallotherexperimentalparametersidentical.Inallcases,reactionswerefollowedu

nderpseudofirstorderconditions,usinglargeexcessofsolventoversubstrate.Foreach reaction, satisfactory log 

(K∞- Kt) versus temperature plot was obtained, showing thatreaction exhibits first order dependence with 

respect to Acetic Anhydride. The pseudo firstorder rate constant k1was obtained from the slope of this plot. 

The constancy of k1valuesindicatethatorderofreaction withrespectto Acetic Anhydrideis one. 

Table1 

S.No. 102[substrate]/M 103/K1 

1. 0.95 1.90 

2. 1.17 1.87 
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3. 1.85 2.15 

4. 2.21 2.23 

5. 4.30 2.34 

6. 10.59 2.42 

 

Effectofvarying[Ethanol]onrateofhydrolysisofAceticAnhydrideat308K 

Todeterminetheeffectofmediumonhydrolysis,aseriesofreactionswasconductedin different ethanol-water 

mixtures, viz., 10%, 25%, 50%, 75%, 90% and 100% Ethanol. 

ThepseudofirstorderrateconstantswereobtainedindifferentEthanol-

Watermixtures.TheseK1valuesincreasedwith increasingpercentage of water in the medium.[Table2]. 

Since solvation is an electrostatic phenomenon, an ion or polar molecule in a polarsolvent, gets oriented and 

attracts the solvent molecules. Since the rate of hydrolysis is 

foundtobehighestin100%waterandincreasingproportionofEthanolretardtherateofthereaction,it is clear that 

reaction proceeds faster in a more polar medium. This leads to the 

conclusionthattheTransitionStateismorepolarthanthereactants.Ifso,therateofthereactionincreaseswithincreasi

ngdielectricconstantofthemedium.Theactualvaluesofthedielectricconstantsfordifferentpercentageswerecollect

ed.TheplotoflogK1versus€-1/(2€+1)islinearwhichindicates that the reaction is of dipole-dipole type. Dipolar 

Acetic Anhydride molecule anddipolar water are assumedas thereactantsin the ratedeterminingstep. 

 

Table2:EffectofsolventEthanolontherateofhydrolysisofAceticAnhydrideat308 K. 

[Ac2O]=0.1059 

S.No. PercentageofEthanol 103K1/sec-1 

1. 10 3.41 

2. 25 3.32 

3. 50 0.76 

4. 75 0.54 

5. 90 0.21 

6. 100 0.05 

 

The change in rate with the change in solvent composition can also be explained onthe basis of solvent – 

reactant interaction and solvent – transition interactionaccording toHughesand Ingold4, 

1) Solvationwillincreasewiththemagnitudeofthecharge 

2) Solvationwilldecreasewiththeincreasingdispersalofagivencharge. 

This would mean that the transition state is more solvated than the reactants becauseof an increased 

magnitude of charge in the former. Therefore decrease in hydrolysis rate ofAcetic Anhydride by the addition 

of a less polar solvent is due to the progressive increase inthesolvation of thereactantcompared tothatof 

thetransitionstate. 
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IV. CONCLUSION 

 

The hydrolysis reaction of Acetic Anhydride exhibits first order dependence withrespect to anhydride under 

pseudo first order conditions in 10% Ethanol- water mixture and20%Ethanol-

watermixtureat308K.Therateofhydrolysisincreasedwithincreasingpolarityor increasing dielectric constant of 

the medium. A plot of log K1 versus €-1/(2€ + 1) is linearindicating that reaction is of dipole-dipole type. The 

change in rate with change in solventcomposition can be also explained on the basis of solvent-reactant 

interaction and solvent-transition state interaction. According to Hughes and Ingold4, solvation will increase 

with themagnitude of the charge and will decrease with increasing dispersal of a given charge. 

Thiswouldmeanthatthetransitionstateismoresolvatedthanthereactantsbecauseofanincreasedmagnitudeofcharg

eintheformer.Therefore,decreaseinhydrolysisrateofAceticAnhydridebytheadditionofalesspolarsolventethanoli

sduetotheprogressiveincreaseinthesolvationofthe reactantcomparedtothatofthetransitionstate. 
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ABSTRACT 

The kinetics study of oxidation of Primary Aliphatic alcohols by Benzimidazolium Fluorochromate (BIFC) in 

composition of Acetic Acid in water varying proportion at 303K. The oxidation of Aliphatic Alcohol with 

BIFC leads to the formation of the corresponding Aldehyde was followed by spectrophotometrically. The 

reaction is first order towards the reagent (BIFC), Oxidant (CH3-OH) under pseudo first order reaction has 

been catalyzed by hydrogen ions(H+). Several kinetics parameters were determined at different Acetic acid-

water mixture.  

Keywords: Benzimidazolium Fluorochromate, Methanol, Kinetics and Mechanism, Acetic Acid, HClO4, 

Spectrophotometer. 

 

I. INTRODUCTION 

 

A survey of literature gives the kinetics of oxidation of alcohols by various oxidizing reagent have been 

studied1. Large number of alcohols is commercially available as well as can be early prepared. The rate of 

change of concentration of any one of the reactants or products per unit time known as rate of reaction.Many 

Kinetic parameters such as concentration, catalyst, dielectric constant 6-11, salt14-18, ionic strength, and 

temperature23were accounted by various Researchers.The study of organic compounds is of immense 

importance both from mechanistic and synthetic point of view. Halochromates 2-5 have been used as mild and 

selective oxidizing reagent in synthetic organic chemistry. A number of new Halochromates like Pyridinium 

Halochromate6, Quinolinium Chlorochromate7, 2-Bipyridinium Chlorochromates8, Pyridinium 

Fluorochromates9, Quinolinium Fluorochromates10, Quinolinium bromochromate11, pyridinium 

Chlorochromate12, Imadazolium Fluorochromates13,21 have been used to study the kinetics and mechanism of 

oxidation of various organic compounds. But a newly synthesized and developed oxidizing agent is 

Benzimidazolium Fluorochromates2. This reagent is more efficient and mild oxidizing agent. BIFC is less 

hygroscopic mild and quite stable oxidizing reagent for proposed kinetic study. In the present paper we 

report the kinetics of oxidation of Methanol by BIFC in aqueous acetic acid 50% and water 50% medium. 
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II. METHODS AND MATERIALS  

 

Stoichiometry and Product Analysis 

Stoichiometric studies for the product analysis of oxidation of Methanol over BIFC are made.Alcohols are 

used in this oxidation, areof extrapure quality received from Merck, Quligens and Sigma Aldrich analyser was 

carried out its elemental analysis. Methanol [0.01M] was dissolved in acetic acid [10M], BIFC in acetic 

acid[0.01M]was added to the reaction mixture and refluxed for time ranging from around 1.5 to 2 hrs. After 

evaporation of the solvent, mixture was extracted by using ether. The resulted product was confirmed by 

TLC and Melting point. The structure of the compound also confirmed by taken through digital apparatus. 

In a typical experiment, Methanol[0.05M] and BIFC[0.01M] were produced upto 50 ml Acetic acid and 

keeping  in dark for 10 hrs. to ensure completion of the reaction. The solution was  treated by an excess of 

[150ml] solution of DNP in 1 M HCl kept in whole night at 0o C. The precipitated of DNP was filtered, dried, 

weighed and recrystallized from ethanol and taking weighed again. The corresponding yields of the DNP 

initial and final after recrystallizations were 85% and 72%  sequentially. DNP has been found to be identical 

with DNP with formaldehyde. 

 

Synthesis of Benzimidazolium Fluorochromate 

BIFC has been prepared by the method described in the literature 1 , from benzimidazole(Sigma Aldrich) 

40%(23.6 gm; 0.2 mole), hydrofluoric acid (Qualigens)(4mL;0.23mole) and chromium 

trioxide(Qualigens)(20gm;0.2 mole) in the molar ratio 1:1.3:1 at 0oC. BIFC is obtained as yellow orange 

crystals. It is non hygroscopic, light insensitive and stable on storage. The structured was confirmed by TLC, 

XRD, digital M.P., IR spectra.. 
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Charachteristics of Benzimidazolium Fluorochromate (BIFC)  

Molecular formula of BIFC1 is C7H7N2CrFO3 , Its Molar mass is 238 g/mol, BIFC is appeared in Yellow-orange 

crystals, Melting point -195oC, Solubility-slightly soluble in alcohol, acid and  water, Its crystal structure-

Heterocyclic,  Flash point-Non-flammable. It is non-hygroscopic, light insensitive and stable on storage. 

BIFC is an effective and clean oxidant for alcohols. 

 

Oxidation of Methanol by BIFC  

Oxidation of alcohol CH3-OH by BIFC is an acid catalysed reaction. The oxidation of alcohols yields the 

corresponding Formaldehyde as the product. 

 
 

III. RESULT AND DISCUSSION  

 

Effect of varying Methanol Concentration 

The effect of concentration of the substrate (CH3-OH) was varied in the range 2x10-2 to 8x10-2 mol dm-3  and 

keeping [BIFC], [H+] concentration as constant and constant temperature 303K(Table-1). The graph of logKobs 

versus log[Methanol] with slope (r=0.9837)(Fig-1). The slope of graph indicates that the oxidation reaction 

was first order. 

Effect of varying BIFC Concentration 

The effect of  BIFC concentration on rate of reaction were studied by changing the concentration of BIFC 

between the range 0.75 x10-3 to 2x10-3 mol dm-3  and fixed [H+] and keeping substrate in excess (Table-1). The 

Positive slope of the graph  log[titre] versus time confirmed that the reaction should be first order with 

respect to BIFC.   

Effect of varying Perchloric Acid Concentration 

The range of concentration of Perchloric acid were varied between range 2x10-2 to 8x10-2 mol dm-3 and 

kepping all other concentrations as constant, the rate was studied(Table-1).The slope of graph logKobs versus 

log[H+] was around (r=0.9336) which indicates the reaction is pseudo first order with [H+](Fig-2). 

 

Table-1: Effect of Variation of Concentration of [Methanol], [BIFC] and [HClO4] 

102[Substrate]mol dm-3 103[BIFC]mol dm-3 102[HClO4]mol dm-3 104 Kobs S-3 

1.5 2 2 1.34 

2 2 2 1.73 

2.5 2 2 1.98 

3 2 2 2.79 

2 1.20 2 2.50 
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2 1.35 2 3.15 

2 1.70 2 3.50 

2 2 2 3.78 

2 2.25 2 3.97 

2 2 4 2.97 

2 2 6 3.35 

2 2 8 3.67 

Acetic acid:H2O [50:50],  T=303 K 
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Effect of varying Ionic Strength 

The effects of ionic strength were studied by varying the concentration of HClO4 and keeping other 

concentration as constant. By observation we concluded the rate constant increase by increasing 

HClO4concentration. This effect suggests that the involvement of an ion and a neutral molecule in the rate 

determination step. 

 

Effect of Solvent Composition 

In the study of effect solvent composition  dielectric constant are calculated aproximately from the pure 

solvent. The less value of dielectric constant of solvent composition favours the oxidation of reaction 

process(Table-2).It was found that the reaction rate increases with increase in the percentage of Acetic acid. 

 

Table-2: Dependence of Rate on Solvent Composition 

% Acetic Acid: Water Dielectric constant Kobs x 104(S-1) 

40-60 61.8 6.35 

45-55 55.8 4.95 

55-45 49.8 4.15 

60-40 43.7 3.56 

50-50 50.1 2.34 

 

 
Effect of Temperature 

The oxidation reaction was conducted on different temperatures like 298, 303,308 and 318K and rate of 

reaction values are given in Table-3. Eyring’s24-25 graph of logKobs/T versus 1/T getting linear with slope 

(r=0.988) and ∆𝐻#= 54.36 KJ mol-1 and ∆𝑆#= -143.23 JK-1 mol-1 are obtained from intercept and slope of the 

graph. 
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Table-3   Effect of Temperature 

Temperature  K Kobs x 104 (S-1) 

298 1.47 

303 1.85 

308 2.89 

318 3.94 

 

IV. MECHANISM 

 

On the basis of the results, the following reaction mechanism is proposed. Theoxidation of methanol gives 

formaldehyde as a product. 

 

 
 

V. RATE LAW 

 

The rate law derived on the basis of above mechanism as follows 

𝐶𝑟(𝑉𝐼)  +   𝑆𝑏𝑠𝑡𝑟𝑎𝑡𝑒   
𝐾1
⇔    𝐶𝑜𝑚𝑝𝑙𝑒𝑥 − 𝐼 

 𝐶𝑜𝑚𝑝𝑙𝑒𝑥 − 𝐼   
𝐾2
→    𝑃𝑟𝑜𝑑𝑢𝑐𝑡 +   𝐶𝑟(𝑉𝐼) 

The proposed mechanism was follwed by the rate law as  

𝑅𝑎𝑡𝑒 = 𝐾1𝐾2[𝐶𝑟(𝑉𝐼)][𝑆𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒]
.

𝐾𝑜𝑏𝑠 = 𝐾1𝐾2[𝑆𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒] 
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VI. CONCLUSION 

 

In this oxidation  kinetic parameters  the effect of ionic strength and solvent polarity suggest the participation 

of an ion and a neutral molecule in the mechanistic step. The present method of estimation of alcohol is 

expected to based on the oxidation of primary alcohol to aldehyde and associated reduction of oxidation state 

Cr(VI) to Cr(III).The reaction were performed by monitoring the increasing the concentration of 

Benzimidazolium fluorochromate spectrophotometrically using UV spectrophotometer. The reaction was 

studied under Pseudo- First order condition by using an excess of substrate over Benzimidazolium 

Fluorochromate. kobsare independent of initial concentration of Benzimidazolium Fluorochromate, the rate of 

reaction increases with increase in the concentration of Methanollinearly. Reaction rate depend on reductant 

concentration at different temperature and it calculated from double reciprocal plots. The rate of reaction 

constants, kobs , are evaluated from the linear  plots of log [BIFC] vs time. The observed multivariate and 

simple linear regression analysis data was carried out by using the least-squares method. 
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ABSTRACT 

This review presents a arranged and complete investigation of the method of preparation, the chemical 

reactivity, and the anti-microbial properties linked with this system Meldrum acid and its chalcones are 

possible pharmacological and biologically active molecules got from the ordinary source. Meldrum’s acid has 

been used in the plan and synthesis of various types of heterocyclic compounds and considered as a 

activehouseslab in organic synthesis activity. Meldrum acid is a useful stage in irregular organocatalysis. This 

work clarifies the current information about synthesis applies, pharmacologic importance, and scientific 

applications of Meldrum acid chalcone derivatives. Meldrum's acid and its derivatives have established their 

effectiveness and flexibility in organic synthesis. Showing very unusual properties and multiple sides of 

reactivity, this small construction has become the grounding of many synthetic methodologies. The DFT 

worldwide chemical awareness signifiers were calculated for the created compounds and used to predict their 

relative stability and reactivity. 

Keywords: Meldrum acid, Chalcone, Aldehyde, Knoevenagel Condensation, Biological Application.  

 

I. INTRODUCTION 

 

The Structural easiness of Meldrum’s combined with is single properties has made this a adaptable reagent 

inorganic synthesis. The CH2 group of Meldrum acid is place in between two carbonyl group shows more 

acidic properties and configuration to approach to hypothesis c-c linkage in organic compounds(1) The 

condensation of various derivative of aldehyde compounds and Meldrum acid iscatalyzed by different bases 

such as piperidine ,pyridine(2) Knoevenagel condensation of Meldrum’s acid and aldehydes gives rise to 

corresponding alkylidene derivatives. The alkylidene derivatives obtained are versatile substrates for 

variability of reactions. (3) 

Synthesis: 

G.Tirupati et al. (4) have synthesized Meldrum acid chalcone derivatives by using L-Tyrosine as an 

Recyclable and Effectual Catalyst for Knoevenagel Condensation of Arylaldehydes with Meldrum’s Acid in 

Solvent-Free Condition under Grinder Method. 

http://www.ijsrst.com/
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Nitin Darvatkar et al.(5)reported the Knoevenagel condensation of Meldrum acid and different derivatives of 

aldehyde in presence of ionic liquid at R.T.  

R
H

O

+

O

O

O

O

O

O

O

O

H

Iobic Liquid

 
Veronica Armstrong et al (6) synthesized the 3-Carboxycoumarins from O-methoxy benzaldehyde and 

Meldrum acid via o-Methoxy benzylideneMeldrum acid derivatives  

H

O

+

O

O

O

O

O

O

O

O

HOCH3

R1

R2

R3

R4 DMF

OCH3

R4

R3

R2

R1

H+

O

R4

R3

R2

R1

O

OH

O  
Mahulikar et al. (7) explains the application of Meldrum acid in synthesis of natural product i.e., alfa 

curcumin and ar-turmerone 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 113-121 
 

 

 

 

 

115 

H

O

+

O

O

O

O
O

O

O

O

H

TiCl4 NaBH4

O

O

O

O

O

O

O

O

H
CH2Br

O

OO

O

1.NaOH

2.Pb(OAC)4

3.Zn Hg,HCl

Alfa -Curcumene

COCl

Pyridine
O

OO

O
O

H2O

O

ar-turmerone

Manas Chakrabarty et al (8) reported Knoevenagel condensation  of Meldrum acid by using Neutral Alumina 

in Microwave Irradiation and developed the higher percentage of yield and short reaction time. 

H

O

+

O

O

O

O
O

O

O

O

H

Neutral 
Al2O3

MWI

 
Till Drennhaus et al. (9) synthesized the Meldrum acid chalcone derivative by using aldehyde and Meldrum’s 

acid were suspended in water and heated up to 75 °C. The reaction mixture was stirred until the condensation 

was completed.  

H

O

+

O

O

O

O
O

O

O

O

H

Water

750C

 
Till Drennhaus et al. (9) also developed the synthesized Meldrum acid chalcone derivatives by Meldrum’s 

acid was dissolved in CH3CN (10 mL), then aldehyde and piperidine were added. The reaction was stirred 

until the condensation was completed. 

H

O

+

O

O

O

O
O

O

O

O

H

CH3CN

Pipyridine
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Aaron M.Dumas et al. (10) Synthesis of alkylidenes derived from aldehydes can be achieved under a large 

variety of conditions Alkylidene Meldrum’s acids are  prepared by the Knoevenagel condensation of 

Meldrum’s acid and  aldehydes in presence of  pyrrolidinium acetate-catalysed condensation in benzene . 

H

O

+

O

O

O

O
O

O

O

O

H

PhH,500C

pyrrolidinium 
     acetate

 
Aaron M.Dumas et al. (10) discovered the  alternative route is the preparation of methoxy- or 

dimethylaminomethylene Meldrum’s acids followed by elimination using organometallic nucleophiles . 

+

O

O

O

O

HX

OMe

OMe

X= OMe,NMe2

O O

O O

X

RMgBr

THF , OoC

O O

O O

R  
Alkylidenes derived from ketones are nearly always prepared by using the TiCl4-mediated condensation in 

presence of pyridine of ketones with Meldrum’s acid. 

Ar

O

R

+

O

O

O

O

TiCl4

Pyridine ,THF

O O

O O

Ar R  
Babasaheb Bandgar et al (11) developed eco-friendly protocol for the uncatalyzed Knovengel condensation in 

PEG-600 at R.T. with good yields of alkylidenes derivatives of Meldrum acid 

H

O

+

O

O

O

O
O

O

O

O

H

R.T. 5min

PEG-600

 
Jinhe Jiang (12) synthesized the Ox spirocyclic compound by using a mixture of malonic acid and acetic 

anhydride in strong sulfuric acid was stirred at 303K then added cyclopentanone dropwise and allowed to 

proceed for 3 h. after completion of reaction cool and filtered then above compound was react with 

benzaldehyde in ethanol to formed oxacyclic compounds. 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 113-121 
 

 

 

 

 

117 

HO

O O

OH

+

O
O

O

O

H2SO4 O

O

O

O

N(CH3)2OHC

OHOHC

O

O

O

O

OH

O

O

O

O

N(CH3)2

EtOH

EtOH

 
The David Thmpson (13) Moon was worked in his Master of Science degree thesis on the conjugate addition 

of Novel Nucleophiles and catalytic Intramolecular Tandem cyclization and Friedel-Crafts acylation with 

alkylidene Meldrum acid Derivatives. Addition of Metal Phenolates on to Alkylidene Meldrum’s Acids by C-

Alkylation/O-Acylation as shown in below 

O O

O O

R
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O
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+
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ML

O O

O O

Ar

H

R

HO

O
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R1  
The David Thmpson Moon (13) was also work on Conjugate Addition of Dialkylzinc Reagents onto 

Alkylidene Meldrum’s Acids via a Chiral Copper catalyst 

 

O O

O O

Ph

Ph

O

CH3

+

O

O

O

O
CH3

O

P

O

N

Ph

Ph

(Et)2 Zn , toluene,

Cu (OTf)2

O O

O O

Ph CH3
Et  

Tong-Shou Jin(14) to a solution of malonic acid in 4.8 mL of acetic anhydride, sulfuric acid was added while 

stirring and cooling in ice water. Acetone (4.0 mL) was added after 20 minutes, the mixture was stirred for 6 

hours, and was then allowed to stand overnight in the refrigerator, and the resulting crystals filtered off.  
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O  
Tong-Shou Jin(14) was worked on a solution of an aromatic aldehyde  and isopropylidene malonate  in water 

was heated in the presence of a catalytic amount of HTMAB, and the corresponding 5-arylmethylene-2,2-

dimethyl-1,3-dioxane-4,6-diones 3 were obtained in good to excellent yields 

H
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+

O

O

O

O
O

O

O

O

H

HTMAB

H2O,60oC

 
Shital Shinde et al (15), was take equimolar mixture of Meldrum acid and benzaldehyde was stirred in the 

presence of 1 g of various GEBCs (Gel Entrapped Base Catalysis) in EtOH at Room temperature until the 

completion of reaction as monitored by TLC. 

H

O

+

O

O

O

O
O

O

O

O

H
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EtOH,R.T.

 
Leila Youseftabar Miri et al (16) reported a green and efficient heterogeneous catalyst for the synthesis of 

pyrano [3,2-c] quinoline derivatives by using a mixture ofaromatic aldehyde and Meldrum’s acid with 

eggshell in 3 ml EtOH stirred at 60 º C (oil bath) and then added of 4-hydroxyquinolin-2(1H)-one 3 (1 mmol) 

to mixture of the starting materials. After completion, the reaction mixture was filtered and the obtained 

precipitate washed with hot ethanol. 

H
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Harmeet Sandhu et al (17) reported the synthesis of arylidene derivatives of meldrum acid and its biological 

evaluation of meldrum acid as a antimalarial and antioxidant agent. Harmeet Sandhu et al proposed the 

synthetic route of arylidene and epoxide derivatives of meldrum acid. 
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Muthish Suresh et al (18) reported the transition metal free expedient approach for the c=c bond cleavage of 

arylidene meldrum acid by using various oxidant. 
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At temperature 80oCAt Temperature 45oC  
Mohit Deb et al (19) synthesized the arylidene Meldrum acid derivatives from aldehydes and meldrum acid 

by using water as a solvent at Room Temperature. 
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Somnath Ghosh et al (20) reported knovenagel condensation of meldrum acid with aromatic aldehydes in 

aquaeous ethanol initiated by photo-light. 
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Jitender Khurana et al (21) reported Nickel nanoparticles catalyzedchemoselective Knoevenagel condensation 

of Meldrum’s acid  and substituted aldehyde. 

H

O

R

+

O

O

O

O
O

O

O

O

H

R

PEG,Ni nano
Particals ,RT

 
 

Mohammad Bagher et al. (22) we have developed a pseudo-five-component condensation reaction for the 

formation of biologically interesting tripeptide-bound chromones, which is one-pot and atom and step 

economic. 
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II. CONCLUSION 

 

The purpose of this review is to cover systematically work on the Meldrum acid chalcone derivatives of the 

Meldrum’s acid and the application of these processes in synthetic organic chemistry.The present study was 

initiated with the aim of providing an efficient and convenient method for the synthesis of arylidene 

analogues of Meldrum’s acid. The optimization of the synthetic procedure was carried out. 
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ABSTRACT 

Phase Transfer Catalyst is a capable and one of the exceptional methods for the synthesis of organic 

compounds. It enables the migration of reactants from one phase to another phase. PTC is used to relocate the 

required active form of an anion from the aqueous phase to the organic phase, where the reaction occurs. One 

of the foremost tasks for the process design of the PTC system is to launch a dependable thermodynamic 

model capable of describing the phase behavior of all components i.e. organic solvents, inorganic salt, water, 

and the PTC. Many reactions and experiments are evidence of the applications of Phase Transfer Catalysis. It 

can reduce number of cycle times and also increases the yield. Some experiments also proved that PTC also 

eliminates harmful or expensive reagents and solvents, and provide many other benefits to organic chemical 

manufacturers, so much effort has been directed towards the utilization of PTC in varioussyntheses. There are 

major advantages of PTC in industrial applications, which can be easily recognized in the mentioned 

examples. To identify the structures of products, physical and spectroscopic methods were used. Many 

approaches to Phase Transfer Catalysis are discussed here in this Chemical Literature review. 

 

I. INTRODUCTION 

 

We can see lots of industrial applications of PTC. Various processes of organic synthesis. Chemical products 

of practical applications can be yield by using organic synthesis such as Polymers, dyes, pharmaceuticals, 

photographic chemicals. Because of the Biological activity of the heterocyclic compounds achieved from 

some reactions, the compounds have important values in industry. 

The wastes formed during various chemical reactions can be regenerated, destroyed and disposed, consuming 

much energy and creating major problem to the environment. It is Essential to use and develop synthetic 

methodologies that decrease these problems. PTC (Phase Transfer Catalyst) is the most common and effective 

methodologies that fulfil this requirement.it is identified that number of reactions progressed via carbanions, 

can be Performed competently by using phase transfer catalysts technique. Phase transfer catalysis is 

beneficial in many industrial approaches. A large number of PTC measures use the liquid-liquid phase 

transfer catalysis (L-L PTC) mode of procedure.  
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Types of Phase Transfer Catalysts:- 

1) Crown Ethers:- (Pugia 1986, Mathias and Carraher 1984, Ganboa 1986, Valentine 1975, Artamkina et al 

1984, Salisova 1979, Vogtle 1803, Gockel 1976, Izatt et al 1971, Baker 1981, Wingfield 1980) 
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2) Quaternary Phosphonium salts(Kisch et al 1986, Alper 1981, McNulty et al 2004, Dehmlov 1977) 

 
3) Quaternary Ammonium Salts :- 
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4) Maruoka Catalyst (Quaternary Ammonium catalysts) 

Maruoka (Ooi et al 1999) designed an array of C2-symmetric, biarylspiro ammonium catalysts. 

 
 

II. MODES OF OPERATIONS OF PHASE TRANSFER CATALYSIS 

 

There are two modes of operations in PTC 

1- Liquid-liquid phase transfer catalysis (L-L)PTC(Lygo et al 1999) 

2- Solid-liquid phase transfer catalysis (S-L)PTC (Yadav 2004) 

Phase transfer catalysis has been applied in many industrial processes. A large number of PTC processes use 

the liquid-liquid phasetransfer catalysis (L-L PTC) mode of operation. PTC has been quite successful for 

C,N,O and S-alkylations involving SN2 typereactions in fine chemical industries, apart from 

dehydrohalogenations. The benefits of solid-liquid phase transfer catalysis (S-L PTC) are,the reaction is 

directed at manageabletemperature, the reaction rate are improved by orders of magnitude and the reaction 

is 100% selective, in comparison with liquid-liquid phase transfer catalysis (L-L PTC) which is very slow and 

yields by-products. The mechanism based on homogenous solubilisation of solid resulting in the development 

of an active ion-pair with nucleophile, was found to prevail in the system. 

Preparation of the phase transfer catalyst(tributylbenzylammonium bromide) (Amera M. AL-Rubay) 

(TBBAB) General Procedure: (AL-Nakshabandy,2005) 10 gm  of (0.053 mole) A mixture of tri-butylamine, 

9.22 gm (0.053 mole) benzyl-bromide and (50 ml) of dry benzene was positioned in a (250 ml) dry round-

bottomed flask which is fitted with a condenser. After refluxing the mixture for (30) minutes, it resulted in a 

thick solution. Afterwards the precipitate was cooled, filtered and the subsequent white powderwas washed 

with benzene and recrystallized from a mixture of ethyl acetate and ethanol,giving white crystals of 

tributylbenzylammonium bromide, m.p(174-175 oC) agrees withthe reported m.p (176 oC) (Aldrich,1989). 
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III. APPLICATIONS OF PTC 

 

1. Uses of PTC in syntheses of five-membered heterocyclic compoundsThe reaction of pyridosultam 60 with 

3-chloropropylthiocyanate 60 under the condition (toluene/aq. NaOH / TBAB) yielded thecorresponding 

dihydrothiophene derivative 61 (Modrzejewska 2005) 

 
2. Homogenous PTC applications:- 

Quaternary ammonium, phosphonium&arsonium  salts  (generally  termed   “onium”  salts) deliver  a  source  

of  singly  charged  lipophilic cations. overall, catalyst productivity is subjective by  the  large  number  of  

carbon  atoms  (high lipophilicity) and the symmetry of the carbon atom chains about the heteroatom. 

3. PTC for theanalysis of carboxylic acids:- 

Acidic herbicides,  diuretics,  urinary  acidic moieties and buprenorphine  ,  ethylene  thiourea,  sulphide,  

polysulphides,  cyanide, and thiocyanate, nitrate, nitrite, methanol,  iodide,  cyanide,  nitrite  and  

thiocyanate, levorphanol,  phenols,  phenoxyacetic  acids and  perfluoro-octanoic acid . 

4. Heterogenous PTC applications:- 

PTCslinked to a  polymer  matrix are described  as  heterogenous  catalysts  [59].  Many materials  have  been  

developedinthiscontext,someofthemspecialized to catalyze specific reactions In  this case, thecatalyst is 

bonded to a matrixforming a third immisciblesolid phase between the organic and aqueous ones involving a 

swelling, mixing and diffusion during the reaction. Due to diffusion retardation, reactions with slow intrinsic 

reaction rates are much slower with a tri-phase catalyst than with its homogeneous counterpart [11,32]. On 

the other hand, the use of tri-phase  PTC simplifies the removal of the catalyst  after  the  reaction  which  

can  be  re-used until they lose their mechanical stability [9,63,64]. In  general,  a polymer-supported  

catalystconsists of a hydrophobic polymer backbone solvated in the organic solvent  and a hydrophilic  part 

containing water  and  the  nucleophile.  In  agreement  to  the extraction  mechanism  for  homogenous  PTC 

reactions, phase-transfer  cycle in  a tri-phase PTC consists  of  an  ion-exchange  step  in  the  aqueous phase  

followed  by  the  reaction  in  the  organic-phase.  A major difference between the  two mechanisms is that 

in a tri-phase PTC system the catalyst movement is restricted and the organic and aqueous reagents must  be 

brought  to the catalyst cation. The  catalyst  structure  and  loading, the spacer chain, the polymer structure, 

the agitation and  the  swelling  power  of  the  solvent,  the concentration of reactant, the type of the anion, 

the organic leaving group  and the catalyst cation are some of the criteria that  should be  considered in tri-

phase PTC. 

5. PTC has been quite successful for C,N,O and S-alkylations involving SN2 type reactions in fine chemical 

industries, apart from dehydrohalogenations.o-Nitrodiphenyl ether (Yadav 2004) is an important 

intermediate in the fine chemical industry and used in a number of drugs. 
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IV. CONCLUSION 

 

As per the literature survey, some reactions were observed. A reaction was accomplished in phase transfer 

catalysis conditions using solid-liquid phase system [dioxin/K2CO3/tetrabutyl ammonium bromide (TBAB)], 

where the reactants in dioxane made the organic phase in which potassium carbonate was suspended. The 

reaction was synthesized with Tetra butyl ammonium bromide (TBAB).The reaction mechanism contains 

two consecutive catalytic cycles, the first one specifically proton abstraction of the nucleophile, takes place 

on the surface of solid carbonate. The anion is formed and it migrates as an ion pair with the catalytic cation 

into the organic phase, where the second step concerned with the substitution reaction was occurred. The 

two cycles occur again to give the final cyclized product. 
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ABSTRACT 

Herein, this review paper includes introduction to Schiff base ligands, history of Schiff base Preparation of 

Schiff base ligand, Metal complexes of Schiff base and biological importance of Schiff Base Metal Complexes. 

Keywords: Schiff Base, Metal Complexes, Anti-Bacterial, Anti-Fungal, Anti-Cancer Activity 

 

I. INTRODUCTION 

 

Schiff bases 

Co-ordination chemistry is the study of coordinate covalent bond formation between the ligand and metal 

ion. Schiff bases are aldehyde or ketone like compounds in which the carbonyl group is replaced by an imine 

or azomethine (C=N) group. Schiff-base ligands and their metal complexes have received much attention in 

recent years due to their wide use as catalysts, dyes and pigments, polymer stabilizers and they posses broad 

range of biological activities, such as anti-malarial, anti-fungal, anti-bacterial, anti- tubercular anti-

inflammatory, anti-viral, and anti-pyretic activities [1-2]. It contains a carbon-nitrogen double bond with the 

nitrogen atom connected to an aryl or alkyl group but not hydrogen (Figure 1). 

 

R CH

N R

 
Figure 1: Structure of a Schiff base. 

Schiff bases have general formula R1N=CR2R3, where R is a phenyl or alkyl group which gives the Schiff base 

its stability [3]. Since formation of Schiff bases is reversible, due to the hydrolysis of the imine under certain 

conditions, it is still straight forward for the reaction to complete while others are very sensitive to water and 

easily hydrolyse back to aldehyde. To overcome this hydrolysis, the reaction of Schiff bases should be 

undertaken under dry solvent conditions or using some additional procedure to remove the side product 

water, in the imine formation. The lone pair of electron on the nitrogen atom of the imine group can enable 

the formation of a proper donor bond to a metal ion for metal-ligand complex formation. Many Schiff bases 

have a second functional group like OH, SH groups or another N atom, which are near to imine group. These 
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functional groups can allow the formation of five or six member chelate rings when coordinated with 

different metal ions.  

 

II. HISTORY OF SCHIFF BASES  

 

Schiff bases are named after Hugo (Ugo) Schiff (1834-1915), a German chemist. He discovered Schiff bases in 

1864 [4] and other imines, and was also responsible for research in aldehydes and had the Schiff test named 

after him. A well-known Schiff base ligand is a salen (Figure- 2) with a bi-functional and tetradentate(ONNO) 

ligand.   

 
Figure 2 Schiff base ligand 

 

III. PREPARATION OF SCHIFF BASE LIGAND  

 

Schiff base (HC=N-R) is the nitrogen analogue of an aldehyde or ketone, where the carbonyl group is 

replaced by an imine group (Figure 3).  

 

R

NH2

+

R

OR

R

NR

R

Primary amine Carbonyl compound Schiff base

-H2O

 
Figure 3 Synthesis of Schiff base ligand. 

 

Schiff bases which contain aryl substituents are more stable and more easily synthesized than those that 

contain alkyl substituents. It means that Schiff bases of aliphatic aldehydes are relatively unstable and they 

readily undergo polymerisation in comparison to products from conjugation of aromatic aldehydes [5-8].  

A Schiff base reaction is a reversible, acid-catalysed condensation between a primary amine (not ammonia) 

and either an aldehyde or ketone.  

The formation of Schiff bases from aldehydes or ketones requires a protic solvent which is sufficiently dry in 

order to prevent potential hydrolysis of the newly formed imine bond. The formation is generally undertaken 
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under acid or base catalysis, or upon heating. The completion of imine formation is controlled by the 

separation of the product or removal of water, or both. 

  

IV. METAL COMPLEXES OF SCHIFF BASE 

 

As ligands, Schiff bases are very efficient. The presence of the lone pair of electrons on the nitrogen atom of 

the imine bond can be donated to the appropriated metal ion. Many Schiff base ligands have a second or even 

third functional group, such as OH of salicylaldehyde or its derivatives and the nitrogen atoms from 

heterocyclic rings, e.g. pyridine. This electron donation, in conjunction with a functional group, means that a 

vast number of transition metal complexes could be prepared. A large number of Schiff base complexes have 

been used in catalytic activities, polymer [9]-17]  

 

V. BIOLOGICAL IMPORTANCE OF SCHIFF BASE METAL COMPLEXES 

 

Due to the improvement in the area of bio-inorganic chemistry, there is an increase in the interest in Schiff 

base complexes, since it has been recognized that many of these complexes may serve as models for 

biologically important species. They act as anti bacterial, anti fungal, anti malarial etc agents [18-19]. Thus, 

they are, reported as follows.  

 

A. Anti-bacterial activity of Schiff base complexes 

Metal complexes of Schiff base derived from 2-thiophene carboxaldehyde, 2-amino benzoic acid  (HL) and 

Fe(III) or Co(II) or Ni(II) or UO2(II) showed a good anti-bacterial activity  against , Escherichia 

Coli, Pseudomonas Aerogimus and Staphylococcus Pyogenes. Fe(III), Cu(II), Zn(II) and UO2(II) complexes 

caused inhibition for E. Coli The importance of this lies in the fact that these complexes could be applied 

fairly in the treatment of some common diseases caused by E. coli. However, Fe(III), Co(II), Cu(II), Zn(II) and 

UO2(II) complexes were specialized in inhibiting Gram-positive bacterial strains (Staphylococcus 

pyogenes and P. Aeroginosa). The importance of this unique property of the investigated Schiff base 

complexes lies in the fact that, it could be applied safely in the treatment of infections caused by any of these 

particular strains. 

 

B. Anti-fungal activity of Schiff base complexes 

A Schiff base ligand derived from 1,4-dicarbonyl-phenyl-dihydrazide and chromene-2,3-dione formed 

complexes with Cr(III), Mn(III), and Fe(III) metal salt in methanolic medium, then tested for their 

antimicrobial activities to assess their inhibiting potential. The antifungal experimental results of the 

compounds were compared with the standard antifungal drug (Miconazole) at the same concentration. All 

the metal complexes exhibited greater anti-fungal activity against Aspergillus sp. However, they show 

slightly lesser activity against Rhizoctonia sp. than standard drug micorazole. The Cr(III) and Fe(III) 

complexes are more effective against penicilium sp. than the standard drug. From the data it has been also 
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https://www.sciencedirect.com/topics/medicine-and-dentistry/schiff-base


International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 129-133 
 

 

 

 

 

132 

observed that the activity depends upon the type of metal ion and varies in the following order of the metal 

ion: Cr > Fe > Mn  

 

C. Anti-cancer activity of Schiff base complexes 

Cancer or malignant neoplasm is a class of diseases in which a group of cells display uncontrolled growth, 

invasion and even sometimes Metastis, It continues as a serious public health problem throughout the world 

as the most feared diagnosis. It is the second leading cause of human death after cardiovascular diseases in 

developing as well as in developed countries. Currently, the treatment for cancer primarily includes surgery 

and chemotherapy, but the curative effects of the existing chemotherapeutic drugs are not good enough and 

they have plentiful side effects. The development of more effective drugs for treating patients with cancer has 

been a main attempt over the past 50 years. In recent years, various Schiff bases derivatives have been found 

to be associated with anticancer properties [20]. 

 

VI. CONCLUSION 

 

1) Schiff bases act as ligand for complexation with metal ions. 

2) Schiff base metal complexes can be used as catalysts. 

3) Schiff base metal complexes exhibit biological activities like anti bacterial, anti fungal etc. activities. 

 

VII. REFERENCES 

 

[1]. K.C. Gupta and A.K. Sutar, Coord. Chem. Rev. 2008, 252, 1420.  

[2]. K.C. Gupta, A. Kumar Sutar and C.-C. Lin, Coord. Chem. Rev. 2009, 253, 1926.  

[3]. A. Zoubi and Wail, J. Coord. Chem., 2013, 66, 2264. 

[4]. H. Schiff, Justus Liebig's Annalen der Chemie, 1864, 131. 

[5]. R. Atkins, G. Brewer, E. Kokot, G.M. Mockler and E. Sinn, Inorg. Chem., 1985, 24, 127. 

[6]. C.M. Brewster, J. Am. Chem. Soc., 1924, 46, 2463. 

[7]. I.A. Savich, A.K. Pikaev, I.A. Lebedav and V.I. Spitsyn., Vestnik. Moskov. Univ, 1956, 11, 225.  

[8]. K.N. Campbell, A.H. Sommers and B.K. Campbell, J. Am. Chem. Soc., 1944, 66, 82 . 

[9]. A. Earnshaw and N. Greenwood, Chemistry of the Elements (2nd ed.) Butterworth–Heinemann., 1997 . 

[10]. C.E. Housecroft and A.G. Sharpe, Inorganic Chemistry (2nd Ed), 2005, 694. 

[11]. G.C. Congress, Green Car Congress, 2008. 

[12]. P.J. Mccarthy, R.J. Hovey, K. Ueno and A.E. Martell, J. Am. Chem. Soc, 1955, 77, 5820 

[13]. M. Franks, A. Gadzhieva, L. Ghandhi, D. Murrell, A.J. Blake, E.S. Davies, W. Lewis, F. Moro, J. 

Mcmaster and M. Schroder, Inorg. Chem., 2013, 52, 660. 

[14]. M. Jian-Ying, Synthesis and Reactivity in Inorganic, Metal-Organic, and Nano-Metal Chemistry, 2013, 

43, 1361 

[15]. P. Mukherjee, M.G.B. Drew and A. Ghosh, Eur. J. Inorg. Chem., 2008, 2008, 3372. 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 129-133 
 

 

 

 

 

133 

[16]. V.C. Gibson and E.L. Marshall, Comprehensive Coordination Chemistry II, 2003, 9, 1. 

[17]. E.N. Jacobsen, W. Zhang, A.R. Muci and L.D. James R. Ecker J. Am. Chem. Soc, 1991, 

[18]. G.J.P. Britovsek, V.C. Gibson, B.S. Kimberley, P.J. Maddox, S.J. Mctavish, G.A. Solan, A.J.P. White and 

D.J. Williamsa, Chem. Commun., 1998, 849. 

[19]. S Arulmurugan, H.Kavitha and B.R Venkatraman: Rasayan J.Chemistry , 2010, 3, 385-410. 

[20]. Ahmed M. Abu –Dief and Ibrahim M.A Mohamed. Beni-Suef University J.Basic and Applied Sci, 2015, 

4, 119-113. 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

  

RACPS-2022  

Online National Conference on Recent Advances in Chemical and Physical Sciences 

In Association with International Journal of Scientific Research in Science and Technology 

Volume 9 | Issue 17 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com) 

 

 

 

 

 

 

  134 

The Numerous Pharmacological Activity of Curcuma longa : A 
Review 

Mahesh Walle*1, S.P. Gawali1, S.S. Kamble1, R.P. Pawar2, R.D. Ingle3 

*1Department of Chemistry Sundarrao More College Poladpur-Raigad, Maharashtra, India 
2Department of Chemistry, Shiv Chatrapati College Aurangabad, Maharashtra, India 

3Department of Chemistry, Deogiri College Aurangabad, Maharashtra, India 

 

ABSTRACT 

Curcuma longa (Turmeric) is widely used popular Indian medicinal plant from ancient era which belongs to 

the Zingiberaceae family. Curcuma longa, an important constituent of turmeric, is known for various 

pharmacological activities. Some of the Chemical in turmeric that has been studied arecurcuminoids, 

turmerone, cineole etc. turmeronestimulate stem cells to make new brain cells and helps in 

neurodegenerative conditions like Alzheimer’s disease. Turmeric also renders other protective biological 

effects in humans like antidiabetic, anti-inflammatory, anti-carcinogenic, anti-oxidant, wound healing and 

anti-cancer effects. This review summarizes the important pharmacological effects of curcumin. 

Keywords: Curcuma Longa, Turmeric, Pharmacological activity. 

 

I. INTRODUCTION 

 

Curcuma longa is an Indian rhizomatous herbal plant (turmeric) of the ginger family (Zingiberaceae) of 

various pharmacological effects1-2. The medicinal benefits of turmeric could be attributed to the presence of 

active principles called curcumin-oids. One of the most interesting components of curcumin-oid is curcumin, 

which is a small molecular weight polyphenol compound and lyophilic in nature, hence insoluble in water 

and also in ether but soluble in ethanol, dimethylsulfoxide, and other organic solvents3.  

Turmeric is an herbaceous perennial plant that grows up to 1meter tall with many branches with yellow to 

orange, cylindrical, aromatic rhizomes. The leaves are alternate and arranged in two rows. They are divided 

into leaf sheath, petiole, and leaf blade. From the leaf sheaths, a false stem is formed.  The rhizomes are the 

most widely used part of the plant as cooking ingredient, medicine and color dye though the leaves and the 

stems are used for many purposes mainly cooking.4 

Turmeric as an aromatic medicinal plant was known to Indians since ancient times. Many scientists and 

historians argue that the South Asia is the original home of turmeric; from there it might have spread to 

countries in the South East Asia and pacific islands where Turmeric is cultivated. It was recorded that 

turmeric was grown wildly in the forest regions of Java, Indonesia as early as 5th century AD. There are 

Sanskrit texts belong to 5th and 6th centuries AD describe the usages of turmeric. Marco Polo mentions the 
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usages of turmeric in China. Turmeric is widely cultivated mainly in India, China, Taiwan, Indonesia, Sri 

Lanka, Java, Brazil, Peru, many parts of Africa and Australia.5 

Relatively low dose of the complex can provide health benefits for people that do not have diagnosed health 

conditions. Most of these benefits can be attributed to its antioxidant and anti-inflammatory effects. Ingesting 

curcumin by itself does not lead to the associated health benefits due to its poor bioavailability, which appears 

to be primarily due to poor absorption, rapid metabolism, and rapid elimination. There are several 

components that can increase bioavailability. For example, piperine is the major active component of black 

pepper and, when combined in a complex with curcumin, has been shown to increase bioavailability by 

2000%.6  

 

II. DISCOVERY OF STRUCTURE OF CURCUMIN 

 

Curcumin (1, 7-bis (4-hydroxy-3-methoxyphenyl)-1, 6-heptadiene-3,5-dione) is also called 

diferuloylmethane. Turmeric production in India of in the world is 78%. Turmeric known as Haldiin Hindi is 

a popular and sacred spice from India is nickname as ‘Indian saffron’ due to its golden yellow colour. It has 

profound significance as a condiment, dyeing agent, flavoring agent and even as a medicine, it is avery 

important ingredient in Asian cuisine is especially in Indian curry preparation. A byproduct of turmeric is 

‘kumkum’ or the sacred vermilion, it has a place of importance in many Hindu religious ceremonies, offering 

and festivals, the increasing demand of pure, organic food product, and turmeric is an important food coloring 

agent7.  

Vogel and Pelletier reported the isolation of “Yellow colouring matter”, from the rhizomes of curcuma longa 

and named it Curcumin. The curcumin is found mixture of resin and turmeric oil. The pure preparation of 

curcumin are obtained Vogel Jr. in 1842 but formulae were not report in the decades that followed, several 

chemists reported possible structures of curcumin The chemical structure of curcumin are identified. In 1910 

Milobedzka and Lampe as 1,6-heptadiene-3,5-dione-1,7 bis-(4-hydroxy-3-methoxyphenyl) by the same group 

in 1913 resulted in the synthesis of the compound. Subsequently, Srinivasan separated and quantified the 

components of curcumin by chromatography. Although turmeric, the major source of curcumin has been 

consumed as a dietary spice and a cure for human ailments for thousands of years in Asian countries, the 

biological characteristics of curcumin were not scientifically identified, until the mid-twentieth century. In a 

paper published in Nature in1949, schraufstatter and colleagues reported that curcumin is a biologically active 

compound that has antibacterial properties.After that many scientist worked on turmeric and it showed many 

useful properties as like cholesterol lowering, anti-diabetic, anti-inflammatory, antioxidant and later 

anticancer activity, anti-inflammatory and thus the interest in curcumin research has increased dramatically 

over the years in human clinical trials curcumin has been found to be safe and efficacious and the U.S food 

and drug administration has approved curcumin as a “generally regarded as a safe” compound8.  
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III. MECHANISM OF ACTION 

 

As curcumin is lead natural compound in drug discovery it already bears tremendous bioactivity and its 

functional modification synthesized many new derivatives which increases the potency of curcumin towards 

the different physiological functions and pathological state of human being. The Functionalities in the 

curcumin structure has great activity as shown in Figure 1.  

O O

OH OH

H

O
CH3

O
CH3

Chemical Structure of Curcumin 
 

Figure 1 

 

Anti-Alzheimer activity: Alzheimer disease is the most common cause of dementia globally. This 

neurodegenerative disorder of the brain is chronic and progressive, characterized clinically by the 

deterioration in the key symptoms of behavioral and cognitive abilities. Researchers reported the advantages 

of curcuminoids as anti-alzheimer agents9. 

Anti-Diabetic activity: Curcumin was reported to possess anti-diabetic activity. The effect of anti-diabetic 

activity could be attributed to the antioxidant property of curcumin10. In their study, researchers 

demonstrated curcumin positive effect through the improvement of diabetes-induced endothelial dysfunction 

by decreasing superoxide production and vascular protein kinase C inhibition. Interestingly, recent studies 

demonstrated the ability of curcumin to have the capacity to directly quench reactive oxygen species (ROS) 

that can contribute to oxidative damage11. 

Anti-Oxidant activity: Curcumin demonstrated the antioxidant activity by evaluation curcumin using various 

in-vitro antioxidant assays such as 1,1-diphenyl-2-picryl-hydrazyl free radical (DPPH) scavenging, 2,2′-azino-

bis(3-ethylbenzthiazoline-6- sulfonic acid) (ABTS) radical scavenging activity, N,N-dimethyl-p-

phenylenediaminedihydrochloride (DMPD) radical scavenging activity, total antioxidant activity 

determination by ferric thiocyanate, total reducing ability determination by the Fe3+ – Fe2+ transformation 

method, superoxide anion radical scavenging by the riboflavin/ methionine/illuminate system, hydrogen 

peroxide scavenging and ferrous ions (Fe2+) chelating activities12. 

Anti-inflammatory activity: Curcumin possesses significant anti-inflammatory activity in acute as well as in 

chronic models of inflammation. It is as potent as phenylbutazone in the carrageenan edema test but only half 

as potent in chronic tests13. Curcumin has been demonstrated to be safe in six human trials and has 

demonstrated anti-inflammatory activity. It may exert its anti-inflammatory activity by inhibition of a 

number of different molecules that play a role in inflammation. Curcumin has been shown to regulate 

numerous transcription factors, cytokines, protein kinases, adhesion molecules, redox status and enzymes that 

have been linked to inflammation14. 
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Anticarcinogenicactivity: Animal studies involving rats and mice, as well as in vitro studies utilizing human 

cell lines, have demonstrated curcumin’s ability to inhibit carcinogenesis at three stages: tumor promotion, 

angiogenesis, and tumor growth. In two studies of colon and prostate cancer, curcumin inhibited cell 

proliferation and tumor growth. Turmeric and curcumin are also capable of suppressing the activity of several 

common mutagens and carcinogens in a varietyof cell types in both in vitro and in vivo studies. The 

anticarcinogenic effects of turmeric and curcumin are due to direct antioxidant and free-radical scavenging 

effects, as well as their ability to indirectly increase glutathione levels, thereby aiding in hepatic 

detoxification of mutagens and carcinogens, and inhibiting nitrosamine formation15. 

Antimicrobial activity:Turmeric extract and the essential oil of curcuma longa inhibit the growth of a variety 

of bacteria, parasites, and pathogenic fungi. In a study guinea pig were infected with either dermatophytes, 

pathogenic molds or yeast, found that topically applied turmeric oil inhibited dermatophytes and pathogenic 

fungi. Curcumin has also been found to have moderate activity against plasmodium, falciparum and 

leishmania major organisms. The antifungal, antibacterial, phytotoxic, cytotoxic and insectisidal activity of 

ethanolic extract of turmeric shows antifungal activity toward trichophytonlongifusus and microsporum 

aureus16. 

Wound Healing activity: Wound healing includes the repair of tissues in a complex process that involves 

inflammation, granulation, and remodeling of the tissue17. Enhancement of wound healing was reported by 

curcumin in animals. The mechanisms of action of wound healing effect of curcumin include: immune 

histochemical localization of transforming growth factor-β1 showed an increase in curcumin-treated wounds 

as compared with untreated wounds18 and modulating collagen and decreasing reactive oxygen species19. In 

addition, curcumin showed earlier re-epithelialization, improved neovascularization, increased migration of 

various cells including dermal myofibroblasts, fibroblasts, and macrophages into the wound bed, and higher 

collagen content20. 

 

IV. CHEMICAL CONSTITUTION OF CURCUMIN 

 

Major constituents: 1) Curcuminoids (5%) the chief one is curcumin which has antioxidant property. Other 

curcuminoids are dicaffeoyl methane, caffeoylferuloyl methane and dihydrocurcumin. 2) Volatile oil (5%), 

containing chiefly of sesquiterpenesezingiberone (25%), turmerone and arturmerone, alcohol-p-

tolymethylcarbinol, d-phelandrene, sabinene, cineole, borneol, etc.  

Minor constituents: Sugars- arabinose, fructose, glucose and starch grains The active constituents of turmeric 

are the flavonoid curcuminoids which is a mixture of curcumin (diferuloymethane), 

monodesmethoxycurcumin and bisdesmethoxycurcumin curcumin makes up approximately 90% of the 

curcuminoids content in turmeric. Active constituent is curcumin, which comprises 0.3-5.4 % of raw material 

Compound/extract biological activity 1) Turmeric powder - Antitumor, Antiprotozoan, Anti-inflammatory 

and wound-healing 2) Methylcurcumin - Antiprotozoan 3) Demethoxycurcumin and 

Bisdemethoxycurcumin– Antioxidant 4) Volatile oil- Anti-inflammatory, Antibacterial, Antifungal e) 

Curcumin-Antibacterial andAntiprotozoan. 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 134-139 
 

 

 

 

 

138 

V. CONCLUSION 

 

Curcumin can be considered a great potential therapeutic agent for a variety of inflammatory conditions and 

cancer types. Consequently, there is extensive interest in its therapeutic potential as evidenced by the number 

of ongoing phase II and III clinical trials. The primary obstacle to utilizing curcumin therapeutically has been 

its limited systemic bioavailability, but researchers are actively involved in trying to find the most efficient 

method of application. 
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ABSTRACT 

Synthesis of series of bioactive α-hydroxy phosphonates (2a-i) stirred with the benevolentheterogeneousZnS 

nano catalystwas employed as an efficient catalyst for at room temperature. The current approach to generate 

sustainable catalyst in place of volatile organic compounds to 2-chloroquinoline-3-carbaldehyde (1a–j) with 

triethylphosphite. The reaction is furnished in short time and products were obtained in good yield. 

Keyword- α-hydroxy phosphonates, nano particles, volatile organic compounds. 

 

I. INTRODUCTION 

 

The α-hydroxyphosphonates have received much attention due to their wide range of applications and their 

importance as synthetic transition products of other biologically important α-substituted phosphoryl 

compounds1. Surprisingly, attempts have been made to formulate hydroxyphosphonates, and the Abramov 

reaction represents one of the most useful methods for synthesizing α-hydroxyphosphonates2. This process 

involves aldehydes condensation with triethyl phosphite3, I2 catalysts functioned as acid catalysts 4, ZnBr25, β-

cyclodextrin, ammonium metavanadate and bismuth (III) nitrate pentahydrate6, and TMSCl was an efficient 

catalytic system has been shown7. Therefore, some drawbacks such as extended reaction times, use of volatile 

hazardous organic compounds and expensive catalysts, and low product yields after harsh reaction conditions 

are not recognized in chemistry. Therefore, many synthetic methods have been developed to build α-

hydroxyphosphonates in the presence of catalysts or activators. 

To overcome these shortcomings, a new method based on the use of ultrasonic microwaves and nano catalysts 

has recently been employed. Advances towards the ecologically benign synthesis of α-hydroxyphosphonates 

are desirable because of their important role in the synthesis of biologically active components. New 

developments in chemical synthesis, a broad focus on reaction efficiency, waste reduction, abandonment of 

hazardous reagents, and precise use of resources are the main goals.The ZnS nano particles8have been 

performed as a powerful alternate for the usually active risky ionic liquid to carbonyl oxygen, crafting the 

C=O bond extra electrophilic. We report here our results of ZnS Nano catalyzed modified Abramov 

reaction.Mesoporous ZnS nanospheres were previously used as heterogeneous catalysts for synthesis. of 5-

substituted 1H-tetrazoles from various nitriles such as Substrates and sodium azide (Lang et al. 2010, 2013)9. 

However, these steps performed in N, N-dimethylformamide (DMF) solvent and acidic conditions are 
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essential to obtain the desired product10.In this research, we developed a more efficient and convenient 

method toward synthesis of α-hydroxy phosphonates through aldehyde, triethyl phosphite, and TMSCl in the 

presence of ZnS nanoparticles as a new heterogeneous catalyst under solvent-free conditions. 

Quinolinesare an important class of heterocyclic compounds11 have been screened for numerous biological 

activities such as bactericidal 12, antitumor 13, anti-inflammatory 14, andantimalarial 15. Quinolines such as 2-

chloroquinoline-3-carbaldehyde capture a noticeable position as they are key intermediates for extend 

annellation and for several functional group interconversions. It is furthermore reported that 

organophosphates are effective pesticides which have wide variety of application 16. Recently, some new vinyl 

phosphates have been reported as convincing inhibitors of phosphatase and phosphodiesterase 17. 

 
 

II. RESULTS AND DISCUSSION 

 

The original work of Abramov reaction involved the heating under microwave of an aldehyde or a ketone 

with trialkylphosphite at 70-1000C for several hours in sealed tube18. Under these stringent conditions dialky-

α-alkoxyalkylphosphonates could be isolated in various yields. To overcome these difficulties in attempting 

Abramov reaction silyl halide can be used along with the carbonyl compounds and the phosphorous reagent19. 

Removal of the residual silyl-ester linkages at the phosphonate Centre is accomplished with water or alcohol 

under mild conditions. Hence the Abramov reaction with such modification is referred as “Modified Abramov 

Reaction”. α-hydroxyphosphonates may serve as precursors for the synthesis of alpha aminophosphonates 

which are analogs of alpha amino acid20. Hence a search for new biological active compound has stimulated 

recent studies on the synthesis of α-substituted phosphonates. In continuation of our work on phosphorus 

chemistry, 21, herein several examples ofmodified Abramov reaction on 2-chloroquinolin-3-carbaldehydes 

(1a-j) are presented to afford α-hydroxyphosphonates (2a-j) compounds. 

The one pot two-component reaction between triethyl phosphite (2 mmol), and quinoline 3-carbaldehyde (2 

mmol), was chosen as a model reaction. All the reaction conditions were optimized using ZnS nano particles 

as a catalyst22. The reaction mixture was stirred at room temperature under solvent-free condition. It was 

observed that initially the reaction mixture was clear and after 10 min the solid product formation started. It 
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is noteworthy that, no significant product formation was observed under similar reaction conditions in the 

absence of catalyst even after 5 h (Table 1). 

 

Table 1. ZnS NPs facilitated synthesis of α-hydroxyphosphonates. 

 

Entry  R1 R2 R3 Time (min) Yield (%) MP (0C) 

2a H H H 10 95 128-1300C 

2b CH3 H H 15 98.8 145-1470C 

2c H CH3 H 20 92.6 141-1430C 

2d H H CH3 12 89.6 172-174 0C 

2e OCH3 H H 17 94.15 156-160 0C 

2f H OCH3 H 18 91.2 166-170 0C 

2g H H OCH3 16 95.2 149-1510C 

2h OCH2CH3 H H 18 92.9 168-1700C 

2i H H CH2CH3 18 83.2 149-1510C 

2j Cl H H 18 88.9 115-1190C 

 

 

III. EXPERIMENTAL SECTION 

 

General Procedures. 

2-Chloroquinoline-3-carbaldehydes were prepared in the laboratory by the reported method. (23) 

triethylphosphite were procured from Sigma Andrich. methanol and hexane, ZnS, were procured from Merk 

D. Fine-chem. All melting points were determined in open capillaries on Kumar’s melting point apparatus. 

The products were characterized by their spectral data. 1H NMR spectra were recorded on a Varian INOVA-

500 (500 MHz) spectrometer. Chemical shifts are reported in ppm from the solvent resonance as the internal 

standard (DMF-d7; 8.03 ppm) or tetramethylsilane (0.0 ppm) resonance as the internal standard (CDCl3).  

Data are reported as follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, br = 

broad) and coupling constants (Hz). Infrared spectra were recorded on a FT/IR-300E spectrometer. Mass 

spectra were recorded Micromass Quatrro-II using electrospray Ionization technique, showing (m+1) peak as 

a base peak. Analytical thin layer chromatography (TLC) was performed on Merck precoated TLC plates 

(silica gel 60 GF254, 0.25 mm). Other simple chemicals were purchased and used as such.   

General procedure. Diethyl (2 –chloro-quinolin-3-yl) (hydroxy) methylphosphonate. (2a) 

A mixture of 2-chloroquinoline-3-carbaldehyde (0.96 gm, 3 mmol) and triethylphosphite (1.68 gm,6 mmol) 

and TMSCl all the reaction conditions are optimized ZnS as catalyst. The reaction was added with constant 

stirring. Progress of reaction was monitored on TLC. Aftercompletion of reaction (15 min.), the mixture was 

concentrated on rotary-evaporator underreduced pressure, to obtain an oily residue. The oily residue was 

dissolved in methanol. This methanolic solution was concentrated, dissolved indi-chloromethane and 
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reprecipitated with hexane. Thus, obtained solid was filtered, washed withhexane and dried in oven at 400C. 

All of the α-hydroxyphosphonates is known compounds to which the spectroscopic data were compared. 

(2a). diethyl ((2-chloroquinolin-3-yl) (hydroxy)methyl) phosphonate- 

.IR (KBr), cm-1: 3245 (- OH); 1218 (- P=O); 104(-P-O-C). 1H NMR (CDCl3), δ ppm: 1.2 (t, 3H,O-CH2-CH3); 1.4 

(t, 3H, O-CH2-CH3); 2.1 (s, 1H, -CH-OH); 4.1 (m, 4H, O-CH2-CH3 and OCH2-CH3); 5.5 (d, 1H, -CH-P=O); 7.4 

(t, 1H, Ar-H, C6); 7.9 (t, 1H, Ar-H, C7); 7.7 (d,1H, Ar-H,C5); 8.1 (d, 1H, Ar-H, C8); 8.5 (s, 1H, Ar-H, C4). ES-MS: 

m/z 330 (m+1) base peak and 332(m+3). Elemental analysis: C14H17ClNO4P Calculated: C: 51.01 %, H: 5.19%, 

N: 4.25 %; Found: C: 51.03%, H: 5.389 %, N: 4.355%. 

(2b).diethyl ((2-chloro-6-methylquinolin-3-yl)(hydroxy)methyl) phosphonate- 

 IR (KBr), cm-1: 3278 (-OH); 1218 (-P=O); 1037 (-P-O-C). 1H NMR (CDCl3), δ ppm: 1.2 (t, 3H, O-CH2-CH3 ); 

1.3 (t, 3H , O-CH2-CH3 ); 2.4 (s, 1H, -CH-OH ); 2.5 (s, 3H , ArCH3 ); 4.1 (q, 2H , O-CH2-CH3 ); 4.2 (q, 2H , O-

CH2-CH3 ); 5.6 (d, 1H , CH-P=O ); 7.5 (s, 1H , Ar-H, C5 ); 7.6 (d, 1H , Ar-H, C7 ); 7.9 (d, 1H , Ar-H, C8 ); 8.5 (s, 

1H , Ar-H, C4 ). ES-MS: m/z 344 (m+1) base peak and 345.9 (m+3). Elemental analysis: C15H19ClNO4P Calca.: 

C: 52.41 %, H: 5.57 %, N: 4.07 %; Found: C: 52.50 %, H: 5.67 %, N: 4.17 %. 

(2c). diethyl ((2-chloro-7-methylquinolin-3-yl) (hydroxy)methyl) phosphonate – 

IR (KBr), cm-1: 3278 (-OH); 1218 (-P=O); 1037 (-P-O-C). 1H NMR (CDCl3), δ ppm: 1.2 (t, 3H, O-CH2-CH3 ); 

1.3 (t, 3H , O-CH2-CH3 ); 2.4 (s, 1H, -CH-OH ); 2.5 (s, 3H , ArCH3 ); 4.1 (q, 2H , O-CH2-CH3 ); 4.2 (q, 2H , O-

CH2-CH3 ); 5.6 (d, 1H , CH-P=O ); 7.5 (s, 1H , Ar-H, C5 ); 7.6 (d, 1H , Ar-H, C7); 7.9 (d, 1H , Ar-H, C8 ); 8.5 (s, 

1H , Ar-H, C4 ). ES-MS: m/z 344 (m+1) base peak and 345.9 (m+3). Elemental analysis: C15H19ClNO4P Calca.: 

C: 52.41 %, H: 5.57 %, N: 4.07 %; Found: C: 52.50 %, H: 5.67 %, N: 4.17 %. 

(2d).diethyl ((2-chloro-8-methylquinolin-3-yl)(hydroxy)methyl)phosphonate- 

 IR (KBr) cm-1: 3277 (-OH); 1222 (-P=O); 1037(-P-O-C).), δ ppm1H NMR(CDCl3: 1.1 (t, 3H, O-CH2-CH3); 1.3 

(t, 3H, O-CH2-CH3); 2.7 (s, 1H, -CH-OH); 3.9 (s, 3H, Ar-O-CH3); 4.2 (q, 2H, O-CH2-CH3); 4.3 (q, 2H, O-CH2-

CH3); 5.8 (d, 1H, CH-P=O); 7.0 (s, 1H, Ar-H, C5); 7.5 (d, 1H, Ar-H, C7); 8.1 (d, 1H, Ar-H, C8); 8.8 (s, 1H, Ar-H, 

C4). ES-MS: m/z 360(m+1) base peak and 362 (m+3). Elemental analysis: C15H19ClNO5P Calculated: C: 50.08 %, 

H: 5.32 %, N: 3.89 %; Found: C: 50.10%, H: 5.42 %, N: 3.99 %. 

(2e). diethyl ((2-chloro-6-methoxyquinolin-3-yl) (hydroxy)methyl) phosphonate- 

 IR (KBr) cm-1: 3265 (-OH); 1219 (-P=O); 1034 (-P-O-C). 1H NMR (CDCl3), δppm: 1.1(t, 3H, O-CH2-CH3); 

1.3 (t, 3H, O-CH2-CH3); 2.7 (s, 1H, -CH-OH); 4.0 (s, 3H, Ar-OCH3);4.3 (q, 2H, O-CH2-CH3); 4.4 (q, 2H, O-

CH2-CH3); 5.7 (d, 1H, CH-P=O); 7.2 (d, 1H, Ar-H,C6); 7.4 (s, 1H, Ar-H, C8), 7.8 (d, 1H, Ar-H, C5); 8.7 (s, 1H, 

Ar-H, C4). ES-MS: m/z 343.9 (m+1) 

base peak and 346 (m+3). Elemental analysis: C15H19ClNO5P Calculated.: C: 50.08 %, H: 5.32 %, N: 3.89 %; 

Found: C: 50.27%, H: 5.52 %, N: 4.21 %. 

(2f). diethyl ((2-chloro-7-methoxyquinolin-3-yl) (hydroxy)methyl) phosphonate- 

 IR (KBr) cm-1: 3258 (-OH); 1235 (-P=O); 1049 (-P-O-C). 1H NMR (CDCl3), δppm: 1.2 (t, 3H, O-CH2-CH3); 

1.4 (t, 3H, O-CH2-CH3); 1.3(t, 3H, Ar-O-CH2-CH3); 3.3 (bs, 1H,-CH-OH); 4.2 (q, 2H, O-CH2-CH3); 4.3 (q, 

2H, O-CH2-CH3); 4.3 (q, 2H,, O-CH2-CH3); 5.5 (d,1H, CH-P=O); 7.2 (s, 1H, Ar-H, C5); 7.4 (d, 1H, Ar-H, C7); 

7.7 (d, 1H, Ar-H, C8); 8.5 (s, 1H, Ar-H, C4). ES-MS: m/z 374 (m+1) base peak and 376 (m+3). Elemental 
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analysis: C16H21ClNO5P Calculated.: C: 51.41 %, H: 5.66 %, N: 3.75 %; Found: C: 51.581 %, H: 5.772 %, N: 

3.91 %. 

(2g). diethyl ((2-chloro-8-methoxyquinolin-3-yl) (hydroxy)methyl) phosphonate- 

 IR (KBr) cm-1: 3252 (-OH); 1223 (-P=O); 1041 (-P-O-C). 1H NMR (CDCl3), δppm: 1.2 (t, 3H, O-CH2-CH3); 

1.35 (m, 6H, O-CH2-CH3 and Ar-CH2-CH3); 2.3 (s, 1H, -CHOH);3.25 (q, 2H, Ar-CH2-CH3); 4.2 (m, 4H, O-

CH2-CH3 and O-CH2-CH3); 5.6 (d, 1H, CHP=O); 7.5 (t, 1H, Ar-H, C6); 7.6 (d, 1H, Ar-H, C7); 7.7 (d, 1H, Ar-

H, C5); 8.5 (s,1H, Ar-H, C4).ES-MS: m/z 359 (m+1) base peak and 361 (m+3). Elemental analysis: 

C15H19ClNO5P Calculated.: C:53.71 %, H: 5.92 %, N: 3.92 %; Found: C: 53.82 %, H: 5.99 %, N: 4.05 %. 

(2h). diethyl ((2-chloro-5-ethoxyquinolin-3-yl) (hydroxy)methyl) phosphonate.  

IR (KBr) cm-1: 3255 (-OH); 1234 (-P=O); 1049 (-P-O-C). 1H NMR (CDCl3), δ ppm: 1.2 (t, 3H, O-CH2-CH3); 

1.3 (t, 3H, O-CH2-CH3); 1.4 (t, 3H, Ar-O-CH2-CH3); 3.4 (bs, 1H, -CH-OH); 4.1 (q, 2H, O-CH2-CH3); 4.2 (q, 2H, 

O-CH2-CH3); 4.3 (q, 2H,, O-CH2-CH3); 5.6 (d, 1H, CH-P=O); 7.0 (s, 1H, Ar-H,C5); 7.4 (d, 1H, Ar-H, C7); 7.9 

(d, 1H, Ar-H, C8); 8.4 (s, 1H, ArH, C4). ES-MS: m/z 374 (m+1) base peak and 376 (m+3). Elemental analysis: 

C16H21ClNO5P Calcd.: C: 51.41 %, H: 5.66 %, N: 3.75 %; Found: C: 51.527 %, H: 5.793 %, N: 3.85 %. 

 

IV. CONCLUSION 

 

We have demonstrated a simple and efficient method for the one-pot synthesis of α-hydroxyphosphonates 

using nanoparticles as catalysts. This method does not require the use of acidic, highly toxic reagents as 

catalysts. Furthermore, the simplicity of operation, mild reaction conditions, fairly short reaction times, high 

yields, catalyst reusability and cost efficiency make this protocol an important complement to existing 

methods for α-hydroxyphosphonate synthesis. will be Further work is underway to extend the scope of 

nanoparticles to other organic transformations. In addition to short reaction times, a wide range of substrates, 

and the use of biodegradable solvents and catalysts, this process is characterized. 
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ABSTRACT 

Three-component efficient synthesis of pyranopyrazoles derivatives by reacting substituted aromatic 

aldehydes [1], (4-chloroaphenyl) acetonitrile [2] and 3-methyl-1-phenyl-pyrazol-5(4H)-one [3] using 

catalytic amount of PTSA, PEG-400 as a green solvent. The use of PEG as a reaction medium in organic 

reactions is one of the fantastic methods of green chemistry, as reactions can be performed under conditions 

that minimize environmental risk and chemical waste. PEG-400 is widely recognized as a low-cost, 

nonflammable, eco-friendly, recyclable, and abundantly accessible green solvent. Using the environmentally 

friendly properties of PEG-400 solvent. It is easy to get the catalyst and solvent back and use them again. It is 

easy, green, and quick to make pyranopyrazoles derivatives with this method. 

Keywords: PEG-400;Pyrano[2,3-c]pyrazole; PTSA(cat);multi-component reaction. 

 

I. INTRODUCTION 

 

The class of pyranopyrazole derivatives is fascinatingheterocyclic compounds with nitrogen and oxygen1. It is 

known that multicomponent reactions are selective, Effective, atomically-efficient, time-saving, and simple 

to useperform reaction2.The synthesis of heterocyclic compounds from relatively simple starting material in a 

convergent way is to use tandem C–C bond formations3,4. In the era of the development of multi-component 

reaction (MCR) protocols for the synthesis of heterocyclic compounds, this attracted considerable interest. In 

addition, MCRs adhere to the principles of green chemistry in terms of atom economy of steps as well as 

numerous stringent criteria for an ideal organic synthesis. The reactions are efficient at constructing highly 

functionalized small organic molecules from readily available starting materials in a single step, with inherent 

flexibility for creating molecular complexity and diversity, while minimizing time, labour, cost, and waste 

generation5,6, Compounds with a pyrazole scaffold have been shown to inhibit HIV-1 reverse transcriptase 

and IL-1 synthesis7, as well as possess antihyperglycemic, antibacterial, sedative-hypnotic, anti-inflammatory, 

antipyretic, and analgesic properties8. These results prompted the synthesis of a new series of bioactive, 

functionalized pyrazoles. Compared to conventional homogeneous catalysts, heterogeneous catalysts' simple 
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filtration-based recovery from the reaction mixture is advantageous. In addition, it is reusable after activation, 

making the process economically viable. The physical and chemical properties of naturally occurring clay 

include shape selectivity, an acidic, basic nature, and thermal stability. Several base-catalyzed organic 

transformations9.In present work, in order to establish a quick and efficient approach to this class of 

compounds we have investigated the catalytic amount of PTSA of is used in synthesis of pyranopyrazoles and 

its derivative via tandem three component one-pot reactions in PEG-400 as a green reaction solvent.  

 
Scheme: One pot synthesis of pyranopyrazoles derivatives 

 

Table I: Comparison of various solvents for synthesis of pyrano[2,3-c]pyrazoles. 

Sr. No. Solvent Time (min) Yield in % 

1 Methanol 120 30 

2 Ethanol 100 35 

3 Acetonitrile 100 40 

4 PEG-200 70 55 

5 PEG-300 50 70 

6 PEG-400 30 >85 

 

Table II: Catalytic activity of PTSA 

Sr.No Wt % of catalyst PTSA Condition Time Yield in % 

1 0 Reflux 1 hrs No reaction 

2 5 Stirring 2 hrs 30-40 

3 5 Reflux 2 hrs 60 

4 10 Stirring 20-30 min 85-90 
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Table III: Physical data of synthesized compounds. 

Entry R Time in Min. Yield in (%) MP(0C) 

1 4-OH 28 78 210 

2 4-Cl 30 88 190 

3 4-F 35 86 222 

4 3-Br 25 81 218 

5 4-NO2 32 82 232 

6 3-OH 35 73 212 

7 4-OMe 35 80 208 

8 2-Cl 28 77 198 

 

II. EXPERIMENTAL 

 

The melting points were determined in an uncorrected open capillary tube. All chemical solvents were 

purified. The gift of bleaching earth clay came from Supreme Silicones Pune. Using a precoated sheet of silica 

gel-G and iodine vapors as a detector, the completion of the reaction was monitored by thin layer 

chromatography. On a Shimantzu spectrometer, KBr was used to record IR spectra. 1H-NMR was recorded in 

DMSO-d6 using a 300-MHz Avance spectrometer and TMS as the internal standard. On an EI-Shimandzu 

QP2010PLUS GC-MS, mass spectra were collected. 

 

Spectra of selected compounds: 

Entry1.4-(6-amino-5-(4-chlorophenyl)-3-methyl-1-phenyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)phenol 

white powder, IR (KBr in cm-1):3420, 3336, 3150, 1630, 1538; 1H NMR (DMSO-d6): δ1.9 (s, 3H, CH3), δ4.30(s 

of –C-H proton of pyrano) δ5.18 (brs, 2H –NH2), δ6.9-7.89(m, 13H, Ar-H),MS,m/z: 429.12 (100.0%) 

Entry 2. 4,5-bis(4-chlorophenyl)-3-methyl-1-phenyl-1,4-dihydropyrano[2,3-c]pyrazol-6-amine: 

C25H19Cl2N3O: Yellow powder, IR (KBr)in cm-1: 3358, 3156, 3010, 1640, 1535; 1H NMR (DMSO-d6): δ 2.16 (s, 

3H, CH3), δ4.22(s of –C-H proton of pyrano) δ5.41 (brs, 2H –NH2), δ6.9-7.89(m, 13H, Ar-H),MS,m/z: 447.09 

(100.0%). 

Entry4.4-(3-Bromo-phenyl)-5-(4-chloro-phenyl)-3-methyl-1-phenyl,4-dihydro-pyrano[2,3-c]pyrazol-6-

ylamineC25H19BrClN3O: Light brown powder, IR (KBr)in cm-1: 3336, 3176, 3150, 1650, 1535; 1H NMR 

(DMSO-d6): δ 2.18(s, 3H, CH3), δ4.18(s of –C-H proton of pyrano) δ5.40 (brs, 2H –NH2), δ6.9-7.80(m, 13H, 

Ar-H),MS,m/z: m/z: 491.04 (100.0%) 

Entry7.5-(4-chlorophenyl)-4-(4-methoxyphenyl)-3-methyl-1-phenyl-1,4-dihydropyrano[2,3-c]pyrazol-6-

aminePale yellow powder, IR (KBr)in cm-1: 3358, 3150, 3176, 1650, 1520; 1H NMR (DMSO-d6): δ 2.19(s, 3H, 

CH3), δ4.20(s of –C-H proton of pyrano) δ5.42 (brs, 2H –NH2), δ6.9-7.80(m, 13H, Ar-H),MS,m/z: 443.14 

(100.0%) 
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III. RESULT AND DISCUSSION 

 

The development of multi-component reaction (MCR) protocols for heterocyclic Conclusions. Considering 

the importance of green chemistry, the reaction was performed solvent- and catalyst-free at room 

temperature and 80°C for 60 min. No desired product formed. Organic chemists' increasing interest in PEG-

400 as a solvent of choice10,11 use it as a green solvent in the present study. In subsequent optimization 

experiments, PEG-400 was used as a reaction solvent. The reaction went smoothly, and the solvent can be 

recycled. We studied the one-pot, three-component reaction protocol withPTSA(cat).  PEG-400 was the most 

effective, green, and environmentally friendly solvent we observed. 

To synthesize the desired product in quantitative yield, we added 5% ofPTSA(cat).  even after two hrs of 

reflux, the reaction wasn't complete. Adding 5% more catalyst to the same reaction mixture completed it in 

10 minutes. With 10% catalyst, the same reaction takes 20-30 minutes. 10 weight % of catalyst is needed to 

convert all three reactants into a product smoothly and quickly.  

 

IV. CONCLUSION 

 

At last, 10% PTSA and PEG-400 as a green solvent, we have developed a general and simple method for the 

synthesis of pyrano-pyrazoles derivatives. PEG-400 is a biodegradable and reusable solvent that helps protect 

the environment. Up to three cycles, the catalyst has been seen to perform well in throughout the reaction. 
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ABSTRACT 

The concept of privileged structure, which is defined as “a single molecular framework able to provide ligands 

for diverse receptors”,has emerged as a powerful approach to increase the chances of discovering lead 

compounds. The thienodiazepine scaffold is one of the classical examples of privileged structures, which has 

proved its effectiveness in a number of pharmaceutical drugs and still continues to attract much interest today 

in medicinal chemistry.The discovery of thienodiazepine as central nervous system depressants, many 

synthetic derivatives that display a wide range of therapeutic applications.This review outlines the biological 

importance and synthesis of various types of thienodiazepine derivatives from various heterocyclic moiety. 

 

I. INTRODUCTION 

 

Benzodiazepins play an important role in pharmacotherapy for anxiety and depressive psychosis. Most of 

them have a bicyclic core consisting of benzene and 1,4-diazepine (i.e., 1,4-benzodiazepin), but 2,3-

benzodiazepines including tofisopam are also used as anti-anxiety drugs. Furthermore, a bioisosteric 

replacement of benzene by thiophene created several anxiolytic thienodiazepines represented by 

etizolam(Garg, B et al. 2014). 

1,4-Thienodiazepine-2,5-diones have been synthesized via the Ugi-Deprotection-Cyclization (UDC) approach 

starting from 2-aminothiophenes in a convergent and versatile manner. 1,4-thienodiazepine-2,5-diones has 

been screened for the activity against p53-Mdm2 interaction. Biological evaluations demonstrated that some 

compounds exhibited promising antagonistic activity (Huang, Y.et al. 2010).Acid-promoted condensation of a 

hydrazonoester derived from phenylalanine afforded an azine which was converted to a pyrrole through 3 

steps: isomerization to dienamine, [3,3]-sigmatropic rearrangement, and cyclization. In this study, reaction 

behavior of the intermediate proved to be switched depending on the type of the aromatic ring. 

Hydrazonoesters derived from thienylalanines afforded various thienodiazepine derivatives under thermal 

acidic conditions. A more reactive thiophene ring is likely to undergo Friedel-Crafts reaction prior to 

isomerization to dienamine (Ohtake, K. et al. 2021). 4-aryl-thieno[1,4]diazepin-2-ones were synthesized and 

evaluated for their antiproliferative activities against the A375P melanoma and U937 hematopoietic cell lines 

(Lee, J.et al. 2018).A series of 5-substituted thieno[3,2-e][1,4]diazepin-2-ones was synthesized in four steps 

from methyl 3-aminothiophene-2-carboxylate. After the coupling of 3-aminothiophene with α-amino acids, 
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the key final step that involves an uncatalysedPictet–Spengler reaction allowed the cyclizationof the seven-

membered diazepinone ring (Denoyelle, S.et al. 2015). 

Thiophene isoster (namely thieno- [1,4]diazepine) scaffold has shown interesting properties over the past 

years.The drugs containing thienodiazepinemoiety and their biological activities are shown in Table 1. 

 

Table 1. Drugs containing thienodiazepine moiety 

 

Sr. 

No. 

Name of 

Compound 

Structure Uses Reference 

1 Etizolam 

 

Anxiolytic Garg, B et al. (2014) 

2 Olanzapine 

 

Bipolar disorder  and 

antipsychotic agent 

Pryor, K. et al. 

(2019),Clarke, Z. et 

al. (2007) 

3 clotiazepam 

 

Insomnia, anxiety 

and before 

anesthesia 

Kawakami Y, et al 

(2015) 

4 brotizolam 

 

hypnotic in the 

management 

ofinsomnia, 

anticonvulsant, 

antianxiety and 

muscle relaxant 

properties 

Langley, M. S.et al. 

(1988) 

5 Deschloroetizolam 

 

stimulates GABA-A 

receptors 

Sommerfeld-Klatta, 

K.et al. (2020) 

https://www.sciencedirect.com/topics/medicine-and-dentistry/olanzapine
https://www.sciencedirect.com/topics/medicine-and-dentistry/bipolar-disorder
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6 Bentazepam 

 

CNS depressant Otero, F. J.et al. 

(1994) 

 

II. CONCLUSION 

 

Thienodiazepine have a high significance in the field of medicinal chemistry with broad-spectrum of 

pharmacological activities. Thus,thienodiazepine can be useful for design and formation of novel drugs. 

Thienodiazepine may lead to potent type drugs with range of therapeutic applicationsas compared to 

presently available pharmacological agents. 
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Green And Efficient Synthesis of Bis (Indolyl) Methanes Using 
Zinc Triflate 
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ABSTRACT 

Zinc triflate has been successfully used as catalyst for efficient and green synthesis of pharmaceutically valued 

bis (indolyl) methanes by the reaction of aromatic aldehydes with indole in aqueous ethanol as a green 

solvent. Excellent yield of products within a short period of time at reflux temperature were obtained. 

Keywords: Aldehydes, Indole, Bis (indolyl) methane, Zinc triflatte 

 

I. INTRODUCTION 

 

The heterocycles containing indol motif owe their existence in various natural commodities like 

agrochemicals and pharmaceuticals [1-3]. Especially, the nitrogen containing 3,3'-bis(indolyl)methanes (BIMs) 

with two indole motifs united by a single carbon at 3- position are the well-known class of alkaloids [4] and 

isolated from plant and marine sources [5]. The various activities that they exhibit, includes cytotoxic, 

insecticidal, antibacterial, antioxidative and activities. Because of their vast biological activity various 

methods of their synthesis have been reported in the literature. Most of the methods involve the use 

ofconventional Lewis acids as well as protic acids as catalysts to promote electrophilic substitution reaction of 

indoles with various aldehydes or carbonyl compounds [6].   A variety of other catalysts such as sulphamic 

acid[7], In(OTf)3 [8], LiClO4 [9], bis(cyclopentadienyl) ZrCl2 [10], CuBr2 [11], ZrCl4 [12], Zn(HSO4)2 [13], 

polyindole salt [14], CAN [15], N-tert-butanesulfinyl aldimines [16], ion exchange resin [17], acetic acid [18], 

InCl3 [19], InF3 [20],  Dy(OTf)3 [21], Ln(OTf)3 [22], FeCl3:6H2O [23], V(HSO4)3 [24], SBA-15/SO3H [25], oxalic 

acid [26], CF3COONH4 [27] vanadomolybdo phosphoric acid [28] have been reported for the synthesis of 

bis(indolyl) methanes.  These reported synthetic methods are considered to be highly atom-efficient, but it 

has some major demerits like the use of toxic reagents and solvents, longer reaction time, tedious workup 

procedure, elevated reaction temperature, poor yield of products etc., are drawbacks that limit the scale-up of 

most of these procedures. 

Considering these various points, herein we put forward a simple synthetic protocol, for the synthesis of the 

bis (indolyl) methanes in excellent yield, utilizing zinc triflate as an efficient catalyst. Zinc trifluoro methane 

sulfonate (zinc triflate) is commercially available as zinc salt of trifluromethane sulfonic acid, which is 

commonly used as a Lewis acid catalyst. It is better catalyst amongst most of the lewis acid catalysts.  For 

different chemical transformations zinc triflate is successfully applied39,40, 41. 
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 So in this present report, we have developed a new synthetic protocol for the facile synthesis of bis (indolyl) 

methanes from the corresponding aromatic aldehydes and indoles via the electrophilic substitution of indoles 

with different aromatic aldehydes using zinc triflate, an eco-friendly catalyst at reflux temperature in (1:1) 

water: ethanol.  The method includes comfortable handling, easy separation of the products. 

 

II. RESULTS AND DISCUSSION 

 

The synthesis of bis (indolyl) methane derivatives in 1:1 aqueous ethanol by one pot reaction of indole with 

aromatic aldehyde catalyzed by zinc triflate is presented in this paper (Scheme 1). The reaction of indole (2 

mmol) and benzaldehyde (1 mmol) was selected as a model reaction in 1:1 aqueous ethanol in order to 

optimize the reaction conditions.  The model reaction was converted to 3a in higher yield using Zn(OTf)2 

catalyst (Table 1). 

Table1: Optimization of reaction between indole and aromatic aldehyde under reflux. 

Entry Solvent Time 

(min) 

Catalyst (mol%) Isolated         

yield (%) 

1 DMF 38 10 48 

2 THF 30 10 52 

3 MeOH 24 10 82 

4 EtOH 22 10 84 

5 EtOH:H2O (1:1) 10 10 90 

A set of reaction was examined in various solvents under reflux (Table 1).  Firstly, the reactions were 

conducted in five different solvents (entries 1-5, Table 1).  The best deal was obtained in EtOH:H2O (1:1) 

(entry 5, Table 1) using 10 mol% of the catalyst.  The reactions using other solvents gave moderate to low 

yield of product (entries 1-4, Table 1).  Different catalytic conditions were also applied in EtOH:H2O (1:1); 

high yield was found when 10 mol% of the catalyst is used (entry 5, Table 1).  Therefore, we confirmed the 

same reaction conditions for the synthesis of different bis (indolyl) methane derivatives.  The workup of 

reaction involves only filtration and washing with hot ethanol.  The catalyst was separated from the product 

by filtering it with hot ethanol. 

All reactions were conducted under reflux for 10-18 min in (1:1) aqueous ethanol in presence of 10 mol% of 

Zn(OTf)2 catalyst. The products were obtained in good yields.  Molecular structures of the products were 

characterized by 1H NMR and ESI-MS spectroscopic data (Table 2). 

 
Scheme1: Reagent and conditions: (i) 10mol% Zn(OTf)2, water:ethanol (1:1) 5 mL, reflux (0-800C)  for 08-18 

min. 
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Table2: One pot synthesis of bis (indolyl) methane derivatives in 1:1 aqueous ethanol by Zn(OTf)2a. 

Entry Indole  

X= H, CH3 

2 (a-i) Product  Time 

(min.) 

Yieldb 

(%) 

MP 0C 

1 H Benzaldehyde 3a 10 92 98-9927 

2 H 4-Chloro Benzaldehyde 3b 13 88 78-7927 

3 H 4-Nitro Benzaldehyde 3c 16 87 224-22527 

4 H 4-Hydroxy Benzaldehyde 3d 10 91 123-12527 

5 H 4-Bromo Benzaldehyde 3e 12 86 110-11227 

6 H 4-Dimethyl amino Benzaldehyde 3f 10 90 180-18127 

7 H Vaniline 3g 09 86 110-11227 

8 H 4-Anisaldehyde 3h 08 90 190-19127 

9 H Furfuraldehyde 3i 11 88 >30027 

10 CH3  Benzaldehyde 4a 11 87 246-24827 

11 CH3 4-Anisaldehyde 4b 10 90 210-21127 

12 CH3 4-Nitro Benzaldehyde 4c 18 91 240-24227 

aSubstituted Indol (2 mmol), aromatic aldehyde (1 mmol), H2O:EtOH (1:1) (5 mL), reflux. 
bisolated yield 

 

III. EXPERIMENTAL 

 

General details 

Chemicals were Sigma Aldrich, Alpha Aiser and Spectochem made and used as such without further 

purification.  1H NMR spectra was recorded on a Bruker (400 MHz) spectrophotometer using DMSO-d6 as 

deuterated solvent with tetramethylsilane (TMS) as the internal standard.  Reactions were monitored by TLC 

using Merk silica gel plates.  Products were characterized by 1H NMR and Mass spectra. 

General procedure for the synthesis of bis (indolyl) methane derivatives: 

A mixture of indole (2 mmol), aromatic aldehyde (1 mmol) were refluxed (70-800C) with stirring in the 

presence of Zn(OTf)2 (10 mol%) in solvent system in (1:1) aqueous ethanol on oil bath.  The progress of 

reaction was monitored by TLC.  After completion of reaction, the mixture was filtered.  The residue was 

washed with warm ethanol to separate the Zn(OTf)2 catalyst.  After cooling the ethanolic reaction phase, the 

precipitate was filtered.  The crude products were purified by recrystallization from 95% ethanol. 

Characterization Data:  
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3,3’-((4-Methoxy phenyl) methylene) bis(2-methyl-1H-indole) (Table 2, entry 4b) Brown solid, m.p. 210-

2110C , IR (KBr) cm-1 3392, 3043, 2960, 2998, 1610, 1514, 1460, 1342, 1216, 1035; 1HNMR (400 MHz CDCl3) 

δ ppm 2.1(s, 6H), 3.75 (s, 3H), 5.90 (s,1H), 6.85 (dd, 2H), 6.9 (dd,2H), 7.05 (m, 6H), 7.2(d, 2H), 7.75 (2H, br’s, 

NH); ESMS 409(M+); Elemental analysis Cal. C=82.07, H=6.36, N=7.36, found C= 81.9, H= 6.089, N=7.02. 

 
3,3’-((4-Nitro phenyl) methylene) bis(2-methyl-1H-indole) (Table 2, entry 4c) Yellow solid, m.p. 240-2420C, 

IR (KBr) cm-1 3388, 3058, 2911, 2848, 1620, 1596, 1518, 1460, 1426, 1388, 1340, 1221, 850; 1H NMR (400 MHz 

CDCl3) δ ppm 2.11(s, 6H), 6.6 (s, 1H), 6.85-6.95 ( m, 4H), 7.1 (d, 2H), 7.25 (d, 2H), 7.5(d, 2H), 7.8 (s, 2H), 8.1 

(s, 2H) ESMS 395 (M+); Elemental analysis Cal. C=75.93, H= 5.35, N= 10.63; found C=73.77, H=5.31, N=10.64. 

 

IV. CONCLUSION 

 

An efficient and simple method for the synthesis of spiro [indoline3,4’ pyrano [2,3-c] pyrazole] derivatives 

was developed via one pot three component reaction of isatins, malononitrile and enolisable 1,3 dicarbonyl 

compounds under reflux in 1:1 aqueous ethanol using Zn(OTf)2 as a heterogeneous catalyst.  This procedure 

offers several advantages like higher yields, quick reactions, convenient and simple procedure and ecofriendly 

reaction conditions. 
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ABSTRACT 

The new Schiff bases derived from 2-amino-4,6-dimethylpyrimidine with 2,4-dihydroxybenzaldehyde (L₁) 

and their complexes with Cu (II) has been prepared. These complexes were characterized by elemental 

analysis, 1H NMR, IR and electronic spectra, and with the aid of magnetic moment, molar conductivity and 

mass spectrometry. We further determined some of their size on the nanoscale. The results indicated that 

Schiff bases behaved as a bidentate NO chelator that coordinates to the metal ions by azomethine nitrogen, 

pyrimidine nitrogen and phenolic oxygen, demonstrating 1: 2 (metal to ligand) ratios. The measurements of 

conductivity revealed a nonelectrolytic nature of the complexes.The ligand and its complexes were screened 

for their antifungal and antibacterial activity against Aspergillus niger, Penicillium chrysogenum, Fusarium 

moneliforme and Aspergllus flavus and Escherichia coli, Salmonella typhi, Staphylococcus aureus, B. subtilis. 

The result indicated that the complexes exhibited good antifungal and antibacterial activities. 

Keywords: Heterocyclic Schiff bases, 2-amino-4,6-dimethypyrimidine, 2,4-dihydroxybenzaldehyde, 

Biological Activity. 

 

I. INTRODUCTION 

 

Pyrimidine constitutes major nucleotides of dioxyribonucleoic acid (DNA) and ribonucleoic acid 

(RNA).However, derivatives of pyrimidine are widely distributed in nature. e.g. thiamine (vitamin B2) and 

olloxan. Pyrimidine compounds are known to play vital roles in coordination chemistry as they easily form 

Schiff bases with carbonyl (aromatic and non-aromatic) compounds.Coordination chemistry is undoubtedly 

the most active research area in inorganic chemistry. Several thousands of coordination complexes have been 

synthesized and investigated during the past few decades. Ever since the importance of coordination 

phenomenon in biological processes was realized, lot of metal containing macromolecules have been 

synthesized and studied to understand the role of these ligands in biological systems, and they also contribute 

to the development of new metal-based chemotherapeutic agents. These have resulted in the emergence of an 

important branch of inorganic chemistry viz. bioinorganic chemistry because in several cases, the metal 

chelates have been found to be more antimicrobial than the chelating agents themselves. 
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Schiff base reaction was investigated by Hugo Schiff from last 155 years ago, and these compounds are still 

having attention from scientists and researchers due to their applications in different fields. Schiff base 

compounds are prepared from the reaction of a primary amine with the carbonyl group of aldehyde (RHC=O) 

or ketone (R2C=O), Figure 1. Schiff bases have a functional group carbonnitrogen double bond (=C=N=) called 

azomethine or imine, this imine group is very important for complex reaction and gives an important 

application in biological activity [1-4]. 

 
 

Fig. 1. Scheme of preparation of Schiff base compound 

 

The wide interest in pyrimidine-based compounds is mainly due to their applications in different areas such 

as pharmaceutical, agrochemical, and phytosanitary industries [5,6]. Pyrimidine is known to be a vital 

constituent of nucleic acids and employed as a synthetic Precursor of Bioactive molecules. There are a wide 

spectrum of pharmacological active compounds of pyrimidine, and its use in pharmaceuticals is becoming 

increasingly broad since the synthetic discovery of its substituted (amino, hydroxyl, fluoro, etc.) derivatives. 

Pyrimidine derivatives have been reported to exhibit various pharmacological activities such as analgesic, 

anti-epileptic, antiviral, anti-hypertensive minoxidil, antimycobacterial and potent phosphodiesterase 

inhibitors [7-10]. In addition, drugs with pyrimidinyl moiety are renowned chemotherapeutic agents and 

have been used in cancer and tumors treatment. For example, the small molecule multikinase inhibitors 

(sunitinib and sorafenib) are used for advanced renal-cell carcinoma treatment [11,12]. Also, 5-fluorouracil 

has been applied as an efficient tumor drug while a combination of 5-fluorouracil with bevacizumab has 

enhanced the treatment of metastatic colorectal cancer [13]. Furthermore, the pyrimidine derivative which is 

a potent and selective multi-targeted receptor tyrosine kinase inhibitor drug, pazopanib, (5-(4-[(2,3-dimethyl-

2H-indazoyl-6-yl)methylamino]-2-pyrimidinyl]amino-2-ethylbenzenesulfon amide) has successfully passed 

the pilot phase in clinical trials and the development for use in renal cell cancer treatment [14]. Reportedly, 

Tyrosine kinases (2HCK) actively participate in the transduction of growth factor signals by catalyzing the 

R C R

O

+ R NH2 R C R

OH

NHR

Aldehyde or Ketone Primary Amine

Carbinolamine

R C R

NR

+ H2O

Schiff Base Water Molecule
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phosphorylation of tyrosine residues in proteins. There are usually functional modifications of the proteins 

and mutations of this kinase can cause cancer [15]. Cryptogein (1LRI) is a small protein that has a sterol 

carrier activity as it acts as a sterol shuttle that helps the pathogen grow and complete its life cycle [16]. 

ATPase (2OBM) is a type III secretion system (T3SS) that is involved in the initial stages of selective secretion 

of specialized T3SS virulence effector proteins from the bacterial cytoplasm to the infected host cell, a process 

crucial to subsequent pathogenicity. In addition, zidovudine and pyrrolo-pyrimidine nucleoside derivatives 

are in use as anti-HIV and anti-hepatitis-c drugs [17]. The many therapeutic activities exhibited by 

pyrimidinyl containing drug/compounds could be attributed to their low toxicity and structural diversity [18]. 

Pyrimidine bioactive derivatives reportedly form stable Schiff bases which can be used as molecular metal ion 

chelators [19]. It has also been shown that the efficacy of pyrimidine bioactive molecules is enhanced in its 

coordination to metal ions [20-22]. Heteroleptic metal complexes of pyrimidinyl Schiff bases bearing hetero 

(N and O) atoms show high kinetic and thermodynamic stabilities, mixed chelation abilities in biological fluid 

systems and have the ability to prevent induced cellular oxidative stress damages [23].  

Heterocyclic Schiff base ligands containing O- or N-donors and their metal complexes have been shown to 

exhibit interesting properties [24] and those containing pyrimidine  rings represent a promising class of 

compounds due to their inherent biological and pharmaceutical properties [25]. Pyrimidine  based 

compounds exhibit a broad spectrum of biological activities [26]. Pyrimidine with its interesting heterocyclic 

structure has extensively been used in drug design due to its potential antimicrobial, antifungal, antiviral and 

antitumor properties. Many ligands containing the pyrimidine ring and their transition metal complexes have 

been synthesized and tested for biological and therapeutic properties where they sometimes act as models for 

the active sites of biomolecules [27]. The importance of 2-benzoylpyridine metal complexes, for example, is 

due to their ability to facilitate substrate binding thus stabilizing the reactive intermediates of transition 

metals [28]. Copper complexes have recently been the subject of intense research because of their potentials 

as radiopharmaceuticals for targeting hypoxic tissues and as effective drugs for the treatment of refractory 

neuroblastoma in children. Copper is an important trace element for plants and animals and is involved in 

mixed ligand complex formation in a number of biological processes [29]. Many cobalt(II) complexes of Schiff 

base ligands containing 2-benzoylpyridine behaved as a growth inhibitor for microorganisms. Binuclear 

copper(II) complexes with monoatomic bridges, such as halides, have attracted recent attention due to their 

structural diversity and interesting catalytic, magnetic and biological properties [30]. The crystalline 

architectures of these compounds are found to be interesting due to variations in the nature of intervening 

intermolecular forces. 

In the present work, we report a synthesis, characterization, antibacterial and antifungal studies of a Schiff 

base derived from 2-amino-4,6-dimethylpyrimidine and 2,4-dihydroxybenzaldehyde and its iron (III) 

complexes.Also, the structure of prepared ligands were checked by FT-IR, 1H- NMR, UV-Vis techniques and 

prepared complexes were characterized by FT-IR, UV-Vis, molar conductivity and magnetic susceptibility 

measurements. 
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II. EXPERIMENTAL SECTION 

 

2.1. Materials: 

Chemicals and reagents used in this work:  2-amino-4,6-dimethylpyrimidine, 2,4-dihydroxybenzaldehyde, 

Cu(NO3)2.2H2O, were obtained from Sigma-Aldrich Chemical Company.  

2.2. Instrumentation:  

IR spectra were recorded on FTIR (ATR)-BRUKER-TENSOR37 spectrometer using KBr pellets in the range of 

4000-400 cm-1. 1H- NMR (Varian mercury 300MHZ) spectra of ligand were measured in DMSO using TMS 

as internal standard. X-RD was recorded on BRUKER D8 Advance. TGA- DTA was recorded on Shimadzu. 

The carbon, hydrogen and nitrogen contents were determined on Elemental model vario SHIMADZU 

spectrometer. Molar conductance of complexeswas measured on Elico CM 180 conductivity meter using 10-4 

M solution in DMSO. Magnetic susceptibility  

measurements of the metal chelates were done on a Guoybalance at roomtemperature using Hg[Co(SCN)4] as 

a calibrant. 

 

2.3. Procedures: 

2.3.1. Synthesis of schiff base ligand (L1): 

The ligand was prepared by a modification of the reported methods [31]. The Schiff base ligand has been 

synthesized by refluxing a mixture of 0.01 mol (1.2015g) of 2,4-dihydroxybenzaldehyde, and 0.01 mol (1.2710 

g) of 2-amino-4,6-dimethylpyrimidine, in 50 ml super dry ethanol refluxed for about 4h. Schiff base thus 

formed was cooled to room temperature and collected by filtration, followed by recrystallization in ethanol 

and dried in vacuo over anhydrous calcium chloride (Yield:76%).   

2.3.2. Synthesis of metal complexes[M(L1)2]:  

To a hot ethanol solution (25ml) of the ligand (2 mol) and (25ml) of metal Nitrate (1mol) was added with 

constant stirring. The pH of reaction mixture was adjusted to 7-8 by adding 10% alcoholic ammonia solution 

and refluxed for about 3 h. The precipitated solid metal complex was filtered off in hot condition and washed 

with hot ethanol and dried over calcium chloride in vacuum desiccators. (Yield: 75%) [32]. 

 

III. RESULTS AND DISCUSSION 

 

Some of physical properties of Schiff bases ligands and their metal complexes are given in (Table 1). 

 

Table 1: Physical properties of Schiff base ligands (L1) and their metal complexes. 

Compound 

Molecular formula 

Mol.Wt. 

 

M.P. Decomp 

temp. 0C 

Colour Molar Conduc. 

Mho. Cm2mol-1 

L1 244 98 Yellow --- 

Cu-L1 587 >300 Dark Yellow 19.27 
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Table: 2. Elemental Analysis of  Fe(III) Complex 

Compound 

 

% Found (Calculated) 

C H N M 

L1 52.54 

(53.23) 

3.53 

(3.82) 

16.60 

(16.85) 

---- 

Cu-L1 44.45 

(44.32) 

3.38 

(3.30) 

14.17 

(14.16) 

9.91 

(9.87) 

 

3.1. 1H-NMR spectra of ligand:  

The 1H-NMR. Spectra of free ligand at room temperature show the following signals. 5.9 δ (s, 2H, Phenolic 

(OH) hydrogen of pyrimidine ring), 6.66 δ(s, 1H, Hydrogen bonded to pyrimidine ring ), 7.94 δ (s, 1H, 

hydrogen bonded to azomethine carbon), 7.69-7.28 δ (D,4H, Aromatic Ha, Hb, protons of phenyl ring). 

3.2. IR Spectra:  

The IR spectrum in Fig.2 & 3 of free ligands shows characteristic bands at 3325, 1638, 1487,1207 and 1089 

cm-1 assignable to υOH (intramolecular hydrogen bonded), υ C=N (azomethine), υ C=C(aromatic), υ C-N 

(aryl azomethine) and υ C-O (Enolic) stretching modes respectively [3324] The absence of a weak broad band 

in the 3200-3400 cm-1 region, in the spectra of the metal complexes suggests deprotonation of the 

intermolecular hydrogen bonded OH group on complexation and subsequent coordination of phenolic 

oxygen to the metal ion. This is further supported by downward shift in υ C-O (phenolic) [34] with respect to 

free ligand. On complexation, the υ (C=N) [35] band is shifted to lower wave number with respect to free 

ligand, denoting that the nitrogen of azomethine group is coordinated to the metal ion. The υ C-N band is 

shifted to lower wave number with respect to free ligand, The IR spectra of metal chelates showed new bands 

in between the 500-600 and 400-500 cm-1 regions which can be assigned to υ M-O and M-N [36] vibrations 

respectively The IR spectra of Fe(III) show a strong band in the 3050-3600 cm-1 region, suggesting the 

presence of coordinated water in these metal complexes. The presence of coordinated water is further 

confirmed by the appearance of non-ligand band in 830-840 cm-1 region, assignable to the rocking mode of 

water. The presence of coordinated water is also established and supported by TG/DTA analysis of these 

complexes. Hence it is concluded that the coordination takes place via phenolic oxygen and azomethine 

nitrogen of ligand molecule in below Table 3.  

 

Table: 3 Salient features of IR spectral data of ligands & Metal complex 

Bond 

vibrational  

modes 

O-H Free  

Stretchin

g( )  

C = N 

Azomethine

Stretching( ) 

C = C 

Aromatic ring  

stretching( ) 

C -- N Aryl  

azomethine 

stretch ( ) 

C -- O Enolic  

stretching ( )  

M--O M--N 

L1 3335 1648 1483 1205 1087 -- -- 

Cu-L1 1625.51 1433.20 1351.24 1190.22 1210.32 501.31 451.25 
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Fig. 2 Infrared Spectra of Ligand L 

 
Fig. 3 Infrared Spectra of Cu(II) Complex of Ligand L 

 

3.3. Molar conductance measurements: 

The conductivity measurements of the complexes were recorded for (10-3 M), the solution of the samples was 

in (DMso) at room temperature. The molar conductance values of the complexes showed in (Table 4). We 

concluded from the results that the  Ni(II) complexes of the ligand (L₁) have a molar conductivity values in 

the range (10.5 - 72.4 Ω-1 mol-1 cm2 ). Which indicates that complexes are non-ionic therefore, they are 

considered as non-electrolytes[37].  
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3.4. Magnetic susceptibility:  

The values of effective magnetic moment of metal complexes were summarized in (Table 1), which were 

measured at room temperature. The complexes [Fe(L1)] have (µeff) in the range (2.81-2.97 B.M) this value is 

within the range of octahedral geometry[38].  

3.5. Thermogravimetric analysis: 

Thermal decomposition studies of complex have been carried out as to corroborate the information obtained 

from the IR spectral studies to know the presence of water molecule in these complexes as well as to know 

their decomposition pattern. The simultaneous TGA/DTA analysis of Fe(III)  was studied from 

ambienttemperature to 10000C in nitrogen atmosphere using α-Al2O3 as reference. An analysis of the 

thermogram of thecomplexes indicated that Fe(III) complexes Fig. 4 shows two step decomposition. The first 

weight loss 6.66 0%, in between temp. 55-2300C could be correlated with the loss of two coordinated water 

(calculated 6.01 %). The anhydrous compound does not remain stable at higher temperature; it undergoes 

rapid decomposition in the range 230-650°C with 79.72 % mass loss corresponds to decomposition of the 

complex (calcd. 80.70%) in second step.  

The decomposition is completed leading to the formation of stable residue of metal oxide Fe2O3 obs. 13.12 % 

(calcd. 13.28 %). The kinetic and thermodynamic viz the energy of activation (Ea), frequency factor (Z), 

entropy change (-ΔS) and free energy change (ΔG) for the non-isothermal decomposition of complexes have 

been determined by employing Horowitz-Metzger method [39] values are given in Table 3. The Calculated 

values of the given activation energy of the complexes are relatively low, indicating the autocatalysis effect of 

metal ion on the thermal decomposition of the complex. The negative value of activation entropy indicates 

that the activated complexes were more ordered than the reaction was slow. The more ordered nature may be 

due to the polarization of bonds in the activated state, which might occur through charge transfer transitions 

[40]. 

 
Fig. 4 TGA-DTA Curve of Cu (II) Complex of Ligand L1 
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3.6. Electronic Spectra:  

The electronic spectra of Schiff base ligand (L1) show absorption bands at (42553cm-1 and 27027cm-1) which 

are attributed to (π→ π* ) and (n → π* ) transitions respectively,  the complex of Ni(II) shows band at 

(42553cm-1) which due to (π→π*) transition, the band at (23255cm-1) is due to charge transfer (C.T), the band 

at (14814cm-1) is due to the transition 3A2g → 3T2gthe complexes are octahedral geometry[41]. 

3.7. X – Ray Diffraction Studies of Metal Complexes: 

The Fe(III) complexes of ligand L1 was selected for X-ray powder diffraction studies (Fig.5). X-ray powder 

data of all the main peaks have been indexed independently by trial and error method. The unit cell data 

crystal lattice parameters and the data obtained after indexing the powder data is presented in Table 4 

The Fe(III) complex of ligand L1 showed fourteen reflections with maxima at 2θ = 9.77° corresponding to d 

value 4.54Å. The unit cell values of lattice constants are a = 6.8760 Å, b = 9.2456 Å, c = 24.234 Å, α = β = 90o 

γ= 120o and unit cell volume V = 1334.21763 (Å) 3. The Ni(II) complex of ligand L5 showed nine reflections 

with maxima at 2θ = 6.49° corresponding to d value 6.80Å. The unit cell values of lattice constants are a = 

8.765 Å, b = 11.234 Å, c = 15.345 Å, α = β =900 γ= 120o and unit cell volume V = 1308.53064 (Å) 3 

Table: 4Indexed X-ray Diffraction Data of Cu(II) Complex of Ligand L1 

Peak 

No. 

2 

(observed) 

2 

(calculated) 

d 

(observed) 

d 

(calculated) 

Miller indices 

of Planes 

Relative 

intensities (%) 

 h k l  

1 6.63185 6.6037 6.68052 6.69818 1 1 0 100 

2 8.05543 8.0484 5.5042 5.50176 0 1 2 2.75 

3 9.29527 9.28274 4.7744 4.77537 1 1 2 29.15 

4 10.38016 10.38215 4.27953 4.27439 2 1 0 38.77 

5 13.88418 13.88596 3.21252 3.20971 1 0 4 50.77 

6 16.09511 16.09389 2.78032 2.77873 2 0 4 3.59 

7 17.46374 17.46372 2.5683 2.56679 0 3 3 11.51 

8 18.85989 18.82103 2.38424 2.38769 2 2 4 5.55 

9 21.01088 20.99559 2.14944 2.14989 1 1 6 5.43 

10 25.76993 25.76125 1.77247 1.77234 0 4 5 1.58 

11 28.94887 28.94172 1.59197 1.59179 3 3 6 1.78 

12 31.47362 31.4613 1.47582 1.47589 1 3 8 2.15 

 

Unit cell data and crystal lattice parameter  

a (A0) = 9.59      Volume(V) = 1219.0558 (A0)3 

b (A0) = 9.34       Density(obs.) = 1.0884 gcm-3 

c (A0) = 13.61      Density(cal.) = 1.0774 gcm-3 

 = 90.00              Z = 1 

 = 90.00             Crystal system = Orthorhombic   

 = 90.00              Standard deviation (%) = 0.062Porosity = 1.02% 
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Fig. 5  X-ray Diffractogram of Cu(II) complex of L1 

 

IV. BIOLOGICAL ACTIVITY  

 

4.1. Antibacterial activity & Antifungal Activity:  

Antifungal activity and Antibacterial activity of ligand and metal complexes were tested in vitro against 

fungal such as Aspergillus niger, Penicillium chrysogenum, Fusarium moneliforme, Aspergillus flavus and 

bacteria such as E. Coli, B.Subtilis, Staphylococcus aureus and Bacillus subtlis by paper disc plate method [42] 

The compounds were tested at the concentrations 1% and 2% in DMSO and compared with known 

antibiotics viz Griseofulvin and Penicillin. (Table 5 and 6). From Table 5 and 6, it is clear that the inhibition 

by metal chelates is higher than that of a ligand and results are in good agreement with previous findings 

with respect to comparative activity of free ligand and its complexes [42] Such enhanced activity of metal 

chelates is due to the increased lipophilic nature of the metal ions in complexes. The increase in activity with 

concentration is due to the effect of metal ions on the normal cellprocess. The action of compounds may 

involve the formation of hydrogen bond with the active centre of cell constituents, resulting in interference 

with the normal cell process [43]. 

Table 5. Antifungal activity of ligands 

 

Test Compound Antifungal Growth 

Aspergillus 

 niger 

Penicilliumchrysogenum 

 

Fusarium  

moneliforme  

Aspergillus  

flavus  

1% 2% 1% 2% 1% 2% 1% 2% 

L1 -ve -ve -ve -ve -ve -ve -ve -ve 

Cu-L1 -ve -ve -ve -ve -ve -ve RG +ve 

+ve control  +ve +ve +ve +ve +ve +ve +ve +ve 

-ve control (Griseofulvin) -ve -ve -ve -ve -ve -ve -ve -ve 
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Ligand& Metal : +ve – Growth ( Antifungal Activity absent )  

-ve - Growth ( Antifungal Activity present )  

RG - Reduced Growth (More than 50% reduction in growth observed) 

 

Table 6. Antibacterial activity of ligands and their metal complexes 

 

Ligand & Metal: - ve - No Antibacterial Activity 

Zone of inhibition - --mm 

 
Fig. 6 Structure of Schiff Base Ligand L1 

 

 
Fig. 7. The proposed Structure of the Metal complexes. [When M= Cu(II)] 

N

N

CH3

CH3

N C
H

HO

OH

Test 

Compound 

Diameter of inhibition zone (mm) 

E.  

coli 

Salmonella  

typhi  

Staphylococcu  

saureus 

Bacillus  

subtlis 

1% 2% 1% 2% 1% 2% 1% 2% 

L 13mm 17mm -ve 14mm -ve 18mm 16mm 19mm 

Cu-L 12mm 14mm 13mm 15mm 18mm 21mm 11mm 14mm 

DMSO  -ve -ve -ve -ve -ve -ve -ve -ve 

Penicillin  14mm 14mm 18mm 18mm 31mm 31mm 19mm 19mm 
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V. CONCLUSION 

 

In the light of above discussion we have proposed octahedral geometry for Cu(II) complexes. On the basis of 

the physico-chemical and spectral data discussed above, one can assume that the ligand behave as dibasic, NO 

bidentate, coordinating via phenolic oxygen and imino nitrogen as illustrated in Fig.7. The complexes are 

biologically active and show enhanced antimicrobial activities compared to free ligand. Thermal study reveals 

thermal stability of complexes. The X-ray study suggests monoclinic crystal system for Cu(II) complexes.  

 

VI. ACKNOWLEDGEMENTS 

 

The authors are grateful thank to sophisticated analytical instrument facility (SAIF), sophisticated test and 

instrument center (STIC), Kochi for providing elemental analysis (CHN). We are also grateful thank to 

Department of Chemistry, Pune University Pune for providing IR, NMR spectroscopy and TGA-DTA 

facilities, Department of Physics, Pune University Pune for providing X-RD facilities and we are also grateful 

thank to Department of Microbiology N. S. B. College, Nanded for providing Antibacterial and Antifungal 

activities. 

 

VII. REFERENCES 

 

[1]. D.T.Sakhare, Copper Metal Complexes of a Pyrimidine Based Schiff Base Ligand Synthesis, 

Characterization and Biological Activity, Journal of Xidian University, 16(3), 191-201,2022, 

[2]. D.T.Sakhare, Synthesis, characterization of some transition metal complexes of bidentate Schiff base and 

their antifungal and antimicrobial studies,Advances in Applied Science Research, 6(6):10-16,2015. 

[3]. Ibrahim F. M.; Jassim A. H. and Muhyedeen B. R. J., “Synthesis and AB initio study of biologically 

important thioamide”. LAP LAMBERT Academic Publishing, 2018. 

[4]. Gavalyan V. B., “Synthesis and characterization of new chitosan-based Schiff base 

compounds”,Carbohydr. Polym., 145, 37–47, 2016. 

[5]. Theivendren P.S. James C.R., Dniandev P.V., Valzita S.K., A mini review of pyrimidine and fused 

pyrimidine marketed drugs, Research in Pharmacy, 2012, 2, 1-09. 

[6]. Sharma V., Chitranshi N., Agarwa A.K., Significance and biological importance of pyrimidine in the 

microbial world, Inter. J. Med. Chem., 2014, 1-31. 

[7]. Vega S., Alonso J., Diaz J. A., Junquera F., Synthesis of 3-substituted-4-phenyl-2-thioxo-1,2,3,4,5,6,7,8-

octahydrobenzo[4,5]thieno[2,3-á]pyrimidines. J. Hetero. Chem., 1990, 27, 269-273. 

[8]. Harshalata D., Dhongade H.J., Kavita C., Pharmacologicalpotentials of pyrimidine derivatives: A review, 

Asian J. Pharm. Clin. Res., 2015, 8, 171-177. 

[9]. Balzarini J., McGuigan C., Bicyclic pyrimidine nucleoside analogues (BCNAs) as highly selective and 

potent inhibitors of varicella-zoster virus replication, J. Antimicrob. Chemother., 2002, 50, 5-9. 

[10]. Rana K., Kaur B., Kumar B., Synthesis and antihypertensive activity of some dihydropyrimidines, Indian 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 160-173 
 

 

 

 

 

171 

J. Chem. B, 2004, 43, 1553–1557. 

[11]. Atkins M., Jones C.A., Kirkpatrick P. Sunitinib maleate. Nat. Rev.Drug Discov., 2006. 5, 279-280. 

[12]. Wilhelm S., Carter C., Lynch M., Lowinger T., Dumas J., Smith R.A., et al., Discovery and development 

of sorafenib: a multikinase inhibitor for treating cancer, Nat. Rev. Drug. Discov., 2006, 5, 835-844. 

[13]. Ramaling S., Belani C.P., Role of bevacizumab for the treatment of non-small-cell lung cancer. Future 

oncology, 2007, 3, 131-139. 

[14]. Harris P.A., Boloor A., Cheung M., Kumar R., Crosby R.M., Davis-Ward R.G., et al., Discovery of 5-[[4-

[(2,3-dimethyl-2Hindazol-6-yl)methylamino]-2-pyrimidinyl] amino]-2-methylbenzenesulfonamide 

(Pazopanib), a Novel and potent vascular endothelial growth factor receptor inhibito, J. Med. Chem., 

2008, 51, 4632-4640. 

[15]. Smietana M., Clayette P., Mialocq P., Vasseur J.-J., Joe O., A Synthesis of new N-isobutyryl-L-

cysteine/MEA conjugates: Evaluation of their free radical-scavenging activities and antiHIV properties in 

human macrophages, Bioorganic Chem., 2008, 36, 133–140. 

[16]. Lascombe M.B., Ponchet M., Venard P., Milat M.L., Blein J.P., Prange T., The 1.45 A resolution structure 

of the cryptogeincholesterol complex: a close-up view of a sterol carrier protein (SCP) active site, Acta 

Crystallogr. Sect. D, 2002. 58, 1442-1447. 

[17]. Kappe C.O., 100 years of the biginelli dihydropyrimidine synthesis, Tetrahedron, 1993, 49, 6937-6963. 

[18]. Espinet P., Esteruelas M.A., Oro L.A., Serrano J.L., Sola E., Transition metal liquid crystals: advanced 

materials within the reach of the coordination chemist, Coord. Chem. Reviews, 1992, 117, 215-274. 

[19]. antibacterial activities of some metal(II)complexes of 3-(-1-(2-pyrimidinylimino)methyl-2-napthol, 

Elixir Appl. Chem., 2013, 59, 15843-15847. 

[20]. D.T.Sakhare, Synthesis, characterization of some transition metal complexes of bidentate Schiff base and 

their antifungal and antimicrobial studies,Advances in Applied Science Research, 2015, 6(6):10-16. 

[21]. Sönmez M., Sogukomerogullari H. G., Öztemel F.,Berber İ., Synthesis and biological evaluation of a 

novel ONS tridentate Schiff base bearing pyrimidine ring and some metal complexes, Med. Chem. Res., 

2014, 23, 3451–3457. 

[22]. Gulcan M., Özdemir S., Dündar A., Ispir E., Kurtog ̆lu M., Mononuclear complexes based on pyrimidine 

ring azo Schiff-Base ligand: synthesis, characterization, antioxidant, antibacterial, and thermal 

investigations, Z. Anorg. Allg. Chem, 2014, 640, 1754-1762. 

[23]. Mildvan A.S., Cohn M., Kinetic and magnetic resonance studies of the pyruvate kinase reaction II 

complexes of enzyme, metal and substrates, J. Bio. Chem., 1966, 241, 1178-1193. 

[24]. Fromm, K.M. (2013) Silver Coordination Compounds with Antimicrobial Properties. Applied 

Organometallic Chemistry, 27, 683-687.https://doi.org/10.1002/aoc.3047 

[25]. Alwan, S.M. and Al-Kaabi, J.A-S. (2014) Synthesis and Preliminary Antimicrabial Activity of New Schiff 

Bases of Pyrido[1,2-a] Pyrimidine Derivatives with Certain Amino Acid. Medicinal Chemistry, 4, 635-

639.https://doi.org/10.4172/2161-0444.1000206 

[26]. Amr, E.A., Ashraf, M.M., Salwa, F.M., Nagla, A.A. and Hammam, A.G. (2006) Anticancer Activities of 

Some Newly Synthesized Pyridine, Pyrane, and PyrimidineDerivatives. Bioorganic and Medicinal 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 160-173 
 

 

 

 

 

172 

Chemistry, 14, 5481-5488. https://doi.org/10.1016/j.bmc.2006.04.045 

[27]. Srivastva, A.N., Singh, N.P. and Shriwastaw, C.K. (2016) In Vitro Antibacterial and Antifungal Activities 

of Binuclear Transition Metal Complexes of ONNO Schiff Base and 5-Methyl-2,6-pyrimidine-dione and 

Their Spectroscopic Validation. Arabian Journal of Chemistry, 9, 48-61. 

https://doi.org/10.1016/j.arabjc.2014.10.004 

[28]. Arun, T., Subramanian, R. and Raman, N. (2016) Novel Bio-Essential Metal Based Complexes Linked by 

Heterocyclic Ligand: Synthesis, Structural Elucidation, Biological Investigation and Docking Analysis. 

Journal of Photochemistry and Photobiology B, 154, 67-76. 

https://doi.org/10.1016/j.jphotobiol.2015.11.011 

[29]. Garagorri, D.B. and Kirchner, K. (2008) Modularly Designed Transition Metal PNP and PCP Pincer 

Complexes Based on Aminophosphines: Synthesis and Catalytic. Accounts of Chemical Research, 41, 

201. https://doi.org/10.1021/ar700129q 

[30]. Gruenwald, K.R., Kirillov, A.M., Haukka, M., Sanchiz, J. and Pombeiro, A.J.L. (2009) Mono-, Di- and 

Polynuclear Copper(II) Compounds Derived from N-butyldiethanolamine: Structural Features, 

Magnetism and Catalytic Activity for the Mild Peroxidative Oxidation of Cyclohexane. Dalton 

Transactions, 12, 2109-2120. https://doi.org/10.1039/b813160k 

[31]. D.T. Sakhare, Synthesis, characterization and in-vitro biological activities of Co (II) complexes of 2-(4-

Methaylbenzylideneamino) Pyrimidine-4, 6-Diol. Current Pharma Research., 9(4), 3335-3344, 2019. 

[32]. D.T. Sakhare, Synthesis, Spectral, Thermal And Antimicrobial Activities of Mn (II) And Fe (III) Schiff 

Base Metal Complexes. International Journal of Current Research In Chemistry And Pharmaceutical 

Sciences, 2(7), 1-8, 2015. 

[33]. A A Osowole1, R Kempe , R Schobert and S A Balogun , Candian journal of pure and applied sciences 

,2010; 4(2) 1169-1178. 

[34]. A A Osowole . and R O Yoade , Scientific Journal Of Applied Research . 2013; 4: 101-106  

[35]. D. T. Sakhare , Synthesis, characterization and antimicrobial activities of some Mn(II) and Fe(III) 

complexes of biologically active bidentate ligands, Journal of Chemical and Pharmaceutical Research, 

7(6), 198-204, 2015. 

[36]. M Usharani. E Akila, And R Rajavel. International Journal of Recent Scientific Research ,2013; 4( 9): 

1385- 1390. 

[37]. J.A. Dean, Lange’s Hand Book of Chemistry, 14th ed., Megraw-Hill, New York,1992, p. 35. 

[38]. Housecroft, C.E., Sharpe, A.G.: Inorganic Chemistry, 2nd edn.Pearson, England (2005). 

[39]. D.T. Sakhare, Synthesis, Characterization And Antimicrobial Studies of Some Transition Metal 

Complexes of Schiff Bases, International Journal of Current Research In Chemistry And Pharmaceutical 

Sciences, 2(6), 28–34, 2015. 

[40]. Avaji P G, Reddy B N and Patil S A, Trans. Met. Chem., 2006, 31, 842. 

[41]. Omar, M. M., Mohamed, G. G., & Ibrahim, A. A., Spectroscopic characterization of metal complexes of 

novel Schiff base. Synthesis, thermal and biological activity studies. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy, 73(2), 358-369,2009. 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 160-173 
 

 

 

 

 

173 

[42]. D. T. Sakhare, Syntheses, characterization of some transition metal complexes of bidentate schiff base 

and their antimicrobial activities, Der Chemica Sinica, 6(6):1-6, 2015. 

[43]. D.T. Sakhare, Synthesis, Characterization And Antimicrobial Studies On Schiff Base Derived From 2-

Amino 4,6- Dihydroxypyrimidine And Benzaldehyde And Its Cobalt Complexes , International Journal 

of Food and Nutritional Sciences, 11(1), 170-182, 2022. 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

  

RACPS-2022  

Online National Conference on Recent Advances in Chemical and Physical Sciences 

In Association with International Journal of Scientific Research in Science and Technology 

Volume 9 | Issue 17 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com) 

 

 

 

 

 

 

174 

Synthesis of β-amino Carbonyl Compounds by Michael 
Reaction 

Dr. Jaishri Somwanshi1, Dr. M.B Swami2 

1Department of Chemistry, Shri Madhavrao Patil Mahavidyalaya, Murum, dist. Osmanabad, Maharashtra, 

India 
2Department of Chemistry, B. S College, Basmath. Dist. Hingoli-431512, Maharashtra, India 

 

ABSTRACT 

Over the past several years tremendous progress has been achieved by employing new nitrogen nucleophiles 

and suitable acceptors as well as more efficient catalytic systems for this important transformation. In the 

following, we have taken a brief account of aza-Michael addition reaction1 with special emphasis on the 

development of the new catalysts. Catalysts for aza-Michael addition reaction 

The role of aza Michael reaction in the synthesis of pharmacologically important family of β- amino carbonyl 

compounds and its derivatives is well documented in the literature.4 

The Aza Michael reaction is widely recognized as one of the most important carbon- nitrogen bond forming 

reactions in organic synthesis 6. In general, this transformation is a heteroatom (Nitrogen) nucleophilic 

(donor addition to a β-carbon of electro poor alkenes accepter) giving a stabilized carbanion intermediate, 

which after protonation with another electrophile furnishes the final addition product. The obtained β-amino 

ketones owing to their wide range of biological activities6 and pharmacological properties7. Carbonyl 

compounds (aza- Michael addition) is one of the simplest and most effective methods for preparing β- amino 

carbonyl compound.  In recent years a number of catalysts such as Sml2 CuO7f2, Bi (NO3), Bi (OTF)2, 

LiClO4, FeCl3-6H2O. TMSCI, boric acid and clay have been developed for this reaction. 

Material and Methods: To a mixture of α,β-unsaturated compound (2 mmol) and amine (2 mmol) in CH2Cl2 

(10 mL) was added AgOTf (0.2 mol%) at room temprature. The resulting mixture was stirred at the same 

temperature for a specified period. The progress of the reaction was monitored by TLC. After completion of 

the reaction as indicated by TLC, the mixture was diluted with CH2Cl2 (20 mL) and washed with H2O and 

brine, and the organic layer was dried (anhyd Na2SO4) and concentrated under reduced pressure. Thus 

obtained crude products were purified by column chromatography (silica gel, 60–120 mesh, EtOAc–hexane, 

2:8). 

Result:  

Most effective methods for preparing β- amino carbonyl compound.  In recent years a number of catalysts 

such as Sml2 CuO7f2, Bi (NO3), Bi (OTF)2, LiClO4, FeCl3-6H2O. TMSCI, boric acid and clay have been 

developed for this reaction.β-amino carbonyl compounds are useful building blocks for the molecules with 

applications in pharmaceuticals and fine chemicals9-14. They are versatile intermediates for the synthesis of 

biologically important natural products and antibiotics 
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β- amino carbonyl ingredients, which have attracted great attention for their use as key intermediates of 

anticancer agents, antibiotics and other drugs15 β-amino carbonyl compounds used as essential intermediates 

in the synthesis of β- amino acid and β- lactam antibiotic17. 

Conclusion 

In conclusion, the present procedure provides an efficient methodology for the synthesis of β-amino carbonyl 

compounds via aza- Michael reaction. The notable advantages offered by this method are simple operation, 

mild (room temperature) and environment friendly reaction conditions, much faster (20-50min) reaction, 

high yields of products and cost effectiveness.  

Most significantly, this demonstrates the potential of water as an efficient promoter and provides much 

promise for the use of water in other chemical transformations.     

Key words: Synthesis of β- amino carbonyl compound,  catalysts such as Sml2 CuO7f2, Bi (NO3), Bi (OTF)2, 

LiClO4, FeCl3-6H2O. TMSCI, boric acid and clay. The obtained β-amino ketones owing to their wide range 

of biological activities7 and pharmacological properties7. 

 

I. INTRODUCTION 

 

Precision Organic chemistry is an innovative science and the glory organic chemistry continues to improve 

after each discovery. One of such path breaking discovery was Michael reaction1. Which involved a base 

promoted addition of various active methylene compounds to electron deficient alkenes. The Aza Michael 

reaction is widely recognized as one of the most important carbon- nitrogen bond forming reactions in 

organic synthesis 5 . The synthesis of β-amino carbonyl compounds has become a field of increasing interest 

in organic synthesis during the past few decades.9 Carbonyl compounds (aza- Michael addition) is one of the 

simplest and most effective methods for preparing β- amino carbonyl compound.  In recent years a number of 

catalysts such as Sml2 CuO7f2, Bi (NO3), Bi (OTF)2, LiClO4, FeCl3-6H2O. TMSCI, boric acid and clay have 

been developed for this reaction. However, most of these catalytic systems are restricted to only aliphatic 

amines since aromatic amines are poor nucleophiles. Authors have established general protocol using 

Ytterbium triflate as a catalyst which is relatively expensive compared to other lanthanide triplets. The 

method was further extended to yield optically active B-lactum. 
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Synthesis of β-amino carbonyl compounds via aza- Michael reaction 

 

A) Procedure 

To a mixture of α-β-unsaturated compound (2 mmol) and amine (2 mmol) in CH2Cl2 (10 ml) was added 

AgOTf (0.2 mol %) at room temperature. The resulting mixture was stirred at the same temperature for a 

specified period. The progress of the reaction was monitored by TLC. After completion of the reaction as 

indicated by TLC, the mixture was diluted with CH2Cl2 (20 mL) and washed with H2O and brine, and the 

organic layer was dried (anhyd Na2SO4) and concentrated under reduced pressure. Thus obtained crude 

products were purified by column chromatography (silica gel, 60–120 mesh, EtOAc–hexane, 2:8). 

 

B) Reaction 

 
 

II. RESULT AND DISCUSSION 

 

Melting points were recorded on Buch R-533 apparatus and uncorrected.IR spectra were recorded on a 

Perkin-Elmer FT-IR 240-c spectrophotometer using KBr optics. 1H NMR and 13C spectra were recorded 

onGemini-200 MHz, Bruker Avance 300M Hz and Unity-400M Hz spectrometer in CDCL3 using TMS as 

internal standard. Mass spectra were recorded on a Finnigan MAT 1020 mass spectrometer operating at 

70eV.Column chromatography was performed using E. Merck 60-120, mesh silica gel. All the solvent were 

distilled, dried and stored under nitrogen prior to use.  

Entry Nucleophile Olefin Product 
Reaction 

Time (h) 

Yield 

(%) 

3a Ph NH2  OEt

O

 
Ph N

H
OEt

O

 

2.2 95 

3b 
Ph

NH2

 OEt

O

  

2.8 93 

3c O NH

 
OEt

O

 

N OEtO

O

 

3.0 90 
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3d 
N
H  

OEt

O

 

N OEtN

O

Bn

 

3.2 92 

3e 
N
H

 
OEt

O

 

N

O

OEt  

1.8 95 

3f 

Ph NH2

CH3

 
OEt

O

 
Ph

CH3

N
H

OEt

O

 

2.5 88 

3g N NHPh

 
OEt

O

 
N

O

OEt

 

1.8 90 

 

Spectral Data: 

Ethyl-3-(N-benzylamino)-propionate (3a): 

Ph N
H

OEt

O

 
 

Sr. No.   

1 State  

2 M.P.  

3 IR 
V 3253, 3042, 2967, 2834, 1728, 1614, 1590, 1505, 1473, 1356, 1285, 

1130, 1057, 1017, 983, 869, 820, 793, 738         Cm–1  

4 1H NMR (CDCl3) 
 1.23 (t, 3H, J = 7.0 Hz), 2.15 (brs, 1H), 2.50 (t, 2H, J = 6.2 Hz), 2.85 (t, 

2H, J = 6.2 Hz), 3.70 (s, 2H), 4.15 (q, 2H, J = 7.0 Hz), 7.22 – 7.40 (m, 5H) 

5 EIMS (m / z) % 2.7 (m + 25), 178, (18), 134 (100), 106 (31), 77 (56), 52 (15) 

 

Ethyl-3-(phenethylamino) butanoate (3b): 

Ph N
H

OEt

O  
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Sr. No.   

1 State Colorless liquid 

2 M.P.  

3 IR 
V 3430, 3027, 2930, 2852, 1730, 1601, 1457, 1375, 1253, 1171, 1121, 

1030, 748, 699, 638, 580 Cm–1  

4 
1H NMR (200 MHz, 

CDCl3) 

 1.23 (t, 3H, J = 6.5 Hz), 2.15 (s, 1H), 2.47 (t, 2H, J = 0 Hz), 2.75 – 

2.95 (m, 6H), 4.10 (q, 4H, J = 0 Hz), 7.12 – 7.30 (m, 5H) 

5 EIMS (m / z) % 
221 (95), 220 (10), 209 (20), 208 (100), 205 (10), 160 (12), 140 (10), 

102 (10), 88 (10), 73 (13) 

 

Ethyl-3-(Morpholin-4-yl) propanoate (3c):  

N OEtO

O

 

 

Sr. No.   

1 State Colourless liquid 

2 M.P.  

3 IR 
V 2841, 1722, 1615, 1592, 1506, 1463, 1410, 1376, 1230, 1108, 

1036, 1005, 981, 912, 871, 824, 766, 742, 691 Cm–1  

4 
1H NMR (200 MHz, 

CDCl3) 

 1.30 (t, J = 7.0 Hz, 3H), 2.45 – 2.52 (m, 6H), 2.68 (t, J = 6.8 

Hz, 2H), 3.70 (t, J = 4.5 Hz, 4H), 4.20 (q, J = 7.0 Hz, 2H) 

5 EIMS (m / z) % 187 (18), 158 (22), 114 (100), 86 (15), 58 (30) 

 

Ethyl- 3-(4-benzylpiperazin-1-yl) propanoate (3d) 

N OEtN

O

Bn

 

Sr. No.   

1 State Light red colored liquid 

2 M.P.  

3 IR 
V 3432, 2928, 1727, 1630, 1518, 1458, 1343, 1216, 1163, 

1108, 1024, 961, 845, 761, 732 Cm–1  

4 
1H NMR (200 MHz, 

CDCl3) 

 1.30 (t, 3H, J = 7.5 Hz), 1.78 – 1.88 (m, 4H), 2.48 – 2.60 (m, 

6H), 2.82 (t, 2H, J = 7.5 Hz), 4.15 (q, 2H, J = 7.5 Hz) 

5 EIMS (m / z) % 171 (M+ 20), 142 (25), 98 (100), 70 (15), 46 (10) 
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Ethyl 3-(diethyl-amino) propanoate (3e): 

N

O

OEt 
Sr. No.   

1 State  

2 M.P.  

3 IR 
V 2843, 1722, 1612, 1588, 1506, 1456, 1410, 1366, 1222, 1108, 1036, 

1005, 978, 912, 860, 824, 766, 742, 691 Cm–1  

4 1H NMR (CDCl3) 
 1.02 (t, 6H, J = 7.0 Hz), 1.26 (t, 3H, J = 7.0 Hz), 2.38 (t, 2H, J = 7.0 Hz), 

2.50 (q, 4H, J = 7.0 Hz), 2.75 (t, 2H, J = 7.0 Hz), 4.12 (q, 2H, J = 7.0 Hz) 

5 EIMS (m / z) %  

 

Ethyl- 3-(1-phenylethylamino) propanoate (3f): 

Ph

CH3

N
H

OEt

O

 
  

Sr. No.   

1 State Liquid 

2 M.P.  

3 IR 
V 3446, 3062, 3027, 2973, 2929, 2863, 1731, 1451, 1373, 1256, 1182, 

1121, 1029, 953, 861, 760 cm–1  

4 
1H NMR (200 MHz, 

CDCl3) 

 1.25 (t, 3H, J = 6.5 Hz), 1.32 (d, 3H, J = 6.0 Hz), 1.85 (brs, 1H), 2.42 (t, 

2H, J = 6.0 Hz), 2.60 – 2.80 (m, 2H), 3.75 (q, 1H, J = 6.5 Hz), 4.12 (q, 2H, J 

= 6.5 Hz), 7.15 – 7.30 (m, 5H) 

5 EIMS (m / z) % 
221 (M+ 10), 207 (80), 179 (10), 161 (12), 135 (20), 119 (55), 106 (100), 92 

(25), 78 (32), 51 (40), 43 (35) 

 

Ethyl- 3-(pyrrolidin-1-yl) propanoate: (3g): 

N

O

OEt

 

Sr. No.   

1 State  

2 M.P.  

3 IR 
V 3444, 2975, 2821, 1930, 1732, 1618, 1599, 1500, 1455, 1380, 

1231, 1056, 1015, 927, 864, 760, 694 cm–1  
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4 
1H NMR (200 MHz, 

CDCl3) 

 1.26 (t, 3H, J = 7.0 Hz), 2.45 – 2.55 (m, 8H), 2.68 (t, 2H, J = 7.5 

Hz), 3.48 (s, 2H), 4.12 (q, 2H, J = 7.0 Hz), 7.18 – 7.30 (m, 5H) 

5 EIMS (m / z) % 
262 (M+ 40), 233 (21), 189 (100), 161 (15), 119 (26), 91 (10), 84 (36), 

77 (85), 65 (14), 52 (12), 42 (20) 

 

 

All the above synthesized β-amino carbonyl compounds are useful building blocks for the molecules with 

applications in pharmaceuticals and fine chemicals9-14. They are versatile intermediates for the synthesis of 

biologically important natural products and antibiotics and chiral auxiliaries and other nitrogen containing 

molecules. 

They are also useful precursors for the generation of β- amino alcohols, which are common reagents in the 

preparation of fine chemicals7 pharmaceuticals16. 

 

III. CONCLUSION 

 

In conclusion, the present procedure provides an efficient methodology for the synthesis of β-amino carbonyl 

compounds via aza- Michael reaction. The notable advantages offered by this method are simple operation, 

mild (room temperature) and environment friendly reaction conditions, much faster (20-50min) reaction, 

high yields of products and cost effectiveness 
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ABSTRACT 

Benzimidazolesare well known heterocyclic moiety in the field of pharmacological and organic synthesis. We 

have designed the efficient protocol for 2-phenyl benzimidazolesynthesis. A simple, highly efficient and 

environmental being procedure for the condensation of o-phenylenediamine with aromatic aldehydes in the 

existence of catalytic amount of SiO2-PPA have been designed. Prepared SiO2-PPA catalyst has remarkably 

efficient up to fifth cycles, reported excellent to good yield of target molecule. The mild reaction conditions, 

the high yield of the products and recyclability of catalyst are the attractions of reported methodology. Such 

advantages make it ecofriendly and proficient route for synthesis of benzimidazoles under prescribed reaction 

conditions. 

Keywords: Diamine, Benzimidazoles, SiO2-PPA catalyst, Room Temperature, Recyclability etc. 

 

Graphical Abstract 

 
 

I. INTRODUCTION 

 

Recently, (SiO2- PPA) has been used as an efficient heterogeneous catalyst for many organic transformations. 

PPA/SiO2 has some advantages including its low cost, ease of preparation, and ease of handling [1]. In 

addition, the catalyst can be easily separated from the reaction mixtures by simple filtration and is reusable. 
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Previously [2], the conversion of carbonyl compounds into oxathioacetals or dithioacetals using PPA/SiO2 and 

a convenient method for the synthesis of isoxazole derivatives using PPA/SiO2 as a reusable catalyst have 

been reported [3]. In the last several years the development of non-toxic, low cost, eco-friendly, recyclable 

catalyst systems which give high productivity under mild reaction conditions has received much attention in 

organic synthesis [4]. Solid supported catalysts [5,6] have gained much prominence due to their inherent 

economic and environmental benefits, ease of handling, easy catalyst separation and regeneration, thermal 

stability and long catalytic life [7]. Since the activity and selectivity of a reagent dispersed on the surface of 

the support is improved, as the effective surface area of reagent can be increased manifold, they are expected 

to perform better than the individual reagents [8]. Low toxicity, moisture, air tolerance and low price are 

other common features that make the use of solid supported reagents attractive alternative to the 

conventional catalysts. 

As we know, N-heterocyclic compounds are the most abundant and integral scaffolds that occur ubiquitously 

in a large number of bioactive natural products, drug intermediates, pharmaceuticals, and agrochemicals. 

Benzimidazoles are a privileged class of compounds among the N-heterocycles with a diverse spectrum of 

biological activities and therapeutic potentialities including anti-ulcers, anti-hypertensives, anti-virals, anti-

fungals, anti-cancers, anti-histaminics also it exhibits medicinal properties such as serotoninergic 5-HT3 and 

5-HT4 receptors in the CNS [9, 10]. In addition, the unique benzimidazole moiety is “Master key” in anti-

inflammatory, anti-analgesic, antioxidant, anti-diabetic, selective neuro peptide YY1 receptor antagonists, 

anti-malarial, anti-tubercular, etc., drugs [11-15]. Moreover, benzimidazoles are very important intermediates 

in dyes and polymer synthesis and widespread applications in fluorescence, chemo sensing, crystal 

engineering, and corrosion science [16]. Furthermore, with their biological consequence, benzimidazoles 

form unvarying complexes with diverse metals in transition group [17]. Metal chelations of 2-substituted 

imidazole and benzimidazole based structures with various ligands have been published with mono, bi and tri 

dentate co-ordination structures [18]. Some of the commercially important benzimidazole product structures, 

which are industrially very important, are illustrated in Fig.1. 

 
Fig. 1. Examples of important commercial drugs containing benzimidazole structural moiety. 
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Recently, benzimidazole derivatives have also been prepared from the oxidative condensation of 1,2-

arylenediamines with aldehydes using different oxidative and catalytic reagents such as sulphur, Sc(OTf)3 or 

Yb(OTf)3[19], Silica-Sulphuric acid [20-21], NH4Br [22], Lewis acids like pyridinium-p-toluene sulfonate, 

ionic liquids [23] like polyaniline-sulfate and zeolite. SiO2/ZnCl2 [24], nitrobenzene (high boiling 

oxidant/solvent) [25], silphox [POCl3_n(SiO2) n] [26], Fe3O4@SiO2@(NH4)6–Mo7O24 magnetic core-shell nano 

composite, boron tri-fluoride etherate (BF3.OEt2), Cu-nano particles/SiO2, LiBr, GO-HSO4 [27-30], PPA 

[31],fluorinated phosphoric Acid [32], methane sulfonic acid [33]these catalysts were utilized in the same 

procedure. 

However, many of these protocols have not been entirely satisfactory because of some drawbacks such as low 

yields, long reaction time, strong acidic conditions, tedious workup procedures, requirement of excess 

amounts of catalyst and use of toxic reagents, catalysts or solvent, cumbersome experimental processes, and 

use of moisture-sensitive and costly catalysts. The development of simple, efficient, high yield green synthetic 

approach for the synthesis of biological active compounds is one of the major challenges in organic synthesis. 

Therefore, it is necessary to find a new catalyst or path for this important synthesis reaction. In addition, to 

overcome from all these disadvantages here we report a practical, inexpensive and green method for the 

synthesis of benzimidazole derivatives with reusable catalyst.  

Herein, we present an efficient, simple, and economical cheap method for the preparation of benzimidazole 

derivatives catalyzed by Heterogeneous SiO2@PPA catalyst. Present method obtained selective, efficient, and 

high yield of respective product in short reaction period. Furthermore, we have also studied the influence of 

concentration of catalyst, effect of solvent as well as temperature on benzimidazole yield. Various substituted 

benzimidazole derivatives were prepared by using o-phenylenediamine and various substituted aldehydes in 

the presence of SiO2@PPA in ethanol at room temperature. We found that, the present protocol has easy and 

simple workup procedure with the separation of products and catalyst from reaction mixture, which shows 

one of the efficient alternative protocol for the benzimidazole derivative preparation.  

 

II. EXPERIMENTAL  

 

2.1 General 

All the chemicals used for synthesis were of LR (laboratory reagent) grade. Silica used for catalyst synthesis is 

of 70– 230 mesh size. TLC (thin layer chromatography) was performed on microscopic glass slides coated 

with silica gel-G using, petroleum ether:ethyl acetate (8:2) as a solvent system and the spot were visualized by 

exposure to iodine vapours.  The XRD pattern acquired on a multi -purpose x-ray diffractometer at a scan rate 

of 0.17-2qs-1. All the melting points of prepared compounds were determined in open capillary tubes and are 

uncorrected. The FT-IR spectra were recorded on a Perkin-Elmer spectrophotometer using KBr pellets. 
1HMR spectra were recorded on Varian Gemini (200 MHz) spectrometer using DMSO-d6 as solvent and TMS 

as internal standard.13C-NMR spectra were recorded on 50 MHz in DMSO-d6 solvent, in δ ppm. All chemical 

shifts values are reported in δ scale downfield from TMS. Homogeneity of the compound was checked by 

TLC on silica gel plates. 
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2.2 General procedure for the synthesis of PPA/SiO2catalyst 

PPA (4.0 gm) was charged in the round-bottom flask, and CHCl3 (100 mL) was added. After the mixture was 

stirred at 50 °C for 1 h, followed by SiO2 (16.0 gm, 70– 230 mesh) was added to the solution, and the mixture 

was stirred for another 1 h. CHCl3 was removed by evaporation, and the resulting solid was dried in vacuum 

at room temperature for 3 h. Used PPA/SiO2 was regenerated as follows: PPA/SiO2 was recovered by filtration 

from the reaction mixture, and then it was put in the 50 mL round-bottom flask and dried in vacuum at 

100 °C for 2 hr. 

 
Scheme 1: Preparation of SiO2 supported PPA catalyst. 

 

2.3 General procedure for the synthesis of benzimidazole derivatives 

To a mixture of o-phenylenediamine (0.01 mol.) and aromatic aldehydes (0.01 mol.), ethanol (10 mL) were 

added in 50 mL round bottom flask. To this solution, added a known amount of catalyst SiO2@PPA(0.5 gm). 

Resulting reaction mixture was stirred at room temperature.The progress of reaction was traced by TLC. After 

completion of the reaction vessels poor in 50 mL H2O and extracted with ethyl acetate (10 mL X 3), catalyst 

was filter out and separated from the above solution. The collected organic layer was concentrated and the 

crude product was obtained and it was purified by recrystallization.purebenzimidazole products and further 

characterized by 1H and 13C NMR spectroscopy. 

 
Scheme 2: Synthesis of benzimidazole derivatives using SiO2@PPA catalyst. 

 

2.4 Spectral study of specified synthesized products 3 (a-j) 

2.4.1 2-Phenyl- 1H-benzimidazole (3a):1 H-NMR spectrum (200MHz, DMSO-d6, in δ ppm): 12.86 (s, 1H, 

NH), 8.12 (m, 2H), 7.50-7.62 (m,5H), 7.18 (m, 2H); 13 C-NMR (50 MHz, DMSO-d6, in δ ppm): 114.7, 

118.9, 121.4, 123.4, 126.4, 129.0, 129.8, 130.1, 136.4, 145.5, 153.0. FT-IR (KBr) in cm-1: 3048, 1460, 1418, 

1280,972, 745; Analy. Calcd. for C13H10N2: C 80.39, H 5.19, N 14.42; Observed: C 80.42 H 5.18 N 14.40. 
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2.4.2 2-(4- Methoxyphenyl)-1H- benzimidazole (3b): 1 H NMR (in δ ppm): 12.52 (s, 1 H, NH), 8.19 (dd, 2 H, 

J = 8.0 Hz), 7.66 (d, 1 H), 7.45 (d, 1 H), 7.24–7.10 (m, 2 H), 7.13 (d, 2 H, J = 8.0Hz,), 3.86 (s, 3 H). 13 C 

NMR (in δ ppm): 158.38, 152.86, 139.88, 129.22, 124.67, 124.19, 122.20, 120.46, 114.30, 113.16, 58.31; 

IR (in cm -1): 3450, 2242, 2120, 1655, 1045; Analy. Calcd.for C14H12N2O: C 74.98, H 5.39, N 12.49, O 

7.13; Observed: C 75.02, H 5.37, N 12.50, O 7.11. 

2.4.3 2- [4- (2-propyl) phenyl]- 1H-benzimidazole (3d): 1 H NMR (in δ ppm): = 12.86 (br. s, 1 H, NH), 8.15 

(d, 2 H, J =8 Hz),7.72 (d, 1 H),7.58 (d,1H) 7.36 (d, 2 H, J = 8 Hz), 7.22–7.15 (m, 2H), 2.95 (m, 1 H), 1.26 

(d, 6H). 13 C NMR (in δ ppm): 151.33, 149.40, 143.85, 136.16, 128.77, 126.94, 126.43, 122.23, 120.65, 

116.56, 112.20, 40.20, 24.00; IR (in cm –1): 3456, 2350, 2127, 1665, 1073; Analy. Calcd. for C16H16N2: C 

81.32, H 6.82, N 11.85; Observed: C 81.32, H 6.80, N 11.87. 

2.4.4 2-(3- Nitrophenyl)-1H- benzimidazole (3g): 1 H-NMR (in δ ppm): 13.2 (s, 1H, NH), 8.86(s, 1H), 8.46 

(d,1H, J=6 Hz), 8.24 (d, 1H, J=7 Hz), 7.89 (m, 1H, J=7 &amp; 6 Hz), 7.53 (m, 2H), 7.24(m, 2H); 13 C-

NMR (in δppm): 115.3, 123.1, 123.6, 124.4, 126.2, 127.4, 128.1, 133.4, 134.6,135.2, 143.8, 149.7, 150.2; 

IR (KBr in cm -1): 3060, 1524, 1450, 1357, 973, 746; Analy.Calcd. for C13H9N3O2: C 65.27, H 3.79, N 

17.56, O 13.38; Observed: C 65.32, H 3.77, N 17.55, O 13.36. 

2.4.5 2-(4- Chlorophenyl)-1H- benzimidazole (3i): 1 H-NMR (in δ ppm): 12.9 (s, 1H, NH), 8.25(d, 2H, J=8.5 

Hz), 7.6 (d, 2H, J=8.5 Hz), 7.45 (m, 2H), 7.20 (m, 2H). 13 C-NMR (in δ ppm): 116.4,124.1, 126.3, 128.9, 

128.2, 129.7, 130.4, 134.3, 145.9, 152.6; IR (KBr in cm-1): 3041, 1450,1402, 1280, 965, 750; Analy. Calcd. 

for C13H9ClN2: C 68.28, H 3.97, Cl 15.50, N 12.25; Observed: C 68.25, H 3.96, Cl 15.55, N 12.24. 

2.4.6 2-(4- Bromophenyl)-1H- benzimidazole (3k): 1 H NMR (in δ ppm): 12.65 (s, 1H, NH), 8.20(d, 2H J = 8.5 

Hz), 7.66 (d, 2 H J = 8.5 Hz), 7.66–7.48 (m, 2 H), 7.23–7.12 (m, 2H). 13 C NMR (inδ ppm): 155.14, 

142.06, 133.85, 131.74, 130.47, 124.56, 123.37, 115.22; IR (in cm –1):3325, 2167, 2119, 1650, 1035, 827; 

Analy. Calcd. for C 13 H 9 Br N 2: C 57.17, H 3.32, Br 29.26, N 10.26; Observed: C 57.20, H 3.32, Br 

29.24, N 10.25. 

 

III. RESULTS AND DISCUSSION  

 

We have worked on design an efficient protocol for the synthesis of benzimidazoles, various Lewis acid, 

heterogeneous, recyclable catalysts have been utilized for synthesis of benzimidazole preparation by the 

cyclization reaction of diamine and aldehydes. In the present work, we explored the potential of silica 

supported PPA as a catalyst for the synthesis of benzimidazoles. SiO2@PPA showed remarkable efficiency at 

room temperature under optimized conditions. We have prepared ten derivatives of benzimidazoles from 

various substituted aldehydes and diamine in the presence of catalytic amount of SiO2@PPA in 10 mL ethanol 

at room temperature. 

Reaction parameters were finalized after optimization of amount of catalyst, effect of solvent and temperature, 

for this we flameout the model reaction as diamine (0.01 mol) and benzaldehyde (0.01 mol) were stirred in 10 

mL solvent. The effect of different solvents have been studied under the same reaction conditions, as shown 

in table. The yield of the product varied with the nature of the solvents, better conversion and easy isolation 
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of product wasfound with acetonitrile. Acetonitrile dissolves a wide range of ionic and non-polar compounds. 

In a similar   manner, the reaction with O- phenylenediamine and aldehydewas carried out without any 

solvents. The observation shown that the reaction was not brought into completion, even after starting for a 

period 12hrs at room temperature, and the reaction mixture showed a number of spot in thin layer 

chromatography (TLC).  

After the screening of solvents, we have finalized acetonitrile as solvent; we have screened same reaction 

under varying temperature. After the study, we have concluded as the studied reaction gave excellent output 

at room temperature for given transformation in presence of SiO2-PPA, stirred in 10 mL acetonitrile. 

Additionally, the effect of amount of catalyst on present reaction also studied and we have found (0.5 gm) of 

SiO2-PPA catalyst showed remarkable efficiency for the studied transformation. After the screening of all 

parameters, we have outline optimized conditions as o-phenylenediamine (0.01 mol.) and aromatic aldehydes 

(0.01 mol.), ethanol (10 mL) stirred at room temperature in presence of 0.5 gm of SiO2-PPA catalyst. 

 

Table 1: Influence of various reaction parameters on reaction out comes. 

 

Sr. No. 
Catalyst SiO2 

PPA (in gm) 
Solvent 

Temp. 

(in C) 

Reaction 

Time(in hr) 

Yield 

(In %) 

1 0.5 Solvent free R.T 12 30 

2 0.5 ETOH R.T 12 56 

3 0.5 DMF RT 14 62 

4 0.5 CH3-CN RT 6 92 

5 0.5 Toluene RT 16 50 

6 0.5 CH3-CN 40 6 80 

7 0.5 CH3-CN 60 6 72 

8 0.5 CH3-CN Reflux 6 45 

9 0.7 CH3-CN RT 6 92 

10 0.4 CH3-CN RT 6 85 

 

With this optimized reaction condition, we have proceeded to investigate the scope and generality of this 

protocol using collection of various substituted aromatic aldehydes and diamine in ethanol as solvent. 

Consequently, a diversity of commercially accessible different structurally substituted aldehydes were treated 

in the optimized reaction conditions to obtained benzimidazole derivatives and obtained results are 

summarized in Table 2. As shown in Table 2, all substituted aldehydes participated well in this cyclization 

reaction and afforded the desired products of benzimidazole in good to efficient yields using catalytic amount 

of SiO2-PPA and all the functionality of reactants were preserved throughout the transformation. 
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Table 2:Synthesis of benzimidazole compounds 3(a-j) from diamine and aldehydes under optimized 

conditions (a) 

Entry Product Time (h) M.P.(oC) Yield (%) (b) 

1 
N
H

N

 

6.00 291 92 

2 
N
H

N

OMe

 

4.10 232 94 

3 
N
H

N

N

 

3.40 238 90 

4 
N
H

N

 

3.50 243 93 

5 
N
H

N

 

2.50 224 92 

6 

N
H

N

O2N

 

4.40 255 82 

7 
N
H

N

NO2  

5.30 145 85 

8 
N
H

N

NO2

 

4.10 316 92 

9 
N
H

N

Cl

 

3.40 293 90 

10 
N
H

N

Br

 

4.10 258 88 
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Reaction conditions: diamine (0.01 mol), aldehyde (0.01mol), 10 mL CH3CN, 0.5 gm 

SiO2@PPA, stirred at room temperature.Reaction time is monitored by TLC. (b) Isolated yield. 

 

IV. RECYCLABILITY OF SiO2-PPA 

 

We have also studied the reusability of reported catalyst to the course of benzimidazole from substituted 

aldehyde and O-phenylenediamine in 10 mL acetonitrile solvent. Result showed that prepared catalyst were 

give remarkable yield of target molecule up to 5th cycle (shown in figure 2). It was easily separated from 

reaction vessels and reuse after just washing with water, heated at 100 °C for 2 hr. 

 

 
Fig. 2: Study of recyclability of SiO2-PPA catalyst for synthesis of benzimidazoles. 

 

V. CONCLUSIONS  

 

In conclusion, we have developed a simple and efficient method for the synthesis of benzimidazole 

derivatives using silica supported poly phosphoric acid catalyst under mild reaction conditions with 

competitive and high yield. The advantages of the present technique are the operational simplicity, high 

efficiency, no side products formation, easy of workup procedure, less reaction time, thus suitable for large-

scale production of benzimidazole derivatives. Reported catalyst was easily synthesised from available starting 

material and has stress-free workup process with outstanding productivity up to five cycles. 
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ABSTRACT 

Novel heterocyclic basedmetal complexes of Ni (II) and Hg (II) were synthesized from Schiff bases of 3-Actyl 

4-Hydroxy Quinolin-2(1H)-one (AHQ). The Schiff bases 4-hydroxy-3-(1-((4-methylpyridin-2-

yl)imino)ethyl)quinolin-2(1H)-one(L1), 4-hydroxy-3-(1-((5-methylpyridin-2-yl)imino)ethyl)quinolin-2(1H)-

one(L2) were prepared by condensation of AHQ with substituted pyridine moiety. These complexes were 

characterized by elemental analysis, magnetic moment, electronic and IR spectral analysis. In vitro biological 

screening effects of the synthesized Complexes were tested for their antibacterial and antifungal activity. For 

antibacterial activity the bacterial species used were Bacillus subtilis, Escherichia coli, Salmonella typhi, and 

Staphylococcus aureus while fungal species used were, Aspergillusflavus, Penicilliumchrysogenum, 

Aspergillusnigerand Fusariummoneliforme. The antibacterial activity was screened using agar well diffusion 

method and antifungal activity with poison plate method. 

Keywords: AHQ, substituted pyridine, Metal Complexes, Spectral Analysis, Biological Activity. 

 

I. INTRODUCTION 

 

Many Schiff base have drawn wide attention because of their diverse biological and pharmaceutical 

activities.1Azomethine nitrogen in the Schiff base has significant chemical and biological relevance since it 

not only facilitates binding sites for metal ions but also associate with different substrates of biomolecules, 

such as proteins and amino acids which are essential components of biological systems.2,3Many Schiff bases 

derived from heterocyclic moiety possess a wide spectrum of medicinal properties and thus, have been 

studied for activity against antitubuerclosis,4antiinflamatory,5antibacterial,6 antifungal,7 anticancer,8 

antioxidant,9and many more.Transition metals like nickel, iron, cobalt and copper among others, can form 

extremely stable complexes with the dynamic schiff base molecule, which can also be a chelating 

ligand.10Usually metal chelates are more effective against bacteria and fungi than the isolated ligands.11 Metal 

complexes biological potential and chelating power have attracted a lot of attention. The pharmacological 

activity of metal complexes is highly dependent on the nature of the metal ions and the donor sequence of 

the ligands because different ligands exhibit different biological properties.12The catalytic function of Schiff 

base metal complexes are observed in various reactions such as oxidation,13 

epoxidation,14polymerisation,15condensation,16reduction,17 and other reactions. 

http://www.ijsrst.com/
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The present investigation deals with the synthesis, spectral characterization (IR,   electronic) and 

antimicrobial activities (antibacterial and antifungal) of Schiff base ligand metal complexes of Ni (II) and 

Hg(II) derived from AHQ and substituted amino pyridine. 

 

II. EXPERIMENTAL 

 

Melting points were determined by open capillary method and were uncorrected. IR spectra were carried out 

as KBr discs on a Shimadzu, IR-470 Spectrometer.Theelemental analysis was determined using the Thermo 

Fisher Scientific CHN/S/O analyzer instrument. The magnetic susceptibilities of complexes were measured by 

the Gouy’s method at room temperature using the Sherwood scientific magnetic susceptibility balance and 

using distilled water as the calibrant. Molar conductance of the metal complexes was measured using the 

Fisher Scientific PH/conductivity meter. The molar conductance measurements were performed using 0.001 

M solutions of the complexes in DMSO at room temperature.  

 

GENERAL PROCEDURE FOR SYNTHESIS OF COMPLEXES:  

Each complex is synthesized by placing 0.02 moles of ligand (L1-L2) in a flask with a flat bottom and 50 

milliliters of ethanol. After a brief period of heating, 0.01 moles of a metal salt solution that has been 

dissolved in 20 milliliters of ethanol is added gradually to the hot ligand solution. After two hours of refluxing, 

the mixture is chilled. In a cold container with refluxed contents, a freshly made 10% alcoholic ammonia 

solution is gradually added while being constantly stirred. Precipitation starts to form at pH eight. 

For an hour, the precipitated complex is digested. If a pH shift is seen, it is corrected and digested for a 

further hour. The digested precipitate of complex is filtered in hot water, washed with hot ethanol, followed 

by hot petroleum ether, and dried in vacuum desiccators over calcium chloride. 

 

REACTION SCHEME:  

 

Where  Ari-ii  is

Fig. 1  Synthesis of Metal Complexes of Ni(II) and Hg (II)

N
H

O

OH

Ac

+

EtOH

catalyst
N NMe2

MCl2 Ethanol

10% Alcoholic 
Ammonia

L1 - L2

Schiff Bases

AHQ

ML2

M = Ni(II) & Hg (II)

Ar NH2

Ari = 2-amino 4- methyl Pyridine

Arii = 2-amino 5- methyl Pyridine
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III. ANTIMICROBIAL STUDY 

 

ANTI BACTERIAL ACTIVITY: 

The agar well diffusion method was used to test the antibacterial activity.18Mueller Hinton Agar for bacteria 

was used for all tests for antibacterial activity. For positive control of bacteriaAmpicillin was used. The 

solvent and positive control used was DMSO. Antibiotics and dehydrated media powder were brought from 

Hi-Media, India. Using sterile wire-loop, test organisms were aseptically added to sterile MH broth before 

being incubated at 37°C for 18 hours. This suspension was utilized as an inoculant. Wells in the media plates 

with a 10mm diameter were made using a sterile cork borer for the addition of compound solutions and 

controls. With the aid of a micropipette, 100 µl of the compound solution was aseptically added to the wells 

to reach a final concentration of 10 g of compound in each well. As controls, the same quantity of DMSO and 

ampicillin solution were introduced. The plates were cooled for 30 minutes to allow solutions to diffuse 

through the agar substrate. Plates were then incubated for 24 hours at 37°C.Bacillus subtilisandSalmonella 

typhi were gram positive bacteria that were utilized as test organisms, whereas Staphylococcus aureus and 

Escherichia coli were gram negative microorganisms. The zone margin should be regarded as the region that 

does not clearly display any expansion that the unaided eye can see. With a measuring scale in millimetres, 

the clean zone was measured. 

 

ANTIFUNGAL ACTIVITY 

The poison plate approach was used to provide antifungal activity.19For the evaluation ofantifungalactivities, 

Aspergillusniger, Aspergillusflavus, Fusariummoneliforme, and Penicilliumchrysogenumspecies were selected. 

Potato Dextrose Agar (PDA) media was utilized as a culture. To sterilize the medium, it was autoclaved at 

121°C for 25 minutes under 15 psi of pressure. 20 ml of sterilized, melted PDA was added to sterilized petri 

plates with 2 ml of each component, and the mixture was then gently stirred in a circular motion to get 

homogenized. With positive Neomycin and negative DMSO controls, the identical process was followed. The 

fungal spores from the slant culture were transferred to a test tube containing sterile saline and thoroughly 

mixed with a sterile wire loop. As an inoculant, this spore solution was employed. The plates were incubated 

for four days at room temperature. Afterincubation, the growth of the infected fungi was monitored on the 

plates. The outcomes were noted. 

 

IV. RESULT AND DISCUSSION 

 

The Ni (II) complexes prepared in the present work are greenish-yellow. These are stable to air and moisture. 

All Ni(II) complexes are not soluble in water, common polar and non-polar solvents but are sparingly soluble 

in methanol, ethanol and chloroform. They are appreciably soluble in dimethyl sulphoxide (DMSO).The 

observed solution conductivities of Ni (II) complexes are given in Table 1. The low solution conductivity 

values of the complexes in DMSO indicate their non-electrolytic nature.20The elemental analysis data (Table 1) 

of metal complexes confirm the ligand to the metal ratio for Nickel complexes as 2:1, proposing a monomeric 
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complex. The electronic spectra of Ni(II) complexes observed in the present work show absorption bands in 

three regions. V1 = 11495- 11360 cm-1, V2 = 16530 - 16390 cm-1 and V3 = 26315 cm-1. These observed bands 

may be assigned to three spin allowed transition 3A2g→3T2g, 3A2g→3Tlg (F) and 3A2g→3Tlg(F) charge transfer 

band respectively, which are characteristic of the distorted octahedral field.21,22The electronic spectral data are 

presented in Table 2.  

Mercury complexes Prepared in the present research work are white. They are stable in air and moisture. The 

Hg(II) complexes decompose at high temperature (above 300oC).23They are insoluble in non-polar and 

common polar solvents. At a very low concentration, solutions can be prepared in CH3OH and DMSO. The 

molar conductance value of the complexes in DMSO (10-3M) is very low (16.02 -16.61 mhos-1 cm2mol-1), 

indicating the non-electrolytic nature of complexes.24The metal to ligand ratio was shown as 1:2, predicting a 

monomeric structure. All Hg (II) complexes are diamagnetic.These findings agree with the previously 

reported experimental work.26 

In the present investigation IR spectrum data of Ni (II) and Hg (II) was given in table-4. The stretching 

vibration for lactum C=O observed in range of 1664-1660 cm-1 for Ni (II) while in Hg (II) complexes found 

within the range 1665-1663 cm-1. 

The band assigned to the azo-methineC=N stretching frequencies in the free ligand were observed around 

1617-1600 cm-1. In the IR spectra of the  Ni (II) and Hg (II) complexes, medium to weak bands appeared in 

the region 1599-1590 cm-1 were assigned to azo-methineC=N stretching vibration mode.A decrease in a shift 

of this band observed on complexation indicates that the imine group of each ligand is coordinated to metal 

ion via its nitrogen.27 

The medium intensity absorption bands in the region 1276-1270 cm-1 in the spectra of metal complexes were 

predictable to enolic C–O stretching frequency. These bands in the corresponding free ligands spectra were 

observed in the range 1269-1224 cm-1. Thus the observed upward shift of this band by 18-22 cm-1 and the 

disappearance of broad absorption due to phenolic –OH in metal complexes confirms the participation of 

enolic oxygen bonded to 4C of 4-hydroxyquinolin-2(1H)-one part in the formation of the complex. 

The band in the range 498-472 cm-1 were assigned for Metal Oxygen bond while band in the range 448-428 

cm-1 were assigned to Metal Nitrogen bond.28 

The antibacterial activity was testedfor the synthesized Ni (II) and Hg (II) complexes. The outcomes are 

summarized in Table 5. Across all bacterial species under study, metal complexes of Ni (II) and Hg (II) have 

shown good antibacterial activity in zones of inhibition ranging from 14 to 19 mm in diameter. Metal 

complexes with all ligands showed substantial activity in the antifungal test. It has been found that complexes 

of Ni (II) complexes have shown higher antibacterial and antifungal activity as compare to Hg (II) 

complexes.29 

 

V. CONCLUSION 

 

In conclusion, we reported the synthesis, characterization, and antimicrobial properties of metal complexes of 

Ni (II) and Hg (II) with Schiff bases obtained from heterocyclic moieties such as pyridine and AHQ with the 
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goal of developing a contribution to coordination chemistry. Ni (II) metal complexes that have been prepared 

are monomeric and have an octahedral orientation, whereas Hg (II) metal complexes are monomeric and 

have a tetrahedral geometry. Thus according antimicrobial studies all complexes have significant antibacterial 

and antifungal action. 

 

 

Table No. 2 Electronic Spectral Data of Ni (II) Complexes 

Sr. No. 
 Complexes of Ligand (L1-L2) 

Absorption Maxima cm-1 (nm) 

V1 V2 V3 

1 Ni [(L1)2(H2O)2] 11495 (870) 16530 (605) 26315 (380) 

2 Ni[(L2)2(H2O)2] 11360 (880) 16390 (610) 26315 (380) 

 

Table No. 3Magnetic Susceptibility Data of Ni (II) Complexes 

 

Sr. No. 
Ni (II) Complexes of ligand M x 106 (CGS) A x 106 (CGS) 

eff. 

(B.M.) 

1 Ni [(L1)2(H2O)2] 3964.55 4263.75 3.19 

2 Ni[(L2)2(H2O)2] 3675.57 3974.77 3.08 

 

 

Table No. 1Elemental Analysis of Ni (II) and Hg(II)Complexes 

S. 

No

. 

 

Complexe

s 

Molecular formula Colour 
M.P.o

C  

Mol. 

Wt. 

Soln 

cond

.         

μν 

Elemental analysis 

Found(Calculated) 

%C %H %N %M 

1 [Ni (L1)2] 
[Ni(C17H14N3O2)2(H2O

)2] 

Greenis

h 

Yellow 

265 
679.3

6 

16.2

1 

60.06 4.66 12.38 8.50 

(60.11

) 

(4.75

) 

(12.37

) 

(8.64) 

2 [Ni (L2)2] 
[Ni(C17H14N3O2)2(H2O

)2] 

Greenis

h 

Yellow 

248 
679.3

6 

16.2

6 

60.02 4.54 12.30 8.58 

(60.11

) 

(4.75

) 

(12.37

) 

(8.64) 

3 [Hg (L1)2] [Hg(C17H14N3O2)2] White >300 
785.2

3 
16.6

1 

51.90 3.65 10.74 25.51 

(52.01

) 

(3.59

) 
10.70) 

(25.55

) 

4 [Hg (L2)2] [Hg(C17H14N3O2)2] White >300 
785.2

3 
16.0

2 

51.88 3.63 10.60 25.61 

(52.01

) 

(3.59

) 
10.70) 

(25.55

) 
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Table No. 4      Infrared Absorption Frequencies (cm-1) of 

 

Sr. 

No. 

Ligand / Complex 

Bond vibrational modes (stretching – ) 

Lactam Pyridine Azo-methine Enolic New Peaks 

(C=O) (C=N) (C=N) (C-O) M-O M-N 

1 Ni [(L1)2(H2O)2] 1664 1605 1599 1270 498 448 

2 Ni[(L2)2(H2O)2] 1660 1600 1590 1272 492 440 

3 Hg(L5)2 1665 1603 1593 1276 472 430 

4 Hg(L5)2 1663 1600 1592 1270 475 422 

 

Table No.5  Anti- Bacterial and Anti-Fungal Activity 

Synthesized Schiff  

base ligands 

Antibacterial Study Zone of 

Inhibition(diameter in mm) 

Antifungal Study Growth of Fungi 

Gram Positive Gram Negative  A. niger A. 

flavus 

F. 

moniliforme 

P. 

chrysogenum S. 

typhi 

B. 

subtilis 

E.  

coli 

S. 

aureus 

Ampicillin 

(Reference) 

18 19 17 18 Neomycin 

(Reference) 

- 

 

 

- 

 

 

- 

 

 

- 

Ni [(L1)2(H2O)2] 17 18 19 18 - - - - 

Ni[(L2)2(H2O)2] 18 18 18 19 - - - - 

Hg(L5)2 16 15 15 17 ++ + + + 

Hg(L5)2 16 17 14 14 + + - - 

Moderate growth (++), Reduced growth (+) and No growth (-) of fungi 

O

N

Ni

O

N

H2O

Ar

Ar

H2O

Structure II: Monomeric tetrahedral Structure of 
Hg(II) Complexes of Ligand L1 & L2

Structure I: Monomeric octahedral Structure of 
 Ni(II) Complexes of Ligand L1 & L2

AHQAHQ
O

N

Hg

O

N

Ar

Ar

AHQAHQ
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ABSTRACT 

Plastic become a universal material, used for everything from throw away bags to wings of aircraft. 

Worldwide, it is produced in massive scale due to its properties like light weight, high strength, inexpensive, 

etc.  

Day by day, a huge amount of this non bio-degradable waste is increasing due to unlimited use of this plastic. 

Hence disposal of such material is essential from safety point of view. Simultaneously, with heavy 

consumption of fossil fuel, the world in future will face the energy shortage and environmental concern; if no 

other alternatives are found. 

This paper reviews pyrolysis of waste plastic which is an economical method to solve waste plastic problem 

and to produce quality fuel which can have properties similar to commonly used fuels. 

Keywords:-Waste plastic, disposal, pyrolysis, energy source, polymerization, degradation, Thermosets, 

thermoplastic, hydrocarbons etc. 

 

I. INTRODUCTION 

 

Plastic is a high molecular weight polymeric material. The term polymer means a molecule made up by 

repetition of simple unit.(1,2) It refers to their malleability or plasticity during manufacture, which allows 

them to be cast, pressed, or extruded into a variety of shapes such as films, fibers, plates, tubes, bottles, boxes, 

and much more.(3) 

A. Most of the plastics mainly made up of…….. 

Petroleum: Non-Renewable Natural Resource  

Coal: Non-Renewable Natural Resource  

 

B. Types of plastic:  

There are two main types of plastics: thermoplastics and thermosetting polymers. (4, 5) 

Thermoplastics are softening if enough heat is applied and hardened on cooling. Thus they can be converted 

into new plastics products. Examples are polyethylene, polystyrene and polyvinyl chloride, etc. 

Thermosets or thermosetting’s plastics can melt and take shape only once. They are not suitable for repeated 

heat treatments; therefore after solidified, they remain as it is. Examples are phenol formaldehyde and urea 

formaldehyde.  

http://www.ijsrst.com/
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II. WASTE PLASTIC POLLUTION 

 

It is well known that most of the plastic materials are non-degradable polymers. These materials do not break 

without any chemical process; thus a huge amount of such waste material is increasing day by day on the 

earth.  India generates 56 lakh tonnes of plastic waste annually, with Delhi accounting for a staggering 689.5 

tonnes a day. 

Total plastic waste which is collected and recycled in the country is estimated to be 9,205 tonnes per day 

(approximately 60% of total plastic waste) and 6,137 tonnes remain uncollected and littered. This waste is a 

source of continuing pollution as it is not bio-degradable and poisons for the environment. (7) 

Major chemicals used in the manufacture of plastics are highly toxic. Plastic made from petroleum is a 

material that the earth cannot digest. These toxic chemicals (benzene, vinyl chloride, xylenes and biphenyls 

etc.) pose serious threat to living beings of all species on earth. (3, 6)  

 

Environmental Issues Due to Disposal of Plastic Waste: (6-8) 

• Plastic pollution on land is both physical and chemical. Plastic reduces soil fertility by forming the part 

of manure for years. Plastic spoil environmental aesthetics and hygiene. Plastics in landfills emit 

hazardous VOCs during incineration. Plastics in soil can lessen the growth of plants and trees by 

blocking the absorption of minerals, water and other nutrients.   

• Chocked drains cause flooding during monsoons. Plastic debris’s clog the sewage drains and create 

stagnant water which will be an ideal habitat for mosquitoes and other parasites. Wastes dumped in 

water courses contaminate and poison freshwater life.  

• Plastic is mistaken for food and can be eaten up by birds, turtles, seals, and whales. This may choke 

them, or impede digestion and causing starvation. Over a million sea birds and mammals die annually 

from ingestion of plastics.  

• Toxic chemicals in plastics can cause neurological problems such as cancer, birth defects, hormonal 

changes gastric ulcer, thyroid problems and cardiovascular disease etc. The endocrine disrupting 

chemicals (EDCs) in plastics have been contributing to obesity and diabetes. The plastic bottles may 

leach cancer – causing chemicals such as phthalates (a component makes plastic pliable) and Bis – 

phenol A ( a component harden plastic). Bis – phenol A (BPA) a synthetic estrogens can affect the 

hearts of the women and can permanently damage DNA of mice. (8,10)  

 

An Overview of Plastic Waste Management: 

Disposal of plastic waste is a serious concern in India. New technologies have been developed to minimize 

their adverse effect on the environment. Currently, worldwide accepted technology used for the plastic 

disposal is incineration. However, the incinerators were designed poorly, releases extremely toxic compounds 

(chlorinated dioxins and furans) and raising several environmental issues (2, 9). In India for safer disposal of 

plastic waste, various technologies have been experimented. Some of these are described as below; 
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Utilization of plastic waste in road construction:  

Polymer Blended Bitumen Roads: 

The process of road lying using waste plastics is designed and the technique is implemented successfully for 

the construction of flexible roads at various places in India.  (6)  

Co-processing of Plastic waste in Cement Kiln (Link): (6) 

Operating Manual for Co-processing of Plastic Waste in Cement Kilns:  

It is estimated approximately 15,342 tons/day (TPD) of plastic waste (on per capita basis) is generated in our 

country. To get rid of plastic waste disposal problems, Central Pollution Control board (CPCB) in association 

with MP Pollution Control Board has taken initiative to use the plastic waste in cement plant at ACC Kymore 

(Katni, MP). (1) The stack monitoring result revealed that emission values are found below the standard set 

for Common Hazardous Waste Incinerators. After getting encouraging results, CPCB has granted permission 

to many cement plants to co-process the hazardous and non-hazardous (including plastic) waste in their kilns 

after trial burns.  

Processing of Plastic Waste as Alternative Fuel and Raw Material (AFR):  

Co-processing refers to the use of waste materials in industry process such as cement, lime or steel production 

and power stations or any other large combustion plants. Co-processing indicates substitution of primary fuel 

and raw material by waste, recovering industry and material from waste. (1) Waste material such as plastic 

was used for co-processing are referred to an alternative fuels and raw material (AFR). In addition, one of the 

advantage recovery method used in existing facility, eliminating the need to invest on other plastic waste 

practices and to secure land filling.  

Pre-processing of plastic waste: 

The plastic waste should be received in segregated and bundled form in HDPE/Jute bags. Then the plastic 

waste will be sun dried and subjected to shredding before feeding into cement kilns. However, PVC 

containing plastic waste will not be accepted in cement kilns as it impairs the cement quality [6]. 

Plasma Pyrolysis Technology (PPT):  

Plasma pyrolysis is a state of new technology, which integrates the thermo-chemical properties of plasma 

with the pyrolysis process. An intense and versatile heat generation capabilities of plasma pyrolysis 

technology enable it to dispose of all the types of plastic waste including polymeric, biomedical and 

hazardous waste in a safe and reliable manner. Pyrolysis is the thermal disintegration of carbonaceous 

material in oxygen-starved atmosphere. When optimized, the most likely compounds formed are methane, 

carbon monoxide, hydrogen, carbon dioxide and water molecule [1, 6]. 

Pyrolysis of Waste Plastics for Converting Waste Plastics into Diesel & Other Fuels: 

Pyrolysis is a recycling technique converting plastic waste into fuels, monomers or other valuable materials 

by thermal & catalytic cracking processes. It allows the treatment of mixed, unwanted plastic waste. For 

many years research has been carried out on thermally converting waste plastics into useful hydrocarbons 

liquid such as crude oil & diesel fuel. Recently, the technology has matured to the point where commercial 

plants are now available. Pyrolysis recycling of mixed waste plastics into generator & transportation fuels is 
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seen as the answer for recovering value from unwashed, mixed plastics & achieving their desired diversion 

from landfill (1-5, 8, 10-14, 17-24). 

Different methods are been used for pyrolysis of plastic. (5) Some of them are as follows 

1) Thermal pyrolysis   

2) Catalytic pyrolysis 

3) Hydrous pyrolysis 

Petroleum Products from the Crude Oil:- 

Plastics are long chain of hydrocarbons. When they heated to melt down, their hydrocarbon bonds break 

down in to smaller number. Again, petroleum based compounds are depends on the number of hydrocarbons 

in the chain. Below there are some levels of hydrocarbons and there petroleum products: 

Hydrocarbon Level Product 

C 1-4 Gas. Boiling Temperature below 0. 

C 5-7 

Very light so easily vaporized. These clear liquid is called naphtha, used as a 

solvent. Dry cleaning fluids, paint solvent, quick drying products are made from 

these liquids. 

C 7-11 Gasoline. Vaporized below boiling point of water. 

C 12-15 Kerosene. 

C 16-18 Lubricating Oil. Does not vaporize at normal temperature level. 

C 18> Solid. 

 Source: http://science.howstuffworks.com/environmental/oil-refining 1.htm 

 

III. CONCLUSION 

 

Pyrolysis of waste plastic is a better solution over the problem of plastic pollution as well as shortage of fuel. 

The product from pyrolysis of mixed PE, PP and PS is very complex. Most of the major components are 

present in product of pyrolysis of individual plastics. The choice of catalyst, reaction temperature affects the 

oil quality and quantity.  The implementation of this project can develop so many opportunities in the city. It 

can be a solution to control waste plastic, develop a new idea, and find out an alternative source of diesel for 

the country. This kind of project could be very promising and effective in the future. 

 

IV. REFERENCES 

 

[1]. Anita Glazer, Sadun, Thomas F, Websler and Barry Commoner, Breaking down degradable plastics scam-

A report prepared by Green peace.  

[2]. Feng Gao, “Pyrolysis of Waste Plastics into Fuels” –Ph.D. Thesis in Chemical & Process Engg; University 

of Canterbury, 2010. 

[3]. John Scheirs and Walter Kaminsky ,”Feedstock Recycling & Pyrolysis of Waste Plastics”. 

[4]. Osaka/Shiga, Converting Waste Plastics into a Resource ,Compendium of Technologies, United Nations 

http://science.howstuffworks.com/environmental/oil-refining%201.htm


International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 |Published :14 December 2022 Page No : 200-205 
 

 

 

 

 

204 

Environmental Programme Division of Technology, Industry and Economics International 

Environmental Technology Centre , Japan. 

[5]. Cracking(Chemistry). Retrieved November 22, 2013, from Wikipedia. 

[6]. Central Pollution Control Board, An Overview of Plastic Waste Management, Delhi-110032: Central 

Pollution Control Board,Parivesh Bhawan, East Arjun Nagar, 2012. 

[7]. Central Pollution Control Board, An Overview of Plastic Waste Management. An Delhi-110032: Central 

Pollution Control Board,Parivesh Bhawan, East Arjun Nagar, 2013.  

[8]. Moinuddin Sarker, Mohammad Mamunor Rashid, Muhammad Sadikur Rahman, Mohammed Molla, 

"Alternative Diesel Grade Fuel Transformed from Polypropylene (PP) Municipal Waste Plastic Using 

Thermal Cracking with Fractional Column Distillation." Scientific Research-epe, 165-172, 2012.  

[9]. Burn dirty plastic safely! Its true, Robert G Tuss, file:///C:/ Document ~1/ Rock/ LOCALS~1/TEMP/Waste 

plastic technology, 2008. 

[10]. Pawar Harshal R & Lawanker shailendra M.,Waste plastic Pyrolysis oil Alternative fuel for CI Engine, A 

review paper, Research Journal of Engg. Sciences, 2 (2), 26-30, 2013. 

[11]. A. A. Garfortha,Y. H. Linb, P. N. Sharrattb, J. Dwyera,Production of hydrocarbons by catalytic 

degradation of high density polyethylene in a laboratory fluidised-bed reactor, Applied Catalysis A: 

General, 331-342, 11 May 1998. 

[12]. Lithner, Delilah, “Environmental and health hazards of chemicals in plastic polymers & products”, Ph.D. 

Thesis, Sweden: Department of Plant and Environmental SciencesUniversity of Gothenburg, Sweden, 

2011. 

[13]. Sarthak Das S. P, “Pyrolysis & catalytic cracking of municipal waste for recovery of Gasoline range 

Hydrocarbons”, B.Tech. Degree Thesis, Rurkela, 2007. 

[14]. Luis Noreña, Julia Aguilar, Violeta Mugica, Mirella Gutiérrez, Miguel Torres and Achilias Dr. Dimitris, 

Material Recycling-Trends and Perspectives, Europe: In Tech, 2012.  

[15]. P. V. Thorat, Miss. Sandhya Warulkar, Miss.Harshal Sathone, Thermofuel-Pyrolysis of waste plastic to 

produce Liquid Hydroocarbons: A review article, Advances in Polymer Science and Technology: An 

International Journal 3(1), 14-18, 2013.  

[16]. Pandian Sivakumar, Kamalakannan Anbarasu,Catalytic Pyrolysis of Dairy Industrial Waste LDPE Film 

Into Fuel, Academic Sciences-International Journal of Chemistry Research Vol 3(1), 1-4, 2012. 

[17]. Jenny Bo, Duke Ismael, R.T. Benbow, Dioxin Emission Reduction Program – Report, NSW, Australia, 

2012.  

[18]. Dastanian, SeyedMousa Fakhr Hoseini and Majid,Predicting Pyrolysis Products of PE, PP, and PET Using 

NRTLActivity Coefficient Model, Journal of Chemistry, 1-5, 2013.  

[19]. Neha Patni, Pallav Shah, Shruti Agarwal, and Piyush Singhal,Alternate Strategies for Conversion of 

Waste Plastic to Fuels, ISRN Renewable Energy, 1-7, 2013. 

[20]. Derrick, Matthew Johnson Sean, "Pyrolysis: A method for Mixed Polymer Recycling, Green 

Manufacturing Initiative, 21, 2010.  

[21]. Prof. Alka Zadgaonkar, Conversion of Waste Plastic in to Liquid Hydrocarbons/Energy,Project Report, 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 |Published :14 December 2022 Page No : 200-205 
 

 

 

 

 

205 

Nagpur, 2005. 

[22]. M. Arandes, Iñaki Abajo, Danilo López-Valerio, Inmaculada Fernández, Miren J. Azkoiti, Martín Olazar 

and Javier Bilbao, Transformation of Several Plastic Wastes into Fuels by Catalytic Cracking,ACS, 4523-

4529, 1997.  

[23]. Jetjis,How to turn plastic waste into diesel fuel cheaply, Energetic forum, 85, 2007.  

[24]. Achut kumar Panda, “Studies on process optimisation for production of liquid fuels from waste plastics”, 

Ph. D. Thesis, Rurkella, 2011. 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

  

RACPS-2022  

Online National Conference on Recent Advances in Chemical and Physical Sciences 

In Association with International Journal of Scientific Research in Science and Technology 

Volume 9 | Issue 17 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com) 

 

 

 

 

 

 

  206 

Synthesis, Characterization and Microbial Activity of Aldimine 
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ABSTRACT 

Aldimine (E)-4-chloro-N-((thiophene-2-yl)methylene)benzenamine and its complexes with Cu (II), Ni (II), 

Co (II) and Zn (II) were prepared and characterized by analytical, spectroscopic techniques, magnetic 

measurements and electrical conductivity. The results indicate that the ligand coordinate through azomithine 

nitrogen and sulphur of thiophene moiety to the metal ions. The complexes were further screened for 

antimicrobial activity. 

Keywords: Aldimine, metal complexes, Microbial activity. 

 

I. INTRODUCTION 

 

Aldimine are important class of ligand in coordination chemistry and their complex formation ability 

containing different donor atom is mostly reported.    The chemistry of transition metal complexes containing 

heterocyclic donor atom are of interest on account of their biological importance1. The aldimine metal 

complexes show fungicidal2 antimicrobial3, anti-cancer4 and anti-inflammatory activity5.Thus the present 

study describe synthesis, characterization and microbial studies of some transition metal aldimine complexes. 

 

II. EXPERIMENTAL 

 

The ligand (E)-4-chloro-N-((thiophene-2-yl)methylene)benzenamine (L) has been characterized by IR 

studies. The complex characterized by infrared spectral studies, electronic spectral studies, magnetic moment, 

thermal analysis and conductivity measurement. The microbial activity of the investigated compound was 

tested by the paper diffusion method. 

Synthesis of Aldimine: 

The aldimine was synthesized by reported procedure6. To the solution of thiophene-2-carboxaldehyde 0.112 

gm (0.001 mole) in 25 ml ethanol and 0.127 gm (0.001 mol) 4-chloroaniline in 25 ml ethanol was added. The 

solution was refluxed for 4.5 hrs. The solution was monitored on TLC, on completion of reaction the solution 

was concentrated, cooled and poured in water the separated solid was filtered, washed with water and 

recrystallized from ethyl alcohol and dried over calcium chloride in vacuum. The composition and yield of 

aldimine have shown in table no 1. 

http://www.ijsrst.com/
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Synthesis of metal complexes: 

The metal complexes of Cu (II), Ni (II), Co (II) and Zn (II) with ligand were prepared by refluxing the 

ethanolic solution of metal nitrate and ligand in 1:2 molar ratios. The pH of solution was adjusted by alcoholic 

ammonia. 

Ligand (0.02 mole) in slight excess was taken in a round bottom flask containing 30 ml anhydrous ethanol and 

refluxed for few minutes with constant stirring to ensure complete dissolution, A solution of the appropriate 

metal nitrate (0.01 M) in 20 ml of anhydrous ethanol was then added drop by drop with constant-stirring in 

the hot solution of ligand. The content was refluxed five hours. After cooling, the pH of the mixture was 

maintained by the addition of alcoholic ammonia solution. The resultant precipitate was digested for one 

hour. The precipitate was filtered, washed with hot ethanol and dried in vacuum desiccators over anhydrous 

granular calcium chloride. The composition and yield of metal complexes have shown in table no 1. 

 

III. RESULT AND DISCUSSION 

 

The metal complexes are colored and stable to air and moisture. They are insoluble in water, sparingly soluble 

in benzene, chloroform, carbon tetrachloride etc. and completely soluble in dimethyl formamide and 

dimethyl sulfoxide . Elemental analysis suggests that the complex have 1:2(metal-ligand) stoichiometry. The 

conductivity value in dimethyl formamide (1 x 10-3M) reveals their electrolyte nature 7,8. Based on elementary 

chemical analysis the formula, ML2 (H2O)2(NO3)2 were suggested for all compounds. 

In infrared spectrum of ligand, a bond at 1654 cm-1 assigned to azomethine (C=N) stretching vibration 9, 10. A 

bond at 847.03 cm-1 L assigned to C-S-C stretching mode in thophin ring11. 

Table 1: Analytical data of ligand and metal complexes 

Compound 
 

Colour 

Yield 

(%) 

 

Formula 

Mol 

Wt. 

% Analysis Found(Calculated) 

C H M N 

Ligand(L) 
Pale 

yellow 
63 C11H8 ClNS 221.71 

59.48 

(59.59) 

3.59 

(3.64) 
-- 

6.28 

(6.28) 

(L)2Cu(H2O)2(NO3)2 Green 66 C22H20Cl2CuN2O2S2  542.99 
48.58 

(48.66) 

3.65 

(3.71) 

11.43 

(11.70) 

5.09 

(5.16) 

(L)2Ni(H2O)2(NO3)2 
Pale 

Green 
70 C22H20Cl2NiN2O2S2 538.14 

49.02 

(49.10) 

3.64 

(3.75) 

10.65 

(10.91) 

5.19 

(5.21) 

(L)2Co(H2O)2(NO3)2 Pink 53 C22H20Cl2CoN2O2S2  538.38 
48.98 

(49.08) 

3.69 

(3.74) 

10.64 

(10.95) 

5.21 

(5.20) 

(L)2Zn(H2O)2(NO3)2 
Colour-

less 
52 C22H20Cl2ZnN2O2S2  544.83 

48.42 

(48.50) 

3.62 

(3.70) 

11.79 

(12.00) 

5.08 

(5.14) 

 

In the spectra of Cu complexes the band at 1654 cm-1 is shifts to lower frequency (1628.53 cm-1), indicating 

the co-ordination of azomethine nitrogen to metal atom. In spectra of complex the broad band at 3400 cm-1, 

indicating the presence of coordinated water. The bands at 847.03 cm-1 shift to lower frequency and appear at 
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839.53 cm-1, this shift refer the participation of sulphur of thiophen moiety in the complex formation7,11 , 

further confirmed by a new band. The new bands at 558.99 cm-1 and 526.82 cm-1 in the spectra of complex are 

assigned to stretching vibration of M-S and M-N bands respectively12.  

Table-2: IR frequency (cm-1) of ligand and complexes 

Ligand / Complex   ν (OH)   Water ν (C-S-C) ν (C=N) ν (M-N) ν (M-S) 

L - 847.03 1654.00 - - 

L-Cu 3400.00 839.53 1628.53 526.82 558.99 

 

The UV-Visible spectra of copper complexes of ligand exhibit bands at 15337 cm-1, 26954 cm-1 attributed to 
3Eg2T2g and charge transfer transition which indicate distorted octahedral geometry of Cu (II) complexes, 

which further supported by μeff value 1.91 B.M.13. 

The ligand field parameter values (Dq and LFSE) observed at 15337 cm-1 and 43.79 kcal mole-1 respectively 

and these are in good agreement with the distorted octahedral Cu (II) complexes 

The electronic spectra of Ni (II) complex exhibit bands in the three regions as 9671 cm-1 16000 cm-1 and 

23752 cm-1. This pattern of absorption may be assigned to transition 3A2g3T2g(F), 3A2g3T1g (F) and 3A2gT1g 

(P) respectively. This may be assigned to characteristic three spin allowed transition of octahedral 

complexes14, further supported by μeff value 2.98 B.M.  

The reduction of B values for the Ni(II) complexes (715.93 cm-1)  as compared to the free ion value for Ni(II) 

ion (1030 cm-1) reveals complex formation. The Nephelauxetic ratio (β) obtained are less than unity (0.695) in 

this case suggesting considerable amount of covalent character of the metal ligand bonds.  The LFSE value 

(27.61 Kcal mole-1) indicate considerable stability of Ni(II) complexes.  The energy ratio ν2/ ν1 (1.654) being 

close to reported values (1.6-1.82) as well as the 10Dq (9671 cm-1) and percentage of β(43.88) found indicate 

that the Ni(II) complex is in octahedral geometry.  

The electronic spectra of Co (II) complex exhibit bonds at 9407 cm-1 , 18382 cm-1 and 21276 cm-1. These bands 

may be assigned to to 4T1g(F)4T2g , 4T1g(F)4A2g, (F) and 4T1g(F)4T1g, (p)  respectively, suggesting a high spin 

octahedral geometry around the cobalt ion. Octahedral geometry around cobalt ion15 further supported by μeff 

value 5.15B.M. 

The reduction in B values for all the Co(II) complexes (762.46 cm-1) as compared to the free ion value for 

Co(II) ion (971 cm-1) reveals complexes formation thereby favoring the orbital overlap and delocalization of d 

orbitals.  The Nephelauxetic ratio (β) in each case is less than unity (0.785) and their %β values (27.38 %) 

indicate partial covalent character in metal ligand bond. The LFSE value (25.62  Kcal mole-1) indicates 

considerable stability of Co (II) complexes. 

The electronic spectra of Zn (II) complex exhibits bands at 27932 cm-1 attributed to charge transfer transition 

suggesting a octahedral environment16. This complex is diamagnetic in nature. 

The simultaneous use of TG and DTA show that the metal complexes are thermally quite stable.  

Thermograms of all the complexes indicate the presence of coordinated water molecules. 

X-Ray powder pattern investigation suggests that all the complexes are crystalline in nature 
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IV. MICROBIAL ACTIVITY 

 

The ligand and their metal complexes were tested for antibacterial activity Mueller Hinton agar was used for 

testing the susceptibility of microorganism by well diffusion method, using DMSO as solvent, at a 

concentration of 0.01 M against gram positive (staphylococcus aureus) and gram negative (Escherichia coli) 

bacteria. The zones inhibition against the growth of microorganisms was determined at the end of on 

incubation period 24 h at 37oC and the results are presented in table 3. It was found that the metal complexes 

are more active than the free ligand.  
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Table 3: Antimicrobial activities of Aldiminee and their complexes 

compound Zone of inhibition 

 Staphylococcus aureus Escherichia coli 

L 12 10 

L-Cu 19 16 

L-Ni 17 14 

L-Co 16 15 

L-Zn 14 12 

Standard drug 26 30 
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ABSTRACT 

A environment friendly, green, most  efficient procedure has been developed  for the synthesis of  9-

substituted derivatives of 9-(4’-phenyl)-2-phenyl-5,9-dihydro-6 H-pyrimido[4,5-d][1,3,4] thiadiazolo [3,2-a] 

pyrimidine-6,8(7H)-dione from a multicomponent  one pot three  component condensation of 2-amino-5-

phenyl 1,3,4-thiadiazole, A mixture of  barbituric acid and different substituted aromatic aldehydes using 1-

Butyl-3-methyl Imidazolium Chloride ([Bmim]Cl) in water-ethanol was refluxed for three to four hours. The 

formed compounds were screened potent Antioxidant activity. 

 
Keywords:  Green synthesis, Barbituric acid, Aromatic Aldehyde , MCR’s. 

 

I. INTRODUCTION 

 

Heterocyclic compounds have broad attention towards organic chemistry due to availability in natural 

products and medical field as well as biological properties[1]. The literature survey reveals that various 

thiadiazoles have resulted in many potential drugs and are known to exhibit a wide range of pharmacological 

and biological properties like antimicrobial [2], anti-inflammatory [3] and anticancer [4]. 
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In a multicomponent reaction (MCRs) three or more reactant are converted into a higher molecular weight 

compound in a one pot method. The MCR has become very popular in the today’s Chemistry. Thiadiazolo 

[3,2-a] pyrimidine dione derivatives occupies an important position in chemistry and biology. The most 

chemist widespread has growing  interest to the development of  Thiadiazolo [3,2-a] pyrimidine dione due to 

the  diverse  pharmacological as well as biological properties such as antifungal activity [5], antitumor [6],  

antioxidant [7], anticonvulsant[8], antihypertensive[9], analgesic[10], anti HIV activity[11], antibiotics[12]. In 

addition to these derivatives show diverse application in agrochemical industry and pharmaceutical industry  

Thiadiazolo [3,2-a] pyrimidine synthesis was reported using the various catalyst such as 2-[5-(4-

methoxyphenyl) 4-H-1,2,4-triazole] acetic acid[13], NaOH in ethanol[14] , SBA-15 [15]. Some of the method 

reported above use expensive catalysts, strong acidic conditions, higher temperature, require long reaction 

time, resulting cumbersome product isolation procedure.  

Recent days, 1-Butyl-3-methyl Imidazolium Chloride ([Bmim]Cl),  act as a phase transfer catalyst (PTC) and 

it perform much organic transformation under mild condition. Thus new route utilizing a MCR protocol, for 

the synthesis of triazolo [1,5-a] pyrimidinedione can attacks considerable attention in the search of method 

for rapid entry of these heterocycles. Consequently, we thought that there is scope for further innovation 

towards milder reaction condition, short reaction time and better yield in choosing 1-Butyl-3-methyl 

Imidazolium Chloride ([Bmim]Cl) for this multicomponent reaction (MCRs). The mild Lewis acidity 

associated with 9-dihydro-6 H-pyrimido[4,5-d] [1,3,4] thiadiazolo [3,2-a] pyrimidine-6,8(7H)-dione having 

potent antioxidant activity. 

 

II. RESULT AND DISCUSSION 

 

 
Our  efforts were focused on optimization reaction condition. The reaction mixture of 2-amino-5-phenyl 

1,3,4-thiadiazole, barbituric acid was refluxed using 1-Butyl-3-methyl Imidazolium Chloride ([Bmim]Cl) in 

water-ethanol with  different substituted aromatic aldehydes,  was considered as a model reaction (Scheme 1) 

for investigating the effectiveness of different polar and non polar solvent using catalytic amount of molecular 

iodine (10 mol%). Solvent optimization clearly suggested that H2O/EtOH is the best solvent for the desired 

transformation due to fast reaction rate and high yield (Table1, entry 6). The other polar  protic solvents gives 

moderate yield (Table1, entry 5).While other aprotic solvent like THF, DMF, ethylene dichloride and 1,4-

dioxane displayed slow reaction rates leading lower yield (Table1, entry 1-4).  
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We have carried out the model reaction using different stoichiometric amount of catalyst. The catalyst 

screening result are summarized in Table 2. It was observed that the excellent yield was achieved by using 10 

mol% of 1-Butyl-3-methyl Imidazolium Chloride ([Bmim]Cl) (Table 2, entry 5). 

After investigating the influence of  different parameters on the model reaction, we turned our attention 

towards the 9-substituted derivatives of 9-(Substituted phenyl)-2-phenyl-5,9-dihydro-6H-pyrimido [4,5-d] 

[1,3,4] thiadiazolo [3,2-a] pyrimidine-6,8(7H) dione (4a-e) using one pot three component reaction of 2-

amino-5-phenyl 1,3,4-thiadiazole (1) barbituric acid (2) was refluxed 1-Butyl-3-methyl Imidazolium Chloride 

([Bmim]Cl) in water-ethanol with different substituted aldehydes (3a-e),  and  the result are summarized in 

Table 3. With the both electron-poor and electron-rich benzaldhydes (Table 3, entries 1-3 and 4-5 ), the 

corresponding 9-substituted of pyrimido [4,5-d] [1,3,4] thiadiazolo [3,2-a] pyrimidine-6,8(7H) dione 

derivatives (4a-e) were obtained to excellent yields.  These synthesized products (4a-e) were completely 

characterized from IR, 1H-NMR, Mass and 13C-NMR spectroscopic technique and also elemental analysis.  

The overall, mechanism takes place according to Knoevenagels-Micheal reaction (Scheme-II). 

 

Table 1. Optimization of the reaction conditions using different solvents.[a] 

Entry Solvent Reaction Time (h) Yield (%)[b] 

1 1,4-dioxane 6.0 35 

2 Ethylene dichloride 8.0 40 

3 THF 9.0 45 

4 DMF 6.0 50 

5 EtOH 5.5 65 

6 H2O/EtOH 4.0 80 

[a] Reaction conditions: 2-amino-5-phenyl 1,3,4-thiadiazole (1 mmol), barbituric acid    (1 mmol) with   

substituted benzaldehydes (1 mmol) and 1-Butyl-3-methyl Imidazolium Chloride ([Bmim]Cl) in water-

ethanol were refluxed at 70℃.  

 [b] Isolated yields. 

 

Table 2: Optimization Study for the amount of 1-Butyl-3-methyl Imidazolium Chloride ([Bmim]Cl) [a] 

Entry Catalyst 

(mole %) 

Temperature 

(0C) 

Reaction Time  

(h) 

Yield 

%[b] 

1 01 70 4.0 40 

2 02 70 4.0 50 

3 05 70 4.0 60 

4 08 70 4.0 72 

5 10 70 4.0 80 

6 15 70 4.0 80 

7 20 70 4.0 80 
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[a] Reaction conditions: 2-amino-5-phenyl 1,3,4-thiadiazole (1 mmol), barbituric acid    (1 mmol) with   

substituted benzaldehydes (1 mmol) and 1-Butyl-3-methyl Imidazolium Chloride ([Bmim]Cl) in water-

ethanol were refluxed at 70℃.  

 [b] Isolated yields. 

 

Table 3: Three component reaction of 2-amino-5-phenyl 1,3,4-thiadiazole (1), barbituric acid  (2), and 

aromatic aldehydes (3a-e)  for the synthesis of (4a-4e).[a] 

Entry Aldehyde 

(3a-e) 

Products 

(4a-4e) 

Time  

(h) 

Yield 

(%)[b] 

M.P. 

(0C) 

 

1 

CHO

 
N

N N
H

NHN

S

O

O
 

 

3.0 

 

68 

 

201-203 

 

2 

CHO

OCH3  

N

N N
H

NHN

S

O

O

OCH3

 

 

3.5 

 

80 

 

211-213 

 

3 

CHO

OH  
N

N N
H

NHN

S

O

O

OH

 

 

4.0 

 

78 

 

341-343 

 

4 

CHO

Br  
N

N N
H

NHN

S

O

O

Br

 

 

3.5 

 

80 

 

226-228 

 

5 

CHO

Cl

Cl  
N

N N
H

NHN

S

O

O

Cl

Cl

 

 

3.0 

 

78 

 

231-233 

 

 
[a] Reaction conditions: (1) (1 mmol), (2)  (1 mmol), (3a-e) (1 mmol) and acetonitrile in Iodine were refluxed at 

70℃.   

[b] Isolated yields. 
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III. EXPERIMENTAL 

 

Open capillary tubes were used for melting points of isolated synthesized compounds and are uncorrected. 

Perkin-Elmer FTIR spectrophotometer was used for IR (KBr) spectra of compounds. Mass spectral data were 

recorded on liquid chromatography mass spectrometer (Shimadzu 2010Ev) using ESI probe. The 1H and 13C 

NMR spectra were recorded on various spectrometers at 300 & 400MHz using TMS as an internal standard. 

General procedure for the synthesis of 9-substituted derivatives of 9-(4’-phenyl)-2-phenyl-5,9-dihydro-6 H-

pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-6,8(7H)-dione(4a-e) :  

A mixture of 2-amino-5-phenyl 1,3,4-thiadiazole (1) barbituric acid (2) was refluxed usimg 1-Butyl-3-methyl 

Imidazolium Chloride ([Bmim]Cl) as an catalyst in water-ethanol with  different substituted aldehydes (3a-e),  
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to isolate the respective products (4a-e). The reaction mixture was cooled to room temperature and poured 

into ice cold water. The solid obtained was filtered, washed with water and recrystallized by ethanol to give 

(4a-e). The reaction was monitored by TLC. These synthesized products (4a-e) were completely characterized 

from IR, 1H-NMR, Mass and 13C-NMR spectroscopic technique and also elemental analysis.  

 

Spectral Analysis:  

 

2,9-diphenyl-5,9-dihydro-6H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-6,8(7H)-dione (4a) : 

M.P. 201-2030C, Yield 68%. IR (KBr/ cm-1 ) 3228 (-NH), 1701,1623 ( 2 C=O); 1H NMR (400MHz, DMSO-d6 / 

ppm ) δ 6.8 (s, 1H, -CH), δ 6.7-7.9 (m, 10 H, Ar-H), δ 10.8 and δ 11.4 (2 bs,2H,-NH); EI-MS (m/z: RA %): 375 

(M+., 100%   ),. Elemental analysis calculated data for C19H13N5O2 S ; C, 60.79; N, 18.86. Found: C, 60.81; N, 

18.88.  

9-(4’-methoxyphenyl)-2-phenyl-5,9-dihydro-6H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-

6,8(7H)-dione (4b) : 

M.P. 211-213 0C , Yield 80 %. IR (KBr/ cm-1 ) 3209 (-NH), 1731,1674 ( 2 C=O),1269(-O-R); 1H NMR (400MHz, 

DMSO-d6 / ppm ) δ 3.07 (s, 3H, -Ar-OCH3), δ 6.40 (s, 1H, -CH), δ 7.0-8.5 (m, 9H, Ar-H), δ 11.1 and δ 11.3 ( 2 

bs, 2H,-NH); EI-MS (m/z: RA %): 305 (M+., 100% ). 13C NMR (400 MHz, DMSO–d6/ ppm ) δ: 163,160,  151, 

150, 155, 143, 140, 128, 127,90 ,57, 51, 40,  39, 38. Elemental analysis calculated data for C20H15N5O3S   ; C, 

59.25; N, 3.73. Found: C, 59.26; N, 3.75.  

 

9-(4’-hydroxyphenyl)-2-phenyl-5,9-dihydro-6H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-

6,8(7H)-dione (4c) : 

M.P. 341-343 0C, Yield 78% .IR (KBr/ cm-1 ) 3450 (-OH), 3274(-NH) 1720, 1670  (2C=O); 1H NMR (400MHz, 

DMSO-d6 / ppm ) δ 6.86 (s, 1H, -OH), δ 6.8 (s, 1H, -CH), δ7.4-8.3 (m, 9H, Ar-H), δ 10.8 and δ 11.1 ( 2 bs, 2H,-

NH); EI-MS (m/z: RA %): 391 (M+., 100% ),. 13C NMR (400 MHz, DMSO–d6/ ppm ) δ: 168,164,  163,155, 150, 

138, 132, 129, 123,115,114. Elemental analysis calculated data for C19H13N5O3S   ; C, 58.30; N, 17.89. Found: C, 

58.32; N, 17.92.  

9-(3’-bromophenyl)-2-phenyl-5,9-dihydro-6H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-6,8(7H)-

dione (4d) : 

M.P. 226-228 0C, Yield 80%. IR (KBr/ cm-1 ) 3136 (-NH), 1697,1604  (2C=O); 1H NMR (400MHz, DMSO-d6 / 

ppm ) δ  5.7 (s, 1H, -CH), δ 7.0-8.2 (m, 9H, Ar-H), δ 10.4 and δ 11.1 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 456 

(M+.+3, 100),. 13C NMR (400 MHz, DMSO–d6/ppm ) δ: 169, 168,167, 164, 161,156, 152, 150, 146, 135,134, 130, 

129,126, 121, 120. Elemental analysis calculated data for C19H12N5O2BrS     ; C, 50.23; N, 15.42. Found: C, 50.25; 

N, 15.44.  

9-(2’,4’-dichlorophenyl)-2-phenyl-5,9-dihydro-6H-pyrimido[4,5-d][1,3,4]thiadiazol[3,2-a] pyrimidine-

6,8(7H)-dione (4e) : 

M.P. 231-233 0C, Yield 75%.IR (KBr/cm-1 ) 3132 (-NH), 1693,1600  (2C=O); 1H NMR (400MHz, DMSO-d6 / 

ppm ) δ 5.7 (s, 1H, -CH), δ 7.11-8.39 (m, 8H, Ar-H),  δ 10.47 and δ 11.29 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 
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443 (M+. +1, 100%),. 13C NMR (400 MHz, DMSO–d6/ppm) δ: 168, 167 (C=O), 160,149 (C-4b), 135, 

134,133,130,129 128, 126, 121, 78,40,39,38. Elemental analysis calculated data for C19H11Cl2N5O2S ; C, 51.36; N, 

15.76. Found: C, 51.38; N, 15.78.  

 

Antioxidant Activity:  

 

A) DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging assay: 

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging assay was performed as per earlier reported 

method[16]. The reaction cocktail was prepared by mixing individual newly synthesized organic compounds is 

added to equal volume of 0.1 mM solution  of DPPH radical in absolute  ethanol. After 20 minutes of 

incubation at room temperature, the DPPH reduction was calculated by reading the absorbance at 517 nm 

using UV-Visible spectrophotometer. Ascorbic acid (1mM) was used as reference compound. 

The compound (4d and 4e) shows remarkable antioxidant activity against DDPH radical scavenging activity 

with reference of ascorbic acid (91.4 ± 0.020).   

 

B) OH radical scavenging assay: 

Hydroxy radicals scavenging activity was measured with Fenton’s reaction (Rollet –Labelle et al., 1998). The 

reaction mixture contained 60 µl of FeCl2 (1mM), 90 µl of 1,10-phenanthroline(1mM), 2.4 ml of phosphate 

buffer (pH 7.8),150 µl of 0.17M H2O2 and 1.5 ml of individual newly synthesized organic compounds (1mM). 

The reaction mixture was kept at room temperature for 5 minutes incubation and the absorbance was 

recorded at 560 nm using UV-Visible spectrophotometer. Ascorbic acid (1mM) was used as the reference 

compound. 

The compound (4c, 4d and 4e) shows good OH radical scavenging activity as compared with Ascorbic acid 

(89.5 ± 0.019).   

Table 4: Antioxidant activity of tested compounds (4a-4e). 

 

Entry 

 

Compound 

Code 

% Radical scavenging activity 

DPPH radical scavenging OH radical scavenging 

1 4a 42.2 ± 0.80 56.1 ± 1.20 

2 4b 68.6 ± 0.84 66.2 ± 1.65 

3 4c 65.9 ± 1.79 75.2 ± 1.32 

4 4d 88.4 ± 1.30 80.9 ± 0.22 

5 4e 71.4 ± 0.71 79.2 ± 1.30 

6 Ascorbic Acid 

(Standard) 

91.3 ± 0.020 89.5 ± 0.019 
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IV. CONCLUSION 

 

In conclusion, we have developed an efficient, green  and easy protocol for synthesis of   9-substituted 

derivatives of 9-(Substituted phenyl)-2-phenyl-5,9-dihydro-6H-pyrimido[4,5-d] [1,3,4] thiadiazolo [3,2-a] 

pyrimidine-6,8(7H) dione by reaction of corresponding substituted aldehydes, 2-amino-5-phenyl 1,3,4-

thiadiazole and  barbituric acid in presence 1-Butyl-3-methyl Imidazolium Chloride ([Bmim]Cl) in water-

ethanol. The product can be easily isolated by simple workup technique, short time, less expensive, requires 

ambient reaction condition, and give excellent yield. Among these synthesized compounds showed potent 

Antioxidant activity. 
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ABSTRACT 

Nanoparticles have been studied and used in a variety of modern industrial contexts over the last few decades. 

Zinc oxide nanoparticles have gotten a lot of attention because of their many properties, such as antifungal, 

photochemical, high catalytic, and antibacterial activities. This is even though the chemical and physical 

processes used to make nanoparticles involve harmful compounds and harsh environments. Methods for 

producing green nanoparticles from naturally occurring materials such as plants, fungi, bacteria, and algae 

have been developed. To demonstrate the utility, safety, and viability of zinc oxide nanoparticles in a variety 

of contexts, scientists have conducted extensive research into a variety of environmentally friendly 

production methods. As a result, we must rely on less reliable sources to compile useful reviews. Green 

synthesis appears to be safer and more environmentally friendly than chemical and physical preparation 

methods for nanoparticles. Nonetheless, it is frequently used in the medical field for things like bio-imaging, 

biosensors, drug administration, and gene delivery. Because of their low toxicity, zinc oxide nanoparticles can 

be used as smart weapons against drug-resistant microbes. 

Keywords: zinc oxide nanoparticle, environmental benign, drug administration, biosensor. 

 

I. INTRODUCTION 

 

Nanotechnology is one of the fastest-growing fields in science and technology [1-2]. The unique 

physicochemical properties of nanomaterials enable cutting-edge systems, structures, nanoplatforms, and 

devices [3-4]. Nanomaterials have a high surface-to-volume ratio, are chemically stable, have good thermal 

conductivity, and have nonlinear optical properties [5]. This has led some scholars to seek alternative 

training. Conventional methods, which rely on physical and chemical processes, require the use of hazardous 

compounds as defensive agents, causing environmental toxicity [6]. Plant extract-mediated nanoparticle 

biogenesis is cheap and a rich source of protein caps. As a safe, non-toxic, and environmentally friendly 

alternative, plant-based green technology is gaining popularity. Plant extraction is a marginal technique for 

regulating chemical synthesis that, with careful synthesis, allows for a wide range of nanoparticle shapes and 

sizes and is used to normalise environmental chemical toxicity from side-by-side biological synthesis of 

http://www.ijsrst.com/
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various metal oxides and metal nanoparticles [7]. Biocompatible, biodegradable, and functionalized 

nanomaterials are used in biomedical applications. For biological applications, magnetic nanoparticles, 

quantum dots, and carbon nanotubes, or nanoshells, have been studied [8-9]. Semiconductivity, 

piezoelectricity, and opticality are all properties of zinc oxide nanoparticles [10]. Zinc oxide nanoparticle-

based nanomaterials are tested in nanosensors, energy storage, cosmetics, electronics, and optics [11]. 

Biodegradable and low-toxic zinc oxide nanoparticles are important. Zn 2+ is involved in many processes in 

adults. Under basic and acidic conditions, zinc oxide nanoparticles dissolve slowly. Zn2+ ions emitted by 

soluble zinc oxide nanoparticles stress cells and harm a wide range of organisms [12]. Biological applications 

for zinc oxide nanoparticles [13]. Solubility is what harms zinc oxide nanoparticles. Dissolving extracellular 

zinc oxide nanoparticles increases intracellular is Zn2+. It is unknown what causes the increased dissolution of 

zinc oxide nanoparticles and intracellular Zn2+ [14]. This paper examines zinc oxide nanoparticles for 

biomedical applications, including their status, green manufacturing, and harmful effects. Based on their 

constituent elements, nanoparticles are classified as inorganic or organic [15]. organic nanoparticles called 

fullerenes. Inorganic nanoparticles include gold, silver, semiconductors, magnetics, etc. Size, shape, and 

origin can classify nanoparticles. Nanomaterials can be synthetic or natural [16]. Zero-dimensional 

nanomaterials have no nanoscale dimensions outside the nanometer range; one-dimensional nanomaterials 

have one; and two-dimensional nanomaterials have two. Massive substances are divided into 1-100 

nanometer units [6]. Nanodispersions are classified by molecular structure and particle size. Dendrimers are 

nanometer-scale branched macromolecules. These particles are mostly metal oxides (nanosilver and 

nanogold) and semiconductors (quantum dots). Carbon nanomaterials can be tubes, hollow spheres, or 

ellipsoids. Carbon nanomaterials are spherical or ellipsoidal, whereas nanotubes are cylindrical [17]. 

 

II. NANOPARTICLE SYNTHESIS METHODS 

 

Bottom-up and top-down nanoparticle biogenesis [18]. Bottom-up approaches emphasise oxidation and 

reduction. Nanoparticle synthesis is a hot topic in science, with researchers seeking green processes and 

materials [19]. The synthesis solvent intermediate, the environmentally friendly reducing mediator, and the 

non-toxic material for nanoparticle stability should be evaluated for green chemistry. Most chemical and 

physical reactions use organic solvents. Water-repellent capping agents are to blame [20]. Green chemistry 

principles are compatible with bioorganism synthesis, including an eco-friendly method, agent reduction, and 

reaction rounding. Metal oxide inorganic nanoparticles synthesised using biological materials have unique 

optical, electrical, and chemical properties [21]. Metal oxides are used in piezoelectric devices, fuel cells, 

microelectronic circuits, sensors, and corrosion catalysts. Metal oxides are pollution absorbers. zinc oxide 

nanoparticles are semiconducting metal oxides that can display unusual chemical features in nanotechnology 

due to their tiny mass and high limit density [22]. Zinc oxide nanoparticles stand out among metal oxides due 

to their refreshing properties [23], high catalytic activity, anti-inflammatory properties, wound healing, and 

UV filters [24]. zinc oxide nanoparticles are biosensors for cholesterol, enzyme biochemistry, and other 

applications [25]. 
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2.1. Green route for synthesis of ZnO Nanoparticles: 

Chemical or physical synthesis is time-consuming and expensive. Chemical precipitation and reduction 

produce many byproducts. Chemical precipitation produces toxic chemical species that can adsorb on 

surfaces. Some reactions require heat, air mass, or poisonous substances like H2S, poisonous models and 

stabilisers, and bimetallic precursors [26]. Nanoparticle synthesis and stabilisation involve toxic chemicals. 

Physical and chemical processes can quickly create nanoparticles. ZnO nanoparticle are made through 

chemical precipitation and sol-gel. Nanoparticle synthesis uses benign chemicals. Temperature also affected 

ZnO nanoparticle morphology. Green methods can synthesise nanoparticles using microorganisms, enzymes, 

plants, or plant extracts. Nanoparticle synthesis uses bacteria, fungi, and yeast. Using microorganisms to 

produce nanoparticles requires maintaining cell cultures, synthesising living things, and purifying [27-28]. 

Conventional chemical methods are expensive and often use chemical or organic solvents as reducing agents. 

ZnO nanoparticles powder treatments are available for mineral cream, anti-dandruff shampoo, antibiotic 

ointment, and bandages. ZnO nanoparticles are used in healthcare, beauty, antimicrobial, textile, and auto. 

ZnO nanoparticles are being studied as a micro- and nanoscale antibacterial agent. ZnO nanoparticles kill 

bacteria better than microparticles. Synthesis of ZnO nanoparticles uses natural materials and biopolymers, 

plant leaf extract, bacteria, fungi, and algae. Chemical and physical synthesis can be replaced with plant 

extracts. "Green" nanoparticle synthesis is appealing due to its eco-friendliness, economic potential, and 

applications in nanomedicine, chemically altered drugs, nano optoelectronics, etc. There is a lot of hope for 

this field because of how new it is and how quickly it is growing. There is a lot of hope for this field because 

of how new it is and how quickly it is growing. Flower-shaped ZnO nanoparticles are non-toxic, biosafe, and 

biocompatible due to biosynthetic and environmentally friendly technology. Most ZnO nanoparticle used in 

industry are synthetic and cheaper and whiter than silver nanoparticles [29-30]. various types of plant and bio 

media to use synthesis of ZnO nanoparticle to be maintaining green approach Fig 2.1.  
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Inexperienced ZnO nanoparticle synthesis uses plant extract. Barbadensis Sangeetha et al. synthesised ZnO 

nanoparticle using Miller leaf extract. Zinc nitrate and aloe vera extract form round ZnO nanoparticles. 

Above 25%, aloe vera leaf broth produces nanoparticles. SEM and TEM reveal that ZnO nanoparticles range 

in size from 25 to 40 nm. Spherical nanoparticles are obtained by adjusting leaf broth concentration [31] table 

2.1. 

Sr.No Green 

Substrate 

Name of Subastrate References 

1 Plant Calotropisgigantean,Aloebarbadensis,Cassiaauriculata, Acalyphaindica, 

Partheniumhysterophorus, Camelliasinensis, Calotropisprocera, 

Musabalbisiana, Citrusparadise, Medicagosativa 

[32-40] 

2 Algae Marinemacroalgae, Caulerpapeltate, HypneaValencia, 

Sargassummyriocystum, Sargassummuticum 

[41-44] 

3 Bacteria Aeromonashydrophila, Lactobacillussporogen, Enterococcusfaecalis, 

Bacilluscereus, 

[45-48] 

4 Fungi Aspergillusfumigates, Aspergillusaeneus,Fusariumspp. [49-51] 

Table 2.1 Different Green substrate of ZnO Nanoparticles 

 

III. CHARACTERIZATION OF ZINC OXIDE NANOPARTICLES 

 

The FTIR, EDAX, AFM, XPS, ATR, UV-DRS, XRD, TEM, TG-DTA, and DLS are used to characterise the 

synthesised nanoparticles[52]. Lamiaceae plants, including Vitex negundo [44], Plectranthus amboinicus [53], 

and Anisochilus carnosus [54], produce NP in many different geometric forms, from hexagons and rods to 

agglomerates and spherical structures. Plant extract concentrations used in synthesis result in smaller NPs 

[55]. Different methods, such as transmission electron microscopy (TEM), X-ray powder diffraction (XRD), 

and field emission scanning electron microscopy (FE-SEM), were used to observe and compare the size range, 

and they all yielded similar results [56]. XRD analysis confirmed that the NPs synthesised from Vitex 

negundo flower and leaf were 100 nm using the Debye-Scherrer equation [44]. Azadirachta indica leaves are 

used to make ZnO NPs [57]. Nanobuds, hexagonal discs, and spherical NPs all showed the same size range in 

transmission electron microscopy and X-ray diffraction analysis. FTIR analysis established the presence of 

amine, carboxylic acid, carbonate moieties, alcohol, alkane, and amide during NP formation. The Liliaceae 

family includes the plants used to make aloe vera gel and juice [58]. NP agglomerates were formed from 

extracts of Moringa oleifera, Calotropis gigantea, Plectranthus amboinicus, Agathosma betulina, Nephelium 

lappaceum, and Pongamia pinnata. UV-visible spectrophotometry is used to validate the synthesis, and crystal 

NPs are obtained by centrifugation and drying in a hot air oven [44].  
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IV. APPLICATION OF ZINC OXIDE NANOPARTICLES 

 

 
Zinc oxide nanoparticles are drug carriers in biomedicine. Two factors drive their drug delivery application. 

Nanoparticles' small size allows them to pass through capillaries and enter cells, concentrating therapeutic 

substances where they're needed. Second, organic matter can be used to create nanoparticles that release 

drugs gradually. In studies on Zinc oxide nanoparticles and drug release, an antibiotic and its topical ointment 

were used. Zinc oxide nanoparticles in medicine harm the biological membrane. In biomedicine, zinc oxide 

nanoparticles transport drugs. Both are good for drug delivery[29, 59]. Nanoparticles enter capillaries and are 

absorbed by cells, directing therapeutic substances to injury sites. Organic nanoparticles are used to slow-

release drugs. Zinc oxide nanoparticles affect biological membranes, study shows. 

 

4.1. Drug Delivery: 

The advantages of using ZnO nanoparticles for drug delivery stem from their two main basic properties. To 

begin with, because of their smaller size, nanoparticles can pass through smaller capillaries and be absorbed 

by cells, allowing for efficient drug accumulation at the target sites. Second, the use of biodegradable 

materials in the preparation of nanoparticles allows for the prolonged release of drugs within the targeted site 

over days or even weeks [60]. The role of synthesized ZnO nanoparticles in drug release was investigated [61] 

by observing its diffusion through egg membrane using the drug metronidazole benzoate. The presence of 

ZnO NPs with the drug has a significant effect on the biological membrane, according to the results. 

 

4.2. Biosensors: 

Biosensors have numerous applications in the fields of food science, ecology research, medicine, and 

analytical chemistry and biology. Some types of biosensors are electrochemical, photometric, piezoelectric, 
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and calorimetric [62]. These high-performance biosensors can be built on a platform of nanomaterials, either 

on their own or in combination with biologically active substances [63], which is why nanomaterials are 

becoming increasingly popular. Antibodies, enzymes, and other proteins, for instance, could be immobilized 

using the increased surface area of nanomaterials. In addition, they may be allowed to carry out direct 

electron transfers between the electrodes and the active sites of the biomolecules. 

 

4.3. Antimicrobial Activity: 

ZnO is being studied as a pharmaceutical agent in microscale and nanoscale forms[64]. Cell swelling may be 

caused by reactive oxygen species generated on particle surfaces, zinc ion release, membrane dysfunction, and 

nanoparticle acquisition. High temperatures affect ZnO nanoparticles' pharmaceutical activity, while 

intermediate temperatures reduce it. Evidence suggests that a mechanism study of ZnO nanoparticles' 

pharmacological behaviour may benefit from chemiluminescence and oxygen electrode analysis, suggesting 

that binding to the microorganism surface may be due to electrical forces. Metallic nanoparticles can be 

prepared with large surface areas, unusual crystalline and morphological forms, and edges, corners, and other 

reactive surface sites. ZnO nanoparticle ablation protocols are being studied. Nanoparticles will provide 

antineoplastic medicine with a synergistic antineoplastic impact in the presence of warmth and may be 

imaged to achieve medical precision and a greater thermal impact on neoplasm ablation. Several studies [65] 

suggested that a better understanding of the molecular mechanism involved in tumor-mediated nanoparticle 

ablation would aid in engineering nanoparticles of suitable composition and properties to synergize ablation. 

 

4.4. Bioimaging: 

ZnO is a notable semiconductor that is also used in electronics. It has the potential to replace Cd-related 

species in the biological and optical fields. ZnO nanostructures, such as nanoparticles, nanotubes, nanorods, 

and nanorings, are now widely understood to exist. Scientists are interested in ZnO nanoparticles as a 

potential bio-imaging tool [66]. There are potential biological and medical uses for this property at multiple 

levels. Consider the brightly glowing ZnO nanoparticles, also known as ZnO nanoparticles. Quantum yield 

(QY) may have favourable photophysical properties depending on its size and shape [67]. It was demonstrated 

that the surfaces of these nanoparticles could be easily altered. After careful modification, it has been found 

that ZnO nanoparticles can be very stable in aqueous solution, and their quantum yield (QY) can be increased 

to around 30% [68]. ZnO has a good reputation for being a secure material. Sunscreen products have 

incorporated ZnO, and it's also used as an additive in food packaging. As a result, the luminescent properties 

of ZnO nanoparticles could be used in a variety of medical and biological contexts [65]. Because of their small 

size, zinc oxide nanoparticles have unique properties that enable new advancements in biosensors, 

biomedicine, bioimaging, bio-nanotechnology, and many other fields. 
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V. CONCLUSION 

 

Green ZnO nanoparticle synthesis is safer and more environmentally friendly than physical and chemical 

methods. ZnO nanoparticle are important and versatile due to their properties, benefits, and human 

applications. Green sources stabilise and reduce nanoparticle size and shape during synthesis. ZnO 

nanoparticles boost crop growth and yield. As food demand rises, staple crop yields fall. Sustainable 

agriculture requires commercialising metal oxide nanoparticles. Biomedical applications include bioimaging, 

drug delivery, biosensors, and gene delivery. ZnO nanoparticles can be used as smart weapons against drug-

resistant microorganisms and as an antibiotic substitute. This review should help streamline methodological 

and clinical correlation research. In scientific and research reports, referencing this complex will suggest 

health solutions. 
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ABSTRACT 

The present work reports structural and dynamical properties of aqueous Polyvinyl-pyrrolidone(PVP K-30) 

[C_6 H_9 NO]n in the presence of Non steroidal anti-inflametory drug (NSAID) Ibuprofen(IBP) [C13H18O2] 

using time domain reflectometry (TDR) in the frequency region of 1 GHz to 30 GHz over the temperature 

range of 278.15 K-298.15 K. The frequency dependent complex dielectric permittivity has been analyzed by 

Harviliak-Negami equation. Cole-Davidson model is used for the description of the complex dielectric 

permittivity spectra ε^* (ν).Dielectric parameters such as the static dielectric constant ε_0, the high 

frequency limiting dielectric constant ε_∞, relaxation time τ_0 and Kirkwood correlation factor gwere 

calculated. 

Keywords: Polyvinyl-pyrrolidone, Ibuprofen, time domain reflectometry, dielectric relaxation.  

 

I. INTRODUCTION 

 

PVP an amorphous polymer may form complexes with a wide range of substances by forming hydrogen 

bonds between the hydroxyl groups of solvents and its carbonyl group[1].The water structure surrounding 

the coiled polymer was studied using PVP, a randomly coiled and flexible polymer that is easily soluble in 

water. For such a non-electrolytic solution, dielectric measurements are simple [2]. The dielectric relaxation 

amplitude (∆𝜀),the dielectric relaxation time (𝜏0) and the other thermodynamic parameters changes when the 

polymer is mixed with a polar solvent because these relaxation parameters are dependent on the structure of 

the solvent in the polymer–solvent mixture[3].As, PVP is non-harmful and biocompatible, it is used in drug 

delivery systems (DDSS), artificial organs, cosmetics, and other applications. It has excellent wetting 

properties in the solution state and easily produces films. As a result, it can be used as a coating or as a coating 

additive.PVP is also used as an adhesive in glue sticks and hot melts, as a special additive in batteries, ceramics, 

fiberglass, inks, inkjet paper and the chemical-mechanical planarization process, as emulsifiers and 

disintegrants in solution polymerization, photo-resists for cathode ray tubes, in aqueous metal quenching and 

in the production of membranes such as dialysis and water purification filters[4]. 

Ibuprofen (2-[4-(2-methylpropyl)phenyl]propanoic acid) is a non-steroidal anti-inflammatory drug(NSAID). 

It is used to treat pain and fever by millions of people worldwide. Ibuprofen's experimental solubility in 

http://www.ijsrst.com/
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water (0.049 mg/ml) [5]makes this medicine as almost insoluble in water. The dissolution profile and 

bioavailability after oral administration of such a drug are relatively low. Preparing the poorly water soluble 

drugs in the amorphous form is one of the well established methods for increasing thesolubility and 

bioavailability.  

However, no research has been done on the dielectric and thermodynamic properties of aqueous PVP in 

presence of IBP solution.The solutions were prepared at room temperature for different molar concentrations 

of PVP viz. 0, 0.02, 0.04, 0.06, 0.08, 0.1 and ibuprofen viz. 0, 0.01, 0.02, 0.03, 0.04 and 0.05. We have 

measured the dielectric relaxation spectra for these solutions at 298.15 K, 288.15 K and 278.15 K using time 

domain reflectometry in the frequency range of 0.01 GHz-30 GHz.The purpose of the present research work 

is to carry out the microwave dielectric relaxation study of the poly(vinyl pyrrolidone)–Ibuprofen-Water 

mixtures of varying concentration and to investigate the impact of temperature and concentration on the 

structure and dynamics of water molecules in presence of PVP and IBP macromolecules as well as the 

intermolecular interactions between aqueous PVP and IBP molecules, in terms of various dielectric and 

thermodynamic parameters. We interpreted the obtained dielectric data by comparing with those of earlier 

dielectric studies. 

 

II. EXPERIMENTAL 

 

2.1. MATERIALS 

Polyvinylpyrrolidone (PVP K-30) was purchased from sigma Aldrich and Ibuprofen was purchased from Hi 

Media Laboratories Pvt. Ltd. Mumbai, India and used without purification. Double distilled and deionized 

water was used for making the solution. The chemicals were weighed in an electronic digital balance (Mettler 

Toledo ME- 204) with a least count of 0.0001 gm. The solutions of 15 ml were prepared at room temperature 

for different concentrations of PVP and IBP and the dielectric measurement were carried out by using TDR. 

 

III. RESULTS AND DISCUSSION 

 

Dielectric dispersion and absorption curves obtained for the aqueous PVP at 0.02, 0.04, 0.06, 0.08 and 0.1 M 

concentration in presence of poor water soluble ibuprofen (IBP) with the concentrations 0.01, 0.02,0.03, 0.04 

and 0.05 M used at temperatures 278.15 K, 283.15 K, 288.15 K, 293.15 K and 298.15 K is shown in fig. 1 

where only spectra at low and high concentrations and at all temperatures along with the spectra for water 

were depicted. The spectra show that there is a gradual decrease in dielectric permittivity for all the used 

concentrations and temperature and the loss peaks shift towards lower frequency side. This suggests 

molecular association between solute and solvent molecules.  
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Figure 1: Permittivity spectracontains dielectric permittivity (ε”) and loss(ε’) as a function of frequency for 

water and aqueous PVP in presence of IBP at different concentration and temperature. (Solid lines-observed 

data, Dotted lines-theorotical fitting and Symbols-fitted data). 

 

Dielectric permittivity (𝜀′) and loss (𝜀′′) for PVP-IBP-Water system obtained for various concentrations in 

the temperature range of 278.15 K-298.15 Kas a function of frequency is shown in fig. 1. The values of 

complex permittivity ε∗=𝜀′ -j𝜀′′as a function of frequency for the PVP-IBP-Water system have been analyzed 

and used for the evaluation of dielectric parameters at various temperatures and concentrations [6].The 

process can be described by S. Havriliak -Negami [7] equation using least square fit method. 

𝜀∗(𝑤) = 𝜀∝ + [
(𝜀0−𝜀∝)

[1+(𝑗𝑤𝜏0)
1−𝛼]𝛽

] (1) 

Where 𝜀0  is the static permittivity, 𝜀∞  the high frequency limiting static permittivity, 𝜏0  is the average 

relaxation time, 𝜔is the angular frequency 𝛼𝑎𝑛𝑑𝛽 are the distribution parameters. α (0<α<1) indicates the 

broadness of the symmetric relaxation curve when the dielectric data are described by the Cole–Cole 

equation.  

The data collected reveals that the static dielectric constant for aqueous PVP wasfound more thanthat of pure 

water and become almost constant for further increase in PVP concentration. This suggests that increasing 

PVP concentrations decreases the number of water molecules per PVP moleculethat form hydrogen bonding 

at hydroxyl and methyl side group and thus form hydration layer around PVP molecule fig (a). This 

association between water and PVP increases the value of static dielectric constantonly at lower PVP 

concentration but remain almost constant for further increases in concentration. As higher values of 
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dielectric constant has more significance for drugs stability in pharmacy which is directly related to solubility 

and stability of the products[8]. 

This suggests the complex or system is more stable towards lower temperature and lower PVP concentrations 

and will be more suitable for drug design and other pharmaceutical applications. 

 
Figure3: Temperature and concentration dependent static dielectric constant of aqueous PVP in presence of 

different concentrations of ibuprofen. 

 

The relaxation dynamics for the rotational motion of water molecules in the solute environment are given by 

dielectric relaxation time measured for aqueous PVP (fig. 4) and in the presence of ibuprofen. The relaxation 

time for aqueous PVP increased linearly with PVP concentration over all the measured temperatures, 

indicating a more heterogeneous / non-cooperative environment for water molecules that offers a large steric 

hindrance to the rotational motion of water molecules in the solvent rich (PVP) and in the low temperature 

region. 
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Figure 4: Dielectric relaxation time measured for aqueous PVP in the presence of Ibuprofen at different 

concentration and temperature. 

 

Figure4 depicts the relaxation time for aqueous PVP in the presence of ibuprofen at various PVP 

concentrations.For all the IBP concentrations it has been observed that relaxation time increases with PVP 

concentration and towards low temperature. This could be due to the formation of a hydration shell 

surrounding PVP, which interacts with IBP via the hydration shell, or to a dipole-dipole induced interaction 

between PVP and IBP via water molecules. As a result, rotational motion of water molecules gets restricted 

that results in increasing the values of relaxation time. 

The information regarding orientation of electric dipoles in polar liquid is described by Kirkwood correlation 

factor ′𝑔′ .The degree of intermolecular hydrogen bonding is measured by the deviation of the values 

of′𝑔′from unity. If ′𝑔′ is greater than 1 it means that molecules tend to direct themselves with parallel dipole 

moments;when g is smaller than 1 then molecules prefer an ordering with antiparallel dipole moments. ′𝑔′=1 

may be due to the cancellation of the effects of both kinds of parallel and anti-parallel multimers for 

associating molecules. Due to insufficient data available for the dipole moment at the measured temperature 

we used dipole moment for water μ=2.37 D as calculated previously [9] to calculate the correlation factor 

′𝑔′from the measured 𝑔𝜇2 calculated using Kirkwood–Frohlich equation[10].  

𝑔𝜇2 =
9𝐾𝐵𝑇𝑀

4𝜋𝑁𝜌
[
(𝜀𝑠−𝜀∞)(2𝜀𝑠+𝜀∞)

𝜀𝑠(𝜀∞+2)2
] (2) 

The parameters used in eqn.(2)KBis the Boltzmann constant, T is absolute temperature, M is the molecular 

weight, N is Avogadro’s number and 𝜌 is the density. 
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Since ′𝑔′  is a measure of orientational correlationbetween a molecule and its nearest neighbors, the 

departureof ′𝑔′  from unity could be an indication of molecular associationdue to short-range ordering 

interactions. In our case of aqueous PVP and IBP induced PVP, correlationfactors are more than 1 (due to the 

parallel orientation of thedipoles) and decreases towards higher PVP concentrations suggesting increased 

correlation between solute dipole via hydration shell. The variation in the values of′𝑔′with increasing IBP 

concentration in PVP at different temperatures is shown in fig 5. From the observed data, it has been 

concluded that the correlation (Parellel orientation) between water and the surrounding molecules decreases 

by the presence of ibuprofen for all the used PVP concentrations. This could be due to the reduced parallel 

correlation between solutes and solvent[11]. 

 
 

Figure5: variation in correlation factor ‘g’ for aqueous PVP and IBP induced PVP. 

 

IV. CONCLUSIONS 

 

From the overall study of dielectric and thermodynamical parameters we may conclude that  

• Static dielectric constant for aqueous PVP was found more than that of pure water and become almost 

constant for further increase in PVP concentration. 

• As higher values of dielectric constant has more significance for drugs stability in pharmacy which is 

directly related to solubility and stability of the products the addition of IBP to aqueous PVP gives 

surprising results that decreases the values of static dielectric constant towards higher PVP concentration. 

• The presence of IBP with higher concentration in aqueous PVP makes the system less stable. 
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• The increase in the values of static dielectric constant for aqueous IBP in absence or at lowest PVP 

concentration clearly indicates that dipole-dipole parallel alignment must present between IBP and water 

molecules. 

• Decreased values of correlation factor g and the factor gμ2 suggests reduced parallel correlation between 

the dipoles of aqueous PVP and IBP molecules to to formation of hydration layer or screening of PVP 

molecules by water molecules. 

• This suggests the complex or system is more stable towards lower temperature and lower PVP 

concentrations and will be more suitable for drug design and other pharmaceutical applications.  
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Dielectric Relaxation Studies of Halo butanes in The Frequency 
Range 10 MHz to 30 GHz Using a Time Domain Reflectometry 

(TDR) Technique 
Gubre Ashwini G.*, Kumbharkhane A.C 

School of Physical Sciences, S. R. T. M. University, Nanded -431606, Maharashtra, India 

 

ABSTRACT 

The dielectric spectra for halobutanes (1-chlorobutane, 1-bromobutane, 1-iodobutane) in 1,4-dioxane (DX) in 

the frequency range 10 MHz to 30 GHz at 250C with various concentrations have been determined using the 

time domain reflectometry (TDR) method. The dielectric spectrum of halobutanes have been fitted to the 

Debye model. The values of dielectric parameters such as static dielectric constant, Kirkwood correlation 

factor and Bruggeman factor signifies the molecular association and intermolecular hydrogen bonding in 

halobutanes. 

Keywords: Halobutanes, Time Domain Reflectometry (TDR), complex permittivity spectra, static dielectric 

constant, Kirkwood correlation factor, Bruggeman factor. 

 

I. INTRODUCTION 

 

Time domain reflectometry technique covers an extensively wide frequency range which is mainly used for 

the determination of dielectric parameters with precisely accurate data in a single measurement. Dielectric 

study provides a way to understand the intermolecular interactions, especially in case of binary liquids. Also, 

the technique is a great platform for the understanding of the strength of relaxation processes in binary 

liquids.[1,2]Halobutanes  plays an important role in many chemical reactions. They are a colourless, non-

flammable liquid that has been shown to be effective in therapeutic settings. In particular, 1-Chlorobutane 

(CLB) is used as an intermediate for the production of other chemicals in the chemical industry. 1-

Bromobutane (BMB) is commonly used as an alkylating agent, or in combination with magnesium metal in 

dry ether (Grignard reagent) to form carbon-carbon bonds. It can be used as a cleaning agent, an agent for 

chemical synthesis or as a solvent for extractions. 1-Iodobutane (IDB) is used as an alkylating agent in 

solvents and other intermediates. Used in the electronics industry as a subsurface preparation. 1-Iodobutane 

98.0% minimum material available with or without copper stabilizer. Dielectric relaxation study of Dioxane 

with Haloalkanes provides important information regarding molecular interactions because of dipole-dipole 

interactions and bonding between the two different molecules. In a polar solvent like ethanol with various 

halogroups like Cl, Br, and I, R.V. Shinde et al. [3,4] have thoroughly investigated the dielectric studies of 

halopropanes within the frequency range of 10 MHz and 50GHz. 

http://www.ijsrst.com/
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Understanding the structure of binary liquids in terms of hydrogen bonding is the main thrusts of the present 

study andalso to reveal the effect of different halogroups in the molecular conformation of polar solute in the 

presence of non-polar solvent like dioxane. 

 

II. EXPERIMENTAL DETAILS 

 

2.1. Materials 

The halobutanes werepurchased commercially from LOBA CHEMIE PVT. LTD. with 99% purity. The 1, 4-

dioxane was commercially obtained from SIGMA ALDRICH CEMICALS PVT. LTD. with 99% purity and 

were used without additional purification. 

 

2.2. Measurement 

The experimental set up of TDR technique is as shown in Fig.1 The Tektronix Digital Serial Analyzer model 

DSA8300 with the sampling module 80E10B has been used.A sampling module 80E10Bgives 12ps incident 

and 15psreflected rise time pulse which was fed through a coaxialline system which is having 50 ohm 

impedance. Samplingoscilloscope records the change in step pulse after reflection from the end of line. The 

reflected pulse without sample R1(t) and with sample Rx(t) were recorded in the time window of 5ns and are 

digitized in 2000 points. The Fourier transform of the pulse and data analysis was performed to determine 

complex permittivity spectra ε*(ω) using least square fit method.[5] 

 

 
 

Fig.1 Experimental setup of Time Domain Reflectometry (TDR) technique 
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III. RESULTS AND DISCUSSION 

 

3.1. Complex permittivity spectra 

The frequency dependent dielectric behavior for CLB, BMB, IDB at 25 °C are shown in Fig.2 Complex 

permittivity 𝜀∗(𝜔)data were fitted to the Harviliak-Negami expression by using the non-linear least square fit 

method[6]: 

                                 𝜀∗(𝜔) = 𝜀∞ +
𝜀°−𝜀∞

[1+(𝑗𝜔𝜏)1−𝛼]𝛽(1) 

where, ε₀, τ, ε∞ respectively are the static dielectric permittivity, relaxation time, permittivity at high 

frequency and α and β are distribution  parameters. 

 
F i g . 2  C o m p l e x  permittivityspectraof  halobutanes at 250C 

 

It is evident from fig.2 that when the frequency increases, the real part of the complex permittivity (ε') 

decreases.  It is due the fact that, the contribution of the charge carriers and the response of the permanent 

dipoles decreases at higher frequencies. It also can be seen that the response of permanent dipoles and the 

contribution of charge carriers in halobutanes is in the sequence of CLB > BMB> IDB. A peak in dielectric loss 

(ε״) shows the internal movements that include the reorientation of electric dipoles. The maximum value of 

dielectric loss is found in frequency range 20 GHz to 30 GHz for 1-chlorobutane, 10 GHz to 15 GHz for 1-

bromobutane, 8 GHz to 10 GHz for 1-iodobutane. 

For all halobutanes, the value of dielectric constant reduces with increase in concentration of dioxane in the 

mixturewhich is due to increase in the degree of disorder of the dipoles. [4] 
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Fig.3 Static dielectric constant of  Halobutanes  at 250C 

 

3.2. Effective Kirkwood correlation factor: 

The Kirkwood correlation factor gives information regarding the collective orientationalcorrelation in the 

molecules. The deviationfrom unity of the Kirkwoodcorrelation factor indicates the extent ofintermolecular 

hydrogen bonding.[8] 

The equation for pure liquid is given by the Kirkwood correlation factor 'g' as [8] - 

𝑔𝜇2 4𝜋𝑁𝜌

9𝑘𝑇𝑀
=

(𝜀0−𝜀∞)(2𝜀0+𝜀∞)

𝜀0(𝜀∞+2)2                                        (2) 

 

where, g is Kirkwood correlation factor, µ is dipole moment of the liquid, N is Avogadro’s number, M is 

molecular weight, ρ is density of the liquid, ε0 is static dielectric constant, ε∞ is dielectric constant at high 

frequency, k is Boltzmann constant and T is temperature.  

The modified Kirkwood equation, which is based on the volume fraction mixture law, measures the effective 

angular Kirkwood correlation factor (geff) for various molecules in a binary mixture [9]: 

 

 4𝜋𝑁

9𝑘𝑇
[

𝜇𝐷
2 𝜌𝐷𝑉𝐷

𝑀𝐷
+

𝜇𝐴
2 𝜌𝐴(1−𝑉𝐷)

𝑀𝐴
] × 𝑔𝑒𝑓𝑓 =

(𝜀0𝑚−𝜀∞𝑚)(2𝜀0𝑚+𝜀∞𝑚)

𝜀0𝑚(𝜀∞𝑚+2)2  (3) 

 

where, geff is the effective Kirkwood correlation factor, µD , µA , ρD and ρA are the dipole moments and 

densities of Dioxane and halobutanes respectively and VD is the volume fraction of Dioxane. 
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Table.1 Kirkwood correlation factor for halobutane+ 1,4 dioxane mixture at 250C 

 

VDX 

  

 CLB 

 

BMB 

 

IDB 

gff gf gff gf gff gf 

0 1.17 1 0.80 1 0.53 1 

0.1 0.86 1.22 0.66 1.18 0.49 1.19 

0.2 0.63 1.49 0.50 1.39 0.39 1.41 

0.3 0.56 1.81 0.45 1.65 0.21 2.15 

0.4 0.34 2.09 0.31 1.89 0.16 2.04 

0.5 0.25 2.36 0.21 2.08 0.15 1.93 

0.6 0.22 2.68 0.16 2.18 0.13 1.74 

0.7 0.18 2.87 0.14 2.35 0.11 1.58 

0.8 0.09 1.95 0.06 1.53 0.06 1.41 

0.9 0.06 1.55 0.05 1.23 0.04 1.19 

1 0.04 1 0.04 1 0.04 1 

 

From Table.1 it can be seen that the geff value for pure CLB larger than unity, suggesting that the alignment of 

dipoles is parallel whereas for BMB, IDB as well as for mixture in dioxane are less than unity, confirming the 

dipoles with anti-parallel inclination. It also observed from Table.1 that the Kirkwood correlation factor of 

IDB is lower than the corresponding values of CLB and BMB, shows that the intermolecular hindrance in IDB 

molecules is much lower than that of CLB and BMB molecules. 

 

3.3. Bruggeman factor: 

The static permittivity of binary mixtures can be obtained byusing the Bruggeman mixture formula[10]: 

               𝑓𝐵= (
ε0m−ε0D
ε0A−ε0m

)(
ε0A
ε0m

)1/3 = (1-VD)                                       (4)   

 

where, ε0m, ε0D, and ε0A are the static dielectric constants of mixture,Dioxane and halobutane 

respectively. Bruggeman expression predicts a linear relationship between fB andthe volume fraction of 

water but the experimental values of fB shows anon linear behavior i. e. experimental values have been 

deviated from unity (Table. 2). 

To explain the non linear relationship theEq.(4)ismodifiedasfollows[11]: 

 

    𝑓𝐵 = (
𝜀0𝑚−𝜀𝐷𝑋

𝜀0𝐴−𝜀𝐷𝑋
) (

𝜀0𝐴

𝜀𝐷𝑋
)

1/3
= 1 − [𝑎 − (𝑎 − 1)𝑉𝐷𝑋]𝑉𝐷𝑋    (5) 

 

where,𝑎isarbitraryparameter, thevalueof𝑎 = 1meanstheidealmixture with no interaction between solute 

and solvent. When we plot a graph between     𝑓𝐵 and volume fraction of dioxane, the values of 𝑎 are found 
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to be 1.44 for CLB, 1.40 for BMB and 1.53 for IDB which indicates that there is interaction between solute 

and solvent molecules. 

 

Table. 2 : Bruggeman factor for halobutanesat 250C 

 

VDX 

           𝒇𝑩 

CLB BMB IDB 

0 1 1 1 

0.1 0.85 0.86 0.85 

0.2 0.72 0.73 0.71 

0.3 0.60 0.61 0.58 

0.4 0.49 0.50 0.47 

0.5 0.38 0.39 0.36 

0.6 0.29 0.30 0.27 

0.7 0.20 0.21 0.18 

0.8 0.12 0.13 0.11 

0.9 0.05 0.06 0.05 

1 0 0 0 

 

IV. CONCLUSION 

 

The study of the complex permittivity spectra of halobutanes on addition of nonpolar solvent (like dioxane) 

have been studied using TDR in the frequency rangeof 10 MHz to 50 GHz at 250C and it is fitted to the Debye 

Model. The value of static dielectric constant decreases with increase in volume fraction of dioxane in the 

mixture. The Kirkwood correlation factors for halobutanes (BMBand IDB) are less than unity suggests 

antiparallel alignment of dipoles whereas for CLB it shows parallel alignments.Deviation of Bruggeman factor 

from unity indicates solute-solvent interaction. 
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Structural and Dielectric Relaxation Studies of Propionitrile-1, 
4 Dioxane Mixtures Using A TDR 

D. G. Dongre, A. C. Kumbharkhane 

School of Physical Sciences, S.R.T.M.University Nanded, 431606, Maharashtra, India 

 

ABSTRACT 

Dielectric relaxation properties of Propionitrile -1,4Dioxane binary mixtures have been measured over entire 

concentration at various temperatures using Time Domain Reflectometry (TDR) in the frequency range of 10 

MHz to 30 GHz. The complex permittivity spectrum of Propionitrile-1,4Dioxane mixtures shows Debye type 

relaxation processes. The static dielectric constant (εs) and relaxation times (τ), in the mixture has been 

obtained using least square fit method. The molecular association is studied through the Kirkwood 

Correlation Factor.  

Key Words: Complex Dielectric permittivity, Time Domain Reflectometry, Dielectric Relaxation Time, 

Kirkwood correlation factor, Excess Permittivity. 

 

I. INTRODUCTION 

 

There is great interest to study the dielectric relaxation behavior in liquids to understand the molecular 

structure and dynamics of molecules. The main interest of study to understand non hydrogen bonded aprotic 

solute in non-polar solvent which provides information about breaking of molecular multimer structures in 

the systems .The relaxation process is explained by microscopic heterogeneous structure based on three kind 

of intermolecular interactions. One is the interaction between solute molecules. The second is the interaction 

between solvent molecules. The last one is the interaction between the solute and solvent molecules. Nitriles 

are polar non-hydrogen bonded organic liquids with a large dipole moment and exist in the liquid state at 

room temperature. Due to large dipole moment the intermolecular interactions are strong and can cause 

association of the molecules. Propionitrile is one of the aliphatic nitriles whose behavior has been studied 

volumetrically in the presence of the non-polar toluene [1] as well as the polar highly associative 2-methyl-2-

propanol[2].1,4dioxane(DX) is a non-hydrogen bonded liquid with very small electric dipole moment (0.45D) 

and the DX have been treated as a non-polar solvent.  

Considerable experimental and theoretical dielectric relaxation studies have been done on binary mixtures of 

nitriles [3-7].The dielectric permittivity varies as a function of frequency, temperature and concentration for 

the binary liquid mixtures [3-8]. Knowledge of frequency-dependent dielectric properties of binary liquid 

mixtures is important both in fundamental studies of liquid structure determination and its dynamics as well 

as in the practical applications. The frequency dependent dielectric behaviour of liquid mixtures also provides 

information on molecular interactions and mechanism of molecular process.  
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The present paper report the detailed study of dielectric behavior of Propionitrile (PPN) in 1, 4-dioxane (DX) 

over entire concentration range using time-domain reflectometry (TDR) at different temperatures in the 

frequency range 10 MHz to 30 GHz. From the measured dielectric spectra, the static dielectric constant and 

relaxation time were obtained by least squares fit method.  Excess dielectric permittivity and Kirkwood 

correlation factor are also determined. 

 

II. EXPERIMENTAL METHOD 

 

a. Materials:  

Propionitrile (PPN) and 1,4-dioxane (DX) obtained commercially (S. D. fine Chem. Ltd., Nanded, 

Maharashtra, India with purity 99%) and used without further purification. The solutions were prepared at 

different volume fraction of Propionitrile (PPN) in 1,4Dioxane. 

 

b. Measurements: 

The dielectric spectra were obtained by the TDR technique .The Tektronix Digital Serial Analyzer model no. 

DSA8300 sampling mainframe along with the sampling module 80E10B has been used for the time domain 

Reflectometry (TDR). A repetitive fast rising voltage pulse with 20ps incident rise time was fed through 

coaxial line system having 50 Ohm impedance. Sampling oscilloscope monitors change in step pulse after 

reflection from the end of line. The reflected pulse without sample R1(t) and with sample Rx(t) were recorded 

in time window of 5 ns and digitized in 2000 points. The Fourier transformation of the pulse and data analysis 

were done earlier to determine complex permittivity spectra ε*(ω) using nonlinear least square fit method [9]. 

 

III. RESULTS AND DISCUSSIONS 

 

3.1. Complex Permittivity Spectra: 

The frequency dependent complex permittivity spectra of Propionitrile (PPN) in 1,4Dioxane (DX) at different 

temperatures are shown in Fig.1. It is observed that the real part of complex permittivity spectrum of 

Propionitrile in Dioxane mixtures is almost independent in high frequency region. As the frequency increases 

dielectric permittivity decreases for all concentration of Propionitrile in DX. These spectrums show the 

systematic variation of dielectric permittivity ε and dielectric loss ε. In loss spectrum the loss peak shifted 

towards lower frequency .The complex permittivity spectra were fitted to Havriliak-Negami equation [10]  

 

𝜺∗ = 𝜺∞ +
𝜺𝒐−𝜺∞

[𝟏+(𝒋𝝎𝝉)𝟏−𝜶]𝜷                                             (1) 

 

where,ε0 is the static dielectric constant, ε∞ the permittivity at high frequency, α and β are the distribution 

parameters and 𝜏 is the relaxation time in picoseconds. The Havriliak-Negami function includes the Cole-

Cole (β = 1)[11],Davidson-Cole(α =0)[12] and Debye(α=0, β = 1)[13] relaxation spectral function in limiting 

form. In this study Propionitrile with dioxane shows Debye type dispersion [13]. 
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Figure 1: Complex Permittivity spectra for Propionitrile-1,4Dioxane mixtures at 25OC temperature. 

 

3.2. Static Dielectric constant and Relaxation time 

The values of dielectric parameters static dielectric constant (ε0) and relaxation time (τ) in picoseconds are 

obtained from equation (1)and are reported in Table 1.The dielectric constant of liquids depends on many 

factors such as dipole moment, angular correlation of dipoles with neighboring dipole, nature of 

intermolecular forces, number of carbon atoms present in molecule, temperature[14].  The experimental 

values of dielectric parameters (ε0 and ) of the pure Propionitrile and 1,4Dioxane are in good agreement with 

the reported earlier [15,16].It has been observed that static dielectric constant decreases with increase in the 

volume fraction of Dioxane in Propionitrile .In binary mixture of Propionitrile-1,4Dioxane it has been 

observed that the change in relaxation time is non-linear. 

 

Table 1: Dielectric Parameters for PPN-1,4Dioxane Mixtures 

VDX 25OC 20OC 15OC 10OC 5OC 

(ε0) (τ) (ε0) (τ) (ε0) (τ) (ε0) (τ) (ε0) (τ) 

0.0 29.15(5

) 

5.77(1) 29.18(5) 5.91(1) 29.57(3) 6.13(8) 31.49(3) 6.17(6) 37.78(1) 6.22(1) 

0.1 25.71(4

) 

6.28(3) 26.89(2) 6.31(3) 27.79(1) 6.34(1) 30.06(3) 6.46(1) 37.55(1) 6.64(1) 

0.2 25.46(1

) 

6.29(3) 25.71(1) 6.52(3) 26.64(1) 6.58(2) 29.25(0) 6.59(3) 32.82(1) 6.75(8) 
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3.3. Kirkwood Correlation Factor: 

The Kirkwood-Frohlich equation provides useful information regarding the orientation correlation of dipole 

in the case of pure liquids [17].The Kirkwood correlation factor determined from dielectric constant gives 

information on the collective orientation correlation between molecules. The deviation of the Kirkwood 

correlation factor “g” from unity is a measure of the extent of intermolecular bonding. The calculated 

theoretical dielectric constant using Kirkwood correlation factor provides a more detailed theoretical model 

for mixtures.   
(𝜀0−𝜀∞)(2𝜀0+𝜀∞)

𝜀0(𝜀∞+2)2 = 𝑔𝜇2 4𝜋𝑁𝜌

9𝑘𝑇𝑀     
                                     (2) 

Where,ε0 is the static dielectric constant, ε∞ is the dielectric constant at high frequency, g is the Kirkwood 

correlation factor,  𝜇 the dipole moment of liquid, N the Avogadro’s number, ρ the density of liquid and 𝑘, T 

has usual meanings.   

The Kirkwood correlation factor determined from dielectric constant gives information on the collective 

orientational correlation between molecules. The deviation of the Kirkwood correlation factor “g” from unity 

is a measure of the extent of intermolecular bonding. The calculated theoretical dielectric constant using 

Kirkwood correlation factor provides a more detailed theoretical model for mixtures. The interpretation of 

the dielectric phenomena in the terms of the Kirkwood correlation factor is difficult for mixture of 

associating compound. It is impossible to determine average correlation factor g1 and g2 from a single value of 

the static dielectric constant without any assumption. Luzar suggested a theoretical model based on the mean 

field approximation for hydrogen bonded mixture [18]. The correlation factor g1 and g2 are calculated by the 

following equation [18]: 

g1 = 1 + 𝑍11 cos 𝜑11 +  𝑍12 cos 𝜑12 (
𝜇2

𝜇1
)                                  (3) 

0.3 18.93(1

) 

6.87(1) 20.00(1) 6.89(1) 20.60(1) 7.02(1) 21.89(0) 7.24(0) 26.86(11) 7.35(8) 

0.4 15.07(1

) 

8.08(2) 15.79(1) 8.19(2) 16.39(1) 8.27(1) 16.84(0) 8.54(1) 19.80(1) 8.72(1) 

0.5 12.47(1

) 

8.76(1) 12.77(1) 8.79(2) 14.05(1) 8.91(9) 15.83(1) 9.04(2) 18.82(1) 9.26(15

) 

0.6 12.33(1

) 

7.58(2) 12.96(1) 7.61(1) 13.47(1) 7.64(2) 14.08(1) 7.71(2) 16.23(1) 7.72(2) 

0.7 10.39(1

) 

6.66(3) 10.62(1) 6.73(3) 11.38(1) 7.36(32) 12.14(2) 7.57(4

4) 

12.37(3) 7.58(16

) 

0.8 7.79(1) 6.38(4) 8.06(1) 6.51(1) 8.14(3) 6.55(86) 8.79(1) 7.49(3) 11.12(1) 7.50(5) 

0.9 4.68(1) 5.16(1) 4.96(1) 6.29(1) 5.25(1) 7.14(3) 6.11(1) 7.16(6) 7.41(1) 7.22(6) 

1.0 2.18(1) - 3.19(1) - 3.31(1) - 

 

4.38(1) - 6.80(1) - 
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g2 = 1 + Z21 cos 𝜑21 (
μ1

μ2
)                                                                   (4) 

where 𝑍11 = 2〈𝑛𝐻𝐵
11 〉 , 𝑍12 = 2〈𝑛𝐻𝐵

12 〉  and 𝑍21 = 2〈𝑛𝐻𝐵
21 〉𝑉𝐷𝑋/(1 − 𝑉𝐷𝑋)  are the average number of particles 

forming the hydrogen bond with propionitrile-propionitrile , propionitrile – 1,4dioxane and 1,4dioxane- 

propionitrile pairs, respectively. XDX is volume fraction of the 1,4dioxane. φ11and φ21 are the angles between 

the neighboring dipoles of propionitrile and dioxane molecules. The Kirkwood-Frohlic theory must be 

applied to media containing two species of molecules, and the cross-correlation terms must be taken into 

account to separate g1 and g2 when considering only hydrogen bond contribution to the dipole-dipole 

correlation. The values of g1 and g2 are depends on volume fraction of 1,4DX in PPN-1,4DX mixtures as shown 

in Figure 2. . The average number of hydrogen bonds 〈𝑛𝐻𝐵
11 〉, 〈𝑛𝐻𝐵

12 〉and 〈𝑛𝐻𝐵
21 〉 per propionitrile molecules for 1i 

pairs (I = 1, 2) have been determined according to the following relation [18] 

〈𝑛𝐻𝐵
1𝑖 〉 =  

𝑛1𝑖

𝑛1
𝜔1𝑖                                                                  (5) 

where, 𝜔1𝑖 =  
1

1+𝛼1𝑖 𝑒−𝛽𝐸1𝑖  is the probability of bond formation between propionitrile and 1,4dioxane. 

n1number density of dioxane molecules. The value of β = 1/kT and α1i is the ratio of the two sub volume of 

the phase space, related to the non-hydrogen-bonded pairs have only two energy levels, E11 and E12, for 

propionitrile -1,4-dioxane pair formed bonds, respectively. The values of 〈𝑛𝐻𝐵
11 〉  and 〈𝑛𝐻𝐵

12 〉depending on the 

amount of hydrogen bonding pair densities between propionitrilel–1,4-dioxane n12 and those between 

propionitrie - propionitrile molecule, i.e. n11 = 2n1− n12. This can be calculated during which pair 11 and pair 

12 is formed. The average number of hydrogen bonds between pairs 11 and 12 is plotted against VDX as shown 

in Figure 3. The Luzar model [18] requires polarizability, the possible number of hydrogen bonds, dipole 

moments, and angles between dipoles cosφ11and cosφ12for the PPN and 1,4DX.Table 2 contain the best 

possible molecular parameter values based on our analysis. 

 

Table 2:Molecular parameters used in the computation of the static dielectric constant. 

Molecular 

parameters 

Propionitrile 1,4 Dioxane    

Dipole moment 

(μ1, μ2) 

4.02D 0.66D    

Polarizibility 

(α1,α2)(A03) 

3.90 2.78    

Bonding energy 

(E11,E12) (kJ/mol) 

-13.3 -10.0    

Molecular weight 

(gm/mol) 

55.08 88.11    

Density (gm/cm3) 0.772 1.032    

Note: 11- Propionitrile Pair 12- Propionitrile 1,4Dioxane pair 
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Figure 2: Correlation factor vs VDX 

 
Figure 3: Plot of the average number of hydrogen bonds in PPN-PPN (pair 11) and PPN-1,4DX 

(pair 12) against VDX. 
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IV. CONCLUSION 

 

The complex dielectric spectra of Propionitrile- 1,4Dioxane mixture have been studied using time domain 

reflectometry technique in frequency range 10MHz to 30GHz at different temperatures. The values of static 

dielectric constant, relaxation time and Kirkwood correlation factor for Propionitrile-14Dioxane mixtures 

also calculated .As the concentration of DX in Propionitrile increases dielectric constant increases. The 

complex permittivity spectra for Propionitrile show systematic variation with frequency and concentration 

and shows Debye relaxation mechanism. 
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ABSTRACT 

Present work reports the dielectric response for non-steroidal anti-inflammatory drugs (NSAID) 2-[2-[2-

[(2,6-dichlorophenyl)amino]phenyl]acetyl] oxyacetic acid (Aceclofenac) in the aqueous leucine solution at 

different concentrations and temperatures (298.15 K-283.15 K) using time domain reflectometry technique in 

the frequency region 1 GHz to 30 GHz.  Dielectric parameters such as complex permittivity (ε*), dielectric 

constant (ε), dielectric relaxation time (τ), dipole moment (μ) and Kirkwood correlation factor (g) have been 

calculated and the study is corroborated  by the thermodynamic parameters such as molar enthalpy of 

activation (∆H), entropy of activation (∆S)  and free energy of activation (∆F) to give insight into the 

structural dynamics. 

Keywords: Aceclofenac; leucine; Time Domain Reflectometry; Dielectric Relaxation; Thermodynamic 

Parameter. 

 

I. INTRODUCTION 

 

Aceclofenac,chemicallyknown as 2-[2-[2-[(2,6-dichlorophenyl)amino]phenyl]acetyl]oxyaceticacid having 

molecular formula C16H13Cl2NO4is a non-steroidalanti-inflammatory drug (NSAID) indicated for 

variouspainful indications and proved as effective as other NSAIDs[1]. Other applications includes treatment 

of rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, tendinitis, and joint inflammationand reduces 

pain intensity and duration of morning stiffness and other inflammatory conditions [2, 3] 

It possesses free carboxylicacid in the structure that can be found in a wide range of pharmaceutical 

compounds and plays an important role in drug design. Also, the carboxylic acids can act as both hydrogen 

bond acceptor and donor due to the simultaneous presence of carbonyl (C=O) and hydroxyl (O-H) groups. 

Hence carboxylic acids, which are quite polar in nature [4],can form dimers corresponding to homo-synthons 

well-known in supramolecular chemistry [5].Aceclofenac is such a carboxylic acid derivative and one of the 

important non-steroidal anti-inflammatory drug (NSAID) molecules, which also possess analgesic 
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properties[6].It exhibits very slight solubilityin water, and as a consequence, it exhibits low 

bioavailabilityafter oral administration [7-9].  

Due to wide range of applications continuous efforts have been taken by the scientific community to look 

into the structural conformation of aqueous leucine induced with aceclofenac (ACF) which directly relates to 

the applications of drug-amino acid and drug-proteins interaction as plasma protein binding is a very 

important factor in pharmacokinetics, pharmacodynamics, and drug interaction. Drug-protein interaction 

greatly influences the absorption, distribution, metabolism, and excretion properties of drugs [10]. A clear 

perception about the features of drug-protein interaction provides insights into drug therapy and drug 

design.As, amino acid is a basic building block of protein and amongst 20 different  AA Leucine is a branched 

chain, nonpolar, aliphatic, hydrophobic amino acid having chemical formula C6H13NO2an essential amino 

acid required by our body as it is not synthesized in our body. 

The amino acid leucine to be studied in the present work interactswith insulin signaling pathway to stimulate 

control of protein synthesis, maintenance of muscle protein duringperiod of restricted energy intake,reduce 

postprandial glucose and insulin maintaining blood glucose level[11,12].Due to such huge demand in the 

parmceutical and biological fields for numerous applications, it will be quite interesting to study molecular 

interaction between aqueous leucine and the drug aceclofenac as structural properties can be directly relates 

to the applications. 

After careful literature survey through various resources and to the best of my knowledge, no work on the 

interaction of concentration dependence of aceclofenac with aqueous leucine using time domain 

reflectometry in the GHz frequency, and in temperature region 298.15-283.15 Khas been reported so far.But 

very little work has carried out recently on the interaction of drug–amino acids[1]. Amino acids are 

important biomolecules through which the drugs interact inside the body. Solvent-mediated interactions in 

biological systems constitute the main determinants for regulating the structure, dynamics, and 

thermodynamics of bio-molecules, ultimately dictating their biological function and that of the cell. Because 

bio-molecules are embedded in a highly polarmedium, electrostatics is a fundamental component of solvation 

effects at the molecular level. Though pure aceclofenac has poor solubility in water(0.015mg/ml), but its 

solubility can be improved in nanoemulsion, solid lipid nanosuspension and polymeric nanosuspension (13). 

Therefore, in the present work priority is being  given for the  molecular interaction between the drug-

aceclofenac with aqueous leucine.  

The study not only finds applications in pharmaceutical and biological importance but also extends it to the 

interdisciplinary fields of molecular biology, physics and chemistry. Therefore, the present work aims at the 

investigation of molecular interaction in amino acid in presence of the water-insoluble drug, aceclofenac in 

aqueous leucine in terms of dielectric andthermodynamical parameters.  
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Fig.1Different possible molecular conformations between a) Aceclofenac and leucine , b) acelclofenc+leucine 

+water and (c) leucine+water. 

 

II. EXPERIMENTAL DETAILS 

 

2.1. Materials 

Leucinewas purchased from sigma Aldrich and Aceclofenacwas purchased from Hi MediaLaboratories Pvt. 

Ltd. Mumbai, India and used without purification. Doubledistilled and deionized water was used for making 

the solution. The chemicals were weighed in an electronic digital balance (METTLER TOLEDO ME- 204) 

with a minimum count of 0.0001 gm. The solutions of 15 ml were prepared at room temperature for different 

concentrations of leucine and ACF.The Aceclofenac and Leucine in different concentration in water was 

refluxed for 72 hour. 

 

2.2. Measurements 

The Tektronix Digital Serial Analyzer model no. DSA8300 sampling mainframe along with the sampling 

module 80E10Bhas been used for TDR.A sampling module provides 12 ps incident and 15 ps reflected rise 

time pulse was fed through a coaxial line system having 50 Ω impedance. Sampling oscilloscope monitors 

show change in step pulse after reflection from the end of line. The reflected pulse without sample R1(t) and 

with sample Rx(t) were recorded in the time window of 5 ns and digitized in 2000 points. The Fourier 

transform of the pulse and data analysis was performed to determine complex permittivity spectra ε*(ω) using 

least square fit method [14-17]. Before measurements, the system was calibrated using different solvents with 

an accuracy ± 0.0026 as static dielectric constant for water at room temperature is 78.44 [18] and we observed 

the value  78.23 for water sample .To keep the temperature constant, a temperature controller system was 
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used. The sample cell is encased in a heat-insulating container, and the temperature inside the cell is 

measured with an electronic thermometer. The temperature of sample cell was maintained at desired value 

within the accuracy of ±1 0C. 

 

III. RESULT AND DISCUSSION 

 

3.1. Dielectric Parameters 

Dielectric dispersion and absorption curves obtained for aqueous leucinat 0.02, 0.04, 0.06, 0.08 and 0.1 M 

concentration in presence of poor water soluble aceclofenac(ACF) with concentrations 0.002, 0.004, 0.006, 

0.008 and 0.01 M measured at temperatures 298.15 K, 293.15 K, 288.15 K and 283.15 K is shown in fig. 2 

whereonly spectra at low and high temperatures and concentrations respectively were depicted to avoid rush 

of figures. The spectra show that there is a gradual decrease in dielectric permittivity for all the used 

concentrationstowards room temperature and the loss peaks shift towards lower frequency side when 

concentration is more. This suggests molecular association between solute and solvent molecules 

 
Fig.2. Permittivity spectra at temperature 298.15 K; for (a) 0.02 M and (b) 0.1 M leucine and at 283.15 K (c) 

and (d) at different aceclofenac concentration. solid symbols represents observed data while dotted lines 

indicates fitted data. 
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The process of complex permittivity spectra can be described by Havriliak-Negami equation [19] using least 

square fit method given below in equation 1. 

 𝜀(𝜔)
∗ = 𝜀∞ + [

𝛥𝜀

[1+(𝑗𝜔𝜏)1−𝛼]𝛽]                                           (1) 

For the relaxation process we use eq. (1), the parameters used are the relaxation strengths𝛥𝜀 = 𝜀−𝜀∞,𝜀∞ - the 

high-frequency limiting static dielectric constant, ω is the angular frequency and τthe relaxation time, α is 

the distribution parameter. α (0<α<1) indicates the broadness of the symmetric relaxation curve when the 

dielectric data are described by the Cole–Cole equation. The relaxation curve with (0<β<1), α = 1 corresponds 

to Debye-type of relaxation and a smaller value of α gives the broader symmetric relaxation curve, whereas 

the relaxation curve with β=1 corresponds to a non-Debye type of relaxation in which the asymmetric 

relaxation (0<β<1), α=0 is associated with the cooperative mechanics of dielectric relaxation. It has been 

found that the dielectric data for the studied systems obey the Cole-Cole dispersion model [19].As the 

frequency range of dielectric study in present work is from 1 GHz to 30 GHz, the value of ε∞ is just a fitting 

parameter. In the fitting procedure, ε∞ is not fitted and assumed to be 3.0. This is done because the data are 

not sensitive to ε∞ in the high frequency range. 

Before we discuss more about the molecular interaction between amino acid leucine and the water insoluble 

drug aceclofenac, it will be more convenient to look into the water dynamics on the structural properties of 

amino acids. Observed data reveals that static dielectric constant for aqueous leucine decreases with 

increasing leucine concentration but increases towards lower temperature. The measured values of static 

dielectric constant with increasing concentrations of leucine were found to be less than that of pure water. 

Since at lower leucine concentration every leucine molecule is completely surrounded by water molecule and 

therefore interaction between leucine molecules is screened and thereby decreases the value of static 

dielectric constant. In other words we may say that this decrease may be due to the formation of hydration 

shell around leucine as mentioned in the previous study for aqueous amino acids studied [20].With increasing 

leucineconcentration more and more water molecules form hydration shell around leucine and loss of free 

water molecules that resulted in lowering the static dielectric constant. During this process hydrogen 

bonding network will be affected by the presence of leucine. As leucine has hydrophobic group present in it 

and therefore dynamics of surrounded water could be affected.  

To see the effect of temperature on the structural behavior of aqueous leucine the study has been extended 

towards lower temperature. From the observed data, it has been noticed that by lowering the temperature 

from 298.15 K to 283.15 Kstatic dielectric constant seems to be increasing for all the used concentrations. This 

rise in the values of static dielectric constant towards lower temperature over all the leucine concentrations 

may be due to the formation of induced dipoles via hydration layer with the neighboring or surrounding 

molecules as the molecules gained lower thermal energy and therefore amplitude of the random thermal 

motion is restricted. This gives perfect alignment (parallel or antiparallel) with the applied field so that 

dipoles are more closely aligned with each other; as a result the orientation polarization gets increased and so 

the static dielectric constant. 

The alignment of dipoles can be well explained using dipole moment and correlation factor ‘g’ calculated and 

discussed in the next section.  
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The variation in static dielectric constant for aqueous leucinein presence of varying concentrations of 

aceclofenac (ACF)is shown in the fig 3. It has been observed that the overall trend for the static dielectric 

constant measured at 0.002, 0.004, 0.006, 0.008 and 0.01 M concentrations of aceclofenacat different 

temperatures was found to be decreasing with increasing aceclofenac concentrations. The presence of 

aceclofenac in aqueous leucine resulted in further decrease in the values of static dielectric constant and the 

variation was observed to be larger at 0.01 (M) concentration of aceclofenac.This variation in the values of 

static dielectric constant may be due to the molecular interaction between the amino group (NH3) of the 

screened leucine by the water molecules and the H from the O-H group of ACF through weak induced 

dipole-dipole interactionand also due to intermolecular O-H_ _ _O H-bonds between aceclofenac and water. 

As, most drug modifications are based on the breakage of these H-bonds. As a result hydrogen bonding 

network affected which resulted in lowering the values of static dielectric constant with increasing ACF 

concentration.But for the highest used concentration of ACF there found very slight variation or almost 

constant values of static dielectric constant because at highest concentration all the possible hydrogen 

bonding sites are saturated and no site is available for bonding to be taking place; also intramolecular 

interactions in aceclofenac between N-H_ _ _O and N-H_ _ _Cl hydrogen bonds. It is seen that ACF is more 

stable, when both hydrogen bonds exist as a result there is no further change in the structural conformation 

which keeps the static dielectric constant almost constant over the used concentrations (0.01 M) and 

temperature. 

 
Fig. 3 Temperature and concentration dependent static dielectric constant of aqueous leucine for(a) 0.00 

M ,(b) 0.002 M ,(c) 0.004 M,(d) 0.006 M ,(e)0.008 M and (f) 0.010 M aceclofenacat different temperature and 

concentration. 
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Increase in the values of static dielectric constant by lowering the temperature from 298.15 K to 283.15 K, 

may be due toincreased dipole-dipole interaction (parallel or antiparallel) between leucine-aceclofenac 

moleculesvia hydration shell and is associatedwith the cooperative relaxation of bulk-like water. 

Dielectric relaxation time measured for aqeueous leucine (fig. 4) and in presence of aceclofenacgives 

relaxation dynamics for the rotational motion of water molecules in the solute environment.From the 

observed data relaxation time for aqueous leucine was found to be linearly increasing with leucine 

concentration over all the measured temperature indicating a more heterogeneous /non-cooperative 

environment for water molecules or we may say large stearic hindrance to the rotational motion of water 

molecules in the solvent rich and low temperature  region. 

 
Fig. 4 Dielectric relaxation time measured of aqueous leucine for (a) 0.00 M ,(b) 0.002 M ,(c) 0.004 M,(d) 

0.006 M ,(e)0.008 M and (f) 0.010 M aceclofenac at different temperature and concentrations. 

 

Increasing values of dielectric relaxation time reveals non cooperative environment for the molecular or 

rotational motion for water molecules. This may be due to association between water molecules that form 

hydration shell around leucine that interacts with ACF through hydration shell or dipole-dipole induced 

interaction between leucine and ACF through water. As a result rotational motion of water molecules gets 

restricted and observes only increased values of relaxation time.  

In order to have deep insight intothe structural conformation of water dynamics we may look into the 

orientationalcorrelation between water–leucin–aceclofenac in terms of correlation factor ‘g’or the factor ‘gμ2’. 

Due to insufficient data available for the dipole moment at the measured temperature we used dipole moment 

for water μ=2.37 D referenced previously [21, 22]to calculate the correlation factor ‘g’ from the measured ‘gμ2’ 

using Kirkwood–Frolich equation [23] given below. 
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------------    (2)  

 

The variation of gμ2and ‘g’ for the aqueous leucine and ACF induced leucine at different concentration and 

temperature is shown in fig. 5 and the values are reported in table 1.Since ‘g’ is a measure of orientational 

correlationbetween a molecule and its nearest neighbors, the departureof ‘g’ from unity could be an 

indication of molecular association due to short-range ordering interactions. In our case of aqueous leucine 

and ACF induced leucine, correlationfactors are lower than 1 (due to the anti-parallel orientation of 

thedipoles) and decreasesfurther towards higher leucine concentrations suggestsincreased correlation 

between solute dipole via hydration shell. The variation in the values of ‘g’ with increasing ACF 

concentration in leucine at different temperatures is shown in fig5.From the closed observations, it has been 

concluded that the correlation between water and the surrounding molecules increases by the presence of 

aceclofenac for all the used leucine concentrations. This could be due to the alignment of antiparallel 

orientations of dipoles between solutes (ACF) and solvent (aqueous leucine). This may also be due to the fact 

that with increasing concentrations of both leucine and aceclofenac; number of water molecules attached to 

both the solutes under different conformations will be reduced. At higher ACF the g values are very much 

less than unity is the clear indication of highly aligned antiparallel conformation. The ‘g’ value was found to 

be increasing towards lower temperature which confirms the formation of weak interaction between ACF, 

leucine and water through hydration shell. 

 

Table 1: correlation factor ‘g’ calculated from the factor gμ2for the solution of leucine + water + aceclofenac at 

different temperature 

leucine c(M)/T (K) 298.15 293.15 288.15 283.15 298.15 293.15 288.15 283.15 

 gμ2 g  

ACF 0 (M) 

0.02 5.12 5.04 4.99 5.06 0.91 0.90 0.89 0.90 

0.04 4.81 4.80 4.82 4.94 0.86 0.85 0.86 0.88 

0.06 4.63 4.66 4.67 4.93 0.82 0.83 0.83 0.88 

0.08 4.83 4.86 4.93 4.98 0.86 0.87 0.88 0.89 

0.10 4.42 4.58 4.67 4.80 0.79 0.82 0.83 0.85 

ACF 0.002 (M) 

         
0.02 4.84 4.81 4.74 4.69 0.86 0.86 0.84 0.83 

0.04 4.80 4.81 4.90 4.99 0.85 0.86 0.87 0.89 

0.06 4.78 4.83 4.86 5.01 0.85 0.86 0.87 0.89 

0.08 4.83 4.89 4.87 4.94 0.86 0.87 0.87 0.88 
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0.10 4.63 4.64 4.66 4.77 0.82 0.83 0.84 0.85 

ACF 0.004 (M) 

0.02 4.84 4.97 4.94 4.99 0.86 0.88 0.88 0.89 

0.04 4.98 5.00 5.02 5.35 0.89 0.89 0.89 0.95 

0.06 5.24 5.20 5.17 5.43 0.93 0.93 0.92 0.97 

0.08 4.52 4.60 4.61 4.79 0.80 0.82 0.82 0.85 

0.10 4.62 4.67 4.71 4.77 0.82 0.83 0.83 0.85 

ACF 0.006 (M) 

0.02 5.09 5.13 5.16 5.32 0.91 0.91 0.92 0.95 

0.04 4.61 4.59 4.61 4.69 0.82 0.82 0.82 0.84 

0.06 4.44 4.54 4.62 4.77 0.79 0.81 0.82 0.85 

0.08 4.00 4.10 4.16 4.24 0.71 0.73 0.74 0.75 

0.10 4.23 4.38 4.32 4.38 0.75 0.78 0.77 0.78 

        
 

ACF 0.008 (M) 

0.02 4.71 4.76 4.90 5.05 0.84 0.85 0.87 0.90 

0.04 4.74 4.70 4.75 4.89 0.84 0.84 0.85 0.87 

0.06 4.72 4.75 4.75 4.90 0.84 0.85 0.85 0.87 

0.08 4.17 4.19 4.21 4.31 0.74 0.75 0.75 0.77 

0.10 4.36 4.39 4.46 4.57 0.78 0.78 0.79 0.81 

ACF 0.01 (M) 

0.02 4.34 4.28 4.33 4.37 0.77 0.76 0.77 0.78 

0.04 4.10 4.14 4.14 4.21 0.73 0.74 0.74 0.75 

0.06 4.76 4.72 4.74 4.90 0.85 0.84 0.84 0.87 

0.08 4.15 4.24 4.27 4.36 0.74 0.75 0.76 0.78 

0.10 4.13 4.10 4.12 4.25 0.74 0.73 0.73 0.76 
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Fig. 5 variation in correlation factor ‘g’ of aqueous leucine for (a) 0.00 M ,(b) 0.002 M ,(c) 0.004 M,(d) 0.006 

M ,(e)0.008 M and (f) 0.010 M aceclofenac at different temperature and concentration . . 

 

3.2. Thermodyanmical Parameters:  

Thermodynamical parameters such as molar free energy of activation (∆F), molar enthalpy (∆H) and molar 

entropy of activations (∆S) play a vital role in deciding water dynamics with amino acid and drug. Free 

energy of activation obtained for aqueous and ACF induced leucine is shown in fig.6. For aqueous leucine, the 

average molar free energy of activation was found in the range 2-3 kcalmol-1.  This energy is suggested for the 

weak hydrogen bonding. The free energy of activation was found almost independent upon temperature as it 

was found to be either slightly increased towards higher leucine concentrations or almost constant for all the 

ACF used . 

The thermodynamic energy parameters F  and S for dielectric relaxation as rate processes for the system 

under study were determined using Eyring’s rate equations [24] as 


















=

RT

F

kT

h
exp                        (3) 

and 

STHF −=                         (4) 

Where F , H , S are the molar free energy, enthalpy and entropy of activation for the dipolar 

orientation. 
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For the aqueous leucine molar free energy of activation was observed to be in the range 2-3 kcal mol-1 which 

was almost independent of concentration but was slightly increasing towards lower temperature for higher 

leucine concentration. This clearly suggests possibility of weak hydrogen bonding between water and leucine 

due to hydrophobic group present in leucine. This will form hydration layer around leucine molecule. For the 

ACF induced aqueous leucine, where NH3 of leucine screened by the water molecules and hydrogen from the 

OH- group of ACF interact weakly, the molecular interaction slightly increases with concentration and 

therefore dipoles require more energy in order to attain equilibrium with the applied field, and hence the  

F increases with increasing leucine concentration for all the ACF concentrations. This indicates weak 

molecular association between leucine molecules screened by the water molecules and ACF molecules via 

hydration shell. As 4-5 kcal mol-1 energy is suggested for breakage or formation of hydrogen bond the 

observed energy is lower than 4-5 kcal mol-1 and can be attributed to the weak interaction. 

 
Fig.6 Molar free energy of of aqueous leucine for (a) 0.00 M ,(b) 0.002 M ,(c) 0.004 M,(d) 0.006 M ,(e)0.008 M 

and (f) 0.010 M aceclofenac at different temperature and concentration . 
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Fig. 7 Molar enthalpy of activation of aqueous leucine for (a) 0.00 M ,(b) 0.002 M ,(c) 0.004 M,(d) 0.006 

M ,(e)0.008 M and (f) 0.010 M aceclofenac at different  concentrations. 

 

Enthalpy ∆H is a measure of the energy released when attractions are set up between positive or negative ions 

sites of solute and solvent molecules. With positive ions, there may only be loose attractions between the 

slightly negative oxygen atoms in the water molecules and the positive ions of leucine and ACF. With 

negative ions, hydrogen bonds are formed between lone pairs of electrons on the negative ions of leucine and 

ACF and the slightly positive hydrogen in water molecules.  

Enthalpy for aqueous leucine was observed to be positive and increasing with leucine concentration (Fig. 7). 

This could be due to the formation of aggregations of liquids between solute and solvent molecules or due to 

the formation of hydration shell around leucine. This suggests that the process is slightly endothermic which 
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lowers the temperature of the solution than that of the original water. The rate of change of enthalpy for 

aqueous leucine was 67.5 kcal mol-1 per molar concentration which was gradually decreases with the increase 

in ACF concentration and reaches to  -28.05 kcal mol-1 per molar concentration for 0.01 M leaving the 

system exothermic. This suggests possibility of weak hydrogen bond formation between lone pairs of 

electrons on the negative ions of leucine and the slightly positive hydrogens in water molecules that forms 

hydration shell around leucine and the hydrogen from the –OH group of ACF molecule through hydration 

shell . Thus, heat energy is released during the formation of new bonds between the ions of both solutes and 

water molecules leaving the process exothermic. The more the negative hydration enthalpy, the more 

favorable bonding at hydroxyl (OH) sites than the methyl (CH3) or amino group (NH3) group in the hydration 

process. In our case enthalpy measured at different leucine concentrations in presence of ACF was observed 

to be positive but relatively lower towards higher leucine concentration at higher ACF and suggests favorable 

bonding at –OH site.  

 
Fig. 8 Molar entropy of activation of aqueous leucine for (a) 0.00 M ,(b) 0.002 M ,(c) 0.004 M,(d) 0.006 

M ,(e)0.008 M and (f) 0.010 M aceclofenac at different temperature and concentrations . 

 

The molar entropy, S  of a system is a measure of its orderly nature. For favorable or cooperative 

environment, the activated system becomes more ordered than the normal one and the change in entropy is 

negative. For the aqueous leucine molar entropy of activation was observed to be decreasing over the used 

concentrations and temperature (Fig. 8). Negative entropy towards higher concentration suggests more 

ordered structure due to weak hydrogen bond formation between amino group of leucine and hydrogen from 

water molecules that form hydration shell around leucine. But the addition of small concentration of ACF to 

aqueous leucine make the system comparatively less order than that of aqueous leucine at lower leucine 
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concentration. The system looks disordered towards higher leucine concentrations due to unfavorable 

conformation. The magnitude of disorderness increases with the increasing ACF concentration but seems to 

be decreasing towards higher leucine concentrations. This suggest that ACF molecules makes the system 

more disorder at lower leucine concentration but for higher leucine concentration the degree of disorderness 

becomes lower in presence of ACF.  This may be due to the structural changes in leucine-water- aceclofenac 

in such a way that the overall entropy decreases and becomes negative.    

 

IV. CONCLUSION 

 

From the overall study we may conclude that static dielectric constant for aqueous leucine decreases with 

increasing leucine concentration may be due to due to the formation of hydration shell around leucine. 

Higher leucine concentration resulted in lowering the static dielectric constant. During this process hydrogen 

bonding network will be affected by the presence of leucine. Due to formation of hydration shell relaxation 

time for aqueous leucine was found to be linearly increasing with leucine concentration over all the measured 

temperature that indicate more heterogeneous /non-cooperative environment for water molecules or large 

stearic hindrance to the rotational motion of water molecules in the solvent rich and low temperature region. 

From 298.15 K to 283.15 K static dielectric constant seems to be increasing for all the used concentrations 

may be due to the formation of induced dipoles via hydration layer with the neighboring or surrounding 

molecules as the molecules gained lower thermal energy and therefore amplitude of the random thermal 

motion is restricted. This gives perfect alignment (parallel or antiparallel) with the applied field so that 

dipoles are more closely aligned with each other; as a result the orientation polarization gets increased and so 

the static dielectric constant. 

The presence of aceclofenac in aqueous leucine resulted in further decrease in the values of static dielectric 

constant and the variation was observed to be larger at higher ACF concentration. It is because of the 

molecular interaction between the amino group (NH3) of the screened leucine by the water molecules and 

the H from the O-H group of ACF through weak dipole-dipole interaction as a result hydrogen bonding 

network affected due to the presence of aceclofenac which resulted in lowering the values of static dielectric 

constant. At highest concentration all the possible hydrogen bonding sites are saturated and no site is 

available for the bonding to be taking place; as a result there is no further change in the structural 

conformation which keeps the static dielectric constant almost constant over the used concentrations and 

temperature.  

Increasing values of dielectric relaxation time with increasing ACF concentration reveals non cooperative 

environment for the molecular or rotational motion for water molecules. This may be due to association 

between water molecules that form hydration shell around leucine that interacts with ACF through 

hydration shell or dipole-dipole induced interaction between leucine and ACF through water. As a result 

rotational motion of water molecules gets restricted and observes only increased values of relaxation time.  

For aqueous leucine and ACF induced leucine, correlation factors are lower than 1 (due to the anti-parallel 

orientation of the dipoles) and decreases further towards higher leucine concentrations suggesting increased 
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correlation between solute dipoles via hydration shell. The correlation between water and the surrounding 

molecules increases by the presence of aceclofenac for all the used leucine concentrations could be due to the 

alignment of antiparallel orientations of dipoles between solutes and solvent. This may also be due to the fact 

that with increasing concentrations of both leucine and aceclofenac; number of water molecules attached to 

both the solutes under different conformations will be reduced. At higher ACF the g values are very much 

less than unity is the clear indication of highly aligned antiparallel conformation. The g value was found to be 

increasing towards lower temperature which confirms the formation of weak interaction between ACF, 

leucine and water through hydration shell. 

For aqueous leucine, the average molar free energy of activation was found in the range 2-3 kcalmol-1.  This 

energy is suggested for the weak hydrogen bonding. The free energy of activation was found almost 

independent upon temperature as it was found to be either slightly increased towards higher leucine 

concentrations or almost constant for all the ACF used. This clearly suggests possibility of weak hydrogen 

bonding between water and leucine due to hydrophobic group present in leucine. This will form hydration 

layer around leucine molecule. For the ACF induced aqueous leucine, where NH3 of leucine screened by the 

water molecules and hydrogen from the OH- group of ACF interact weakly, the molecular interaction 

slightly increases with concentration and therefore dipoles require more energy in order to attain equilibrium 

with the applied field, and hence the  F increases with increasing leucine concentration for all the ACF 

concentrations.This suggests possibility of weak hydrogen bond formation between lone pairs of electrons on 

the negative ions of leucine and the slightly positive hydrogens in water molecules that forms hydration shell 

around leucine and the hydrogen from the –OH group of ACF molecule through hydration shell . 

Change in enthalpy (ΔH) measured at different leucine concentrations in presence of different ACF 

concentrations was observed to be positive but relatively lower towards higher leucine concentration at 

higher ACF and suggests favorable bonding at –OH site.  

For the aqueous leucine molar entropy of activation was observed to be decreasing over the used 

concentrations and temperature. Negative entropy towards higher concentration suggests more ordered 

structure due to weak hydrogen bond formation between amino group of leucine and hydrogen from water 

molecules that form hydration shell around leucine. The system looks disordered towards higher leucine 

concentrations due to unfavorable conformation. This suggest that ACF molecules makes the system more 

disorder at lower leucine concentration but for higher leucine concentration the degree of disorderness 

becomes lower in presence of ACF.  This may be due to the structural changes in leucine-water- aceclofenac 

in such a way that the overall entropy decreases and becomes negative.      
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ABSTRACT 

Study of physical properties, chemical properties, dielectric properties of soils with varied organic and 

inorganic matter is utilizable in agriculture to prognosticate quality and fertility of soil.In the present study, 

the X-band microwave bench is setup in TE10 mode with Reflex Klystron source operating at frequencies 9.56 

GHz is used.The study of different physico-chemical characteristics of the soil samples from different location 

of nearby village of Dindori Tehsil is reported. The chemical, texture and physical properties of the samples 

under study are reported. The average pH of the soil from selected sites recorded in between 6.93 – 7.68. 

Organic carbon content ranges from 0.51%to 1.25%, the available nitrogen was recorded in the ranges from 

79 to 169 kg/ha, available Potassium in the soil ranges from 205 to 342 kg/ha and available Phosphorus ranges 

from 43.8 to 138.05 kg/ha.The dielectric constant of soil of this region is2.72. 

Keywords: Dielectric constant, Microwave frequency, Emissivity 

 

 

I. INTRODUCTION 

 

Irrigation plays an important role in agricultural development. Crop production increases considerably if 

irrigation is provided to dry lands. Nashik district is well known for the grapes and onion production as well 

as export. Area under fruits and other cash crops show increase in recent time. One of the main reasons 

behind this cropping pattern change is the irrigation development in the district [1]. Soils are medium in 

which crops grow food and cloth. Soil is not only important for agriculture but also more useful for living 

organisms. Soil as a component of the terrestrial ecosystem fulfils many functions including those that are 

essential for sustaining plant growth [2].  

Soil is the most vital and precious natural resource that sustains life on the earth. Soil is one of the most 

significant ecological factors, on which plants depend for their nutrients, water and mineral supply. Soil, as 

most people think, is not a dead inert matter of minerals. But a healthy soil is indeed alive and dynamic 

consisting of microorganisms. The top-most layer of soil is comparatively richer in nutrients and supports 

maximum bio-farms. The profile character varies distinctly from place to place, particularly with respect to 

their depth, colour and composition. The soil is a natural body of mineral and organic material differentiated 

into horizons [3]. Conventional agriculture has been largely dependent on intensive chemical inputs which 
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play an important role in improving food productivity to meet human demands. In recent years, most of the 

farmers are using the excess amount of fertilizers and pesticides. Due to excess use of chemicals soil quality 

decreases. Small crop also affected due to large use of fertilizers and pesticides. So it becomes essential to 

analysis of soil parameter [4]. 

Soil formation is a constructive as well as destructive process [5]. Soil is composed of particles of broken rock 

that have been altered by chemical and mechanical processes that weathering and erosion. Soil has a complex 

function which is beneficial to human and other living organism [3]. Soil is not merely a group of mineral 

particles. It has also a biological system of living organism as well as some other components. The climate and 

other factor largely affect the soil formation. The mineral composition of soil, the organic matter within it 

and the environment, all are determined by the chemical properties of soil [6].  It is also of variable depth, 

which differs from the parent material below in morphology, physical properties and constitution, chemical 

properties and composition and biological characteristics [7]. Chemistry of soil covers chemical reaction 

process in the soil pertaining to plant and animal growth and human development [8]. 

 

II. MATERIALS AND METHODS 

 

Study Area  

The soil quality is of lateritic type and has tiny gravel in it to make it well drained. The gravel assists the roots 

of the vines to go deeper into the soil and reach the micronutrients embedded deeper in the rich soil. The 

world Cultivated area is around 56% of the total land area. Nashik is situated 2,000 feet above sea level in the 

Western Ghats of India. Located in northern Maharashtra approximately 200 km from Mumbai and Pune-it is 

an important industrial and agricultural area. The climate of the area is mild throughout the year, ranging 

from winter lows of 8-10°C to summer highs of 32-35°C. The Nashik region consists of two rainfall zones. The 

first is the high rainfall (80-100 cm) hilly Konkan area in the west, and the second is the low rainfall fertile 

plain to the east. 

Nashik District is a major agricultural centre known for grapes, onion, flowers, sugar cane, rice and popular 

vegetables. Grapes, onions and flowers are exported all over. 
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Sample Preparation 

Soil samples were collected in the depth of 0-20cm from 10 sites from Dindori tehsil of Nasik District. Soil 

samples were completely air dried and passed through 2mm sieve and stored in properly labelled cloth bags as 

per the standard procedures. Quartering technique was used for the preparation of soil samples. The sieved 

out particles are then oven dried to a temperature around 110o C in order to completely remove any trace of 

moisture. 

 

Dielectric Measurements 

In the present study, Two Point Method has been used to measure the complex dielectric constant of soils. 

The wave guide cell method is used to determine dielectric constant of these soil samples. The X-band 

microwave bench is setup in TE10 mode with Reflex Klystron source operating at frequencies 9.56 GHz is used 

for this purpose. The dielectric cell shorted with matched load is connected at load end. The reflected wave 

combined with incidental wave to give standing wave patterns. These standing wave patterns used to 

determine the values of shift in minima resulted due to before and after inserting the sample. The Dielectric 

constant (ϵ’) is determined. 

Fig.2 shows experimental set-up of microwave X-band waveguide transmission line. 

 
Fig.2: Experimental set-up of microwave X-band waveguide transmission line 

The dielectric constant ε' of the soils is then determined from the following relation: 

 
Where, 

a = Inner width of rectangular waveguide. 

𝜆𝑔𝑠= wavelength in the air-filled guide. 

𝑔𝐸= real part of the admittance 

𝛽𝐸= imaginary part of the admittance 
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III. RESULTS AND DISCUSSIONS: 

 

Bulk density is most important in converting gravimetric soil moisture to volumetric soil moisture. In the 

Wang and Schmugge [9] model the bulk density is insignificant. The Dobson et al. [10] model uses the bulk 

density in its calculations of the conductance properties of the soil water that, in turn, affect the dielectric 

constant. In remote sensing, early research on soil water-dielectric relationships was hindered by different 

opinions on exactly which soil water property should be used. Many studies used the gravimetric soil 

moisture and others related dielectric and emission parameters to moisture-tension characteristics. These 

approaches have been abandoned in favour of volumetric soil moisture.  

Soil texture, density, and structure have important effects that must be accounted for if soil moisture is to be 

estimated. Recent research has examined the effects of a number of soil characteristics on the relationship 

between soil moisture and dielectric properties or emissivity Soil salinity, temperature, and organic matter 

content are not important at longer wavelengths. Dielectric permittivity of a material is its bulk property 

which defines the interaction of electromagnetic wave with material.  

When a dielectric media are placed in electric field, the number of induced dipoles per unit volume defines 

the real part of dielectric constant. In presence of oscillating electric field, these dipoles try to align 

themselves with the field direction. For a given value of the gravimetric moisture content, decrease in the 

bulk density will decrease the soil dielectric constant. Fig.3 gives variation of dielectric constant with bulk 

density. Further, dielectric loss decreases with decrease in bulk density.Fig.4 shows variation of dielectric loss 

with bulk density. The emissivity of soil for normal incidence were calculated using the relation 

𝑒 = 1 −  [
1 − 𝜀1/2

1 + 𝜀1/2
]2 

Where ε= dielectric constant of soil 

  

Fig. 3: Variation of dielectric constant with bulk 

density 

Fig.4: Variation of dielectric loss with bulk 

density 
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Emissivity is the important parameter, which provides information about soil. All the natural objects such as 

soil with 0C temperature absolute are capable of emission, absorption and transmission.  

 
Fig. 5: Variation ofEmissivity with Bulk density 

The emitted radiation from soil depends upon its dielectric constant, surface roughness, chemical 

composition, physical temperature, frequency of polarization, and angle of observation. The emissivity of the 

soil also varies with different moisture contents. Acknowledge of the emissivity of the soil is useful for the 

efficient use of soil [11]. Fig.5 gives relation between bulk density and emissivity. 

 

IV. CONCLUSION: 

 

Colour of soil of Dindori tehsil is black. Soil texture has remarkable effect on the dielectric properties. Study 

of physical properties, chemical properties, dielectric properties of soils with varied organic and inorganic 

matter is utilizable in agriculture to prognosticate quality and fertility of soil. Additionally it is subsidiary for 

the researchers working in the field of microwave remote sensing. The results from such studies are 

paramount to understand the fundamental nature of the replication of particular soil to high frequency 

electromagnetic field. 

The soil of east Dindori tehsil region has pH range 6.93-7.64, Electrical conductivity has range 0.33-0.43mm, 

Phosphate has range 0.056-0.061%, Potash has range 0.39-0.4 %, Sand is between 36-44 %, Silt is between 24-

46 % and Clay is between 9-22 %. The dielectric constant 2.71 to 2.72 may be suitable for onion and bajra, 

2.773 for grapes. Soil of east Dindori region is good for great production of grapes. Soil pH, organic carbon, 

electric conductivity, calcium carbonate, water holding capacity and Bulk density of soil directly affects the 

dielectric constant and dielectric loss ('and ε").  

Hence, the different physical properties of soil such as soil structure, soil water content, soil porosity which 

depends on bulk density of soil affects the dielectric characteristics of soil. Also, emissivity decreases with 

bulk density.  

These results are very useful for the scientists working in the field of microwave remote sensing for soils and 

also for agriculture scientists. 
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ABSTRACT 

Thin films of CuS with 285-310 nm thickness were deposited by chemical bath deposition technique at 

temperature range from 50 ºC to 70 ºC.Deposited samples are characterized by XRD, SEM, ultraviolet–visible 

spectrophotometers (UV-Vis). Uniform films of CuS hexagonal structure with bandgapvariationfrom 2.25 to 

2.45 eVand exhibiting n-type conductivity (highest 2.19 × 10-2 (Ω.cm)-1.The PEC performance and IV 

characteristics shows that cell is sensitive to deposition temperature. The observed Isc and Voc are of the 

order of 213.7µA/cm2 and 260 mV respectively.An electrochemical PV-conversion efficiency (η) of the 

deposited sample is 1.12%. Fill factor of the as deposited sample is calculated 

Keywords: Thin films, PEC performance, PV-conversion efficiency, Fill factor. 

 

I. INTRODUCTION 

 

Recent research on solar cells has been aimed at lowering the fabrication cost to decrease the price of the 

energy obtained. In this framework, suitable materials should be easily preparable, inexpensive, and must 

show stable behavior over a long period of operation. The photo electrochemical (PEC) cells deliver chemical 

route for trapping solar energy. It represents a promising semiconductor material used in a variety of 

technologies such as nanoscale electronic devices, cathode material of lithium ion batteries, chemical sensors, 

and specially photovoltaic cells because of its excellent optical and electronic structures[1-7]. It is used in a 

multiplicity of applications, namely, as gas sensor [7]and optoelectronic devises as reported by Nair et al. [6, 8]. 

Numerous techniques have been used to yield copper sulphide thin films such as spray pyrolysis [9, 10], 

successive ionic layer absorption and reaction techniques [11], photochemical deposition [12], 

electrodeposition [13], and chemical bath deposition [13–16]. Among them the chemical bath deposition 

(CBD) method is gorgeous since the technique has a number of advantages over conformist thin film 

deposition methods. CBD technique is used for making a thin film of copper sulphide, and the outcome of 

temperature on deposition is also studied.In the present study, an endeavor was made to deposit 

polycrystalline CuS thin film of copper sulphide on glass substrates by chemical bath deposition method. 

Structural, morphological, electrical, and optical properties of copper sulphide thin films were examined as a 
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role of substrate temperature. Such a comprehensive study on the influence of substrate temperature on the 

assets of copper sulphide thin films regarding photovoltaic performance is still poor. 

 

II. 2. EXPERIMENTAL DETAILS 

 

In the chemical bath deposition method, it is important to control the preparation conditions such as the 

concentration of solutions, pH of the solutions time for deposition and the temperature. Virtuous quality thin 

films of CuS were prepared by using aqueous solutions of copper sulfate (CuSO4) and Thiourea (H2NCSNH2) 

as a basis of Cu and S separately. The experiment was passed out for temperature 50 0C, 55 0C, 60 0C, 65 0C and 

70 0C. Microscope glass substrates have been handed through the cleaning stage before deposition in the 

dilute sulfuric acid. Later it was then washed with acetone and made ready for deposition by fleeting through 

pure water. Prepared glass slides were deep vertically in an aqueous solution having copper sulfate, thiourea 

(0.5molarity and 10ml of each), triethanolamine, sodium hydroxide and ammonia were used as a complexing 

agent. All the solutions were equipped in double distilled water.  The pH of the solution was sustained to 10. 

After (45mini.) the completion of deposition, films were eroded with distilled water [17-19]. 

 

III. 3. RESULTS AND DISCUSSION 

  

The fundamental understanding of the semiconductor/electrolyte interfaces have been gained from both 

electrochemistry and solid state physics and have become mile stones for various processing steps for solar 

energy conversion device fabrication. For CuS based PV- cell, interface studies with different electrolyte 

systems have been reported. The open circuit voltage (Voc) and short circuit current (Isc) were noted under 20 

mW/cm2 incident illumination. It is observed that Isc and Voc are maximum at 1M polysulphide indicating 

better electrolyte match with CuS electrode and its concentration (1M) was selected for further evaluation of 

the interfaces [20, 21]. The Isc and Voc for a cell configuration was therefore measured and are shown in Fig.1. 

It is seen that both Isc and Voc found to be enhanced with electrode temperatureat t = 65 0C. Characteristic of 

the PV-device showing a relationship between the open circuit voltage (Voc) and short circuit current (Isc) 

and decides the extent of maximum power that can be extracted as the output. The device performance 

parameters such as series and shunt resistances (Rs&Rsh), conversion efficiency (ɳ %), fill factor (ff %) etc. 

were therefore calculated from these characteristics and are cited in Table 1. It appears from the Table 1 that 

the device performance is significantly improved for the electrode at 65 0C temperature. It is observed that 

CuS electrode exhibits n – type conduction,similar results are obtained in DC electrical conductivity 

measurements [18].The observed enhancement in the electrochemical performance can be attributed to the 

below modified properties of the electrode material. It is seen that electrode absorption is more in the visible 

region and is highest of all at t = 65 0C showing larger Isc and Voc. The second reason for boosting Isc and Voc is 

the observed material band gap (2.25-2.45 eV) and improved electrode morphology shown in figure 3 [21]. 

The band gap and electrode surface morphology contribution understood to enhancement in Isc and Voc[21]. 
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Fig.1. Variation of Isc and Voc as a function of the electrode temperature. 

 
Fig. 2. Power output characteristics of the various PV- devices. 
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Fig. 3 SEM of CuS thin film at t = 65 0C. 

 

Table 1 Some characteristic performance parameters of the CuS thin films 

Temp. 0C Isc (µA/cm2) Voc (mV) Rs (Ω) Rsh (kΩ) ff η 

50 111.8 200 901 8.32 32.1 0.36 

55 136.0 220 826 5.81 32.8 0.52 

60 165.9 240 781 3.34 34.8 0.78 

65 213.7 260 538 2.85 39.2 1.12 

70 188.0 250 637 3.45 34.4 0.81 

 

There is a good grain growth decreasing the intercrystalline resistance, that enhances the electrical 

conductivity which is clearly reflected in decreased series resistance of a PV – cell that funds to the enhance 

Isc and Voc.The higher values of Isc and Voc can also be attributed to the crystalline nature of the sample with 

improved and larger sized crystallites. The capacitance-voltage measurements, to determine the flat band 

potential (Vfb), were also carried out (fig.4) on these electrochemical devices. The Mott-Schottky plots were 

constructed to determine the flat band potentials and various Vfb values are shown in the Table 1. A highest 

value of Vfb, of -850 mV, has been observed for the device with the electrode at650C. 
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Fig. 4.Determination of the flat band potential for various PV- devices (Mott Schottky plots). 

 

The sensitivity of the different PV- devices to Vis-NIR spectra was also tested. The photocurrent was 

measured as a function of the input wavelengths from 400 nm to 900 nm and is as shown in Fig.5.  The input 

light was filtered to cut all wavelengths below 400 nm and above 900 nm. Tails in the low wavelength region 

have often been observed for thin film solar cells and can in general, be ascribed to the poor crystallinity of 

the semiconductor material that results in a large gap state within the band edges. Envisaging other sources of 

intraband states, these gap states are responsible for interband transitions which measure the lower optical 

band gap values.  

 
Fig. 5. Action spectra of various PV- devices. 
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IV. CONCLUSIONS 

 

 An effort is made to deposit CuS thin films chemically with a variedtemperature to apply them in 

electrochemical PV- devices. The electrochemical PV- devices were made feasible with these electrodes and 

polysulphide as an electrolyte system. Upon illumination, these PV devices generated short circuit photo 

current (Isc) and open circuit photopotential (Voc) which are found to be boosted for the electrode 

temperature. The maximum conversion efficiency and fill factor are 1.12% and 39.2 respectively. In general 

temperatureofthin film significantly enhances the electrochemical PV performance of the CuS based devices. 

 

V. ACKNOWLEDGMENT 

 

The author, Dr. R.V. Suryawanshi wish to thank the Dept. of Science and Technology, Swami Ramanand 

Teerth Marathwada University, Nanded for the financial support under minor research project 

(APDS/Uni.MRP/Sci. &Tech-Electronics/2020-21/2969 Dt. 19.03.2021). The author is grateful to Azad 

Mahavidyalaya Ausa for this research work. 

 

VI. REFERENCES 

 

[1]. V. V. Killedar, C. D. Lokhande, and C. H. Bhosale, “(Photo) electrochemical studies on spray deposited 

Bi2S3 thin films from non-aqueous media,” Indian Journal of Pure and Applied Physics, vol. 36, no. 11, 

pp. 643–647, 1998. 

[2]. P. M. Sirimanne, E. V. A. Premalal, P. K. D. D. P. Pitigala, and K. Tennakone, “Utilization of MEH-PPV 

as a sensitizer in titanabased photovoltaic cells,” Solar Energy Materials and Solar Cells, vol. 90, no. 11, 

pp. 1673–1679, 2006. 

[3]. A. Baheti, P. Tyagi, K. R. J. Thomas, Y. C. Hsu, and J. T. Lin, “Simple triarylamine-based dyes 

containing fluorene and biphenyl linkers for efficient dye-sensitized solar cells,” Journal of Physical 

Chemistry C, vol. 113, no. 20, pp. 8541–8547, 2009. 

[4]. B. O Regan and M. Gratzel, “A low-cost, high-efficiency solar cell based on dye-sensitized colloidal 

TiO2 films,” Nature, vol. 353, pp. 737–740, 1991. 

[5]. G. R. R. A. Kumara, A. Konno, G. K. R. Senadeera, P. V. V. Jayaweera, D. B. R. A. de Silva, and K. 

Tennakone, “Dyesensitized solar cell with the hole collector p-CuSCN deposited from a solution in n-

propyl sulphide,” Solar Energy Materials and Solar Cells, vol. 69, no. 2, pp. 195–199, 2001. 

[6]. P.K. Nair and M. T. S. Nair, “Chemically deposited SnS-Cu𝑥S 

thinfilmswithhighsolarabsorptance:newapproachtoall-glass tubular solar collectors,” Journal of Physics, 

vol. 24, no. 1, p. 83, 1991. 

[7]. A. A. Sagade and R. Sharma, “Copper sulphide (Cu𝑥S) as an ammonia gas sensor working at room 

temperature,” Sensors and Actuators B, vol. 133, no. 1, pp. 135–143, 2008. 

[8]. P. K. Nair, V. M. Garcia, A. M. Fernandez, H. S. Ruiz, and M. T. S. Nair, “Optimization of chemically 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 275-281 
 

 

 

 

 

281 

deposited Cu𝑥S solar control coatings,” Journal of Physics D, vol. 24, no. 3, pp. 441–449, 1991. 

[9]. L. A. Isac, A. Duta, A. Kriza, M. Nanu, and J. Schoonman, “Crystal order in Cu2S thin films obtained by 

spray pyrolysis,” Journal of Optoelectronics and Advanced Materials, vol. 9, no. 5, pp. 1265–1268, 2007. 

[10]. P. V. Nho, P. H. Ngan, N. Q. Tien, and H. D. Viet, “Preparation and characterization of low resistivity 

CuS films using spray pyrolysis,” Chalcogenide Letters, vol. 9, no. 10, pp. 397–402, 2012. 

[11]. B. Guzeldir, M. Saglam, and A. Ates, “Deposition and characterization of CdS, CuS and ZnS thin films 

deposited by SILAR method,” Acta Physica Polonica A, vol. 121, no. 1, pp. 33–35, 2012. 

[12]. J. Podder, R. Kobayashi, and M. Ichimura, “Photochemical deposition of Cu𝑥S thin films from aqueous 

solutions,” Thin Solid Films, vol. 472, no. 1-2, pp. 71–75, 2005. 

[13]. C. Wu, J. B. Shi, C. J. Chen et al., “Synthesis and optical properties of CuS nanowires fabricated by 

electrodeposition with anodic alumina membrane,” Materials Letters, vol. 62, no. 6-7, pp. 1074–1077, 

2008. 

[14]. E. Guneri and A. Kariper, “Optical properties of amorphous¨ CuS thin films deposited chemically at 

different pH values,” Journal of Alloys and Compounds, vol. 516, pp. 20–26, 2012. 

[15]. S. U. Offiah, P. E. Ugwoke, A. B. C. Ekwealor, S. C. Ezugwu, R. U. 

Osuji,andF.I.Ezema,“Structuralandspectralanalysisofchemical bath deposited copper sulfide thin films 

for solar energy conversions,” Digest Journal of Nanomaterials and Biostructures, vol. 7, no. 1, pp. 165–

173, 2012. 

[16]. A. K. Singh, S. Mehra, and G. S. Thool, “Synthesis of copper sulphide(CuS) thin film by chemical bath 

deposition method and its characterization,” European Chemical Bulletin, vol. 2, no. 8, p. 518, 2013. 

[17]. Tuba Çayır Taşdemirci, Study of the physical properties of CuS thin films grown by SILAR method 

Optical and Quantum Electronics. Springer Science+Business Media, LLC, part of Springer Nature 2019, 

51:245 (2019). 

[18]. R. V. Suryawanshi, R. M. Mahindrakar M. A. Barote, G. D. Tingare B. D. Ingale, A. A. Yadavand E. U. 

Masumdar Studies of Copper Sulphide Thin Films Deposited by CBD technique, Advances in 

Engineering science and Technology, Volume I ISBN: 978-93-91738-89-8. 

[19]. L.P. Deshmukh, R.V. Suryawanshi, E.U. Masumdar and M. Sharon, Cu1xInxSe2 thin films: Deposition 

by spray pyrolysis and characteristics. Solar Energy 86, 1910 (2012). 

[20]. H.Goslowsky, S. Fiechter, R.Konenkamp, H. J. Lewerenz, Chemical vapour transport of CuInS2: 

correlation of growth induced defect structure and photoactivity, Sol. Energy Mater. 13 (1986) 221. 

[21]. Luminita Isaca*, Ionut Popovicia, Alexandru Enescaa, Anca Dutaa * Copper Sulfide (CuxS) Thin Films as 

Possible p-Type Absorbers in 3D Solar Cells E-MRS Spring meeting 2009, Symposium B Energy 

Procedia 2 (2010) 71–78. 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

  

RACPS-2022  

Online National Conference on Recent Advances in Chemical and Physical Sciences 

In Association with International Journal of Scientific Research in Science and Technology 

Volume 9 | Issue 17 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com) 

 

 

 

 

 

 

  282 

Analysis of Structural Properties of Nanocrystalline Ni, Zn, Ce, 
Ferrites 

S. L. Gaikwad1, A.G. Gacche2, A. B. Mugutkar3, S. S. Jadhav4* 
1Department of Physics, Pansare Mahavidyalaya, Arjapur, Dist. Nanded 431711, Maharashtra, India 

2Department of Physics, Vasantrao Naik Mahavidyalaya, Nanded 431603, Maharashtra, India 
3Department of Physics, Bahirji Smarak Mahavidyalaya, Basmath431512, Maharashtra, India 

4Department of Physics, D. S. M’s Arts, Commerce and Science College, Jintur, 431509, Maharashtra, India 

 

ABSTRACT 

The nanocrystalline spinel ferrite system, Ni0.7Zn0.3CexFe2-xO4 (x=0.025, 0.05, 0.075, 0.1) is synthesized by sol 

gel auto combustion method. The structural properties of the ferrites restudied by means of powder X-ray 

diffraction (XRD) and Fourier Transform Infra-Red spectroscopy (FTIR). The spinel phase along with the 

secondary phase of CeO was revealed from the analysis of XRD of the ferrites. The parameters obtained from 

the XRD includes lattice parameter, bond lengths, tetra and octahedral edges of the ferrite crystals. The 

variations of parameters are influenced by the amount of Ce composition within the ferrites. 

Keywords: Ni-Zn Ferrites; XRD; FTIR; Bond lengths; Tetrahedral and octahedral edges 

 

I. INTRODUCTION 

 

The nano crystalline particles of spinel ferrites have a great potential in the field of nano science and 

technology due to their interesting properties such as nanoprticle size with high surface area to volume ratio, 

high saturation magnetization, increased coercivity and retentivity and improved dielectric properties. A new 

class of nano materials formed in this way is found to be suitable for the applications such as high density 

magnetic storage, catalysis, magnetic drug delivery, gas sensors, magneto caloric effect [1], etc.  

The Nickel-Zinc (Ni-Zn) ferrites are the soft ferries with low coercivity but high electrical resistivity.  Due to 

their magnetic and electrical properties they have potential applications as the cores of power transformers 

used in high frequency (MHz) range [2]. Low power loss at all operating frequencies is the unique feature of 

the Ni-Zn ferrite, which makes it a vital material in the applications like SMPS, microwaves, R/W heads [3]. 

Specifically for microwave applications, the ferrites with a tangent loss, tanδ ≤ 1000 are suitable and hence 

the Ni-Zn ferrites are the most suitable material for the microwave applications like isolators, circulators and 

phase shifters [4].  

The substitution of rare earth ions in Ni-Zn ferrite crystal is proved to be an effective way to modify the 

magnetic and electrical properties of the ferrite [5]. The larger radius and the stable +3 valence have an 

important role in modifying the properties of the ferrite. The Yittrium ion substitution in Ni-Zn ferrite was 

reported to modify the properties like coercivity (Hc), susceptibility, Remanent magnetization and Curie 
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temperature (Tc), where Hc and Tc are increased with the increasing concentration of Y ions [6]. Rare earth 

(Nd, Ce, La and Pr) substituted Ni-Zn ferrites are proved to be a promising candidate for high frequency 

applications [7]. A large increase in electrical resistivity with the reduced relative loss factor was reported in 

case of Y, Eu and Gd substituted Ni-Zn ferrites [8]. The doping of Pr3+ ions in Ni-Zn ferrite has reduced the 

dielectric loss at radio frequency, while there is a great increase in the value of permeability at 36MHz, 

proving the material as a promising one for high frequency applications [9]. 

A report on microwave properties of Lithium ferrite shows that the microwave absorbing ability of the 

lithium ferrite was increased with the proper level of Ce3+ doping [10]. The Ce3+ substituted Co-Cr ferrites 

with moderate saturation magnetization and coercivity, Hc> 600 Oe, were reported to be the suitable material 

for magnetic recording media, switching and high frequency applications [11]. Improvement in dielectric 

properties of Lithium ferrite due to optimum substitution was reported elsewhere [12]. A remarkable 

influence of Ce4+ ions on magnto-structural properties of NiFe2O4 was reported in previous report [13], where 

the saturation magnetization was increased and coercivity decreased with the increasing concentration of 

Ce4+ ions. 

The research survey suggests that, there is an improvement of properties of the ferrites due to substitution of 

Cerium ions and it gives rise to the ferrites with more application potential. With this and by considering the 

technological importance of Ni-Zn ferrites, we decided to study the synthesis, and structural properties of 

Cerium substituted nanocrystalline Ni-Zn ferrites. 

 

II. SYNTHESIS AND METHODS OF MEASUREMENTS 

 

The Cerium (Ce3+) substituted Ni-Zn ferrites (NZC) with chemical formula, Ni0.7Zn0.3CexFe2-xO4 (x=0, 0.025, 

0.05, 0.075 and 1) were synthesized by sol gel auto combustion method [14]. The starting chemicals used 

were of analytical reagent grade (99.99% pure) nitrates, Ni(NO3)2.6H2O, Zn(NO3)2.6H2O, Fe(NO3)3.9H2O, 

Ce(NO3)3.6H2O and citric acid C6H8O7.H2O. All chemicals were supplied by Lobachemie except cerium 

nitrate, which was supplied by Acros, India. The clear solutions of nitrates and citric acid were prepared in 

the minimum amount of double distilled water, by keeping nitrate to citrate ratio equal to 1:3. The aqueous 

solutions of nitrates and citric acid are mixed together while maintaining the pH≈7 by addition of an 

appropriate amount of ammonia solution. This solution was kept on hot plate (100°C) with a constant 

magnetic stirring. The continuous evaporation of water molecules give rise to a viscous gel, which is dark 

brown in colour. The role of citric acid as a chelating agent begins with removal of all water molecules as an 

auto ignition of the gel which continues up to few tens of minutes. The blackish brown coloured ashes called 

precursors were formed, which were powdered to give fine homogeneous ferrite powder. This powder was 

then sintered in a constant temperature furnace for 3Hrs at 600°C. The annealed powder is used for 

characterization and measurement of the properties. 

The NZC ferrites annealed at 600°C were used to obtain X-ray diffractograms at room temperature by means 

of Philips: PW1830 with a scanning rate of 10° per minute, within 10° to 80° of 2θ range. 
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III. RESULT AND DISCUSSION 

 

The Fig. 1 shows X-ray diffractograms of NZC ferrites indexed to reveal FCC structure. The spinel phase with 

a secondary phase of CeO was revealed from the indexing of XRD of the ferrites. The lattice parameter, X-ray 

density, bulk density, porosity and specific surface area, particle size are the parameters calculated from the 

analysis of XRD data by using the reported formulae [15]. The values of the parameters are listed in Table 1, 

where it is clear that the lattice parameter increases with increasing Ce concentration x. This can be 

explained on the basis of Vegard’s law. The replacement of smaller ions of Fe3+ (0.64Å) by relatively larger 

ions of Ce3+ (1.034Å) causes swelling of the lattice cell, thereby increasing the lattice parameter [16]. The 

particle size calculated using Debye-Scherer formula [15] is listed in Table 1. The particle size shows random 

variation with Ce content x, which may be due to the variation of the reaction condition favouring the 

formation of new nuclei during sol-gel synthesis [17].  

 
Fig. 1 X-ray diffractograms of NZF ferrites with (hkl) Miller indices of the peaks.* The peak showing phase of 

CeO. 

 

The X-ray density dx decreased with increasing Ce content x. This is attributed to the decrease in values of 

lattice parameter with increasing Ce content x. Similar results were reported earlier [18]. The enlisted values 

of bulk density d and porosity P show exactly opposite trends. The bulk density decreases and porosity 

increases with the increasing Ce content x. The identical results were reported earlier for Ce substituted Ni 

ferrites [13].The values of specific area S vary from 76.41 to 105.33m2/gm. On average, specific surface area 

increases with decreasing particle size. Similar result is reported by George et. al. [19]. 
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Table 1: Lattice constant (a), particle size (t), x-ray density (dx), bulk density (d), porosity (P) and surface area 

(S) of NZF ferrites 

x a(Å) t(nm) dX(g/cm3) d(g/cm3) P(%) S(m2/g) 

0 8.372 24 5.545 3.187 42.53 78.44 

0.025 8.375 25 5.491 2.868 47.77 83.69 

0.05 8.384 21 5.379 2.712 49.57 105.33 

0.075 8.394 21 5.311 2.946 44.54 96.99 

0.1 8.414 28 5.367 2.804 47.75 76.41 

 

The values of tetrahedral and octahedral bond lengths (dAX, dBX) and shared and unshared edges (dAXE, dBXE) as 

well as magnetic hopping lengths LA and LB were calculated by using formulae reported earlier [15]. These 

values are listed in Table 2. It is clear that values of dAX, dBX, dAXE, dBXE and hopping lengths LA, LB increase 

with increasing Ce content x. This increase in values is due to increasing values of lattice parameter. 

Table 2: Tetra and octa bonds (dAX, dBX), Tetra (dAXE) and octa (dBXE shared and unshared), magnetic hopping 

lengths (LA and LB) of the NZF ferrites. 

‘x’ a 

(Å) 

dAX dBX dAXE dBXE LA LB 

shared unshared     

0 8.372 1.899 2.046 3.101 2.817 2.967 3.625 2.959 

0.025 8.375 1.900 2.046 3.102 2.818 2.968 3.626 2.960 

0.05 8.384 1.902 2.049 3.106 2.821 2.971 3.630 2.964 

0.075 8.394 1.904 2.051 3.109 2.824 2.975 3.634 2.967 

0.1 8.414 1.909 2.056 3.117 2.831 2.982 3.643 2.974 

 

IV. CONCLUSIONS 

 

The nanocrystalline particles of Ce3+ substituted Ni-Zn ferrites having formula Ni0.7Zn0.3CexFe2-xO4 (x=0.025, 

0.05, 0.075, 0.1) were successfully synthesised by sol-gel auto combustion method. The spinal phase along 

with the secondary phase of CeO was observed in the ferrite crystals. The remarkable impact of Ce3+ ion 

doping on lattice parameter was observed. The bond lengths, tetra and octa edges and magnetic hopping 

lengths increase with increasing Ce3+ doping.  
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ABSTRACT 

Study of Dipropylene Glycol (DPG)-water mixture have been studied by time domain Reflectometry 

technique in the frequency range of 10MHz to 30GHz.The measurements have been done at temperature 

200C at different volume fractions The dielectric parameters such as static dielectric constant and relaxation 

time for mixture have been reported here. The molecular interaction between Dipropylene Glycol and water 

is discussed using Kirkwood correlation factor (geff) and dielectric constant for mixtures. The dielectric 

relaxation behavior of binary mixtures of Dipropylene glycol-water has been fitted with Cole-Davidson 

model having an asymmetric distribution of relaxation time. These parameters have been fitted to the 

Bruggeman mixture formula in the non-linear case. 

Key words: Dielectric relaxation, Time Domain Reflectometry, Glycol, Kirkwood correlation factor 

 

I. INTRODUCTION 

 

Over the past several years, the aqueous mixtures of glycols and alcohols have been extensively investigated 

by means of the dielectric relaxation as a function of -OH group to understand the significance of hydrogen 

bond interaction. [1-2] Dipropylene glycol (DPG) reveals a strong tendency to form H bonds. Terminal 

hydroxyl groups of DPG may participate in two types of hydrogen bonds: end-to-end and end-to-ether (C-O-

C) groups [3] both can lead to inter and intra molecular structures.  

The dielectric relaxation study is very helpful for the understanding of intermolecular interaction and the 

hydrogen bonding interaction in aqueous mixture due to dipole-dipole interaction. The main interest of the 

study is to understand the structural and dynamical behavior of aqueous DPG using Time Domain 

Reflectometry (TDR) Technique. Previously different techniques were used for characterization such as light 

scattering [4-6], optical Kerr-effect [7] as well as photo thermal. Moreover some physical properties of 

aqueous mono, di and tri propylene glycol have been reported. [8] The dielectric spectra of propylene glycol 

and tri-propylene glycol have been studied earlier [9-10] using TDR technique.  

The objectives of the present work are to investigate temperature dependent dielectric relaxation properties 

of DPG–water systems using TDR technique in the frequency range of 10 MHz to 30 GHz. The static 

dielectric constant, relaxation time, Bruggeman factor, Kirkwood correlation factors, excess dielectric 

permittivity and thermodynamic parameters have been reported for DPG–water mixtures. 
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II. EXPERIMENTAL DETAILS 

 

Materials and sample preparation 

DPG (100% pure) was purchased from Merck India Limited and used without further purification. The HPLC 

grade double distilled water was used in preparation of aqueous DPG mixtures. 11 different Samples of total 

volume 5ml each were prepared such that; a volume fraction 0.1 indicates 0.5ml of DPG added to 4.5ml of 

water, a volume fraction of 0.2 indicates 1.0ml of DPG added to 4.0ml of water and vice versa. For the 

measurement samples were placed in an electronically temperature-controlled bath within accuracy of ± 

0.1 °C. 

The step pulses recorded without sample R1 (t) and with sample RX (t) and are subtracted and added to get 

p (t) = [ R1(t) − RX (t)]    1 

q (t) = [ R1(t) + RX(t) ]    2 

The complex reflection coefficient ρ*(ω) over a frequency range of 10 MHz to 30 GHz were determined as 

follows. 

*( )= 
𝑐

𝑗𝑑

p(ω) 

q(ω)
      3 

Where p (ω) and q (ω) are Fourier transforms of p (t) and q (t) obtained using summation and Samulon 

methods [10] respectively, c is the velocity of light, ω is angular frequency and d is effective pin length (0.16 

mm). The complex permittivity spectra ε*(ω) was obtained from reflection coefficient spectra ρ*(ω) by 

applying the bilinear calibration method suggested by Cole [11]. Figure 1 shows frequency dependent 

complex permittivity spectra ε*(ω) for DPG–water mixtures at 20 °C. 

 

III. RESULTS AND DISCUSSIONS 

 

Dielectric Constant and Relaxation time 

Dielectric relaxation for aqueous DPG is described by the Havriliak–Negami equation [12] 






])(1[
)(*

1

0

−




+

−
+=

j
        

4
 

Where ε0 is the static permittivity, ε∞ is the permittivity at high frequency, τ is the relaxation time, α and β 

are the empirical parameters for the distribution of relaxation times with values between 0 and 1. 

Temperature dependent dielectric relaxation parameters for aqueous solutions of DPG are listed in Table 1. 

The errors in the least significant digit are also reported. 

The Relaxation time increases systematically in aqueous solutions of DPG as shown in table 1 suggests that 

water structure is modified due to hydrogen bond by the DPG so as to produce an increase in relaxation time 

in the mixture. In DPG rich regions relaxation time increases rapidly this may due to higher viscosity of DPG 

as relaxation time and viscosity has linear relationship. [13] 
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Table 1. Dielectric Relaxation Parameters for aqueous solution of DPG at 20 o C 

_______________________________________________________________________________ 

Vol. Fract. 

Of DPG   ε
      0

ε            τ  ( ps)        β  

_______________________________________________________________________________ 

0.0  3.92(3)     79.10(7)  8.82(1)    1.0000(1) 

0.1  2.000(1)   72.16(10)  13.16(03)   0.9723(1) 

0.3 2.000(1)        58.98(08)         10.47(02)   1.0000(1) 

0.2 2.000(1)        63.35(22)        11.57(04)   1.0000(1) 

0.4  2.237(2)   52.32(08)   36.00(01)   0.8451(1) 

0.5  2.425(2)   48.48(08)   48.28(02)   0.8245(0) 

0.6  3.750(3)   42.00(14)    82.42(07)   0.7929(3) 

0.7  4.522(2)   37.91(15)  138.56(01)   0.7636(3) 

0.8  5.073(2)   35.17(18)  209.30(03)   0.7701(4) 

0.9  4.880(2)   28.47(16)   320.07(06)   0.7966(5) 

1.0         3.867(1)   20.16(13)  771.20(17)   0.7679(5) 

 

_____________________________________________________________________________ 

Note: Numbers given in parentheses denote uncertainties in the least significant digits obtained by the least 

square fit method, e.g. 20.59(14) means 20.59 ± 0.14 and 0.7564(7) means 0.7564 ± 0.007.  

 
Figure 1 Complex permittivity spectra for DPG-water mixtures at 20C 
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Kirkwood correlation factor 

Static dielectric constant for the mixture can be explained using the Kirkwood-Frohlich equation as follows 

[14-15],                                                              

 

                 5 

 

Where μ, ρ and M correspond to the dipole moment in gas phase, density and molecular weight respectively, 

k is the Boltzmann constant, T is the temperature and N is the Avogadro’s number.  

The Kirkwood correlation factor “ g ” determined from the dielectric constant gives information on the 

collective orientation correlation between molecules.  

 
               6 

 

With Va and 1-Va as volume fractions of liquids a (water) and b (DPG), respectively. In the mixtures the 

values of 
eff

g  show (Table 2) decreasing trend with the increasing concentration of DPG molecules in the 

mixtures. This indicates the decrease in interaction between the molecules of the system with increase in 

volume fraction of DPG in the solution. The values of 
eff

g  are greater than unity for all the concentration and 

all three temperatures suggesting parallel orientation of electric dipoles.  

 

Table 2. Kirkwood correlation factor for DPG Water Mixture at 200C. 

 
 

Bruggeman factor 

The Bruggeman equation [16] is another parameter which may be used as an indicator of solute solvent 

interaction. The Bruggeman factor (fB) is given by, 
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Figure2 Plot of Bruggeman factor (fB) as function of Volume fraction of water at 20C 
Where ε0m, ε01 and ε02 are the static dielectric constant corresponding to mixture, solute and solvent 

respectively; V- is the volume fraction of solvent (water). From above equation, the linear relation is expected 

from a plot fB Vs Volume fraction of water. But in binary liquids, there is non-linear relationship.   
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In this equation, volume fraction (V) is changed by a factor ‘ a -( a -1) V’ of the mixture. 

Figure 2 shows variation of Bruggeman factor at 20C with volume fraction of water. The value of ‘ a ’ equal 

to 1 corresponds to ideal mixture with no additional interaction between two liquids and reduces to 

Bruggeman’s equation. The value of ‘ a ’ determined by least square fit method is found to be 1.47; its 

deviation from unity indicates the molecular interaction in the mixture.  

 

IV. CONCLUSION 

 

The values of static dielectric constant, relaxation time, Kirkwood correlation factor and Bruggeman factor 

for DPG–water mixtures are also investigated. It suggests the formation of strong –H bonds between DPG and 

Water. The Kirkwood correlation factor value of pure Dipropylene is greater than unity, reveals the hydrogen 

bond interaction and presence of parallel associated molecules. Using Bruggemann factor the nonlinear 

relationship between DPG and water molecules has been also studied.  
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ABSTRACT 

The complex relative dielectric properties of polysobate-40 with water at various concentrations have been 

measured using Precision LCR meter in the frequency range of 20Hz to 2 MHz at 25°C.The electrical and 

dielectric properties of the binary mixtures are represented in terms of complex dielectric function ε*(ω), 

electrical modulus M*(ω), electrical conductivity σ*(ω). All these parameters are used to explain the various 

processes associated with the electric and dielectric properties of the binary mixtures of polymer in aqueous 

solutions. 

Keywords: Precision LCR meter, complex permittivity, electric modulus. 

 

I. INTRODUCTION 

 

The investigation of dielectric parameters of the material in the spectral range from 20 Hz to 2 MHz provide 

the useful information about the intra and inter molecular dynamics, the degree of intermolecular H-bond 

interaction, cooperative nature between like and unlike molecules. The information regarding ionic and 

electrode polarization processes related to the molecular structures also can be studied [1-3]. Polysorbate-40 

(P-40) is polymer having molecular formula C62H122O26. P-40 is also known as polyoxymethylene sorbitan 

monopalmitate consists of sorbitol, palmitic acid and ethylene oxide. P-40 is the yellow or orange viscous 

liquid at room temperature. It has wide range application in cosmetic preparation, cleaning compound, 

pharmaceuticals, personal care product, emulsifier or surfactant to help mix oil and water. 

P-40 is miscible with water in a wide concentration range. As oxygen atoms and –OH groups are present, 

respectively in the molecular chain and at the ends of the chain, due to which these molecules have several 

hydrogen bonding sites. They can enter into intra- and intermolecular hydrogen bonding giving rise to 

several conformations in water mixtures. Extensive experimental attempts have been made to study the 

dielectric behaviour of polymer molecules and their oligomers at radio waves and microwaves [4-9]. In the 

present study, dielectric measurement of P-40 in aqueous solutions have been carried out in the frequency 

range of 20Hz to 2MHz using precision LCR meter and various processes associated with these parameters 

were discussed. 
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II. EXPERIMENTAL DETAIL 

 

Materials 

P-40 was obtained from RLCC with purity 99% and water with HPLC grade made by Fisher Scientific India 

Pvt Ltd. They were used without further purification. The solutions were prepared at different mole fraction 

of water in polysorbate-40. 

 

Measurement: 

The complex dielectric function ε*(ω) of liquid sample were determined by Agilent Technologies, E4980 

using precision LCR meter. A four terminal liquid dielectric test fixtures (Agilent16452 A) were used for 

capacitance and parallel resistance measurement in the frequency range 20 Hz to 2 MHz the capacitance and 

parallel resistance of the liquid dielectric test fixture without and with samples were measured to compensate 

for short. The test fixture correction coefficient was also considered to cancel the effect of stray capacitance 

during the evaluation of the value of the complex dielectric function. The complex dielectric function ε*(ω) 

of the material is determined using Eq. (1). 

 
Where ω=2πf is the angular frequency and α is the correction coefficient of the cell. All measurements were 

made at 25°C. 

 

III. RESULT AND DISCUSSIONS: 

 

Dielectric Spectra: 

The frequency dependent spectra of the real part of dielectric permittivity for P-40 and its binary solutions 

with water are shown in Fig.1. In present study, the static dielectric permittivity values of corresponding 

liquids samples are recorded at 2 MHz. From the plot it can be observed that, the dielectric permittivity (ε′) 

values for pure P-40 and its binary solutions with water are very high at lower frequency and these values 

lowers with increase in frequency. The higher values of ε' at lower frequencies are due to the domination of 

electrode polarization effect which can be explained with the help of tanδ plot (Fig. 2). 

In the real part of dielectric permittivity spectra (Fig. 1), ε′ values for P-40 becomes steady around 1 KHz 

while that for the binary mixtures with water becomes frequency independent from few KHz to 0.3 MHz. 

Frequency dependent dielectric loss tangent (tanδ= ε'/ε") is plotted in Fig. 2. The electric density layer 

capacitance formation taken place due to the free charge built up at the interface between the dielectric 

material and electrode surface. This gives rise to the electrode polarization (EP). The electrode polarization 

frequency corresponds to the peak in tanδ spectra (Fig. 2). The EP phenomenon can be separated from the 

bulk material by using the EP relaxation frequency. The loss peak of tanδ is corresponding to the EP 

relaxation frequency ƒEP, which can be used to evaluate the EP relaxation time, τEP = (2πƒEP)-1 which is 

associated with the overall dynamics of the absorbed ions on the electrode surfaces in the alternating electric 
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field. On addition of water in P-40, the loss peaks are shifting towards the higher frequency side up to mole 

fraction of water (XW) =0.993. Above this concentration again the dielectric loss peak shifts toward the 

higher frequency. 

 
Fig. 1 : Dielectric permitivity spectra (ε') for binary mixtures of P-40 with water at 25°C. 

  

 
Fig 2: Dielectric loss (tan δ) for binary mixtures of P-40 with water at 25°C. 
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The static dielectric permittivity (εs) values of pure P-40, water and their binary solutions are obtained from 

the permittivity spectra is plotted and shown in Fig.3. The non linear nature of this plot indicates certain 

interaction among the unlike molecules. In the polymer rich region (0≤XW≤0.8), the values of εs are 

increasing very slowly. It can be attributed as P-40 structure is dominant in the binary solutions whereas for 

the concentrations XW>0.8, the values of εs increasing rapidly. It may possible due to water molecules try to 

form hydrogen bonding with the P-40 molecules. The structure of pure P-40 starts to break and may form 

complexes of heteromolecules in this region. 

 
Fig. 3: Static dielectric permittivity (εs) Vs. Mole fraction of water (XW) 

 

Electric Modulus [M*(ω)] 

The frequency dependent values of M*(ω) is obtained using Eq. (2) [10-12] 

 
The plots for real and imaginary parts of electric modulus vs. frequency are shown in Fig. 4 and Fig.5. It can 

be observed in Fig. 4 that M' approaches to zero at lower frequencies. This nature confirms the existence of 

electrode polarization at lower frequencies. The M'(ω) increases with increase in the frequency nonlinearly. 

From the Fig. 5, frequency corresponds to the M" peak value has gradually shifted towards higher frequency 

with decrease in the P- 40 concentration in water. Value of the M" peak frequency ƒσ can be used to evaluate 

the ionic conductivity relaxation time τσ (= 1/2πƒσ) [13]. 
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Fig 4. Real Part of electric modulus (M') vs. Frequency. 

  

 
Fig. 5. Imaginary part of electric modulus (M") vs. Frequency 
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Complex Electrical Conductivity (σac) 

The alternating current (ac) complex conductivity σ*(ω) which is the resultant of real part σ' and the 

imaginary part σ'' of the liquid samples obtained from the following Eq.(3) 

 
Here      is free space dielectric permittivity. Fig.6 shows the σac (ω) spectra for polysorbate- 40 at different 

concentrations with water. It can be observed that the value of ac conductivity values are almost frequency 

independent in this frequency range for the pure P-40 and its binary concentrations of water around XW 

=0.903. After this, for the concentration 0.968 ≤ XW ≤ 0.998 the values of ac conductivity are increasing 

rapidly upto few KHz and then it becomes independent of frequency. For pure water, very small variation in 

the values of σac at lower frequencies is observed and remains almost steady above 100Hz. 

 
Fig. 6. σac for various concentration of P-40 with Water vs. Frequency 

 

IV. CONCLUSION 

 

The dielectric measurement of P-40 with Water mixtures at temperature 25°C have been done in the 

frequency range of 20 Hz to 2 MHz using precision LCR meter. The electrical and dielectric properties of 

binary mixtures are plotted in terms of dielectric permittivity ε*(ω), electrical modulus M*(ω), electrical 

conductivity σ*(ω). All these parameters are used to explain the various processes associated with the electric 

and dielectric properties of the binary mixtures of polymer in aqueous solutions. 
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ABSTRACT 

Structural and dynamical properties of Polyvinyl-pyrrolidone (PVP K-30)[𝐶6𝐻9𝑁𝑂]n  in the solution state 

with water has been studied in the frequency region of 10 MHz to 30 GHz over the temperature range of 

298.15 K-283.15 K using Time domain Reflectometry(TDR). Dielectric parameters such as static dielectric 

constant (𝜀𝑗 ), relaxation time (𝜏𝑗 ), dipole moment (�̂�), correlation factor (𝑔𝑗 ), has been calculated and 

expressed in terms of molecular interaction and hydrogen bonding. The dielectric permittivity spectra and 

relaxation behavior of PVP in different concentrations were analyzed using Cole-Cole model. 

Keywords: Polyvinylpyrrolidone, Time Domain Reflectometry, Dipole moment. 

 

I. INTRODUCTION 

 

The chemical and physical properties of polymer solutions are determined by the dynamics of solvent 

molecules and the micro-Brownian motion of polymer chains. Furthermore, the dynamics of polymer 

solutions can be efficiently considered as a basic model system with molecular motions directly related to 

biopolymer functionalities [1].PVP is an amorphous polymer. It contains an asymmetric electrical charge 

distribution in its monomer units, with distinct atoms (N, O, C, and H) close one other. PVP may form 

complexes with a wide range of substances by forming hydrogen bonds with the hydroxyl groups of solvents 

such as water, alcohols, ethylene glycol oligomers, and glycerol, among others and its carbonyl group[2].PVP, 

a flexible and randomly coiled polymer that is easily soluble in water, was used to study the water structure 

surrounding the coiled polymer. Dielectric measurements are simple to do for such a non-electrolytic 

solution [3]. 

 

II. EXPERIMENTAL 

 

MATERIALS 

PVP K-30, a polyvinylpyrrolidone with an average molecular weight of 40,000 g mol-1, was acquired from 

Sigma Aldrich and utilized without purification. 
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Dielectric Measurements 

The dielectric permittivity(𝜀′) and dielectric loss(𝜀′′) of pure liquid PVP solution were measured using time 

domain reflectometry at temperatures ranging from 298.15 K to 283.15 K, using the methodology and 

procedures reported elsewhere. 

 

III. RESULTSANDDISCUSSION 

 

Dielectric experiments on PVP-Water mixtures were carried out at temperatures ranging from 298.15 K to 

283.15 K, with PVP average molecular weights of around 40,000 g mol-1. As demonstrated in Fig. 1, the real 

(𝜀′ ) and imaginary (𝜀′′ ) components of the dielectric functions of PVP-Water mixture are frequency 

dependent.  

 
Figure 1.Variation of Complex Permittivity Spectra of Polyvinylpyrrolidone K-30 solution with frequency at 

different temperatures. Dielectric permittivity (𝛆′) and dielectric loss (𝛆′′) as a function of frequency 

(GHz)(Static Permittivity Spectra fig(a): 1.67*10-04 C(M)fig(e): 8.34*10-04 C(M)) 

 

As illustrated in Fig. 1, the PVP-water mixture has two relaxation peaks. The primary relaxation process, 

which corresponds to the rotation of free water molecules, and the secondary relaxation process, which 

corresponds to the rotational motion of PVP molecules in the aqueous medium.  

A sum of n Havriliak-Negami(HN) equations or its variants, the Dabye (D), the Cole-Cole (CC), and the Cole-

Davidson (CD), is used to study different types of relaxation process [4]. 

𝜀∗(𝜈) = ∑
∆𝜀𝑗

[1+(𝑖2𝜋𝜈𝜏𝑗)
𝛽𝑗)

𝛼𝑗

𝑛
𝑗=1 + 𝜀∞(1) 

The 2-D model derived from eqn.(1) for the two relaxation processes is 

𝜀∗(𝜈) =
∆𝜀1

1+𝑖2𝜋𝜈𝜏1
+

∆𝜀2

1+𝑖2𝜋𝜈𝜏2
+ 𝜀∞(2) 
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Static Dielectric constant(𝜺) : 

 
Figure 2. Dielectric relaxation strength of low frequency and high frequency processes. 

 

Low frequency dielectric relaxation strength ∆𝜀1(𝑐) increases with increasing PVP concentration, indicating 

that the relaxation process in the low frequency region is mostly due to an increase in effective dipole-dipole 

antiparallel alignment of PVP molecules. Every PVP molecule is entirely surrounded by water molecules at 

low concentrations, shielding the interaction between PVP molecules; this can be seen in the correlation 

factor g1which drops as concentration increases, indicating strong evidence of antiparallel dipole alignment. 

The value of ∆𝜀1(𝑇)drops as the temperature decreases.  

At all measured temperatures, the concentration dependence of the high frequency relaxation strength ∆𝜀2(c) 

decreases linearly, indicating that it is related with the cooperative relaxation of bulk-like water occurring in 

the same frequency range as pure water. This indicates the presence of water associated with PVP molecules 

and can be linked to the relaxation time (𝜏2) of high frequency processes at higher solute concentrations. This 

could also be due to strong water-water interaction and the dominating high frequency dispersion that is 

clearly attributed to the rotation of 'bulk-like' water molecules [4,5]. 

 

Relaxation time: 

 
Figure 3.Dielectric Relaxation times𝛕𝟏(ps) and 𝛕𝟐(ps)Vs Concentration CPVP 
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Figure 3 shows that the value of low frequency relaxation time (𝜏1)grows steadily with increasing solute 

concentration up to 0.000333 molar concentration, however there is a monotonous change in 𝜏1value above 

this concentration. The high value of 𝜏1for pure water is due to the reorientational motion of hydrogen 

bonded linear polymeric structure. 

With decrease in temperature, the dielectric relaxation time (𝜏2) for the high frequency relaxation process 

increases. The difference in relaxation time between pure water and all concentrations of the system recorded 

at room temperature (~9 𝑝𝑠) could be attributed to molecular interaction between water and PVP in the 

system, which could enhance steric hindrance for the reorientation of water molecules. 

We will use the Cavell equation for multimer system, which is an extension of the Onsagar equation, to learn 

more about the solute-solute interaction in terms of dipole-dipole correlation [4]. 

∆𝜀𝑗 =
𝜀𝑠

3(𝜀𝑠+(1−𝜀𝑠)𝐴𝑗)

𝑁𝐴

𝐾𝐵𝑇𝜀0

𝜇𝑒𝑓𝑓,𝑗
2

(1−𝛼𝑗𝑓𝑗)2 𝐶𝑗(3) 

Where 𝜀𝑠 is the static permittivity, 𝑁𝐴  is Avogadro’s number. 𝑘𝐵  is Boltzmann constant and 𝜀0  vaccum 

permittivity.𝐴𝑗 the shape parameter of reaction field and accounts for the shape of relaxing particle. 𝑓𝑗  is so 

called cavity field factor and 𝛼𝑗is the molecular polarizabilityand T is temperature.𝜇𝑒𝑓𝑓,𝑗 (theeffective dipole 

moment of 𝑗𝑡ℎspecies) is connected to the gas phase dipole moment 𝜇0,𝑗  i.e. 

𝜇𝑒𝑓𝑓,𝑗
2 = 𝑔𝑗 𝜇0,𝑗

2 (4) 

Where 𝑔𝑗 is an empirical factor which accounts for correlation between dipoles. 𝑔𝑗 = 1 indicates no 

orientational correlation between dipoles, 𝑔𝑗< 1 implies a tendency towards anti-parallel alignment and 𝑔𝑗> 1 

a tendency towards parallel alignment of dipoles.  

For the low frequency process, it is assumed that the polarizability (𝛼𝐿) and the reaction field factor (𝑓𝐿) are 

independent of concentration c, so we can define  

 �̂� =  
𝜇𝑒𝑓𝑓,𝑙

(1−𝛼𝑙𝑓𝑙 )
 = 

𝑔𝑙

1
2 ⁄

𝜇0,𝑙

(1−𝛼𝑙𝑓𝑙)
(5) 

The correlation factor𝑔𝑗 takes into account possible orientational correlation between the dipoles. Formula 

for calculating 𝐴𝑗 and 𝑓𝑗 are given in the literatures [5,6,7].In our calculations, a spherical water molecule (𝐴𝑗 

= 1
3⁄ ) with radius r = 0.1425 nm was assumed and values of 𝜇𝑒𝑓𝑓were calculated using equation (3). 

 
Fig.4. Dipole moment 𝛍𝐞𝐟𝐟using cavells equation 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 300-305 
 

 

 

 

 

304 

The measured values of effective dipole moment calculated using Cavell eqn. appear to be in good agreement 

with the previously obtained value [8].Up to 0.0005 molar concentration of solute, the values of 

𝜇𝑒𝑓𝑓determined by eqn.(3) increases. Above this concentration, the values of 𝜇𝑒𝑓𝑓vary. The formation of anti-

parallel dipole-dipole interactions between the PVP molecules at greater concentrations is attributed to the 

decrease in 𝜇𝑒𝑓𝑓values. The fact that 𝜇𝑒𝑓𝑓(T) over all measured concentrations is increasing as temperature 

rises could be attributable to an increase in the induced solute-solute interaction through the hydration layer. 

At higher concentrations, values of 𝜇𝑒𝑓𝑓(T) are more deviated, which could indicate enhanced solute-solute 

(PVP-PVP) interaction via the hydration layer. 

 
Figure 5. Correlation factor (g1) as a function of concentration at different temperatures. 

 

In addition to dipole moment, we have estimated the values of correlation factor (g1) in order to have insights 

into the magnitude of these anti-parallel alignment by using eqn. 

�̂�(𝐶𝑀𝐴𝑋)

�̂�(𝐶→0)
≈

𝑔1

1
2⁄

(𝐶𝑀𝐴𝑥)

𝑔1

1
2⁄

(𝐶→0)
 =𝑔1

1
2⁄
(6) 

Where 𝑔1(𝑐 → 0) = 1, because for infinite dilution, there is no correlation between the PVP molecules.𝐶𝑚𝑎𝑥 

is the highest concentration used for PVP. Values of correlation factor (𝑔1) have been calculated at highest 

concentration. For the low frequency process, values of correlation factor (𝑔1)was found to be less than 1 for 

all concentrations and temperatures except at 298.15 K. The values of  𝑔1 lower than 1 suggests that there is 

reduced correlation between solute molecules. 
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ABSTRACT 

Complex dielectric permittivity measurements in the frequency range 10MHz-30GHz has been carried out 

for homeopathic medicine Cuprum Metallicum using a time domain reflectometry (TDR) method at different 

temperatures. The static dielectric constants (ε0), relaxation time (τ) were determined by using least square fit 

method. Also frequency dependent spectra of for Cuprum Metallicum studied at different potencies. Theses 

parameters are used to explain the various processes associated with the dielectric properties of Cuprum 

Metallicum. 

Keywords: Dielectric permittivity; Relaxation time; Time domain reflectometry (TDR). 

 

I. INTRODUCTION 

 

Ever since its discovery in the eighteenth century, the homeopathic system of medicine has been open to 

criticism from the scientific world as well as from the practitioners of the allopathic system. The practice of 

homeopathy was well accepted by the public from the very inception due to safety of medicine and 

effectiveness. Homoeopathic medicine has been one of the world’s most widely practiced alternative 

therapies. The popularity of homeopathy spread across the globe even during the life time of its founder. It 

was considered as one of the refined medical systems till about 1950s [1, 2]. 

The dielectric dispersion occurring in potentised homeopathic medicines subjected to variable frequency 

electric field was studied by using an instrumentation method developed by C R Mahata [3]. The 

experimental results for three potencies of Cuprum Metallicum (Cuprum met) in the frequency range of 100 

kHz - 1 MHz was reported [3]. Dielectric dispersion studies were conducted in a broad range in a frequency 

range of 100 KHz to 50 MHz with potencies below and above the Avogadro limit by taking 6C and 30C 

potencies of Graphite’s and Cuprum Metallicum in liquid form. Measurements were made with an 

Anomalous Dielectric Dispersion Detector (A3D) [4]. Anomalous dielectric dispersion in ordered molecular 

groups also studied. The homoeo-medicines cannot be anything except specifically ordered molecular groups, 

is theoretically proposed by Mahata [5, 6]. 

http://www.ijsrst.com/
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In the present study, the complex relative permittivity spectra of homeopathic medicine Cuprum Metallicum 

with different potencies (6C, 30C, 200C) have been measured using time domain reflectometry technique 

from 10MHz to 30GHz. 

 

II. EXPERIMENTAL  

 

Homeopathic medicines Cuprum Metallicum with different potencies (6C, 30C, 200C) used for experimental 

purpose are taken from an SBL PVT LTD. 

The dielectric spectra have been obtained by the time domain reflectometry (TDR) technique. The Tektronix 

model no. DSA8200 Digital Serial Analyzer sampling mainframe along with the sampling module 80E08 has 

been used for the measurement. The Fourier transformation of the pulses and data analysis were done earlier 

to determine complex permittivity spectra ε*(ω) using non linear least squares fit method [17, 18]. 

 

III. RESULTS AND DISCUSSION 

 

Fig.1 shows frequency dependent complex permittivity spectra for Cuprum Metallicum. The complex 

permittivity spectra measured using TDR is fitted by the non-linear least squares fit method to the Havriliak - 

Negami expression [9, 10]- 

                               





])(1[
)(*

1

0

−




+

−
+=

j
                                                   

(1) 

where ε0  is the static dielectric constant, ε∞  is the permittivity at high frequency,  τ is relaxation time and α & 

β is the Cole-Cole and Davidson-Cole distribution parameter, respectively. Equation (1) includes the Debye 

( =0,  = 1) [11] Cole-Cole (0   1 and  = 1) [12] and Davidson – Cole (  = 0 and 0   1) [13]. Fig.2 & 

Fig.3 shows the static dielectric constant and relaxation time of Cuprum Metallicum at various temperatures. 

 
Figure 1. Frequency dependent a) dielectric permittivity (ε′) and b) dielectric loss (ε″) for Cuprum Metallicum 

at different potencies. 
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Figure 2. Static dielectric permittivity (ε0) vs. potencies of Cuprum Metallicum at various temperatures. 

 
Figure 3. Relaxation times (τ in ps) vs. potencies of Cuprum Metallicum at various temperatures. 
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Thermodynamic properties 

 

The thermodynamic parameters evaluated using Eyring equation is as follows [14] 

 

                       τ = (h/KT) exp (ΔH/RT) exp (-ΔS/R)                                (2) 

 

where ΔS is the entropy of activation, ΔH is the activation energy in kJ/mole. τ is the relaxation time in ps 

and T is the temperature in K and h is the Planck’s constant. Fig.4. shows plot of Thermodynamic energy of 

Cuprum Metallicum at different potencies. Activation energy (ΔH) for entire concentration is positive.  

 
Figure 5. Thermodynamic energy of Cuprum Metallicum at different potencies 

 

IV. CONCLUSION 

 

The complex permittivity spectra of Cuprum Metallicum at different temperature with different potencies 

have been studied using time domain reflectometry technique in the frequency range 10 MHz to 30 GHz. 

The experimental dielectric relaxation data contains valuable information.  
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ABSTRACT 

The values of dielectric constant ( ' ) and loss factor ( " ) have been experimentally determined for Iso- amyl 

alcohol, ethylenediamine and their binary mixture at9.85 GHz microwave frequency.  These values have 

been used to evaluate molar polarization(P12)and excess values of dielectric constant ( ' ) excess dielectric 

loss( " ) and used to investigate the complex formation in the mixtureDensity ( ) ,viscosity ( ) , square of 

refractive index ( nD
2  ) ,activation energy (Ea ) also reported for pure liquids of Iso-Amyl 

Alcohol ,Ethylenediamine and their binary mixtures. These values are used to investigate the solute -solute 

molecular interaction in binary system  

Keywords: Dielectric constant, Dielectric loss, Excess parameters  

 

I. INTRODUCTION 

 

Experimental investigation of dielectric properties of organic compound is of great value in understanding 

the nature of complex formation between the molecules.  The knowledge of dielectric properties and 

thermodynamic properties of organic compounds and their mixture at microwave frequencies helps in their 

characterization and applications.  More investigation may lead to proper understanding of the behaviour of 

the liquid mixture.  When a binary mixture is formed, the dielectric parameters and thermodynamic 

parameters do not vary linearly 1-3.  The deviation from linearity of these parameters is called excess 

parameters.  These excess parameters are used to understand the nature of bonding between two constituents 

of the mixture. 

The present paper aims at the estimation of dielectric behaviour of Iso-amyl alcohol (IAA) and 

ethylenediamine (EDA) binary mixture by studying the change in the dielectric constant ( ' ) and dielectric 

loss ( " ) of IAA, EDA and their binary mixture at 25oC temperature. 

 

II. MATERIAL 

 

Iso-amyl alcohol (IAA), A.R. grade and ethylenediamine (EDA) A.R. grade procured from M/s. S.D. Fine 

Chemicals and used without further purification.  The two liquids according to their proportion by volume 

were mixed well and kept for six hours to ensure good thermal equilibrium. 

http://www.ijsrst.com/
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III. EXPERIMENTAL METHOD 

 

The density (  ), viscosity ( ) of pure compound and their binary mixtures were measured using 

Pycknometer and Oswald’s viscometer respectively.  The refractive indices for sodium D-line were measured 

by using Abbe’s refractometer. 

The dielectric constant ( ' ) and dielectric loss ( " ) were measured by using Surber’s technique4 of measuring 

reflection coefficient from air dielectric boundary of the liquid.  Surber’s technique is a special system, which 

permits rapid measurement of VSWR.  Since there is a direct relationship between VSWR and reflection 

coefficient (
r ) of a wave guide by measuring the ratio of relative amplitudes of reflected and incident signals, 

VSWR can be measured. 

 

Dielectric Parameters: 

Suber 4, 9 has derived the following relations for dielectric parameters D, ' , " . 
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where o is free space wavelength, c  is cut off wavelength for the wave guide, dd  is the attenuation 

constant per unit length due to dielectric, ‘ d ’ is the wavelength of electromagnetic waves in the wave guide 

filled with dielectric.  Now the parameters to be measured are d  and dd .  The dissipation factor D for the 

system may be computed analytically as follows. 

Defining a factor Mn such that 
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where n = 1,2,3------ || n  is the reflection coefficient by the liquid column of length 
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is the reflection coefficient for the liquid of infinite length.  nI  and I  represent the corresponding current 

values. 

According to Surber 4,9 attenuation per wavelength is given by 
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Thus measuring the values of dd , o , c , and d , the values of dielectric parameters ' , "  and D may 

be calculated by using above equations (1 to8).  The values of mole faction (X) of EDA, the wavelength in 

dielectric ( d ), output current ( nI ) for liquid length 







2

dn
, the output current (

I ) for the liquid of 

infinite length and the attenuation per unit length ( dd ), obtained experimentally. 

The free energy of activation Ea of the viscous flow for the pure liquids and their binary mixtures is obtained 

by using the following equation 10 
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E
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        [9] 

where   is the viscosity and V is molar volume of the liquid and other symbols have their usual meaning.  

The values of molar polarization of the mixtures were obtained by using the formula 9 
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where M1 and M2 are the molecular weight, X1and X2 are the mole fraction of the constituents of the mixture.  

The following Earp and Glasstone 11 and assuming the following formula, the values of P1 and P2 are 

calculated. 

P12 = X1P1 + X2P2        [11] 

Where P2 is apparent polarization of each liquid in the mixture if P1 is the polarization of other component of 

the mixture in the pure liquid state.  

 

IV. RESULT AND DISCUSSION 

 

The values of dielectric constant ( ' ) with mole fraction of EDA is depicted in Fig. (11.1).  The non-linear 

variation of  '  with mole fraction is considered to be due to the formation of complex in the mixture 6. 
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The variation of Tan V/S mole fraction of EDA shows that absorption in the mixture is maximum at 0.5 

mole fraction of EDA, suggesting the large absorption at this concentration.  An interaction a causing 

association between IAA and EDA molecules may be responsible for such type of tan  curve.  Earlier 

Degaonkar et al.,7 and Purohit et al.,8 observed such marked change in tan curve. 

variation of viscosity ( ) with mole fraction of EDA.  From graph, it is observed that the viscosity of binary 

mixture lie between viscosity of pure liquids. 

 

 
The values of molar polarization (P12) are plotted as a function of mole fraction of EDA for IAA,  EDA  and  

their  binary  mixture (Fig.4)  when the molecules are polar, association of permanent molecular dipoles 

makes a great difference to the value of polarization.  This is in fact is a function of number of free dipoles, 

and association diminishes the number of these free dipoles per unit volume. This explains how the 

determination   of   polarization   give   a quantitative measure of the polar association.  

In the present investigation of IAA, EDA and their binary mixture, the amount of complex present is 

responsible for shape of polarization curve. 

The excess parameters for binary liquid system is the measure of deviation from ideal behaviour of the 

mixture and found to be more sensitive towards  molecular  interactions  in  the  liquid  mixture.   The  values  
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of excess permittivity ( ' , " ), excess viscosity (  ), excess square refractive index ( 2

Dn ) and excess 

activation energy ( aE ) are shown in table The excess dielectric constant ( ' ) is found to be negative over 

entire range of mole fraction of EDA in the mixture.  The minima in '  versus mole fraction of EDA, is 

found to be at 0.5 mole fraction of EDA,  at which we expect the formation of complex in the mixture. 

  
The excess viscosity (  ) is found to be positive up to 0.6 mole fraction of EDA,  with further increase of 

EDA in the mixture,  the     values becomenegative, the negativedeviation of  from linearity indicates 

that dispersive forces are primarily responsible for the interaction1.These excess parameters suggest 

interaction between alcohol amine mixture. 

 

V. CONCLUSION 

 

1. Non-linear variation of dielectric constant with mole fraction of EDA suggest complex formation in the 

mixture. 

2. Tan  curve suggest the absorption in the mixture is more than pure compounds. 

3. Excess parameter study indicates solute – solute interactions in the mixture. 
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Table – 1 Values of mole fraction (X) of EDA, density (  ), viscosity ( ), square of refractive index ( 2

Dn ), 

dielectric constant ( ' ), loss factor ( " ), loss tangent (tan ), activation energy ( aE ) and molar polarization 

(P12) for binary liquid system of (EDA + IAA) at 25oC. 

 

X     (cp) 2

Dn  '  "  tan  aE  Kcal/mole P12 

0.0000 

0.1877 

0.3503 

0.4925 

0.6180 

0.7294 

0.8291 

0.9188 

1.0000 

0.8078 

0.8211 

0.8330 

0.8431 

0.8531 

0.8621 

0.8715 

0.8815 

0.8894 

2.478 

2.400 

2.162 

1.908 

1.625 

1.456 

1.274 

1.211 

1.079 

2.0022 

2.0249 

2.0420 

2.0592 

2.0765 

2.0909 

2.1054 

2.1199 

2.1316 

3.571 

4.065 

4.666 

5.627 

7.338 

8.749 

10.132 

11.494 

12.602 

0.0778 

0.4330 

0.9260 

1.5210 

1.9440 

2.0831 

1.9440 

1.6638 

1.0070 

0.0218 

0.1065 

0.1985 

0.2702 

0.2649 

0.2381 

0.1918 

0.1448 

0.0799 

3.588 

3.569 

3.507 

3.433 

3.337 

3.272 

3.192 

3.142 

3.126 

50.06 

51.02 

51.71 

53.48 

56.34 

56.60 

56.05 

55.03 

53.69 

 

Table – 2 Values of excess parameters ' , " ,  , 2

Dn  and aE  along with mole fraction (X) of EDA 

for the binary liquid system of IAA+EDA at 25oC. 

X '  "    2

Dn  aE  

0.1877 

0.3503 

0.4925 

0.6180 

0.7294 

0.8291 

0.9188 

-1.197 

-2.060 

-2.381 

-1.799 

-1.392 

-0.907 

-0.359 

0.1887 

0.5379 

1.0060 

1.3185 

1.3583 

1.1309 

0.7712 

0.1806 

0.1663 

0.1076 

-0.0026 

-0.0189 

-0.0635 

-0.0028 

-0.00158 

-0.00550 

-0.00672 

-0.00569 

-0.00567 

-0.00408 

-0.00158 

0.0714 

0.0876 

0.0817 

0.0468 

0.0349 

0.0037 

0.0022 
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Microwave Frequency Dielectric Dispersion of 1, 2-Ethanediol 
with Water using TDR 

Shamsundar S. Kadam 

Department of Physics, N. W. College A. Balapur, Maharashtra, India 

 

ABSTRACT 

The Complex dielectric spectra *()=-j of binary mixture of 1, 2-Ethanediol with water were obtained in 

the microwave frequency range 10 MHz to 30 GHz using Time Domain Reflectometry (TDR) technique. The 

static dielectric constant () and relaxation time ( ) have been obtained. On the basis of dielectric parameters 

intermolecular interaction are predicated.  

Keywords: Time domain reflectometry, complex dielectric spectra, Relaxation time. 

 

I. INTRODUCTION 

 

Microwave dielectric relaxation studies are useful in understanding the structure of alcohols. Dielectric 

studies involve measurements of dielectric permittivity and dielectric loss. The measurements can be used to 

find dielectric relaxation times and distribution parameters. The relaxation time depends upon the molecular 

size, shape, intramolecular and intermolecular forces, and can be used to investigate molecular and 

intramolecular motions and their relation to molecular structure.  

1, 2-Ethanediol i.e. Ethylene glycol (EG) is organic liquid and has two -OH groups at the ends of their 

molecular structures. Dielectric relaxation studies on EG have revealed that the microwave frequency region 

dielectric dispersion is attributed to the reorientation of the molecules as whole and also ends –OH groups [1-

3]. Due to the presence of ends -OH groups, the molecules of these liquids can enter into intra and 

intermolecular hydrogen bonding giving rise to several conformations in water mixture [2-3].  There are two 

kinds of water structures existing in solutions: “free” and “bound” take a central place among experimental 

and theoretical studies of different chemical and biological systems, i.e. molecules of water bounded to each 

other by H bonds from polymolecular clusters or more complex structure (free water). Similarly, molecules of 

solute can bind to neighboring water molecules also mostly through hydrogen bonding (bound water) [4]. 

The molecular interactions significantly influences the dielectric relaxation [5]. Further more, the 

environment of water solvent can be modified by the alcohal molecules because of the strong interactions 

between the hydroxyl groups of alcohols and water molecule. Zahn et al [6] have carried out the dielectric 

properties of water-ethylene glycol solutions.  

In the present paper, dielectric relaxation studies of EG in water solution have been carried out using time 

domain reflectometry technique in the frequency range of 10 MHz to 30 GHz at 250C Static dielectric 
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constant, relaxation time, Kirkwood correlation factors, of aqueous solutions of EG have been evaluated for 

their molecular conformations. 

 

II. EXPERIMENTAL METHOD AND DATA ANALYSIS 

 

The dielectric spectra were obtained by the time domain reflectometry (TDR) technique. The Tektronix 

model no. DSA8200 Digital Serial Analyzer sampling mainframe along with the sampling module 80E08 has 

been used for the time domain reflectometry (TDR). A repetitive fast rising voltage pulse with 18ps incident 

rise time was fed through coaxial line system of impedance 50 ohm. Sampling oscilloscope monitors changes 

in step pulse after reflection from the end of line. Reflected pulse without sample R1 (t) and with sample Rx (t) 

were recorded in time window of 2ns and digitized in 2000 points. The time dependent data were processed 

to obtain complex reflection coefficient spectra *() over the frequency range from 10 MHz to 30 GHz as [2, 

3]. 
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c
                                                           (1) 

where )(&)(  qp are Fourier transforms of [R1 (t)-Rx (t)] and [R1 (t) +Rx (t)] respectively, c is the speed of 

light,  is the angular frequency, d is the effective pin length and j= 1− . The complex permittivity spectra 

() was obtained from reflection coefficient *() by applying calibration method as described earlier 

[4].The dielectric permittivity ε′ and dielectric loss ε″ of EG with water at 25˚C are shown in Figure. It is 

observed from the dielectric dispersion plot that the value of ( ' ) decreases as the frequency increases, 

whereas, the dielectric loss ( " ) approaches maximum in the frequency range 1GHz to 2GHz. 

 
Figure1. Complex permittivity spectra () and dielectric loss () for EG-Water at 250C. 
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III. RESULT AND DISCUSSION 

 

To calculate static dielectric constant ( 0 ), molecular reorientation relaxation time (  ) and distribution 

parameters ( and ), the complex permittivity () data were fitted by the non-linear least squares method 

to the Havriliak-Negami expression [7] 

                                




])(1[

)(
)(*

1

0

−




+

−
+=

j
                                           (2) 

With 0 ,  ,  ,  and  are the fitting parameters. The equation includes the Cole-Cole ( =1), Davison-Cole 

(=0) and Debye (=0,  =1) relaxation model. The various dielectric parameters obtained from Eq. (2) are 

reported in table 1. The static permittivity increases with increasing weight fraction of water in the EG-water 

mixtures. Resultant values agree well with the values of pure EG reported by Sengwa and Kaur [8]. 

Relaxation time (  ) decreases with water concentration in EGO-water mixture.  

 

Table 1.  Dielectric Relaxation parameters for EG-Water mixtures. 

 

250C 

Wt.Fra.                     (ps)         

of Water 

______________________________________________________________________________ 

0.0   2.62(1)   41.94(5)  104.42(50)  0.880(2) 

0.1  3.06(1)    46.70(3)  78.18(22)  0.930(1) 

0.2  2.67(2)   51.43(4)  54.78(23)  0.900(1) 

0.3  2.85(1)   55.95(3)  40.77(12)  0.930(1) 

0.4  2.43(2)   59.50(4)  30.77(11)  0.940(1) 

0.5  1.06(2)   62.21(3)  23.68(8)  0.930(1) 

0.6  1.38(2)   65.71(3)  18.61(6)  0.930(1) 

0.7  1.91(3)   68.90(4)  14.93(5)  0.980(1) 

0.8  2.04(3)   73.06(3)  12.22(4)  0.980(1) 

0.9  2.88(4)   75.04(6)  10.27(3)  0.950(1) 

1.0  1.98(2)   78.32(2)  8.21(1)   1.000 

 

IV. KIRKWOOD CORRELATION FACTOR: 

 

The Kirkwood correlation factor ‘g’ is parameter containing information regarding orientation of electric 

dipoles in polar liquids [9]. The value of ‘g’ for pure liquid is given by expression 
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where ‘’dipole moment is in gas phase, ‘N’ is Avogadro’s number, ‘M’is molecular weight, ‘’ is the density of 

the liquid and ‘kT’ has usual meaning.  We have taken  value from refractive index ( =n2) data at 250C.  

 

Table 2: Kirkwood correlation factor for EG water at 250C. 

System g 

Water 2.82 

EG 2.62 

 

For binary mixture, the static dielectric permittivity needs to be considered as the dipole orientation 

correlation factor (geff). The modified form of Eq. (3) is used to study the orientation of the electric dipoles in 

the binary mixtures as follows [9, 10]. 
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       (4) 

where MW and MEG are molecular weight of water  and EG respectively. W and EG are corresponding 

densities. XW is volume fraction of water in EG. m and m are the static dielectric constant and dielectric 

constant at high frequency of the mixtures. The observed geff value is greater than unity in EG-water mixtures 

leads to the conclusion that the molecules associate to form multimer. The geff values greater than one 

indicates average parallel orientation of electric dipoles in a molecule.  
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ABSTRACT 

A binary mixture system of 2,3 Dichloroaniline (2,3-DCA) and Ethylene glycol (EG) including those of pure liquids, 

over the entire composition range were measured at room temperatures at atmospheric pressure. The physical and 

chemical properties of viscosity, density and refractive index for the binary mixtures were determined. The 

temperature dependences of the density, viscosities and refractive index for the system were described. To investigate 

the internal interactions of the binary mixtures. calculations were employed. The trend of energetic and charge 

distribution of all ions and molecules involved in interactions between the 2,3-DCA and EG. 

Keywords: 2,3-DCA and EG, Molecular Interactions and Physical–chemical properties 

 

I. INTRODUCTION 

 

Recently several workers 1-3 have reported the utility of dielectric measurement while studying the 

molecular interaction in a binary mixture of liquids. The density and viscosity of binary mixture have studied 

4. In this paper our aim is to provide the information regarding the possibilities of complex formation due to 

molecular association between two polar liquids namely 2,3-DCA and EG at room temperature. In this paper 

the dielectric properties and molecular behavior of 2,3-DCA with EG and their binary mixture are discussed.  

 

II. EXPERIMENTAL  

 

2,3-Dichloroaniline (GC Grade) from Sigma-Aldrich, Germany and Ethylene glycol (AR Grade) were 

obtained from Spectrochem PVT. LTD. Mumbai. India. Without further purification the two liquids 

according to their proportions by volume were mixed well and kept 6 hours in well stoppered bottles to 

ensure good thermal equilibrium. 2,3-DCA was used as solute and EG as solvent. 

 

III. MEASUREMENTS 

 

The densities, viscosities and refractive index of the pure components and their mixtures were measured by 

using DMA 35 portable vibrating density meter. Anton paar Autria (Europe) having accuracy of density 0.001 
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g/cm3, repeatability 0.0005 g/cm3 and resolution 0.0001 g/cm3 5 and viscosity by LVDL V-pro II Brook field 

viscometer (USA) 6. Refractive indices for sodium D-line were measured by using Abbe’s refractometer, 

having accuracy up to the third place of decimal 7.  

 

IV. RESULTS AND DISCUSSION 

 

The values of density (ρ), viscosity (η) and  refractive index (n) for viscous flow with increasing mole fraction 

(X) of 2,3-DCA for the binary mixtures of 2,3-DCA+EG are reported in Table 1. 

 

Table 1. Mole fraction (X) of 2,3-DCA and EG density (ρ), viscosity (η) and refractive index (n) for binary 

liquid mixture at room temperature. 

X ρ  g/cm3 η cp n 

0.0000 0.9966 1.35 1.403 

0.09697 1.1370 1.59 1.460 

0.17185 1.1834 1.84 1.484 

0.27576 1.2024 2.24 1.496 

0.38000 1.2436 2.44 1.506 

0.42637 1.2680 2.55 1.531 

0.56672 1.2950 2.98 1.551 

0.72356 1.3631 3.40 1.578 

1.0000 1.4084 3.84 1.590 

 

The density of binary mixture of 2,3-DCA+EG are increasing as mole fraction of 2,3-DCA in the binary 

mixture is increasing. This is expected because density of pure 2, 3-DCA is more than that of pure EG. It can 

also be seen that viscosity (η), refractive index (n) is increasing with increase in mole fraction of 2, 3-DCA in 

the binary mixture. This increase in η and n is further supported by the increase in density of the binary 

mixture with increase in mole fraction of 2, 3-DCA. Increases in viscosity (η) for the acid amine and EG 

mixture due to the formation of dissociated ions in the mixture. Which is endothermic and depends upon the 

acidic strength of EG. Since in the present paper the maximum viscosity for 2,3-DCA may be associated with 

the formation of dissociated ions in the mixture and due to the more acidic character of 2,3-DCA. The 

spectacular increases in viscosity (η) may also be attributed to the mutual viscosity of the alcohols and amine 

molecules. Viscosity (η) increases as mole fraction of 2, 3-DCA in the binary mixture increases. Increase in 

viscosity of binary mixture can be attributed to increase in effect of hydrogen bonding with decrease in mole 

fraction of EG. This is because pure 2,3-DCA is more viscous than pure EG. It is due to presence of strong 

hydrogen bonding in 2,3-DCA, more number of carbon atoms and long straight chain compound. 
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V. CONCLUSION 

 

The density, viscosity and refractive index values of the binary mixtures of 2,3-DCA with EG are reported all 

binary mixtures are miscible. The density, viscosity and refractive index values increased with the 2,3-DCA 

mole fraction. In contrast to monotonic increase of density, viscosity and refractive index with the mole 

fraction of 2,3-DCA and may be attributed to the entropic effects and weakening of hydrogen bonding 

interaction between ethanol molecules.  
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ABSTRACT 

This paper is review of the aerosol optical depth (AOD) of the air pollution, polluted particular matter in the 

atmosphere, the harmful effect of the air pollution on the human health. The AOD is measured from the 

retrieval of the data from different platforms, the advancement of the technology in the optical remote 

sensing and the AOD. The new algorithms are developed to examine and characterizing the AOD the number 

of satellites are working in space for imagine the aerosol in the atmosphere like Moderate Resolution Imaging 

Spectroradiometer (MODIS) and the Multiangle Imaging Spectroradiometer (MISR) instruments onboard 

NASA’s Terra satellite in 1999 has provided global measurements of AOD, a measure of light extinction by 

aerosol in the atmospheric column, during their overpass time of 1030 local time (LT) this paper purpose is 

the how different kind of algorithms are used for the studying the types of aerosol and their depth by optical 

remote sensing. 

Keywords: Atmospheric Aerosol, Remote sensing, AOD 

 

I. INTRODUCTION 

 

Atmospheric aerosol is the general term for solid and liquid particles suspended in the atmosphere, mainly 

come from natural sources such as fine ash and dust lifted by the wind, salt particles, volcanic eruption and 

from human activities the burning of fossil and non-fossil fuels, transportation, and industrial dust.There are 

two types of atmospheric aerosol, that is Primary aerosol (Soil dust, sea spray, crustal materials, smoke and 

organic matter) and Secondary aerosol (sulphate, nitrates, ammonia, volatile organic compounds) components 

[1,2]. 

Atmospheric aerosol is a most part of Earth’s atmosphere system and has most significant role on global 

climate change and air quality. Aerosol particles are believed to have a net cooling effect on the atmosphere 

due to light scattering in the visible and ultraviolet ranges. scientific knowledge on the interaction between 

atmospheric aerosols and solar Emissivity is very low compared to other atmospheric components mainly due 

to high spatiotemporal variability of atmospheric aerosols [3,4]. Atmospheric aerosols are of great importance 

in Earth's radiative budget due to their potential Increasing the scattering and absorption of shortwave (solar) 

radiation [5]. 
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The common objectives of atmospheric aerosol: 

(a) The surface of earth atmospheric aerosol has direct impact on public health. 

(b) Roles in chemical and physical processes in the atmosphere and their potential effects on local and global 

climate [6].  

Remote sensing is, broadly but logically speaking, the collection of information about an objectwithout 

making physical contact with it. It is a derive information about state and condition of an object by 

interpreting the information contained in the electromagnetic signal coming from the object [7,8].  The term 

“Remote sensing” is most commonly used in connection with electromagnetic techniques of information 

acquisition [9]. 

In the remote sensing there are two types, 

 

Active sensor 

Provides their own electromagnetic energy that is transmitted from the sensors towards the terrain, interacts 

with the terrain producing a backscatter of energy & is recorded by the remote sensor’s receiver. 

 
Passive sensor 

Detects the nature any emitted microwave energy within its field of view. 

 
Optical remote sensing makes use of visible near-infrared and short-wave infrared sensors to form images of 

the earth surface by detecting the solar radiation reflected from targets on the ground different materials 
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reflect and absorb differently at different wavelengths. Thus, the targets can be differentiated by their 

spectral reflectance signature in the remotely sensed images. Optical remote sensing systems are classified 

into the various types depending on the number of spectral bands used in the imaging process. 

 

Needs for the measurement of aerosol-distribution 

(a) Provide a reference climatology for measuring root trends natural and anthropogenic processes; 

(b) Remove aerosol effects from remotely sensed observations of Earth atmospheric system; 

(c) Understand the interaction between the lithosphere, hydrosphere, cryosphere, atmosphere and 

biosphere resulting from the transport, transformation and deposition of aerosols [10]. 

 

Atmospheric Absorption 

The atmosphere act as a selective filter at different wavelength, such that certain spectral regions cannot be 

remotely observed. 

The main cause for this absorptionare 

1) Atomic oxygen(O2), filters out ultraviolet rays less than 0.1 micro meters., as well as small portions in the 

infrared and microwave bands. 

2) Ozone (O3), which removes most of the ultraviolet rays below 0.3 micro meters, some mirror band in the 

visible spectrum.  

3) water vapor (H2O), a strong absorber around 6 micro meter and secondary absorber between 0.6 and 

2micro meters. 

4) carbon dioxide (CO2), which absorbs in the thermal infrared (15micro meter), has a significant effect in 

the infrared, between 2.5 and 4.5 micro meters [11]. 

 

Atmospheric Scattering 

Scattering of electromagnetic radiation occurs due to reflection of incoming solar rays by gases, aerosols and 

water vapour present in the atmosphere. Aerosol are caused by both natural and human causes. They can be 

oceanic, due to water moment, or continental, such as dust in suspension or particle emitted by combustion. 

Origins and characteristics they vary greatly in their size, leading to different types of dispersions, as the 

process depends on the diameter of the dispersing particles. 

There are three types of atmospheric dispersion,  

1) Rayleigh scattering- These scattering affected by smaller wavelength diameter of the particles. 

2) Mie scattering- These scattering affected by particle size and wavelength are same. 

3) Non selective scattering- These scattering affected by particle size is greater than the wavelength [11]. 

 

Atmospheric Emission 

These emission effects are in the thermal infrared. In order to accurately retrieve the surface temperature 

from the satellite images, it must be corrected [11]. 
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II. LITERATURE REVIEW 

 

An aerosol is a two-phase colloidal system, consisting of particles (solid or liquid) and gases. In which he has 

been suspended an individual aerosol particle can be cold or warm depending on its size, refractive index etc. 

Aerosol optical thickness (AOT) is the most fundamental parameter for determining optical properties of 

aerosols which is the degree to which aerosols prevent the transmission of light in the atmosphere either 

through scattering or absorption[12]. 

Remote sensing data used for road delineation includes ground moving target indicators (GMTI) tracking, 

smart phone Global Positioning System (GPS) data, Street View images, synthetic aperture radar (SAR) 

imagery, light detection and ranging (LiDAR) data, high resolution imagery and hyperspectral 

imagery.Spaceborne high-resolution imaging is still the main technological approach to Earth Observation. 

Airborne High-resolution images have higher resolution and are less affected by the environment [13]. 

 In fact, all particles for remote sensing applications it is necessary to treat simultaneously without suspending 

in the environment separation on aerosol and cloud particles. The general function is to receive Chemical 

composition, concentration and size distribution of particles using various remote sensing technique (e.g. 

optical observations from satellite). This is due to aerosols and cloud particles (and also atmospheric gases) do 

not exist in isolation but interact with each other Spatial and time [14]. 

Remote sensing techniques is ground based remote sensing and the satellite remote sensing, Satellite remote 

sensing plays an important role in aerosol detection as it can obtain aerosol information (e.g. AOD), but 

Single Scattering albedo (SSA) is a very difficult to found a aerosol from satellite measurement. Ground-based 

remote sensing is a very useful approach for detecting columnar aerosols as it provides multi-angle, multi-

wavelength and polar measurements of solar and sky radiation [15]. 

The fine particular matter of diameter less than 2.25PM is very harmful for the human health which causes 

cancer of lungs pulmonary inflammation and cardiopulmonary mortality the aerosol is valuable for the design 

of air quality to strategies the forecasting. The estimation of aerosol optical depth(AOD) is important for 

measurement of harmful particles of matter to study their depth and properties characteristics of that matter. 

The development and measurement of aerosol optical depth provides unique synopsis of global surface 

2.25PM concentration with coupled chemical targets of model on the relationship between aerosol optical 

depth and 2.25PM [16]. 

In 1970s researchers starts to use remote sensing data to retrieve the ocean aerosol optical thickness. the new 

satellite sensors use after 21st century. If the study of atmospheric environment and climate change then then 

the high temporal resolution of AOD are very important. AOD is a very basic characteristics of Atmospheric 

aerosol, They impact on climate change and human health. The method of retrieving AOD products using 

satellite remote sensing provides support of the investigation and monitoring of the climate effects of aerosols 

and regional air pollution. The proposed an AOD retrieval method based on HJ-1 A/B charge coupled device 

(CCD) visible light band and found that the AOD retrieved from the HJ-1 A/B CCD data presented the same 

spatial patterns and trends with the AOD products in Moderate Resolution Imaging Spectroradiometer 

(MODIS) [17]. 
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Remote sensing provides the capable observation aerosol data the AOD is retrieval by satellitebased data the 

aerosol are play's important role in the earths balanced by scattering and absorbing solar and terrestrial 

radiation. the AOD is retrieval by the number of satellite techniques as multispectral thermal imager and 

ground truth the aerosol retrieval codes are modified and used for MIT single view[18]. 

A new method to recover AOT from moderate Resolution Imaging Spectroradiometer (MODIS) Satellite 

images, in which the strategy block partitioning mass communication were adopted, thereby maximizing load 

balance and reducing overhead time during inter-processor communication. AOT is an indicator of air quality 

an important geophysical parameter. Application to retrieve passive satellite remote sensing data land aerosol 

loading depends on prior knowledge of accurate land surface reflectance[19]. 

 

III. DISCUSSION 

 

This study explores the estimation of the AOD of the particle present in the atmosphere. The application of 

the AOD is for to strategies the air quality forecasting and the measurement of the aerosol this paper focus on 

the different kind of algorithms that are developed for the retrieval of AOD to this algorithms makes to find 

accuracy in AOD to mitigate the pollution and polluted air in atmosphere. The AOD is important for the 

study of the air pollution and harmful matter partials present in the atmosphere the negative effect to the 

human health the aerosol  depth in atmosphere. the strategies on the harmful pollution have designed to slow 

down the negative effects on human health. 

 

IV. CONCLUSION 

 

The AOD is measured by the optical remote sensing to study the properties and characteristics of the optical 

aerosol for pollution and air quality maintaining. the different kind of algorithms are developed for the AOD. 

Different kind of strategies are applied for the harmful particle in the atmosphere to mitigate the effect of 

pollution and harmful particle in the matter. The optical remote sensing is useful for the measuring the 

optical depth of aerosol. 
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ABSTRACT 

In the present study (Bi) doped Ge20Se80 thin films are characterized for their optical and electrical 

properties. Bulk sample is prepared by melt quenching technique, while thin films are deposited via thermal 

evaporation. XRD study confirms the amorphous nature of both bulk and thin films samples. Optical 

parameters like refractive index, band gap and real and imaginary dielectric constant are calculated using 

transmission spectra in 400 to 1200 nm wavelength range. The dark conductivity (σd) measurements of a-

(Ge20Se80)90Bi10 thin films have been carried out over temperature range 298-353K.  The effect of 

annealing is studied on optical and electrical properties of thin films.  

Keywords: Annealing, Optical properties, Thin Films, Chalcogenide glasses, 

 

I. INTRODUCTION 

 

Chalcogenide bulk glasses and thin films are known for their various applications. They are extensively 

studied for unique optical and electrical properties.  These materials are suitable for infrared detectors and 

shows reversible phase change electrically and optically which make them useful candidate for memory 

storage. Chalcogenide glasses based on germanium selenide   are promising materials for applications like 

waveguides and sensors [1, 2]. Chalcogenide glasses having high refractive index, wider band gap, linear and 

nonlinear properties make them useful for IR sensors, photo detector, holography and other applications [3-7].  

The Ge20Se80 glassy alloy has maximum glass forming tendency at x=20 for GexSe100-x and Ge20Se80 possess a 

particular structure with chemical formula GeSe4 [8]. Addition of third element into the binary alloy results 

in more stable cross-linked structures. Density of defect states change drastically in case of ternary alloys 

leading to increase in softening temperature, enhanced mechanical strength and glass forming region 

expansion [8,9].  Since Bi addition to a Ge-Se system enhance chemical stability, by replacing Se with Bi in a 

Ge–Se system leads to the modification of optical band gap and other electronic properties. Here Bi act as 

network modifier in Ge--Se system will lead to the more disordered network which further may led to alter 

the structural, optical and electrical properties [10]. In the present work, we have measured transmission 

spectra of a-(Ge20Se80)90Bi10 thin films. From measured experimental data, we have calculated various optical 

parameters. We also investigated dc conductivity and photoconductivity in these thin films. We have focused 

http://www.ijsrst.com/


International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 330-339 
 

 

 

 

 

331 

our investigations to see effect of annealing on the optical and electrical properties of such a technically 

important material. 

 

II. EXPERIMENTAL 

 

Glassy alloy of a-(Ge20Se80)90Bi10 has been prepared by melt quenching technique by taking elements according 

to their atomic weight percentage. The materials were sealed in quartz ampoules and heated up to 1100 0C in 

a rocking furnace at a heating rate of 2-3 0C per minute followed by quenching in ice cold water. Thin films 

were synthesized by thermal evaporation technique on well-degassed Corning 7059 glass substrate under 

vacuum 2×10-5 mbar. X-ray diffraction pattern (XRD) was examined at room temperature. The absence any 

sharp peak in XRD confirms the amorphous nature of thin films.  Transmission spectra measured by 

computer-controlled spectrophotometer [Solar TII, MS 2004]. All the optical constants measurements 

reported in this paper are performed at room temperature (300 K). The sample is annealed at 130oC for 2 hour 

under vacuum (10-3 mbar). 

The dark conductivity (σd) measurements of a-(Ge20Se80)90Bi10 thin films have been carried out over the 

temperature range 298-353K.  A vacuum of 10-3 mbar were maintained in the sample holder during various 

measurements. Pre-deposited thick aluminum electrodes on well-degassed Corning 7059 glass substrates have 

been used for the electrical contacts with planar geometry of the film (length 2.0 cm; electrode gap 2×10-2 cm) 

is used for the electrical measurements. The photoconductivity measurements has been studied using metallic 

sample holder where heat filtered light (200 W tungsten lamp) shone through a transparent quartz window 

under vacuum of about 10-3 mbar. The photocurrent (Iph) is obtained by subtracting the dark current from 

current in presence of light. Digital Luxmeter (TES-1332) is used for measurement of light intensity.  

 

III. RESULTS AND DISCUSSION 

 

3.1 Structural study 

XRD patterns of a-(Ge20Se80)90Bi10 thin films are shown in figure 1. It is clear from this figure that there is no 

sharp peak in XRD patterns of films suggests that a-(Ge20Se80)90Bi10 films amorphous in nature. The data were 

collected in a range of 2θ=20–60° at a scanning rate of 10 °C per min at room temperature.  
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Fig1. X-ray diffraction patterns of a-(Ge20Se80)90Bi10 thin film. 

 

3.2 Optical studies  

Figure 2. Shows transmission spectra of thermally evaporated a-(Ge20Se80)90Bi10 thin film. The Swanepoel's 

envelope method has been employed to calculate the refractive index (n) and extinction coefficient (k) [11, 

12]. This model assumes a thin film of uniform thickness deposited on a transparent substrate having a 

refractive index (s). In the transparent region (    0) the refractive index n, of a thin film is given by  

  2/12/122
)( sMMn −+=          (1) 

where s is refractive index of the substrate and M is given by  

2

12
2
+

−=
s

T

s
M

m

 

In the weak- and medium-absorption regions where ( ≥ 0) the refractive index n is found to be given by 

  2/12/122
)( sNNn −+=                                                       (2) 

where                                              
2

1
2

2

minmax

minmax +
+

−
=

s

TT

TT
sN  

In the strong absorption region absorption coefficient ( ) can be calculated by using  

( ) ( ) 













++
=

−

0

23

2
1

1

16
ln

Tsnn

sn
d

                                               (3) 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 330-339 
 

 

 

 

 

333 

where d is the thickness of film, n(λ) and s are the refractive indices of the film and substrate respectively, 

and To is the measured transmission.  In Amorphous semiconductors absorption is divided namely three 

regions , higher absorption region (α ≥ 104 cm-1), exponential edge region (1 ≤ α ≤ 104 cm-1) and weak 

absorption region (α  ≤ 1 cm-1)[13].   

 
Fig.2. Transmission spectrum vs wavelength of a-(Ge20Se80)90Bi10 thin film. 

 

The calculated value of absorption coefficient and refractive index along with other optical parameters are 

plotted as function of photon energies in Figure 3. The real (1) and imaginary (2) parts of the dielectric 

constant for a-(Ge20Se80)90Bi10 films has been calculated using the relation [14] 

 
22

1 kn −=             and           nk22 =         (4) 

The values of complex dielectric index (real and imaginary) (1 and 2) plotted in Figure 3. Extinction 

coefficient k, is obtained from the already known α values, using the basic equation, i.e. k = αλ/4π. The values 

of extinction coefficient (k) calculated using this equation and are plotted in Fig. 3.  
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Fig. 3 Refractive index (n), absorption cofficient(  real dielectric constant ( ), Imaginary dielectric 

constant ( ) and  extinction coefficient (k  of a-(Ge20Se80)90Bi10thin film. 
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Wemple and DiDomenico parameters (E0 is the oscillator energy and Ed is the so-called dispersion energy) 

can be determined from experimental data by using the following relation [15, 16].  

            
22
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02
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1)(
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hn d
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+=                                  (6)  

Plot of (n2 – 1)-1 vs. (hν)2  (Figure 4) allows us to determine the oscillator parameters, by linear fitting method. 

The values of E0 and Ed can directly be determined by the slope (E0Ed )-1 and intercept on vertical axis (E0/Ed). 

The calculated values of E0 and Ed are shown in the Table 1.   

 
Fig.4 Plot of (n2-1)-1 vs. (h)2 for a-(Ge20Se80)90Bi10 thin film. 

 

The value of static refractive index (n0) can be obtained using relation as described elsewhere [16]. The value 

of static refractive index (n0) is obtained relation (6) by assuming hν approaching zero reduce to relation (7). 
2/1

0

0 1 












+=

E

E
n d

                                               (7)

 

The absorption coefficient (α) is calculated from the relation 

                                         ).exp( tx −=                                                        (8) 

where, x is absorbance as described elsewhere [15, 16].The absorption coefficient of amorphous 

semiconductors in the strong-absorption region (α ≥ 104 cm-1), the transition between extended states in both 

valence and conduction bands, is given by [17] 
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where Egopt is the optical band gap. The parameter B is the band tailing parameter and n =1/2 and 2 for direct 

and indirect band gap materials, respectively. The optical gap (Egopt) obtained from the intersection of the plot 

(αħν)1/2 vs hν is (1.49 ± 0.01) eV (Table 1).  The degree of disorder and density of defects states decreases by 

giving heat treatment to chalcogenide thin films, which increases the refractive index and band gap upon 

annealing. The other associated optical parameter also show changes upon heat treatment of thin films.   

 

Table.1. The refractive index (n), the extinction coefficient (k), real part of dielectric constant  (ε1,) imaginary 

part of dielectric constant (ε2), oscillator energy (E0), oscillator strength (Ed) and optical gap (Egopt) of as 

deposited and annealed a-(Ge20Se80)90Bi10 thin films. 

 

Sample 

(Ge20Se80)90Bi10 

n (λ=1000 

nm) 

(k) (ε1) (ε2) E0  

(eV) 

Ed (eV) n0 Egopt (eV) 

As deposited  2.92 0.116 8.52 0.66 2.87 17.58 2.67 1.49 

Annealed  2.98 0.118 8.78 0.70 2.91 18.43 2.73 1.54 

 

3.3 Electrical studies  

The dark conductivity (σd) measurements of a-(Ge20Se80)90Bi10 thin films have been carried out over the 

temperature range 298-353K.  A vacuum of 10-3 mbar is maintained in the sample holder during various 

measurements. The temperature dependence of (σd ) for thin film a-(Ge20Se80)90Bi10 plotted in Fig. 5(a)-(b). In 

most of chalcogenide glasses the plot of lnσd versus 1000/T are straight line indicating that dc conduction is 

single activation process. Such type of conduction mechanism can be expressed by Arrhenius relation given 

by 

                                   







 −
=

kT

E
d exp0

                       (10) 

where σ0 is pre exponent, ΔE activation energy, k is Boltzmann’s constant and T is the absolute temperature 

respectively.  

The calculated values of σd, σ0, and ΔEd are given in table 2. It is observed that the value of dc activation 

energy (ΔEd) decreases from 0.48 eV to 0.46 eV after annealing at temperature 373K. The value of σd 

decreases from 6.40×10-9 Ω-1cm-1 to 6.12×10-7 Ω-1cm-1 after annealing at temperature 373K. There is a slight 

decrease in ΔEd from 0.48 eV to 0.46 eV post annealing.  The variation of steady state photoconductivity (σph) 

shown in Fig 5(c) with temperature at a particular intensity (1035 lux) with accuracy in measurement of Iph is 

±1pA. A maximum in the photoconductivity (σph) is observed in a-(Ge20Se80)90Bi10 thin films. At higher 

temperature the carrier concentration of thermal carriers exceeds that of photo carriers and σph decreases 

with increase in temperature. The rate of recombination is governed mainly by the dark concentration of the 

carrier. The decrease in photoconductivity with increasing temperature is called “thermal quenching” [18]. 

With increasing temperature holes can hop more easily in the localized tail states, resulting in an increase in 

the recombination rate and hence decrease in photoconductivity. 
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Fig. 5(a)-(c).The temperature dependent (a) dc dark conductivity as deposited 300 K, (b) annealed 373 K and 

(c) photoconductivity a-(Ge20Se80)90Bi10 thin film. 

 

The occurrence of this maximum in photoconductivity has been discussed in various theories [18, 19]. The 

value of σph and ΔEph are 3.04×10-8 Ω-1cm-1 and 0.12 eV respectively at room temperature (300K).  It is clear 

from the Fig 5(c) that the photoconductivity is an activated process.  The activation energy (ΔEph) for 

photoconduction is much smaller than dark conduction. The photosensitivity the ratio of light to dark 

current (σph/ σd) is shown in Table 2. It is observed the photosensitivity increases after annealing from 4.75 to 

4.96.   
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  Table.2. The dc conductivity (σd), pre-exponential factor (σ0), dark activation energy (ΔEd), 

photoconductivity (σph), the activation energy of photoconduction (ΔEph), photosensitivity (σph/σd) of a-

(Ge20Se80)90Bi10 thin films. 

 

Sample σd  (Ω-1cm-1) σ 0 ΔEd (eV) σph (Ω-

1cm-1) 

ΔEph σph/ σd(300K) 

as  anneale

d 

as  anneale

d 

as anneale

d 

as anneale

d 

(Ge20Se80)90Bi10 6.40

×10-

9 

6.12×10-

9 

0.47 0.72 0.48 0.46 3.04×10-

8 

0.12 4.75 4.96 

 

IV. CONCLUSIONS  

 

The effect of annealing on the optical and electrical properties of a-(Ge20Se80)90Bi10 thin film have been studied. 

It is found that values of the refractive index (n), the extinction coefficient (k), real part of dielectric constant  

(ε1,) imaginary part of dielectric constant (ε2), oscillator energy (E0), oscillator strength (Ed) and optical gap 

(Egopt) of a-(Ge20Se80)90Bi10 thin films after annealing  which can be attributed due to structural rearrangements 

and change in the density of defects states.  The temperature dependence dark and photoconductivity results 

indicates changed in the carrier concentration before and after annealing is leading to changes is various 

electrical parameters. DC activation energy (ΔEd) decreases from 0.48 eV to 0.46 eV after annealing at 

temperature while on the other hand photosensitivity increases after annealing. 
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ABSTRACT 

Synthetic aperture radar (SAR) observations have been used in numerous studies to estimate soil moisture and 

surface roughness, because of their important roles in many aspects. The objective of this paper is to compare 

the most used radar backscattering models: Oh et al.,Dubois et al., and the Integral Equation Model (IEM)) 

using a wide dataset of SAR (Synthetic Aperture Radar) data. These forward models reproduce the radar 

backscattering coefficients (σ°) from soil surface characteristics (dielectric constant, roughness) and SAR 

sensor parameters (radar wavelength, incidence angle, polarization).This comparison shows that the IEM is 

the most adequate to estimate soil moisture & roughness from SAR data. 

Keywords: Oh Model,Dubois Model,Integral Equation Model (IEM)); Synthetic Aperture Radar (SAR), 

Soilmoisture, Backscattering Coefficients,Surface Roughness. 

 

I. INTRODUCTION 

 

Soil moisture and surface roughness play important roles in various applications such as agronomy, hydrology, 

agriculture, risk prediction, etc. The radar signal, which depends on several radar parameters (incidence angle, 

frequency, polarization), is also correlated with soil surface roughness and moisture content. Synthetic 

Aperture Radar (SAR) data was used widely and successfully used for monitoring the spatial and temporal 

evolution of soil moisture and roughness. The estimation of soil moisture & roughness is done by inverting 

the measured SAR backscatter through SAR backscattering models (both empirical and physical). 

A number of radar backscattering models have been reported in the literature. The most frequently used 

empirical models are those developed by Oh et al. [1–4], Dubois et al. [5], and the most popular physical 

models are the Integral equation model (IEM) [6]. These models are supposed to reproduce the radar 

backscattering coefficient and allow the estimation of soil surface parameters (moisture content and 

roughness) from SAR images. Several studies reported important discrepancies between backscattering model 

simulations and SAR observations [11 – 13]. 
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Most studies have been carried out to evaluate and compare the robustness of the backscattering models such 

as Oh, Dubois, and IEM. Zribi et al. [13] evaluated the Oh model and IEM using L-, C- and X-band SAR data 

and in situ measurements. Results show that the IEM provides accurate simulations (RMSE about 2.0 dB) only 

over smooth surfaces. In addition, for rough surfaces and medium incidence angles, Oh model simulations 

retrieve backscattering values very close to the measured ones, while showing poor correlation with 

measured backscattering coefficients over smooth areas. Baghdadi and Zribi evaluated the backscattering 

models IEM, Oh, and Dubois by using large C-band SAR data and in situ measurements. Results showed that 

these models frequently tend to over-estimate or under-estimate the radar signal and the errors in model 

simulation depend on height, surface roughness, rms, soil moisture, mv, and/or incidence angle.This study 

aimsto evaluate the most popular backscattering SAR models (Oh, Dubois, and IEM) by using a wide range of 

SAR data. Most of the methods for soil moisture mapping are based on backscatter models for soil moisture 

estimations. The objective of our study is to evaluate the most common backscatter models using a wide 

dataset of SAR data acquired from numerous agricultural sites. Thus, this study should be of great importance 

to the scientific community since it helps to understand the backscatter model’s performance for a wide range 

of soil surface conditions, acquired for several study areas throughout the world by numerous SAR sensors. 

 

II. SYNTHETIC APERTURE RADAR (SAR) 

 

Backscattering signals measured using SAR are affected by land surface characteristics i.e. dielectric constant, 

the soil surface roughnessof the soil, and the physical and geometrical properties of vegetation, size, shape, 

orientation, etc. [15] The main characteristics of the currently operating spaceborne SAR sensors along with 

some past and future sensors are summarised in Table 1.[16]SAR remote sensing has the following 

characteristics and advantages[18][15]:(a)estimating SM change using repeat observations, (b) correcting the 

effects of surface roughness based on a multi-incidence angle (c) a combination of high spatial-spatial 

resolution observations from active microwave sensors and coarse observations from passive microwave 

sensors, (d) measuring SM for bare soil quantitatively using dual polarization L-band or three- polarization. 

 

Table 1. Characteristics of major spaceborne SAR systems. 

 

Platform Sensor Polarization Band(s) Highest Spatial 

Resolution(m) 

Swath 

Width (km) 

Mission 

SEASAT SAR HH L 25 100 June-Oct 1978 

SIR-A SAR HH L 40 50 Nov 12-15th 

      1981 

SIR-B SAR HH L 25 30 Oct 5-13th 

      1984 

Almaz-1 SAR HH          S 13 172 Mar 31st 1991- 

Oct 17th 1992 
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ERS-1 AMI VV          C 30 100 July 17th, 1991- 

Mar 10th, 2000 

JERS-1 SAR HH          L 18 75 Feb 11th, 1992- 

Oct 12th, 1998 

SIR-C/X-SAR SIR-C VV,HH,HV, L, C, X 30 10-200 April 1994 

 X-SAR VH, HH    Oct 1994 

ERS-2 AMI VV           C 30 100 April 21st 1995- 

RADARSAT-1 SAR HH           C 10 100-170 Nov 28th, 1995- 

SRTM C-SAR VV, HH          C, X 30 50 Feb 11th – 22nd 

 X-SAR HH    2000 

ENVISAT ASAR VV,HH,HH/V

V 

        C 30 100-400 Mar 1st 2002- 

 

ALOS 

 

PALSAR 

HV/HH,VH/V

V 

Quad-pol 

 

L 

 

10 

 

70 

 

Jan 24th 2006- 

TerraSAR-X X-SAR Quad-pol X 1 10-100 June 15th 2007- 

RADARSAT-2 SAR Quad-pol C 3 10-500 Dec 14th 2007- 

COSMO/ 

SkyMed Series 

TecSAR 

SAR-2000 

 

SAR 

Quad-pol 

HH, HV, VH, 

VV 

X 

 

X 

1 

 

1 

10-200 

 

40-100 

June 8th& Dec 8th, 2007- 

21st Jan 2008 

SAR-Lupe SAR -         X <1 - Dec 2006 & Jul 

      2008- 

Kondor-5 SAR HH,VV S 1 - 2009 

TanDEM-X SAR Quad-pol X 1 10-150 2009 

RISAT SAR Quad-pol C 3 30-240 2009 

HJ-1C SAR HH, VV           S 20 - 2009 

ARKON-2 SAR - X, L, P 2 - 2011 

MapSAR SAR Quad-pol L 3 20-55 2011 

KompSAT-5 SAR HH, HV, VH, 

VV 

         X 20 100 2011 

SAOCOM-1 SAR Quad-pol L 7 50-400 2011 

RADARSAT SAR Quad-pol C 3 20-500 2012 – 2014 

Constellation 

Mission SMAP 

SAR HH, HV, VV           L 3km 30-1000 2012 

Sentinel-1 SAR         Quad-pol          C 5 400 2013 

Sentinel-1A SAR           C   2014 

Sentinel-1B  SAR           C   2016 
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DESDynl SAR Quad-pol           L 25 >340 2015 

RADARSAT-

Constellation (3 

Satellites) 

SAR       Quad-pol          C          1-3 350 2018 

 

III. IN-SITU MEASUREMENTS 

 

Most of the techniques have been used for measurements of soil moisture and surface roughness using active 

microwave-based models. 

3.1 Soil Moisture Measurements 

The soil moisture is described as the level of saturation in the upper soil layer relative to the soil field capacity 

and is regulated by the precipitation and potential evaporation and is highly variable in space and time.Most 

of the studies have compared the estimation of soil moisture using active microwave sensors like (Shoshany et 

al., 2000; Kelly et al., 2003; Baghdadi et al., 2006; Rahman et al., 2008; Zribi et al., 2011; Das and Paul, 

2015).Shoshany et al. (2000) have estimated Gravimetric SM converted into volumetric SM (%). 

Gravimetric residual moisture method and volumetric moisture content have been widely used for SM 

measurements. Gravimetric SM (mg) values were obtained from laboratory analysis and converted into 

volumetric soil moisture (Vsm): [20] 

𝑉𝑠𝑚 = 𝑚𝑔 ∗ 𝑠𝑏𝑑                                  (1) 

Where, sbd multiplying bulk density. 

 Further, Mohan et al. (2015) have estimated gravimetric soil moisture (GSM) as: 

𝐺𝑆𝑀 =  
𝑀𝑤𝑎𝑡𝑒𝑟

𝑀𝑠𝑜𝑖𝑙
=  [

𝑊𝑤𝑒𝑡−𝑊𝑑𝑟𝑦

𝑊𝑑𝑟𝑦
]           (2) 

Using simple formula volumetric soil moisture can be calculated as: 
𝑊𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡−𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

ℎ𝑒𝑖𝑔ℎ𝑡
                        (3) 

3.2 Roughness Measurement: 

After the soil moisture, the surface roughness is another important factor that affects the backscattering SAR 

signature, because it determines how the incidence wave interacts with the surface.  There are several ways 

to describe the natural surface roughness, and two frequ0ently used methods are: fractal geometry theory and 

statistical description [21]. The fractal geometry theory describes the complicated surface roughness structure, 

especially for irregular and fragmented soil structures [22]. The surface roughness model helps to describe the 

surface height variations with respect to the ground surface level. 

 

IV. BACKSCATTERING COEFFICIENTS 

 

The backscattering coefficient of soil represents the relationship between soil properties and the 

scatterometer responses [23]. Some of the factors that are known to govern backscattering behavior are: i) 

dielectric constant of the vegetation material which is strongly influenced by moisture content; ii) the shape 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 340-348 
 

 

 

 

 

344 

distribution; iii) orientation distribution. iv) size distribution of the scatterers and roughness and dielectric 

constant of the underlying soil surface [24]. From the backscattering coefficient, we can directly calculate the 

soil dielectric constant [25].It shows a linear relationship with SM as [20]. 

                                            𝜎° = 𝐴 + 𝐵. 𝑊                       (4) 

Where A is the𝜎° of a completely dry soil surface and B is the sensitivity of 𝜎° to change with the surface SM 

content. 

 

Description of scattering models:  

The most common approaches used to develop models for soil moisture retrieval are developing direct 

theoretical or physical models by simulating the backscattering coefficients in terms of soil attributes such as 

the dielectric constant and the surface roughness for an area with known characteristics. The dielectric 

constant of the soil surface and hence the soil moisture content can be estimated from mathematical inversion 

of these models.[26] 

 

1.The Semi-Empirical Oh model 

Oh, et al. developed from 1992 to 2004 several versions of a semi-empirical backscattering model. Based on 

theoretical models, scatterometer measurements, and airborne SAR observations, the Oh model is built over a 

wide variety of bare soil surfaces. The Oh model relates the co-polarized ratio p (=σ𝐻𝐻
0 /σ𝑉𝑉

0 ) and the cross-

polarized ratio q (=σ𝐻𝑉
0 /σ𝑉𝑉

0 ) to incident angle (θ), wave number (k), the standard deviation of surface height 

(Hrms), correlation length (L),soil moisture (mv), dielectric constant (εr),Γ0 is the Fresnel reflectivity. The 

initial version of the Oh model is defined as: 

𝑝 =
𝜎°𝐻𝐻

𝜎°𝑉𝑉
= [1 − (

𝜃

90°
)

1

3Γ0
𝑒−𝑘 𝑟𝑚𝑠]

2

                           (5) 

q= 
𝜎°𝐻𝑉

𝜎°𝑉𝑉
= 0.23√Γ0 (1-𝑒−𝑘 𝑟𝑚𝑠)(6) 

Where, 

Γ0 = |
1−√𝜖𝑟

1+√𝜖𝑟
|

2

                                         (7) 

Oh et al. [14] proposed a new expression for q to incorporate the effect of the incidence angle: 

                      q= 0.25√Γ0 (0.1+𝑠𝑖𝑛𝜃0.9) (1-𝑒−[1.4−1.6Γ0]𝑘 𝑟𝑚𝑠)                (8) 

The expressions for p and q were again modified in 2002, and an expression was proposed for the cross-

polarized backscatter coefficient (Oh et al. 2002): 

p=1 − (
𝜃

90°
)

0.35 𝑚𝑣−0.65

𝑒−0.4(𝑘 𝑟𝑚𝑠)1.4
   (9)   

q= 0.1 0.1 (
𝑟𝑚𝑠

𝐿
+ 𝑠𝑖𝑛1.3𝜃)

1.2
(1 − 𝑒−0.9(𝑘 𝑟𝑚𝑠)0.8

   (10) 

𝜎𝐻𝑉 
° =0.11m𝑣0.7𝑐𝑜𝑠2.2 𝜃(1 − 𝑒−0.32(𝑘 𝑟𝑚𝑠)^1.8   (11) 

Given that the measurement of the correlation length is not exact and that the ratio q is insensitive to the 

roughness parameters, Oh (2004) proposed a new formulation for q that ignores the correlation length: 

q=0.095 (0.13 +  sin 1.5θ) 1.4(1-𝑒−1.3 (𝑘 𝑟𝑚𝑠)^0.9   (12) 
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Oh’s models were compared with the experimental database using the ratios p and c. The ratio of c is defined 

from the semi-empirical formulations of p and q. 

 

2. The semi-empirical Dubois model: 

Dubois et al. (1995) suggested a semi-empirical approach for modelling radar backscatter coefficient for co-

polarised backscatter only, using scatterometer data collected at six frequencies between 2.5 GHz and 11GHz 

[25]. The expressions involve the angle of incidence, the dielectric constant, the rms surface height and the 

wavelength: 

𝜎𝐻𝐻
° = 10−2.75 (

𝑐𝑜𝑠1.5 𝜃

𝑠𝑖𝑛3𝜃
) 100.028𝜀𝑟,𝑡𝑎𝑛𝜃(𝑘 𝑟𝑚𝑠 𝑠𝑖𝑛𝜃)1.4𝛌0.7           (13) 

𝜎𝑉𝑉
° = 10−2.75 (

𝑐𝑜𝑠3 𝜃

𝑠𝑖𝑛3𝜃
) 100.046𝜀𝑟,𝑡𝑎𝑛𝜃(𝑘 𝑟𝑚𝑠 𝑠𝑖𝑛𝜃)1.1𝛌0.7       (14) 

 

3. The Integral Equation Model (IEM): 

The IEM is a physically based radioactive transfer backscattering model application to a wide range of 

roughness values (Fung et al. 1992). The parameters required to compute the backscattering coefficient from 

the IEM model are correlation length, rms surface height, dielectric constant, polarisation and incidence 

angle and surface parameters. Over bare soils in agricultural areas, the backscatter coefficients of the surface 

contribution are expressed as: 

𝜎𝑝𝑝
° =

𝑘2

2
|𝑓𝑝𝑝|2𝑒−4𝑟𝑚𝑠2𝑘2 cos2 𝜃 ∑

(4𝑟𝑚𝑠2𝑘2 cos2 𝜃)^𝑛 

𝑛!

+∞

𝑛 =1

𝑊(𝑛)(2𝑘𝑠𝑖𝑛𝜃, 0) 

+
𝑘2

2
𝑅𝑒 (𝑓𝑝𝑝

∗ 𝐹𝑝𝑝 )𝑒−3𝑟𝑚𝑠2𝑘2 cos2 𝜃 ∑
(4𝑟𝑚𝑠2𝑘2 cos2 𝜃)^𝑛 

𝑛!

+∞

𝑛=1

𝑊(𝑛)(2𝑘𝑠𝑖𝑛𝜃, 0) 

           +
𝑘2

8
|𝑓𝑝𝑝|2𝑒−2𝑟𝑚𝑠2𝑘2 cos2 𝜃 ∑

(𝑟𝑚𝑠2𝑘2 cos2 𝜃)^𝑛 

𝑛!
+∞
𝑛=1 𝑊(𝑛)(2𝑘𝑠𝑖𝑛𝜃, 0)                        (15) 

Where p is H and V polarisation, k is the radar wave number(k=2π/λ), rms is the standard deviation of 

surface height, θ is the radar angle of incidence, W(n)is the Fourier Transform of the nth power of the surface 

correlation function, fpp is a function of the incidence angle and the Fresnel reflection coefficient and Fpp is 

a function of the incidence angle,𝜀𝑟 is the dielectric constant of the soil, 𝜇𝑟 is the relative permittivity. 

Where,  𝑓ℎℎ =
−2𝑅ℎ

𝑐𝑜𝑠𝜃
 

𝑓𝑣𝑣 =
2𝑅𝑣

𝑐𝑜𝑠𝜃
 

𝑓ℎℎ = 2
sin2 𝜃

𝑐𝑜𝑠𝜃
[4𝑅ℎ − (1 −

1

𝜀𝑟
) (1 + 𝑅ℎ)2] 

𝑓ℎℎ = 2
sin2 𝜃

𝑐𝑜𝑠𝜃
[(1 −

𝜀𝑟 cos2 𝜃

𝜇𝑟 𝜀𝑟 − sin2 𝜃
) (1 − 𝑅ℎ)2 − (1 −

1

𝜀𝑟
) (1 + 𝑅𝑣)2] 

 𝑅ℎ =
𝜇𝑟𝑐𝑜𝑠𝜃−√𝜇𝑟𝜀𝑟−sin2 𝜃

𝜇𝑟𝑐𝑜𝑠𝜃+√𝜇𝑟𝜀𝑟−sin2 𝜃
: Fresnel reflection coefficient at horizontal polarization 

𝑅𝑣 =
𝜀𝑟𝑐𝑜𝑠𝜃−√𝜇𝑟𝜀𝑟−sin2 𝜃

𝜀𝑟𝑐𝑜𝑠𝜃+√𝜇𝑟𝜀𝑟−sin2 𝜃
: Fresnel reflection coefficient at vertical polarization 

𝑊𝑛(𝑎, 𝑏) = 𝐹𝑜𝑢𝑟𝑖𝑒𝑟 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑡ℎ 𝑝𝑜𝑤𝑒𝑟 
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Wn(a, b) = 
1

2𝜋
∬ 𝜌𝑛(𝑥, 𝑦)𝑒−𝑖(𝑎𝑥+𝑏𝑦)𝑑𝑥𝑑𝑦                         (16) 

The distribution of ρ(x, y) is exponential for low surface roughness values and Gaussian for high surface 

roughness values.The correlation functions for one-dimensional roughness profiles are defined as follows:  

       ρ(x) = e^(-(x/L)^τ                                          (17) 

where L is the correlation length. 

The backscattering IEM has a large validity domain. Baghdadi et al. (2004) and Zribi (1998) showed that, for 

bare soil in agricultural areas, IEM performs better with a fractal autocorrelation function. This is the 

function used in the present study. For retrieving surface roughness and soil moisture from SAR data, authors 

often use the original version of the IEM model. 

 

V. CONCLUSION 

 

The semi- empirical models of Oh and Dubois as well as the IEM physical backscattering model were 

evaluated using SAR data. The objectives of this paper are to compare the three models Oh, Dubois and IEM 

models. Comparison between the radar data by the three most commonly used surface radar backscattering 

models (Oh, Dubois and IEM) concludes that IEM performs better from overview of literatures. 
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ABSTRACT 

The present work aims at the inter molecular interaction of aqueous D-Glucose with L-Leucine ternary 

system using time domain reflectometry technique (TDR) within the frequency range 0.01GHz to 30GHz in 

the temperature region from 278.15K to 298.15K. The frequency dependent dielectric permittivity has been 

calculated by using Harviliak-Negami equation.  For aqueous D-Glucose and L-Leucine ternary system the 

concentration range covers in molar concentration0.514 ≤c/M≤2.710 and 0.004≤c/M≤0.020 respectively. 

Cole-Davidson model is used for the well description of complex dielectric permittivity spectra ε˟ (v). 

Dielectric parameters such as relaxation time τ0, static dielectric constant ε0, high frequency limiting 

dielectric constant ε∞ and the orientation correlation between neighbouring molecules due to hydrogen 

bonding interaction determined by Kirkwood correlation factor g were calculated.  

Keywords: D-Glucose, L-Leucine, Dielectric parameters, Time domain reflectometry. 

 

I. INTRODUCTION 

 

Dielectric relaxation spectroscopy (DRS) is a very useful technique for studying molecular interactions and 

understanding the dynamical behavior of nearly all organic, polymeric and biological macromolecules. (Since 

with the advent of modern technologies scientists are using electromagnetic waves for getting information 

through interaction with matter). Dielectric spectroscopy is a tool in which a pulse of high frequency 

electromagnetic radiation incident upon a sample is reflected back and gives information in the form of 

electrical signals, which on further analysis gives structural information about the sample under study 

through dielectric parameters such as complex permittivity, static dielectric constant, relaxation amplitude or 

strength, relaxation time, dipole moment and so on [1]. 

Carbohydrates are bio-molecules formed by aldehyde or ketone compounds with multiple hydroxyl groups 

that account for the majority of organic matter on Earth due to their important role in all forms of life.TDR 

was used to investigate the temperature dependent complex permittivity spectra of monosaccharides (D-

fructose and D-xylose) and disaccharides (D-maltose monohydrate) in aqueous solution. Within the 

frequency range of 10 MHz to 50 GHz we demonstrated how dielectric parameters such as dielectric constant 

http://www.ijsrst.com/
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(ε0), relaxation time (τ0) are sensitive to variations in mixture constituents of aqueous sugar solutions. This 

information could be useful in the pharmaceutical and food processing industries for formulation [2]. 

Amino acids are biologically important organic compounds composed of amine (-NH2) and carboxylic acid (-

COOH) functional groups, as well as a nitrogen atom. Each amino acid has its own side chain. The essential 

components of an amino acid are carbon, hydrogen, oxygen, and nitrogen [3]. 

The amino acids, which are the building blocks of proteins, have sparked widespread interest in 

multidisciplinary research-leucine (Leu) and L-isoleucine (I-Leu) are amino acids that are required for life in 

relation to humans. They participate in vital biological processes such as haemoglobin formation and maple 

syrup detection in new born screening programmes, urine disease is detected among the Characterization of 

Leucine and L-isoleucine is a popular area of research in Metabolomics and peptide sequencing spectrometry 

(mass spectrometry) [4]. 

The interactions of some L—amino acids with D-glucose in dilute aqueous solutions were studied using 

titration calorimetry and UV absorption spectroscopy. The findings revealed that L—amino acids get the 

ability to form intermolecular bonds.   

Moreover no one studied intermolecular interaction of L-Leucine in aqueous solution of D-Glucose by using 

dielectric relaxation spectroscopy. 

In this work we have studied dielectric relaxation and thermodynamics properties of L-leucine in aqueous 

solutions of   D-glucose with different molar concentration over frequency range 10MHz to 30GHz within 

temperature range 278.15K to 298.15K.   

 

II. EXPERIMENTAL 

 

2.1. MATERIALS 

D-Glucose was purchased from Fisher Scientific chemical company and L-leucine was purchased from sigma 

Aldrich. Double distilled and deionized water was used for making the solution. The chemicals were weighed 

in an electronic digital balance (Mettler Toledo ME- 204) with a least count of 0.0001 gm.  

 

III. RESULTS AND DISCUSSION 

 

The Havriliak-Negami equation provides the overall form of the relaxation model. 

𝜀∗(𝑤) = 𝜀∝ + [
(𝜀0−𝜀∝)

[1+(𝑗𝑤𝜏0)1−𝛼]𝛽]                                             (1) 

Where the static permittivity ε0,εαis the high frequency permittivity, 𝜏0 is the relaxation time, and α and β are 

the empirical parameters for the relaxation distribution times with values ranging from 0 to 1. 

As the concentrations of L-Leucine in aqueous D-Glucose increase, the dielectric constant values decrease 

while the relaxation time increases. The decrease in the static dielectric constant with increasing 

concentration in aqueous solution is due to the formation of hydration layer, which causes water molecules to 

be influenced by D-Glucose and L-Leucine molecules. As a result, the decrease in static dielectric constant 

indicates that a large amount of L-Leucine and D-Glucose in solution has been completely associated. 
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Relaxation time has increased in water solution may be due to L-Leucine and D-Glucose molecules forming a 

structure around the water molecule, making rotation of the water molecules. The variation in relaxation 

time reveals information about the hydrophilic nature of the solute particle. The dielectric constant, as well 

as the relaxation time increases as the temperature drops. This is to be expected because density increases as 

temperature decreases [5]. 

 

Static dielectric constant: 

The static dielectric constants of aqueous D-Glucose solutions at different concentrations of L-Leucine and 

temperatures has been studied. The dielectric dispersion and absorption curves span a wider frequency 

range[6]. 

 
Figure 1: dielectric constant for aqueous D-glucosein presence of L-Leucine 

 

As shown in Fig.1 the dielectric constant increases with decrease in temperature. This may be due to the 

formation of dipole-dipole antiparallel alignment for all concentrations of L-Leucine. This observation could 

be explained by the fact that the net decrease in the number of free water molecules with concentration is 

larger at higher concentrations than for lower molar concentrations [7]. 

 

Relaxation time: 

The relaxation time is proportional to molecular size and is highly dependent on the nature of the functional 

group. Furthermore, changing its values provides information about the solute's hydrophilic character. 

Particles, as well as the apparent the reorientation of a dipole. TDR experiments show that relaxation time 

increases linearly with decreasing temperature as shown in fig.2.and the addition of L-Leucine in aqueous D-

Glucose shows slight interaction. 
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Figure 2:dielectric relaxation time for aqueous D-glucosein presence of L-Leucine 

 

The linear increase in relaxation time with concentration demonstratemolecular interaction [8].The 

relaxation time for different concentration of L-Leucine in aqueous D-Glucose do not deviate significantly 

from ideal behavioursuggesting stronger molecular interaction than the others, indicating that molecules 

have a non-cooperative domain [9]. 

 

 gμ2 =
9KBTM

4πNρ
[

(εs−ε∞)(2εs+ε∞)

εs(ε∞+2)2 ]                               (2) 

The Kirkwood-Froehlich equation provides useful information about the orientation of an electric dipole. 

The Kirkwood correlation factor 'g' is calculated from the dielectric constant and provides information on the 

collective orientation correlation of molecules. The extent of hydrogen bonding is measured by the deviation 

of 'g' from unity [10]. 
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Figure 3: variation in correlation factor ‘g’ for aqueous D-glucosein presence of L-Leucine. 

 

The molecular interaction of L-Leucine with aqueous D-Glucose mixture can be described by the Kirkwood 

correlation factor (g), which can be calculated using the modified Kirkwood equation. To calculate 'g' we used 

values of dipole moment (μ=2.34 D) of aqueous D-Glucose and L-Leucine. Fig.3. shows the plot of g at various 

concentration of L-Leucinein aqueous D-Glucose. Observed values of g at lower L-Leucine concentrations is 

more than one suggest that there is a strong possibility of parallel alignment of dipoles. As the concentration 

of solute increases, molecules becomes close to each other as a result possibility of antiparallel alignment of 

dipoles emerges [11]. 

 

IV. CONCLUSION 

 

From the overall study of dielectric parameters we may conclude that, the dielectric constant and relaxation 

time of aqueous D-Glucose at various concentrations of L-Leucine decreases with increasing temperature. 

This may be due to increase in dipole-dipole antiparallel alignment. Obtained values of relaxation time 

confirms that environment is not cooperative.Kirkwood correlation factor gives information about the 

orientation electric dipoles in molecules. 
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ABSTRACT 

The present work reports structural and dynamical properties of aqueous amino acid Valine [C5H11NO2] in 

the presence of Non steroidal anti-inflametory drug (NSAID) Aceclofenac(ACF) [C16H13Cl2NO4] using time 

domain reflectometry (TDR) in the frequency region of 0.01 GHz to 30 GHz over the temperature range of 

298.15 K-278.15 K. For aqueous Valine and ACF induced aqueous Valine the concentration range covers in 

molar concentrations are 0.00≤c/M≤0.10 and 0.00≤c/M≤0.01 respectively. Cole-Davidson model is used 

for the well description of the complex dielectric permittivity spectra ε^* (ν). Dielectric parameters such as 

the static dielectric constant ε_0, the high frequency limiting dielectric constant ε_∞, relaxation time τ_0, 

dipole moment μ , Kirkwood correlation factor g were obtained and expressed in terms of molecular 

interaction and hydrogen bonding.  

Keywords: Time Domain Reflectometry, Dielectric Relaxation, Valine, Aceclofenac, Dipole moment. 

 

I. INTRODUCTION 

 

Dielectric relaxation spectroscopy (DRS) is a very useful technique for studying molecular interactions and 

understanding the dynamical behavior of nearly all organic, polymeric and biological macromolecules. (since 

with the advent of modern technologies scientists are using electromagnetic waves for getting information 

through interaction with matter). Dielectric spectroscopy gives structural information about the sample 

under study through dielectric parameters such as complex permittivity, static dielectric constant, relaxation 

amplitude or strength, relaxation time, dipole moment and so on. The method has a wide frequency range 

(from 10-5 to 1011 Hz) and can therefore be used to study a wide range of processes, from slow and hindered 

macromolecular vibrations to constrained charge transfer processes (like proton conductivity in nearly dry 

systems) to relatively quick reorientations of small molecules or side chain groups [1]. 

Water is remarkable liquid in many aspects. Because of its unusual physical and chemical characteristics, 

including the latent heat of vaporization, high specific heat and maximum density at 4°C, extensive work is 

being done to determine its precise structure. The ability of the water molecules to participate in any number 

of hydrogen bonds by employing their two hydrogen atoms and the two lone pairs on their oxygen is what 

determines the structural characteristics of liquid water. The local polarization's spontaneous fluctuation, 

http://www.ijsrst.com/
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which results from partial charge separation during cluster formation, may be the cause of the high value of 

the dielectric constant [2]. 

Amino acids play various essential roles in living systems. In aqueous solutions, the interactions between the 

solvent and the various constituent groups of a protein, such as the amino acid side chains and the backbone 

peptide group, play an important role in the structure and function of proteins. Amino acids are extremely 

small biomolecules that serve as the primary building blocks of proteins and enzymes [3]. 

Aceclofenac is a non-steroidal anti-inflammatory drug (NSAID) indicated for various painful indications and 

proved as effective as other NSAIDs and chemically known as 2-[2-[2-[(2,6-dichlorophenyl) 

amino]phenyl]acetyl] oxyacetic acid [4]. Other applications includes treatment of osteo arthritis, rheumatoid 

arthritis, tendinitis, ankylosing spondylitis and joint inflammation and reduces pain intensity and duration of 

morning stiffness and other inflammatory conditions [5,6]. Aceclofenac is such a carboxylic acid derivative 

and one of the important non-steroidal anti-inflammatory drug (NSAID) molecules, which also possess 

analgesic properties [7]. It has free carboxylic acid in its structure, which is found in many pharmaceutical 

compounds and plays an important role in drug design. Because of the simultaneous presence of carbonyl 

(C=O) and hydroxyl (O-H) groups, carboxylic acids can act as both hydrogen bond acceptor and donor. As a 

result, carboxylic acids, which are quite polar in nature [8], can form dimers that correspond to the well-

known homo-synthons in supramolecular chemistry [9]. Aceclofenac exhibits very slight solubility in water, 

and as a consequence, it exhibits low bioavailability after oral administration [10-12]. As, amino acid is a basic 

building block of protein and amongst 20 different  amino acids Valine is a branched chain , hydrophobic, an 

essential amino acid and usually found in interior of proteins. 

After careful literature survey, it was found that no work on the interaction of concentration dependence of 

aceclofenac with aqueous valine using time domain reflectomerty in the GHz frequency, and at 298.15 K, 

288.15 K, and 278.15 K temperatures has been reported so far. Amino acids are important biomolecules that 

interact with drugs inside the body. In biological systems, solvent-mediated interactions are the primary 

determinants for regulating the structure, dynamics, and thermodynamics of biomolecules, ultimately 

dictating their biological function and that of the cell. Because biomolecules are embedded in a highly polar 

medium, electrostatics is a critical component of molecular solvation effects. Although pure aceclofenac has a 

low water solubility (0.015mg/ml) [13].   

The aim of this work is to study the dielectric relaxation of Valine-ACF-Water solution using the time 

domain reflectometry technique. The solutions were prepared at room temperature for different molar 

concentrations of valine viz. 0, 0.02, 0.04, 0.06, 0.08, 0.1 and aceclofenac viz. 0, 0.002, 0.004, 0.006, 0.008 and 

0.01. We have measured the dielectric relaxation spectra for these solutions at 298.15 K, 288.15 K and 278.15 

K using time domain reflectometry in the frequency range of 0.01 GHz-30 GHz. The purpose of the present 

research work is to investigate the impact of temperature and concentration on the structure and dynamics of 

water molecules in presence of valine and ACF macromolecules as well as the intermolecular interactions 

between aqueous Valine and ACF molecules, in terms of various dielectric and thermodynamic parameters. 

We interpreted the obtained dielectric data by comparing with those of earlier dielectric studies. 
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II. EXPERIMENTAL 

 

2.1 materials 

Valine was purchased from sigma Aldrich and Aceclofenac was purchased from Hi Media Laboratories Pvt. 

Ltd. Mumbai, India and used without purification. Double distilled and deionized water was used for making 

the solution. The chemicals were weighed in an electronic digital balance (Mettler Toledo ME- 204) with a 

least count of 0.0001 gm. The solutions of 15 ml were prepared at room temperature for different 

concentrations of Valine and ACF and the dielectric measurement were carried out by using TDR. 

 

2.2 Dielectric Measurements 

The Tektronix Digital Serial Analyzer model no. DSA8300 sampling mainframe along with the sampling 

module 80E10B has been used for TDR. A sampling module provides 12 ps incident and 15 ps reflected rise 

time pulse was fed through a coaxial line system having 50Ω impedance. Sampling oscilloscope monitors 

show change in step pulse after reflection from the end of line. The reflected pulse without sample R1(t) and 

with sample Rx(t) were recorded in the time window of 5 ns and digitized in 2000 points. The Fourier 

transform of the pulse and data analysis was performed to determine complex permittivity spectra ε*(ω) using 

least square fit method [14-16]. A temperature controller system was used to maintain the constant 

temperature. The sample cell is surrounded by a heat insulating container and the temperature at the cell is 

checked by using electronic thermometer. The temperature of sample cell was maintained at desired value 

within the accuracy of ±1 0C. 

 

III. RESULTS AND DISCUSSION   

 

Dielectric dispersion and absorption curves obtained for the aqueous Valine at 0.00, 0.02, 0.04, 0.06, 0.08 and 

0.1 M concentration in presence of poor water soluble aceclofenac (ACF) with the concentrations 0.002, 

0.004, 0.006, 0.008 and 0.01 M used at temperatures 298.15 K, 288.15 K and  278.15 K is shown in fig. 1 where 

only spectra at low and high concentrations and at all temperatures along with the spectra for water were 

depicted. The spectra show that there is a gradual decrease in dielectric permittivity for all the used 

concentrations and temperature and the loss peaks shift towards lower frequency side. This suggests 

molecular association between solute and solvent molecules.  
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Figure 1: Permittivity spectra contains dielectric permittivity (ε”) and loss (ε’) as a function of frequency for 

water and aqueous Valine in presence of ACF at different concentration and temperature.(Symbols-Observed 

data and Dotted lines-Fitted data) 
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Temperature and Concentration dependent dielectric parameter of Valine was established by studying the 

variation of dielectric constant, dielectric loss, relaxation time, Kirkwood correlation factor and dipole 

moment as well as thermodynamic parameters such as free energy of activation, entropy of activation and 

enthalpy of activation [17]. 

Dielectric permittivity (𝜀′) and loss (𝜀′′) for Valine-ACF-Water system obtained for various concentrations in 

the temperature range of 298.15 K - 278.15 K as a function of frequency is shown in fig. 1. The values of 

complex permittivity ε∗=𝜀′ -j𝜀′′  as a function of frequency for the Valine-ACF-Water system have been 

analyzed and used for the evaluation of dielectric parameters at various temperatures and concentrations [18]. 

The process can be described by S. Havriliak -Negami [19] equation using least square fit method. 

                 𝜀∗(𝑤) = 𝜀∝ + [
(𝜀0−𝜀∝)

[1+(𝑗𝑤𝜏0)1−𝛼]𝛽]                                                               (1) 

Where 𝜀0  is the static permittivity, 𝜀∞  the high frequency limiting static permittivity, 𝜏0  is the average 

relaxation time, 𝜔 is the angular frequency 𝛼 𝑎𝑛𝑑 𝛽 are the distribution parameters. α (0<α<1) indicates the 

broadness of the symmetric relaxation curve when the dielectric data are described by the Cole–Cole 

equation. The relaxation curve with (0<β<1), α = 1 corresponds to Debye-type of relaxation and a smaller 

value of α gives the broader symmetric relaxation curve, whereas the relaxation curve with β=1 corresponds 

to a non-Debye type of relaxation in which the asymmetric relaxation (0<β<1), α=0 is associated with the 

cooperative mechanics of dielectric relaxation. It has been found that the dielectric data for the studied 

systems obey the Cole-Davidson dispersion model. As the frequency range of dielectric study in present work 

is from 1 GHz to 30 GHz, the value of ε∞ is just a fitting parameter. In the fitting procedure, ε∞ is not fitted 

and assumed to be 3.0. This is done because the data are not sensitive to ε∞ in the high frequency range. 

The data collected reveals that the static dielectric constant for aqueous PVP was found more than that of 

pure water and it increases with increase in concentration of valine except at higher concentrations of ACF. 

This suggests that increasing valine concentrations decreases the number of water molecules per valine 

molecule that form hydrogen bonding at hydroxyl and methyl side group and thus form hydration layer 

around valine molecule. This association between water and valine increases the value of static dielectric 

constant only at lower ACF concentration but for further increase in concentration of ACF cause decrease the 

value of static dielectric constant. As higher values of dielectric constant has more significance for drugs 

stability in pharmacy which is directly related to solubility and stability of the products [20]. The addition of 

ACF to aqueous valine gives surprising results that decreases the values of static dielectric constant towards 

higher PVP concentration. The trend and magnitude of the values of static dielectric constants towards 

higher concentration of ACF show little variations in the values of dielectric constant over the measured 

concentration range.  This suggests that the presence of ACF with higher concentration in aqueous valine 

make the system less stable. This may be due to formation of hydration layer around valine and the 

interaction between valine and ACF gets reduced or may be due to the formation of complexes as a result 

static dielectric constant decreases. 

The increase in the values of static dielectric constant for aqueous valine in absence or at lowest ACF 

concentration clearly indicates that dipole-dipole parallel alignment must present between ACF and water 

molecules. As valine concentration increases, the values of the quantities gμ2 [table] which signify the 
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variation in dipole moment and Kirkwood correlation factor g that describes orientational correlation 

between solute and solvent molecules decreases. This suggests reduced parallel correlation between the 

dipoles of aqueous valine and ACF molecules as every ACF molecule is entirely surrounded by a water 

molecule.  At lower ACF concentrations, interactions between valine molecules and ACF molecules gets 

screened, which lowers the values of the static dielectric constant. The formation of a hydration shell around 

valine may be the cause of this decrease in the dielectric constant and also suggests the loss of free water 

molecules. Valine will have an impact on the hydrogen bonding network throughout this procedure [21]. 

Also, such formation of shielding or hydration layer around valine molecules that reduces the interaction 

between valine and ACF molecules and so reduces the correlation.   

To see the effect of temperature on the structural behavior of aqueous valine the study has been extended 

towards lower temperature. From the observed data, it has been noticed that by lowering the temperature 

from 298.15 K to 278.15 K static dielectric constant seems to be increasing for all the used concentrations. 

This rise in the values of static dielectric constant towards lower temperature over all the valine 

concentrations may be due to the formation of induced dipoles via hydration layer with the neighbouring or 

surrounding molecules as the molecules gained lower thermal energy and therefore amplitude of the random 

thermal motion is restricted [22]. This gives perfect alignment (parallel or antiparallel) with the applied field 

so that dipoles are more closely aligned with each other; as a result the orientation polarization gets increased 

and so the static dielectric constant. 

This suggests that the system is more stable towards lower temperature and lower valine concentrations and 

will be more suitable for drug design and other pharmaceutical applications.  

The alignment of dipoles can be well explained using dipole moment and correlation factor g calculated and 

discussed in the next section.  

The variation in static dielectric constant for aqueous valine in the presence of varying concentrations of 

aceclofenac (ACF) is shown in the fig 2. It has been observed that the overall trend for the static dielectric 

constant measured at 0.002, 0.004, 0.006, 0.008 and 0.01 M concentrations of aceclofenac at different 

temperatures was found to be decreasing with increasing aceclofenac concentrations. The presence of 

aceclofenac in aqueous valine resulted in further decrease in the values of static dielectric constant and the 

variation was observed to be larger at 0.01 (M) concentration of aceclofenac. This variation in the values of 

static dielectric constant may be due to the molecular interaction between the methyl group (CH3) of the 

screened valine by the water molecules and the H from the O-H group of ACF through weak dipole-dipole 

interaction as a result hydrogen bonding network affected due to the presence of aceclofenac which resulted 

in lowering the values of static dielectric constant with increasing ACF concentration. But for the highest 

used concentration of ACF there found very rapid decrease in the values of static dielectric constant because 

at highest concentration all the possible hydrogen bonding sites are saturated and no site is available for 

bonding to be taking place; as a result there is no further change in the structural conformation which 

decrease the static dielectric constant over the used concentrations and temperature [23]. 
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Figure 2: Temperature and concentration dependent static dielectric constant of aqueous valine in presence of 

different concentrations of aceclofenac. 

 

Variation in static dielectric constant with different molar concentrations of ACF 0.002, 0.004, 0.006, 0.008 

and 0.01 M in aqueous valine at different temperatures is shown in the fig 2. It has been observed that for all 

the used concentrations of aqueous valine the values of static dielectric constant increases for all the 

measured temperatures with increasing ACF except at higher ACF concentraton while it was increasing 

towards lower temperatures over all the used concentrations of ACFs. 

Increase in the values of static dielectric constant by lowering the temperature from 298.15 K to 278.15 K, 

may be due to increased dipole-dipole interaction (parallel or antiparallel) between valine-aceclofenac 

molecules via hydration shell and is associated with the cooperative relaxation of bulk-like water. 

The relaxation dynamics for the rotational motion of water molecules in the solute environment are given by 

dielectric relaxation time measured for aqueous valine (fig. 3) and in the presence of aceclofenac. The 

relaxation time for aqueous valine increased linearly with valine concentration over all the measured 

temperatures, indicating a more heterogeneous / non-cooperative environment for water molecules that 

offers a large steric hindrance to the rotational motion of water molecules in the solvent rich (valine) and in 

the low temperature region. 
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Figure 3: Dielectric relaxation time measured for aqueous PVP in the presence of Ibuprofen at different 

concentration and temperature. 

 

Relaxation time for the aqueous valine in presence of aceclofenac (ACF) at various valine concentrations is 

shown in the fig 3. For all the used ACF concentrations, it has been observed that relaxation time increases 

towards low temperature and with valine concentration except at higher concentrations of ACF. This could 

be due to the formation of a hydration shell surrounding valine, which interacts with ACF via the hydration 

shell, or to a dipole-dipole induced interaction between valine and ACF via water molecules. As a result, 

rotational motion of water molecules gets restricted that results in increasing the values of relaxation time 

[24]. Towards lower temperature dipole-dipole parallel alignments in the valine-ACF-water system gets 

increased that affected rotational motion of water molecules due to the increased molecular hindrance and so 

the relaxation time increases  towards low temperature.   

The information regarding orientation of electric dipoles in polar liquid is described by Kirkwood correlation 

factor ′𝑔′. The degree of intermolecular hydrogen bonding is measured by the deviation of the values of  ′𝑔′ 

from unity. If ′𝑔′ is greater than 1 it means that molecules tend to direct themselves with parallel dipole 

moments; when g is smaller than 1 then molecules prefer an ordering with antiparallel dipole moments. ′𝑔′ 

=1 may be due to the cancellation of the effects of both kinds of parallel and anti-parallel multimers for 

associating molecules [25-27]. Due to insufficient data available for the dipole moment at the measured 

temperature we used dipole moment for water μ=2.37 D as calculated previously [28] to calculate the 

correlation factor ′𝑔′ from the measured 𝑔𝜇2 calculated using Kirkwood–Frohlich equation [29-31].  
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𝑔𝜇2 =
9𝐾𝐵𝑇𝑀

4𝜋𝑁𝜌
[

(𝜀𝑠−𝜀∞)(2𝜀𝑠+𝜀∞)

𝜀𝑠(𝜀∞+2)2 ]                                          (2) 

Where KB is the Boltzmann constant, T is  absolute temperature, M is the molecular weight, N is Avogadro’s 

number and  𝜌 is the density.  

Since ′𝑔′ is a measure of orientational correlation between a molecule and its nearest neighbors, the departure 

of ′𝑔′ from unity could be an indication of molecular association due to short-range ordering interactions. In 

our case of aqueous valine and ACF induced valine, correlation factors are increases towards higher PVP 

concentrations (due to the parallel orientation of the dipoles) [32] suggesting increased correlation between 

solute dipole via hydration shell. The variation in the values of  ′𝑔′ with increasing ACF concentration in 

valine at different temperatures is shown in fig 4. From the observed data, it has been concluded that the 

correlation (Parellel orientation) between water and the surrounding molecules decreases by the presence of 

aceclofenac at higher concentrations of ACF. This could be due to the reduced parallel correlation between 

solutes and solvent. This may also be due to the fact that with increasing concentrations of both valine and 

ACF; number of water molecules attached to both the solutes under different conformations will be reduced 

[33]. These results suggest that as the concentration of ACF molecules is increased, parallel orientation of 

molecular dipole reduces, thereby reducing effective dipole moment .The ′𝑔′  values are found to be lower at 

higher concentration of ACF. In addition, it was also observed that temperature also plays important role in 

changing the effective dipole moment. The ′𝑔′  value was found to be increasing towards lower temperature 

which confirms the increased parallel dipole-dipole interaction due to the increased interaction between ACF, 

valine and water through hydration shell. 

Figure 4: variation in correlation factor ‘g’ for aqueous valine and ACF induced valine. 
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The variation ′𝑔′ for the aqueous valine and ACF induced valine at different concentration and temperature is 

shown in fig 4 and the values of ‘gμ2’ and ‘g’ are reported in table 1. 

 

Table 1. The values of ‘gμ2’ and ‘g’ for the solution of Valine+ACF+water. 

Valine(M)/T(K)        298.15 288.15 278.15 298.15 288.15 278.15 

  gμ2   g  

   ACF 0.00 (M)   
0 5.414 5.44 5.697 0.963 0.968 1.014 

0.02 5.722 5.731 5.917 1.018 1.02 1.053 

0.04 5.834 5.752 5.879 1.038 1.024 1.046 

0.06 5.699 5.794 5.994 1.014 1.031 1.067 

0.08 5.709 5.671 5.885 1.016 1.009 1.047 

0.1 5.851 5.796 6.107 1.041 1.031 1.087 

   ACF 0.002 (M)   
0 5.247 5.238 5.445 0.934 0.932 0.969 

0.02 5.243 5.265 5.563 0.934 0.937 0.991 

0.04 5.045 4.989 5.279 0.898 0.889 0.939 

0.06 5.73 5.698 6.009 1.02 1.014 1.069 

0.08 5.734 5.838 6.078 1.021 1.039 1.082 

0.1 6.04 5.994 6.19 1.075 1.067 1.102 

   ACF 0.004 (M)   
0 5.189 5.115 5.213 0.923 0.91 0.928 

0.02 5.101 5.001 5.14 0.908 0.89 0.915 

0.04 5.242 5.149 5.375 0.934 0.916 0.956 

0.06 5.439 5.348 5.691 0.968 0.952 1.013 

0.08 5.922 5.941 6.163 1.054 1.057 1.097 

0.1 5.982 6.009 6.241 1.065 1.069 1.112 

   ACF 0.006 (M)   
0 5.213 5.288 5.492 0.928 0.941 0.977 

0.02 4.514 4.558 5.091 0.803 0.811 0.906 

0.04 5.108 5.051 5.353 0.909 0.899 0.953 

0.06 3.938 3.763 4.086 0.701 0.669 0.727 

0.08 4.596 4.774 5.031 0.818 0.849 0.895 

0.1 5.653 5.732 6.034 1.006 1.021 1.074 

   ACF 0.008 (M)   
0 5.074 5.007 5.326 0.903 0.891 0.948 

0.02 4.553 4.533 4.705 0.81 0.807 0.837 

0.04 3.938 3.834 4.084 0.701 0.682 0.727 
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0.06 5.707 5.866 5.935 1.016 1.045 1.056 

0.08 2.52 2.254 2.484 0.448 0.401 0.442 

0.1 2.61 2.581 2.676 0.465 0.459 0.476 

   ACF 0.01 (M)   
0 4.16 4.172 4.387 0.741 0.742 0.781 

0.02 4.833 4.821 5.149 0.861 0.858 0.916 

0.04 5.089 4.983 5.285 0.906 0.887 0.941 

0.06 4.357 4.421 4.375 0.775 0.787 0.778 

0.08 2.194 2.262 2.461 0.391 0.402 0.438 

0.1 3.348 3.408 3.57 0.596 0.606 0.635 
           

   

 

IV. CONCLUSIONS 

 

From the overall study we may conclude that the static dielectric constant for aqueous valine increases with 

increasing valine concentration may be due to due to the formation of hydration shell around valine at all 

concentrations of ACF except at higher concentrations. During this process hydrogen bonding network will 

be affected by the presence of valine. Due to formation of hydration shell relaxation time for aqueous valine 

was found to be increasing with valine concentration over all the measured temperature that indicate more 

heterogeneous /non-cooperative environment for water molecules or we may say large stearic hindrance to 

the rotational motion of water molecules in the solvent rich and low temperature  region. From 298.15 K to 

278.15 K static dielectric constant seems to be increasing for all the used concentrations may be due to the 

formation of induced dipoles via hydration layer with the neighbouring or surrounding molecules as the 

molecules gained lower thermal energy and therefore amplitude of the random thermal motion is restricted. 

This gives perfect alignment (parallel or antiparallel) with the applied field so that dipoles are more closely 

aligned with each other; as a result the orientation polarization gets increased and so the static dielectric 

constant. 

The presence of aceclofenac in aqueous valine resulted in further decrease in the values of static dielectric 

constant and the variation was observed to be larger at higher ACF concentration. It is because of the 

molecular interaction between the methyl group (CH3) of the screened valine by the water molecules and the 

H from the O-H group of ACF through weak dipole-dipole interaction as a result hydrogen bonding network 

affected due to the presence of aceclofenac which resulted in lowering the values of static dielectric constant. 

At highest concentration all the possible hydrogen bonding sites are saturated and no site is available for 

bonding to be taking place; as a result there is no further change in the structural conformation which 

decrease the static dielectric constant  over the used concentrations and temperature. 

Increasing values of dielectric relaxation time with increasing valine concentration reveals non cooperative 

environment for the molecular or rotational motion for water molecules. This may be due to association 
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between water molecules that form hydration shell around valine that interacts with ACF through hydration 

shell or dipole-dipole induced interaction between valine and ACF through water. As a result rotational 

motion of water molecules gets restricted and observes only increased values of relaxation time. 

For aqueous valine and ACF induced valine, correlation factors are lower than 1 (due to the anti-parallel 

orientation of the dipoles) and increases further towards higher valine concentrations suggesting increased 

correlation between solute dipole via hydration shell except at higher concentrations of ACF. This may also 

be due to the fact that with increasing concentrations of both valine and aceclofenac; number of water 

molecules attached to both the solutes under different conformations will be reduced. At higher ACF the g 

values are very much less than unity is the clear indication of highly aligned antiparallel conformation. The g 

value was found to be increasing towards lower temperature which confirms the formation of weak 

interaction between ACF, valine and water through hydration shell. 

 

V. ACKNOWLEDGEMENTS 

 

Author AVS is thankful to School of Physical Sciences, S.R.T.M.University Nanded for providing 

instrumentation facility, the TDR and other infrastructural facilities related to this work. The author is also 

gratefully acknowledged to Dept. of Science and Technology (DST), New Delhi for providing (TDR) facility 

through project sanctioned to Dr. A.V.Sarode (SERB/F/4632/2013-2015) and Dr.A.C.Kumbharkhane 

(SB/S2/LOP-032/2013). I am thankful to Dr.T.M.Kalyankar, School of pharmacy ,Swami Ramanand Teerth 

Marathwada University Nanded for their valuable support. I am also highly thankful to my research 

colleagues Mrs. Komal B. Kabara, Mr.Ravikant R.Karale, Miss. Kamble Savita and  Mrs.Suad Alwaleedy for 

timely support during my work.  

 

VI. REFERENCES 

 

[1]. A.V. Sarode, A.C. Kumbharkhane and S.C. Mehrotra. Dynamics and interactions in aqueous 

polyvinylpyrrolidone (PVP K-30): an approach using dielectric relaxation spectroscopy (2018). 

[2]. A. Chaudhari, A.G. Shankarwar, B.R. Arbad and S.C. Mehrotra. Dielectric relaxation in glycine–water 

and glycine–ethanol–water solutions using time domain reflectometry. Journal of solution chemistry, 

33(3) (2004) 313-322. 

[3]. H.C. Chaudhari, A. Chaudhari, and S.C. Mehrotra. Dielectric study of aqueous solutions of alanine and 

phenylalanine. Journal of the Chinese Chemical Society, 52(1) (2005) 5-10. 

[4]. Sunil Kumar Pradhan, Smruti Prava Das, Ashok Kumar Sahoo, Monalisa Das and Ajaya Kumar Patnaik. 

Molecular interaction of non-steroid anti-inflammatory drug aceclophenac with leucine in dmso 

medium: an ultrasonic study. Int. J. Adv. Res. 5(6), 1534-1545. 

[5]. S.F. Koly, S.P. Kundu, S. Kabir, M.S. Amran and M. Sultan. Analysis of aceclofenac and bovine serum 

albumin interaction using fluorescence quenching method for predictive, preventive, and personalized 

medicine. EPMA Journal, 6(1) (2015)1-6. 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 355-368 
 

 

 

 

 

367 

[6]. R. Sathish, J. Anbu, A. ANJANA, K.N. AHAMED and G.S. RAO. Pharmacokinetic and 

pharmacodynamic interaction between aceclofenac and rosiglitazone in rats. metabolism, 13 (2012) 14. 

[7]. C. Jelsch, R.N. Devi, B.C. Noll, B. Guillot, I. Samuel and E. Aubert. Aceclofenac and interactions analysis 

in the crystal and COX protein active site. Journal of Molecular Structure, 1205(2020) 127600. 

[8]. R.W. Gora, S.J. Grabowski and J. Leszczynski. Dimers of formic acid, acetic acid, formamide and pyrrole-

2-carboxylic acid: an ab initio study. The Journal of Physical Chemistry A, 109(29) (2005) 6397-6405. 

[9]. G.R. Desiraju. Supramolecular synthons in crystal engineering—a new organic synthesis. Angewandte 

Chemie International Edition in English, 34(21) (1995) 2311-2327. 

[10]. S. Suresh, S. Gunasekaran and S. Srinivasan. Studies of the molecular geometry, vibrational spectra, 

Frontier molecular orbital, nonlinear optical and thermodynamics properties of Aceclofenac by quantum 

chemical calculations. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 125 

(2014) 239-251. 

[11]. B. Lee, and H. Jung. Enhanced bioavailability of poorly water-soluble aceclofenac using PEG-based solid 

dispersion in rats, beagle dogs and human subjects. In AAPS Annual Meeting, New Orleans, LA, USA. 

Pharm Sci Supplement (Vol. 1, No. 4 (1999) S614-614). 

[12]. T. Kim, J. Shin and B. Lee. Enhanced dissolution and bioavailability of poorly water-soluble aceclofenac 

using solid dispersion system. Denver, Colorado, USA: AAPS. In Annual Meeting (2001) 21-25. 

[13]. H.B. Samal, J. Debata, N.N. Kumar, S. Sneha, and P.K. Patra. 41. Solubility and Dissolution Improvement 

of Aceclofenac using-Cyclodextrin. International Journal of Drug Development and Research, 4(4) 

(2012) 0-0. 

[14]. A.C. Kumbharkhane, S.M. Puranik, and S.C. Mehrotra. Dielectric relaxation of tert-butyl alcohol–water 

mixtures using a time-domain technique. Journal of the Chemical Society, Faraday Transactions, 87(10) 

(1991) 1569-1573. 

[15]. M.T. Hosamani, N.H. Ayachit and D.K. Deshpande. Dielectric studies on some substituted indoles. 

Physics and Chemistry of Liquids, 46(3) (2008) 307-311. 

[16]. R.H. Cole, J.G. Berberian, S. Mashimo, G. Chryssikos, A. Burns and E. Tombari. Time domain reflection 

methods for dielectric measurements to 10 GHz. Journal of applied physics, 66(2) (1989) 793-802. 

[17]. E.P.H.R.A.I.M. Katchalski and I.Z. Steinberg. Proteins and synthetic polypeptides. Annual Review of 

Physical Chemistry, 12(1) (1961) 433-464. 

[18]. A.V. Sarode, and A.C. Kumbharkhane. Dielectric relaxation and thermodynamic properties of 

polyvinylpyrrolidone using time domain reflectometry. Polymer international, 61(4) (2012) 609-615. 

[19]. S. Havriliak and S. Negami. A complex plane representation of dielectric and mechanical relaxation 

processes in some polymers. Polymer, 8 (1967) 161-210. 

[20]. J. Knapik, Z. Wojnarowska, K. Grzybowska, L. Tajber, H. Mesallati, K.J. Paluch and M. Paluch. 

Molecular dynamics and physical stability of amorphous nimesulide drug and its binary drug–polymer 

systems. Molecular Pharmaceutics, 13(6) (2016) 1937-1946. 

[21]. N.K. Li, F.G. Quiroz, C.K. Hall, A. Chilkoti and Y.G. Yingling. Molecular description of the LCST 

behavior of an elastin-like polypeptide. Biomacromolecules, 15(10) (2014) 3522-3530. 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 355-368 
 

 

 

 

 

368 

[22]. M. Maurer and C. Oostenbrink. Water in protein hydration and ligand recognition. Journal of Molecular 

Recognition, 32(12) (2019) 2810. 

[23]. P. Bhavya, R. Melavanki, R. Kusanur, K. Sharma, V.T. Muttannavar and L.R. Naik. Effect of viscosity and 

dielectric constant variation on fractional fluorescence quenching analysis of coumarin dye in binary 

solvent mixtures. Luminescence, 33(5) (2018) 933-940. 

[24]. D. Ekka. Thermophysical studies on ionic liquids and amino acids in some liquid systems (Doctoral 

dissertation, University of North Bengal) 2014. 

[25]. T.Thenappan and A.P. Devaraj. Dielectric studies on binary polar mixtures of propanoic acid with esters. 

Journal of molecular liquids, 123(2-3) (2006) 72-79. 

[26]. T.M. Mohan, S.S. Sastry and V.R.K. Murthy. Thermodynamic, dielectric and conformational studies on 

hydrogen bonded binary mixtures of propan-1-ol with methyl benzoate and ethyl benzoate. Journal of 

solution chemistry, 40(1) (2011) 131-146. 

[27]. H.A. Chaube, V.A. Rana, P. Hudge and A.C, Kumbharkhane. Dielectric relaxation studies of binary 

mixture of diethylene glycol mono phenyl ether and methanol by Time Domain Reflectometry. Journal 

of Molecular Liquids, 211 (2015) 346-352. 

[28]. A. Luzar and J. Stefan. Dielectric behaviour of DMSO+water mixtures. A hydrogen-bonding model. 

Journal of molecular liquids, 46 (1990) 221-238. 

[29]. R.J. Sengwa. Microwave dielectric relaxation and molecular dynamics in binary mixtures of poly (vinyl 

pyrrolidone)–poly (ethylene glycol) s in non‐polar solvent. Polymer international, 52(9) (2003) 1462-

1467. 

[30]. V.V. Navarkhele. Static dielectric constant and excess properties of amino acids. Journal of Chemical and 

Pharmaceutical Research, 8(7) (2016) 930-935. 

[31]. M. Buback and W.D. Harder. The Static Dielectric Constant of Ammonia to High Pressures and 

Temperatures: II. Representation of Experimental Data via Kirkwood‐Fröhlich's Equation. Berichte der 

Bunsengesellschaft für physikalische Chemie, 81(6) (1977) 609-614. 

[32]. Rodríguez-Arteche, I. Cerveny, S. Alegría, Á. and J. Colmenero. Dielectric spectroscopy in the GHz 

region on fully hydrated zwitterionic amino acids. Physical Chemistry Chemical Physics, 14(32) 

(2012)11352-11362. 

[33]. D. Ekka, and M.N. Roy. Molecular interactions of α-amino acids insight into aqueous β-cyclodextrin 

systems. Amino Acids, 45(4) (2013) 755-777. 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

  

RACPS-2022  

Online National Conference on Recent Advances in Chemical and Physical Sciences 

In Association with International Journal of Scientific Research in Science and Technology 

Volume 9 | Issue 17 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com) 

 

 

 

 

 

 

  369 

Synthesis, Characterisation of Ni-beta Zeolite 
A.N.Kalyankar*1, S.S.Jadhav2, A.L.Choudhari3 

*1Department of Physics, Bahirji Smarak Mahavidyalaya,Basmath, Maharashtra, India 
2Department of Physics, D.S.M.College, Jintur, Maharashtra, India 

3Ex.Prof. School of Physical Sciences, S.R.T.M.University, Nanded, Maharashtra, India 

 
ABSTRACT 

The coal fly ash is produced on large scale in India by the thermal power stations. In this paper, the modified 

zeolite beta synthesized using fly ash is used for studying the dielectric properties. The zeolite is modified by ion 

exchange process so as to form Ni-beta type zeolite. The samples were tested for dielectric constant (’), dielectric 

loss (’’), electrical conductivity (ac). The dielectric properties depend upon the percentage of loading metal 

cations. This zeolite beta reported in this work helps to work as  a material for dielectric applications . 

Keywords: Coal fly ash, Zeolite beta, dielectric properties 

 

I. INTRODUCTION 

 

Zeolites are crystalline alumino silicates and they have many applications in industry which are well 

known. Synthesis of zeolites using coal burntcfly ash is a nice alternative to use this solid waste. As coal 

fly ash contains a large amount of silica and alumina, which is helpful in zeolite synthesis. Zeolites are 

synthesized by hydrothermal treatment in an alkaline solution [1]. Fly ash is a fine grained powder, 

which is mainly composed of spherical glassy particles, produced during the combustion of pulverized 

coal. Many researchers have been synthesized zeolite beta from solid waste [2]. Nowadays, a novel 

application of zeolite in electronics is necessary [3]. This paper reports the dielectric properties of zeolite 

Ni-beta synthesized from coal fly ash. 

1. Materials & Methods: 

The starting material fly ash was obtained from Parali thermal power station, Maharashtra (India). The 

fly ash zeolite beta synthesized using fly ash based on previous study [4] is used. The zeolite beta thus 

formed is ion exchanged with 1 M solution of NH4NO3 at 800C for 12 h. This process was repeated 

thrice so as to get proper ion exchange. The product was filtered, air dried at 600C for 24 hr and then 

calcined at 4500C so that the NH4-beta is decomposed into H- beta i.e.protonic form then the zeolite 

which when ion exchanged with 0.1M, 0.2M and 0.3M solution of nickel nitrate [Ni (NO3)2.nH2O], so as 

to obtain the Na (1- x) Nix beta zeolite where x = 0.1, 0.2, 0.3M. 

http://www.ijsrst.com/
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1.1.Characterisation: 

The physical properties of coal fly ash and synthesized products were measured as follows. The 

chemical composition fly ash was determined by using a X-ray Fluorescence Spectroscopy. The 

chemical composition was analyzed using X-ray fluorescence analysis equipment (Phillips PW -

2404).The sample phases were characterized by X-ray diffraction (XRD) using a (Philips PW 

3710) diffractometer with Cu- K radiation (1.5496Ǻ).  

2.2. Dielectric Measurement: 

The samples of Na-beta and Ni- beta zeolite were compressed to form pellet of 10 mm diameter 

and 1 mm thickness. The pellets were heated to 3000C to obtain a hard solid sintered material. 

The pellets were polished with silver paste for good electrical contact. The electrical conductivity 

was measured in the frequency range 20Hz–1MHz at room temperature 250C using LCR-meter 

(HP-4284A). 

2. Results and discussion: 

2.1.XRF 

Table1. Chemical composition of fly ash 

  

 

 

 

 

 

          

 

 

 The elemental composition analysis by XRF in Table 1 indicated that coal fly ash contained large 

quantities of silica and alumina which are the two main components in zeolite. The chemical analysis of 

the fly ash used as the starting material in this work showed it to be a high-silica ash with the mole ratio 

of SiO2: Al2O3 = 5.127: 1. 

2.2. XRD 

The X-ray diffraction pattern of fly ash based zeolite H– beta and its exchanged form Ni-beta is shown 

in fig.1. The d values are compared with the standard [5] . The powder X-ray diffraction(PXRD) pattern 

showed characteristic peaks of beta-type zeolite (Figure 1), indicating formation of microporous zeolite 

beta crystals.. The peaks at 2θ = 43.23° is representative peak of a NiO [6]. As can be seen in Figure 1, 

Oxides % wt Mol/100 g of fly ash 

SiO2 70.23% 1.169 

Al2O3 23.27% 0.228 

Fe2O3 4.38% 0.027 

MgO 1.26% 0.031 

Na2O 0.42 0.0067 

LOI 0.44% - 
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the intensity of peaks corresponding to H-beta zeolite decreased, whereas, the intensity of peaks 

corresponding to nickel  increased on increasing the nickel doping on H-beta zeolite. 

Figure 1. X-ray diffraction patterns of H-beta/Ni-beta zeolite. 
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The XRD for Ni-beta were found to be similar to that of original H-beta sample, indicating that there is 

no structural changes occur after ion exchange with nickel nitrate [7]. 

2.3. Dielectric Measurement: 

The variation of dielectric constant (’), dielectric loss (’’), ac conductivity () with log f for H -beta 

and Ni-beta zeolites are shown in figure 2, 3, and 4.In Figure 2, the permittivity (ε’) of zeolite H-beta 

was found to decrease with an increase in frequency. This characteristic gives the increase of the 

permittivity at low frequency. The low dielectric constant of zeolites (ε’) suggests, however, that such 

processes in the zeolite channels should involve concerted action rather than strong charge separation. 
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In fig.3 the variation of dielectric loss (’’) with frequency at room temperature is shown.  This dielectric 

loss is frequency dependent and also influenced by water content of the zeolite [8]. The loss is in lowest 

frequency region and has been frequently observed in zeolites is supposed to be due to a dc ionic 

conductivity loss and grain boundary effect [9-10]. 

In fig. 4 the variation of ac conductivity () with frequency at room temperature is shown. The 

conductivity increases with increase in frequency. The conductivity of zeolite  

H-beta is less than Ni -beta, as the conductivity depends on the cation size and the channels within the 

zeolites structure. 
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3. Conclusion: 

Zeolite beta is successfully synthesized from solid waste material fly ash and it shows no structural 

change after modification with cobalt. The zeolite beta and Ni-beta shows good response for dielectric 

applications. 
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ABSTRACT 

In the present investigation dielectric measurements have been carried out by making the use of TDR 

technique in the frequency span of 10 MHz-50 GHz at temperatures 00C, 50C, 100C, 150C, 200C and 

250C respectively at 11 volume fractions of 1-PENT in ETOH. Excess properties like excess permittivity 

and excess inverse relaxation time have been explored using the calculated values of dielectric constant 

and relaxation time which have been reported in our earlier study, “Dielectric relaxation study of 1-

Pentanol-Ethanol binary mixtures at 10 MHZ-50 GHz frequency range using TDR technique”. The 

values of Bruggemann factor (FB) are calculated at all different aforesaid temperatures and compositions 

by making the use of least square fit method. Apart from all of these measurements FTIR measurements 

also been performed to scrutinize the intermolecular interactions in the binary mixture of  liquids utilized 

for the present study. 

Keywords: Time Domain Reflectometry (TDR); 1-Pentanol; Ethanol; Excess properties; Functional 

groups; FTIR. 

*Corresponding author 

  Email address: shaikhyh@gmail.com.(Y.H.Shaikh) 

 

I. INTRODUCTION 

 

TDR is the authentic and dynamic approach for the study of structure of intermolecular interactions both 

in pure form and binary mixture of liquids, which allows the researchers in just one quantification for the 

broadband of frequencies [1, 2]. Dielectric measurements is a crucial tool for estimating intermolecular 

interactions which are due to dipole-dipole interactions which leads to succeeding molecular structural 

reposition in a binary mixture, and due to the existence of hydrogen bonds in the binary mixture the 

dielectric properties of the participating constituent liquids alters significantly [3-4]. Alcohols have 

allured much attentiveness amongst most of the researchers for the dielectric study due to its polarity, as 
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this polarity character individualize it from other no polar organic compounds this rationality polar 

character leads to association of alcohol molecules through the rather attraction of positive charge of 

hydrogen atom of one hydroxyl group with a correspondingly negative charge of oxygen atom of 

another hydroxyl group. Alcohols can be utilized in many ways, in chemical industries as solvents for 

oils, resins and antifreeze for explosive and in this way alcohol’s participation is noteworthy in 

chemistry and biology, not only that it can also be employed to realize the associative behavior with 

multitude of internal structures that relies on carbon chain length and position of O-H group [5, 6] 

An extensive analysis have been done to study dielectric properties of 1-alkanols with acrylate 

group [7].Recently our research group have given the qualitative data regarding the study of dielectric 

properties by making the use of medicinal compounds [8-9] .The workers studied the dielectric 

properties extensively[10]. The study revealed the increase in dipole moments and formation of dimmers 

in the binary mixture[11].The study has been carried out to study the dielectric properties of amines 

[12].The study yields an info in to the structural changes[13]. 

Fourier transform infrared spectroscopy (FTIR) is the dominant approach for the characterization 

of samples which are in solid, liquid and gas phase [14]. It is only the IR active molecules which absorbs 

the IR light if there is change in dipole moment during the course of vibrations [15] , and ethanol and 1-

pentanol are polar and IR active as both of them posses permanent dipole moment and hence yields 

absorbance spectra. Sivgurunathan et.al  

have studied the comparison between FTIR spectra of O-H and C=O regions between 1-alkanols and 

alkyl methacrylate [16].Conduction of study affirmed the ontic of NH2, CH and C=O stretches in 

formamide , and dimethyl  amino ethanol, both in pure form and in binary mixture [17]. 

The literature survey have shown that there is not too much work have been done yet for the dielectric 

study of 1-PENT-ETOH binary system and there is no FTIR study have been performed for the 

aforesaid system, so the  main goal of present investigation is to study intermolecular interactions via 

excess permittivity(εE), Bruggemann factor and dipolar rotations through excess inverse relaxation time 

and also with the aid of FTIR spectroscopy to study the existence of intermolecular hydrogen bonding in 

polar groups both in pure form and binary mixture of participating liquids. 

 

2. Experimental details 

 

2.1 Chemicals:- The chemicals utilized for the present investigation was obtained from EMD Millipore 

Corporation Germany grade having 99% purity so was used without further purification. 

2.2 Methodology- 

Dielectric study 

Samples were prepared by mixing the volume fractions of 1-Pentanol in ethanol in the range of 0% 

to 100% , and measurements were taken by placing the sample in electronically temperature controlled 

bath with an accuracy of ±0.1°C at temperatures 0 0C-25 0C. The Tektronix DSA8300 sampling main 

frame oscilloscope sampling with the dual-channel sampling module 80E10B has been used for time 

domain reflectometry. The sampling module is well equipped with12 ps incident and 15 ps reflected rise 

time pulse. The coaxial cable which has been utilized to feed pulse has 50 ohm impedance, inner diameter 
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of 0.28 mm and outer diameter of 1.19 mm. Sampling oscilloscope monitor changes in pulse after 

reflection from the end of line. Reflected pulse without sample R1 (t) and with sample Rx (t) was recorded 

in time window of 5 ns and digitized in 2000 points. The addition [q (t) = R1 (t) + Rx (t)] and subtraction 

[p (t) = R1 (t) – Rx (t)] of these pulses is done in oscilloscope memory. These subtracted and added pulses 

are transferred to PC for further analysis. The Fourier transformations of the pulse and data analysis were 

done to determine complex permittivity spectra ε*(ω) using non-linear least square fit method which 

have been reported in our earlier study [18]. 

2.3 FTIR measurements:- 

To study the FTIR spectra for 1-PENT and ETOH both in pure form and the binary mixture of the same 

bruker spectrometer have been utilized in the frequency span of 500-4000 cm-1 at room temperature. 

3 Results and discussion 

Excess permittivity 

The values of excess permittivity has been figured out using the equation [19] 

(ɛ0)
E= (ɛ0)m-[(ɛ0)EXE+(ɛ0)A(1-XE)]         (1) 

Where XE represents the volume fraction of an ethanol. Subscripts m, E and A represents Mixture, 

ethanol and solute 1-pentanol respectively. 

  

 

 Figure 1. Excess permittivity (ɛ0)E  vs. volume fraction of Ethanol at various temperatures 

The crucial data regarding the interactions amide the polar-polar binary liquid mixtures can be figured 

out by utilizing excess permittivity (εE) [20], which can be summarized as follows. 

(i) (ε)E=0 means no interactions among participating liquids 

(ii) (ε)E<0 designates interaction in such way as to lead reduction in effective dipole moments. 

(iii) (ε)E>0    interactions contributes to increase in dipole moments. 
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An alterations in the values of Excess properties are as shown in fig (1). the positive values of excess 

dielectric constant corroborates the formation of monomers contrarily the negative values formation of 

multimers designating the interaction of molecules in such a way that the effective dipoles gets reduced.  

The figure reflects all the values of excess permittivity negative at all temperatures and for all 

concentrations of 1-PENT in ETOH ,this can be attributed to the breaking of hydrogen bonds among 

solute and solvent molecules with subsequent emergence of multimeric structures ,which stipulates 

reduction in dipole moments due to alignment of adjacent dipoles in opposite directions. 

These results are in conformity with those obtained. by researchers [21] except at 0.70 mole fraction 

 Excess inverse relaxation time:- 

The excess inverse relaxation time was found out using the relation 

(
1

𝜏
)

𝐸

=    (
1

𝜏
)

𝑚
− [(

1

𝜏
)

𝐴
𝑋𝐴 + (

1

𝜏
)

𝐵
𝑋𝐵] (2) 

Where (
1

𝜏
)

𝐸

is the excess inverse relaxation time which represents the average broadening of dielectric 

spectra [22]. 

The significant data regarding the rotation of dipoles by using this property is as follows [23] 

 

(i) (1/τ)E=0 designates no solute-solvent interaction 

(ii) (1/τ)E<0 solute-solvent interactions in such way that dipoles rotates slowly 

under the effect of field of hindrance. 

                              (iii)    (1/τ)E>0 gives speedy rotation of dipole. 

 

Figure 2.Excess inverse Relaxation time (1/τ)E vs volume fraction of 1-Pentanol at various 

temperatures 

The fig. (2) depicts the calculated values of excess inverse relaxation time for all the concentrations of 1-

PENT in ETOH at temperatures 0 0C- 250C. The fig reflects all the values  positive at temperatures 50C-
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-250C for all  concentrations with conspicuous maxima at 60% of   (
1

𝜏
)

𝐸

 1-PENT at 250C, these positive 

values stipulates the solute –solvent interactions via hydrogen bonding in such a manner which leads to 

faster rotation of dipoles. The fig also shows the negative trend for (
1

𝜏
)

𝐸

values at temperature 0 0C which 

can be attributed to creation of field of hindrance which leads to slow rotation of dipole moments. These 

results are different from the results obtained for the same system [24]. 

 Bruggeman factor (FB) 

The Bruggeman factor  (FB) is an additional parameter which gives an informative approach 

towards intermolecular interactions and which is dependent on dielectric permittivities of solute, 

solvent,and their binary mixture can be expressed as[25] 

𝑓𝐵 = [
(∈0𝑚−∈02)

(∈01−∈02)
] (

∈01

∈0𝑚
)

1

3
= 1 − 𝑣      (3)         

Where ∈0𝑚 ,∈01 ,∈02  are the static dielectric constants corresponding to mixture solute and 

solvent respectively.V is the volume fraction of solvent(ethanol).from above equation linear relation is 

expected from plot FB versus volume fraction of ethanol, But in binary liquids, there is a nonlinear 

relationship. The nonlinearity of Bruggeman factor vs. volume fraction of solvent can be expressed by 

[26]. 

𝑓𝐵 = [
(∈0𝑚−∈02)

(∈01−∈02)
] (

∈01

∈0𝑚
)

1

3

= 1 − [𝑎 − (𝑎 − 1)𝑉]𝑉     (4) 

In this equation volume fraction (V) is changed by a factor‘𝑎 − (𝑎 − 1)𝑉’of the mixture which 

can be ascribed to the solutes molecular structural readjustment within the mixture[27] and molecular 

ideal behavior can be resolved by random constant ‘a’ where a=1 points out Ideal mixture with no 

additional interaction between two liquids and reduces to Bruggeman equation. ‘a’ has been found out 

by least square fit method. 

 
Figure 3.Nonlinearity of Bruggemann factor at various temperatures 
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The experimental values of ‘a’ are found to be 0.45,0.28,0.22,0.37,0.57,and 0.92,at temperatures 

25 0C , 20 0C, 15 0C, 10 0C, 5 0C,and 0 0C respectively. The nonlinearity of plot FB vs. volume fraction 

of 1-pentanol provides an evidence of intermolecular interactions through the hydrogen bonding among 

the hydroxyl groups of both the liquids and all obtained values of ‘a’ are less than unity designates 

reduction in effective volume of solvent than its actual volume [28].  

FTIR analysis:- 

FTIR is the significant approach which yields a precise data regarding the identification of functional 

groups at precise frequency and intermolecular Hydrogen bonding. The FTIR measurements were made 

for pure alcohols and their binary mixtures, and it is observed that the FTIR spectra shown in figure 4(a) 

and 4(b) for 1-Pentanol and ethanol in pure form is in conformity with spectra reported in literature for 

the same [29]. 

 

 
 

Figure 4. FTIR Spectra in  pure form (a)1-Pentanol (b) Ethanol 
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The absorbance bands at particular frequencies appeared for 1-PENT and ETOH and their binaries can 

be attributed to OH, C-H and, C-O bands which are in well agreement with literature values for the pure 

form of liquids. [30-31]. 

 

 Figure 5-FTIR absorbance peaks for the identification of functional groups  [a]CH   [b] OH  [c]  

CO 

The fig.5 (a) shows sharp bands for asymmetric stretch at 2928.59 and 2972 cm-1 and that for 

symmetric stretch at 2865.25, and 2881.58 cm-1   respectively for 1-PENT and ETOH, the upsurge in 

band frequencies can be ascribed to weak intermolecular interactions in the binaries [32].The bands for 

1-PENT are more intense than ETOH as it consist of more C-H groups in comparison with ETOH. Fig. 

5(b) exhibits broad bands at 3322.48 and 3325.58 

 cm-1  for 1-PENT and ETOH and there is a shifting of band frequencies for all concentrations of 1-

PENT in ETOH which stipulates the self associative character of 1-PENT [33].The electro negativity 

difference between C and O assigns a polarity character to C-O bonds which in turn assign the large 

dipole moment, and due to change in dipole moment during 

 

bond vibrations the peaks are more intense for primary alcohols and their mixture. The C-O stretch for 1-

PENT and ETOH which is shown in fig. 5(c) is at 1049 and 1044 and 1044 cm-1 and there is a decline in 

C-O stretch frequency from 40% of 1-Pentanol to ethanol in pure form. This shift in frequency is the 
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sign of disruption of dipole-dipole interactions among the similar species followed by dipole-dipole 

interactions among unlike species. The table (1) reflects all the wave numbers assigned to the functional 

groups of liquids utilized before mixing and after mixing. 

Table 1-FTIR data for functional group wave numbers. 

Volume 

fraction of 

1-Pentanol 

Functional groups wave numbers (cm-1) 

CH OH C-O 

0.0 2928.59 3325.58 1044.00 

0.1 2970.22 3323.44 1045.73 

0.2 2971.02 3322.29 1046.38 

0.3 2970.29 3325.35 1046.69 

0.4 2964.50 3325.65 1047.25 

0.5 2959.90 3327.31 1047.83 

0.6 2959.91 3324.83 1048.10 

0.7 2957.98 3325.79 1049.95 

0.8 2957.52 3324.91 1051.09 

0.9 2957.19 3325.74 1052.02 

10 2972 3322.48 1049.00 

  

4. Conclusion: 

  The positive value of excess permittivity indicates the formation of monomers while the negative value 

points out the formation of multimeric structures in the binary mixture. 

      The trend of  positive excess inverse relaxation time values suggest the slow rotation of    dipoles on 

one hand,  negative trend of this values leads to the slow rotation of the same. nonlinear plot of (FB) 

versus volume fraction of solute in solvent reflects the existence of intermolecular  interactions in the 

mixture and the values of ‘a’ are found out at all the temperatures ,all are found to deviate from the 

ideality a=1.  The wave number shifting for Absorbance peaks of functional groups CH ,OH ,and C-O 

have been studied for the binary mixture of 1-pentanol in ethanol for all concentrations at room 

temperature which stipulates there is weak molecular interactions according to the shifting of peaks 

wave numbers to higher side ,and the spectra’s  and the wave numbers of peaks reported for the systems 

in pure form are in well conformity with that reported in literature.  
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ABSTRACT 

The major components of CFA are silicon dioxide (SiO2) and Aluminium trioxide (Al2O3), which are 

the essential reagents in the synthesis of zeolites. Synthetic zeolites obtained by reprocessing of  CFA 

have huge potential as a cost-effective, environmentally-friendly solution that can improve the efficiency 

of these materials as efficient heterogeneous catalysts, mainly as solid acids, as adsorbents, as molecular 

sieves in gas separation and purification and in purification of contaminated waste water. The low price 

and the additional ecological benefit of the production of zeolites from wastes increased their popularity 

and inspired growing interest among zeolite.   

This paper presents zeolite synthesis from  Coal fly ash (CFA). The Coal fly ash was activated by using 

NaOH solution prior to fusing process with a weight ratio of 1:2,1:3 and mixing with distilled water at a 

weight ratio of 1:5. Thereafter, the addition of alumina with a concentration of 0.75 %, 1.82 %, 2.19 %, 

and 3.2 % was performed. The effects of heating and ultrasound radiation on the characteristic of zeolite 

products were investigated. SEM images demonstrated that the presence of ultrasound wave resulted in 

crystals structure morphology as also supported by XRD characterization.  

  Keywords : CFA, Ultrasonic treatment, IR,SEM, XRD, Na-A and Na-X Zelites 

I. INTRODUCTION 

 

Coal fly ash (CFA) is the major residue from coal and biomass combustion and is mainly composed of fine-

grained particles of SiO2 and Al2O3. In 2015, more than 1billion tons of CFA was produced worldwide1. The 

amount of CFA produced grows continuously, making the disposal and handling of CFA an important issue 

that strongly impacts various aspects of our daily life, especially the environment Therefore, it is important to 

develop techniques for the utilization of CFA and several have been proposed in this category. CFA has been 

used for soil remediation 2,3embankments or building as adsorbent for waste and contaminant handling, gas 

separation and capture and mineral recovery as catalyst or catalyst support etc. Furthermore, it is of more 

http://www.ijsrst.com/
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economic significance to develop eco-friendly techniques that convert CFA to value-added products. CFA 

utilization as raw material for production of cement and glass has also been reported.  

       Most of zeolites are periodic framework compounds of aluminium silicates formed by interconnected 

SiO4and AlO4 tetrahedrons. CFA is mainly composed of particles of SiO2and Al2O3at micrometer dimension 

with a weight percentage up to 85 and can principally be used as the precursor of Si and Al for zeolite 

synthesis. However, SiO2and Al2O3are in the form of their most stable minerals in CFA, such as mullite and 

quartz. They must be chemically converted to reactive precursors by reactions with concentrated NaOH 

solution or calcination with solid NaOH or KOH at high temperature and the process is not energy efficient4,5. 

Following the first synthesis of zeolite with CFA by Holler & Wrisching, the reported procedures for zeolite 

synthesis are all through hydrothermal crystallization using raw or NaOH or KOH calcinated CFA. 

Alternative energy sources, such as ultrasonic and microwave radiation, are proposed for the hydrothermal 

synthesis to lower the cost for zeolite synthesis with CFA6,7,8, though they are less meaningful for industrial 

mass production. Apart from these, it would be more interesting to replace the expensive NaOH and KOH 

used for the calcination and activation with low-cost alkalis, such as Na2CO3. However, due to the low 

alkalinity of Na2CO3and the sluggish reactions at interface, higher calcination temperature will be required 

unless the process is intensified with other procedures9-12. As the size of Al2O3and SiO2particles is of 

micrometer dimension, their reactions will ,in principle, be greatly promoted by close contacts with Na2CO3 

or NaOH. In this work, we used tablet compression to intensify the calcination of CFA with Na2CO3. We also 

showed phase-pure Na-A can be synthesized with calcinated CFA in low alkalinity solution under low 

temperature, while phase-pure Na-X can be synthesized in the same way but with the introduction of silica 

sol13,14. The effects of varying Na2CO3/CFA ratio and reaction temperature were also investigated and the 

optimum conditions for the synthesis of Na-A and Na-X were determined 

2. Experimental 

2.1. Material and methods 

CFA was obtained from Hydrothermal Power Station Chandrapur Maharashtra. Chemical composition of the 

CFA sample was analysed with X-ray fluorescence (XRF) and the results are summarized in table 1. The X-ray 

diffraction (XRD) was used to determine the crystalline phase in CFA and the morphology was determined 

with a scanning electron microscope (SEM). As shown in figure 1, CFA sample is mainly composed of 

microspheres of quartz and mullite. The measured Si/Al molar ratio of 1.67 in the sample is suitable for the 

synthesis of Na-A zeolite. As the synthesis of Na-X zeolite requires higher Si/Al molar ratio, silica sol was 

introduced as additional Si source and sodium hydroxide was also added. 

 

 

2.2. Synthesis of zeolite Na-A and zeolite Na-X 

Synthesis of Na-A zeolite was done by a two-step process. First, a tablet compression machine was used to 

treat the mechanically mixed CFA and Na2CO3. The resulting mixture was calcinated at 800°C for 3 h and 

then cooled to room temperature. According to the XRD patterns of the CFA sample before and after 

calcination (figure 1), the mullite and quartz phases in CFA disappear and are converted into sodium 
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aluminum silicate (NaAlSiO4) and sodium silicate (Na2SiO3) after calcination at 800°C. It is hard to get phase-

pure zeolite Na-A through the hydrothermal process if the mixture of CFA and 

 

 
2θ (°) 

Figure 1. (a) XRD patterns of the raw CFA sample (b). The SEM image of raw CFA 

 

                          Table 1.The chemical composition of coal fly ash. 

 

component  Al2O3      Fe2O3 SiO2  CaO      TiO2 P2O5  SO3      ZrO2  SrO     MgO 

 

content(%) 45.48       44.86 2.73 2.69 2.19 0.45 0.35 0.30 0.25 0.22 

 

                  

 

Na2CO3 has not been tablet-compressed. The calcinated mixture was mixed with different quantity of 

deionizer water at room temperature for 1 h under magnetic stirring, and then further heated to different 

temperatures and subjected to hydrothermal crystallization for a period of time. After that, the reaction 

mixtures were annealed to room temperature, filtered, washed with demonized water and then the solid 

residues were dried at 90°C for 20 h before further measurement and characterization. The addition of silica 

sol and sodium hydroxide to the mixture before stirring is needed to get phase-pure zeolite Na-X. 

3. Hydrothermal synthesis of zeolite Na-A from coal fly ash 

The impacts of Na2CO3/CFA mass ratio and crystallization temperature on the crystallinity of the resulting 

zeolite synthesized from calcinated CFA powder were investigated. Controlled experiments were carried out, 

with Na2CO3/CFA mass ratio of 0.5, 0.7, 0.9, 1.2, 1.5,calcinated at 800°C for 2 h and hydrothermally treated 
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at100°C for 6 h, to investigate the influence of alkalinity on the formation of zeolite. Figure 2 shows the XRD 

patterns of products obtained at different Na2CO3/CFA mass ratios. According to the XRD pattern of 

calcinated Na2CO3/CFA mixture (figure 1),the product is mainly unconverted NaAlSiO4formed during 

calcination with the lowest Na2CO3/CFA mass ratio of 0.8. The XRD patterns of the samples obtained after 

crystallization at different temperatures for8 h are shown in figure-3. The characteristic XRD peaks of Na-A 

zeolite appear even after crystallization at 

 
Figure3.The crystallization temperature on the structure of the products (Na-A) 

60°C. However, these peaks are broad and short, showing the low crystalline and purity of the product(figure 

3a). The XRD peaks are narrowed and sharp from 60°C to100°C (figure 3a–c), showing that in this 

temperature range, rising temperature would promote the crystallization of Na-A and there is a positive 

correlation between the crystalline of the zeolite product and the crystallization temperature. According to 

the XRD pattern, phase-pure Na-A can be obtained from60°C to 100°C. As zeolite Na-A is thermodynamically 

less stable than sodalite (SOD) in the current reaction mixture, we noted the SOD phase from 120°C to 

150°C(figure 3c–e). This is because higher temperature will promote the conversion of metastable zeolite into 

a more thermodynamically stable phase [30]. Thus, to obtain pure-phase Na-A zeolite from CFA and to lower 

the energy consumption for the synthesis, the crystallization temperature should be controlled in the range 

80–100°C. 

3.1. Hydrothermal synthesis of zeolite Na-X from coal fly ash 

As aforementioned, the Si/Al ratio in the CFA sample used eventually satisfied the requirement for the 

synthesis of Na-A zeolite. It would be more interesting if other zeolites of industrial significance can be 

synthesized by altering the Si/Al ratio. We then investigated the potential synthesis of Na-X from the same 

CFA sample by changing the composition of calcinated Na2CO3/CFA mixture with silica sol and using NaOH 

to keep the Na/Si ratio to satisfy the requirements for Na-X crystallization. In the controlled experiments, 
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silica sol and NaOH were added to the calcinated Na2CO3/CFA mixture to keep the Na2O/SiO2and 

H2O/Na2O constant as 2.2 and 40, respectively.  

The characteristic XRD peaks of zeolite Na-A disappear and new peaks associated with zeolite Na-X appear 

when the SiO2/Al2O3molar ratio reaches 3 (figure 4b). With the increase ofSiO2/Al2O3 molar ratio, the peaks 

of Na-X get intensified and sharpened and those of Na-A disappear completely (figure 4c–e). This is in 

excellent agreement with previous reports [30]. These findings prove that the SiO2/Al2O3molar ratio is a key 

parameter to obtain phase-pure zeolite Na-X.  

 
Figure 4.The impact of SiO2/Al2O3 molar ratio on the structure of the hydrothermal reaction products at 

100°C for 8 h 

 

In controlled experiments, the Na2O/SiO2and H2O/Na2O were kept constant as 2.2 and 40, respectively. The 

crystallization temperature was 100°C and the duration for crystallization was 8 h. The XRD patterns of the 

products after hydrothermal crystallization are shown in figure 5. When only tablet-compressed calcinated 

CFA was used as reactant (fig 5a), there are only quartz and mullite in the product, showing that Na2CO3is 

required to convert quartz and mullite into precursors for zeolites. When the Na2CO3/CFA ratio is increased 

to 1, phase-pure Na-X zeolite was obtained, as indicated by the sharp characteristic XRD peaks of Na-X in 

figure 5b. When the Na2CO3/CFA ratio is increased further, the characteristic peaks of Na-A appear on the 

XRD patterns of the products (figure 5c,d). This shows that a mixture of Na-A and Na-X will be obtained at 

Na2CO3/CFA ratio larger than 1. According to the chemical composition of the CFA (table 1) and the 

mentioned experiments, we concluded that phase-pure zeolite Na-A can be synthesized with CFA at reactant 

molar ratio, hydrothermal reaction temperature and reaction time of 1.3Na2O: 0.6Al2O3: 1SiO2: 38H2O at 

80°Cfor 6 h, respectively, while phase-pure zeolite Na-X can be synthesized at 2.2Na2O: 0.2Al2O3: 

1SiO2:88H2O at 100°C for 8 h, respectively. With these set-ups, the yields of Na-A and Na-X are 

approximately68% and approximately 62%, respectively. The relatively low yield of Na-X is due to the 

introduction of silica sol to get phase-pure Na-X.  
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3.2. Characterization of zeolite Na-A and Na-X 

 

We then characterized the chemical composition of synthesized Na-A and Na-X samples with XRF. The 

result of XRF on Na-A sample indicates that it contains44.64% SiO2, 37.29% Al2O3, 18.22% Na2O, 

3.80%CaO, 3.36% Fe2O3, 3.06% TiO2, 0.55% MgO and 0.41% K2O and the corresponding Si/Al molar ratio 

is 

1.48 and is typical for commercial Na-A, while that for the Na-X sample is 5.12. The high Si/Al molar ratio of 

Na-X is due to the introduction of silica sol to get phase-pure Na-X. FT-IR spectroscopy was used to confirm 

the structure of synthesized Na-A and Na-X samples.  

          

 
Figure 6.FT-IR spectra of Na-A (a)and Na-X(b) zeolites synthesized from calcinated CFA. 

 

The band at 463 cm−1was ascribed to the internal vibration of T-O bending. Moreover, the bands observed 

at1656 and 3449 cm−1correspond to the presence of H2O and hydroxyls, respectively. The observed FT-IR 

bands of Na-A samples are in good agreement with those reported in previous works, which further proves 

the successful synthesis of Na-A from CFA [30,31].We also examined the FT-IR spectrum of the synthesized 

zeolite Na-X sample. As shown in figure 6b,Na-X zeolite has FT-IR bands at wave numbers of 459, 561, 669, 

747, 982, 1646 and 3451 cm−1.Abroadband at 3451cm−1and the sharp peak at 1646 cm−1can be assigned to 

the structural hydroxyl groups and bending mode of physically adsorbed water, respectively. The peak at 561 

cm−1can be attributed to the vibration of distorted double five-member ring in the high silica furrieries 

framework . 

4. Conclusion 

We showed that tablet compression can enhance the contact with Na2CO3 for the activation of CFA through 

calcination for the synthesis of zeolites Na-A and Na-X under mild conditions. We optimized the control 

variables for zeolite synthesis and showed that phase-pure zeolite Na-A can be synthesized with CTA at 
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reactant molar ratio, hydrothermal reaction temperature and reaction time of 1.3Na2O: 0.6Al2O3:1SiO2: 

38H2O at 80°C for 6 h, respectively, while phase-pure zeolite Na-X can be synthesized at 2.2Na2O: 0.2Al2O3: 

1SiO2: 88H2O at 100°C for 8 h, respectively. 

               
              Figure 8.SEM images of synthesized Na-A (a) and Na-X(b) zeolites obtained from      

 calcinated CFA. 

 

Further SEM, BET, FT-IR characterization confirmed that the Na-A and Na-X synthesized under optimized 

conditions would exhibit properties the same as phase-pure Na-A and Na-X. In this sense, the zeolites 

synthesized can principally be used as adsorbents for gas separation, wastewater treatment and soil 

remediation, as heterogeneous Lewis/Bronsted acid catalysts for the conversion of chemicals, as support 

materials for stabilization and dispersion of catalytic reaction centers, as cation-exchange materials for 

resource recovery and in other industrial applications where Na-A and Na-X play a role. Furthermore, the 

developed protocols for the synthesis of Na-A and Na-X from CFA are simple and cost- and energy effective, 

so they can be adapted for mass production of zeolites in chemical plants. Related works are now being 

carried out in our laboratory. 
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ABSTRACT 

Thiazoles constitute animportant heterocyclic compound possessing numerous biological activities, such as 

antibacterial, antifungal, anti-inflammatory, antitumor, anti-tubercular, antidiabetic, antiviral, and antioxidant potential. 

Substituents on the specific site of thiazole ring affect the biological activities; consequently,investigators have 

synthesized compounds having thiazole ring with flexible substituents as target structures, and appraised their 

biological activities. The present review discusses synthesis and biological importance of newly developed thiazole 

derivatives.  

 

Keywords : Biological activity synthesis thiazole  

 

I. INTRODUCTION 

 

Antimicrobial activity of thiazole derivatives has been comprehensively studied by numerous researchers. [1-2] 

Thiazole containing heterocyclic compounds possess a diverse range of biological activities including anti-

inflammatory activity. [3-4] The thiazole nucleus is a part of the vitamin B (thiamine). Thiazoles are used to obtain free 

carbene particles and complexed with transition metals, while their salts are used as catalysts in the reaction of Stetter 

and benzoin condensation. [5,6] Thiazoles occupy potent biological applications, described by Hantzsch and Weber for 

the first time in 1887.[7] It showed similar chemical and physical properties to pyridine and pyrimidine, although some 

of their derivatives behave similarly to the thiophene and furan. The molecular electrostatic potential points out that 

nitrogen is the most negative atom as compared to carbon and sulfur, which are neutral.[8] Thiazole and related 
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heterocycles are one of the supreme significant potential things in the mainly increasing chemical world of compounds 

having thiazoles showing notable pharmacological actions. Current review highlights the preparation and biological 

activities of materials having thiazole moiety.[9] 

 

 
Figure 1: Several bioactive thiazoles 1-2 

Cancer is one of the major causes of death worldwide. Several materials have been prepared for cancer therapy. 

Thiazoles are an adaptable heterocycle present inseveral drugs in the treatment of cancer.[10] 

Synthesis of thiazoles:  

Thiazole (6) itself can be obtained by condensing α-chloroacetaldehyde (3) and thioformamide (4) in excellent yield 

(Scheme 1).[11, 12] 

 

Scheme 1: Condensation of α- chloroacetaldehyde3 with thioformamide4. 

 

The reaction of a thioamide 8 with α-halocarbonyl 7 compounds has been used extensively, and several thiazoles 9 with 

alkyl, aryl, arylalkyl or heteroaryl functional groups at 2-, 4- or 5-positions have been reported (Scheme 2).[11, 12] 
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Scheme 2: Reaction of a thioamide 8 with α-halo carbonyl compounds 7. 

 

The cyclization of 2-bromo-1-phenylethan-1-one 10 with benzene-1,4-bis(carbothioamide) 11 gives rise to 1,4-bis(4-

phenylthiazol-2-yl)benzene 12 in excellent yield (Scheme 3).[13] 

 

Scheme 3: Synthesis of bisthiazole12. 

 

 

The most efficient method for the synthesis of thiazoles involves the condensation of equimolar parts of thiourea 14 and 

α-haloketones or α-haloaldehydes 13 to yield the corresponding 2-aminothiazoles 15 with no by-products (Scheme 

4).[14] 

 

Scheme 4: Synthesis of 2-aminothiazole 15. 
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Biological activities 

Many organic compounds with biological activity contain thiazole fragments as a part of their structure. 

Thiazoles are found in numerous natural products such as the secondary metabolites in marine 

organisms. The biological activities of these compounds have been evaluated and studied as leading 

structures to manufacture new drugs. Thiazoles are of great importance in pharmacology for their 

presence in most therapeutic agents. The biological activity of compoundscontaining thiazole is very 

popular in terms of antineoplastic 16, antibiotic 17, anti-inflammatory agents 18, antiulcer 19, 

antimicrobial 20, antifungal drugs 21 and many more. [15,16 ,17] 

 

Figure 2: Several bioactive thiazoles 16-21 

Most biologically active thiazole-containing compounds have substitutions at positions 2 and 4 or one of them. It was 

found that these substituents give rise to the compounds of different biological properties depending upon nature of 

substitutes present on them.[17] 

1) Antitumor activity 

Marini et al. studied the effect of thiazoles implication on inactive compounds such as transplatin22. [18]  
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Zaharia et al. synthesized several bis-thiazoles derivatives and studied their biological activity against the most common 

types of cancers, prostate and liver cancer (hepatocellular carcinoma). It was found that compounds 23-25 exhibited 

remarkable activity against previously mentioned types of cancers.[19] 

 

2) Antibacterial activity 

Compound 26, which contain a benzenesulfonamide fragment, was prepared for biological purposes and tested against 

Gram-positive/negative bacteria. This compound was found to have potent properties against Gram-positive bacteria 

such as Staphylococci, Streptococci, and Bacillus. The hybrid compounds of two molecules known for their biological 

activity.[17] 

 

CONCLUSION 

In conclusion, the present review indicates the synthetic and biodynamic potential of thiazoles as attractive entities in 

medicinal chemistry. The widespread biological activities of these heterocyclics have intrigued them in terms of 

antimicrobial, anticancer, antitubercular etc. activities.   
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ABSTRACT 

Nickel ferrite nanoparticles were synthesized by sol-gel auto combustion method using mixed fuel approach 

(citric acid and ethylene glycol) as a fuel. The metal nitrate to fuel ratio was taken as (1:3). The as synthesized 

powder of nickel ferrite nanoparticles is annealed at 650 ˚C for 6 h and prepared sample was used for 

characterization and investigations of structural and electrical properties. The structural characterization of 

nickel ferrite nanoparticles were done by X-ray diffraction technique. The average crystallite size obtained by 

Scherrer’s formula is of the order of 18 nm. The lattice constant determined from XRD data is in the reported 

range 8.3783 Å. The porosity estimated from X- ray density and bulk density shows large value of the order of 

48%. The DC electrical resistivity was investigated from room temperature to 850 K using two probe 

techniques. DC electrical resistivity behaviour of nickel ferrite nanoparticles suggests that the sample is 

semiconducting in nature. 

Keywords: Nickel ferrites, Sol-gel auto-combustion, XRD, Citric acid and ethylene glycol 

 

I. INTRODUCTION 

 

Ferrites are ferrimagnetic oxides of interest to the scientist and technologist as they exhibit several 

applications viz. high density storage, telecommunications, magnetic fluid, drug delivery, sensors, catalytic. 

On the basis of crystal structure ferrites are grouped into three classes namely garnet, spinel and hexagonal 

ferrite. The spinel ferrites are widely studied because of their superior properties such as structural, magnetic, 

electrical and catalytic properties, all of which are different from those of their bulk counterparts and 

applications point of view in various and new fields like magnetic drug delivery, catalyst, sensors, biological, 

biomedical and medical science [1-4]. The spinel ferrite has the general formula of M-Fe2O4 where M is a 

divalent metal ion (Mn, Co, Ni, and Zn etc). Among spinel ferrites, nickel ferrite (NiFe2O4) has an inverse 

spinel structure and promising magnetic material for high-density recording applications because of their 

high magneto crystalline anisotropy, high coercivity, moderate saturation magnetization and high chemical 

and structural stability at higher temperatures, which make it a good candidate for the electronic 

components used in computers, recording devices, and magnetic cards [5- 9].The properties of nanoparticles 
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mostly depend on synthesis method therefore nowadays different synthesis methods are being used for 

synthesis nanomaterials. Nickel ferrite nanoparticles have been synthesized using various methods, such as 

co-precipitation method, hydrothermal method, micro emulsion method, sol-gel method, sonochemical 

reaction method, ball milling, laser ablation and aerosol method [10-14]. Among synthesis methods, sol-gel 

auto combustion method has been used for synthesis of nickel ferrite nanoparticles. Auto-combustion 

synthesis process is based upon the thermo-chemical concept used in the field of propellants and explosives, 

its extrapolation to the combustion synthesis of nano-oxides. A various fuels have been used in the 

combustion synthesis of ferrite nonmaterial, like glycine, urea, oxalyl-hydrazine, citric acid, and sucrose. All 

these fuels serve two purposes :(i) they are the source of C and H, the reducing elements, which from CO2 

and H2O on combustion and librates heat (ii) they form complexes with the metal ions facilitating 

homogeneous mixing of the cations in solution. The exothermicity of the redox reaction ranges from 1200 K 

to 1800 K. The nature of combustion differs from flaming to non-flaming depending upon which fuel used 

for preparation of nano-material. In the present work new approach has been used to prepare nickel ferrite 

nanoparticles using mixed fuel (citric acid and ethylene glycol). To date very less work have been reported 

using mixture of citric acid and ethylene glycol. The present research reports deals with the synthesize nickel 

ferrite  nanoparticles by sol-gel auto combustion method using mixture of citric acid and ethylene glycol as 

fuel and to investigate the structural and magnetic properties of nickel ferrite nanoparticles. In the literature, 

structural and magnetic properties of nickel ferrite nanoparticles are reported, but no systematic 

investigation of their electrical behaviour is reported. The electrical properties of spinel ferrite nanoparticles 

are important from the point of view of its use in transformer cores, humidity and gas sensor devices. 

 2. Experimental Detail 

   The NiFe2O4 nanoparticles were synthesized by sol-gel auto-combustion method using citric acid + 

ethylene glycol as a fuel. The metal nitrates to fuel ratio was taken as 1: (1:3) or (metal nitrate: (citric acid: 

ethylene glycol). All the reagents used for the synthesis of nickel ferrite nanoparticles were analytical grade 

and used as received without further purification. The stoichiometric proportion of nickel nitrate Ni(NO3)2 

6H2O, ferric nitrate Fe(NO3)3 9H2O , citric acid C6H8O7.H2O and ethylene glycol C2H6O12 were separately 

dissolved in minimum complete dissolution of metal nitrates in distilled water amount of distilled 

water using magnetic stirrer. After complete dissolution of metal nitrates in distilled water then nickel 

nitrate and ferric nitrate solution were mixed and stirred sometime with constant heating at 90 ˚C. After 

some stirring mixed citric acid + ethylene glycol solution was added to the nitrates solution. The all solution 

was again stirred for about 6 h at 90o C on a hot plate with continuous stirring until it becomes viscous and 

finally formed a very viscous gel. The temperature is further raised up to 120°C so that the ignition of the gel 

suddenly starts. The dried gel was subsequently swelling into foam like and undergoes a strong self-

propagating combustion reaction to give a lose nickel ferrite nano-powder. Finally the as prepared lose 

nickel ferrite powder was grinded for 30 min and annealed at 650 ˚C temperature for 6 h in muffle furnace 

to improve the ordering and for further characterization. The crystalline phase of the prepared nickel ferrite 

sample was identified by X-ray diffraction technique using XPERT-PRO system. X-ray powder diffractions 

were performed at room temperature using monochromatic Cu-K𝛼 radiation with λ=1.54060 Å operated at 
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40 kV and 35 mA with 2 ranging from 20˚ to 80˚ at a step size 0.02o per second. DC electrical resistivity 

was measured by two probe method. A small constant voltage was applied across the sample and the current 

through the sample was measured with respect to temperature. Temperature of the sample in the form of 

pellet was measured with chromel- alumel thermocouple. 

  3. Results and discussion 

  Structural Properties 

      Fig. 1 shows the XRD pattern of the annealed nickel ferrite nanoparticles. The diffraction peaks observed 

at    30.32°,    35.65°,    43.33°,    53.67°,    57.24°,    62.80o corresponding to the (220), (311), (400), (422), (511) 

and (440) planes, respectively. In this XRD pattern other oxides or impurity phases are not detected therefore 

XRD patterns confirm the formation of cubic spinel type lattice of NiFe2O4, which matches well with the 

standard XRD pattern (JCPDS No: 22-1087). The lattice constant (a) of nickel ferrite samples was obtained 

from the following equation. 

                                                 a =𝑑√ℎ2 + 𝑘2 + 𝑙2                                                                                   (1) 

where, (h k l) are the Miller Indices, d is inter planner spacing. Thus, lattice constant was computed using the 

d value and the (h k l) parameters. 

 The crystallite size (t) has been calculated from FWHM (full width at half maximum) of most intense peak 

(311) data using Debye-Scherrer’s equation [15]. 

                                                     t =  
k

β cos θ
                                                                                       (2) 

where, t is the crystallite size, λ is the wavelength of Cu-K𝛼 (1.5405 Å), 𝛽 is the full width at half maxima of 

the most intense diffraction peaks and θ is the Bragg’s angle. The reflection from (311) plane was used for 

determination of average crystallite size. 

The volume (V) of the unit cell calculated by using the following equation; 

                                                   V = a3                                                                        (3) 

where, V is the volume of unit cell, ‘a’ is the lattice constant. The X-ray density ( b) of the sample was 

calculated using the relation given by Smit and Wijn following formula [16]. 

                                     dx =
8M

    NAa3                                                                                       (4) 

Where, M   is   the   molecular   weight   and   NA is   the Avogadro’s number and ‘a’ is the lattice 

parameter. As there are 8 molecules in the unit cell, so 8 is included in the formula. 

The bulk density ( m) of nickel ferrite sample was determined using standard formula. 

                                         d
B  =  

M

πr2t  

                                                                                 (5) 

Where m is mass of pellets, r is the radius of pellets and t is thickness of pellet. Porosity (P %) of the 

NiFe2O4 sample was calculated from X-ray density and bulk density. 

                            P   = ( 1 – ρ𝑚/ρb ) x 100 %                                               (6) 
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Where, ρb is the X-ray density and ρm is the bulk density. The structural parameters such as lattice constant, 

unit cell volume, X-ray density, bulk density, porosity and specific surface area of nickel ferrite nano 

particles are given in Table 1. From table 1, it was understood that the  calculated values of lattice 

constant of nickel ferrite nanoparticles is 8.378 Ao which agree with the reported values [17].The 

crystallite size of the nickel ferrite nanoparticles is 16 nm. Small crystallite size is due to using mixed. The 

X-ray density is found to be of the order of 5.301gm/cm3. The bulk density of nickel ferrite nano particles 

was measured from the standard formula [18]. 

Tabel.1. Lattice constant, volume of unit cell, X-ray density, bulk density, porosity and crystallite size from 

XRD data. 

             Structural Parameters Values 

Lattice constant  (a) 8.377 Ao 

Volume of unit cell (V) 588.0 Ao3 

X-Ray density ( x) 5.301 g/cm3 

Bulk density ( b ) 2.750 g/cm3 

Porosity (p) 48.14 % 

Crystallite Size( t ) 18.00 nm 

 

The value of bulk density is of the order of 2.749 gm/cm3. It was observed that X-ray density of sample is 

greater than its bulk density. This was due to the pores present in the prepared materials. The percentage 

porosity (% P) was calculated from X-ray density and bulk density values. The porosity of nickel ferrite 

nanoparticles is of the order of 48.14%, which is quite greater than that of bulk NiFe2O4. The increase in 

porosity is due to preparation condition [19]. All the structural data of prepared nickel ferrite nanoparticles is 

in the reported range. 

Electrical Properties 

The electrical behaviour of nickel ferrite nano particles was studied by measuring dc resistivity as a function 

of temperature using two probe techniques. Temperature variation of dc resistivity is shown in Fig. 2 It is 

evident from Fig. 2 that the plot of log ρ versus 1000/T exhibit the similar nature to that of bulk nickel 

ferrite. It can be further observed from Fig. 2 that resistivity decreases with increases in  temperature 

indicating the semiconducting nature of the samples and obeys the Arrhenius relation; 

      =  (Δ𝐸/𝐾𝑇)                                                                                          (8) 

where, ρ0 is resistivity at room temperature, k is the Boltzmann constant, ∆E is the activation  
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energy and T is the absolute temperature 

 

Fig.2. Temperature dependence of d c resistivity of nickel ferrite nanoparticles 

The resistivity plot shows two regions high temperature region (ferrimagnetic) and low temperature region 

(paramagnetic) separated at a particular temperature which may correspond to Curie temperature of nickel 

ferrite. A change in slope is contributed to change in conduction mechanism or phase transition from 

ferrimagnetic to paramagnetic. The conduction mechanism can be explained on the basis of Verwey model 

[20].  

        According to Verwey, the conduction mechanism in ferrite occurs mainly due to hopping of Fe2+ and 

Fe3+ ions in the octahedral [B] sites. It is well known that hopping probability depends upon the separation 

between ions and the activation energy. The activation energy can be determined from slope of the linear 

plots of dc electrical resistivity (Fig. 2) and the Arrhenius relation [Eq.8]. The calculated value of activation 

energy is of the order of 0.398 eV. The activation energy of material is associated with mobility of charge 

carrier. The charge carriers are located with ions or vacant site and conduction takes place through hopping 

process. 

4. Conclusion 

Nickel ferrite nanoparticles of nano size have been synthesized successfully by sol-gel auto combustion 

method using mixed fuel. X-ray diffraction pattern confirms the formation of cubic spinel structure in single 

phase without any impurity peak. The average crystallite size is obtained was of the order 18 nm. The lattice 

constant and other structural parameter are in the reported range. The D.C. electrical resistivity decreases 

with increase in temperature obeying Arrhenius plot. The activation energy calculated from D.C electrical 

resistivity versus temperature is of the order of 0.398 eV. 
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ABSTRACT 

Plants and herbs consumed by humans are rich sources of phytonutrients compounds synthesized in plants 

itself. Such bioactive ingredients are responsible for the plant’s antioxidant and medicinal values. Flavonoid 

might recover cancer and cardiovascular diseases. Flavonoids are considered as disease preventing and health 

promoting dietary supplements. Flavonoids are an important group of naturally occurring polyphenolic 

compounds, and its flavone nucleus characterizes it. The main purpose of this present review is to deliberate 

the current trends of research and development on flavonoids, functions, prediction of flavonoids and 

applications of flavonoids, as potential drugs in inhibiting several chronic diseases and future research 

guidelines. Flavonoids have the capacity to control the accumulation of reactive oxygen species (ROS) via 

scavenger ROS when they are designed. Thus, these antioxidant compounds have a significant role in plant 

stress tolerance and a high significance in human health, mainly due to their anti-inflammatory and 

antimicrobial properties. 

I. INTRODUCTION 

 

The pigments which is responsible for the color of most fruits, flowers, as well as seeds are flavonoids. 

Flavonoids are phenolic compounds extensively disseminated in the human diet. The intake of flavonoids has 

been related through a decreased risk of different diseases like cancer, immune dysfunction and coronary 

heart disease. Flavonoids has six subgroups that can be considered as major. Chalcones, flavones, flavonols, 

flavandiols, anthocyanins, and proantho-cyanidins or condensed tannins Flavonoids are a crucial collection of 

naturally occurring polyphenolic compounds, it is one of the most collective types of compounds accessible in 

vegetables, fruits, and plant-derived beverages. Moreover, they subsidize to the nutritional merits of 

vegetables as well as fruits (Table 1). Flavonoids are considered as health stimulating and disease avoiding 

nutritional supplements. It is now measured as an essential component in a variety of pharmaceutical, 

cosmetic, nutraceutical, medicinal, and further uses. Molecular weight of the flavonoids is low. Many 

functions and biological utilities are implemented by Flavonoids like comprising protecting from the 

ultraviolet (UV) radiation and phytopathogens, signaling during nodulation, male fertility, auxin transport, 

cell growth regulations, appealing pollinator insects, and protection against biotic and abiotic stresses. 
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Flavonoids are also accountable for the display of fall color in many plants (Table 2), which might defend leaf 

cells by harming from photooxidative, improving the effectiveness of nutrient repossession through 

senescence In humans, these compounds are connected with a great collection of health benefits rising from 

their bioactive properties, such as anti-inflammatory, anticancer, anti-aging, cardio-protective, 

neuroprotective, immunomodulatory, antidiabetic, antibacterial, antiparasitic, and anti-viral properties 

However, the industrial use of these antioxidants implies extraction processes with high purity and quality. 

Therefore, several measures for the extraction of flavonoids have been discovered, and in recent years further 

environmentally approachable extraction methods and strategies that accomplish great yields have been 

established [1]. Flavonoids are extensively dispersed subordinate metabolites with different metabolic 

functions in plants. Converse connection can be observed among chronic diseases and dietary flavonoids, 

which exhibited the significance of reviewing flavonoids. At present have come to the conclusion that the 

flavonoid might recover cardiovascular diseases and cancer as well. 

 

TABLE 1 : FLAVONOIDS SUBCLASSES AND THEIR OCCURRENCE IN FOODS 

Sr. 

No. 

Subclass of 

Flavonoid 

Examples of Compounds Food source References 

1 Flavonol  Kaempferol, quercetin, 

Myricetin and tamarixetin 

olive oil, red wine, kale, 

broccoli apples, Onion, 

cherries, berries, and grapefruit 

and tea 

1 

2  Flavones Chrysin, apigenin 

Rutin, luteolin, and 

Glucosidestangeretin 

Fruit skins, red wine, 

buckwheat, red pepper, tomato 

skin, Parsley, Thyme 

2-5 

3 Flavonones Naringin,naringenin, 

taxifolin, and hesperidin 

Citrus fruits, grapefruits, 

lemons, and oranges 

6-7 

4 Flavanol Catechin, epicatechin, 

epigallocatechin, glausan-3-

epicatechin, 

proanthocyanidins 

Apple, tea 1 

5 Anthocyanidins Apigenidin, cyaniding, 

delphinidin, pelargonidin, 

malvidin 

Cherries, easberry, strawberry, 

and Grapes 

1,5 

6 Isoflavones Genistein, daidzein Soya beans, Legumes 8, 9 
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TABLE 2: FEW COMMON MEDICINAL PLANTS RICH IN FLAVONOIDS 

 

Plant Sources of Flavonoids:  

 Flavonoids can be found in numerous beverages and foods, like beer, wine, and tea, but vegetables, 

fruits, flowers, and seeds are the sources with the maximum quantities of natural flavonoids [19]. Flavonols 

that comprise, for example, quercetin, kaempferol, isorhamnetin, fisetin, and myricetin are abundant in green 

fruits, leaves, and grains [20,21]. Flavones are among the most important flavonoids and are represented by 

lute-olin, isosinensetin, apigenin, sinensetin, nobiletin, galangin, tangeretin, and chrysin [20]. These 

compounds can be mainly found in leaves, flowers, and fruits as glu-cosides of luteolin, apigenin, and 

diosmetin [21]. Flavanones, also known as dihydroflavones, are an important class of flavonoids usually found 

in citrus fruits. Anthocyanins are the flavonoids responsible for the red, blue, purple, and orange color of 

several leaves, flowers, and fruits.  

 This class of compounds is usually present as glycosides of anthocyanidins, such as cyanidin, 

pelargonidin, delphinidin, peonidin, petunidin, and malvidin [18,22]. Natural flavonoids can be taken out and 

used in the food industry instead of synthetic compounds to increase food quality. In recent years, the 

limitation imposed on the use of some synthetic antioxidants, such as the case of butylated hydroxyanisole 

(BHA), butylated hydroxytoluene (BHT), and propyl gallate, improved the interest in natural flavonoids 

commonly due to their capacity to check oxidative degradation of lipids, increase the quality and nutritional 

value of food, and diminish toxicity [23] 

 

  

Plant Flavonoids References 

Aloe Vera Lucteolin 10 

Bacopa Moneirra Luteolin 10 

Acalypha Indica Kaempferol 10 

Azadirachta indica Quercetin 11 

Betula pendula Quercetin 12 

Butea monospermea Genistein 13 

Oroxylum indicum Chrysin 16 

Cannabis sativa Quercetin 11 

Mimosa pudica Isoquercetin 16 

Clitoria ternatea Kaempferol-3-neohesperidoside 15 

Brysonima crassa Catechin (+)- 14 

Pongamia pinnata Pongaflavonol 17 
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Biological Activities of Flavonoids:  

1. Antioxidant Activity: 

 Flavonoids have many biochemical properties, but the best described property of nearly every group of 

flavonoids is their capacity to act as antioxidants. It is depending upon the arrangement of functional groups 

in the nuclear structure. The benefit of antioxidant activity assay was to simulate cellular biological processes 

which include uptake, distribution, and metabolism. Antioxidant Activity assay was focused to quantify the 

capacity of the analyte to prevent the formation of DCF by AAPH-induced peroxyl free radical in HepG2 

cells. Other techniques commonly used for measuring chemical antioxidant activity, this assay has been 

developed a more biologically representative protocol. Antioxidants can act at the cell membrane to break 

peroxyl radical chain reactions at the cell surface or can be up taken by the cell and react with ROS 

intracellularly [24]. The efficiencies of membrane binding and cell uptake are two major factors influencing 

the antioxidant activity of the tested chemical. It is significant that although the antioxidant Activity assay 

signifies a reliable and cost-effective approach to estimate the potential biological activity of dietary 

flavonoids on cellular level and conveys significant reference value to the functional food development. 

 Flavonoids are one of the best phytochemicals that act as antioxidants and thus inhibit the factors of 

disease-causing. Antioxidant activity depends on the arrangement of functional groups in the flavone nucleus. 

Flavonoids are also protecting the cell membranes which are damaged due to lipid peroxidation. Thus, the 

flavonoids contribute as antioxidants, in the prevention of many diseases caused due to oxidative stress. The 

antioxidant mechanisms of flavonoids can be by the direct scavenging of ROS, spontaneity of ROS 

development through the chelation of trace elements (e.g., quercetin has iron-chelating and iron-stabilizing 

properties). 

2. Anti-Inflammatory Activity: 

 Inflammation is a composite biological response of body tissues to harmful stimuli, such as tissue 

injury, damaged cells, pathogen infection and chemical irritation. It is a defensive response including blood 

vessels, immune cells, and molecular mediators. Inflammation happens in response to several causes, such as a 

chemical exposure, tissue physical injury or trauma, and microbial infection. Usually, the inflammation is 

rapid process and self-limiting, but in some cases, prolonged inflammation periods contribute to the progress 

of several chronic or degenerative disorders like cardiovascular, cancer, diabetes and neurodegenerative 

diseases, and obesity [25]. Flavonoids also prevent phosphodiesterases present in cell activation. 

3. Antiviral Activity:  

 Since the 1940s and numerous information specify that naturally occurring flavonoids show a 

significant anti-viral activity. They are useful in the inhibition of several enzymes related with the lifecycle of 

viruses. Flavon-3-ol was found to be more effective than flavones and flavonones in selective inhibition of 

HIV-1 & HIV-2 and similar immune deficiency virus triggering infections. The different study shows the 

quercetin, hesperetin, and naringin also possess anti-dengue activity virus causing infections. The study 

shows that quercetin, hesperetin, and naringin also have anti-dengue activity. 

4. Anticancer Activity: 
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 Because of the anti-inflammatory properties, flavonoids also have a significant influence on cancer 

expansion. Flavonoids have been reported for their probable applications in the anti-cancer therapies. They 

have been testified to interfere in the beginning, raise, and development of cancer by modulating different 

enzymes and receptors in signal transduction pathways related to cellular proliferation, differentiation, 

apoptosis, Inflammation, Flavonoids significantly impact the cascade of immunological proceedings related 

with the growth and development of cancer. These compounds utilize their activity by inactivating 

carcinogen, inducing apoptosis, triggering cell cycle arrest, and inhibiting angiogenesis [27]. 

5. Antibacterial Action: 

 Flavonoids may exert numerous mechanisms of accomplishment against bacteria. They can obstruct 

with lipid bilayers by inducing bacterial membrane disruption and inhibit some progressions such as, 

synthesis of cell envelope, biofilm formation, synthesis of nucleic acid, electron transport chain, and synthesis 

of ATP. The diverse study indicates that the flavonoid-rich plant extracts from diverse plants possess 

antibacterial activity. 

The approach of antimicrobial action may be associated to their capability to cell envelope, enzymes, and 

microbial adhesins transport proteins. 

6. Antifungal Action: 

 There are numerous antifungal mechanisms employed by flavonoids, such as plasma membrane 

disruption, cell division, induction of several mitochondrial dysfunctions, and inhibition of cell wall 

formation, and RNA and protein synthesis [30]. Some isoflavones, such as glabridin, can inhibit the 

production of the main components of fungi cell walls, β-glucans, and chitin [31]. Apigenin interferes with 

the cell cycle, while naringenin, myricetin, quercetin, luteolin, kaempferol and genistein inhibit DNA, RNA, 

and protein synthesis [32]. 

Conclusion:  

 Fruits and Vegetables are natural sources of flavonoids. Flavonoids are such phytochemicals exhibit 

many biological activities such as Antifungal, antiviral, antibacterial, anticancer, antioxidant and anti-

inflammatory which are beneficial for human health. Taking into consideration the biological importance of 

flavones, it was thought worthwhile to synthesize novel flavonoids. Thus, the main purpose of this present 

review is to deliberate the current trends of research and development on flavonoids, functions, prediction of 

flavonoids and applications of flavonoids, as potential drugs in inhibiting several chronic diseases and future 

research guidelines. 

References: 

1. Stewart AJ, Bozonnet S, Mullen W, Jenkins GI, Lean ME and Crozier A: Occurrence of flavonols in 

tomatoes and tomato-based products. Journal of Agricultural and Food Chemistry 2000; 48(7): 2663-2669. 

2. Middleton EJ: Effect of plant flavonoids on immune and inflammatory cell function. Advances in 

Experimental Medicine and Biology 1998; 439: 175-182. 

3. Lopez M, Martinez F, Del Valle C, Orte C and Miro M: Analysis of phenolic constituents of biological 

interest in red wines by high-performance liquid chromatography.Journal of Chromatography A 2001; 922(1-

2): 359-63. 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 405-411 
 

 

 

 

 

410 

4. Hara Y, Luo SJ, Wickremasinghe RL and Yamanishi T: Special issue on tea. Food Reviews Inter 1995; 11: 

371-42. 

5. Kreft S, Knapp M and Kreft I: Extraction of rutin from buck wheat (Fagopyrum esculentum Moench) seeds 

and determination by capillary electrophoresis. Journal of Agricultural and Food Chemistry 1999; 47(11): 

4649-52. 

6. Miyake Y, Shimoi K, Kumazawa S, Yamamoto K, Kinae N and Osawa T: Identification and antioxidant 

activity of flavonoid metabolites in plasma and urine of eriocitrin-treated rats. Journal of Agricultural and 

Food Chemistry 2000; 48(8): 3217-3224. 

7. Rousseff RL, Martin SF and Youtsey CO: Quantitative survey of narirutin, naringin, hesperidin, and 

neohesperidin in citrus. Journal of Agricultural and Food Chemistry 1987.  

8. Kaufman PB, Duke JA, Brielmann H, Boik J and Hoyt JE: A comparative survey of leguminous plants as 

sources of the isoflavones, genistein and daidzein: implications for human nutrition and health. J Altern 

Complement Med 1997; 3(1):  7-12. 

9. Reinli K and Block G: Phytoestrogen content of foods: a compendium of literature values. Nutrition and 

Cancer 1996. 

10. Lázaro ML: Distribution and biological activities of the flavonoid luteolin. Mini-Reviews in Medicinal 

Chemistry 2009. 

11. Tripoli E, Guardia ML, Giammanco S, Majo DD and Giammanco M: Citrus flavonoids: molecular 

structure,biological activity and nutritional properties: a review. Food Chemistry 2007; 104(2): 466-479. 

12. Gupta KK, Taneja SC, Dhar KL and Atal CK: Flavonoids of Andrographis paniculata. Phytochemistry 1983; 

22(1):314-315. 

13. Murlidhar A, Babu KS, Sankar TR, Redenna P, Reddy GV and Latha J: Anti-inflammatory activity of 

flavonoid fraction isolated from stem bark of Butea monosperma (Lam): a mechanism based study. 

International Journal of Phytopharmacology 2010; 1: 124-132. 

14. Aderogba MA, Ogundaini AO and Eloff JN: Isolation of two flavonoids from Bauhinia monandra leaves 

and their antioxidative effects. The African Journal of Traditional, Complementary and Alternative Medicines 

2006; 3(4): 59-65. 

15. Sankaranarayanan S, Bama P and Ramachandran J: Ethnobotanical study of medicinal plants used by 

traditional users in Villupuram district of Tamil Nadu,India. Journal of Medicinal Plant Research 2010; 4(12): 

1089-1101. 

16. Sannomiya M, Fonseca VB and Silva MAD: Flavonoids and antiulcerogenic activity from Byrsonima crassa 

leaves extracts. Journal of Ethnopharmacology 2005; 97(1): 1-6.   

17. Agarwal M and Kamal: Studies on flavonoid production using in-vitro cultures of Momordica charantia. 

Indian Journal of Biotechnology 2007; 6(2): 277-79. 

18. Khoo HE, Azlan A, Tang ST, Lim SM: Anthocyanidins and anthocyanins: Colored   pigments as food, 

pharmaceutical ingredients, and the potential health benefits. Food Nutr. Res. 2017, 61, 1361779.  

19. Rodríguez-García C, Sánchez-Quesada C, Gaforio JJ: Dietary flavonoids as cancer chemopreventive agents: 

An updated Review of human studies. Antioxidants 2019, 8, 137.  



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 405-411 
 

 

 

 

 

411 

20. Kozłowska A, Szostak-W ̨egierek D: Flavonoids—Food sources, health benefits, 2014, 65, 79-85. 

21. Terahara, N: Flavonoids in foods: A Review. Nat. Prod. Com. 2015, 10, 521–528.  

 22. Agrawal AD: Pharmacological activity of flavonoids: A Review. Int. J. Pahrmaceut. Sci. Nano 2011, 4, 

1394–1398.  

23. Ruiz-Cruz S, Chaparro-Hernández S, Hernández-Ruiz KL, Cira-Chávez LA, Estrada-Alvarado MI, Ortega 

LEG,;Ornelas-Paz LL, Mata MAL: Flavonoids: Important Biocompounds in Food. In Flavonoids—From 

Biosynthesis to Human Health; Justino, G.C., Ed.; IntechOpen: London, UK, 2017.  

24. Rice-Evans CA, Miller NJ, and Paganga G: Structure antioxidant activity relationships of flavonoids and 

phenolic acids. Free Radical Biology & Medicine, 933–956, 1996. 

25. Maleki, SJ.; Crespo, JF.; Cabanillas, B. Anti-inflammatory effects of flavonoids. Food Chem. 2019, 299, 

125124.  

26. Mishra A, Kumar S and Pandey AK: Scientific validation of the medicinal efficacy of Tinospora cordifolia. 

The Scientific World Journal 2013; Article ID 292934. 

27. Mishra A, Sharma AK, Kumar S, Saxena AK and Pandey AK: Bauhinia variegata leaf extracts exhibit 

considerable antibacterial, antioxidant and anticancer activities. BioMed Research International 2013; Article 

ID 915436: 10. 

28. Mishra A, Kumar S, Bhargava A, Sharma B and Pandey AK: Studies on in-vitro antioxidant and 

antistaphylococcal activities of some important medicinal plants. Cellular and Molecular Biology 2011; 57(1): 

16-25. 

29. Pandey AK, Mishra AK, Mishra A, Kumar S and Chandra A: Therapeutic potential of C. zeylanicum 

extracts: an antifungal and antioxidant perspective. International Journal of Biological and Medical Research 

2010; 1: 228-233. 

30. Al Aboody MS, Mickymaray S: Anti-fungal efficacy and mechanisms of flavonoids. Antibiotics 2020, 9, 45.  

31. Lagrouh F, Dakka N, Bakri Y: The antifungal activity of Moroccan plants and the mechanism of action of 

secondary metabolite from plants. J. Med. Mycol. 2017, 27, 303–311.  

32. Cassetta A, Stojan J, Krastanova I, Kristan K, Brunskole Svegelj M, Lamba D, Lanisnik Rizner T: Structural 

basis for inhibition of 17β hydroxysteroid dehydrogenases by phytoestrogens: The case of fungal 17β-HSDcl. J. 

Steroid Biochem. Mol. Biol. 2017, 171, 80–93.  

 



Copyright: © the author(s), publisher and licensee Technoscience Academy. This is an open-access article distributed under the 

terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial use, 

distribution, and reproduction in any medium, provided the original work is properly cited 

 

  

RACPS-2022  

Online National Conference on Recent Advances in Chemical and Physical Sciences 

In Association with International Journal of Scientific Research in Science and Technology 

Volume 9 | Issue 17 | Print ISSN: 2395-6011 | Online ISSN: 2395-602X (www.ijsrst.com) 

 

 

 

 

 

 

  412 

Structural and Compositional Study of Al3+ doped Cobalt Zinc 
Nanoferrite Synthesized by Sol-Gel Auto Combustion Method 

Anil G. Gacche (a), Arati Chandragupta Mehere(b), Satish V. Gaikwad(b), Sopan M. Rathod* 

Email- smragc@rediffmail.com* 

Advance Materials and Nanotechnology Research Laboratory, Department of Physics, MES 

Abasaheb Garware College, Pune - 411004, Maharashtra, India 

 

ABSTRACT 

Nanoparticles of Al3+ doped Cobalt Zinc ferrites having general formula CoxZn(1-x)AlyFe(2-y)O4, y=0, 0.1, 

0.2, 0.4 was synthesized by sol-gel auto combustion method. The structural and optical properties of the 

samples were studied by taking X-ray diffraction and FTIR pattern. XRD analysis was done to confirm 

the single phase cubic spinel structure of the prepared samples of Al3+ doped Cobalt Zinc ferrites. The 

crystallite size of the samples was deceases from 21 to 17 nm by increasing amount of Al3+. Also, lattice 

parameter was decreases from 8.40 to 8.37 A0 systematically by increasing amount of Al3+ content, 

because of difference in the ionic radius of Al3+ and other material cations. FTIR spectra confirmed the 

formation of spinel Al-Co-Zn ferrite having two main absorption band at tetrahedral and octahedral site 

of metal oxide.  

Keywords-sol-gel auto combustion, XRD, FTIR 

 

I. INTRODUCTION 

 

Nanotechnology is nothing but manipulation of materials in between size 1 to 100 nm and creation of 

materials of which have at least one of the dimension of that material is within this range. The properties 

like optical, structural, magnetic, electrical etc. are change due to change material from bulk to nano-

form. By improving efficiency, cost, power, durability etc.Ferrite is combination of different iron oxide 

includes Hematite or magnetite and oxides of other metals, are one of the electrically non-conducting 

compounds of ceramic ferromagnetic material, having general formula MFe2O4, where M is divalent 

metal ion (Mn, Fe, Co, Ni, Cu and Zn transition metals) (1). The properties of ferrites, structural, 

magnetic, electrical, optical etc. are depends on the crystallite and grain size, doping of different cations 

and distribution in interstitial sites, sintering temperature and duration, method of preparation etc (2). 
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Among ferrites, spinal structure shows interesting properties, depend on magnetic interaction and 

distribution of cation at the two sub lattices i.e. (A) tetrahedral and (B) octahedral sites, having general 

formula, AB2O4, where, A is divalent ion of metal and B is ferric ion (3). Normal spinal structure 

consists of Acations located in tetrahedral sites and B cations are located in octahedral site. But in an 

inverse spinal structure, half of B cations and all these A cations are randomly distributed in an 

octahedral sites (4).  

Samarium doped Nickel Cobalt ferrite (Ni0.5Co0.5SmxFe2-xO4) with x=0, 0.025, 0.05, 0.075, 0.10, 0.125 

was prepared using sol-gel autocombution method by M.K.Kokare et.al. (5). Lattice constant decreased 

from 8.342 to 8.321 A0 and also increased upto 8.370 A0. Crystallite size varies non linearly between 33 

to 25 nm, with adding Sm3+ in Ni-Co nanoferrite. Amgnetic properties are reduced when Sm3+ is doped 

that indicates a soft ferromagnetic behavior useful for recording and storage devices. 

Detailed study was performed by G.R.Kumar and coworkers (6) on Copper substituted Nickel ferrite 

synthesized by sol-gel method and sintered at high temperature. In this work the particle size is found to 

be beyond the nanoscale range due to high temperature of sintering. The magnetization findings 

indicates a non-collinear structure of ferromagnetic. It was noted that with an increasing doping amount 

of copper content and lattice parameter was increased from X=0 to 0.5. 

M. Penchal Reddy et.al. wassynthesized polycrystalline NiCuZn soft spinel ferrite by microwave 

sintering method, with the stoichiometric method, sintered at 950 0C for 30 min. The lattice content was 

found to be increase by increasing amount of zinc. The obtained sample was posseses properties which 

are suitable for core material in the multilayer chip inductors.XRD patterns confirm the formation of 

single phase cubic spinel structure. (7) 

S. R. Gibin and colleagues (8) performed experiments for the synthesis of Ni1-xCoxFe2O4nano particles 

by co-precipitation method using citrate as chelating agent (x = 0.3, 0.5, 0.7). The obtained samples were 

sintered at 400, 600 and 800 0C for 3 hrs. XRD confirms that Ni1-xCoxFe2O4nano particles belong to 

spinel type lattice of space group Fd3m. The surface morphology of Ni1-xCoxFe2O4 studied through 

FESEM and FETEM indicate that the particles are found crystalline and are in cubic shape. EDAX 

analysis revealed the presence of Ni, Co, Fe and O. Capacitance value 865 Fg-1 was observed for the 

scanning rate of 2 mV s-1 from the CV study and used as supercapacitor.  

There are many mothods are developed by scientist for the synthesis of nanoferrites like, Hydrothermal 

method (9), Solvothermal method (10), Chemical method (11), ball milling method(12), sol-gel method 
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(13) etc. Among all the methods, sol-gel method is one of the simplest, small time consuming, non-toxic 

and cost effective method for preparation of nanoferrites (14).  

Many previous research shows that work had done on Cobalt-Zinc ferrite nanoparticles by different 

method. But very few work exist on Aluminium doped Cobalt-Zinc nanoferrites.  Present work shows 

novelty that effect of Aluminium on Cobalt-Zinc ferrite  

Aim of present work consists of synthesis of CoxZn(1-x)AlyFe(2-y)O4 (y=0 to 0.4) by simplest and cost 

effective sol-gel auto-combustion method and investigate the simultaneous influence of Aluminium and 

Zinc on the Cobalt ferrite on structural and optical properties. Particle size of the samples was decreases 

from 21 to 17 nm and also, lattice constant decreases from 8.40 to 8.37 A0systematically by increasing 

amount of Al3+ content. 

1. Materials and Experimental details- 

NanoferriteCoxZn(1-x)AlyFe(2-y)O4 (y=0, 0.1, 0.2, 0.4) are synthesized by cost effective sol-gel auto 

combustion method by AR grade Marck materials having 99 % pure and used without further 

purification. Cobalt Nitrate (Co(NO3)2.6H2O), Zinc Nitrate (Zn(NO3)2.6H2O), Aluminium Nitrate 

(Al(NO3)2.9H2O), Ferric Nitrate (Fe(NO3)3.9H2O) are used as precursors and Citric acid (C6H8O7) used 

as burning agent, aredissolved in desired amount in 100 ml double distilled water. Metal nitrates and 

citric acid was mixed with each other during the process of synthesis in the molar ratio of 1:3. Whole 

solution was kept on hot plat magnetic stirrer with continuous stirring for 600 rpm at 100 0C. After 

completely dissolution of all the chemicals suitable amount of Ammonia solution was added drop wise 

asprecipitating agent for arranging PH of the solution around 7. Further, the growth solution was kept on 

magnetic stirrer around 3 hrs. at 100 0 C. After particular time, solution becomes gel form and proceed 

with burning process. The final powder of the samples was grind and sintered at 500 0C for 5 hrs, 

proceed to use further characterization and applications.  

2. Characterization techniques and Results- 

2.1.X-ray Diffraction: 

The structural analysis of the samples were analyzed by X-ray diffraction recorded by Cu-kα radiation 

having λ=1.54056 A0. Figure 1 is the XRD pattern of the samples of CoxZn(1-x)AlyFe(2-y)O4 (y=0, 0.1, 0.2, 

0.4) synthesized by sol-gel auto combustion method, shows cubic spinel structure, due to presence of 

(111), (220), (311), (222), (400), (511) and (440), having maximum diffraction intensity at (311) plane 

(15). Bragg law used for observations of XRD patterns to index all the reflection peaks. The obtained 

peaks in XRD pattern are matched with standard JCPDS data of card number 742081 (16) and 791744 
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(17) for NiFe2O4 and CoFe2O4 respectively. All samples shows intense and sharp peaks and shows no 

extra impurities in the prepared samples. Average crystallite size of the samples was calculated using 

Scherrer method using relation (18),  

𝐷 =
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
… … … … … … … … … … … . (1) 

Where, λ is wavelength of X-rays used (0.15406) 

Β is FWHM of peaks  

Θ is Bragg angle 

D is Crystallite size 

The results of the above calculations are tabulated in figure 1.  

Crystallite size was varies from 21 to 17 nm from x=0 to x=0.4 systematically. The crystallite size goes 

decreasing due to the difference in ionic radii of the contents.  

Al3+ have small ionic radius (0.50 A0) as compared to Zn2+ (0.87 A0). Al3+ ions gets shift towards 

tetrahedral site and fit to an ion of Zn2+. Due to this crystallite size gets decreasing systematically as 

amount of dopant Al3+ gets increasing.  

The lattice parameter of the samples was calculated using relation (19),  

𝑎 = 𝑑ℎ𝑘𝑙 ∗  √ℎ2 + 𝑘2 + 𝑙2 … … … … … … … … . . (2) 

Where,  

a is lattice constant 

d is interplaner spacing 

h,k,l are millar indices of planes 

The lattice parameter of the samples were decreasing from 8.40 to 8.37 A0 by increasing value of x from 

0 to 0.4. The systematic decreasing of the lattice constant is due to less ionic radius of Al3+ substitution 

with large ionic radius of Zn2+ at tetrahedral site, corresponding to theory and calculation of crystallite 

size from Scherrer formula, detailed in table (1).  

2.2.Fourier Transform Infrared Spectroscopy (FTIR): 

FTIR spectra of the CoxZn(1-x)AlyFe(2-y)O4 (y=0, 0.1, 0.2, 0.4) samples was recorded over 500 to 4000 

cm-1 shown in figure 2.  

Two strong absorption bands nearly, 600 cm-1 and 400 cm-1, confirmed that formation of CoxZn(1-

x)AlyFe(2-y)O4 (y=0, 0.1, 0.2, 0.4) was observed from Infra-red spectroscopy is nothing but common 

characteristic of spinel ferrite, due to the vibrations of bands between the metal ions and oxygen ions 
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along with the lattice sites. The two main bands assigned to the tetrahedral (A) and octahedral (B) 

stretching of metal, observed at ranges of 600-500 cm-1 at higher frequency v1 and 450-380 cm-1 at 

lower frequency band v2, shows the typical spinal structure bands (20). Small shifting of absorption 

frequency bands is observed due to the shifting of tetrahedral site of Fe3+ ions towards an oxygen ions 

that deceases with the Fe3+-O2- distance. The spectra of FTIR for all the above samples shows two main 

bands of absorptions, which is corresponds to vibrations of the metal-oxides modes. No other new group 

of peaks are observed, means synthesized material is free from organic compound.  

3. Conclusions- 

Aluminium substituted Cobalt Zinc nanoferrites have been synthesized by sol-gel auto combustion 

method using citric acid as burning agent successfully. The obtained samples were sintered at 500 0C for 

5 hrs. The crystallite size and the lattice parameter was decreases from 21 to 17 nm and 8.40 to 8.37 A0 

respectively as amount of Al3+ increases, with linear variations, due to the smaller ionic radius of Al3+ as 

compared to other metal ionic radii and ionic radii differences. The prepared samples shows the cubic 

spinel structure, by comparing standard JCPDS data.  
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Figure 2. FTIR of CoxZn(1-x)AlyFe(2-y)O4 (y=0, 0.1, 0.2, 0.4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Variation of crystallite size and lattice constant with y value,CoxZn(1-x)AlyFe(2-y)O4 (y=0, 

0.1, 0.2, 0.4) 

 

Composition 

(y) 

Diffraction 

angle (θ) 

FWHM Crystallite 

size (nm) 

Lattice constant 

(A0) 

0 17.63 0.00758 21 8.40 

0.1 17.74 0.00959 20 8.48 

0.2 17.74 0.00960 19 8.39 

0.4 17.78 0.00785 17 8.37 
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ABSTRACT 

Remote sensing technology is widely used in many fields which collects a wide range of observations in a 

timely manner and use less restricted data collection methods. In recent years, there have been great 

progresses in remote sensing developments, especially in the microwave remote sensing over the optical 

remote sensing. Due to the advantages of independency on weather conditions as well as day/night detection 

of target of interest the microwave remote sensing becoming the main focus of researchers. It is used for 

collecting information about object of interest on the earth surface  and also used for monitoring many 

environment related disciplines, glacial dynamics, crop classification, forest cover, flood mapping, coastal 

vegetation and many more. This paper concludes that microwave remote sensing has great potential than 

optical remote sensing and will play more significant role in the various fields of interest. 

Keywords : Remote sensing, Active and Passive, Optical, Microwave 

 

I. INTRODUCTION 

 

Remote sensing is the greatest achievement for acquiring information from objects on earth or other 

planetary bodies. It performs the detection, collection and interpretation of target of interest. Getting 

information about an object, area or phenomenon without being in contact with it called as remote sensing. 

By measuring the amount and the nature of the reflection of visible light energy from our external 

source( such as the sun or light bulb, tube), we can gather information around us, as it reflects away from the 

objects in the field of our approach. In simple words we can say that, with the help of our eyes we can collect 

information about surroundings without touching it. i.e., our eyes are excellent example of remote sensing 

device. 

          The principle of remote sensing is based on measurement made by the satellite sensor in different 

wavelength or frequency regions of electromagnetic spectrum. The electromagnetic radiation have an 

http://www.ijsrst.com/
mailto:raje.pangarkar17@gmail.com
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enormous range of wavelengths and frequencies, the range is called as electromagnetic spectrum. Fig.1, shows 

the different regions of the electromagnetic spectrum.  

 

 
Fig.1. Electromagnetic Spectrum 

 

According to frequency used of electromagnetic spectrum, there are different types of remote sensing [1-2].  

I. Optical Remote Sensing : 

It is operate in the Visible (0.38-0.72nm), Near Infrared (0.72-1.30nm), middle infrared (1.30-3.00nm), short 

wave infrared (7.00-15.0nm) portion of electromagnetic spectrum. Optical remote sensing is a passive 

technique for earth observation which relies on solar illumination. Below we have discussed the passive 

remote sensing. 

Passive Remote Sensing :     

Such remote sensing requires an external energy source (such as the Sun). It detects natural radiations. This 

kind of remote sensing collects data from the Earth's atmosphere and not from the Earth's surface hence, 

passive remote sensing mostly perform from satellites. Fig.2. give the idea about passive remote sensing. 

Mainly this remote sensing is used in the applications in optical, infrared, and thermal electromagnetic 

radiation. The drawback of this technique is, it's applicable only during daytime with full of sun radiations 

without interfering clouds or smoke or rainfall, etc. another drawback is that the noise is very much 

comparable to the desired signal. Hence, the resolution of each cell degrades the quality of the images. 

 
Fig.2. Passive Remote Sensing 

The earliest application was aerial photography for surveying and military use. Multiple spectral Earth 

observation systems were introduced in the mid-1960s that captured spectra in the form of images, also 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/remote-sensing
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/aerial-photography
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known as imaging spectroscopy (IS) [3]. However, when cloud cover, rain, haze persists over an area of 

interest in that case, such remote sensing fails to retrieve data. 

II. Microwave Remote Sensing : 

            It is operate in the microwave region of EM spectrum. Wavelength of this region is 1mm – 1m and 

frequency of this region is 40,000Hz – 300Hz. It has along wavelength thus it penetrate through clouds or any 

other weather conditions without any restrictions (except during periods of heavy rain). It provide unique 

information like sea, wind and wave direction which are derived from frequency characteristics, Doppler 

Effect, polarization, backscattering etc. it overcomes the disadvantages of optical remote sensing. Microwave 

wavelength region is used in remote sensing to provide useful information about the earth’s surface 

(atmosphere, land and ocean).The microwave remote sensing basically carried out using active remote 

sensing.  

Active Remote Sensing : 

Such remote sensing has its own energy source for illuminations. Thus they can send their own signals for 

acquiring data. Major advantage of active remote sensing is, data can available both time day or night and also 

capable of measuring electromagnetic signals in all weather conditions. Fig.3. give the idea about active 

remote sensing. The most common examples of this remote sensing are LiDAR (Light Detection and Ranging) 

is used to examine the surface of the earth and RADAR (Radio Amplitude Detection And Ranging). 

 
Fig.3. Active Remote Sensing 

It transmits and receives its own radio wave pulses towards the object. The active microwave radar system 

can be classified in two types as following. 

 

1) Non – Imaging Radar : 

It first contains an altimeter that is used to measure sea surface height as well as wind speed. It can be used in 

aircraft and spacecraft [4]. The other is a scatterometer that is used to measure the direction and speed of the 

ocean wind. Applications of scatterometer play an essential role in regulating the global climate [5-8]. 

2) Imaging Radar :  

It includes side looking airborne radar (SLAR), real aperture radar (RAR) and synthetic aperture radar (SAR). 

All the types of imaging radar produce images of the area on the earth.  SAR is the modified version of 

imaging radar which provides very high resolution imagery of the earth as well as planetary bodies [9]. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/spectroscopy
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Literature Review 

Natural environment is essential for human survival and development as it provides water resources, land 

resources, biological resources and climate resources etc. The development trends and future directions are 

forwarded to direct the research application of environmental monitoring and protection in the new era. 

Global and regional environmental monitoring relies heavily on remote sensing satellites and sensors that are 

able to quickly collect local and spectral data of large-scale components on the Earth's surface. With the rapid 

development of space technology, remote sensing data is becoming increasingly abundant [10]. 

Remote sensing provides an ideal platform for gathering empirical data, such as mapping of global climate 

change, to help decision makers and support policies that ensure the right balance between land development 

and environmental protection[11]. The main advantage of remote sensing is gaining information without any 

direct human or machine contact, achieved by sending electromagnetic radiations. i.e., gaining information 

about large sections of earth in a very less time and again and again of the same patch to observe the changes 

in a given list of parameters.  

India is not behind the leading countries in the developed world in taking big steps forward in remote sensing. 

ISRO, the Indian Space Research Organization, has launched numerous satellites since 1975, the latest being 

the PSL V-C14 (Earth Satellite Launch Vehicle) on September 23, 2009 and the Prithvi-II satellite in October 

2009. Due to all this, modernization, broad casting networks also provided very valuable information [12]. 

The field of remote sensing can be divided into two general categories: Analog remote sensing and digital 

remote sensing. Analog remote sensing uses film to record the electromagnetic energy. Digital remote sensing 

uses some type of sensor to convert the electromagnetic energy into numbers that can be recorded as bits and 

bytes on a 

Computer and then displayed on a monitor [13]. 

Remote sensing works on electromagnetic radiation. Electromagnetic radiation consists of the electrical and 

magnetic field. An electromagnetic radiation is a type of energy which travels at universal speed of light 

through free space or through a material medium in the form electromagnetic waves.  

Remote sensing system that measures naturally available energy is called a passive sensor. We categorize each 

spectral region based on its frequency (v) or wavelength. There are two types of imagery for passive sensors, 

Multispectral imagery and Hyperspectral imagery. 

The main difference between multispectral and hyperspectral is the number of bands and how narrow the 

bands are. Hyperspectral images have hundreds of narrow bands, multispectral images consist of 3-10 wider 

bands. Both imagery give the power to see like humans (red, green, and blue), goldfish (infrared), and 

bumblebees (ultraviolet). Actually, we can see even more than this as reflected EM radiation to the sensor 

[14]. 

 Optical imaging is the widely used passive remote sensing where the range is from 0.4μm to 1mm. In it 

electromagnetic energy of the sun is reflected by the earth is received and measured. It cannot penetrate 

through clouds; therefore, image is acquired only in clear weather [15]. 

Optical remote sensing is the oldest method of remote sensing which is started with the invention of 

photography. As the optical remote sensing has started much earlier than the advance imaging techniques 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com)  

Volume 9, Issue 17 | Published : 14 December 2022 Page No : 420-426 
 

 

 

 

 

424 

like SAR therefore temporal studies are well supported by the optical images. In optical remote sensing many 

types of error are shown including skew distortion, panoramic distortion, haze, error due to varying solar 

illumination conditions and error due to unstable platform [16]. It is affected by the shadow that leads to the 

misclassification of pixel into low reflectance objects like water [17]. Over the time, resolution of the images 

has improved. Now a day’s several images have the centimeter level of accuracy. Hence microwave remote 

sensing is used for data detection and collection. 

Microwave remote sensing can be passive as well as active. The process involves transmitting the pulses of 

microwave in the direction of interest and record the reflection which contains strength and position of the 

object. Its electromagnetic spectrum range is from 1mm to 1m. Microwave can penetrate through clouds; 

therefore, image is acquired in any weathers [15,17].  

SAR is the type of microwave remote sensing which can provide a quantitative estimation of ground changes 

and can be used in all weathers. It also has the some errors like speckle, layover and foreshortening but these 

are less than optical remote sensing [16]. 

Remote sensing plays an important role in various applications such as Agriculture, Vegetation, Wetland 

Mapping, River Mapping, Glacier Mapping, Urbanization, Analysis of Landslide-Earthquake ,Forestry, 

Geology, Hydrology, Ocean and Coastal Monitoring, Surface Topography and many more [17-22].  

Optical remote sensing gives the biophysical and biochemical data through the study of leaf pigmentation and 

structure is performed [20]. Under the optical remote sensing, pest infection and disease can be identified as it 

appears in the form of change in spectral reflectance. Also change in photosynthetic processes can be 

determined through the near-infrared band and Crop growth monitoring and yield estimation can be 

performed. Abandoned agricultural land also can be identified [21]. 

Microwave remote sensing can give the information about the moisture content and structure of the canopy. 

It can penetrate the vegetation canopy and can study the surface water or flood extent. It detects water 

content of the plant and the soil characteristics which can support the crop disease detection and also helps in 

crop growth monitoring [20-22]. 

Currently available satellite imagery has been applied to numerous applications in disaster prediction, 

investigation and or management at global, regional and local scales. Data have been mostly used for more 

detailed assessments of an earth’s aftermath and reconstruction as well as in post disaster scientific research 

[23]. 

 

Discussion : 

A systematic review of remote sensing is discussed in this paper. In this paper, we have discussed Active and 

passive remote sensing and also discussed about the microwave remote sensing and optical remote sensing 

with positive and negative points of the given remote sensing. 

Conclusion : 

This study is to investigate the capability of remote sensing for various applications. It has numerous 

applications related to our environment. Microwave remote sensing gives clarity about images and shows 

high-resolution images thus nowadays microwave remote sensing is a growing technique for acquiring data. 
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its advantages which overcome the disadvantages of optical remote sensing.   Satellite imagery is a great data 

source for quickly responding to different emergency events. In the field of agriculture (crop monitoring, 

crop mapping), forestry, geology, hydrology, marine ice conditions, glacier exploration, ocean and coastal 

monitoring, remote sensing are of great benefits. 
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