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 Pyrazole is a heterocyclic organic compound having a 5-membered ring 

structure with three carbon atoms and two neighbour nitrogen atoms. 

There are several applications of pyrazole core based organic molecules in 

various areas including pharmacy and agro-chemical industries. There is 

an increase in the interest of synthesizing, analyzing different properties, 

and seeking possible applications of pyrazole derivatives. Our research 

efforts have been focusing on different aspects of pyrazoles including facile 

synthesis, 

Researcher have synthesized and evaluated pyrazoles against several 

biological agents. This review Study novel structures of pyrazoles have 

been synthesised with their corresponding biological activities. 

Keywords: Pyrazole derivatives; biological activities; synthesis; green 

chemistry; 
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I. INTRODUCTION 

 

Over the years increasing attention has been paid to pyrazole derivatives which are synthesized based on the 

pyrazole as the central core[1]. The central core contains a five-membered heterocyclic organic compound with 

two adjacent nitrogen atoms. In the chemical, pharmaceutical, and agrochemical industries, pyrazole 

derivatives are of great interest [2, 3]. We aim to discuss recent research on pyrazole derivatives in this brief 

review, which was primarily published in the last years.  

Biological active compounds of significance include pyrazoles and their substituted derivatives. 

Antiviral, antiparasitic, anti-tubercular, antifungal, antibacterial, antitumor, and insecticidal agents are among 

their uses. Certain compounds have also demonstrated analgesic, anesthetic, anti-inflammatory, and anti-

diabetic effects. This research paper focuses on the most recent studies on pyrazole derivatives that have 

documented their antimicrobial qualities[4]. 
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Biological Activity of various pyrazole derivatives 

1. Analgesic and anti-inflammatory activity-  

Rheumatoid arthritis and other inflammatory illnesses are frequently treated with NSAIDs, which have 

antipyretic and analgesic properties. NSAIDs  have been associated with a number of adverse consequences, 

including stroke and bleeding from the gastrointestinal tract. Furthermore, people with a past of a cardiac event 

have been found to have an elevated risk for heart disease while using Non-steroidal anti-inflammatory drugs 

[5]. El-Sehemi and coworkers substituted other heterocycles for naproxene's carboxylic acid group, an NSAID. 

A variety of substances were acquired and evaluated for their potential ulcerogenic, analgesic, and anti-

inflammatory properties. The pyrazoles derivative showed significant analgesic activity and exhibited no 

ulcerogenic effect [6]. 

 
Hassan et al. used benzofuran to create celecoxib analogs assessed their COX-2 inhibitory potential. With 

respective IC50 values of 0.40 lM and 0.36 lM, molecules A and B exhibited the most anti-inflammatory action, 

while celecoxib's was 0.28 lM.23[8] 

 

 
 

2. Antibacterial activity 

Resistant to multiple drugs microbial infections are becoming more common, which is a global health concern. 

The development of novel antimicrobials with increased activity and decreased toxicity is always needed [7]. 

Aggarwal et al. synthesized fifteen compounds and tested them against a variety of bacterial strains to 

determine their in vitro antibacterial activity. Trifluoromethyl (CF3) groups found in a number of pyrazoles 

have demonstrated exceptional antibacterial qualities[9]. 
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3. Pyrazoles as Anti-microbial Agents- 

The synthesis and biological activity of novel pyrazoline and pyrazolidine derivatives were reported by 

Salem.A. Basaif et al. [10] in 1997. 5-Anthracen-9-yl-3-aryl-1-(p-sulfamylphenyl)pyrazoles and other pyrazole 

derivatives were created from chalcones and p-sulfanyl phenylhydrazine. Every synthetic pyrazole analogue's 

antimicrobial activity activity was tested[10]. 

 

N

N

H2NO2S

R
R = C6H5, p-CH3C6H4, p-BrC6H4

 
 

4. Pyrazoles as Anticancer Agent- 

A number of 1,3-disubstituted pyrazoles are active on several cancer cell lines, including MCF-7 (breast 

cancer), BGC823 (intestinal cancer), K562 (myeloid leukemia), HT1080 (sarcoma), and A549 (lung cancer), 

according to Yao and colleagues. Additionally, a small number of these compounds—particularly compound 

below, which had a biphenyl group—were more potent than the medication suberoylanilide hydroxamic acid 

(SAHA) at inhibiting histone deacetylase enzymes (iHDAC) (Fig. 15). These iHDAC inhibitors are a novel 

family of anticancer medicines that have efficacy against a range of cancer types and have significant impacts 

on tumor cell proliferation, differentiation, angiogenesis, and programmed death of cells both in vitro and in 

vivo[11]. 

 
5. Pyrazole as a antiviral agent 

Many viruses are present now a days which create problem like  Hepatitis B, hepatitis C and HIV are three 

examples of viruses which common chronic infections with high rates of morbidity and mortality. Pyrazole 
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moieties containing a pyrazole core have been highlighted in the search for new antiviral agents. Pyrazole 

derivatives gives activity against H1N1, HIV, hepatitis C, HSV-1, RSV have been reported in the literature [12]. 
R

N
N

N

H

R1

RSV Viruses

 
6. Antileishmanial activity of pyrazole derivatives. 

Numerous compounds featuring the pyrazole core have been assessed for their antileishmanial properties. The 

research team led by Bernardino developed a range of pyrazole derivatives that exhibited significant 

antileishmanial effects[13]. Bernardino and his team evaluated various pyrazole-tetrazole hybrids for their 

efficacy against L. amazonensis and L. braziliensis. Among these, following Compound demonstrated the 

highest potency against L. braziliensis. 

N

N

NH

N
N

N

Cl

L. braziliensis

 
 

II. CONCLUSION 

 

In the conclusion Pyrazole derivatives are a versatile class of compounds with a wide range of biological 

activities and uses. Pyrazole moiety has been utilized for creating numerous compounds with biological effects 

and can be investigated further for potential application in treating various diseases. 
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 Medicinal plants are the natural reservoirs of bioactive and therapeutic 

components that play vital role in the prevention of diseases and 

improvement of human health. The widely used modern synthetic drugs 

are associated with some undesirable side effects which may lead to other 

patho-physiological complications. Medicinal herbs are being widely 

accepted as alternative remedies for preventing various diseases especially 

in India and other Asian countries. “Tinospora cordifolia (Willd.) Miers ex 

Hook.F. & Thomson”, one of the most promising plant species of Tinospora 

known as “Giloy” or Guduchi that is used in several traditional medicines 

in treating diseases. Tinospora cordifolia is a popular medicinal plant 

which is used in several traditional medicines to cure various diseases. It is 

considered an essential herbal plant of Indian system of medicine (ISM) 

and has been used in the treatment of fever, urinary problem, dysentery, 

skin diseases leprosy, diabetes, and many more diseases. The plant reported 

containing chemical compound including Alkaloids, Terpenoids, Lignans, 

Steroids and others that establish the phytochemistry and pharmacological 

activity of Tinospora cordifolia. The main pharmacological importance of 

giloy is antioxidant activity, antimicrobial activity, antibacterial activity, 

antifungal activity, anti-diabetic activity, anti-stress activity, 

hypolipidaemic effect, hepatic disorder, anti-cancer, anti-HIV potential, 

antio-steoporotic effects, antitoxic effects, wound healing, anti-

complementary activity, and immunomodulating activity, systemic 

infection and Parkinson's disease. As an alternate source of medication, 

medicinal herbs are continuously showing better compatibility with the 

human body with minimal side effects than other therapies. Keeping this 

in mind, the present review mainly focusing on medicinal properties and 

health benefits of Tinospora cordifolia against various diseases. 
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Keywords: Giloy Plant, Tinospora cordifolia, Medicinal properties, Health 

benefits etc. 

 

I. INTRODUCTION 

 

Tinospora cordifolia (synonym: Tinospora sinensis (Lour.) Merr.) is also known as Guduchi/Amrita and its 

names in Latin: Tinospora cordifolia (Wild) Hook. f. & Thomson, English: Tinospora 

Gulancha/Indian Tinospora, Hindi: Giloya. It belongs to the family of Menispermaceae and is found in 

Myanmar, Sri Lanka, and China (Singh et al., 2003). Tinospora cordifolia (Thunb.) Miers has long been a part of 

Ayurvedic medicine in India. This perennial, herbaceous vine belongs to the family Menispermaceae with 

many common names viz., Giloy, Guduchi, Gurcha, Amrita or heart-leaved moonseed. 

The species is common throughout tropical and subtropical zones at an altitude of 600 m. It is found in India, 

Bangladesh, Sri Lanka, Myanmar, China, Thailand, Philippines, Indonesia, Malaysia, Borneo, Vietnam, North 

Africa, and South Africa. Giloy is a large climbing shrub with elongated twining branches spreading 

extensively. A special feature is the presence of wiry aerial roots arising from the branches. Stems are rather 

succulent, creamy white to grey, deeply cleft, papery bark and rosette-like pores (lenticels). Leaves are simple, 

alternate, cordate-ovate, and very thin with long leaf stalks bulged at the base and apex. Inflorescence, called 

racemes is both axillary and terminal; flowers tiny, greenish yellow, unisexual dioecious. Fruits are of three 

shortly stalked sub-globose drupes, scarlet coloured when ripe. The plant flowers during the summer and fruits 

during the winter. The plant is genetically diverse, containing different active components, including steroids, 

aliphatics, alkaloids, glycosides, and diterpenoid lactones. These active compounds are distributed over all parts 

of the plant, such as the root and stem. Tinospora cordifolia has tremendous therapeutic medicinal properties 

showing anti-diabetic, anti-inflammatory, anti-arthritic, antioxidant, hepatoprotective, cardioprotective, anti-

allergic, anti-stress and many more (Bala M. et.al., 2015; Mishra et al., 2013; Sharma P. et al., 2019).  The root of 

Giloya (Tinospora cordifolia) is used as potent emetic and for bowel obstruction. The starch of this plant serves 

a beneficial household remedy for chronic fever, relieves burning sensation, increases energy and appetite. 

 

II. CHEMICAL CONSTITUENT 

 

The chemical constituents of Tinospora cordifolia belong to different classes such as alkaloids, glycosides, 

steroids, phenolics, aliphatic compounds, poly-saccharides, leaves are rich in protein (11.2%), calcium and 

phosphorus (Chaudhari N. et al., 2014). The stem contains clerodane furono diterpene glucoside (amritoside A, 

B, C, and D) and the structure has been established by different spectroscopic studies (Mayura R. et.al.2004; 

Abhijeet R. & Mokat D., 2018; Sumran G. & Aggarwal A., 2019). Almost all the parts of the plant are used in 

ayurvedic formulation. Fresh plant is more efficacious than dried plant. The plant mainly contains alkaloids, 

glycosides, steroids, sesquiterpenoid, aliphatic compound, essential oils, mixture of fatty acids and 

polysaccharides. The alkaloids include berberine, bitter gilonin, non-glycoside gilonin and gilosterol. The main 

alkaloid and secondary metabolites of giloy are tinosporine, tinosporide, tinosporaside, cordifolide, cordifol, 
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heptacosanol and tinosporidine, which are effective in removing body toxins and improving immune system 

(Singh et al., 2003). Phytochemical investigation of the methanol extract of Tinospora cordifolia aerial parts led 

to the isolation of four new and seven known compounds. The two new aporphine alkaloids, N-

formylasimilobine 2-O-β-D-glucopyranosyl- (1→2)-β-D-glucopyranoside (tinoscorsideA) and 

Nacetylasimilobine 2-O-β-D-glucopyranosyl- (1→2)- β-Dglucopyranoside tinoscorside B), a new clerodane 

diterpene, tinoscorside C, and a new phenylpropanoid, sinapyl 4-O-β-Dapiofuranosyl-(1→6)-O-β-D-

glucopyranoside (tinoscorside D)(Upadhyay et al., 2011). Besides its therapeutic properties, the plant also 

provides multiple essential minerals, such as iron, copper, manganese, calcium, zinc, and phosphorus. Tinospora 

cordifolia contains wit h high fibre (15.8 %), protein (4.5% -11.2%), carbohydrate (61.66 %), and low fat (3.1%). 

Tinospora cordifolia nutritive value is 292.54 calories per 100 grams. 

 

1) Pharmacological activities 

Phytochemical Profile of Various Parts of Tinospora cordifolia  

Leaves are rich in protein, calcium, and phosphorus (Singh et al., 2003; Sinha et al., 2004 ). Methanol extract of 

leaves is rich in flavanoids, alkaloids and glycosides (Soni H.P. et al., 2011). A post harvest experiment has 

revealed that mechanical drying of the herb at 40°C provides the highest alkaloid (tinosporin) content 

(0.045%). However, the content decreases (0.033%) with drying at 60 °C or in direct sunlight. Further, the 

dried stem bits packed in polyethylene lined gunny bag retain the highest alkaloid content (0.042%) as 

compared to storage under ambient conditions  (Padmapriya S. et al., 2009). 

Several studies published on Tinospora cordifolia revealed that it has numerous uses in Ayurvedic medicinal 

systems. T. cordifolia is renowned for its immunomodulatory properties. It is used to enhance the body's 

natural defense mechanisms and is often recommended to boost the immune system (Nair P. K. et al., 2006). It 

has been traditionally used to manage various types of fever, including viral and bacterial infections (Gupta et 

al., 2016). It is believed to help reduce fever symptoms and support the body's fight against pathogens. The 

plant is known for its antioxidant and anti-inflammatory effects. It is used to alleviate inflammation-related 

conditions such as arthritis and to counter oxidative stress in the body. Tinospora cordifolia is used to improve 

digestion, reduce acidity and promote overall digestive wellness. It also supports liver health and protect the 

liver from damage (Kaushik A. et al., 2017). Tinospora cordifolia is used to manage diabetes too. It is believed to 

help regulate blood sugar levels and improve insulin sensitivity. The plant's anti-inflammatory and anti-

microbial properties make it useful for managing skin conditions like eczema, psoriasis, and various skin 

infections. It also alleviates respiratory problems such as asthma, bronchitis, and coughs. It is thought to have 

bronchodilator and anti-asthmatic effects (Zalawadia R. et al., 2009). In Ayurveda, Tinospora cordifolia is 

classified as an adaptogen, or Rasayana, which means it is believed to enhance vitality, reduce stress, and 

promote overall well-being. There is growing interest in its anticancer properties  (Ahmad R. et al., 2015). 

Research suggests that it may have cytotoxic effects on cancer cells and could be explored further for cancer 

therapy. Some traditional uses include Tinospora cordifolia for cognitive health and its neuroprotective effects 

(M. Mathew & S. Subramaniam, 2014). It may be used to enhance memory and protect the nervous system (A. 

Agarwal et al., 2022). Tinospora cordifolia is often used as a general health tonic in traditional medicine. It is 

believed to promote longevity, improve vitality and enhance overall health. 

2) Pharmacological activities of Tinospora cordifolia  

Antioxidant activity  

Antioxidant plays a major role in normal physiological functions by protecting against cell damage by ROS and 

reducing the adverse effects of free radicals. Total flavonol and phenolic phytocompounds isolated from the 
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formulation of the Tinospora cordifolia plant showed potent antioxidant activity measured by using 1-

diphenyl-2-picrylhydrazyl (DPPH) (Mehra R. et al., 2013). Tinospora cordifolia has been reported to increase 

GSH levels and gamma-glutamylcysteine ligase gene expression.  

It also exhibited strong free radical-scavenging properties (Rawal A. et al., 2004). This happened because it 

improved the enzymatic system by controlling ROS production and normalizing the oxidative load (Rawal A. et 

al., 2004; Gupta A.  et al., 2024). 

 

Antimicrobial activity  

Antimicrobial activity of the Tinospora cordifolia with different solvents on different micro-organism, showed 

good antifungal and antibacterial activity (Duraipandiyan V. et al., 2012). Jeyachandran et al., reported the 

antimicrobial activity of stem extracts by in-vitro analysis against both gram-positive and gram-negative 

bacteria and showed good therapeutic activity on the infectious disease. It has taken a methanolic extract 

of Tinospora cordifolia against both bacteria group (Jeyachandran R. et al., 2003). Narayanan et al., have 

reported antibacterial activity of plants to extract against Escherichia coli, Proteus vulgaris, Salmonella typhi, 

Salmonella paratyphi, Salmonella typhimurium, Klebsiella pneumoniae Pseudomonas aeruginosa, Enterobacter 

aerogene, Shigella flexneri, Staphylococcus aureus and Serratia marcesenses (Gram-positive 

bacteria) (Narayanan A. et al., 2011). The aqueous, ethanol and acetone extract of T. cordifolia inhibited the 

activity on clinical isolates of urinary pathogens Klebsiella pneumoniae and Pseudomonas aeruginosa (Shanthi 

V. et al., 2013).  Singh et al., has reported silver nanoparticles from the stem of T. cordifolia, which possess 

antibacterial activity against the different strains of bacterias (Singh et al.,2014). Allemailem et al., have 

reported the antifungal activity of T. cordifolia, which was determined using the agar well plate diffusion 

method. The aqueous extract of T. cordifolia showed potent activity against A. fumigatus, Aspergillus flavus, 

and Aspergilles nigar (fungus) in the study (Allemailem et al.,2019). Prasad et al., studied the anti-oxidant and 

antimicrobial properties phenolic extract of T. cordifolia stem and root. Total reducing power, hydrogen 

peroxide scavenging activity assay, and hydroxyl radical scavenging activity were checked using different in-

vitro assays. The ethanolic extract showed maximum 87.2% and 91.0% free radical scavenging activity 

concerning H2O2 scavenging and hydroxyl free radical scavenging assay (Prasad B. et al., 2019). 

 

Anti-toxic effects  

Gupta et al., reported the extract to scavenge free radicals generated during aflatoxicosis. It showed protective 

effects of T. cordifolia on thiobarbituric acid reactive substances (TBARS) levels and increase the level of GSH, 

ascorbic acid, protein, and the activities of anti-oxidant enzymes viz., Superoxide Dismutase (SOD), Catalase 

(CAT), GPx enzyme, Glutathione S-transferase (GST) and glutathione reductase (GR) in kidney. The alkaloids 

such as choline, tinosporin, isocolumbin, palmatine, tetrahydropalmatine, and magnoflorine present in the 

plant of T. cordifolia showed protection against aflatoxin-induced nephrotoxicity 

(Gupta et al.,2011).  Sharma et al., studied the stem and leaves extract of the plant has shown hepatoprotective 

effect in Swiss albino male mice against lead nitrate induced toxicity ( Sharma et al.,2010).  

 

 Antidiabetic activity  

One of the world's major health issues, diabetes mellitus is increasing in prevalence and mortality. The health 

consequences of inadequate blood sugar regulation are severe.  

Despite their effectiveness, conventional antidiabetic medications come with undesirable side effects. On the 

other hand, medicinal plants may be able to substitute for other sources of antidiabetic drugs. In Ayurveda, 
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Giloy is referred to as "Madhunashini," which means "destroyer of sugar." The production of insulin is helped 

by this activity. Giloy slows down digestion due to its high fiber content (Prince et al., 2003). From Guduchi, 

Prasant et al., isolated alkaloids, cardiac glycosides, saponins, flavonoids, tannins, and steroids that contains 

anti-diabetic property. Alkaloids from this plants showed insulin-mediated actions due to insulin 

hormone (Patel et al., 2016). Gestational diabetes can increase the GSH content and other reactive species that 

can act as a threat to the mother as well as the fetus. The study based upon the pregnant rat 

using T. cordifolia was incorporated in the daily diet to a diabetic-pregnant rat (streptozocin-induced diabetes), 

which showed a protective effect by reducing the oxidative load thereby preventing the relative incidence of 

diseases and any birth defect . In a diabetic rat model, T. cordifolia root extracts of Guduchi attenuated the 

brain mediated lipid level and down-regulated the blood glucose and urinary glucose level emphasizing its anti-

diabetic and lipid-lowering activity (Shivananjappa et al., 2011). The root extract of Guduchi showed an 

antihyperglycemic effect in the alloxan-induced diabetic model by decreasing its excess glucose level in urine as 

well as in normal (Singh et al., 2017). Certain herbal preparation, including Guduchi like Ilogen-Excel, 

Hyponidd, and Dihar have been tested in diabetic rat models, the anti-diabetic activity of T. cordifolia was 

observed. The effects by Ilogen Excel down the level of excess glucose in the blood and enhance the insulin 

efficiency by increasing its amount in the systemic circulation. Hyponidd is reported, and it maintained the 

oxidative load by decreasing reactive species and reduced the glucose-mediated hemoglobin count. when the 

tested of „Dihar‟ for one and a half month in streptozotocin-induced diabetic model decreased the urea as well 

as creatinine amount in the blood with an increase in enzyme activities (Prince et al., 2003; Patel et al., 2009). 

 

Anti-stress activity  

Sarma et al., reported ethanolic extract of Tinospora cordifolia at the dose of 100 mg/kg gives significant anti-

stress activity in all parameters compared with standard drug diazepam (dose of 2.5 mg/kg) (Sarma et. al. 1996). 

The plant extract gives a moderate degree of behavior disorders and mental deficit response. The clinical 

research showed the improved I. Q level of patients. In Ayurveda, it acts as Medhya Rasayana or brain tonic by 

increasing mind power like memory and recollection (Baghel P. 2017). 

 

Hypolipidemic effect  

Stanely et al., studied the hypolipidemic effect of an aqueous extract of the root on the rats weighing 2.5 and 5.0 

g/kg body weight on sixth weeks, that resulted in decrease tissue cholesterol, reduction in serum, 

phospholipids, and free fatty acid in alloxan diabetic rats. The dose of root extract 5.0 g/kg body weight showed 

the highest hypolipidaemic effect. When the level of serum lipids in diabetes increased, they represented 

coronary heart disease, lower the serum lipids level decreased the risk of vascular disease. The ability 

of T. cordifolia root extract to reduce the level of serum or tissue lipids in diabetics animals have never been 

studied before till then (Stanely M. 1999). 

 

Anti-cancer activity  

Ali et al., studied the anticancer activity of T. cordifolia palmatine extract in animal models, alkaloid using 

response surface methodology (RSM). The extract indicates the anticancer potential in 7,12-

dimethylbenz(a)anthracene DMBA induced skin cancer model in mice (Ali H. et al., 2013). 

Rahul et al., prepared the extract of 200, 400, 600 mg/kg dry weight in a dose depend upon manners. 50% 

methanolic extract of cordifolia to C57 BI mice for 30 days at a dose of 750 mg/kg body weight the tumor size 

reduced life span (Verma R. et. al., 2011). Mishra et al., showed the anti-brain cancer potential, 50% ethanolic 
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extract of T. cordifolia (TCE) using C6 glioma cells significantly induced differentiation in C6 glioma cells, and 

reduced cell proliferation (Mishra R. et. al., 2013). 

 

III. ANTI-HIV POTENTIAL  

 

Kalikae et al., showed that the root extract of T. cordifolia affects the immune system of HIV positive patient. 

The stem extract of Tinospora cordifolia reduces the ability of eosinophil count, stimulation of B lymphocytes, 

macrophages, level of hemoglobin, and polymorphonuclear leucocytes (Kalikaer M.V. et. al., 2008). 

 

Wound healing  

Shanbhag T et al., The present study was aimed at evaluating the wound healing profile of alcoholic extract 

of T. cordifolia and its effect on dexamethasone suppressed healing. Incision, excision, and dead space of the 

wound models were employed to investigate the wound healing potential of the plant increased tensile strength 

extract of T. cordifolia may be attributed to the promotion of collagen synthesis. The extract of T. cordifolia did 

not reverse dexamethasone suppressed wound healing (Shanbhag T. et. al., 2019). 

 

Parkinson's disease  

Birla et al., reported T. cordifolia extract is highly attractive against the Parkinosonism. They observed the anti-

inflammatory activity of aqueous extract in 1-methyl-4-phenyl-1,2,3,6-tetra hydropyridine (MPTP)-intoxicated 

Parkinsonian mouse model. The extract reversed the behavior of the target MPTP-intoxicated mice and its 

suggest that T. cordifolia protected dopaminergic neurons by suppressing neuroinflammation in MPTP-induced 

Parkinsonian mouse model (Birla H. et. al., 2019). The plant exhibited multiple biological activities due to 

diverse chemical constituents present in it. The biologically active chemical molecules are present in different 

parts of the Tinospora cordifolia. 

 

IV. CONCLUSION 

 

The plant, Tinospora cordifolia, exhibited multiple biological activities due to diverse chemical constituents 

present in it. The biologically active chemical molecules are present in different parts of the Tinospora 

cordifolia. Giloy is not just a plant; it is considered one of the best medicines in Ayurveda, used to treat various 

fevers and other inflammatory conditions.  

Tinospora cordifolia is good for the digestive system and helps to improve digestion.  

It also helps to reduce burning sensation, pain, and excessive thirst because of its Tridosha balancing 

property.  It also shows antifungal activity, antioxidant activity, antimicrobial activity, antibacterial activity, 

hypolipidaemic effect, hepatic disorder, anticancer, Anti HIV potential, Antiosteoporotic effects, Antitoxic 

effects, Wound healing, anticomplementary activity and Parkinson's disease. In this regard, further studies 

need to be carried out to explore Tinospora cordifolia  for its potential in preventing and treating diseases. 
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 Nikel oxide (NiO) nanoparticles were synthesized by ultrasound assisted 

sol-gel precipitation method using nikel nitrate as a precursor and sodium 

hydroxide as a reducing and stabilizing agent. Synthesized NiO 

nanoparticles were studied by field emission scanning electron microscopy 

(FE-SEM), E.D.A.X., X-ray diffraction (XRD) and FTIR. The XRD pattern 

confirms the very good crystalline of the material and the average 

crystallite size was found to be about 18.2 nm. FE-SEM shows NiO 

nanoparticles found to be dispersed uniformly with an average diameter of 

~35-55 nm. FT-IR shows absorption bonds at 470 and 522 cm-1 are 

associated to Ni-O vibration bond, and 619 cm-1 is assigned to Ni-O-H 

stretching bond. The presence of Ni and O peaks in the EDAX spectrum 

indicated the presence of NiO phase with other impurities such as C, N, 

and Fe. 
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I. INTRODUCTION 

 

Nanotechnology is one of the most exciting and rapidly developing fields of science and engineering, 

combining expertise from chemistry, biotechnology and other industries in one field. NPs are widely used in a 

variety of industries, including food, cosmetics, farming, medicinal products, the diagnosis/recovery of cancer, 

and cancer treatments, among others [1]. In recent years, researchers from all over the world have been 

studying nanotechnology for its unique characteristics [2], [3], and nanomaterials are superior to bulk materials 

in terms of properties [4][5]. Nickel oxide is an antiferromagnetic transition metal oxide, which is a wide gap p-

type semi- conductor [6]. It is an interesting material because of its chemical stability as well as optical, 

electrical and magnetic properties. Its nanoparticles are used in electrochromic devices [7], smart windows [8], 

optical fibers [9], gas sensors [10], solar thermal absorbers [11], batteries [12], transparent conducting layers 
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[13]. Numerous techniques, such as chemical precipitation [14, 15], magnetron sputtering [15], and sol-gel [16] 

have been used to fabricate NiO nanoparticles. Among different techniques for controlled synthesis, ultrasound 

assisted sol-gel technique was used to synthesize crystalline and impurity free NiO nanoparticles.  

The present work, nano-nickel oxide was successfully prepared in an environmentally friendly manner by 

combining the nickel nitrate salt with the sodium hydroxide. Ultrasound assisted sol-gel synthesis is a system 

that is environmentally friendly, cheap, socially acceptable, safe and cost-effective. The nickel nitrate was 

utilized as a precursor, while the sodium hydroxide was utilized as a reducing agent.  

 

II. EXPERIMENTAL 

 

2.1 Materials 

The chemicals required for the synthesis of NiO nanoparticles were of analytic grade such as nikel nitrate and 

sodium hydroxide were procured from Merck, India.  

 

2.2 Synthesis of NiO nanoparticles 

0.5 M Sodium hydroxide was added drop wise under controlled ultrasound in 0.1 M nikel nitrate solution. This 

process of ultrasound assisted sol-gel precipitation technique was carried out at 60 0C. Even though the addition 

was completed, the mixture was sonicated for next one hour at 5 seconds on/off pulse and at intensity of 20 

KHz to achieve homogeneous dispersion. During the reaction, mixture of copper nitrate and sodium hydroxide 

shows formation of bluish greenish colour indicates the formation of NiO nanoparticles. The precipitate was 

filtered through nylon mesh followed by washing to remove the impurities from the surface. The obtained 

precipitate was dried and crushed into powder form. This powder was calcinated at 450 °C in muffle furnace for 

2 hours.  

 

III. CHARACTERIZATION OF NANOPARTICLES  

 

3.1. Fourier transform infrared spectroscopy (FTIR) 

FTIR spectra in the range of 400-4000 cm-1 of as-synthesized nanoparticles, were recorded (Shimadzu FTIR-

8400 spectrophotometer Tokyo, Japan). 

 

3.2. X-ray diffraction (XRD)  

X-ray study was conducted on Brukers D8 Advance X-ray diffractometer (Brukers, Germany) with CuKα1 

radiation (λ=1.5404 Å) within the 2θ range of 20-80o. The crystallite size of the metal and metal oxide 

nanoparticles was calculated using Scherer’s formula. 

   
     

     
 ........................................ 3.1 

where, τ is crystallite size, λ is wavelength, (β) is full width at half maxima (FWHM) (in radians) and θ is 

diffraction angle. 

 

3.3. Field emission scanning electron microscopy (FE-SEM)  

Field emission scanning electron microscope (Hitachi S-4800,Tokyo, Japan) was used to assess the surface 

morphology of nanoparticles. The samples were of gold coated and mounted on a specimen stub prior to 
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viewing under the microscope. Energy dispersive X-ray (EDAX) analysis of nanoparticles was also studied to 

known the elements present into the material. 

 

IV. CONFIRMATION OF NiO NANOPARTICLES 

 

4.1. FT-IR of NiO nanoparticles 

 
Figure 1 FT-IR spectra of NiO nanoparticles 

 

Figure 1 shows the FT-IR spectra of NiO nanoparticles. The peak around 3480 cm-1 on the FT-IR spectrum is 

related to O-H bond. The absorption at 1630 cm-1 attributed to hydroxyl groups. The absorption bonds at 1410 

and 1115 cm-1 indicates the existence of carbonates. The absorption bonds at 470 and 522 cm-1 are associated to 

Ni-O vibration bond, but absorption bond at 619 cm-1 is assigned to Ni-O-H stretching bond [10]. The above 

information confirmed formation of pure NiO nanoparticles. 

 

4.2. XRD of NiO nanoparticles 

Figure 2 shows the XRD spectra of NiO nanoparticles. The XRD spectrum consists of four dominant diffraction 

peaks centered at 37.1, 43.2, 62.8 and 75.20. All of the peaks are consisted of NiO phase, indicating the existence 

of NiO particles. The four peaks are corresponding to 111, 200, 220 and 311 crystal planes indicate the 

formation of cubic nickel oxide. In addition, the XRD spectrum shows clearly, the formation of a dominant 

phase, face centered cubic (FCC) nickel oxide [11] 

The high peak intensity indicates that the NiO nanoparticles are of high crystallinity. No peaks from other 

phases are detected, indicating that the product is of high purity. The average crystallite size calculated using 

the Scherrer equation based on the half-width of the (111) peak is about 18.2 nm. 
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Figure 2 XRD of nNiO nanoparticles 

 

4.3. FE-SEM and EDAX spectra of NiO nanoparticles  

 
Figure 3(a) FE-SEM of NiO nanoparticles 

 
Figure 3(b) EDAX of NiO nanoparticles 
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Figure 3(a) represents the FE-SEM image of NiO nanoparticles. It was observed that NiO nanoparticles found to 

be dispersed uniformly with an average diameter of ~35-55 nm. This uniformity in size distribution was due to 

effective ultrasound, which allows the solution to get dispersed uniformly with formation, growth and 

collapsing of bubbles. During ultrasonic process the de-aggregated structure was observed due to formation of 

stable latex even though encapsulating agent was absent. FE-SEM images also shows that NiO nanoparticles are 

of spherical in shape having minimal aggregation. The results of FE-SEM are in line with XRD.  

Figure 3(b) shows elemental spectra of the NiO nanoparticles and found that elemental signals of nickel and 

oxide ions are present with other impurities such as C, N, and Fe.  

 

V. CONCLUSION  

 

Nanocrystalline nickel oxide nanoparticles were synthesized by inexpensive ultrasound assisted sol-gel method. 

the XRD spectrum shows clearly, the formation of a dominant phase, face centered cubic (FCC) nickel oxide. So 

the ultrasound assisted sol gel synthesis of NiO nanoparticles is safe, cost effective and easy way of synthesis of 

nanoparticles. 
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 Mesoporous Al-SBA-15 zeolite catalyst was prepared by sole-gel method 

and studied by powder X-Ray diffraction, SEM-EDS, FT-IR spectroscopic 

techniques and BET surface area analysis.  The catalytic activity of 

prepared Al-SBA-15 zeolite was tested for one pot synthesis ofPyrimido [4, 

5-d] Pyrimidine derivatives, via Biginelli type multicomponent 

cyclocondensation reaction between substituted benzaldehyde, barbituric 

acid and urea/thiourea.Al-SBA-15 zeolite show excellent catalytic activity 

and reusability and offer excellent yield of Pyrimido [4, 5-d] Pyrimidine 

derivatives under mild reaction condition. 
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I. INTRODUCTION 

 

Nowadays, development of sustainable and green catalytic methods for synthesis heterocyclic molecules by one 

pot synthesis has gained an importance in organic synthesis because of their advantages such as, minimum steps, 

short reaction time, high yield of desired product, and fewer byproducts as compared to classical multistep 

synthetic organic synthesis [1].The Biginelli reaction is well known multicomponent reaction that yields 

various bioactive scaffolds such as dihydropyrimidine, tetrahydropyrimidines and pyrimidopyrimidine 

derivatives via one pot condensation reaction between benzaldehyde, active methylene compounds and 

urea/thiourea in acidic medium using strong acid as catalyst [2].  Nitrogen containing heterocyclic compounds 

such as 1,4, dihydropyridine, acridineand pyrimidinesare the building blocks of natural alkaloids which possess 
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biological and pharmaceutical activities such as cytotoxic[3], anticancer [4], antibacterial [5], antifungal [6] and 

antiallargic [7, 8].   

In view of pharmacological importance of pyrimidine derivatives various synthetic methods  were developed 

catalysts like Fe3O4@NCs/Cu(II)[8]Zn-(BDC) MOF [9], 7-aminonapthalene-1,3-disulphonic acid functionalized 

Fe2O3@SiO2[10],PEG-SO3H [11], sulphonic acid functionalized SBA-15 [12], p-TSA [13], Al2O3[14], 

Bi(OTf)3[15], Fe3O4@TiO2 immobilized Ionic Liquids [16]However, some of the methods are suffered from 

some problems such as acid fictionalization of catalyst and solvents, high temperature, maximum reaction time, 

low yield of desired product, some methods requires irradiation of microwave/sonication.  Therefore,there is 

still need of efficient method for synthesis of pyrimidine derivatives. Which is sustainable efficient and green 

method with heterogeneous reusable catalyst for synthesis ofPyrimido [4, 5-d] Pyrimidine derivatives. 

Heterogeneous solid acids catalysts such metal oxides, supported clays, mesoporous zeolites are playing an 

important role in development of green organic synthesis.  Mesoporous zeolites possess suitable pore size and 

provide high surface are for organic molecules and provide microreactor type environment during reaction. 

During past decades, many efforts have been made to synthesize the mesoporous ordered silica such as SBA-15, 

MCM-41, MCM-22 due to their tuneable properties and applications in the field of advanced drug delivery, 

fluid catalytic cracking andketalization reaction [17] and supports for active transition oxide nanoparticles 

which shows superior catalytic activity and reusability in organic reactions [18-21]. Furthermore Co-Fe-SBA-

15 is utilized for degradation of rhodamine dye in water, recently Zn-SBA-15 is reported as effective sorbent for 

removal of hydrogen sulphide (H2S) gas [22, 23].  

Structurally, SBA-15 is two dimensional ordered hexagonal siliceous materials with mesopores and possess 

better hydrothermal stability as compared to MCM-41-zeolites. However, such material shows weak Lewis 

acidity.  Several reports were available for tailoring acidity of SBA-15 by isomorphous substitution of trivalent 

metal ion in SBA-15, which generates strong Lewis acidity in his framework [24].Trivalent Al+3 cation can be 

incorporated in framework of SBA-15 either by co-precipitation (direct) method or post synthetic grafting to 

improve the acidity of SBA-15.   

To address these problems in conventional synthesis of heterocyclic molecules our research group is working 

on development of heterogeneous solid acid catalyst their physicochemical study and utilization as design and 

development of green protocol for synthesis of heterocyclic organic compounds [25-27].In present work, we 

have prepared Al-SBA-15 zeolite catalyst by sol-gel hydrothermal method and studied by powder-X ray 

diffraction, SEM-EDAX, FT-IRspectroscopic techniques and BET surface area analysis for characterization. The 

prepared Al-SBA-15 zeolite was utilized as heterogenous solid acid catalyst for one pot synthesis of Pyrimido [4, 

5-d] Pyrimidine derivatives, via Biginelli type multicomponent condensation of substituted benzaldehyde, 

malononitrile, and barbituric/thiobarbituric acid.  The present method is green and efficient as compared to the 

reported one and offers several advantages such as reusability of Al-SBA-15 zeolite catalyst, minimum reaction 

time, easy separation of catalyst, mild reaction condition simple work-up procedure, excellent yield of desired 

product Pyrimido [4, 5-d] Pyrimidine derivatives. 

 

II. EXPERIMENTAL 

 

2.1. Chemicals and instruments 

The chemicals were synthetic grade and procured from Merck, Loba-chem and S-d fine chemicals and used as 

such.  Melting points were taken in an open capillary in melting point apparatus and are uncorrected. FT-IR 

spectrum was recorded on Bruker FT-IR Spectrometer, TLC was performed on Merck pre-coated silica 



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

 

 
22 

plates.1H-NMR and 13C-NMR spectra were recorded on Bruker Avance 500 MHz FT-NMR spectrometer in 

CDCl3 as solvent and chemical shifts values are recorded in δ (ppm) relative to tetramethyl silane (Me4Si) as an 

internal standard.  LCMS was recorded on Quadrupole-ToF MS equipped with ESI APcI source mass 

spectrometer. The X-ray diffraction patterns were recorded on Bruker 8-D advance X-ray diffractometer using 

monochromatic Cu-Kα radiation (λ=1.5405Å). SEM with EDS was performed on JSM - 6390LV6330 LA 

operated at 30.0 kV.  The Surface area, pore volume, pore diameter was calculated by using Brunauer-Emmer-

Teller N2 adsorption desorption method on Quantachrome CHEMBET 3000 instrument. 

 

2.2. Synthesis of Al-SBA-15 Zeolite catalyst. 

Sol-gel hydrothermal method was adopted with direct addition of Aluminium source during hydrolysis of silica 

source to form gel.  The typical procedure consists of slow and dropwise addition of tetraetylorthosilicate (20.8 

g 100 mmol) in the stirred solution of 4 % aqueoussolution of tetrapropylammonium bromideas a surfactant this 

will set hydrolysis reaction and form silica sole.  Aluminium nitrate Al(NO3)3.3 H2O. 1.2498 g, (3.33 mmol) was 

dissolved in 50 ml of deionised water and added dropwisein silica sole solution with constant stirring.  The 

viscous gel is formed after hydrolysis.  ThepH of the gel was maintained to about 12 by adding 0.1 M aqueous 

solution of NaOH.   A white precipitate was formed which was vigorously stirred for 2 h at 30 °Ctemperature.  

The homogeneous gel was formed which was transferred in Teflon lined stainless steel autoclave for 

hydrothermal crystallization under autogenous pressure at 150 °C temperature for 12 h.  After hydrothermal 

treatment solid product is obtained which was filtered, dried in an oven at 100 °C for 5 hours and calcined in 

muffle furnace at 550 °C for 5 hours under air atmosphere.  The resulting porous material was pulverized to 

obtained fine powder of Al-SBA-15Zeolite. 

 

2.3. Typical reaction procedure for the synthesis of Pyrimido[4,5-d]Pyrimidine derivatives. 

In typical reaction procedure, mixture of aromatic aldehyde (1 mmol), urea/thiourea (1 mmol) and barbituric 

acid (1 mmol), and catalytic amount of Al-SBA-15 Zeolite (0.1g) was refluxed in ethanol (20 ml) at temperature 

80 °C for the time shown in (Table. 2).  The progress of the reaction was monitored by TLC (petroleum ether: 

ethyl acetate=7:3 as eluent).   After completion of the reaction, as indicated by TLC the reaction mixture was 

filtered to recover the Al-SBA-15 Zeolite catalyst and the filtrate was poured on crushed ice. The crude solid 

product was obtained which was filtered, dried and recrystallized from ethanol to afford pure product (Table 2 

entry 2a-2i). All the derivates are reported and confirmed by melting point. 

 
Scheme-1. Synthesis ofsynthesis ofPyrimido[4,5-d]Pyrimidine derivatives catalysed by Al-SBA-15 Zeolite 

 

2.4. Spectroscopic data of representative pyrimido [4, 5-d] pyrimidine derivative. 

5-(4-methoxyphenyl)-5,6-dihydropyrimido[4,5-d]pyrimidine-2,4,7(1H,3H,8H)-trione (2b) 

Yellow Solid: FT-IR(cm-1): 3268, 3190(-NH), 1667(-CONH), 1613, 1541(-NH). 1H NMR (400 MHz, DMSO-d6): 

ɗ (ppm) 10.00(s, 1H, NH), 6.67 (d, J= 8.7 Hz, 2H), 7.14 (d, J= 8.7 Hz, 2H), 5.85 (s, 3H, NH), 5.41 (s, 1H, CH), 
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3.67 (s, 3H, OCH3).  13C NMR (400 MHz, DMSO-d6): 54.85, 91.19, 112.79, 127.54, 136.5, 150.66, 156.47, 159.59.  

LC-MS: m/z (%): 291 (M+1) 

 

III. RESULT AND DISCUSSION 

 

3.1. Powder X-ray diffraction analysis of Al-SBA-15 Zeolite: 

X-ray diffraction patters of uncalcined and calcined Al-SBA-15 Zeolite are given in Figure 1.  Which shows 

high intense peaks at 2θ° = 6.834, 7.180, 21.052, 29.324, 43.402, 45.171 with corresponding planes (100), (100), 

(111), (400) (600), (430) respectively, the plane (100) indicate the presence of ordered hexagonal structure of 

Al-SBA-15 type material.  A broad peak between 20-25° is due to presence of amorphous mesopours silica.28 

The reflection plane (400) is due to the formation of nanocrystalline Al2O3 [29] 

 
Figure-1 Powder XRD pattern of (a) UncalcinedAl-SBA-15 Zeolite (b) Calcined Al-SBA-15 Zeolite. 

 

3.2. Scanning Electron Microscopy-Energy Dispersive Spectroscopy (SEM-EDS) analysis of Al-SBA-15 

Zeolite: 

In order to study the surface morphology and chemical composition of synthesized catalyst it was analyzed by 

SEM-EDS spectroscopy.  The Fig.2 (a) shows sponge like morphology for uncalcined Al-SBA-15. This may be 

due to presence of surfactant inside the pores or channels of Al-SBA-15 framework.   The same catalyst was 

calcined at 550°C and it shows nano rod shaped crystals with size 170.88 - 226.27 nm along with mesoporous 

silica (Fig.2 (b) the Al-SBA-15). These rod shaped crystals may be grows during calcinations process. The 

elemental composition of calcined Al-SBA-15 is shown in Fig 3 which confirms the presence of Si, Al, O and 

Na on the basis of atomic wt% 43.17, 3.82, 50.16 and 2.86 respectively.   
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Figure-2. SEM image of (a) Uncalcined Al-SBA-15 Zeolite (b) Calcined Al-SBA-15 Zeolite. 

 
Figure-3 EDSSpectrum of Calcined Al-SBA-15 Zeolite. 

 

3.3. Brunauer-Emmer-Teller (BET) surface area analysis of Al-SBA-15 Zeolite: 

Surface area, average pore diameter and pore volumes were calculated by N2 adsorption and desorption 

isotherm method. The BET surface area, average pore diameter and pore volume of calcined Al-SBA-15 was 

found to be 31.792 m2/g, 51.1753 Å and 0.04047 cm3/g which suggest mesoporous nature of Al-SBA-15. 

 

3.4. Fourier Transform Infrared (FT-IR) spectroscopy analysis of Al-SBA-15 Zeolite: 

Figure 4 (a-b) shows peak at 468, 471, 795, 802, 1099, 1103 cm−1 due to the symmetric starching of T-O-T unit 

which assigned for Si-O-Si or Al-O-Si bond form tetrahedron unit insidethe framework.Stretching vibration of 

O-Si-O bond is observed in the range 1099-1103 cm-1 in present work confirm formation of 

characteristicordered Al-SBA-15 framework [30].  The peak at 1627-1631 cm−1 is attributed to bending 
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vibration of adsorbed water molecule.   The broad band appear between 3437-3442 cm−1 confirms presence of 

bridged and surface hydroxyl groupwhich act as Bronsted acid site [31].  

 

 
Figure-4 (a) FT-IR Spectrum of (a) UncalcinedAl-SBA-15 Zeolite (b) Calcined Al-SBA-15 Zeolite. 

 

3.5. Optimization of reaction conditionsfor synthesis of Pyrimido [4,5-d] Pyrimidine derivatives: 

To find the optimum loading of Al-SBA-15 Zeolite catalyst,and suitablesolvent for one pot efficient synthesis of 

Pyrimido[4,5-d]Pyrimidine derivatives. The reaction between 4-OCH3-benzaldehyde (1mmol), urea (1mmol) 

andbarbituric acid (1mmol) was selected as model reaction.  Initially model reaction was carried in ethanol 

without loading Al-SBA-15 Zeolite catalyst under reflux condition gives very less yield of desired product (2b) 

which indicate important role of catalyst. The same reaction when carried out with loading of Al-SBA-15 

Zeolite as catalyst under same condition the yield of desired product increases significantly and reaction takes 

less time for completion (Table 1).   It has been found that the 0.10 g of Al-SBA-15 Zeolite is suitable to catalyze 

reaction smoothly. The various solvents at reflux condition has been also checked with loading optimum 

amount of Al-SBA-15 Zeolite catalyst and results are summarized in (Table 1).  It has been found that the 

reaction proceeds faster in polar protic solvent such as water and ethanol with maximum yield in minimum 

time as compare to less polar and aprotic solvent which gives lower yield (Table 1) 

 

Table 1. Optimization of catalyst loading with different solvents for the synthesis of (2b). 

Entry Solvent Amount of Al-SBA-

15 Zeolite (g) 

Time (min) Yield(%)a 

1 Solvent free 0.00 120 10 

2 Ethanol 0.00 120 40 

3 Ethanol 0.05 60 80 

4 Ethanol 0.10 60 85 

5 Ethanol 0.15 60 85 

6 Ethanol 0.20 60 85 
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Entry Solvent Amount of Al-SBA-

15 Zeolite (g) 

Time (min) Yield(%)a 

7 Water 0.10 120 30 

8 Methanol 0.10 120 25 

9 Acetonitrile 0.10 120 23 

10 1,4-dioxane 0.10 120 20 

11 Tetrahydrofuran 0.10 120 20 

Reaction conditions 4-OCH3-benzaldehyde (1mmol), urea (1mmol), and barbituric acid (1mmol), different 

solvents (20 ml) under reflux condition. 
aIsolated yields.  

 

After optimizing loading of Al-SBA-15 Zeolite catalyst and finding suitable solvent for model reaction. The 

various derivatives of pyrimido[4,5-d]pyrimidine was prepared under optimum reaction condition with 

different aromatic aldehydes, urea/thiourea and barbituric acid which gives corresponding Pyrimido[4,5-d] 

Pyrimidinederivativesin stipulated time with in excellent yield (Table 2).   After completion of reaction 

reusability of the Al-SBA-15 Zeolite catalyst was tested thrice on the model reaction(Table-2, entry-2) in which 

catalyst was separated and recovered from reaction mixture by dissolving the reaction mixture in hot ethanol 

followed by filtration. The recovered Al-SBA-15 Zeolite catalyst was washed 3-4 times with ethyl acetate and 

acetone then dried in a hot air oven at 150C for 6 h before reuse. It was found that Al-SBA-15 Zeolite catalyst 

retain its catalytic activity and yields of desired product (2b) with excellent yield in successive catalytic 

cycle(Table-2, entry-2).   

 

Table 2.  Al-SBA-15 Zeolite catalyzedcyclocondensation of aromatic aldehyde, urea/thiourea and barbituric 

acid. 

Entry 
Aldehydes  

(R) 

(X) 

O/S 
Derivative  

Time 

(min) 

Yield 

(%)a 

Melting 

point  (°C) 

(Observed) 

Melting 

point  (°C) 

(Ref.) [14] 

 

 

1 
 

O 

 

 

60 
84 248-250 247-250 

 

2 

 

O 

 

 

60 

 

85 

 (82, 

80, 

79)c 

 

285-287 

 

285-287 
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Reaction conditions benzaldehyde (1mmol), urea/thiourea (1mmol), Barbituric acid (1mmol) and (0.10 g) 

calcined Al-SBA-15 catalyst in ethanol 20 ml. aIsolated yields. cYield after consecutive cycle. 

To specify the advantages of newly developed method for one pot efficient and green synthesis of 

Pyrimido[4,5-d] Pyrimidine derivatives the results of present work is compared with different reported 

 

 

3 
 

O 

 

60 86 218-220 218-220 

 

4 

 

O 

 

60 87 248-250 248-250 

 

5 

 

O 

 

60 82 294-295 294-295 

 

6 

 

S 

 

 

60 
85 294-295 294-295 

 

7 

 

s 

 

 

60 

 

87 
>300 >300 

 

8 

 

S 

 

60 86 218-220 218-220 

9 

 

S 

 

60 82 280-282 280-282 
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methods in literature and summarized in (Table 3).  It is been found from tabulated results that, Al-SBA-15 

Zeolite catalyst promotes reaction more effectively than other reported methods. 

 

Table 3. Catalytic performance of different catalysts for the synthesis of Pyrimido[4,5-d]Pyrimidine derivatives 

Entry Catalyst Condition 
Time 

(min) 

Yield 

(%) 
References 

1 Zn-(BDC) MOF 
Ultrasound irradiation, 

Solvent Free 
05 98 [9] 

2 PEG-SO3H H2O, Reflux. 50 90 [11] 

3 p-TSA MeOH, Reflux. 180 80 [13] 

4 Al2O3 Microwave, 600 watt. 01 95 [14] 

5 Bi(OTf)3 Reflux, Ethanol 360 86 [15] 

6 Fe3O4@TiO2 Immobilized IL 80 °C, Reflux, Ethanol 40 97 [16] 

7 Al-SBA-15 Zeolite  reflux in ethanol 60 85 
Present 

work 

 

IV. CONCLUSION  

 

In summary, we have synthesized Al-SBA-15 mesoporous zeolite by hydrothermal method.  The Powder X-ray 

diffraction analysis confirmed hexagonal phase of Zeolite framework.   SEM images show nano roads ranging 

from 170.88 to 226.27 nm and prorousmorphology of Al-SBA-15 zeolite. The FT-IR analysis shows presence of 

bridge and surface hydroxyl group which is   Bronsted acidic site framework.  BET surface area analysis shows 

high surface area mesoprous nature of framework. The Al-SBA-15 Zeolite shows excellent catalytic activity and 

reusability for one post synthesis of Pyrimido [4,5-d]Pyrimidine derivativesvia Biginelli type multicomponent 

condensation reaction between substituted benzaldehyde, barbituric acid and urea/thiourea. The present 

methodoffers significant advantages over the reported one such as high yield of desired product, complete 

separation of catalyst, mild reaction condition simple work-up procedure, and reusability of catalyst without 

significant loose in catalytic activity. 
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eco-friendly and sustainable alternative to conventional chemical and 

physical synthesis methods. This green approach utilizes biological entities 
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I. INTRODUCTION 

 

Nanobiotechnology is the technology that deals with the nanosized material within biogenic formations, which 

is more popular for the formation of nanoparticles for the protection of the environment from hazardous 

chemicals within emerging research [1,2]. Therefore, different nanomaterials have been formed such as carbons, 

metals, polymers, composites, chalcogenides, and are being investigated for much utilization [3]. 

Nanotechnology allows scientists to manipulate the characteristics of materials through manipulating molecular 

scale, which has led to a slew of new applications for nanostructures.  

Palladium can manufacture different kinds of geometrical shapes due to its face-centered cubic metal structure, 

and for crystalline production, it achieves rapid reduction rates through manipulating thermodynamics, a shift 

in the amount of palladium seed aggregation caused by slower reduction changes the formation to a kinetically 

mediated phase [4]. The crystallinity of palladium seeds plays a major role in the controlling of structure and 
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form of the final product [5]. The investigations of nanoparticles, and in particular nanomaterials clusters in 

terms of physical and chemical properties as a function of size and structure [6]. Palladium nanoparticles made 

up from plants [7], fungi [8], bacteria [9]. Nanotechnology has revolutionized various scientific disciplines, with 

PdNPs playing a crucial role due to their exceptional catalytic, electronic, and antimicrobial properties. 

However, conventional PdNP synthesis methods pose environmental hazards and high costs. Palladium 

nanoparticles have different energetic applications such as catalytic degradation, cancer therapy, drug delivery, 

chemical, and biological sensors, bioimaging, methane combustion, hydrogen generation and storage, and 

lithium- ion batteries and are widely covered with the catalytic ability [10, 11].The quest for eco-friendly 

alternatives has led to the exploration of biological routes, which leverage the reducing and stabilizing 

properties of biomolecules found in microbes, plants, and other biological entities. Nanoparticles may be used 

to increase chemical performance and play an essential role in nanocatalysis, but maybe extra importantly. The 

initial necessities of good electric and thermal conductivity for proper support resources are produced 

electrochemically and have great stability and surface area. 

 

II. BIOLOGICAL SYNTHESIS OF PALLADIUM NANOPARTICLES 

 

The biological synthesis of palladium nanoparticles (PdNPs) is an eco-friendly and sustainable alternative to 

conventional chemical and physical synthesis methods. This green approach utilizes microorganisms, plants, 

and biomolecules to reduce palladium ions (Pd²⁺) into stable PdNPs under mild conditions, eliminating the 

need for toxic chemicals and high-energy inputs. The synthesis methods can be broadly classified into 

microbial, plant-mediated, and biomolecule-assisted synthesis. 

 

2.1. Microbial Synthesis 

Microorganisms such as bacteria, fungi, and algae possess biomolecules (e.g., proteins, enzymes, and 

polysaccharides) that can act as reducing and stabilizing agents for PdNPs. Bacteria, fungi, and algae possess 

metabolic pathways that facilitate Pd(II) reduction into PdNPs. Some notable microbial systems include: 

 Bacteria: Shewanella oneidensis, Escherichia coli, and Bacillus subtilis have been reported to reduce Pd(II) 

into PdNPs through enzymatic processes involving hydrogenases and NADH-dependent mechanisms. 

 Fungi: Aspergillus niger and Fusarium oxysporum mediate nanoparticle formation by secreting 

extracellular enzymes. 

 Algae: Marine and freshwater algae produce PdNPs via intracellular bioaccumulation and extracellular 

reduction. 

 

2.2. Plant-Mediated Synthesis 

The biological fabrication of palladium nanoparticles during the aforementioned process required complex 

experimental techniques in the physical method, a large amount of reducing agents, and a medium in the 

chemical method. As a result, a simple approach for selecting artificial processing that uses environmentally 

beneficial resources must be developed. Furthermore, biological approaches offer a wider range of resources, 

such as reducing agents and better control over the size and form of the nanoparticles.  

Palladium Nanoparticles are Phyto-Fabricate Using a Variety of Plants 

In biological methods, synthesis of metallic nanoparticles in various shapes and sizes from diverse plant parts 

such as flower, leaves, roots, fruit, and bark [12]. The sizes and shapes of nanoparticles can be changed through 
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a broad variety of concentration of metal, and concentration of plant extracts in the reaction mixture [13]. In 

the biology method there are different plant parts used for the synthesis of palladium nanoparticles such as 

flower, leaves, stem, root, bark, etc. 

2.2.1. Flower Extract Mediated Palladium Nanoparticles  

A green synthesis of palladium nanoparticles from Moringa oleifera flower extract. The SPR peak of 

synthesized palladium nanoparticles was observed at 460 nm. Palladium nanoparticles are used in a variety of 

applications, including the reduction of 4-nitrophenol and methylene blue, as well as the Suzuki-coupling 

reactions in water. Plant extracts containing poly-phenols act as stabilizers of the smaller dimensions of the 

PdNPs examined by transmission electron microscopy [14]. 

A green synthesis of palladium nanoparticles from Hibiscus sabdariffa flower extract has been developed. When 

flower extract was added to the palladium ions medium, the color changed gradually from light brown to dark 

brown, which suggested the palladium nanoparticles production on SPR peak at 420 nm [15]. Under moderate 

circumstances, TEM analysis of palladium nanoparticles revealed that nanoparticles were spherical in shape 

with a diameter of around 10 nm and were employed as a heterogeneous catalyst for Suzuki coupling processes 

[16]. 

2.2.2. Leaf Extract Mediated Palladium Nanoparticles  

Soybean leaf extract used for the production of a green synthesis of palladium nanoparticles. When soybean leaf 

extract is added to a palladium ion solution, the color of the solution shifts from light orange to dark brown. 

The existence of palladium ions in the reaction mixture is shown by a peak at420 nm. HRTEM was used to 

analyze the size and SAED patterns of palladium nanoparticles. HRTEM pictures of PdNPs show that an evenly 

dispersed spherical shape with a diameter of 15 nm has formed. These biological syntheses of PdNPs can be 

employed as catalysts, particularly for the breakdown of azo dyes [17]. 

2.2.3. Root Extract Mediated Palladium Nanoparticles 

The use root extract of Euphorbia condylocarpa as reducing agents and stabilizers in the biological synthesis of 

palladium nanoparticles and their catalytic uses in ligand and copper free Sonogashira and Suzuki coupling 

reactions high yield, simple approach, and reused several times without losing substantial catalytic activity. The 

UV-Vis spectrum shows a band at 387 nm, which is caused by a transition inside the B ring of the cinnamoyl 

system. For the phosphine-free Sonogashira and Suzuki coupling processes, Euphorbia condylocarpa root 

extract employed as a reducing agent and stabilizer is a highly efficient, magnetically recoverable, and 

recyclable catalyst [18]. 

2.2.4. Dried Fruit Extract Mediated Palladium Nanoparticles 

Using the aqueous fruit extract of Couroupita guianensis as a powerful biological reducing agent, manufacture 

palladium nanoparticles. The production of a black precipitate, which has a lower absorbance in UV-Vis 

spectroscopy, indicated the reduction of PdCl2 solution into their nanoscale. The activity of phenolic 

components from C. guianensis in nanoparticles reduction and surface functionalization is revealed by the FTIR 

spectrum. HRTEM micrographs of nanoparticles show well- distributed, spherical nanoparticles with an 

average size of 6 nm. Synthesized palladium nanoparticles have demonstrated outstanding antibacterial efficacy 

against both gram-negative and gram-positive bacteria. The experiment shows that manufactured nanoparticles 

are safe to use in biological applications such as in vitro cell viability, anticancer capability and 

hemocompatibility [19]. 

2.2.5. Bark Extract Mediated Palladium Nanoparticles 

The biological synthesis of palladium nanoparticles used Terminalia arjuna bark extract. Palladium chloride 

PdCl2 used as a precursor for synthesis of palladium nanoparticles. The absorption band at 234 nm of aqueous 
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solution of palladium chloride is caused by charge transfer from the precursor ion to the palladium 

nanoparticles. The SPR band in the UV-Vis spectrum was found after the addition of bark extract and 

palladium ions. The SPR band showed the synthesis of palladium nanoparticles. HRTEM analysis of synthesized 

PdNPs showed was spherical in shape and ranging sizes   16 nm. Synthesized palladium nanoparticles showed 

excellent catalytic activity for reductive degradation [20]. 

 

III. ADVANTAGES OF BIOLOGICAL SYNTHESIS 

 

Biological synthesis offers a sustainable and environmentally friendly alternative to traditional chemical and 

physical synthesis methods for nanomaterials, pharmaceuticals, and industrial compounds. It avoids hazardous 

chemicals commonly used in chemical synthesis (e.g., reducing agents like sodium borohydride). Generates 

minimal toxic byproducts, reducing environmental pollution. Biodegradable biomolecules act as natural 

stabilizers, eliminating the need for synthetic surfactants. Operates at ambient temperature and pressure, unlike 

chemical methods that require high temperatures and energy-intensive processes. Utilizes biological materials 

such as plant extracts, microbial cultures, and enzymes, which are renewable and naturally replenished. 

Follows the principles of green chemistry by minimizing waste generation and optimizing resource efficiency. 

Produces biocompatible materials, making them suitable for biomedical and pharmaceutical applications. 

Reduces risks of toxicity and environmental harm associated with chemically synthesized nanoparticles.  

Prevents contamination of water bodies and soil by eliminating harmful solvents and heavy metal residues. Can 

be used in eco-friendly bioremediation strategies to remove pollutants from the environment [21]. Biological 

synthesis represents a cleaner, safer, and more sustainable method for producing nanomaterials and industrial 

compounds. By reducing environmental impact and conserving natural resources, it aligns with global efforts 

toward green technology and eco-friendly industrial practices. 

 

IV. APPLICATIONS OF BIOSYNTHESIZED PDNPS 

 

 Catalysis: Palladium nanoparticles (PdNPs) are widely utilized in catalysis due to their exceptional 

catalytic efficiency, stability, and surface reactivity. They play a key role in organic synthesis, facilitating 

hydrogenation, cross-coupling reactions (e.g., Suzuki, Heck, and Sonogashira), and carbon-carbon bond 

formation with high selectivity [22]. In environmental catalysis, PdNPs aid in pollutant degradation and 

water purification by promoting redox reactions. Their electrocatalytic properties enhance fuel cell 

performance, particularly in hydrogen oxidation and oxygen reduction reactions. Additionally, PdNPs 

contribute to sustainable energy by catalyzing CO₂ reduction and hydrogen production, making them 

valuable for green chemistry, energy conversion, and industrial catalytic processes. 

 Biomedical Applications: Palladium nanoparticles (PdNPs) have diverse biomedical applications due to 

their excellent catalytic, photothermal, and biocompatible properties [23]. They are used in targeted drug 

delivery systems, enabling controlled and responsive drug release. In cancer therapy, PdNPs facilitate 

photothermal therapy (PTT) and photodynamic therapy (PDT) for selective tumor destruction. Their 

catalytic activity enhances bioorthogonal reactions for in vivo drug activation. PdNPs also improve 

biosensing technologies for detecting disease biomarkers with high sensitivity. Additionally, their 

antimicrobial properties make them effective against bacterial and viral infections, while their role in 

regenerative medicine aids wound healing and tissue repair, offering promising advancements in 

healthcare. 
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 Environmental Remediation: Palladium nanoparticles (PdNPs) play a vital role in environmental 

remediation due to their outstanding catalytic properties and high surface reactivity. They are widely 

used in wastewater treatment for the degradation of organic pollutants, such as dyes, pesticides, and 

pharmaceutical residues, through advanced oxidation and reduction processes [24]. PdNPs also facilitate 

the catalytic reduction of toxic heavy metals like hexavalent chromium (Cr⁶⁺) and lead (Pb²⁺), converting 

them into less harmful forms. In air purification, PdNPs serve as efficient catalysts in automobile exhaust 

treatment, helping to remove carbon monoxide (CO), nitrogen oxides (NOₓ), and volatile organic 

compounds (VOCs). Their role in hydrogenation and dechlorination reactions further supports the 

removal of environmental contaminants, such as chlorinated hydrocarbons and persistent organic 

pollutants. Additionally, PdNPs contribute to sustainable energy solutions by promoting CO₂ reduction 

and hydrogen production, making them valuable for both pollution control and green energy 

applications. 

 

V. CONCLUSION 

 

In conclusion, biological routes for palladium nanoparticle (PdNP) synthesis offer a sustainable and eco-friendly 

alternative to conventional chemical and physical methods. By leveraging biomolecules from plants, 

microorganisms, and other natural sources, these green synthesis approaches minimize toxic byproducts, reduce 

energy consumption, and enhance biocompatibility. Additionally, biologically synthesized PdNPs exhibit 

remarkable catalytic, biomedical, and environmental remediation potential, further reinforcing their 

significance in sustainable nanotechnology. Despite challenges such as scalability and precise control over 

nanoparticle properties, ongoing research and advancements in bioengineering hold promise for optimizing 

these methods. Embracing biological synthesis pathways can drive the development of greener, more efficient 

nanomaterials for diverse applications.  
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 At the forefront of nanotechnology, magnetic oxide nanoparticles (MNPs) 

have exceptional potential for treating hyperthermia and delivering drugs 

precisely. Through the use of an alternating magnetic field, their special 

magnetic characteristics allow for precise targeting to certain biological 

locations, improving therapeutic efficacy. Multifunctional hybrid 

nanostructures that improve biocompatibility and expand the range of 

their therapeutic uses have been created as a consequence of the 

incorporation of MNPs into composite materials including liposomes and 

magnetic hydrogels. Magnetic nanoparticles may be used in a variety of 

biological settings by coating them to increase biocompatibility while 

maintaining their inherent magnetic properties. A range of chemical 

techniques are used in the manufacture of magnetic oxide nanoparticles, 

and each one provides exact control over the size, shape, and surface 

changes of the particles. To create MNPs with the right qualities for 

particular uses, processes including co-precipitation, sol-gel synthesis, and 

hydrothermal techniques are frequently used. The chemical production of 

magnetic oxide nanoparticles is examined in this work, along with their 

physico-chemical characteristics and possible uses in biomedicine. This 

study emphasises the importance of MNPs in nanomedicine and pinpoints 

future prospects for innovation and use in targeted treatments by analysing 

recent advancements in this quickly developing sector.. 
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I. INTRODUCTION 

 

Nanotechnology has had a profound impact on a wide range of scientific fields as a result of the unique 

characteristics and potential applications of the materials produced by this technology. There is a significant 

amount of importance placed on the structural characteristics and qualities of NMIOPs when it comes to 

determining their capabilities and applications. The magnetic properties of these materials, such as their 

saturation magnetization (MS), coercivity (HC), and remanence (MR.), are a significant area of research that is 

being conducted. Iron-based oxides such as magnetite (Fe3O4), hematite (Fe2O3), and maghemite (γ–Fe2O3) 

are examples of materials that exhibit superparamagnetic at dimensions that are less than 20 nanometres. In the 

absence of an external magnetic field, these nanoparticles do not display any magnetization, which makes them 

very useful for applications that need precise control of magnetic properties. [1–4]  

MNPs possess a core and a coated shell, together forming the "typical" architecture of these particles. The core 

often consists of magnetic elements, including iron (Fe), nickel (Ni), and cobalt (Co), together with their related 

oxides. The coated shell regulates the interaction of the nanoparticles (NPs) with the medium, hence 

maintaining their structure and characteristics. MNPs possess a large surface area, facilitating surface changes, 

hence making them adaptable for many applications. The coating is essential for improving the 

biocompatibility of MNPs in biological applications while preserving their distinctive magnetic characteristics. 

Conversely, in the context of biological applications, the characterization of these nanostructures is paramount. 

Consequently, many approaches for assessing the chemical and physical characteristics of MNPs were devised.  

Given that MNPs exhibit magnetic properties and confinement effects in all three dimensions, a wider array of 

unique qualities may be envisioned for practical medical applications and the investigation of basic scientific 

processes. They may also be used to examine fundamental scientific phenomena. [5]  

The goal has been to facilitate the development of synthesis procedures that are not only straightforward but 

also economical. Chemical transformations are the most efficient means of controlling the size and shape of the 

object. To the contrary, it is possible to handle some limits that are associated with purity, dispersity, crystalline 

structure, and variable size by adjusting parameters such as composition and the processing solution. In order to 

avoid agglomeration and to ensure compatibility with biological systems, it is necessary to limit the size of the 

particles by careful execution and characterizations. A large amount of impact is exerted on the final features of 

the nanoparticles by the pH of the solution, the washing process, and the choice of washing solvent. The 

opposite is true; there is a dearth of comprehensive study on the relationship between pH, the washing solvent, 

and the eventual structure and features of nanoparticles. (6)–(8)   

 

Applications of magnetic iron oxide nanoparticles in medicine  

Magnetic iron oxide nanoparticles, which are often known as MIONs, are nanomaterials that are made of either 

maghemite (γ-Fe2O3) or magnetite (Fe3O4). Magnetic and superparamagnetic properties are shown by these 

particles, in addition to their small size, which ranges from one to one hundred nanometres in diameter. 

MIONs are used in a variety of biological systems, including the following: 

 Imaging contrast 

The presence of MIONs has the potential to enhance the pictures of tumours obtained by magnetic resonance 

imaging (MRI). Cells have been found to contain MNPs! Nanoparticles are created to allow the alignment of 

particles with each other under geomagnetic circumstances. This alignment is made possible by the 

nanoparticles. In addition, there is a substantial body of scientific literature that contains information on the 

use of fungi in the production of MNPs. The production of iron oxide nanoparticles, which has significant 
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potential applications in the fields of biomedicine and cleaning, is carried out by a number of different fungal 

species. [9] 

 Drug delivery 

Through the use of MIONs, it is possible to facilitate the targeted delivery of therapeutic compounds to certain 

locations inside the body. MNPs have the potential to act as carriers for the delivery of drugs in a targeted 

manner due to their magnetic properties. Through the use of an external magnetic field, these characteristics 

make it possible to deliver specific substances to specific tissues. By using this method, the systemic effects of 

the drug are reduced, while at the same time, its bioavailability is improved, and focused distribution to the sick 

tissue is made easier, all in accordance with the specific needs associated with that tissue. It is possible for a 

pharmaceutical to improve therapeutic efficacy while simultaneously lowering the probability of experiencing 

adverse effects if it is given correctly.  

 Hyperthermia 

The usage of elevated temperatures on tumours via MIONs may effectively eradicate the cellular composition of 

tumours. The elevated surface area-to-volume ratio of MNPs is one of its most notable benefits. This ratio 

allows extensive functionalization and modifications to meet certain biological needs. Adaptability facilitates 

the mixture of magnetic nanoparticles (MNPs) with specific belongings appropriate for many claims, with 

molecular detection, cancer therapy, and hyperthermia.  

 Molecular and cellular regulation 

MIONs has the capacity to regulate the cellular and molecular functions of the organism. Fluorescently tagged 

MNPs provide a diverse and efficient tool for visualising biological processes and structures at the molecular 

and cellular levels. Several preclinical investigations have shown that the use of MNPs in bioimaging has 

promise for illness diagnosis, monitoring disease progression, and evaluating therapy effectiveness [10]. 

The use of MIONs in clinical practices and biological research has been ongoing for an extended period. 

However, there are certain restrictions on their potential use, notably as:  

 Agglomeration: It is possible for MIONs to cluster together; however this may be avoided by making 

surface alterations. 

 Size dependency: The human body has the ability to eliminate MIONs that are either too big or too tiny. 

 Poor degradation: MIONs may accumulate in normal tissues, potentially resulting in chronic 

inflammation. The preparation procedure used in the synthesis of MIONs may significantly affect their 

magnetic properties, surface chemistry, morphology, and dimensions. 

 

II. OBJECTIVES OF THE STUDY 

 

1. To study on Magnetic iron oxide nanoparticles biomedical applications  

2. To study on Chemical synthesis magnetic oxide nanoparticle 

Chemical synthesis magnetic oxide nanoparticle  

In the expansive and fast evolving domain of nanoparticle production, chemical techniques are mostly used. 

Chemical synthesis has been the predominant approach, accounting for over ninety percent of the published 

work to far. Furthermore, the coprecipitation process for creating iron salts is the most often used industrial 

method nowadays.[11–12] 

1. Together with coprecipitation, precipitation 

When it comes to the manufacture of magnetic nanoparticles (MNPs) containing magnetic metal oxide cores 

from suitable salt solutions, the two most common procedures that are used are precipitation and 
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coprecipitation. It is possible to precisely modify the sizes of these MNPs as well as their magnetic properties 

thanks to the production processes that are simple, adaptable, and less hazardous. 

Metal ions are often used in situations where they are dissolved in a solvent, which results in the generation of 

a solution that is ideal for the synthesis of MNP. Examples of MNPs that may be created by these approaches 

include the synthesis of Fe3O4 or γ-Fe2O3 nanoparticles, which serves as an additional example. Following the 

conclusion of the reaction, a precipitate composed of Fe3O4 will be formed in the bottom of the reactor. 

Magnetic isolation and centrifugation are two other technologies that are beneficial for the recovery of 

environmental materials. The precipitate that is produced ought to have a pH that falls anywhere between 7.5 

and 14. The synthesis of these particular forms of MNPs is very reliant on the sources of metal ions, in addition 

to the temperature, pH, and ionic strength of the medium in which the reaction takes place. Remember that 

this is an important factor to take into account [13]  

The coprecipitation process is the most promising choice because to its user-friendliness and high output 

efficiency. Biomedicine applications often use it since it is user-friendly and requires less potentially dangerous 

materials and processes. The creation of iron oxide particles occurs via the ageing process, including the 

stoichiometric mixing of ferrous and ferric ions in an aqueous media. [14]  

A chemical process that results in the creation of Fe3O4 may be expressed as follows: 

 

 

 
After doing an analysis of the thermodynamics of this reaction, it is reasonable to anticipate that the entire 

precipitation of Fe3O4 will take place within a pH range of 9 to 14. This is because Fe3O4 is an unstable 

molecule that has the potential to undergo oxidation to γ-Fe2O3 when oxygen is present. The response might 

be communicated in the following manner: 

 

 
To put a stop to this oxidation that is taking place in the atmosphere, it is necessary to establish an atmosphere 

that is devoid of oxygen. Through its movement through the solution, nitrogen is responsible for producing this 

state. The presence of nitrogen in the solution has the potential to lower particle size and impede oxidation. 

There are two distinct stages that may be distinguished within the process of coprecipitation. Following the 

formation of the first little nuclei in the medium, which occurs when the concentration of the species exceeds 

the critical supersaturation level, the crystal then begins to grow. The process is controlled by mass transport 

during the succeeding stage, which is the diffusion of solutes to the surface of the crystal. In order to 

successfully produce nanoparticles, it is necessary to differentiate between the two processes that are pertinent. 

Nucleation is not something that should take place throughout the period of crystal growth. 
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Figure 1. The following are examples of magnetite nanoparticle micrographs that were captured using a 

transmission electron microscope: (a) Sugimoto's method reaction with excess [OH]; (b) Sugimoto's method 

reaction without stirring and without excess [OH] or [Fe2+]; (c) Massart's method reaction with NH4 OH; and 

(d) Massart's method reaction with dispersing agent TMAOH and without NH4 OH. 

 

2. Method of Thermal Decomposition 

As a means of overcoming the limitations associated with the co-precipitation method, the thermal breakdown 

technique, which is sometimes referred to as pyrolysis, was developed. It was made easier to carry out this 

operation successfully by making use of non-aqueous solvents that had higher boiling points. The manufacture 

of highly crystalline MNPs of uniform sizes is made possible by this method. Decomposition of organometallic 

compounds in organic solvents is the first characteristic that distinguishes it from other types of reactions. 

Stabilising compounds, such as surfactants, enable this breakdown to take place at higher temperatures, which 

in turn facilitates the process. [15].  

High-temperature decomposition of organic precursors 

A diverse array of organometallic precursors for nanoparticles (NPs) exists, including acylketenes, N-nitroso 

phenylhydroxylamine, and carbonyls including different metallic centres such as Fe2+,3+, Mn2+,3+, Co2+,3+, 

and Ni2+,3+. Common stabilizing chemicals include hexadecyl amine, fatty acids, and oleic acids.  

Decomposing iron precursors with heated organic surfactants enables the synthesis of iron oxide nanoparticles 

characterized by precise size control, a limited size distribution, and superior crystallinity. Furthermore, the 

generated particles are distributed across an extensive region. Besides Fe(Cup)3, Fe(CO)5, and Fe(acac)3, several 

more examples of iron precursors exist. Iron oleate may be synthesized by the decomposition of iron carbonyl 

at one hundred degrees Celsius in the presence of octyl ether and oleic acid. Subsequent to permitting the 

solution to reach room temperature, it is refluxed, and (CH3)3 NO is incrementally introduced. Magnetite 

nanoparticles with exceptional crystallinity and a size range of 4–16 nm may be produced by decomposing iron 
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pentacarbonyl with oleic acid and then ageing the mixture at 300 degrees Celsius. The dimensions and 

morphology of the particles generated by this process are affected by various factors, including reaction 

duration, temperature, precursors, concentration, and the ratios of reactants to solvent. The surfactant's 

presence on particle surfaces aids in preserving the stability of the colloidal solution.  

Particles measuring between 4 and 11 nanometres may develop due to the thermal degradation of iron oleate 

and iron pentacarbonyl in an organic solvent at varying temperatures. The iron oxide nanoparticles produced 

may dissolve in some organic solvents; however, the bulk remain insoluble in water. It is moreover a solvent. 

The particles in the report may range in size from 4 to 60 nm, contingent upon the duration of the reflux period. 

In a specific experiment investigating the breakdown of Fe(acac)3 in a high-temperature organic solvent, 

particles measuring 4, 6, 9, and 12 nm were generated. The particle size distribution is highly constrained, and 

they are encapsulated with 2,3-dimercaptosuccinic acid. Furthermore, these particles may be disseminated in 

water.  

3. Hydrothermal Method 

The hydrothermal process, which is sometimes referred to as the solvothermal method, is an example of a 

"bottom-up" synthesis methodology that may be used for IOMNP materials. In this method, the synthesis is 

carried out in an aqueous solution at a high temperature and pressure, and it is often carried out with the 

assistance of autoclaves or reactors. It is defined in the beginning by the fast nucleation and development of 

freshly synthesised MNPs, which ultimately leads to the creation of pure particles with morphologies that are 

tailored to the specific needs of the experiment. Micron nanoparticles (MNPs) are produced by a series of 

processes that take place during the hydrothermal process. These reactions include hydrolysis and oxidation. 

Several papers highlight the fact that the shape and crystallinity of the MNPs that are synthesised are 

dependent on the optimal mix of solvent, process time, pressure, and temperature. It is essential that minerals 

be soluble in water in order for the crystallization process to be successful.  

In accordance with the reports, it is possible to produce magnetite nanoparticles by the use of hydrothermal 

techniques. The reactions that are carried out using these techniques take place in an aqueous medium that is 

contained inside reactors or autoclaves. Furthermore, the pressure must be greater than two thousand pounds 

per square inch, and the temperature must be higher than two hundred degrees Celsius. In the presence of 

hydrothermal conditions, the synthesis of ferrites takes place via two primary pathways: hydrolysis and the 

oxidation or neutralization of mixed metal hydroxides. These two reactions are quite much identical, with the 

exception of the fact that the first step involves the utilization of ferrous salts. The 24th In this method, the 

particles are subject to a significant amount of influence from the solvent, temperature, and the amount of time 

that has passed. The size of the particles that are produced as a consequence of the reaction is increased by both 

the length of time that the reaction is carried out and the amount of water that is present. The nucleation stage 

and the crystal development stage are the two steps that are involved in the production of particles. By 

increasing the temperature, the nucleation process is sped up in comparison to the creation of crystals, which 

ultimately results in a reduction in the size of the particles. As the duration of the reaction time increases, 

crystal development becomes more prevalent, which ultimately results in the formation of bigger particles. In 

order to produce magnetite nanoparticles with a diameter of 27 nanometres, the hydrothermal technique was 

used, and the sodium salt bis(2-ethylhexyl) sulfosuccinate was utilised as a surfactant.  

4. Polyol Method 

When it comes to the synthesis of nanoparticles, the polyol approach is often considered to be among the most 

straightforward procedures. Through the use of this technique, the synthesis of nanoparticles from inorganic 

materials, such as alloys, sulphides, oxides, and fluorides, may be accomplished in a straightforward manner. 
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The capability to generate high-crystalline hydrophilic MNPs in a single technique that is both cost-effective 

and readily scalable is one of the most significant advantages. 

5. Sol–Gel Method 

The sol–gel method is a wet chemistry approach. This method employs metal alkoxide hydrolysis and 

polycondensation processes to generate a gel at ambient temperature. Dissolving metallic salts in water or other 

solvents produces a sol or colloidal solution that is uniformly distributed throughout the medium. Van der 

Waals forces are formed between the particles inside the system. Elevating the temperature and agitating the 

mixture both enhance the extent of particle-to-particle contact. Upon heating the combination until the 

solvent evaporates, the solution will eventually desiccate and transform into a gel.  

The sol-gel technique is a wet-chemical method reliant on the hydrolysis and condensation of precursors inside 

a colloidal solution. This is the foundation of the procedure. individual A metal oxide network (gel) is generated 

due to a chemical reaction or the removal of a solvent. Acidic catalysis yields a polymeric gel, while basic 

catalysis produces a colloidal gel. The rates of condensation and hydrolysis are critical process parameters that 

significantly affect the characteristics of the resulting particles.  

A slower and more regulated hydrolysis rate may provide smaller particles. Moreover, temperature, pH, 

concentration, and the particular solvent influence particle size.  

Heating the gel to 400 degrees Celsius produces γ-Fe2O3 particles measuring between 6 and 15 nanometres. 

Considering the experimental circumstances, the technique allows the precise prediction of particle structures 

in advance. This method allows the encapsulation of γ-Fe2 O3 nanoparticles inside a transparent, inorganic 

silica matrix that withstands temperature variations.[16]  

The majority of approaches for synthesising iron oxide-silica composites need an initial step involving the 

amalgamation of iron oxide and silica precursors in a solvent to generate a sol. Conversely, the sol-gel process 

yields more reactive iron oxide-silica aerogel composites compared to the traditional iron oxide technique.  

6. Microemulsion Method 

A microemulsion consists of three components: an amphiphilic surfactant, water, and oil, forming a 

thermodynamically stable dispersion. This method involves integrating precursor materials throughout many 

stages of the microemulsion process to generate nanoparticles (NP). Nanoparticles are generated as a result of 

chemical processes occurring inside microemulsion droplets, which are distinguished by their close closeness to 

one other.  

Within the framework of water-in-oil microemulsion systems, the microdroplets that are present in the 

aqueous phase are distributed over the whole of the petroleum phase. In order to protect the microdroplets, 

surfactant molecules protect them. As a result of the presence of surfactant molecules, the particles are unable 

to nucleate, mature, or aggregate appropriately. Microdroplets that are composed of water will integrate iron 

salt into the microemulsion in the event that an iron salt solution is put into the microemulsion. By continuing 

to collide with one another, these little droplets will eventually combine and break apart. In the event that two 

reactants are injected into a microemulsion, the result will be the formation of a precipitate. The two processes 

that support the creation of particles are the aggregation of nuclei and the interchange of particles between 

droplets. There is no doubt that the precipitate can be eliminated from the surfactants via the process of 

separation.  

Iron oxide nanoparticles with a remarkably uniform size distribution were produced as a result of the 

integration of an aqueous core containing aerosol-OT/n-hexane reverse micelles into a microemulsion. Through 

the use of the aqueous core, the reactants are dissolved. An aqueous core that included a solution of Fe3+ and 
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Fe2+ salts in a ratio of 4:1 was one of the individual components that comprised this report. The precipitation 

process is carried out with the assistance of a sodium hydroxide solution that has been deoxygenated.  

Magnetite nanoparticles were produced as a result of the introduction of nitrogen gas, which resulted in the 

reduction of their dimensions and the creation of a more uniform size distribution (Figure 5). At lower 

temperatures, the nanoparticles were created using the synthesis process. Because of the minuscule size of the 

aqueous core, which is measured in the nanometre range, the particles that are produced are generally less than 

15 nanometres and have an extraordinarily narrow size distribution. The capacity of microemulsion technology 

to control the size of particles by adjusting the diameters of the aqueous core is one of the most significant 

advantages of this technology.  

 

 
Figure 2. Structure of an aqueous core with aerosol-OT/n-hexane reverse micelles. 

 
Figure 3. Highly monodispersed iron oxide nanoparticles are produced using the microemulsion technique. 

 

7. Pyrolysis Methods 

It is well knowledge that spray pyrolysis is a technique that is used in the production of a wide variety of 

materials, one of which is magnetic nanoparticles (MNPs). The use of this method includes the production of 

very minute droplets of precursor solutions, which are subsequently aerosolised into an environment that is 

heated to a reasonable degree. Following the evaporation of the solvent, the remaining solute is collected on a 

substrate, and it is then subjected to a series of chemical reactions in order to produce the compound that is 

required.  
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The synthesis of iron oxide nanoparticles may also be accomplished by the use of sonolysis, which is the process 

of degrading organometallic precursors. When structural hosts, polymers, or organic capping agents are present, 

it is possible that they will hinder the formation of particles. The rapid collapse of holes that are formed by 

acoustic waves results in the production of a zone with a high temperature, which makes it easier for ferrous 

salts to be converted into magnetic nanoparticles. The sonolysis of an aqueous solution of Fe(CO)5, in 

combination with sodium dodecyl sulphate, has the potential to produce a hydrosol that contains amorphous 

magnetite nanoparticles.  

Through the use of sonolysis, it has been possible to successfully produce superparamagnetic iron oxide 

nanoparticles that have been accurately characterised. In the course of this inquiry, the particles that have been 

created are coated with oleic acid, which is a surfactant. This coating prepares the particles for dispersion in a 

solution of chitosan. This is carried out in order to make the investigation easier. An excellent level of stability 

is shown by the 65 nm coated particles. Particularly important for a number of applications are the magnetic 

properties, the diameters of the particles, the size distribution, the particle shape, and the size distribution. It is 

possible to create a wide variety of particle qualities via the use of a variety of production techniques, and these 

characteristics may be obtained through a variety of different approaches. The aerosol/vapor method, polyol 

methods, and electrochemical approaches are some other ways that may be used for deposition.  

8. Non-Thermal Methods 

The synthesis of MNPs may be accomplished via the use of non-thermal procedures, which are methods that do 

not need the use of high temperatures during the production process. In order to avoid issues with aggregation 

or thermal breakdown, these approaches are often used since they have the potential to produce nanoparticles 

(NPs) that possess unique characteristics.  

Common non-thermal methods used for MNP synthesis are: 

 Chemical Reduction 

By reducing metal ions with chemical agents, it is possible to produce magnetic nanoparticles without the need 

for increased temperatures. This can be accomplished without the need for increasing the temperature. This 

method is not only simple and cost-effective, but it can also be used to a wide variety of metals. In addition to 

this, it is often used in the production of metal nanoparticles, which may include those that are made of 

platinum, silver, and gold. 

 Electrochemical Synthesis 

Electrochemical reactions occur at the electrodes, producing MNPs as a consequence. This technology may be 

used to achieve simplicity, the ability to scale up, and control over size and form. It's also critical to note that it 

works well with a variety of materials, including conducting polymers, metals, and metal oxides.  

 Microwave-Assisted Synthesis 

Through the use of microwave radiation, reaction mixtures are heated, which enables the heating process to be 

both rapid and uniform. When compared to conventional methods of heating, this strategy consumes less 

energy, results in higher yields, and has reaction rates that are far faster [17]  

 Ultrasound-Assisted Synthesis 

The application of ultrasonic waves to a reaction mixture results in the formation of acoustic cavitation, which 

prompts the synthesis of particles more often. Better homogeneity, control over particle size, and rapid reaction 

times are all benefits that come with using this technology.  

 

Physical and chemical properties  of magnetic oxide nanoparticles  

Magnetic oxide nanoparticles have many physical and chemical properties, including:  
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 Magnetism 

A physical property that can be observed by how an object reacts to a magnet.   

 A high ratio of surface area to volume 

A unique property of magnetic nanoparticles that is different from their bulk materials.   

 Size-related magnetism 

A distinctive characteristic of magnetic nanoparticles that differentiates them from their bulk counterparts 

 Colloidal stability 

Magnetic nanoparticles have higher colloidal stability because they don't magnetically agglomerate.   

 Chemical stability 

Magnetic nanoparticles have higher chemical stability, which is important for biomedical applications.   

 Narrow size distribution 

Magnetic nanoparticles have a narrow size distribution, It is crucial for biological applications.  

 Zeta potential 

A physical characteristic of colloidal dispersions, including nanoparticle suspensions. It is the potential 

difference between the bulk solution and the static fluid layer adhered to the dispersed particle. 

 

Other properties of magnetic oxide nanoparticles include:  

 X-ray diffraction: Utilised for the purpose of analysing the arrangement of atoms inside the magnetic core, 

which provides information on the crystalline structure of the atoms.  

 Thermal decomposition: A widely accepted method for synthesizing high-quality magnetic 

nanoparticles.  

 Microwave synthesis: Can be used to generate metal oxides in the nanoscale range.  

 

III. CONCLUSION 

 

The modern techniques that are used to manufacture iron oxide nanoparticles make it possible to customise the 

surface for a variety of applications, one of which is the production of superparamagnetic particles that have an 

extremely narrow size distribution. The capacity of magnetic nanoparticles to be effectively targeted to specific 

regions inside the body by means of an alternating magnetic field is one of the many advantages that they 

provide. Other advantages include its use in treatments such as hyperthermia. These two advantages are only 

two of the innumerable advantages that magnetic nanoparticles provide. Magnetic nanoparticles are excellent 

for drug administration because they give large replacement levels. This is because to the raised surface-area-to-

volume ratio that can be achieved with these particles. The incorporation of these nanostructures into 

composites, such as magnetic hydrogels or liposomes, results in the formation of new classes of multifunctional 

hybrid nanostructures. In addition to exhibiting improved biocompatibility, these nanostructures have the 

potential to be used in a wider range of therapeutic applications. The continual presence of a number of 

problems that need solutions is shown by these systems. Magnetic nanoparticles (MNPs) have a significant 

impact on their effectiveness due to the size and shape of these particles. As a consequence of this, it is of the 

utmost importance to develop appropriate synthetic procedures and conduct further research in order to 

ascertain the optimal performance of the final materials. The aggregation of MNPs is another cause for concern 

since it has the potential to reduce the effectiveness of these particles and to pose toxicity issues. The fact that 

iron oxide nanoparticles are often considered to be less hazardous than a great number of other types of 

nanoparticles is something that should be taken into consideration, despite the fact that toxicity studies are 



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

 

 
47 

required. The applications of particles have a considerable impact on the magnetic properties of those particles, 

and the size of the particles has a substantial impact on the magnetic properties of those particles. For 

applications, the techniques that are used to produce particles are very important. In the field of biomedicine, 

magnetic nanoparticles have the potential to enhance diagnostic procedures and treatment choices, ultimately 

leading to an improvement in the quality of life of individuals. 
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 Coumarin resides to benzopyrone family commonly found in many natural 

plants. Coumarin is a secondary metabolite, naturally existed in various 

plants and essential oils. Firstly, Vogel extracted Coumarin from tonka 

beans in 1820. Due to easy availability and numerous biological activities 
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I. INTRODUCTION 

 

Coumarins, an oxygenated heterocyclic polyphenolic composite, widely distributed in plants. Around 1300 

chemotypes have been identified as secondary metabolites in plants, bacteria and fungi1. In 1820, Vogel firstly 

isolated from the tonka bean (Dipteryx odorata). Coumarin (2H-1-benzopyran-2-one) is a member of subgroup 

of lactones. Generally, these are benzo-α-pyrone compounds reffered to as coumarin and benzo-𝛾-pyrone  is 

chromone, varying by a carbonyl group located at position 1 of the pyrone ring. Coumarin derivatives were 

found the various parts of plants such as, in the seeds (tonka bean), leaves (Murraya paniculata) and roots 

(Ferulago campestris). Typically, coumarins are found in the plants in their free form due to their polar nature 

and display blue fluorescence when exposed to UV light. In addition, their favorable pharmacological 

properties, coumarin derivatives are extensively utilized for fragrance enhancement in the cosmetic industry. 

Notably, the extended conjugation in coumarin rings, combined with their electron rich and charge transfer 
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characteristics, allows this framework to interact with various molecules and ions2-4.   The name “Coumarin” is 

derived from French word “Coumarou”, which refers to the tonka bean5-6.  

The coumarin ring structure found in natural compounds such as anticoagulant warfarin with remarkable 

pharmacological activity attracts researchers, prompting investigations into natural coumarins and their 

synthetic analogs for potential drug applications7. Their role remains largely unclear, though it has been 

suggested that they may regulate plant growth, inhibt fungi and bacteria, or even serve as waste products. 

Naturally occurring coumarin derivatives consist of compounds such as warfain, umbelliferone(7-

hydroxycoumarin), aesculetin(6,7-dihydroxycoumarin), herniarin(7-methoxycoumarin), psoralen and 

imperatorin8-13. 

Present study dealing with synthesis of natural and synthetic coumarin derivatives. 

 

II. NATURAL COUMARIN DERIVATIVES 

 

Coumarins belong to a wide variety of natural compounds classified as secondary metabolites. Furthermore, 

coumarin found in vascular plants, also, found in bacteria and fungi, including antibiotics like novobiocin and 

coumermicin synthesized by bacteria. On the contrary, Aspergillus flavus serves as a source of aflatoxin, a 

substance with strong carcinogenic propertie containing a coumarin ring within its structure14-15. 

Miglietta A. and his coworker16 extracted Geiparyarin from the leaves of Geijera parviflora, was recognized as a 

novel drug targeting tubulin. The researchers examined the antimicrotubular and cytotoxic properties of newly 

synthesized aromatic derivatives of geiparvarin and found that these compounds hindered the polymerization 

of microtubular proteins.  

Six novel coumarins have recently been identified in Calophyllumdispars (Clusiaceae) fruits and stem bark. 

There are 200 species in the genus Calophyllum, which is widely found in tropical rain forests. Several of these 

species are used in traditional medicine. Themarine alkaloids yielded the coumarin derivatives ningalin B and 

lambellarin D. which have cytotoxicity, immunomodulatory activity, and HIV-1 integrace inhibition17-20. 

M. Curini21 et. al. developed an alternate and useful method of synthesizing Collin for biological testing is 

provided by quick and simple three step synthesis of collinin. In order to establish a structure activity 

relationship profile, research is currently underway to create appropriately functionalized analogues and 

investigate the biological activity. 

The non-nucleoside reverse transcriptase inhibitor (+)-Calanolide A, which was isolated from 

Calophyllumlanigerum, has strong anti-HIV-1 properties. A tetracyclic coumarin called (+)-Cordatolide A was 

extracted from the leaves C. Cordatooblangum in 1985. (+)-Inophyllum B was extracted from C. inophyllum. It 

was discovered that inophyllum was most effective against HIV- reverse transcriptase22-24.  

 

III. SYNTHETIC COUMARIN DERIVATIVES 

 

Benzepyrene, an alpha-pyrene ring, is fused with a benzene moiety to form coumarin. Various synthetic 

pathways are used to synthesize Coumarin derivatives including metal catalyzed cyclization, perkin 

condensation, Knoevenagel condensation and Pechmann reaction. These low molecular weight, stable, soluble 

compounds doesn’t have any harmful side effects or toxicity. Coumarins are a promising therapeutic candidate 

for a variety of bacterial and viral illnesses due to these and other characteristics. In various phases of drug 

development, numerous natural, synthetic, conjugated and hybrid candidate lead compounds with coumarin 

scaffolds have been investigated25-27. 
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Farahi28 et. al. synthesized a new sulphonamide-substituted coumarins using N-silfonylaldimines and 5,7-

dihydroxy-4-methylcoumarin using NaOH. The reaction of aromatic aldehydes with p-toluenesulfonamide in 

the presence of AlCl3 produced the Sulfonylaldimines. In addition, 5,7-dihydroxy-4-methylcoumarin was 

synthesized by the condensation reaction of phloroglucinol and ethyl aceto acetat using ZrOCl2/SiO2 catalyst. 

Sharma et. al.29 synthesized 3-cyanocoumarins using 2-hydroxybenzaldehydes with malononitrile in the 

presence of iodine as a catalyst and DMF as a solvent under microwave irradiation. 

Ranjith H. and co-worker30 synthesized a series of new Coumarin-3-carboxamides and tested for their anti-

inflammatory and antioxidant properties in vivo. These carboxamide coumarins had strong anti-inflammatory 

and antioxidant properties. In order to identify the structural characteristics necessary for activity, structure-

activity relationships were established based on the findings. 

In 1,4-dioxane, Cavaleiro31 and co-worker reported synthesizing Coumarinporphyrin conjugates through the 

hetero-Diels-Alder reaction of 4-hydroxycoumarins with 2-vinyl-meso-tetraphenylporphyrinenatozinc (II) 

when paraformaldehyde is present. 

Dumas et. al.32 explained a multi-component, effective and environmentally friendly method of producing 

coumarin derivatives in a single pot by mixing heterocyclic bromoacetyl, thiosemicarbazide and substituted 3-

(acetoacetyl)-coumarin in anhydrous EtOH. 

 

IV. CONCLUSION  

 

In Coumarin derivatives are important heterocycles in medicinal field. The present review demonstrated the 

effectiveness of several synthetic and natural coumarin derivatives.  Many medicinal chemists are interested in 

using them to create even more biologically active derivatives due to their low toxicity and good selectivity, 

because their biological activity has already been extensively studied. Research on these derivatives has 

demonstrated that the structural alteration makes it possible to enhance the pharmacological range of various 

biological activities 
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 Ferrite nanoparticles have a large interest due to their wide range of 

applications in various fields such as sensors, biosensors, energy storage 
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techniques for ferrite nanoparticles, characterization techniques and their 

application in various fields.  
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I. INTRODUCTION 

 

Ferrites are ceramic materials with a broad range of applications in electronics, magnetics, and energy storage, 

due to their unique electrical and magnetic properties. Soft ferrites, particularly, are known for their low 

coercivity and high permeability, making them highly suitable for applications such as inductors, transformers, 

and magnetic storage devices. The substitution of metal ions (such as Zn²⁺, Mn²⁺, Cu²⁺, or Mg²⁺) into the ferrite 

structure can improve properties like magnetic behavior, conductivity, and catalytic activity. This literature 

review explores the various synthesis techniques, characterization methods, and key properties of soft 

substituted ferrite nanoparticles. 

1. Synthesis Methods 

The synthesis of soft substituted ferrites is a crucial step that influences their size, shape, crystallinity, and 

overall properties. Several methods are used to synthesize ferrite nanoparticles, with different approaches 

leading to distinct material characteristics. 
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1. Co-precipitation Method 

o One of the most widely used methods for synthesizing ferrite nanoparticles is co-precipitation. In 

this method, metal salts such as iron salts (Fe²⁺, Fe³⁺) and other metal salts are dissolved in water, 

and a precipitant (e.g., NaOH) is added to control the pH, leading to the formation of ferrite 

nanoparticles (Ravindran et al., 2016). By controlling pH, temperature, and metal ion concentration, 

uniform nanoparticles with well-defined sizes can be synthesized. 

o Research indicates that the substitution of ions like Zn²⁺, Mn²⁺, and Cu²⁺ in the ferrite structure 

enhances its magnetic properties (Cao et al., 2017). 

2. Sol-gel Process 

o The sol-gel process uses metal alkoxides, which undergo hydrolysis and polymerization to form a gel. 

This method allows for the preparation of ferrite nanoparticles at relatively low temperatures and 

can produce ferrites with a high degree of purity and homogeneity. The substitution of metal ions 

during the gel formation process enables precise control over the particle size and crystal structure 

(Niu et al., 2020). 

o Sol-gel synthesized Ni-Zn ferrites have shown excellent soft magnetic properties, which can be 

tuned by varying the substitution level of the ions (Gómez et al., 2022). 

o Studies have shown that hydrothermal synthesis results in ferrites with improved catalytic and 

magnetic properties, such as Mn-substituted ferrites showing enhanced ferromagnetic behaviour 

(Ramesh et al., 2018). 

3. Mechanochemical Synthesis 

o Mechanochemical methods involve grinding metal oxides in a ball mill, which induces chemical 

reactions through mechanical energy. This technique allows for the synthesis of ferrites without 

requiring high temperatures (Kaczmarek et al., 2020). The mechanical activation during the milling 

process facilitates ion substitution and the formation of ferrites. 

o Ferrites synthesized by this method often exhibit fine particle sizes and improved magnetic 

properties due to the high energy imparted to the material during synthesis (Gundiah et al., 2019). 

4. Microemulsion Method 

o The microemulsion method involves the formation of nanosized droplets in a water-in-oil emulsion 

system. These droplets act as micro-reactors for the formation of ferrite nanoparticles. This 

technique allows precise control over the size and morphology of the nanoparticles and can be used 

to incorporate various metal ions into the ferrite matrix (Zhao et al., 2021). 

 

2. Characterization Techniques 

Characterization techniques are essential for understanding the physical, chemical, and magnetic properties of 

ferrite nanoparticles. The following methods are commonly used: 

1. X-ray Diffraction (XRD) 

o XRD is a powerful tool for determining the crystalline structure and phase purity of ferrite 

nanoparticles. The diffraction patterns can reveal the type of ferrite phase (e.g., spinel ferrite) and 

provide insights into the effects of ion substitution on the crystal lattice (Ravindran et al., 2016). 

2. Transmission Electron Microscopy (TEM) 

o TEM provides high-resolution images of the morphology, size, and internal structure of ferrite 

nanoparticles. This technique is especially useful for studying the size distribution of nanoparticles 

and assessing their aggregation behavior (Li et al., 2019). 
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3. Scanning Electron Microscopy (SEM) 

o SEM is used to study the surface morphology and particle distribution. It provides insight into the 

microstructure and potential aggregation of the particles (Ali et al., 2020). 

4. Fourier Transform Infrared Spectroscopy (FTIR) 

o FTIR is used to study the chemical bonding and functional groups present in ferrite nanoparticles. It 

is an important technique for confirming the substitution of metal ions and understanding the 

interaction between the metal ions and the oxygen atoms in the ferrite matrix (Niu et al., 2020). 

5. Vibrating Sample Magnetometer (VSM) 

o VSM is used to measure the magnetic properties of ferrite nanoparticles. It provides information on 

saturation magnetization, coercivity, and remanence. The magnetic behaviour of soft substituted 

ferrites depends significantly on the type of metal substitution, as certain ions can reduce coercivity 

and improve magnetic performance (Cao et al., 2017). 

6. Brunauer–Emmett–Teller (BET) Surface Area Analysis 

o BET analysis measures the surface area and porosity of ferrite nanoparticles. A higher surface area 

enhances properties like adsorption and catalytic activity, which are important for applications in 

sensors and energy storage (Zhao et al., 2021). 

 

3. Properties of Soft Substituted Ferrite Nanoparticles 

The substitution of metal ions in ferrites has a profound effect on their magnetic, electrical, and catalytic 

properties. Key findings from the literature include: 

1. Magnetic Properties 

o Soft ferrites exhibit low coercivity and high permeability, essential for high-frequency applications. 

Substituting metal ions like Zn²⁺, Cu²⁺, and Mn²⁺ leads to enhanced magnetization and reduced 

hysteresis losses. For example, Cu-substituted ferrites show a decrease in coercivity and a significant 

increase in magnetic saturation, making them suitable for low-power applications (Cao et al., 2017). 

2. Electrical Properties 

o The electrical conductivity and dielectric properties of ferrites can be tailored through ion 

substitution. For instance, Zn²⁺ and Mg²⁺ substitution increases conductivity due to a reduction in 

grain boundary resistance and improved ionic mobility (Gómez et al., 2022). 

3. Catalytic Properties 

o Substituted ferrites exhibit improved catalytic properties, particularly for oxidation and reduction 

reactions. For instance, Fe³⁺-substituted ferrites show enhanced catalytic performance in the 

degradation of organic pollutants (Ramesh et al., 2018). This is due to the enhanced surface area and 

the presence of additional reactive sites introduced by ion substitution. 

4. Thermal Stability 

o The thermal stability of ferrites is also influenced by ion substitution. For example, Ni-substituted 

ferrites exhibit improved thermal stability and sintering properties, which are beneficial for high-

temperature applications (Wang et al., 2015). 

5. Optical Properties 

o Some soft substituted ferrites show promising optical properties. Zn²⁺ and Cu²⁺ substitutions have 

been found to enhance the photoluminescent properties of ferrite nanoparticles, making them useful 

for optoelectronic applications (Li et al., 2019). 
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4. Applications of Soft Substituted Ferrite Nanoparticles 

Due to their unique properties, soft substituted ferrites have numerous applications: 

 Magnetic Storage and Sensors: Used in memory devices, inductors, and sensors due to their magnetic 

responsiveness (Ali et al., 2020). 

 Energy Storage: Ferrites, particularly when substituted, are used in supercapacitors and rechargeable 

batteries, where high surface area and conductivity are beneficial (Ravindran et al., 2016). 

 Environmental Remediation: Ferrites are used in catalytic applications for environmental cleanup, such 

as the removal of heavy metals from wastewater (Gundiah et al., 2019). 

 

II. CONCLUSION 

 

Soft substituted ferrite nanoparticles offer exciting possibilities in advanced technological applications. By 

carefully selecting the metal ions to be substituted, their magnetic, electrical, and catalytic properties can be 

finely tuned. Continued research into synthesis methods, such as sol-gel and co-precipitation, and improved 

characterization techniques will enhance the scalability and performance of these materials. 
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 Titanium dioxide ( TiO2) is an n-type of semiconductor, which has 

important applications such as H2 generation, defogger, self-cleaning, air 

purification, water purification, sterilization and etc. TiO2 is a 

semiconducting metal oxide with a wide band gap and it requires an 

excitation light with a wavelength lower than 400 nm(UV light) (Eg = hc ∕ 

λ ≅ 1240 ∕ λ) to begin a photocatalytic activity. When surface of TiO2 is 

irradiated with UV light irradiation, electrons (e− CB) and holes (h+ VB) 

are created in conduction (CB) and valence bands (VB), respectively. The 

produced electrons and holes are consequently trapped and recombined 

with each other. However, TiO2 is inactive and inappropriate in visible 

light. Many efforts have been taken to overcome such limitations and 

improve the photocatalytic activity of TiO2, through surface 

modification/complexation, impurity doping, sensitization, hetero-

junction with semiconductors of similar band gap, etc. The impurity of 

metal doping was focused in this study. Among different metallic doping 

elements, copper has been proven as potential dopant to improve visible 

light absorption. For example, Park et al. modified TiO2 through Co2+, Ni2+, 

Zn2+, Cu2+ incorporations and reported that Cu-doped TiO2 was a potential 

photocatalyst in photo-decomposition of methylene blue. However, in the 

present study the copper selected as a dopant to tune the band gap of TiO2. 

Optimum compositions (0.0 mole % , 1 mole %, 3 mole% and 5 mole %) of 

Cu doped TiO2 nanoparticles were prepared by sol-gel method at room 

temperature. The prepared powder samples were characterized by XRD, 

FTIR, filed emission Scanning Electron Microscopy (FE-SEM) with EDAX, 
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HR-TEM and UV–Visible diffuse reflectance spectra. With a bigger surface 

area, a reduced optical energy band gap, a lower charge transfer resistance, 

and a lower charge recombination rate, the synthesized mole% of Cu-

doped TiO2 NPs improved overall absorption in the visible spectrum.. 

Keywords: Dopant, Transition metal, photocatalyst, Surface area, Band gap 

 

I. INTRODUCTION 

 

Titanium dioxide (TiO2) is an n-type of semiconductor, which has important applications such as H2 generation, 

defogger, self-cleaning, air purification, water purification, sterilization and etc [7-14]. TiO2 is abundantly 

available, cheap, non-toxic, versatile, and stable semiconducting metal oxide [15-18]. Generally, TiO2 is a 

semiconducting metal oxide with a wide band gap and it requires an excitation light with a wavelength lower 

than 400 nm(UV light) (Eg = hc ∕ λ ≅ 1240 ∕ λ) to begin a photocatalytic activity [19,20]. When surface of TiO2 is 

irradiated with UV light irradiation, electrons (e− CB) and holes (h+ VB) are created in conduction (CB) and 

valence bands (VB), respectively [20]. The generated electrons and holes are subsequently trapped and 

recombined with each other[27]. However, TiO2 is inactive and inappropriate in visible light. Many efforts 

have been taken to overcome such limitations and improve the photocatalytic activity of TiO2, through surface 

modification/complexation, impurity doping, sensitization, hetero-junction with semiconductors of similar 

band gap, etc. The impurity doping was focused in this study. 

In the process of doping, the fast charge recombination is impeded and visible light absorption is enabled by 

producing defect states in the band gap. In the first case, the recombination is inhibited and the interfacial 

charge transfer is enhanced by trapping the VB holes or CB electrons in the defect sites. In the second case, the 

electronic transitions from the defect states to the CB or from the VB to the defect states are allowable under 

sub-band gap irradiation. There are the two main categories of dopants; Metal ions (noble metals and transition 

metals) and non-metal ions [20,21]. Generally, the metals having the potential to transfer electron and decrease 

the band gap energy level are preferred for the doping [22-27]. For doped catalysts, metal ions are activated in 

the incidence of light source, generating electron and holes. Therefore, the existence of metal ion dopants in 

the photocatalyst matrix enhanced the interfacial electron-transfer rates and charge carrier recombination rates 

extensively, followed by greater photo reactivity. Among different metallic doping elements, copper has been 

proven as potential dopant to improve visible light absorption. For example, Park et al. [25] modified TiO2 

through Co2+, Ni2+, Zn2+, Cu2+ incorporations and reported that Cu-doped TiO2 was a potential photocatalyst in 

photo-decomposition of methylene blue. However, in the present study the copper selected as a dopant to tune 

the band gap of TiO2. 

 

II. METHODS AND MATERIAL 

 

A. MATERIALS 

Various mole % of Cu doped TiO2 NPs were synthesized by using the sol-gel technique. In this work Analytical 

grade titanium(IV)tetraisopropoxide (TTIP) (TiOCH(CH3)24 97% Sigma Aldrich), Copper Sulfate 
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(CuSO4.5H2O) , Oleic acid (C18H34O2),  ammonia (NH3) and absolute ethyl alcohol (C2H5OH ) were used for 

the synthesis. 

 

B. SYNTHESIS OF CU DOPED TIO2 NANOPARTICLES 

Optimum compositions (0.0 mole %, 1 mole %, 3 mole % and 5 mole %) of Cu doped TiO2 nanoparticles were 

prepared by sol-gel method at room temperature.  

5ml Oleic acid were taken in a 250 mL round-bottom flask. The content was stirred at 1200C for 10 min. 

followed by the addition of 10 mL TTIP and 200 mL distilled water (DW); white precipitate of titanium 

hydroxide was formed. The content was stirred at room temperature for 1 h. Then, the content was filtered and 

reslurred in 200 mL DW and pH of solution was adjusted to 10 by using ammonia solution. After that, the 

content was stirred at 600C for 3 h. The stoichiometric quantity of copper sulfate (CuSO4.5H2O) was added into 

the above solution. The content was again stirred for 3 h at 600C. Then, the content was filtered and washed 

with 50 mL DW and 10 mL ethyl alcohol. After that, the residue was dried at 1000C and annealed in air at 

5000C for 5 h. After annealing, the residue was resulted into the greenish coloured Cu doped TiO2 nanoparticles. 

 

C. CHARACTERIZATION  

The prepared powder samples were characterized by powder X-ray diffraction technique. XRD data of the 

samples were collected in the 2θ range of 100 – 900 in step scan mode at a rate of 0.20/min using ULTIMA IV, 

Rigaku Corporation, Japan diffractometer with source Cu Kα (Kα1 = 1.5406 and Kα1 = 1.5444 Ǻ) radiation. 

Nicolet iS10, Thermo Scientific, USA Fourier Transform Infrared spectrometer was used to record FTIR spectra 

of the nanoparticles in the range of 400 cm–1 to 4000 cm–1 with the transmission mode. The surface 

morphology of samples was investigated by using filed emission Scanning Electron Microscopy (FE-SEM) 

Hitachi S-4800 system with EDAX analysis was performed to determine the elemental composition of the 

samples. A JEOL JEM2100F field emission gun-transmission electron microscope (HR-TEM 200kV) operating at 

200 kV with resolution (Point: 0.19 nm Line: 0.1 nm) and magnification (50X – 1.5 X) was employed for 

generating HR-TEM image of the nanoparticles. UV–Visible diffuse reflectance spectra of all the samples were 

recorded in the range of 200 nm – 800 nm, using an ELICO – SL159 UV–Visible spectrometer. 

 

III. RESULTS AND DISCUSSION 

 

A. X-ray diffraction analysis (XRD) 

XRD spectra of sol-gel synthesized nanoparticles of bare TiO2 and doped with 1 mole %, 3 mole % and 5 mole % 

concentrations of Cu nanoparticles performed at room temperature using Cu-K radiations (=1.5406 Å) in 

order to access the information of phase formation and crystalline structure of material is shown in Figure 3.1. 

The X-ray diffraction peaks (101), (004), (200), (105), (211), (204), (116), (220), and (215) of bare TiO2 

corresponding to diffraction angles at 2θ = 25.4°, 38.02°, 48.14°, 54.12°, 55.18°, 62.81°, 68.71°, 70.28°, and 75.30° 

could be attributed to the anatase phase TiO2, respectively (JCPDS 21-1272). Figure 1 reveals that due to small 

amount of Cu ion doping into TiO2 lattice no characteristic diffraction peak of Cu was not found, but diffraction 

peak (101) initially decreases and then increases as doping concentration increases as indicated in inset of 

Figure 1 and Table 3.3. Further careful analysis shows diffraction peak intensity of planes (105) and (211) 

increases with Cu doping in TiO2. 
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Figure 1: X-ray Diffraction Pattern for bare TiO2 and Cu-doped TiO2 nanoparticles 

 

The average crystallite size of all the samples was calculated from the Full Width at Half Maximum (FWHM) () 

of all major diffraction peaks of anatase, using the Debye-Scherer method. The obtained results of the average 

crystallite size (D) influenced with Cu doping was tabulated in Table - I. The variation of crystallite size with 

Cu mole% was shown in Figure 2 and it is observed that due to Cu doping crystallite size increases. 

 
Figure 2: Variation of crystallite size with % of Cu doped in TiO2 nanoparticles 

 

B. Fourier transform infrared spectroscopy (FTIR) 

FTIR spectroscopy mainly used to know the different functional moieties appeared from the bare TiO2 and 1, 3 

and 5 mole% of Cu doped TiO2; and the results are shown in the figure 3. FTIR spectrum of various mole % of 

Cu doped TiO2 shows the frequency regions at 3600 to 2750, and 1635cm-1 corresponding to the O-H stretching, 

O-H deformation frequency vibrations respectively. All these frequency vibrations originated from the Cu doped 

into the TiO2. Also, shows the broad frequency vibrations in the range between 900-400 cm-1, corresponding to 

the Ti-O, O-Ti-O stretching vibrations from the lattice formation bands of TiO2 [26] After the stoichiometric 

addition of Cu into the TiO2, the insignificant shifting of the peak positions to the higher frequency regions. 
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Also, it shows the Ti-O peak in the region between 900-400 cm-1 boarder to that of doped TiO2, it may be due to 

the different interfaces of O-Ti-O, Ti-O, Cu-O, and Cu-O-Ti after the incorporation of Cu content.  

 

TABLE -I: The average crystallite size 

 

 
Figure 3: FTIR spectra of bare TiO2 and Cu-doped TiO2 nanoparticles 

 

C. Field emission scanning electron microscopy (FESEM) 

Figure 4(a), (c)and (e) shows the SEM images of bare TiO2 and 1, 3 and 5 mole % Cu doped TiO2 prepared by sol-

gel method and calcined at 5000C. It is apparent from these images that the Cu doped TiO2 NPs having non-

spherical shape with an average diameter of 8-9 nm of its particle size. The particle size of these samples was 

estimated by measuring the diameter of the particles from Gaussian fitting of Histograms. Figure 3.13 (b, d, f) 

represents the particle size distribution Gaussian fitting of Histograms, and average particle size is determined. 

The histogram shows an average size distribution is 9 nm. The average particle size determined from Gaussian 

fitting is in close agreement with the particle size calculated from XRD analysis. After Cu doping, a notable 

changing for the surface morphology is observed; the surface becomes smooth and lots of grains are 

homogeneously dispersed onto the catalyst. The tailored surface morphology by Cu doping makes the TiO2 

grains well presenting as the photocatalytic sites, meanwhile the formed micro pores on the surface of doped 

TiO2 also result in a large specific surface area which is helpful for adsorbing/degrading the pollutants. The 

disparity of particle size with mole % of Cu is shown in Figure 4 
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Figure 4: FESEM images of (a) bare TiO2, (c) 1 mole% and (e) 5 mole% Cu doped TiO2 and (b), (d) and (f) 

corresponding histograms of samples 

 

D. EDAX analysis 

The elemental composition of Cu doped TiO2 spheres with varying amounts of Cu loading calcined at 500 °C was 

analyzed using EDAX. EDAX was used to determine the elemental composition of the nanoparticles and the 

representative patterns are shown in Figure 5 (a), (b) and (c). These patterns reveal the presence of Ti, Cu, O 

elements in the doped samples element. It can be observed that the intensity of the Cu peak corresponding to 

emission lines at 0.9 keV(Kα1), 8.20 keV (Lα1) and 8.9 keV (Lα1) increases with increasing Cu doping by 

comparing the EDAX spectra of the Cu doped samples with that of bare TiO2. The presence of a 0.3, 0.4, 0.5, 0.6, 

4.5 and 4.9 keV (Lα1) peaks are attributed to the Ti and O. In Figure 5 (a), only Ti and O elements were detected 

in bare TiO2 powder, while in Figure 5 (b) and (c), Cu was detected in addition to Ti and O elements in Cu doped 

TiO2, indicating that Cu was successfully doped on the TiO2. Elemental composition in weight% and atomic% is 

shown in Table-II 
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Figure 5: Elemental composition of (a) bare TiO2, (b) 1mole % Cu, and (c) 5 mole % Cu doped TiO2 nanoparticles 

and the representative patterns of EDAX 

 

TABLE - II: Elemental composition in weight% and atomic% 

Sample Element Weight% Atomic% 

Bare TiO2 

O K 22.78 46.90 

Ti K 77.22 53.10 

Cu L 0 0 

1 mole % Cu 

O K 22.94 47.14 

Ti K 76.85 52.75 

Cu L 0.22 0.11 

5 mole % Cu 

O K 23.56 48.13 

Ti K 74.74 50.99 

Cu L 1.70 0.88 

Totals 100% 

(a) 



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

 

 
65 

D. High resolution transmission electron microscopy (HR-TEM) 

Surface morphology and particle structure of bare and 5 mole % Cu doped TiO2 nanoparticles was analyzed by 

using HR-TEM. The representative HR-TEM images of the bare TiO2 are shown Figure 6 (a) to (d) shows the 

TEM, high-resolution TEM (HR-TEM), histogram of particle size and selected area electron diffraction (SAED) 

pattern. These images substantiate that the bare TiO2 particles show a spherical-like structure with a size 

distribution from 9 to 11 nm. While images of 5 mole % Cu doped TiO2 shown in Figure 7(a) to (d) confirm that 

the nanoparticles are non uniform in shape with an average size of 10-11 nm. The nanoparticles are noticeably 

observed in all the images, which signify the high degree of crystallinity. The particle size of 5 mole % Cu doped 

TiO2 nanoparticles are slightly higher to that of bare TiO2 NPs, which is analogous with the crystallite size 

obtained from XRD. Moreover, observation by SAED Figure 6 (d) and in Figure 7 (d) confirmed that the 

nanoparticles are well crystalline in nature with tetragonal anatase structure. 

 

 
Figure 6 : (a, b, c, d) shows the TEM, High-resolution TEM (HR-TEM), Histogram of particle size and selected 

area electron diffraction (SAED) pattern for bare TiO2 
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Figure 7: (a, b, c, d) shows the TEM, High-resolution TEM (HR-TEM), Histogram of particle size and selected 

area electron diffraction (SAED) pattern for 5 mole % Cu doped TiO2 

 

E. UV–Visible diffuse reflectance spectroscopy 

UV-Visible diffused reflectance spectroscopy (DRS) was used for the investigation of the optical properties and 

band gap energies of the synthesized materials. Figure 8(a) shows the UV-Visible DRS (absorption mode) spectra 

of bare TiO2 NPs shows the optical absorption edge in the wavelength region between 250 to 390 nm [1], while 

compared to Cu doped TiO2 (1, 3 and 5 mole % Cu) shows the shifting its absorption edge from UV to visible 

region, indicates doping of Cu in the TiO2 lattice [2].  As the mole% of Cu increases in the TiO2, the visible 

absorption edge shifted towards higher absorbance as well as higher wavelength region; this is reflected through 

decrease in the optical band gap [3]. The Cu-doped TiO2 samples indicated a red shift extending up to 500 nm. 

This is attributed to the characteristic surface Plasmon resonance of Cu nanoparticles. The successful doping of 

Cu is also evident from the change in the color observed in the samples, shifting from pure white to light green. 

The optical energy band gap of the Cu doped TiO2 was determined by plotting the Tauc plot (αhʋ)2 as a function 

of photon energy (hʋ) and fixed from the intercept tangent to the x-axis [1] and presented in Figure 8(b).  
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Figure 8(a): UV-Visible DRS (absorption mode) spectra of bare TiO2 and 1, 3 and 5 mole % Cu doped TiO2 NPs 

 

The energy band gap decreases from 3.2 to 1.90 eV as the doping of mole % of Cu increases as 1, 3 and 5 mole %. 

The doping of copper in the TiO2 lattice, the band gap is lowered to 2.56 eV for 1 mole% Cu, further reduced to 

2.31 eV for 3 mole% Cu and 1.90 eV for 5 mole% Cu doping in TiO2. This absorption enhancement with 

decrease in band gap in the visible region can be assigned to the formation of dopant level nearer the valance 

band [4-6]. The decrease in the optical energy band gap of the Cu doped TiO2 NPs, leads to increase in optical 

absorption. 

 
Figure  8(b): Tauc plot (αhʋ)2 as a function of photon energy (hʋ) of TiO2 and Cu doped TiO2 NPs with 1, 3, and 

5 mole % Cu 
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IV. CONCLUSION 

 

The Cu doped TiO2 nanoparticles were successfully synthesized at room temperature by using simple sol–gel 

method. The visible region's optical absorption was improved by the Cu2+ ion doping in TiO2, according to 

research using UV-visible diffuse reflectance spectroscopy. As the mole% of Cu is doped, the energy band gap 

shrinks from 3.2 to 1.90 eV. The non-spherical shape of Cu-doped TiO2 NPs, with an average diameter of 8–9 

nm of their particle size, is shown by FESEM and HR-TEM investigation. Using a variety of spectral and 

microscopic methods, the impact of Cu doping on the optical and structural characteristics of the TiO2 was 

investigated. Strong proof of the pure anatase phase and tetragonal structure is provided by XRD analysis of all 

the desired NMs. The addition of  Cu as a dopant on TiO2 was tuning the band gap into visible region and 

providing the higher surface area to the TiO2 NPs to avert agglomeration, which confirmed by UV-DRS, XRD, 

SEM with EDAX and HR-TEM analysis. After Cu doping, a notable changing for the surface morphology is 

observed; the surface becomes smooth and lots of grains are homogeneously dispersed onto the catalyst. The 

tailored surface morphology by Cu doping makes the TiO2 grains well presenting as the photocatalytic sites, 

meanwhile the formed micro pores on the surface of Cu doped TiO2 also result in a large specific surface area 

which is helpful for the catalytic activities on their surfaces. The synthesized  mole % of Cu doped TiO2 NPs, 

having higher surface area, lower optical energy band gap, lower charge transfer resistance, lesser charge 

recombination rate; which enhanced the overall absorption in the visible region. 
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 A thin film of zinc sulphide (ZnS) has been deposited by chemical spray 

techniques using a mixed aqueous solution of zinc sulphate (ZnSO4) and 

thiourea (Sc (NH)2 )2. The spray solution with molar concentrations of 

0.1M, 0.2M, and 0.3M ZnS thin films was grown onto a hot glass substrate 

at a substrate temperature    500 0C. The X-ray diffraction pattern (XRD) 

of all the films deposited shows a hexagonal Wrutized crystal-type 

structure. Microstructure has been analysed using scanning electron 

microscopy (SEM). 
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I. INTRODUCTION 

 

Zinc sulphide has grown in interest owing to its possible applications in optoelectronics. It is an important II-Iv 

semiconductor material for the development of various technologies of solid-state devices. Zinc Sulphide has a 

direct band gap of about 3.50 eV in the UV region. Zinc Sulphide films are used in optoelectronics devices, 

Light-emitting diodes, displays, and multilayer displays (1,2)Zinc has hexagonal Wurtzite and cubic zinc Blend 

structure. The relation determines the lattice constant (a) for cubic structure. 

     a=d(h2+k2+l2)1/2  where (hkl) are Miller indices 

For hexagonal lattice constant (a) determined from the relation 

 
(a )                                                       (b) 

(a)The Wurtzite ZnS Structure. (b) The Zinc Blend Structure for the II-IV Semiconductors (4) 
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ZnS thin films have been deposited by various techniques including spray pyrolysis, chemical bath deposition 

(CBD), photochemical deposition, Metal-organic chemical vapour deposition techniques (MOCVD), electron 

beam evaporation, Vacuum deposition techniques, photochemical deposition techniques and pulse LASER 

deposition techniques .(6,14) 

Every thin film deposition technique has its advantages and disadvantages. Chemical spray pyrolysis is a well-

established technique for depositing thin films of various technologically important materials. Various 

chalcogenides such as Zn, Co, Cd, Hg, Pb sulphides and selenides have been deposited using this technique.  In 

the present case, the chemical spray pyrolysis technique has been used for the deposition of ZnS thin films, as it 

is simple, relatively less expensive and convenient for large-area deposition. In recent years, interest in the 

deposition of thin films of a material using different deposition techniques has considerably increased. 

The purpose of the present work is to investigate the effect of the preparative parameters of the spray pyrolysis 

technique on ZnS thin films. The effect of the molar concentration of the starting solution on the structural 

characteristics of the films (crystallinity, phases and crystallographically preferred orientations) has been 

studied using X-ray diffraction.  The molar concentration variations also affect the electrical properties. The 

structural and electrical properties have been investigated by using a scanning electron microscope and two-

probe method.  

 

II. EXPERIMENTAL: 

 

Zinc sulphide thin films are deposited on glass substrates using a spray pyrolysis technique in an air atmosphere. 

The deposition method involves the thermal decomposition of an aqueous solution of zinc sulphate and 

thiourea. Initially, a solution of 1M was prepared and from this source solution, the solutions of 0.1M, 0.2M, 

0.3M and 0.4M concentrations were obtained. The resulting solutions were sprayed onto heated glass substrates 

held at a constant temperature of 500 0C keeping the other process parameters at optimized condition. 

Structural study was carried out using X-ray diffraction and SEM. X-ray diffraction spectra were obtained using  

CuKá (ë=1.5406A) radiation and scanning angle 2ϴ was varied in the range between 100 to 900. The interplanar 

distance, lattice parameter, preferential growth orientations and grain size were evaluated from these spectra. 

Scanning electron micrographs (SEM) were obtained using JOEL JSM- 6360A equipped with an energy-

dispersive X-ray spectrometer (EDAX) facility. Transmittance and absorbance measurements were carried out 

using a spectrophotometer in a wavelength range 300 nm to 1100 nm.  

Two probe methods have been used to measure the resistivity of the film at room temperature.  

 

III. RESULT AND DISCUSSION: 

 

3.1. Structural properties:  

All the deposited ZnS films were white and homogeneous with a good adherence to the substrate. Generally 

ZnS material has the hexagonal, wurtzite-type structure or cubic, zinc blende-type structure. X-ray diffraction 

patterns of ZnS thin films prepared with different concentrations are shown in Fig.1. Comparison of interplanar 

(d) values with JCPDC data shows that the phase present in the deposited films belongs to pure hexagonal 

wurtzite structure without any impurity phases. 
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Fig 1  XRD patterns of ZnS films deposited at different concentrations of solution. 

 

It is also noted that as the concentration of the solution increases, the intensity of (002) peak increases and this 

peak becomes narrower indicating an improvement of the crystallinity.  It is also observed that the thickness of 

the films increases with increasing concentration. The effect of concentration on the grain size (GS) of the 

obtained phase was also investigated. The grain size has been determined from the (002) diffraction peak using 

the Scherrer formula. The grain size calculated by Scherrer's formula from XRD data was found to increase 

with increasing concentration and lies in the range 25 to 35 nm.  The raising of molar concentration did not 

lead to the formation of any other impurity phases. The preferred orientation is seen from the increase in the 

intensity (002) plane with an increase in mole concentration. 

Fig. 2 shows typical micrographs of ZnS thin films. The micrographs show a nearly uniform polycrystalline 

nature of the films and also show that the grain size decreased with a decrease in concentration. The elemental 

analysis was done only for Zn and S it was found to be 54.3: 43.5. Other peaks present in the spectra were of O, 

Na, and Cl. The presence of these elements is due to oxidation during the deposition on the hot substrate or the 

presence of these elements in the glass substrate. 

 
Fig. 2 SEM micrograph of ZnS thin films. 
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3.2. Electrical properties: 

Fig. 3 shows the typical plot of temperature vs. resistance for ZnS thin film at room temperature for 0.1M. From 

the analysis of curves, it is observed that resistance decreases with an increase in temperature, which confirms 

the semiconducting nature of the deposited film.   

 
Fig. 3 Temperature vs. resistance for ZnS thin films. 

 

IV. CONCLUSIONS 

 

Good quality ZnS films were deposited using the spray pyrolysis method. The spray deposition of thin films of 

0.1M, 0.2M, 0.3M and 0.4M concentration solutions at substrate temperature 5000C is found to be optimum for 

deposition of good quality films at the specified spray condition. Thin films of ZnS with hexagonal (wurtzite) 

phases have been prepared by the spray pyrolysis method. The decreases in resistance with an increase in 

temperature confirms the negative temperature coefficient of the deposited thin films. 
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I. INTRODUCTION 

 

Sulfonamides are an essential class of organic compounds described by the presence of a sulfonyl functional 

group attached to an amine [1,2]. These compounds have been widely explored due to their pharmacological 

significance, particularly as antimicrobial agents [3,4]. The introduction of a phenolic moiety into the 

sulfonamide framework enhances their chemical reactivity and biological functionality, leading to the 

development of more potent bioactive molecules [5–7].  

Phenolic sulfonamides exhibit a broad spectrum of biological activities, including antibacterial, antifungal, 

anticancer, and enzyme inhibitory properties. Their ability to act as carbonic anhydrase inhibitors has been 

extensively studied, highlighting their potential in treating diseases such as glaucoma, epilepsy, and cancer [8–

10]. Additionally, phenolic sulfonamides are gaining attention in synthetic chemistry due to their role in 

various catalytic and functionalization reactions, which further expands their applicability in drug development 

[11,12]. 

Recent advancements in synthetic methodologies have allowed for more efficient and selective modifications of 

phenolic sulfonamides, improving their pharmacokinetic properties and bioavailability. Furthermore, the 

environmental impact of sulfonamide-based pharmaceuticals has become a crucial research area, as their 
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persistence in soil and water bodies raises concerns regarding antibiotic resistance and ecological toxicity [13]. 

Therefore, a comprehensive understanding of their synthesis, chemical behavior, and biological significance is 

essential for the continued development of sulfonamide-based therapeutics and industrial applications. 

This review aims to provide an analysis of phenolic sulfonamides, focusing on their synthesis, structural 

modifications, mechanism of action, and diverse applications in medicinal and environmental chemistry. By 

integrating recent findings and emerging trends, this work seeks to contribute to the ongoing advancements in 

the field of sulfonamide research. 

 

II. CLASSIFICATION OF PHENOLIC BASED SULFONAMIDES  

 

Sulfonamide research into five major categories of domains: synthesis and functionalization, biological activity, 

environmental effects, structural studies, and drug discovery. The synthesis and functionalization section 

highlights various chemical modifications that enhance sulfonamide derivatives' structural diversity and 

functionality in table 1. 

Table 1: Classification of Sulfonamide 

Category Research Focus References 

Synthesis & Functionalization 

 

Cyclization & Ring Formation 

[14,15] 

Crich et al., 2004; Liang & Ciufolini, 

2010 

Sulfonylation & Acylation [16,17] Reddy & Pasha, 2011; Massah et al., 

2013 

Nitration & Halogenation [18] Kilpatrick et al., 2013 

Metal Complexation [19] Maurya & Patel, 2008 

Novel Synthetic Routes [20] Smolobochkin et al., 2016  

Biological & Pharmacological 

Activity 

Carbonic Anhydrase Inhibitors 

[21,22]  

Garaj et al., 2005; Innocenti et al., 

2008 

Antimicrobial & Antibiotic 

Properties [23,24] 

Ricken et al., 2013; Capasso & 

Supuran, 2015  

Anticancer Activity [25,26] Gul et al., 2017; Bilginer et al., 2022 

Enzyme Inhibition [27,28] Sarıkaya et al., 2010; Korkmaz et al., 

2015 

Environmental Effects & 

Degradation 

Oxidative Transformation [29] Bialk et al., 2005 

Microbial Biodegradation [23] Ricken et al., 2013 

Soil & Water Contamination [30,31] Schwarz et al., 2015; Paumelle et al., 

2021 

Structural & Computational 

Studies 

Hydrogen Bonding Analysis [32] Adsmond & Grant, 2001 

Quantum Chemical Calculations [33] Shainyan et al., 2012 

Molecular Docking & Drug Design 

[34] 

Durdagi et al., 2011 

 

Drug Discovery & Future 

Applications 

FDA Drug Analysis [35] Scott et al., 2022 

Bio-isosteres & Medicinal Chemistry 

[36] 

Dunker et al., 2024 

Novel Therapeutic Targets [24] Capasso & Supuran, 2015 
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The biological activity section presents their roles as enzyme inhibitors, antibiotics, and anticancer agents, 

emphasizing their pharmaceutical significance. The environmental effects and degradation section discusses 

their persistence and transformation in ecosystems, underlining concerns regarding contamination and 

biodegradation. The structural and computational studies section provides insight into molecular interactions 

and stability, aiding drug development. Finally, the drug discovery and future applications section reflects their 

role in FDA-approved drugs, bioisosteric modifications, and therapeutic innovations. Together, these 

classifications demonstrate the versatility of sulfonamides in scientific research and their potential for further 

advancements. 

 

III. LITERATURE STUDY 

 

To grasp their change in natural organic matter, bialk et al. (2005) reported the oxidative cross-coupling of 

sulfonamide (1) antibacterial agents with model humic components represented in Scheme 1. The work shows 

that covalent connections with humic materials result from major alteration of sulfonamides during incubation 

with phenoloxidases and manganese oxides. The authors provide proof that this chemical addition can lower 

the mobility and bioavailability of sulfonamides in the surroundings, therefore raising questions about their 

persistence and possible contribution to antimicrobial resistance. The results underline the need of knowing the 

environmental destiny of drugs and their interactions with natural organic matter [29]. 

 
Scheme 1: ARP-Mediated cross coupling of sulfamethazine with syringic acid 

Three phenolic compounds phenol, 3,5-difluorophenol, and clioquinol were examined by Innocenti et al. 

(2008) as inhibitors of carbonic anhydrase While clioquinol proved to be the most strong inhibitor tested 

overall, the research showed that phenol particularly suppressed CA isozymes I–IV, IX, XII, and XIV. The 

authors suggested that the phenolic hydroxyl group functions as a new "zinc-water binding group," implying a 

different inhibitory mechanism than conventional sulfonamide inhibitors (2), thereby stressing the possibility 

for the development of new CA inhibitors presented in figure 1 [37].                                                         

 
Figure 1: Schematic representation for interaction of CAIs with the CA active site sulfonamide inhibitors 
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The direction of hydrogen bonds in H-complexes developed from dimethylsulfone (3), N,N-

dimethylmethanesulfonamide (4), and N,N-dimethyltrifluoromethanesulfonamide (5) with methanol and 

phenol was examined by Oznobikhina et al. (2009). The work found two forms of complexes using quantum 

chemical calculations (DFT method: bidentate complexes including both lone pairs of oxygen atoms and 

nonlinear structures). Reflecting the basicity of the sulfonyl group in the sequence dimethylsulfone > N,N-

dimethylmethanesulfonamide > N,N-dimethyltrifluoromethanesulfonamide, the angle defining the 

directionality of the hydrogen bond varied greatly is given in figure 2. The results help to better grasp 

sulfonamides' hydrogen-bonding activity and self-association capacity [38]. 

     
Figure 2: Structures containing sulfonyl group 

 

Sarıkaya et al. reported several phenolic acids, including ellagic acid, gallic acid, ferulic acid, caffeic acid, 

quercetin, p-coumaric acid, p-hydroxybenzoic acid, and syringic acid, exhibited noteworthy inhibitory action 

against human carbonic anhydrase (hCA) isozymes I and II. Additionally, while this study primarily focused on 

phenolic acids, it referenced acetazolamide (AAZ) (6), a well-known sulfonamide-based carbonic anhydrase 

inhibitor, for comparison. Sulfonamides remain a clinically significant class of CA inhibitors widely used in the 

treatment of glaucoma, epilepsy, and other disorders [27]. 

 
Figure 3: Acetazolamide (sulfonamide-based carbonic anhydrase inhibitor) 

 

Using Brønsted acid catalysis, hashimoto et al. (2010) synthesized functionalized chromanes (7) via a formal [3 + 

3] cycloaddition reaction between allene sulfonamides and phenols are given in scheme 2. The work suggested 

a mechanism wherein intramolecular cyclization followed a stepwise process of intermolecular hydroarylation. 

The authors improved reaction conditions to get large yields of chromane derivatives, therefore proving the 

possibility of this approach for synthesis of physiologically active chemicals. This study provides a simple 

methodology utilizing widely accessible starting materials and emphasizes the rare nature of Brønsted acid-

catalyzed methods in chromane synthesis [39]. 

 
Scheme 2: Cycloaddition reaction between allene sulfonamides and phenols 
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With laccase from Trametes versicolor, Schwarz et al. (2015) showed the enzymatic transformation and 

bonding of sulfonamide (8), (9) and (10) antibiotics to model humic compounds are given in table 2. The 

research showed that sulfonamides create nonextractable residues resistant to extraction techniques via fast 

transformation and sequestration in soil. Emphasizing the significance of knowing their destiny and behavior in 

soil systems, the authors found many bonding mechanisms including covalent binding and discussed the 

environmental consequences of sulfonamide persistence in agricultural soils [30]. 

 

Table 2: Selected compounds of sulfonamide (enzymatic transformation and bonding of sulfonamide 

antibiotics) 

Structures 

 
 

 
C. Name Sulfanilamide Sulfapyridine Sulfadimethoxine 

M.F. C6H8N2O2S C11H11N3O2S C12H14N4O4S 

(*Note: C. Name- Common Name; M.F.- Molecular formula) 

 

Using the reaction of phenols with N-(4,4-diethoxybutyl)sulfonamides in the presence of trifluoroacetic acid, 

Smolobochkin et al. (2016) devised a unique technique for synthesis of 2-aryl-1-sulfonylpyrrolidines (11), (12) 

and (13) in given scheme 3. The research emphasizes the benefits of this approach over current synthetic 

techniques often including expensive catalysts and severe conditions: high yields and gentle reaction 

conditions. NMR spectroscopy, IR spectroscopy, and X-ray structural analysis corroborated the structures of the 

synthesized compounds, therefore proving the possibility of this method for generating physiologically active 

sulfonamide derivatives [20]. 

 
Scheme 3: Synthesis of phenolic based 2-aryl-1-sulfonylpyrrolidines 

 

Specifically for 4-[5-(4-hydroxyphenyl)-3-aryl-4,5-dihydro-1H-pyrazol-1-yl]benzenesulfonamide compounds, 

Gul et al. (2017) described the microwave-assisted synthesis and bioevaluation of novel sulfonamide derivatives 

are given in scheme 4 verified the chemical structures of the synthesised compounds by using of NMR and 
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HRMS methods. These compounds cytotoxic activities were assessed in relation to human oral squamous cell 

carcinoma cell lines, therefore exposing notable anticancer effects. While compounds 16 and 17 showed low 

inhibition constants (Ki) against carbonic anhydisoenzymes I and II, suggesting their potential as lead 

compounds for further development in cancer therapy, compounds 14, 15, and 16 showed strong potency 

selectivity expression (PSE) values [40]. 

 

 

 
Scheme 4: Pyrazol based sulfonamide structures contain phenolic moiety 

 

By use of palladium-catalyzed dehydroxylative coupling of phenols and amines in the presence of carbon 

monoxide, Fang et al. (2018) devised a unique one-pot method for the synthesis of arylcarboxylic amides and 

sulfonamide is given in scheme 5. Using acyclic amines, this approach shows that the process offers exclusive 

selectivity for arylcarboxylic amides while cyclic amines generate sulfonamides (18) [41]. 

 
Scheme 5: Formation of sulfonamide from phenolic compounds 

For their possible antioxidative action, Havránková et al. (2020) showed a set of 1,3,5-triazine analogues with 

different structural motifs including aminobenzene sulfonamide and chalcone. On a mildly acidic resin, the 
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molecules were produced via nucleophilic replacement of chlorine atoms in 2,4,6-trichloro-1,3,5-triazine, 

catalyzed by Cu(I) are given in scheme 6. Using the ABTS technique to assess radical scavenging activity, the 

research found that compounds 20, 21, 22 and 23 showed much lower EC50 values and much greater % 

inhibition than conventional antioxidants such as Trolox and ascorbic acid. These triazine compounds seem to 

have therapeutic potential for oxidative stress-related disorders [42]. 

 
Figure 4: Structure of biologically active compounds 

 
Scheme 6: Sulfonamides structures contain aminoalcohol/ phenol/ piperazine, chalcone and stilbene motifs 
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Sumrra and colleagues focused on the synthesis, characterisation, and biological screening of new sulfonamide-

derived Schiff bases and associated transition metal complexes. Two ligands, L1 (24) and L2 (25), were prepared 

in this work by condensation of sulfonamide derivatives with certain aldehydes is given in scheme 7. X-ray 

diffraction, NMR, and IR spectroscopy were among the many methods used to define the produced compounds. 

Significant antibacterial and antioxidant action of the ligands and their metal complexes against many bacterial 

and fungal strains was found by biological tests. The results imply that these molecules have possible bioactive 

effects, so they are candidates for further pharmacological development [43]. 

 
Scheme 7: Synthesis of sulfonamide ligand 

 

IV. CONCLUSION 

 

Phenolic sulfonamides constitute a significant class of compounds with diverse applications spanning medicinal 

chemistry, environmental science, and catalysis. Their structural versatility facilitates potent biological activity, 

including antimicrobial, anticancer, and enzyme-inhibitory properties. Recent advancements in synthetic 

methodologies have enabled precise functionalization, enhancing their pharmacological potential and 

expanding their role in drug discovery. Additionally, environmental concerns surrounding the persistence of 

sulfonamide derivatives necessitate further studies on their biodegradation and ecological impact. Future 

research should focus on optimizing synthetic routes, improving bioavailability, and exploring novel 

therapeutic targets to maximize the utility of phenolic sulfonamides in scientific and pharmaceutical 

applications. 
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