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Abstract 

A new series of Dy3+ doped Lithium fluoroborate 

glasses with the chemical composition (40–x)B2O3 + 

20ZnO + 20NaF + 20Li2O + xDy2O3 (where x = 0.1, 

0.3, 1.0, 2.0 and 3.0 wt%)  were prepared following 

conventional melt quenching technique and 

characterized using XRD, FTIR, optical absorption 

and luminescence measurements. The XRD pattern of 

the prepared glasses confirms the amorphous in 

nature. The fundamental stretching vibrations of 

various borates (BO3, BO4) were identified through 

the FTIR analysis. From the UV-Vis-NIR spectra, 

the oscillator strength and bonding parameter were 

calculated. The ionic bond nature of the prepared 

glasses were identify from their negative sign of δ. 

The luminescence spectra exhibit two visible bands 
4F9/2→6H15/2 (Blue) and 4F9/2→6H13/2 (Yellow) 

respectively. The radiative properties such as peak 

wavelength and effective band width for the 
4F9/2→6H15/2 and 4F9/2→6H13/2 emission transition were 

calculated. The decay lifetime of the 4F9/2 level has 

been measured from the decay profiles and 

compared with the calculated lifetimes. The yellow 

to blue (Y/B) ratios and color coordinates have been 

calculated from the luminescence spectra and the 

utility of the present glasses for white light emitting 

diodes (W-LEDs) applications. 

Keywords: Borate glasses, Melt quenching technique, 

Bonding parameter, Oscillator strengths, Life time, W-

LED. 

 

 

 

 

 

 

Introduction 

Among the trivalent rare-earth ions, Dy3+ (4f9) is 

quite interesting, because Dy3+ doped glasses have 

been considered as promising luminescent materials 

and also most suitable to analyze the spectroscopic 

properties with the change in concentration as well 

as glass composition. Several researchers reported 

the luminescence properties of Dy3+ ions in different 

glass matrices [1]. For efficient luminescence from 

the RE ion, the selection of glass host is an 

important issue. Among the oxide glasses, borate 

glasses have been the subject of interest for quite 

some time due to their high transparency, low 

melting point, high thermal stability and good rare 

earth ion solubility [2]. Because borate has been 

chosen as a host matrix for the present work. There 

has been a considerable interest in the study of 

borate based glasses over the past few years due to 

their interesting structural and optical properties. A 

striking characteristic feature of the borate glasses is 

the variations in its structural properties when 

alkaline or alkali earth cations are introduced [3, 4]. 

The addition of heavy metal oxides into glasses 

increases the mechanical strength and radiative 

transition rate of the RE ions and also reduces the 

glass transition [5, 6]. The higher phonon energy of 

the borate glasses can be reduced by adding NaF 

which enhances the quantum efficiency and the 

fluoride content reduces the non-radiative decay 

and in turn enhances the luminescence yield [7]. 

 

Dysprosium is the best choice for white light 

applications because of its two dominant emission 

bands such as 4F9/2  6H15/2 and 4F9/26H13/2 energy 

levels transitions in the visible region [7-10]. The 
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4F9/26H15/2 emission band is due to the magnetic 

dipole transition and the 4F9/26H13/2 emission band 

is due to the electric dipole transition and this 

transition is highly affected by the host matrix and 

the intensity of the yellow emission band can be 

modified by the ligand field around the RE-ion site. 

White light can be stimulated from the Dy3+ doped 

glass materials by adjusting the yellow to blue (Y/B) 

intensity ratio by varying the glass composition, RE 

ion concentration and excitation wavelengths [11]. 

In the CIE 1931 chromaticity diagram, the line 

related between blue and yellow region usually 

passes through the white light region and therefore 

the ability of the white light emission by the Dy3+ 

doped glasses can be confirmed through the CIE 

color chromaticity coordinates. The better white 

light can be stimulated from the Dy3+ doped glass 

materials at suitable Y/B intensity ratio by selecting 

the different ligand field strengths. 

 

The aim of the present work is (i) to prepare Dy3+ 

doped lithium fluoroborate glasses following the 

melt quenching technique with varying Dy3+ ion 

concentrations; (ii) to identify the different 

vibrational bands of the borate network in the 

prepared glasses; (iii) to evaluate the predominant 

covalent/ionic nature and to determine the direct 

and indirect band gaps from the absorption spectra; 

(iv) to calculate the oscillator strengths and Judd-

Ofelt parameters (Ω2, Ω4, Ω6) from the absorption 

energy levels and refractive index of the prepared 

glasses; (v) to study the luminescence characteristics of 

the thermally coupled energy level transition 6F11/2 

→6H15/2 in the visible region and the 6H11/2 →6H15/2 

transition in the NIR region; (vi) to calculate the 

radiative parameters of the desired transitions; (vii) 

to determine the stimulated emission cross-section 

of the 4F9/2 →6H15/2 and  4F9/2 →6H13/2 transitions (viii) 

to determine the optical gain bandwidth and figure 

of merit of the 4I13/2 →6H15/2 transition. (ix) The 

characteristic of the emission color was examined 

through CIE 1931 chromaticity diagram. And finally 

(x) Decay curves of the 4F9/2 energy level have been 

measured and the possibility of energy transfer 

between Dy3+-Dy3+ ions in the prepared glasses  have 

also been discussed and reported. 

 

Experimental 

The Dy3+ doped lithium fluoroborate glasses were 

prepared with the composition (40–x)B2O3 + 20ZnO 

+ 20NaF + 20Li2O + xDy2O3 (where x = 0.1, 0.3, 1.0, 

2.0 and 3.0 wt%) using conventional melt 

quenching technique. The Glass Samples are labeled 

as BZL0.1D, BZL0.3D, BZL1.0D, BZL2.0D and 

BZL3.0D respectively. All the precursors used for 

the preparation of glasses are of high purity 

analytical grade (99.99%) from Sigma Aldrich. 

About 12g batch of the chemicals were weighted 

and ground thoroughly in an agate mortar to obtain 

a homogeneous mixture. The mixture was taken in a 

porcelain crucible and heated to 9500C in an 

electrical furnace for 2 hour. The melt was then 

poured on to a preheated brass plate and kept at 

3500C for 7 h in order to remove strains from the 

annealing process. The glasses were slowly cooled to 

room temperature (RT). The prepared glasses were 

well polished on both sides to obtain optical quality 

glasses for optical measurements. 

 

The XRD patterns were recorded by using JEOL 

8030 X-ray diffractrometer employing CuK radiation. 

The infrared transmittance spectra of the prepared 

glasses were recorded using JASCO FTIR 460 plus in 

the mid-IR region (400–4000 cm−1) with a spectral 

resolution of ±1.0 cm−1 and 16 scans per sample. The 

absorption spectral measurements were made 

employing Perkin-Elmer Lambda 950 UV–vis-NIR 

spectrophotometer in the wavelength range 350–

1800 nm. The luminescence spectra were recorded in 

the wavelength range 500–600 nm with JobinYVon 

Fluorolog-3 spectrofluorometer using xenon lamp 

(450 W) as an excitation source. Luminescence 

spectra in the wavelength region 1400–1700 nm 

were recorded using EG&G Princeton Applied 

Research model 5210 with a spectral resolution of 

±0.5 nm. The decay measurements were made 

employing the FLS 920 Edinpurgh spectrometer. All 

the measurements were carried out as room 
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temperature (RT) only. The physical properties of 

prepared glasses were calculated using the relevant 

expressions reported in literature [12] and the results 

are presented in Table 1. 

 

Results and discussion 

XRD Analysis 

The X-ray diffraction (XRD) pattern has been 

recorded in the range 10 80.The XRD pattern 

of the BZL1.0D glass shown in figure1. The XRD 

Pattern does not exhibit and detectable sharp 

characteristics peak, but the broad diffused 

scattering occurs at the lower angles, which is the 

characteristic long range structural disorder 

confirms the amorphous nature and non-crystalline 

structure of the prepared glass. Remaining the glass 

samples also exhibit similar in nature, so they are 

not shown for the glasses in figure1. 

Position [°2Theta] (Copper (Cu))

20 30 40 50 60 70 80

Counts

0

20

40

60

80

 BZLD1

 

Figure 1. XRD pattern of Dy3+ doped lithium 

fluoroborate BZL1D glass 

Table 1. Physical properties of the Dy3+ doped 

lithium fluoroborate glasses 

Physical Properties BZL0.1D BZL0.3D BZL1.0D BZL2.0D BZL3.0D 

Density, ρ (g/cm3) 3.064 3.233 4.620 3.537 3.626 

Refractive index, nd 

(589.3 nm) 
1.582 1.585 1.589 1.592 1.597 

Dy3+ ion concentration, 

NE (1020 ions/cm3) 
0.662 2.104 9.647 14.01 20.50 

Polaron radius, rp (Å) 9966 677.3 407.7 360.0 317.1 

Inter ionic distance, ri 

(Å) 
2472 1681 1012 893.5 787.0 

Field strength, F (1014 cm−2) 0.491 1.061 2.928 3.757 4.842 

Molar refractivity, Rm 

(cm3) 
13.35 12.65 9.256 11.63 11.40 

Dielectric constant, (ε) 2.502 2.512 2.524 2.534 2.550 

Reflection losses, R (%) 5.080 5.121 5.175 5.216 5.284 

Molar volume, Vm 

(cm3/mol) 
0.109 0.349 1.601 2.327 3.405 

Electronic polarizability, 

αe (10−22 cm3) 
12.04 3.803 0.834 0.576 0.396 

 

FTIR spectral studies 

Figure 2 shows the FTIR spectra of the prepared 

glasses recorded between 400-4000 cm-1. The FTIR 

spectra of Dy3+ doped lithium fluoroborate glasses 

and band positions corresponding to their band 

assignments of all the glasses matrices are given in 

table 2. The FTIR spectra are the powerful tool to 

analyze the structure of B-O network and also 

influenced by the addition of dopant ions. The 

broad absorption band around 3440-3446 cm−1is 

observed in all the glasses are attributed to the 

fundamental O-H stretching vibrations which 

reveals the presence of strong hydroxyl groups. The 

observed bands around 2620−2920 cm−1 are mainly 

due to the occurrence of Hydrogen bonding. 

500 1000 1500 2000 2500 3000 3500 4000
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Figure 2. FTIR spectra of Dy3+ doped lithium 

fluoroborate glasses 

 

The absorption bands centred at around                

1370 cm−1-1391 cm−1 are attributed to B-O vibrations 

bond in isolated pyroborate group, trigonal boron 

groups and B−O bond asymmetric vibrations from 

pyro- and ortho-borate groups respectively. The 

absorption band is 991-1004 cm−1, are attributed to 

presence of Stretching of BO4 groups and the 

absence of the absorption band around 806 cm−1 

indicates that, there is no boroxyl ring formation in 

the prepared glasses. The peak at 715-720 cm−1 is due 

to the bending vibrations of bridging oxygen in B-

O-B from pentaborate groups. The asymmetric 

bending vibration of [BO3] pyramidal units are 
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observed around 522-535 cm-1. The Zn-O stretching 

vibrations was confirmed from the band around 

450-466 cm-1. 

 

Absorption spectra 

The UV–Vis-NIR absorption spectra of the Dy3+ 

doped lithium fluoroborate glasses recorded in the 

wavelength region between 350 nm and 2000 nm is 

shown in figure 3. The absorption band positions of 

the prepared glasses are presented in Table 3. The 

absorption spectra for all the prepared glasses are 

alike with small variations in intensities of the 

observed transitions and closely resemble the 

spectra reported for Dy3+ doped glasses [13]. The 

absorption spectra of the title glasses exhibit nine 

distinct in-homogeneously broadened absorption 

bands were observed. These absorption bands are 

due to the transitions from the 6H15/2 ground state to 

the several excited states such as 6H11/2, 6F11/2, 6F9/2, 
6F7/2, 6F5/2, 6F3/2, 6F(3)9/2, 4I(3)15/2 and 4H(4)11/2 

corresponding to the wavelengths at 1665, 1260, 

1080, 890, 799, 748, 523, 447 and 421 nm 

respectively. 

 

Table 2. FTIR spectra of Dy3+ Doped lithium 

fluoroborate glasses 

 
S. 

No. 
BZL0.1D  BZL0.3D BZL1.0D BZL2.0D BZL3.0D Assignments 

1 3440 3446 3431 3440 3440 

Fundamental 

stretching of OH  

group 

2. 2672 2670 2920 2637 2628 Hydrogen bonding 

4. 1392 1398 1398 1378 1370 

B-O Stretching 

vibration in BO3 

units of meta, 

pyroborate and 

orthoborate groups. 

5. 1004 1003 1002 997 991 
Stretching of BO4 

groups 

6. 717 715 717 720 716 

Bending vibrations 

of bridging oxygen 

in B-O-B from 

pentaborate groups 

7 523 535 525 529 522 

Stretching 

vibrations of [BO3] 

pyramidal units 

8 450 466 463 457 465 
Zn-O stretching 

vibration 

 

The spin allowed (∆S=0) transitions 6H15/2→6F11/2 possess 

higher absorption intensity than the other transitions and 

the same is observed in the lower energy region. 

Nephelauxetic ratios () were calculated from the 

absorption spectra using the relation β = νc/νa, where 

β is the ratio between the wavenumber (in cm–1) of a 

particular transition of the RE ion under investigation 

and the wavenumber (in cm–1) for the corresponding 

transition of an aquo-ion. Bonding parameter (δ) 

have been calculated from the average values of β 

(referred as  ) using the following expression, δ 

=(1−  )/  . The nature of the bonding will be 

covalent or ionic depending upon the positive or 

negative sign of δ and the values are found to be -

1.6487, -1.5779,            -1.4897, -1.1083 and -1.1267 

corresponding to the prepared BZL0.1D, BZL0.3D, 

BZL1.0D, BZL2.0D and BZL3.0D glasses 

respectively. 
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Figure 3. Absorption spectra of Dy3+ doped lithium 

fluoroborate glasses 

It is observed from these results that, the bonding 

between Dy3+ ion and ligands is of ionic in nature 

and the ionic nature gradually decreases with the 

increase in Dy3+ ion concentration. 

 

Oscillator strengths and Judd-Ofelt parameters 

The intensity of the absorption bands can be 

characterized through the oscillator strength values 

of the f-f electronic transitions in the RE ions. The 

experimental oscillator strengths (fexp) of the  

absorption bands are calculated from the relative 

areas under the absorption bands of the individual 

transition in the absorption spectra of the RE ions 
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doped materials. The experimental (fexp), calculated 

(fcal) oscillator strengths and rms deviation for the 

observed band  positions  of  the Dy3+ doped lithium 

fluoroborate glasses are presented in table 4. Judd-

Ofelt intensity parameters 2, 4, and 6, are 

obtained from the experimental spectral intensities 

and the doubly reduced matrix elements using JO 

theory [14]. The JO parameters have been calculated 

and the same are presented in table 5. The JO 

analysis for the Dy3+ ions is in good agreement with 

fexp and fcal for the intense transitions and moderate 

agreement in the case of weak transitions. 

The JO intensity parameters of all the prepared 

glasses follow the trends Ω2>Ω4> Ω6 and is similar to 

the reported glasses [15-20]. The Ω2 values are found 

to be higher than the Ω4 and Ω6 intensity parameter. 

The higher magnitude of Ω2 in the present glasses 

suggests that degrees of covalancy of Dy-O bond and 

higher asymmetry around the Dy3+ ions. The 

spectroscopic quality factor (Ω4 / Ω6) is an important 

parameter used to describe the optical quality of the 

prepared glasses and is calculated from the Ω4/Ω6 

ratio values of the prepared glasses and the results 

are presented in table 5. It is observed from these 

results that among the prepared glasses, BZL0.3D 

glass is 1.7460 appears to be a better optical glasses. 

The larger spectroscopic quality factor predicts higher 

stimulated emission cross section among the 

prepared glasses. 

 
Table 3. Observed band positions (cm-1) and bonding parameters 

(β and δ) Dy3+ doped lithium fluoroborate glasses\ 

 

Transition 
ENERGY Aqua Ion 

(νa) (3) BZL0.1D BZL0.3D BZL1.0D BZL2.0D BZL3.0D 
6H11/2 5998 6006 6006 5981 5988 5850 
6F11/2 7936 7924 7918 7905 7911 7700 
6F9/2 9285 9242 9225 9234 9233 9100 
6F7/2 11261 11211 11186 11211 11211 11000 
6F5/2 12531 12516 12500 12500 12500 12400 
6F3/2 13459 13333 13333 13333 13298 13250 

6F(3)9/2 21186 21277 21231 21142 21141 21100 
4I(3)15/2 22371 22371 22321 22222 22222 22100 

4H(4)11/2 23585 23810 23866 23310 23364 23400 

β 1.0167 1.0160 1.0151 1.0112 1.0113 
- 

δ -1.6487 -1.5779 -1.4897 -1.1083 -1.1267 

 

 

 

Table 4 .The experimental (fexp) and calculated (fcal) oscillator strengths 

(10−6), number of transitions (N) and rms deviation () of the Dy3+ 

doped lithium fluoroborate glasses 

Transi-

tion from 
6H15/2 

BZL0.1D BZL0.3D BZL1.0D BZL2.0D BZL3.0D 

fexp fcal fexp fcal fexp fcal fexp fcal fexp fcal 

6H11/2 0.010 0.025 0.345 0.519 0.791 0.956 0.962 0.933 1.002 0.976 
6F11/2 0.190 0.188 3.508 3.484 5.136 5.115 4.947 4.950 4.763 4.766 
6F9/2 0.040 0.049 1.230 1.270 1.835 1.890 2.090 2.036 1.861 1.812 
6F7/2 0.700 0.035 0.941 0.852 1.279 1.804 1.336 1.591 1.353 1.593 
6F5/2 0.010 0.014 0.926 0.344 0.535 1.076 1.028 0.711 1.058 0.758 
6F3/2 0.010 0.003 0.090 0.064 0.100 0.202 0.220 0.1342 0.279 0.142 

6F(3)9/2 0.030 0.003 0.230 0.064 0.100 0.258 0.066 0.1205 0.117 0.121 
4I(3)15/2 0.030 0.008 0.260 0.171 0.278 0.153 0.332 0.0141 0.318 0.337 

4H(4)11/2 0.040 0.002 0.182 0.051 0.078 0.230 0.041 0.0244 0.178 0.046 

N 9 9 9 9 9 

rms 0.022 0.223 0.218 0.141 0.144 
 

 

Luminescence Spectra 

The Luminescence behavior of the Dy3+ doped 

Alkali lithium fluoroborate glasses have been 

studied through the excitation and emission spectral 

measurements. The excitation spectrum of the title 

glasses recorded by monitoring an emission at 574 

nm is shown in figure 4. It exhibits six bands owing 

to the electronic transitions at 346nm (6P7/2), 358nm 

(4P3/2), 382nm (4I13/2) 420nm (4G11/2), 447nm (4I15/2) 

and 470nm (4F9/2) the transitions respectively [21, 

22]. These excitation wavelength are in good 

agreement with the wavelength of the commercially 

available UV LEDs having emission range from  350 

to 420 nm and blue LEDs having emission ranges 

from           450-470nm. The intensity of the 

excitation band observed at 382nm to the 6H15/2 

4I13/2 transition is found to be higher when 

compared to other transitions, these transitions 4I13/2 

is more intense which is used to record emission 

spectra with excitation wavelength of 382nm. The 

luminescence spectra of Dy3+ doped Alkali lithium 

fluoroborate glasses were recorded by excitation 

382nm are shown in figure 5. The luminescence 

spectra of the prepared glasses exhibit two intense 

emission bands in the blue (478 nm) and yellow 

(574 nm) region of the visible spectrum 

corresponding to the 4F9/2 6H15/2 and 4F9/2 6H13/2 

transitions respectively. The white light can be 

generated in Dy3+ doped glass materials by UV 

excitation with the suitable combination of these 

blue and yellow emission bands. 
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The intensity of electric dipole transition 
4F9/2→6H13/2 is found to be higher than the magnetic 

dipole transition 4F9/2→6H15/2. The dominant electric 

dipole transition is a hypersensitive in nature 

strongly depends upon only by the host matrix 

strength around the rare earth ion. The bands of the 

emission peaks are similar in all the glass matrices 

except the variations in the intensity of the emission 

transition.  

The radiative properties such as radiative transition 

probability (A) effective band width  (Δλeff) stimulated 

emission cross-section  Ep  and branching ratios 

(R) for the 4F9/2  6H15/2 and 4F9/2 6H13/2 levels for 

the prepared glasses have been calculated and 

presented in table 6. The variations in calculated 

and experimental branching ration values are 

probably due to the involvement of non-radiative 

processes. In the present work, branching ratio (R), 

and stimulated emission cross-section  Ep  for the 

4F9/2 6H13/2 lasing transition is found to be higher 

compared to other transitions. The higher stimulated 

emission cross-section value indicates the suitability 

of the prepared BZL1.0D glass for low threshold and 

high gain laser applications. The gain bandwidth and 

the optical gain are the two important parameters 

which should be considering by laser designer to 

fabricate new efficient visible lasers. 
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Figure 4. Excitation spectra of Dy3+ doped lithium fluoroborate 

glasses 
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Figure 5. Luminescence spectra of Dy3+ doped lithium 

fluoroborate glasses 

 
Table 5. Judd-Ofelt intensity parameters (Ωλ, 10−20 cm2) for the 

Dy3+ doped lithium fluoroborate glasses and other reported Dy3+ 

doped glasses 

Glass code Ω2 Ω4 Ω6 Ω4 / Ω6 Trend Ref. 

BZL0.1D 0.21 0.05 0.03 1.518 Ω2>Ω4>Ω6 [Present] 

BZL0.3D 3.39 1.44 0.82 1.746 Ω2>Ω4>Ω6 [Present] 

BZL1.0D 5.12 1.99 1.28 1.559 Ω2>Ω4>Ω6 [Present] 

BZL2.0D 4.88 1.82 1.69 1.073 Ω2>Ω4>Ω6 [Present] 

BZL3.0D 5.08 1.80 1.24 1.453 Ω2>Ω4>Ω6 [Present] 

Lithium 

borate 
3.24 0.92 0.82 1.122 Ω2>Ω4>Ω6 15 

L4BA 9.85 4.35 2.47 1.761 Ω2>Ω4>Ω6 16 

Dy:LiLTB 8.75 2.62 2.07 1.266 Ω2>Ω4>Ω6 17 

L2BTAFDy 9.36 2.87 2.82 1.018 Ω2>Ω4>Ω6 18 

1.0LBTPD 10.30 3.53 2.79 1.265 Ω2>Ω4>Ω6 19 

BTLN2D 6.00 1.86 1.25 1.490 Ω2>Ω4>Ω6 20 

 
Table 6. Emission band position (λp, nm), effective band width 

(Δλeff, nm), radiative transition probability (A, s−1), stimulated 

emission cross-section ( E

p × 10−22 cm2), calculated and 

experimental radiative branching ratios (βR), for the Dy3+ doped 

lithium fluoroborate glasses 

Glass code 
Transition

s 
λp Δλeff A 

E

p  βR (cal) βR (exp) 

BZL0.1D 
6H15/2 480 1.3370 3.14 0.6417 0.1447 0.0295 
6H13/2 579 4.2361 18.37 2.5840 0.8735 0.1727 

BZL0.3D 

6H15/2 480 4.1039 78.72 5.3783 0.2120 0.1361 

6H13/2 579 3.6647 340.15 55.0989 0.7879 0.5882 

BZL1.0D 
6H15/2 478 6.2528 119.83 5.2578 0.3916 0.1436 
6H13/2 577 5.1518 516.20 57.7114 0.6083 0.6184 

BZL2.0D 
6H15/2 476 5.7884 150.10 6.9697 0.3564 0.1705 
6H13/2 577 6.0657 531.48 50.8483 0.6435 0.6036 

BZL3.0D 
6H15/2 477 6.2286 116.64 5.0441 0.2751 0.1407 
6H13/2 580 5.4634 514.14 55.4080 0.7249 0.6203 
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Energy level diagram 

The figure 6 shows the partial energy level diagram of 

the Dy3+ doped lithium fluoroborate glasses along with 

the probable radiative and non-radiative emission 

transitions are presented. While exciting the Dy3+ doped 

lithium fluoroborate glasses at 384 nm the 4I13/2 excited 

state is more popular. Meanwhile it non-radiatively 

decays from the 4I13/2 to 4F9/2 lower excited state. The 

visible emission lines arises from the 4F9/2 excited state due 

to the large energy gap between the 4F9/2 energy level to 

the next lower level 6F3/2. From the excited state 4F9/2 two 

characteristic emission transitions 4F9/2 →6H15/2 (blue) and 
4F9/2 → 6H13/2 (yellow) are observed. In addition to these, 

at higher concentrations cross-relaxation between 

adjacent Dy3+ ions occur, leading to the observed 

concentration quenching in the luminescence of the 

prepared glasses. The Luminescence quenching occurs by 

the resonant energy transfer (RET) from the 4F9/2 excited 

state to the nearby Dy3+ ions in the ground state. 

Generally cross-relaxation occurs only when the energy 

of the emission transitions perfectly match with the 

absorption transition. In energy cross-relaxation channels 

two Dy3+ ions, one ion in ground state and another one in 

the excited state interchange their energies and reach 

some intermediate states and then relax non-radiatively. 

The resonant cross relaxation channels of the Dy3+ doped 

lithium fluoroborate glasses are (4F9/2 → 6F7/2, 6H15/2 → 
6F9/2+6F7/2), (4F9/2 → 6F3/2, 6H15/2 → 6F11/2+6F9/2) and these 

relaxations quenching visible emissions 4F9/2 → 6H15/2 and    
4F9/2 → 6H13/2. The Dy3+ions after reaching the 6F3/2 and 6F7/2 

intermediate states de-excite to the 6H15/2 ground state 

non-radiatively [9, 11, 23]. 
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Figure 6.  Energy level diagram of the Dy3+ doped lithium 

fluoroborate glasses 

 

 

Decay analysis 

The decay profile corresponding to the 4F9/2 excited 

level of the Dy3+ doped lithium fluoroborate glasses were 

measured by monitoring luminescence at 574nm under 

382nm excitation as shown in fig 7. The decay curves 

exhibit single exponential behavior for the lower 

concentration glasses up to 0.3 mol % and turn into the 

non-exponential nature for higher concentration (>1.0 

mol % Dy3+). The non-exponential nature of the 

luminescence decays increases with increasing 

concentration of the Dy3+ ions indicating that the 

enhancement of energy transfer processes between the 

Dy3+ ions with increasing concentration in these matrices. 

The experimental life time of the prepared glasses have 

been obtained by using non-exponential fitting methods 

and can be expressed as 

I = 
0 1 2

1 2

exp exp
t t

y A A
 

   
      

   
 

where A1 and A2 are constants, 1 and 2 are the 

luminescence life times for the two channels responsible 

for the decay and the experimental lifetime (exp) has been 

calculated by using the relation, 

exp = 
2 2

1 1 1 2

1 1 2 2

( )A A

A A

 

 




 

The rate of energy transfer by cross relaxation can be 

represented as  

WNR = 
exp

1

1

cal






 

The quantum efficiency (η) can be defined as the ratio 

of number of photons emitted to the number of photons 

absorbed. For rare earth ions, it is the ratio between the 

experimental and the radiative lifetimes of the excited 

state can be expressed as  

 = 
exp

100
cal




  

Table 7 represented the experimental and calculated life 

times (λexp and λcal) non radiative relaxation rates (WNR) 

and quantum efficiencies (η) for 4F9/2 state of Dy3+ doped 

lithium fluoroborate glasses. From the data, it observed 

that the experimental life times are lower than the 

calculated life times in all glass matrices. This is mainly 

due to the presence of non-radiative channels. Among 

the prepared glasses, BZL0.3D glass exhibit higher 

quantum efficiency corresponding to the 4F9/2 energy 

level as 68% and is suggested as a potential material for 
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laser applications. 
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Figure 7.  Decay profile corresponding to the 4F9/2 energy level 

of the Dy3+ doped lithium fluoroborate glasses 
 

Table 7. The calculated (λcal) experimental (λexp) lifetime, 

quantum efficiency η (%) energy transfer parameter (Q), critical 

transfer distance (R0) Energy Transfer rate (CDA) and the non-

radiative transition (WNR) of the Dy3+ doped lithium 

fluoroborate glasses 

 

White Light Emission 

The assessment and quantification of color is referred 

as colorimetry and the CIE system is the commonly used 

method to describe the composition of any color. The color 

of the luminescent source can be described through the 

color matching function values and they are 

dimensionless quantities. The degree of stimulation 

required to match the color of spectral power density p() 

is expressed as, 

X = ( ) ( )x p d    

Y = ( ) ( )y p d    

Z = ( ) ( )z p d    

where X, Y, Z are the tristimulus values which gives the 

power for each of three primary colors to match with the 

color of p() and from the tristimulus values the color 

chromaticity coordinates x and y can be determined from 

the following expression, 

x = 
x

X Y Z 
 

y = 
y

X Y Z 
 

The (x, y) coordinates are used to represent the color and 

locus of all the monochromatic color coordinates which 

produces the perimeter of the CIE1931 chromaticity 

diagram. All the multi chromatic wavelengths are 

expected to lie within the area of chromaticity diagram. 

The luminescent intensity of the emission spectral 

measurements has been characterized using the CIE1931 

chromaticity diagram. 

The x, y color chromaticity coordinates of the Dy3+ 

doped lithium fluoroborate glasses have been determined 

and presented in table 8 along with the x, y color 

chromaticity coordinates of the reported Dy3+ doped 

systems. The chromaticity coordinates are found to be 

(0.33, 0.31), (0.32, 0.30), (0.30, 0.31), (0.28, 0.28), and 

(0.29, 0.28) corresponding to the BZL0.1D, BZL0.3D, 

BZL1.0D, BZL2.0D and BZL3.0D glasses respectively.  

Figure 8 represents the location of chromaticity 

coordinates of Dy3+ doped title glasses on CIE1931 

chromaticity diagram. The chromaticity coordinates of 

the title glasses appear in the near white light region of 

the CIE1931 chromaticity diagram. Though they are in 

the white light region they emit yellowish white light 

but there is a tendency to move towards the exact white 

light region due to the decreasing Y/B ratio values. 

The correlated color temperature (CCT) has been 

calculated using the color coordinates employing the 

McCamy’s approximate formula. 

CCT = -449n3 + 352n2 – 6823n + 5520.33 

where n = (x – xe)/(y - ye) is the inverse slope line xe = 

0.332, ye = 0.186 is the epicentre. The CCT values of the 

prepared glasses are prepared glasses are presented in 

Table 9 and compared with the reported Dy3+ doped 

system [19, 20, 24]. 
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Glass code λcal λexp η (%) WNR 

BZL0.1D 9400 730 7.7659 0.001263 

BZL0.3D 1729 1180 68.2475 0.000269 

BZL1.0D 1198 330 27.5459 0.002196 

BZL2.0D 1135 222 19.5594 0.003623 

BZL3.0D 1206 179 14.8424 0.004757 
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Figure 8. CIE Color Chromaticity diagram of the Dy3+ doped 

lithium fluoroborate glasses 

 

Table 8. Yellow to blue (Y/B) intensity ratio, chromaticity color 

coordinates (x, y) and correlated color temperature (CCT, K) of the 

Dy3+ doped lithium fluoroborate glasses with the reported Dy3+ 

doped glasses 

Glass Code 
Y/B 

ratio 
X Y CCT Ref 

BZL0.1D 1.2134 0.33 0.31 5531 [Present work] 

BZL0.3D 1.207 0.32 0.30 5596 [Present work] 

BZL1.0D 1.1987 0.30 0.31 5727 [Present work] 

BZL2.0D 1.212 0.28 0.28 6081 [Present work] 

BZL3.0D 1.216 0.29 0.28 5935 [Present work] 

LFBMDy10 1.047 0.44 0.42 3080 6 

LBO:xDy3 0.949 0.344 0.37 - 11 

1.0LBTPD - 0.26 0.31 - 19 

BTLN2D 1.889 0.39 0.45 4034 20 

Lithium 

fluoroborate 
0.600 0.29 0.34 7416 24 

 

Conclusion 
The Dy3+ doped lithium fluoroborate glasses were 

prepared and their structural and optical properties were 

studied through XRD, absorption and luminescence 

spectral measurements.  The XRD pattern confirms the 

amorphous nature of the prepared glasses. Negative δ 

values indicate the ionic nature of the Dy3+– O bond in 

the prepared glasses. The peak wavelength and effective 

bandwidth were calculated for 4F9/2→6H15/2 and 6H13/2 

transitions through the luminescence spectra and the 

results were reported. The x, y coordinates of the 

prepared glasses are located in the white light region of 

the CIE diagram and thus suggests their suitability for 

white light applications. 
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Abstract 

The trivalent Dy3+ ions doped Alkali zinc 

fluoroborate glasses with the chemical composition 

(40-x)B2O3+20ZnO+20Na2O+20NaF+xDy2O3 (x = 0.1, 

0.3 and 1.0 wt%) were prepared by melt quenching 

technique. Spectroscopic properties of the prepared 

glasses were characterized through XRD, FTIR, UV-

VIS-NIR absorption spectra and Photoluminescence 

spectra. The bonding parameters (β and δ) and the 

oscillator strength were calculated from the 

absorption spectrum. The negative values of bonding 

parameters reveal the ionic nature of the prepared 

glasses. The luminescence spectra exhibit two visible 
4F9/2→6H15/2 (Blue) and 4F9/2→6H13/2 (Yellow) 

transitions. The Judd-Ofelt intensity parameters (Ω2, 

Ω4, Ω6) were determined from the absorption spectra 

to investigate the nature of metal-ligand bond and 

symmetry around the Dy3+ ion site.The radiative 

properties bandwidth (Δλeff, nm), transition 

probability (A), branching ratios (βR) and stimulated 

emission cross-section ( E

P ×10−22 cm2) for the 

4F9/2→6H15/2 and 4F9/2→6H13/2 transitions were 

calculated.  The CIE chromaticity co-ordinates were 

calculated for all glass samples. The emission colors 

were found to lie in white light region for prepared 

glasses and thus can be used for bright white LED’s. 

Keywords: Glasses, Hypersensitive transitions, 

Bonding parameter, Emission, White light emission  

 

1. Introduction 

Spectroscopic studies of rare earth (RE) ions doped 

materials draw much attention due to their potential 

applications in the field of photonics [1,2]. Rare earth 

(RE)-doped glasses have attracted great attention 

because of their capability to control the properties 

like refractive index, density, structure and optical 

absorption.  Among the oxide glasses borate (B2O3) is 

a good glass former, good transparency, good RE ion 

solubility and thermal stability [3]. Boron is 

normally established in the glasses in the form of 

triborate and tetraborate units. The Dy3+ ion is an 

attractive laser ion with optical transitions in the 

visible as well as infrared region due to its intricate 

energy level structure. Dy3+ ion exhibits strong 

luminescence in the Blue and yellow spectral region 

suitable for stimulation of white light where the 

emission intensities strongly depend upon the 

concentration of Dy3+ ions, glass matrix and 

excitation energies. The present work reports the 

structural and optical studies on Dy3+ doped alkali 

zinc fluoroborate glasses for white LED applications.  

 

2. Experimental technique 

The Dy3+ doped alkali zinc fluoroborate glasses 

were prepared by conventional melt quenching 

technique followed by the literature [1,2]. The                 

X-ray diffraction of prepared glasses were recorded 

using XPERT-PRO X-ray Diffractometer with CuKα 

radiation. The FTIR spectra were recorded using 

Perkin-Elmer in the range of 400 to 4000 cm-1 for 

prepared glass samples. The UV-VIS-NIR spectra 

were measured at room temperature using JASCO V-

750 spectrometer for all glasses. The luminescence 
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studies were carried out using Perkin Elmer LS45 

Fluorescence spectrometer. 

 

3. Results and discussion 

3.1. Structural analysis  

 

Figure 1. XRD pattern of Dy3+:BZND1.0 alkali zinc 

fluoroborate glass 

 

The XRD pattern of the Dy3+:BZND1.0 glass as 

shown in Figure 1. It exhibits broad pattern diffuse 

at lower scattering angle structural disorder which is 

confirmed the amorphous nature of the prepared 

glasses [4].The fundamental stretching units of 

various functional groups have been identified 

through FTIR spectra and is shown in Figure 2. The 

peak appeared at 3437 cm-1 is owing to O-H 

stretching vibrations. The formation of Hydrogen 

bonding is confirmed at 2924 and 2857 cm-1. The 

broad band at 1377 cm-1 reveals B-O stretching 

vibrations of BO3 unit. The band position at around 

1007 cm-1 is stretching of BO4 group. The narrow 

peak at 724 cm-1 is because of B-O-B bending 

vibrations. The Zn-O metal oxide bond formation is 

ensured by the peak appeared at 485 cm-1 [1-3]. 
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Figure 2. Infrared spectra of Dy3+: alkali zinc 

fluoroborate glass 

3.2. Absorption spectra 
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Figure 3. Absorption spectra of Dy3+: alkali zinc 

fluoro borate glasses 

The absorption spectra of Dy3+ doped alkali zinc 

fluoroborate glasses are recorded in the region 200–

2000 nm and are shown in Figure 3 which are similar 

to the other reported Dy3+-doped glasses [2,5]. The 

optical absorption spectra exhibit several in-

homogeneously broadened bands due to f–f transitions 

from the ground state 6H15/2 to various excited state. 

Among the all transitions 6H15/2→6F11/2 is the 

hypersensitive transition which obey the selection 

rules |∆S| = 0, |∆L| ≤ 2 and |∆J| ≤ 2 possess higher 

intensity and also Dy3+ ions is sensitive in local 

environment. From the observed band positions (in 

cm-1), nephelauxetic ratio (β) and bonding parameter 

(δ) of the Dy3+ doped fluoroborate glasses are calculated 

and listed in table 1 along with aqua-ion [2]. The 

bonding parameters were identified as covalent / 

ionic depending on the positive or negative sign of δ. 

It is observed from the table 1 that, the negative 

values indicates the ionic nature.  
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Table 1. Observed band positions (in cm-1),   and δ 

of the prepared Dy3+ doped BZNDx glasses 
6
H15/2 BZND0.1 BZND0.3 BZND1.0 [2] 

4
G11/2 23697 23697 23810 23400 
4
I15/2 22222 22124 22222 22100 

4
F9/2 21231 21186 21097 21100 

6
F3/2

 
13477 13369 13405 13250 

6
F5/2 12531 12531 12563 12400 

6
F7/2 11312 11287 11287 11000 

6
F9/2 9328 9294 9276 9100 

6
F11/2 7949 7937 7949 7700 

6
H11/2 6024 6039 6031 5850 

  1.0125 1.0164 1.0204 - 

δ −1.8299 −1.6150 −1.9999 - 

Table 2. Experimental and calculated oscillator strengths (×10-

6) of the Dy3+ doped alkali Zinc fluoroborate glasses 

6
H15/2 

→ 

BZND0.1 BZND0.3 BZND1.0 

ƒexp ƒcal ƒexp ƒcal ƒexp ƒcal 
4
G11/2 0.575 0.058 0.433 0.030 0.314 0.029 
4
I15/2 0.506 0.209 0.563 0.183 0.369 0.142 

4
F9/2 0.543 0.080 0.201 0.071 0.188 0.050 

6
F3/2

 
0.589 0.085 0.341 0.0823 0.268 0.056 

6
F5/2 0.996 0.449 0.457 0.4367 0.436 0.297 

6
F7/2 1.270 1.080 0.945 0.9374 0.741 0.668 

6
F9/2 1.467 1.539 1.096 1.1045 0.833 0.859 

6
F11/2 3.872 3.841 2.391 2.3888 2.581 2.571 

6
H11/2 0.386 0.631 0.506 0.5354 0.348 0.428 

N
 

9 9 9 

nd 1.567 1.569 1.567 
Ω

2
 

3.701 2.382 2.747 
Ω

4 1.647 1.393 0.785 
Ω

6 1.087 1.055 0.715 

σ
 

0.369 0.209 0.160 
 

The experimental (fexp) and calculated (fcal) 

oscillator strengths of the absorption bands of 

individual transition are calculated from the 

absorption spectra of the relative areas under the 

absorption spectra and presented in table 2 [2]. The 

Judd–Ofelt [6,7] intensity parameters (Ωλ) (λ = 2, 4, 

6) are determined from the experimental oscillator 

strength values (ƒexp values) by using least square fit 

procedure. The obtained J-O intensity parameters 

are as follows for all the prepared glasses. However, 

the Ω2 values are found to be higher than the Ω4 and 

Ω6 intensity parameter values in the prepared 

glasses. Thus lower of Ω4 and Ω6 values suggests that 

the structural network will be more open and 

becoming high rigid due to the formation of NBO 

which reflects the deformation of BO4 unit to BO3+1 or 

BO3 structural units and vice versa. The trend 

Ω2>Ω4>Ω6 has been observed for all the prepared 

glasses in the experiment. 

 

3.3. Emission and Excitation spectra 
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Figure 4. Luminescence spectra of Dy3+:Zinc fluoro 

borate glasses [inset shows the excitation spectrum of 

BZND1.0 glass] 

Inset Figure 4 shows excitation spectrum of 

BZND0.1 glass. The excitation spectra contains of six 

bands owing to the electronic transitions at  319, 

344, 357, 384, 421 and 446nm corresponding to 4P3/2, 
6P7/2, 4I11/2 4I13/2, 4G11/2 and 4I15/2 transitions respectively. 

Among these transitions, the intensity of the 

excitation band observed at 384 nm corresponding to 

the 6H15/2 →4I13/2 transition is found to be higher 

when compared to other transitions and the same is 

used as an excitation wavelength to record the 

emission spectra of the prepared glasses. The 

luminescence spectra of Dy3+doped alkali zinc 

fluoroborate glasses were recorded in the region 

400–700nm and is shown in Figure 4. Luminescence 

spectra exhibit two emission bands at 480nm and 

572nm corresponding to 4F9/2→6H15/2 (Blue) and 
4F9/2→6H13/2 (Yellow) transitions respectively. From 

the emission spectra, the intensity of peaks increases 
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with increase of Dy3+ ion concentration. The yellow 

emission (electric dipole) transition possesses higher 

intensity than the blue emission (magnetic dipole) 

transitions for all prepared glasses. The 

hypersensitive in nature and its intensity of electric 

dipole transition is strongly influenced by the ligand 

field around the Dy3+ ion site [10]. Appropriate 

combination of the dominant emission transitions 

corresponding to the blue (4F9/2→6H15/2) and yellow 

(4F9/2→6H13/2) bands exhibit white light emission [6]. 

The 4F9/2→6H13/2 emission transition possess higher 

intensity compared to the other transitions thus 

indicates the higher asymmetry possessed by the 

Dy3+ ions with its surrounding ligands. The radiative 

properties such as peak wavelength (λp, nm), the 

effective bandwidth (Δλeff, nm), transition 

probability (A), experimental branching ratios (βR) 

and stimulated emission cross-section ( E

P ×10−22 cm2) 

for the 4F9/2→6H15/2 and 4F9/2→6H13/2 transitions were 

calculated from luminescence spectra and presented in 

table 3. It is observed from table 3 that, the 

branching ratio of the 4F9/2→6H13/2 emission 

transition is found to be higher than the other 

emission transitions and follows the trend as 
4F9/2→6H13/2 > 4F9/2→6H15/2 > 4F9/2→6H11/2 uniformly for 

all the prepared glasses. Among the prepared glasses 

BZND0.1 (21.602) higher stimulated emission cross-

section values. The higher stimulated emission cross-

section is suggested for low-threshold, high gain 

applications and are utilized to obtain continuous 

wave laser action.  

 

Table 3. Bandwidth (Δλeff, nm), transition probability 

(A), branching ratios (βR) and stimulated emission 

cross-section ( E

P
σ  × 10−22 cm2) for the 4F9/2→6H15/2 and 

4F9/2→6H13/2 transitions of the Dy3+doped alkali zinc 

fluoroborate glasses 

Parameters BZND0.1 BZND0.3 BZND1.0 

4
F

9
/2
→

6
H

1
5
/2

 

λp 479 479 480 

Δλeff 12.348 14.489 14.105 

A 97.11 92.28 61.05 
E

Pσ  2.237 1.802 1.233 

βR(cal) 0.152 0.180 0.571 

βR(exp) 0.503 0.506 0.474 

4
F

9
/2
→

6
H

1
3
/2

 

λp 571 573 572 

Δλeff 9.967 8.315 10.113 

A 374.80 276.79 263.29 
E

Pσ  21.602 19.476 14.965 

βR(cal) 0.589 0.541 0.132 

βR(exp) 0.497 0.494 0.526 

 

3.5. White Light Stimulation 
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Figure 5. CIE chromaticity co-ordinates of Dy3+: 

alkali zinc fluoro borate glasses 

The CIE chromaticity co-ordinates were calculated 

for all glass samples and present in Table 4. The 

emission colors were found to lie in white light 

region for prepared glasses as shown Figure 5 and 

thus can be used for bright white LED’s [12-14]. 

Among the prepared glasses, it is observed that 

BZND 0.3 glass (0.32795, 0.34813) is closer to the 

standard (0.33, 0.33) equal energy white light 

illuminate. 

 

Table 4. The Y/B ratio (yellow to blue) and 

chromaticity co-ordinates (x, y) values for the 

Dy3+doped alkali zinc fluoroborate glasses. 
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Glasses 
Y/B 

ratio 

chromaticity 

co-ordinates Ref 

x y 

BZND0.1 1.192 0.2737 0.3398 
Present 

work 
BZND0.3 1.198 0.3279 0.3481 

BZND1.0 1.191 0.2989 0.3451 

0.5DPTFB 0.590 0.311 0.302 [9] 

LSBP0.1D

y 
1.871 0.380 0.397 [10] 

TZPPN 0.88 0.38 0.43 [11] 

 

4. Conclusion 

Dy3+ doped alkali zinc fluoroborate glasses were 

prepared by melt quenching technique and their 

structural and spectroscopic behavior were discussed 

and reported. The XRD pattern confirms the 

amorphous nature of the prepared glasses. The FTIR 

studies exhibit the B-O stretching vibrations of BO3 

units. The bonding parameter studies reveal the 

ionic nature of the metal-ligand bond in the title 

glasses and the ionicity decreases with the increase 

in Dy3+ ions. The obtained J-O intensity parameters 

are as follows Ω2>Ω4>Ω6 for all the prepared glasses. 

However, the Ω2 values are found to be higher than 

the Ω4 and Ω6 intensity parameter values in the 

prepared glasses. Through the luminescence spectra, 

the peak wavelength, effective bandwidth, 

experimental branching ratios (βR) and stimulated 

emission cross-section ( E

P  × 10−22 cm2) calculated for 

4F9/2→6H15/2 and 6H13/2 transitions and the results 

were reported. The prepared glasses exhibit emission 

in visible region. These results demonstrate that the 

present glass system is one of the promising material 

for visible laser and white light stimulation 

applications. 
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Abstract 

N-benzyl-2-methyl-4-nitro aniline (BNA) has been 

investigated with the help of B3LYP density 

functional theory with 6-31 G (d, p) basis set. 

Fourier transform infrared Spectrum identifies the 

various functional groups. The theoretical 

frequencies showed very good agreement with 

experimental values. Optical characterization was 

done by UV-Vis techniques. HOMO and LUMO 

energies were calculated which reveal the transfer 

of charge within the molecule. SHG and DFT 

calculations predicted first order hyperpolarizability 

of BNA as 0.225355 x 10-30esu, which suggests that 

the title compound is an attractive material for non-

linear optical applications.  

Keywords: BNA, B3LYP6-31 G (d, p), HOMO and 

LUMO, SHG, DFT, hyperpolarizability 

 

1. Introduction 

Nonlinear optics, referring to spatially and temporally 

simultaneous mixing process of multiphotons in 

materials, has attracted a lot of interest in several 

applications, such as optical frequency or phase 

modulation, or spectroscopic techniques for probing 

photo-chemical reactions [1–4]. So far, a lot of 

inorganic and organic nonlinear optical materials 

have been developed with large nonlinear optical 

susceptibility [3]. Among them, 2-methyl-4-

nitroaniline (MNA) has been known as a prominent 

organic nonlinear optical material. Recently, we 

developed the N-benzyl MNA (BNA) with a 

sufficiently large second harmonic activity and 

applicability of practical use [5]. BNA is a derivative 

of MNA, where an amino group is substituted into a 

benzyl group. Condensation of primary amines with 

aldehydes or ketones yields Schiff bases containing 

imine (CaN) function group [6]. Some of these 

compounds are donor–acceptor benzene 

derivatives, which can conform conjugated p-

electron systems easily, and they are known to 

exhibit extremely large second order optical non-

linearities, such as 4-nitro-40-methyl benzylidene 

aniline (NMBA) [7], 4-nitro-40-methoxy 

benzylidene aniline (NMOBA) [8], N-2-[30-

(methoxysalicylideneimino) benzyl]-300-

methoxysalicylideneimine [9]. Organic crystals in 

terms of non-linear optical property possess 

advantages when compared to their inorganic 

counterparts, and they have larger structural 

diversity [10], so the preparation of this kind of 

materials has gained increasing importance. With 

the advance of quantum chemistry method and 

high performance computers, the structures of some 

organic compounds can be theoretically predicted 

in high accuracy. Density functional theory (DFT) 

method has recently been successfully applied to 

investigate the structures and predict properties of 

some compounds [11,12]. The present work deals 

with the growth and detailed spectral investigation 

of BNA. 
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2. Synthesis of BNA 

The primary amine (aniline) and substituted 

amine (2-methyl-4-nitro aniline) were used to 

prepare N-benzyl-2-methyl-4-nitro aniline. The 

sample was synthesized from aqueous methanol. 

Using methanol, the BNA ingredients were highly 

purified by several recrystallization processes to 

exclude impurities. The photograph of the crystal is 

shown in Figure 1 

 

Figure 1. Photograph of as grown BNA crystal 

 

3. FT-IR Analysis 

FT-IR spectrum of the grown crystal was 

recorded in the range 500 cm-1 to 4000 cm-1, using 

KBr pellet technique on BRUKKER IFS FT-IR 

Spectrometer. For comparison, the experimental              

FT-IR and theoretically simulated spectra were 

presented in Figure  2 and 3. 

 

The analysis of the vibrational spectra is based on 

the observed and computed wave numbers. The 

theoretical and experimental wave numbers are in 

fair agreement and the assignments of wave 

numbers for different functional groups are 

discussed below. The heteroaromatic structure 

shows the presence of C–H stretching vibration in 

the region 3100–3000 cm−1 [13,14]. This is the 

characteristic region for the ready identification of 

C–H stretching vibration. In this region, the bands 

are not affected appreciably by the nature of the 

substitutions. The expected C–H stretching vibrations 

appeared at 3212 cm−1 in FT-IR spectrum. 

Theoretically computed C–H vibrations by 

B3LYP/6-31G(d,p) method at 3230 cm−1 show good 

agreement with recorded spectrum. 
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Figure  2. Experimentally obtained FT-IR spectrum 

of BNA 
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Figure 3.  Theoretically simulated FT-IR spectrum 

of BNA 

There are six equivalent C–C bands in benzene 

and one band in outside of the ring and 

consequently there will be seven C–C stretching 

vibrations. In general, the bands around 1650–1300 

cm−1[15,16] in benzene derivatives are assigned to 

skeletal stretching C–C bands. The title compound 

posses C-C stretching occurs at 1508 cm−1in 

experimental and its well matched with theoretical 

value. And the 1534, 1538, 1549 cm-1 shows the C-C 

stretching modes of vibrations. 
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The title molecule under investigation possess 

five NH2 group and six internal modes of vibrations 

for NH2group as, the symmetric (sy st) and 

asymmetric stretchings (asy st), the symmetric 

planar deformation or scissoring (βs), the antisymmetric 

planar deformation or rocking (βas), the symmetric 

non-planar deformation or wagging (ω) and the 

anti-symmetric non-planar deformation or torsion 

(τ). The NH2 group has five N–H stretching 

vibrations, one being asymmetric (asy st) stretching 

modes. The NH2 asymmetric stretching vibrations 

give rise to a strong band in the region 

3390±60cm−1and the Assignment shows The NH2 

asymmetric occurs in IR spectrum at 3470 and 

theoretically at 3450 cm-1 this shows that both 

value are matched with the literature value. 

 

4. Optical absorption spectrum 

The UV-Vis spectral analysis of the crystal is 

recorded between 200 and 1200 nm using a Varian 

Cary 5E UV-VIS-NIR spectrometer. The absorption 

spectrum obtained is shown in Figure  4 When 

absorbance is monitored from longer to shorter 

wavelength, the absorbance is less and almost 

insignificant between 500 and 1200 nm, which may 

be important for the materials possessing NLO 

properties. At the wavelength just above 500 nm, 

there is a sudden increase in absorbance in the 

crystal due to the electronic excitation, since the 

crystal has a delocalized electronic cloud it shows 

less absorbance between 500 and 1200 nm. Hence, 

it may be well suited for second harmonic 

generation devices. The band gap was also studied 

and the value of the band for BNA is 4.03 eV. Its 

shows in the Figure  5. 
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Figure  4. Optical absorption spectrum of BNA 

crystal 
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Figure  5. Optical band gap of BNA crystal 

5. HOMO-LUMO Analysis 

Both the highest occupied molecular orbital 

(HOMO) and the lowest unoccupied molecular 

orbital (LUMO) are the main orbital take part in 

chemical stability. The HOMO represents the 

ability to donate an electron, LUMO as an electron 

acceptor represents the ability to obtain an electron. 

The HOMO and LUMO energy calculated by 

B3LYP/6-31G (d, p) method as shown below:  

HOMO energy (B3LYP) = -0.21711a.u 

LUMO energy (B3LYP) = -0.07806a.u 

HOMO–LUMO energy gap (B3LYP) = -0.13905a.u 

 

The HOMO is located over the phenyl ring and the 

carboxylic acid group attached to the phenyl ring. 
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The HOMO→LUMO transition implies an electron 

density transfer to the carboxylic acid group from 

the phenyl ring. Moreover, these orbital 

significantly overlap in their position for BNA 

(Figure  6). The HOMO and LUMO energy gap 

explains the eventual charge transfer interactions 

taking place within the molecule. 

 
Figure 6. HOMO – LUMO plot of BNA molecule 

 

6. Hyperpolarizability studies 

Interests in organic optoelectronic materials and 

devices have motivated experimental and 

theoretical studies of molecular structures with 

enhanced hyperpolarizabilities. [17] Molecules with 

electronic asymmetry, or “push‐pull” donor‐ 

bridge‐acceptor electronic framework, have been 

demonstrated to have large first hyperpolarizabilities 

(β) [18]. The first static hyperpolarizability (β0) the 

electric dipole moment µ of the BNA are calculated 

by finite field method using B3LYP/6-31G (d,p) 

level basis sets. The calculated first 

hyperpolarizability of BNA is0.225355 x 10-30esu. The 

calculated first hyperpolarizability components are and 

Dipole moments were given in Table 1 and 2. 

 

 

Table1. Hyperpolarizability of BNA in esu 

βxxx -28.1633958 

βxxy 12.3885477 

βxyy 5.5313826 

βyyy 27.4244763 

βxxz 133.0376559 

βxyz -16.9692876 

βyyz 47.6005725 

βxzz 16.3511383 

βyzz -162.4658587 

βzzz -2873.2795683 

βtot 0.225355 x 10-30 

 

Table 2. Dipole Moments of BNA in debye 

µ X -7.8978 

µ Y 1.1999 

µ Z 1.0547 

µ tot 8.0578 

 

7. Conclusion 

Good optical quality bulk single crystal of BNA 

has been grown successfully by slow evaporation 

growth technique. (DFT) computations of BNA 

molecule calculated by DFT (B3LYP) level with            

6-31G (d,p) basis set gives the optimized structure. 

The optical properties of the grown crystal were 

evaluated from the absorption spectrum. Theoretical 

and experimental IR spectroscopic analyses were 

carried out and the presence of functional groups in 

BNA molecule was qualitatively analyzed. HOMO-

LUMO analysis reveals the molecular energy gap. 

SHG and DFT calculations predicted first order 

hyperpolarizability of BNA as 0.225355 x 10-30esu, 

which suggests that the title compound is an 

attractive material for non-linear optical 

applications.  

 

LUMO PLOT 
(First excited state) 

HOMO PLOT 
(ground state) 

ELUMO=-0.07806 a.u 

E
HOMO

=-0.21711 a.u 

E=-0.13905 a.u 
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Abstract 

A new semi organic crystal of Glutamine potassium 

carbonate (GPC) crystal has been grown by slow 

evaporation method by using water as solvent. 

The particle size of the GPC crystal was calculated 

by powder X-Ray diffraction method. Using UV-

VIS-NIR spectral analysis, it was found that the 

crystal has good transparency in the expected 

region and the lower cut off wavelength is 

observed. The vibrational modes are assigned by 

recording the FT-IR spectrum. The Vickers 

hardness test has also been taken for experimental 

crystals. The NLO behavior of GPC crystal was 

tested by Kurtz-Perry powder technique.  

Keywords: GPC - Glutamine potassium carbonate 

crystal, UV-Vis-NIR-Ultraviolet –visible - Near 

infrared, FT-IR-Fourier transform of Infrared, NLO-

Non linear optic. 

 

Introduction 

Semi organic crystals play a vital role in the 

applications of optoelectronic communications, 

optoelectronic devices and in lasers also. In recent 

years organic nonlinear optical crystals have 

attracted much attention for their large non linear 

coefficient, high laser damage threshold. 

However, most of organic NLO materials have 

poor mechanical and thermal properties, resulting 

in the damage of crystal during processing. To 

avoid this drawback, a new type of NLO material 

has been grown from organic-inorganic 

complexes. These semi organic materials have high 

optical nonlinearity of a purely organic compound 

combined with the mechanical and thermal 

properties of inorganic materials. [1-3]. 

 

Experimental procedure  

Synthesis and growth 

Single crystals of Glutamine potassium carbonate 

were grown at room temperature by slow 

evaporation of an aqueous solution containing 

Glutamine and potassium carbonate in the ratio 

1:1 as per the reaction. Crystals have come to the 

shape in 90 days and shown in the Figure1. 

 

Figure 1. Photograph of GPC crystals 

 

Characterization  

Powder XRD analysis was done by using X-ray 

diffractometer with λ=1.5406X10-10m radiation to 

identify the size of the particle. By varying the 

position and height FWHM and d-spacing are 

determined. UV-Vis-NIR spectral analysis of GPC 
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crystal was recorded in the range 200-1100 nm 

and the percentage of transmittance was also 

recorded. The FT-IR spectrum has also been taken 

in order to find the vibrational modes. The 

Vickers hardness test was also done to measure 

the physical strength of the crystal. SHG test was 

done to find out the NLO property of the crystal. 

 

Results and discussion 

Powder X ray diffraction 

The particle size of Glutamine mixed potassium 

carbonate crystal was done by using XRD. The 

size of the particle was estimated using the 

formula of Scherer by monochromatic radiation. 

D = 0.9 λ/β cosθ 

where, D stands for the size of the particle. 

λ =1.5406  10-10 m 

θ = 30.0606 (observed diffracting angle) 

D = 3.9042  10-8 m 

By varying 2θ, the (d-spacing) inter-planar 

spacings are noted. 

 

FTIR spectral analysis  

FT-IR spectrum was recorded by FT-IR 

spectrophotometer in the range 400- 4000cm-1. By 

changing the wave numbers, the different 

assignments obtained are given in the following 

table. 
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Figure 2. FTIR spectrum of GPC crystal 

 

From the FT-IR spectrum, (of the 

experimental crystal) assignments of vibrational 

modes are made and are tabulated. [4-5] 

Wavenumber Assignment 

3199 N-H Symmetric Stretching 

2528 S-H stretching 

2239 
N=C=O antisymmetric 

stretching 

1879 C=C ring 

1715 C=O stretching 

1624 
C=O stretching & NH2 

deformation 

1500 N-H Symmetric 

1422 In plane OH bending 

1310 COO- symmetric stretching 

1125 C-O stretching 

1019 C-O stretching 

901 CH2 out of plane wagging 

859 NH2  wagging 

569 COO- Rocking 

499 C-N-C bending 
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UV-VIS spectrum analysis 

From the spectrum, it is found that, the GPC is 

transparent in the region from 200nm-1100nm. It 

has good transmittance and the lower cut off 

wavelength is observed at 208.03nm. The large 

range of transmittance in the visible region 

enables the GPC to be good for optoelectronic 

applications. [6] 
UV-Vis Spectrum
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Data Interval: 1.0000 nm
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Figure 3. Transmission spectrum of GPC 

Mechanical studies 

The micro hardness of a substance is a key 

property to interpret the mechanical strength of 

the material which is basically related to the 

crystal structure and about the atomic package. 

This test affords useful details about the mechanical 

properties like elastic constants, yield strength 

etc., of materials. [7] The variation of Hv with the 

applied load for the crystals are shown in fig.4. In 

this crystal, hardness increases, if we increase the 

load Thus, this crystal has good physical strength. 

 

Figure 4. Load versus Hv 

 

Second Harmonic Generation studies 

Dynamic research has been engaged to find the 

NLO property of the crystal. The NLO conversion 

efficiency was tested using Kurtz and Perry setup 

[8]. A Q-switched Nd:YAG laser beam of 

wavelength 1064 nm was used. The output energy 

of the sample is 0.910 times of the KDP reference 

energy. Hence, the GPC compound crystal has 

nonlinearity nature. 

Conclusion  

Single crystals of GPC have been grown by 

slow evaporation method. The particle size is 

estimated using XRD. From UV-Vis-NIR spectral 

analysis, the crystal may be recommended for 

optoelectronic applications. In FT-IR spectrum 

analysis, the vibrational modes are identified. The 

physical strength of the crystal has been measured 

in the Vicker’s hardness test. The GPC compound 

crystal has nonlinearity nature and it has been 

found out by Kurtz Perry method. 
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providing instrumental facilities for 

characterization. 
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Abstract 

Optically good quality pure and metal doped 

KDP crystals have been grown by gel method at 

room temperature and their characterization have 

been studied. Gel method is a much uncomplicated 

method and can be utilized to synthesize crystals 

which are having low solubility. Potassium dihydrogen 

orthophosphate KH2PO4 (KDP) continues to be an 

interesting material both academically and industrially. 

KDP is a representative of hydrogen bonded materials 

which possess very good electro–optic and nonlinear 

optical properties in addition to interesting 

electrical properties. Due to this interesting 

properties, we made an attempt to grow pure and 

Potash Alum doped KDP crystals in various 

concentrations (0.002, 0.004, 0.006, 0.008 and 

0.010) using gel method. The grown crystals were 

collected after 20 days. We get crystals with good 

quality and shaped. The electrical conductivity 

increases with increase of temperature crystals. The 

Structural properties were found out by using FTIR 

and XRD studies. Results were discussed in detail. 

Keywords:  Gel growth, KDP, FTIR, XRD 

 

1. Introduction 

Gel growth in aqueous solution is now a wide 

spread technique for production of high quality 

crystals in a large range of solubilities and 

temperatures [1-3]. In gel growth, crystals are 

mostly formed at ambient temperature and hence 

are free from strain often present in crystals 

prepared from the melt or from the vapour [4]. In 

this method, two soluble reactants are diffused into 

a gel where they react to form an insoluble product. 

This is achieved by incorporating one of the 

reactants with the gel before setting in a test tube 

and adding the reactant in solution above the gel as 

supernatant. In this method, large scale movements 

like convection currents are almost completely 

suppressed, which otherwise could be harmful to 

the quality of crystal. The presence of gel does not 

considerably affect the rate of diffusion of crystallizing 

species [5] and the related crystal growth kinetics. 

The principle role of gel appears to be the 

suppression of turbulence and nucleation, [6] due to 

which crystallization occurs by diffusion of 

reactants to a small number of nucleation centre. 

Potassium dihydrogen orthophosphate (KDP) 

KH2PO4 continues to be an interesting material 

both academically and industrially. KDP is a 

representative of hydrogen bonded materials which 

possess very good electro-optic and nonlinear 

optical properties in addition to interesting electrical 

properties. The demand for high quality large single 

crystals of KDP increase due to the application as 

frequency conversion crystal in inertial 

confinement fusion [7-8]. The piezo electric 

property of KDP crystal makes it useful for the 

construction of crystal filters and frequency 

stabilizers in electronic circuit’s. 
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The excellent properties of KDP include 

transparency in a wide region of optical spectrum, 

resistance to damage by laser radiation and relatively 

high non-linear efficiency, in combination with 

reproducible growth to large size. Therefore, it is 

commonly used in several applications such as laser 

fusion, electro-optical modulation and frequency 

conversion. Many studies on the growth and properties 

of KDP crystals in the presence of impurities have 

been reported [9-10]. Potassium dihydrogen phosphate 

(KDP) crystal draws persistent attention of scientists 

due to its excellent quality and possibility of growing 

large-size crystals [11-12]. Microscopically, crystal 

growth includes crystal morphology, crystal defects, 

and growth rate, which are all related to the 

constituent growth units and their chemical 

bonding process [13-14]. KDP, ADP and DKDP are 

the only nonlinear crystal currently used for these 

applications due to their exclusive properties. The 

grown crystals were characterized using dielectric 

constant, electrical properties, optical transmittance, 

for pure and Potash alum doped KDP crystals. 

 

2. Materials and Methods 

Pure and Potash alum doped KDP single crystals 

are grown in sodium meta silicate gel medium using 

analar grade KDP and Potash alum with in 

concentrations of 0.002, 0.004, 0.006, 0.008 and 

0.010 of dopant and sodium meta silicate (1.08g/cm3). 

During the process pH was maintained at 5-6 at 

room temperature. Ethyl alcohol of equal volume is 

added over the set gel without damaging the cell 

surface. When the alcohol diffuses into the set gel, 

it reduces the solubility. This induces nucleation 

and the nuclei are grown into the single crystals. 

The crystal growth was carried out at room 

temperature. The growth period was about 20 days 

for pure and Potash alum doped KDP crystals. 

Results and Discussions 

 

FT-IR studies on pure and Potash alum doped KDP 

crystals 

The observed FT-IR spectra of pure and Potash 

alum doped KDP crystals are shown in figure. 

From FT-IR spectra, the broad band which 

appears in the range 3261 to 2922 cm-1 is due to free 

O-H stretching of KDP [15]. It is seen that these are 

very weak bonds. The peak at 2922 cm-1 is due to P-

O-H asymmetric stretching. The strong intensity 

band at 2433 cm-1 is due to one of the             P-O-H 

bending of KDP. A sharp band in the spectral 

wavelengths of 1384 cm-1 is due to asymmetric 

bending modes. The sharp and strong intense bands 

appearing at 1147 cm-1 is due to P=O symmetric 

stretching. The spectrum shows an additional peak 

at 906 cm-1. This is attributed to            P-O-H 

stretching of KDP. Another sharp band at 537 cm-1 

was due to bending mode of Al(H2O)6. A detailed 

assignment of the frequencies observed in FTIR 

spectrum is given table. 

Figure 1 
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Figure 1. shows the FTIR pattern of (a) Pure KDP 

and (b) PA1 (c) PA2 (d) PA3 (e) PA4 (f) PA5 are 

doped Potash alum in different concentration 

Pure 

KDP 
PA1 PA2 PA3 PA4 PA5 Assignments 

3261vw 3422vw 3432vw 3433vw 3431vw 3422vw 
Free–O-H 

stretching 

2922s 2925s 2926s 2925s 2925s 2923s 
P-O-H 

Symmetric 
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stretching 

------ 1384 1384 1384 1384 1384 
Asymmetric 

Bendingmode 

1147vs 1100vs 1100vs 1101vs 1100vs 1102vs 
P=O stretching 

of KDP 

948vs 906vs 906vs 906vs 909s 912s P-O stretching 

543sh 536sh 537sh 538sh 537sh 537sh 
Bending mode 

of Al(H2O)6 

vs – very strong; s – strong; vw – very weak; sh – 

sharp 

Powder XRD Studies 

The powder X-ray Diffractometer analysis 

(XPERT-PRO) has been carried out for the rapid 

identification and quantification of grown crystal at 

2 theta position of 10° to 80°. At maximum intensity 

the various structure parameters like the crystalline 

size, micro strain and dislocation density has been 

calculated by Debye-Scherer’s formula and 

tabulated below [16-17]. 

D = 0.9 λ/ β cosθ 

where λ is wavelength of the X-ray radiation, β is 

full width at half maximum (FWHM) of diffraction  

peak (in rad), and θ is scattering angle. 

Further, the dislocation density (δ) and micro 

strain (ε) was estimated by the relation  

δ = 1/D2    and         ε = β cos θ/4 
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Figure 2. shows the Powder XRD pattern of (a) 

Pure KDP and (b) PA1 (c) PA2 (d) PA3 (e) PA4 (f) 

PA5 are doped Potash alum in different 

concentration. 

X-Ray Diffraction data (crystalline size, micro strain 

and dislocation) for KDP doped with              PA1-

0.002, PA2-0.004, PA3-0.006, PA4-0.008, PA5-0.01 

concentration of Potash alum 
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Pure 

KDP 
3.738 23.784 0.0047 31.487 10.085 11.497 

KDP+ 

PA1 
3.728 23.866 0.0011 126.830 0.6217 2.690 

KDP+ 

PA2 
3.733 23.833 0.0014 97.720 1.0472 3.424 

KDP+ 

PA3 
3.711 23.974 0.0018 87.086 1.4143 4.401 

KDP+ 

PA4 
3.746 23.749 0.0012 123.321 0.6575 2.935 

KDP+ 

PA5 
3.742 23.774 0.0008 184.997 0.2921 1.957 

 

Conclusion 

Pure KDP crystals and metal doped KDP crystals 

were grown by gel method. In gel growth, due to 

the three dimensional structures, the crystals were 

free from microbes. KDP crystal is a queen of all 

crystals because of its high transparency and best 

NLO property. Addition of Potash alum with KDP 

gives some changes in its basic character. Here the 

characteristic properties of pure KDP and Potash 

alum with KDP crystal has been investigated  

through FTIR, XRD analysis The lower the value of 

dielectric constant more is the enhancement of 

SHG signals. The electrical conductivity of the pure 

KDP and Potash alum doped KDP crystals were 

found to be increase with increase of temperature 

and frequencies. The FT-IR spectral studies confirm 

the presence of all the functional groups and also 

the presence of Potash alum in the grown crystals. 

The presence of additional peaks in the XRD 

spectrum of doped KDP crystals shows the presence 

of additional phases due to doping. 
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Abstract 

Single crystals of zinc magnesium sulphate were 

grown from a non aqueous solution by slow 

evaporation method at room temperature. Good 

quality transparent crystals were harvested by slow 

evaporation technique within 25 days. The crystals 

were subjected to single X ray diffraction and its 

structure was determined. UV-Vis spectrum 

confirms that the material has wide optical 

transparency. FTIR analysis confirms the 

vibrational modes of the crystal and the presence of 

functional groups. The Vicker’s hardness property 

shows its mechanical strength. The surface 

morphology is studied by SEM technique.. 

Keywords: MZE–zinc magnesium sulphate crystal, 

XRD-X-ray diffraction, SEM–scanning electron 

microscope, FTIR–fourier transform infrared, UV-

Vis – ultraviolet-visible. 

 

Introduction 

Crystal growth is a highly interdisciplinary area 

of research. Crystals grown now-a-days find places 

ranging from microelectronics, optoelectronics, 

medical instruments, communication systems, 

defence sources etc., High efficient photovoltalic 

cells and detectors, fabrication of LEDs, traffic 

purpose illumination devices widely depend on the 

crystal growth techniques. Magnesium sulphate 

crystals have wide application in the field of 

medicine and in agriculture. To the best of our 

knowledge this composite crystal zinc sulphate 

with magnesium sulphate has excellent optical 

property with good mechanical strength [1-3].  

 

Experimental procedure  

Synthesis and growth 

High purity salts (99.9%) were used for the 

crystal growth. Single crystals of Magnesium 

sulphate mixed Zinc sulphate(MZE) were grown at 

room temperature by solution growth using slow 

evaporation method, of an organic solution 

(ethanol) containing zinc sulphate and magnesium 

sulphate in equal stoichiometric ratio. The temperature 

of water in the bath was controlled digitally by 

using microprocessor. Variation in temperature of 

the bath can be tuned to an accuracy of ±0.1°C. 

Transparent good quality crystals of the MZE 

crystals were harvested in span of 25 days. The 

photograph of the crystal is shown in Figure  1. 

 

Figure 1. Photograph of MZE crystals 
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Characterization  

The single crystal X-ray diffraction studies of the 

grown MZE crystals were carried out using ENRAF 

NONIUS CAD 4 diffractometer. The UV-Visible 

spectrum was recorded in the range 190nm-1100nm 

using Perkin Elmer lambda 35 model. FTIR 

spectrum analysis was recorded in the range of 

4000-400 cm-1 using Perkin Elmer spectrum RX I. The 

hardness property of the crystal was carried out by 

Vicker’s microhardness method and the structural 

morphology of this material are reported by SEM 

technique. 

 

Results and discussion 

Single crystal X ray diffraction  

The structure of the grown MZE crystal was 

studied by single crystal X ray diffraction method. 

The crystallographic data obtained from the analysis 

revealed that the crystal possesses monoclinic 

structure. The unit cell dimensions were a=10.053 

A˚, b= 7.210 A˚, c= 24.378 A˚, α= 90˚, β= 98.21˚, 

γ= 90˚ and cell volume was 1748.7 A˚3. 

 

FTIR spectral analysis  

The FTIR spectrum was recorded for the sample 

of the crystals using the KBr pellet technique in the 

region 4000-400 cm-1. The various functional 

groups present in the material are identified and 

confirmed in this study. The FTIR spectrum is 

shown in Figure  2. 

The broad band between 3588 cm-1 and 3200 cm-1 

represents the presence of OH stretching vibrations. 

The OH inoximes stretching is observed at 3318 cm-1 

whereas OH stretching is observed at 3246 cm-1. 

Peaks from 3500-3200 cm-1 represent the presence 

of medium hydrogen bonded OH group. Peaks 

between 1145-1170 cm-1 represent the presence of 

SO2 symmetric stretching. Peak at 1081 cm-1 represents 

C-O stretching. Peaks 983 cm-1, 868 cm-1, represents 

very strong CH out of plane deformation, whereas 

peak at 762 cm-1 intimates the strong CH out of 

plane deformation. The position of S=O depends on 

the electronegativity of the attached group and 

tends to raise the frequency since they tend to 

stabilize the form S=O and increase stretching 

vibrations [4-6]. 

MZE-
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Figure 2. FTIR spectrum of MZE crystal 

 

UV-VIS spectrum analysis 

The optical absorption spectra of MZE crystal 

were recorded in the region 190-1100nm at a 

scanning speed of 480 nm/min. Figure  3(a&b) 

shows the absorbance spectra and transmission 

spectra which hold good in the entire visible 

region. The lower cutoff wavelength of this crystal 

was found to be 198.3 nm. The optical behavior of 

this MZE material is suitable for opto-electronic 

applications. 
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Figure 3(a). Absorption spectrum of MZE 

 

Figure 3(b). Transmission spectrum of MZE 

 

Mechanical studies  

The micro hardness of a substance is a key 

property to interpret the mechanical strength of the 

material which is basically related to the crystal 

structure and about the atomic package. It also 

reveals the electronic factors operating to make the 

stable structure. It is the resistance offered by the 

crystal for the movement of dislocations and for 

localized plastic deformation. This test affords 

useful details about the mechanical properties like 

elastic constants, yield strength etc., of materials. 

The variation of Hv with the applied load for the 

crystals are shown in Figure  4(a). The hardness 

number was found to increase with increase in 

applied load, which confirms the hardness.  

 

Figure 4(a). Load versus Hv 

 

Figure 4(b). Load versus yield strength 

 

The calculated values of yield strength σv for 

grown crystals are shown in Figure  4(b). For load 

50gm, it decreases and then suddenly for 100gm it 

reaches a higher value. The elastic stiffness constant 

C11 has been calculated for the crystals using 

Wooster’s empirical relation C11 = Hv7/4. The 

calculated stiffness constant for different loads are 

shown in Figure 4(c). A plot of log p versus log d 

provides a straight line, the slope of which gives the 

work hardening coefficient n. 
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Figure 4(c). Load versus stiffness constant 

 

Figure 4(d). Log d versus Log p 

 

In the present study, work hardening coefficient 

n is found to be higher than 2 for the sample, 

indicating that the lattices are soft. MZE crystal has 

higher microhardness Hv with respect to loads.   

Figure  4(d) shows that MZE crystal has a linear 

variation in strength. 

 

SEM analysis  

The grown MZE crystal was subjugated by SEM 

analysis. The quality of the grown crystal can be 

inferred to some extent by observing the surface 

morphology of the crystal. The recorded SEM 

picture Figure  5 (a, b & c) confirmed the formation 

of smooth surface. But in Figure  5b at higher 

magnification it is observed that some macro steps 

with pits and inclusion appeared due to high 

growth rates. In Figure  5c, plate like crystals show 

the thick and coarse granular type of growth [7]. 

 
(a) 

 
(b) 

 
(c) 

Figure  5. SEM pictures of MZE crystals 

 

Conclusion  

Single crystals of zinc and magnesium sulphate 

crystal was grown from an organic solution by slow 

evaporation method at room temperature. Good 

quality transparent crystals were harvested by slow 

evaporation technique within 25 days. The crystals 
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were subjected to single X ray diffraction method. 

The lattice parameters and structure were found. 

UV-Vis spectrum confirms that the material has 

wide optical transparency. FTIR analysis confirms 

the vibrational modes of the crystal and the 

expected presence of functional groups were 

identified. The Vicker’s hardness property shows its 

good mechanical strength. The surface morphology is 

studied by SEM technique. The crystal has good 

optical, mechanical and morphological reports and 

may be considered for optoelectronic applications. 
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Abstract 

A new organic stilbazolium family single  crystal 

of 4-(4-methoxystyryl)-1-methylpyridinium 4-

chlorobenzene sulfonate (MBSC) has been 

successfully grown from methanol solution by 

adopting slow solvent evaporation technique. Single 

crystal X-ray diffraction analysis revealed that the 

crystal belongs to triclinic system with space group 

P1. The chemical composition of the title compound 

was identified by CHN elemental analysis. The 

characteristic functional groups of the grown crystal 

were identified by FT-IR spectroscopy. The crystal 

was found to be transparent in the region between 

490 and 700 nm  

as indicated by the UV-Vis spectral studies. 

Photoluminescence spectrum of MBSC crystal shows 

a strong blue emission peak at 485 nm and a green 

emission at 521 nm. 

Keywords: Organic compound; X-ray diffraction; 

Optical properties; Stilbazolium 

 

1. Introduction 

In recent scientific trend, organic nonlinear optical 

(NLO) materials attracted increasing attention due to 

remarkable growth of optoelectronic and photonic 

technologies because of their potential applications in 

optical communications, high-speed information 

processing, optical data storage devices, optical bi-

stability etc [1]. Organic crystals with extended π-

conjugated systems with hydrogen bonding greatly 

enhance the mobility of the electron density, which 

leads to high optical nonlinearity and molecular 

hyperpolarizability. In this context, many research 

efforts have been made to design and synthesize of 

new π-conjugated crystal structure for second and 

third harmonic generation applications [2]. 

In this article, we have synthesized a novel 

stilbazolium derivative crystal 4-(4-methoxy styryl)-

1-methylpyridinium 4-chlorobenzenesulfonate 

(MBSC). Single crystals of MBSC were grown by slow 

evaporation method at room temperature and 

subjected to structural, spectral, optical and 

photoluminescence studies. 

 

 

2. Experimental 

2.1. Synthesis and crystal growth 

4-(4-Methoxystyryl)-1-methylpyridinium iodide 

(MBSI) cation was synthesized by the condensation of 

1,4-dimethyl pyridinium iodide (2.35 g, 10 mmol), 

methanol (50 ml) and 4-methoxy benzaldehyde (1.63 

g, 10 mmol) in the presence of piperidine  

(0.2 ml).The mixture was taken in a round-bottom 

flask of a Dean-Stark apparatus and refluxed at 60 °C 

for 8 h and then cooled to room temperature.  

The product was filtered and recrystallized from 

methanol at least three times. 

During the next stage, the metathesization reaction 

was carried out by the following procedure. MBSI 
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(0.706 g, 2 mmol) was dissolved in 60 ml of distilled 

water and simultaneously sodium p-chlorobenzene 

sulfonate (0.429 g, 2 mmol) was dissolved in 30 ml of 

distilled water by heating at 70 °C.These two hot 

solutions were mixed and further heated for 30 min. 

Yellow colour precipitate was obtained as a result of 

exchange reaction between anion and cation. Crystal 

growth was performed by employing slow solvent 

evaporation technique. Saturated solution of MBSC in 

methanol was prepared and sealed with a perforated 

cap, which was kept for crystallization at room 

temperature. After a period of 10-15 days of 

evaporation, MBSC crystals were obtained. 

Photograph of MBSC crystal is shown in Figure1. 

 

Figure 1. Photograph of MBSC crystal 

 

3. Result and discussions 

3.1. Single crystal X-ray diffraction 

Single crystal X-ray diffraction analysis was 

performed by using Bruker Kappa APEX II 

diffractometer with MoKα radiation of wavelength 

0.7170 Å. The calculated lattice parameters show that 

the MBSC crystal belongs to triclinic system with 

space group P1. The unit cell parameters are found to 

be a = 6.72 Å, b = 7.90 Å, c = 9.56 Å,           α = 78.68o, 

β = 81.72o, γ = 84.66o and volume = 492 Å3. 

 

3.2. CHN analysis 

The elemental composition of the MBSC crystal 

was analyzed using PerkinElmer series-II 2400 

CHNS/O elemental analyzer. The percentage of 

calculated values (Figure2) of C21H20ClNO4S are             

C = 60.35%, H = 4.82%, N = 3.35% and the values 

experimentally found are C =60.14%, H = 4.98% and 

N = 3.49%. Thus, there is a close agreement between 

the calculated and experimental values of CHN. 

 

Figure 2. CHN data of MBSC crystal 

 

3.3. FT-IR analysis  

In order to identify the functional groups and detect 

the vibrational modes of molecules, the sample was 

characterized by Fourier transform infrared (FT-IR) 

spectroscopy. The measurement was done with KBr 

pellet technique in the wavelength range of 400–4000 

cm-1. The FT-IR spectrum of the MBSC crystal is 

shown in Figure 3. The peak observed at 3435 cm-1 is 

due to the stretching of hydroxyl group. The 

aromatic C–H group is confirmed by the presence of 

peak at 3066 cm-1 [3]. The peak corresponds to C=C 

stretch of the olefinic double bond is seen at 1589 cm-

1. The aromatic ring skeletal in-plane stretching 

vibration can be confirmed by the presence of the 

peaks at 1518 and 1467 cm-1. Asymmetric and 

symmetric stretching mode vibrations of sulfonate 

group give peak around 1344 and 1117 cm-1, 

respectively [4]. The peaks at 1032 and 838 cm-1 are 

assigned to the phenolic C–O stretch and olefinic C–

H bond vibrations. Cis orientation of the substitute at 

the olefinic double bond produces peak at 637 cm-1. 

The characteristic frequencies observed between 500 

and 700 cm-1 are due to the out-of-plane ring bending 

modes  and frequencies between 1100 and 1200 cm-1 

are assigned to the in-plane ring deformation modes 
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are observed [5]. Thus, the presence of various 

functional groups in the structure has been 

confirmed. The wavenumbers correspond to different 

modes of vibration are given in Table 1. 

 

Figure 3. FT-IR spectrum of MBSC crystal 

 

Table 1. FT-IR wavenumber assignments for MBSC 

Wavenumber (cm-

1) 

Assignment 

3435  O–H stretch 

3066 Aromatic C–H stretch 

1589 
C=C stretch of the 

olefinic double bond 

1518, 1467 Aromatic ring vibrations 

1344, 1117 

Asymmetric and 

symmetric stretching 

vibrations of –SO2 

1265 Phenolic C–O stretch 

1032 Olefinic C–H bond 

838 

C–H bending vibration of 

1,4 disubstituted 

aromatic rings 

637 

Cis orientation of the 

substitute at the olefinic 

double bond 

 

3.4. UV-Vis absorption study 

UV-Vis absorption spectrum was recorded in the 

wavelength range of 200-700 nm in solution form 

using methanol as solvent. The UV-Vis spectrum 

(Figure4) shows two distinct absorption peaks; the 

minor peak observed at 220 nm corresponds to the n-

π* transition and the major peak with maximum 

absorption at around 380 nm represents the π-π* 

transition [6].The material shows a wide 

transparency in the region between 450 and 700 nm. 

The lower absorption of light in the visible and good 

transparency window over a near IR wavelength 

range are highly desired parameters for NLO 

applications [7]. 

 

Figure 4. UV-Vis absorption spectrum of MBSC 

crystal 

 

3.5. Photoluminescence study 

Photoluminescence (PL) study for MBSC crystal was 

performed at room temperature. The sample was 

excited at the wavelength of 380 nm chosen from 

UV-Vis spectral studies, and the emission spectrum 

was recorded in the wavelength range of 450-650 nm 

(Figure5). The spectrum consists of two peaks in the 

visible region. The highly intense emission peak at 

485 nm corresponds to blue emission and the other 

one at 521 nm refers to green emission, which may 

due to the anionic and cationic group present in 

MBSC crystal matrix [8]. The PL spectrum reveals 

that organic molecules with strong donor-π-acceptor 

system exhibit high photoluminescence properties. 

Especially, organic stilbazolium salts are potentially 
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used as fluorescence probe monitor in the active area 

of biomedical research [9,10]. 

 

Figure 4. PL spectrum of MBSC crystal 

 

4. Conclusion 

A novel stilbazolium derivative crystal,  

4-(4-methoxystyryl)-1-methylpyridinium                       

4-chlorobenzenesulfonate (MBSC) was successfully 

synthesized by condensation followed by metathesization 

reaction mechanism. Single crystal of MBSC was 

grown by slow solvent evaporation technique and the 

crystal structure was confirmed by single crystal XRD 

analysis. The functional groups identification and the 

structure of compound were confirmed by FT-IR 

spectral analysis. The percentage of carbon, 

hydrogen, and nitrogen in the synthesized sample 

was identified by CHN elemental analysis. From the 

absorption spectrum, the nature of transition was 

identified. Photoluminescence result suggests that the 

MBSC crystal could be used as a blue or green 

emission material by employing appropriate filters 

depending on the applications. 
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Abstract 

Organic nanocrystals exhibit enhanced nonlinear 

optical (NLO) properties over the bulk crystals of 

those organic molecules. In this article, an attempt 

has been made to prepare organic nanocrystal of 

DAST via two different approaches. In the first case, 

the synthesis of nanocrystal was explored via a cost 

effective and low temperature solvothermal method. 

In the second case, the DAST nanocrystal/PVA and 

oleic acid assisted DAST nanocrystal/PVA composite 

films were prepared in order to combine the 

enhanced nonlinear optical properties of the organic 

nanocrystalline material with flexible polymers. The 

structure and morphology of as-prepared DAST 

nanocrystal embedded in PVA matrixwere analyzed 

using powder XRD and scanning electron 

microscope (SEM). Fourier transform infrared (FT-

IR) analysis confirms the presence of various 

functional groups. The optical property of the 

DAST/PVA composites was characterized by UV-Vis 

absorption spectrum. The addition of oleic acid 

significantly alters the crystal growth process of 

DAST nanocrystal, resulting in the generation and 

stabilization of regular nanosized DAST nanorods. 

Keywords: Organic nanocrystals, functional 

groups, optical absorption, morphology, composite 

 

1. Introduction 

Terahertz (THz) technology has attracted much 

attention in the recent years due to its potential 

applications such as nonlinear optics,  topographic 

imaging, label-free genetic analysis, cellular level 

imaging and chemical and biological sensing [1]. The 

most pressing component technology to be 

developed remains in the area of THz sources and 

many applications yet to be realized lie in wait [2]. 

Among the various classes of materials investigated 

worldwide, ionic organic crystals like 4-N,                     

N-dimethylamino-4-N-methyl-stilbazolium tosylate 

(DAST) have been a recent source of interest as THz 

emitters due to its high nonlinearities in 

combination with a low dielectric constant [3]. The 

growth of high quality bulk DAST crystal is still a 

limitation and this hinders to exploit its high figure 

of merit. The use of organic materials for optical 

applications is generally limited by their insufficient 

chemical stability and mechanical resistance. In 

order to avoid these basic drawbacks and to take 

advantages of the optical properties of organic 

materials at the nanometer scale, Sanz and co-

workers have developed hybrid (organic-inorganic) 

material by preparing organic nanocrystals in sol-gel 

glasses [4]. It has been proposed that organic 

nanocrystals could exhibit enhanced nonlinear 

optical (NLO) properties over the bulk crystals of 

those organic nonlinear molecules [5]. In this 

connection, DAST nanocrystals, which combine the 

unusual properties of nanocrystals have been 

prepared by dispersing them in a non-polar liquid 

using reprecipitation method [6]. However, only 

submicrometre DAST microcrystals have been 

achieved. Zheng et al. [7] have prepared DAST 

nanocrystals with enhanced NLO properties at 

nanometre scale due to influence of carbosiloxane 

dendrimer, employing the re-precipitation method. 

Stable and size controlled DAST nanocrystals were 

prepared and the size is reduced significantly below 
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100 nm. Macchi et al. [8] have prepared DAST 

nanocrystals in a poly methyl methacrylate (PMMA) 

film by electric poling. However, it was found that 

the nanocrystal is not of high quality because of the 

instability caused by the PMMA polymer under the 

electronic beam. Hence, significant challenges are 

involved in the preparation of DAST nanoparticle to 

incorporate them into a matrix while preserving the 

size distribution. Poly vinyl alcohol (PVA) is one of 

the most frequently used host molecules and it forms 

a cross-linked structure that could hold cavities 

within [9].In the present work, an attempt has been 

made to prepare organic nanoparticles of DAST by 

two different approaches. In the first case, the 

synthesis of DAST nanoparticles was explored via a 

cost effective and low temperature solvothermal 

method. In the second case, the DAST 

nanocrystal/PVA composite films were prepared in 

order to combine the enhanced nonlinear optical 

properties of the organic nanocrystalline material 

with flexible reprocessability of polymers. The 

morphologies of the nanocrystals embedded in PVA 

matrix were analyzed by scanning electron 

microscope (SEM) and the structural characterization 

was carried out using powder XRD and Fourier 

transform infrared (FT-IR) analyses. The optical 

properties were characterized by UV-Vis absorption 

spectroscopy. 

 

2. Experimental 

2.1. Synthesis of DAST nanorods 

DAST (0.088 g) was dissolved in 10 ml of methanol. 

To this solution, 1 ml of oleic acid was added and 

stirred for 1 h. After stirring, 100 ml of decalin was 

added to the above solution.The mixture was 

transferred into an autoclave and kept inside a 

furnace at 100oC for 2 h. After 2 h, the autoclave was 

taken out and allowed to cool to room temperature. 

The resultant precipitate was filtered and dried at 

100 oC for 1 h. 

 

2.2. Preparation of DAST nanocrystals in PVA 

matrix 

An aqueous PVA (10 wt%) solution was prepared 

and stirred for 24 h. Simultaneously, an equal 

volume of saturated DAST-methanol solution was 

prepared at room temperature. Later, the DAST-

methanol solution was added to the PVA gel and 

stirred for 1 hand then casted into a Petri dish. After 

drying at room temperature for 2 days, the film was 

kept in a furnace at 100 oC for 2 h in order to remove 

the water molecules. Later, the film was peeled off 

from the dish. The colour of the film appeared red, 

which is the typical colour of DAST (Fig. 1). 

 

2.3. Preparation of oleic acid assisted DAST 

nanorods in PVA matrix 

In another synthesis procedure, oleic acid assisted 

DAST nanorods were prepared. The same procedure 

was followed as in case of DAST in PVA but in 

addition to that an equal mole percent of oleic acid 

with respect to DAST was also mixed in the DAST-

methanol solution. This solution is stirred for 30 min 

and then added to the PVA hydro-gel. 

 

Figure 1. Synthesis scheme for preparation of DAST 

nanocrystals in PVA matrix 

3. Result and discussions 

3.1. Powder XRD analysis 

Powder X-ray diffraction analysis was performed on 

the organic nanocrystals of DAST, at room 

temperature. The powder XRD pattern of DAST 

nanoparticles is shown in Figure 2. The (0 2 0) and  

(2 2 2 ) planes are observed to be more intense than 

the (0 2 2) and (0 0 4 ) which are the usually 

observed intense peaks for DAST crystals. At the 

same time, the peaks corresponding to the SHG 

inactive hydrated DAST crystal is not seen in the 

resulting pattern [5]. Further, the appearance of (0 2 0) 
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and (2 2 2 ) planes as dominant ones indicate the 

formation of good quality DAST nanorods. It is 

found that DAST crystallized into monoclinic 

system. The lattice parameters are; a = 10.219 Å,  

b = 11.328 Å, c = 17.859 Å, and β = 90.08o and  

V = 2067.45 Å3. The XRD data for DAST 

nanocrystals obtained in this work is matching with 

those data for bulk crystals of DAST reported by 

Marder et al. [10]. 

 

Figure 2. Powder XRD pattern of DAST nanorods 

 

3.2. SEM analysis 

SEM micrographs reveal different morphological 

behavior of DAST nanorods, nanocomposites of 

DAST/PVA and oleic acid assisted DAST/PVA (Fig. 

3a-c). The size and shape of the nanocrystals 

embedded in PVA film was examined. The shape 

observed are rectangular plate-like crystals with size 

ranging from 200to 500nm. In an earlier report, the 

mean size distribution of DAST nanocrystals was 

found around 400 × 400 ×70 nm3 and thus it is 

evident that the size of the DAST nanocrystals 

formed in the present work is better controlled than 

the previously repoterd work[6].It reveals the 

nanorod formation in the case of oleic acid assisted 

DAST/PVA matrix. In general, oleic acid assisted 

nanoparticles preparation helps to form 

onedimensional (1D) nanostructures. In the present 

case, the SEM picture reveals the domination of 

DAST nanorods along with few plate-like nano 

aggregates. The effect of oleic acid on the growth and 

morphology of the DAST nanorods is evident in the 

SEM micrograph (Figure 3c). It is clear that very 

distinct DAST nanorods with relatively high aspect 

ratio are obtained. The presence of DAST nanorods 

of diameter 300 nm – 1 µm and length 5-10 µm are 

evident. The images further reveal that the level of 

agglomeration is low for the DAST nanorods. 

 

Figure 3. SEM micrograph of (a) DAST nanorods 

(b) DAST nanocrystals embedded in PVA matrix 

(c) oleic acid assisted DAST nanorods in PVA matrix 

 

3.3. Optical absorption studies 

UV-Vis absorption spectrum was recorded in the 

range 200 nm to 900 nm using SHIMADZU 2450 

spectrophotometer. Figrue 4 shows the absorption 

spectra of DAST nanocrystal, DAST/PVA, oleic 

assistedDAST/PVA and DAST dissolved in methanol. 

The absorption for DAST in methanol is at 475 nm 

and for DAST nanorods, it is at 520 nm. When we 

compare the absorption spectrum of DAST 

nanocrystals with the DAST bulk crystal, the 

corresponding λ(max) is observed at 545 nm for bulk 

crystals. Thus there is a blue shift of 25 nm for the 

nanosample synthesized. The blue shift indicates the 

nanostructure nature of the developed sample. This 

result clearly indicates that the synthesized DAST 

nanorods are in between the molecular and bulk 

form. The absorption spectrum of the DAST 

nanocrystals embedded in PVA film is quite similar 

to that of bulk crystalline DAST.  The narrow red 

shifted absorption band at 580 nm (475 nm is the cut 

off wavelength of DAST in molecular form) is the 

fingerprint of the J-type organization of the 
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chromophore (4-N,N-dimethylamino-4-N-

methylstilbazolium) within the crystalline structure 

of DAST [8]. The UV absorption spectrum of DAST 

nanorods prepared via oleic acid assisted synthesis 

reveals a strong absorption at 475 nm which is 

similar to that of DAST in molecular form. This 

result indicates that the addition of oleic acid 

significantly alters the crystal growth process of 

DAST nanocrystal, resulting in the generation and 

stabilization of regular nanosized DAST nanorods. 

 

 

Figure 4. UV-Vis absorption spectra of DAST 

nanocrystal, DAST/PVA, oleic acid assisted 

DAST/PVA and DAST in methanol 

 

3.5. FT-IR analysis 

FT-IR spectrumof DAST/PVA and oleic acid assisted 

DAST/PVAwas recorded in the wavelength range 400 

to 4000 cm-1. For comparison, the spectrum of PVA is 

also provided in order to identify the functional 

groups and their corresponding vibrational 

characteristics (Fig. 5).The typical signatures in PVA 

which are due to O–H stretching (3435 cm-1), C–H 

stretching ( 2912-2945 cm-1), C–H bending (1638 cm-1) 

and C–O (1050-1150 cm-1) are observed in the FT-IR 

spectrum (Figure 5a). The presence of DAST 

nanocrystals/nanorods in PVA is confirmed by the 

identification of strong infrared active modes in 

DAST. The sharp peaks at 2924 cm-1 and 2919 cm-1 

are due to the C–H stretching; the intensity of this 

peak is increased in DAST nanocrystals as well as in 

the sample with DAST nanorods. The peaks at 1585 

cm-1 and 1581 cm-1 are typical C–C=C–C in-plane 

stretching frequency which are carbon backbone 

between the aromatic rings of the 

stilbazoliumchromophore, these peaks are also 

observed in both the cases. The peaks at 1179 cm-1, 

1163 cm-1  and 1179 cm-1, 1165 cm-1 are assigned to 

the in-plane aromatic ring deformations, which are 

typical for para substituted benzenes [11]. The peaks at 

564 cm-1 and 567 cm-1 are attributed to the vibrations 

of aromatic rings. In case of oleic acid assisted DAST 

nanorods in PVA, the peaks of DAST are more 

distinct and prominent when compared to DAST 

nanocrystals in PVA matrix. 

 

Figure 5. FT-IR spectra of (a) pure DAST (b) PVA 

(c) DAST nanocrystals embedded in PVA (d) oleic 

acid assisted DAST nanorods embedded in PVA 

 

4. Conclusion 

Organic nanocrystals of DAST, DAST nanocrystals 

embedded in PVA matrix and oleic acid assisted 

DAST/PVA matrix were successfully synthesized via 

cost effective and simple solvothermal method under 
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mild conditions. The structure of the nanoparticle 

was confirmed by powder XRD method. The surface 

features, morphology were investigated by SEM 

analysis. SEM analysis of nanocomposites of 

DAST/PVA, oleic acid assisted DSSS/PVA showed the 

formation of different morphologies.The UV-Vis 

absorption study on DAST nanoparticles confirms 

the blue shift of 25 nm when compared to the bulk 

DAST crystals.The stretching vibrations of the 

various functional groups were identified by FT-IR 

spectral studies. The flexible free-standing 

DAST/PVA film could be employed as potential 

material for THz applications. 
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Abstract 

Single crystals of semiorganic nonlinear optical 

material of L-Glycine Sodium Nitrate (LGSN) have 

been successfully grown by slow evaporation 

solution growth technique. Cell parameters of the 

grown crystal were identified using single crystal X-

ray diffraction analysis and it was found that the 

material crystallizes in monoclinic system with 

space group Cc. The presence of functional groups 

and the spectral properties were assessed by FTIR 

analysis. Optical transparency of the grown crystals 

was investigated by UV-Vis-NIR spectrum. The 

scanning electron microscope analysis was carried 

out to determine the surface morphology of the 

grown crystal. Second harmonic generation 

efficiency of the grown crystal have been measured 

by Kurtz and Perry technique and it was found to 

be 2.5 times greater than that of KDP. The obtained 

results show that L-Glycine Sodium Nitrate crystals 

are potential materials for NLO device fabrication.  

Keywords:  Solution growth, UV-Vis-NIR, SEM, 

SHG test. 

 

1. Introduction 

In recent years, non-linear optical (NLO) crystals 

with high conversion efficiencies are needed for 

optical second harmonic generation (SHG) because 

of their applications in opto-electronics, photonics, 

high speed information processing, 

telecommunications and optical information storage 

devices [1]. Amino acid family crystals are 

promising materials for these applications and it 

depends on the properties such as transparency, 

birefringence, refractive index, dielectric constant 

and thermal, photochemical and chemical stability 

[2]. Amino acids are considered to be interesting 

organic materials for NLO devices as they contain 

donor carboxylic (COOH) group and the proton 

acceptor amino acid (NH2) group known as 

zwitterions which create hydrogen bonds. 

Considerable efforts have been made on amino acid 

mixed complex crystals in order to make them 

suitable for device fabrications [3–6]. Glycine has 

no centre of chirality and is optically inactive. 

Glycine family crystals have been subjected to 

extensive research by several researchers for their 

efficient non-linear optical properties [7-10]. Since 

the glycine molecule can exist in zwitterionic form, 

it is capable of forming compounds with anionic, 

cationic and neutral chemical compounds. Thus a 

large variety of glycine coordinated compounds can 

be formed. However, only those complexes of 

glycine, which crystallizes in non-centrosymmetric 

structure, are expected to exhibit nonlinear optical 

second harmonic generation [11]. 

Most of the organic NLO crystals usually have 

poor mechanical and thermal properties whereas 

the inorganic NLO materials have excellent 

mechanical and thermal properties, but possess 

relatively modest optical nonlinearity. Therefore 

semi organic crystals are those which combine the 

positive aspects of organic and inorganic materials 

resulting in desired nonlinear optical properties [12]. 

The properties of large nonlinearity, high resistance, 
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low angular sensitivity, good mechanical hardness 

and further significance are centred on semi organic 

crystals. Hence, investigations were done to develop 

various semi-organic crystals which are more 

suitable for device fabrication [13,14]. A series of 

semi-organic compound such as L-Alanine potassium 

chloride [15], L-Alanine sodium nitrate [16],                  

L-Histidine tetrafluroborate [17] have been 

reported earlier. The present manuscript reports on 

the crystal growth of L-Glycine sodium nitrate 

crystals from aqueous solution followed by the 

characterizations like single crystal X-ray 

diffraction, Fourier transform infrared spectroscopy, 

optical absorption, scanning electron microscopy, 

second harmonic generation efficiency and the 

results are discussed. 

 

2. Experimental 

2.1. Materials and method 

Analytical reagent grade (AR) samples of glycine 

and sodium nitrate were used as a precursor materials. 

Double deionized water (Merck) was used as a 

solvent. Slow evaporation solution growth 

technique was adopted for the growth of single 

crystals. Equimolar ratio of L-glycine and sodium 

nitrate were taken and stirred well for 4 hours 

separately and mixed. The solution was then 

filtered and kept in a vibration free ambiance. 

Transparent seed crystals were obtained by 

spontaneous nucleation. Among them, defect free 

seed crystal was suspended in the mother solution. 

Single crystals of dimension 9×8×2 mm3 have been 

grown within the period of 30 days. The 

photograph of the as grown glycine sodium nitrate 

crystal is shown in Figure 1. 

 

Figure 1. As grown LGSN single crystal 

 

2.2. Characterization techniques 

The grown crystals were subjected to various 

characterization analyses to test their suitability for 

optical device applications. Single crystal X-ray 

diffraction analysis was carried out using Four-

circle Enraf Nonius CAD4/MACH3 single crystal 

diffractometer to determine the lattice parameters 

and space group. The presence of functional groups 

in the grown crystal was identified using Fourier 

Transform Infrared spectral analysis using a 

PERKIN ELMER SPECTROMETER by KBr pellet 

technique within the range of 400-4000 cm-1. 

In order to examine the optical properties of the 

grown crystal in the UV-Vis-NIR regions of 

electromagnetic spectrum, the linear optical study 

was carried out using PERKIN ELMER LAMBDA 

35 UV-Visible spectrophotometer within the range 

of 200-1000 nm. SEM analysis was carried out by 

using CARL ZEISS SIGMA VP scanning electron 

microscope to analyse the crystal surface 

morphology. Second Harmonic Generation 

efficiency test for the grown samples was performed 

by Kurtz and Perry powder technique using a Q - 

switched high energy Nd:YAG Laser (QUANTA 

RAY Model LAB-170-10) Model HG-4B- High 

efficiency with repetition rate at 10 Hz.  
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3. Results and discussion 

3.1. Single crystal XRD analysis 

The L-Glycine sodium nitrate crystal was 

subjected to single crystal X-ray diffraction analysis 

to determine the lattice parameters and space group. 

The title compound crystallizes into monoclinic 

system with space group Cc [18]. From the XRD data, 

the calculated lattice parameter values are found to 

be a = 14.32Å,      b = 5.25Å, c= 9.11Å, and are 

tabulated in Table 1. 

 

Table 1. Single crystal XRD analysis data of L-GSN 

L-Glycine SN Crystal data 

Crystal System Monoclinic 

Space group Cc 

Unit Cell 

dimensions 

a = 14.32 Å 

b = 5.25 Å 

c = 9.11 Å 

 

3.2. Fourier Transform Infrared spectral analysis 

Fourier transform infrared spectral studies were 

carried out for the samples to identify the 

functional groups. The presence of functional 

groups in the compound L-Glycine sodium nitrate 

was identified and was shown in Figure 2. The 

vibration peak at 3441 cm-1 represents (NH3)+ 

asymmetric stretching vibration. The absorption peak 

at 2098 cm-1 shows asymmetrical NH3 bending 

vibration. 

The absorption band at 1614 cm-1 represents C=O 

stretching vibration. The sharp peak at 1392 cm-1 is 

due to NO3- asymmetric stretching vibration. The 

peak at 938 cm-1 is due to CH2 rocking vibration. 

The C-C stretching vibration is attributed to 837 cm-1. 

The absorption band at 665 cm-1 shows NO3- in 

plane bending vibration. The vibration peak at            

503 cm-1 represents COO- rocking vibration [19]. The 

observed bands along with their vibration 

assignment are presented in Table 2. 

 

Figure 2. FTIR Spectrum of L-Glycine SN 

Table 2. Tentative assignments of L-Glycine SN 

Wavenumber (cm-

1) 
Assignment 

3441 (NH3)+ asymmetric 

2098 
Asymmetric NH3 

bending 

1614 C=O stretching 

1392 
NO3- asymmetric 

stretching 

938 CH2 rocking 

837 C-C stretching 

665 NO3- in plane bending 

503 COO- rocking 

 

3.3. UV-Visible NIR Spectral analysis 

Optical transparency in the entire visible region 

with a good percentage of transmission is the key 

properties of an NLO material. The transmission 

spectrum of L-Glycine sodium nitrate is shown in 

Figure 3. From the figure it was observed that the 

material has high transmittance in the entire visible 

region of about 70% and the lower cut off 

wavelength was observed at 200 nm. This is one of 

the most desirable properties of the NLO material 

for device fabrication. 
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Figure 3. UV-Visible-NIR transmission spectrum of 

L-Glycine SN 

 

3.4. Morphological study 

Scanning electron microscopy (SEM) analysis has 

been carried out for the grown   crystal to study the 

nature, surface morphology and the presence of 

imperfections in the grown crystals. The 

transparent regions of the crystals are cut into few 

mm for examining the surface morphology. From 

the SEM micrograph it can be observed that the 

grown crystal has cracks and few inclusions which 

may be due to the impact of growth conditions and 

was shown in Figure 4. 

 

Figure 4. SEM image of LGSN 

3.5. Second Harmonic Generation 

Second Harmonic Generation efficiency of               

L-glycine sodium nitrate crystal was determined by 

Kurtz and Perry technique. Finely powdered 

samples are packed tightly in a micro capillary tube. 

The SHG efficiency of the LGSN crystal is measured 

with compared to the efficiency of the KDP crystals. 

A Q-switched Nd:YAG laser emitting fundamental 

wavelength of 1064 nm is allowed to strike on the 

powdered sample. The experiment is carried out at 

room temperature [20]. The SHG efficiency of L-

glycine SN crystal was observed to be 2.5 times 

greater than that of KDP and it confirms the 

suitability of LGSN crystals in NLO applications. 

 

4. Conclusion 

A Semi-organic NLO material LGSN has been 

grown by slow evaporation solution growth 

technique. The harvested crystals of size 9×8×2 mm3 

were obtained after a period of 30 days. Unit cell 

parameters were by single crystal X-ray diffraction 

analysis, which confirmed that the grown crystal 

belongs to monoclinic system with space group Cc. 

The various functional groups and their vibrational 

interactions of the grown crystal were confirmed by 

Fourier transform infrared analysis. The optical 

study shows that the lower cutoff wavelength is 

below 200 nm and possess good transparency in the 

entire visible region. SEM study reveals the crystal 

morphology of the grown crystal. The estimated 

SHG efficiency of L-glycine SN was found to be 2.5 

times greater than that of KDP. Thus L-GSN crystal 

can be exploited as a potential material for 

photonics, electro-optic and SHG device 

applications. 
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Abstract: L-Valine Picrate (LVP) single crystal was 

grown for the aqueous solution. The grown crystal 

was characterized by single crystal XRD studies to 

confirm the crystal structure. Functional groups 

present in the sample were analyzed using FT-IR 

spectrum. The UV- Visible spectrum of LVP was 

recorded in the wavelength region from 200 nm to 

1100 nm and the evaluated band gap is 2.33 eV. The 

mechanical properties of the grown crystals have 

been studied using Vickers micro hardness tester. 

This crystal can be a suitable material for the 

optoelectronic devices like LED and Laser diodes. 

Keywords:  LVP, monoclinic, space group P21,              

UV-Visible spectrum, Band gap 

 

1. Introduction 

Nowadays NLO materials are having potential 

applications in the area of telecommunication and 

optical storage devices [1].Amino acid crystals are 

potential candidates for optical second harmonic 

generation because all amino acids except glycine 

contain chiral carbon atom and crystallize in non-

centrosymmetric space groups. The nonlinear 

susceptibility of an organic material would be larger 

when it has donor - acceptor conjugate or molecular 

system. Organic π-conjugated systems are interesting 

because they exhibit large molecular quadratic 

hyperpolarizabilities, scope for altering the properties 

by changing electron donor and electron acceptor 

moieties at their two ends [2]. Picric acid, as an 

electron acceptor, forms charge transfer molecular 

complexes with number of electron donor compounds 

through electrostatic or hydrogen bonding interactions. 

There are numerous studies which analyze the 

formation of picric compounds with amino acids like 

L-valine,            L-glycine, L-asparagine and L-proline 

[3-5]. The aim of the present communication is to 

study the growth, physical and chemical properties 

of              L-Valine Picrate crystals that may find 

wide applications inoptoelectronic devices. 

 

2. Growth of L-valine picrate (LVP) crystals 

LVP was synthesized by the reaction between the 

equimolar picric acid and the aminoacid,          L-

valine. The reactants were thoroughly dissolved in 

double distilled water and stirred well using a 

temperature controlled magnetic stirrer at 45°C to 

yield a homogeneous mixture of solution. Then the 

solution was allowed to evaporate at room 

temperature, which yielded yellow crystalline salt of 

LVP after 20 days. The process of recrystallization 

was carried out to purify the synthesized salt. The 

photograph of the harvested crystals are shown in 

figure 1. 

 

Figure 1. Photograph of LVP single crystal 

mailto:christy18_sjc@yahoo.co.in.com
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3. Single Crystal XRD Analysis  

The grown crystals were subjected to single crystal 

X-ray diffraction studies using an ENRAF NONIUS 

CAD4 automatic X-ray diffractometer with MoKα 

(λ=0.7170 Å) to determine the cell parameters. The 

crystal exhibits a monoclinic system with space 

group P21 with cell parameters 

 a= 9.974 Å 

 b=6.263 Å 

 c=12.635 Å   

 β=110.37 Å  

Calculated volume of the unit cell =789.272 Å3.  

 

4. FT-IR analysis of LVP  

Functional groups present in the sample were 

analyzed using FT-IR spectrum. The Fourier 

transform infrared spectral analysis of LVP was 

carried out between 400cm-1 and 4000 cm-1 by 

recording the FT-IR spectrum using Perkin Elmer 

spectrophotometer by KBr pellet technique and is 

shown in Figure  2. From Table 1, assignments, the 

formation of all the functional groups could be 

confirmed. 

1630 NH3+  asymmetric 

deformation 

1536 NH3+ symmetric deformation 

1338 (NO2) symmetric stretching 

1285 phenolic C–O stretching 

1059 C–C stretching 

900 [NH3]+ rocking; C–C 

stretching 

701 CH3 rocking 

541 NO2 rocking 

 

5. UV-Visible Spectral Analysis of LVP  

The UV-Visible spectrum for LVP was recorded in 

the wavelength region from 200 nm to 1100 nm with 

the resolution of 1nm using Perkin Elmer Lambda 35 

spectrophotometer and is shown in Figure 3. The 

material is found to be transparent to all radiations in 

the wavelength range 200–1100 nm.   
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Figure 2. FTIR spectra of LVP single crystal 

The absence of absorption in the visible region 

clearly indicates that LVP crystals can be used as 

window material in optical instruments. The higher 

percentage of transmission in the visible region 

clearly depicts the intrinsic property of the 

compound and the crystal is free from any defects. 

The lower cut off wavelength is 512 nm. Excellent 

optical transmittance with the lower cut-off 

wavelength at 512 nm makes it as a potential material 

for device fabrication. 

 

6. Optical Band Gap of LVP  

Optical materials are becoming increasingly 

important in communications where an entire 

network of optical fibers, LEDs, laser and detectors 

has already been installed for transmission of voice 

and data. Optical disk recordings with semiconductor 

laser playback are replacing the conventional 

piezoelectric pickups. Solar cells are now common 

components in toys, calculators and other consumer 

electronics. The dependence of optical absorption 

coefficient with the photon energy helps to study the 

band structure and the type of transition of electrons. 
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The absorption coefficient (α) were determined using 

Beer’s law 

α = 

1
2.3036 log

T

d

 
 
 

 
where, t-thickness of the sample cell, T-transmittance.  

A graph is plotted between the Photon energy (E) 

in eV and (αhν)1/2 and the linear region of the curve 

were extrapolated to find the x-intercept which gives 

the Band gap of the compound.  From the band gap 

value, the optical property of the crystal can be 

justified. The band gap curve is shown in Figure  4 and 

the band gap evaluated is 2.33 eV. As a consequence of 

wide band gap, this crystal can be a suitable material 

for the optoelectronic devices like LED and Laser 

diodes.   
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Figure 3. UV spectra of LVP crystals 
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Figure 4. Bandgap curve for LVP crystals 

 

7. Vicker’s Micro Hardness Analysis of LVP  

Micro hardness is primarily used to study the 

mechanical strength of a material. Selected smooth 

surfaces of the LVP crystals were subjected to static 

indentation test at room temperature with a constant 

indentation time of 15 s. 

Indentations were made with a Leitz 

microhardness tester on the surfaces by varying the 

load from 25 g to 100 g. Vicker's micro hardness 

number have been calculated using  

Hv =1.8544 P/d2 kg/mm2 

where P is the applied load and d is the mean 

diagonal length of the indenter impression. Vickers 

micro hardness plot as a function of the applied load 

is shown in Figure 5.  

It is evident from the plot that the micro hardness 

value of LVP increases with increasing load, which 

confirms the high mechanical strength of the crystal. 

The value of the work hardening coefficient n was 

estimated from the plot of log P versus log d (Figure 

6). A linear graph was observed with the slope of 4.09 

which also confirms the mechanical strength of the 

crystal. According to Onitsch and Hanneman ‘n’ 

should be between 1 and 1.6 for hard materials and 

above 1.6 for softer ones. Hence LVP belongs to soft 

category. 
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Figure 5. Hardness curve for LVP crystal 
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Figure 6. Work hardening Coefficient curve for 

LVP crystal 

8. Conclusion 

L-Valine Picrate (LVP) single crystal was grown 

for the aqueous solution. The grown crystal was 

characterized by single crystal XRD studies to 

confirm the crystal structure. The crystal exhibits a 

monoclinic system with space group P21. Functional 

groups present in the sample were analyzed using 

FT-IR spectrum. The UV- Visible spectrum of LVP 

was recorded in the wavelength region from 200 nm 

to 1100 nm and the evaluated band gap is 2.33 eV. 

The mechanical properties of the grown crystals have 

been studied using Vickers micro hardness tester. 

According to Onitsch and Hanneman ‘n’ should be 

between 1 and 1.6 for hard materials and above 1.6 

for softer ones. Hence LVP belongs to soft category. 

This crystal can be a suitable material for the 

optoelectronic devices like LED and Laser diodes. 
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Abstract: Trifluoroacetyl Glycine (TFAG) Single 

crystal have been grown by slow evaporation 

solution growth technique. The presence of 

functional groups is identified by Fourier transform 

infrared (FTIR) analyses. UV–vis-NIR spectroscopy 

shows that minimum absorption in the entire visible 

region. The optical band gap (Eg) value of the grown 

crystal is obtained from the Tauc’s plot also 

transparency, band gap, extinction coefficient and 

the refractive index were calculated. The 

mechanical properties have been studied by vicker’s 

microhardness test.  

Keywords: TFAG, FTIR, UV–vis-NIR, Band gap (Eg), 

Tauc’s plot 

 

1. Introduction 

Glycine is a sweet tasting, non-essential amino 

acid that was first isolated in 1820 from gelatin and 

is also found in good quantity in silk fibroin. Also 

glycine is ‘crystal friendly’ since it easily crystallizes 

along with the added inorganic constituents like 

acids or salts [1–6]. Glycine is the simplest amino 

acid. Unlike other amino acids, it has no asymmetric 

carbon atom and is optically inactive. It has three 

polymeric crystalline forms α, β and γ. Glycine and 

its methylated analogues form complexes with 

mineral acids exhibiting interesting physical properties 

like ferroelastic, ferroelectric or antiferroelectric 

behaviour often associated with transitions to 

commensurate or incommensurate phases. 

According to the structural analysis of ferroelectric 

triglycine sulphate [7] there are two kinds of glycine 

groups, glycinium ions and zwitter ions. Such 

configurations of glycine ions interconnected by 

short O–H…O hydrogen bonds are regarded as 

particularly important for the ferroelectric 

behaviour of this crystal. In the ferroelectric and 

paraelectric structure of (glycine) 2HNO3, one of the 

glycine molecules has the zwitterionic configuration 

and the other is monoprotonated [8,9]. In the 

present study, we have grown single crystals of 

Trifluoroacetyl Glycine (TFAG) Single crystal and 

characterized by carrying out X-ray diffraction 

(XRD), FTIR, UV–Vis-NIR spectroscopic and 

microhardness measurements.  

 

2. Synthesis of TFAG crystals  

For preparing the title compound of Trifluoro 

acetic acid (CF3COOH) and Glycine (NH2CH2COOH), 

water is taken as a solvent. Trifluoro acetic acid and 

Glycine were mixed 1:1 ratio in 50 ml doubly 

distilled water and stirred well to form 

homogeneous solution. The solution was maintained 

at constant temperature of 333K over a period of 30 

hours till the solvent get evaporated and a white 

coloured salt was extracted. The purity of the 

synthesized yield was increased by successive 

recrystallization process. The saturated solution of 

the synthesized salt was prepared by dissolving it in 

20 ml of doubly distilled water and stirred well for 

about 6 hours with a temperature controlled 

magnetic stirrer to give a homogeneous mixture of 

solution. The solution was filtered with high quality 
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filter paper and kept undisturbed. Colorless   crystals 

of dimensions 40 x11 x 8 mm3 were harvested after 

25 days and shown in Fig.1. The good quality 

crystals were selected for further studies. 

 
Figure 1. Photograph of TFAG crystal 

 

3. X-Ray Analysis  

The grown crystals have been subjected to single 

crystal X-ray diffraction studies using an ENRAF 

NONIUS CAD4 automatic X-ray Diffractometer.  

The crystallographic details are given in Table.1. 

Molecular 

Formula 
C4H4F3NO3 

Crystal system 

a (Ao) 

b (Ao) 

c (Ao) 

α (o) 

β (o) 

γ (o) 

V(Ao3) 

Orthorhombic 

10.651 

8.891 

21.452 

90 

90 

90 

2031.462 

4. FT-IR Analysis of TFAC  

The FTIR spectrum of grown crystal was revealed 

at room temperature in the range of 400–4000 cm−1 

and shown in Fig 2. Grown crystals were crushed 

and few mg of the powder was used for making 

pellets with KBr.  The pellets were then exposed to 

IR radiation. The FTIR spectrum was taken using 

Perkin Elmer FTIR spectrometer. The tentative 

frequency assignments were made by comparing it 

with standard values of frequency. The following 

table reveals the absorption peaks corresponds to 

TFAG crystal. 

The asymmetric stretching mode of NH3+ present 

at 3091 cm-1. The C=O stretch of carbonyl groups 

displays its characteristic peak at 1758 cm-1.  The 

CH2 bending mode of glycine is located at 1447 cm-1. 

The NH3+ displays its characteristic bending modes 

at 1534 and 1659 cm-1. The intense sharp peaks 

position between 1000 and 1200 cm-1 are assigned to 

stretching modes of carboxyl group. The peaks due 

do NH3+ oscillation are seen at 601 and 513 cm-1. The 

peaks at 2655, 1173 and 1123 cm-1   and the medium 

are assigned to F-C stretching vibrations. 
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Figure 2. FTIR spectra of TFAG single crystal 
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5. UV-Visible Spectral Analysis of TFAG  

In a crystalline material, the region of transparency 

to electromagnetic radiation defines the intrinsic 

loss mechanism and also theoretical transmittance 

achievable within the region. The transmission range 

of Trifluoroacetyl Glycine crystal was determined 

by recording an optical transmission spectra in the 

wavelength region 200 – 1200 nm. A graph of 

transmission Vs wavelength ignoring the loss due to 

absorption is shown in Fig.3. For TFAG the lower 

cutoff is at 273nm and it has the large transmission 

in the entire visible region. Hence it may be a 

suitable material for up to electronic applications. 
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Figure 3. UV-Visible spectra of TFAG crystal 

 

6. Optical Band Gap 

The dependence of optical absorption coefficient 

with the photon energy helps to study the band 

structure and the type of transition of electrons. The 

absorption coefficient (α) were determined using 

Beer’s law 

)
1

log(
1

Td
  

where T is the transmittance and d is the thickness 

of the cell. As the indirect band gap, the crystal 

under study has an absorption coefficient (α) obeying 

the following relation for high photon energies,        






h

EhA g

2)( 
  

where Eg is optical bandgap of the crystal and A is a 

constant. The plot of variation of Photon energy (E) 

in eV and (αhν)1/2 is shown in Fig.4. The linear region 

of the curve was extrapolated to find the x-intercept 

which gives the Band gap of the compound. 

The band gap is found to be 4.77eV. As a 

consequence of wide band gap, this crystal can be a 

suitable material for the optoelectronic devices like 

LED and Laser diodes. 
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Figure 4. Bandgap curve of TFAG crystal 

 

7.  Optical Constants 

The optical properties of a crystal can be evolved 

mainly from its optical transparency, band gap, 

extinction coefficient and the refractive index. The 

optical properties of the crystals are governed by the 

interaction between the crystal and the electric and 

magnetic fields of the electromagnetic wave. 

Extinction coefficient is the fraction of light lost due 

to scattering and absorption per unit distance in a 

participating medium. In electromagnetic terms, the 

extinction coefficient can be explained as the decay 

or damping of the amplitude of the incident electric 

and magnetic fields. The extinction coefficient can be 

calculated from the following relation, 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 
www.ijsrst.com- Volume 3, Issue 11, November-December-2017           Page | 56  
 

4
K




  

The reflectance gives the ratio of the energy of 

reflected to incident light from a crystal. The 

reflectance in terms of the absorption coefficient can 

be calculated using  

)exp(1

)exp()exp(1(1

t

tt
R








  

The refractive index can be determined from the 

reflectance (R) data using the relation 

)1(2

3103)1( 2






R

RRR
n  

A profile on the above calculated optical 

constants as a function of wavelength is graphically 

illustrated in fig.5. From the graph it is clear that the 

extinction coefficient (k), reflectance(R) and 

refractive index (n) vary with wavelength and 

hence depend on the photon energy. The internal 

efficiency also depends on the photon energy. Hence 

by tailoring the photon energy, one can achieve the 

desired material for the device fabrication. 
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Figure 5. Profile of the variation of optical Constants 

of TFAG crystal 

 

8. Mechanical Analysis of TFAG  

The mechanical strength of a material is 

primarily studied from its micro hardness. The 

micro hardness studied have been carried out on the 

grown crystals using Leitz Weitzler tester fitted 

with Vickers diamond pyramidal indenter. Vickers 

micro hardness as a function of the applied load is 

shown in Fig. 6. From the graph it is observed that 

the hardness number increases with increase of 

load. The value of the work hardening coefficient n 

(Fig. 7) is found to be 3.996. According to Onitsch 

and Hanneman, ‘n’ should be between 1 and 1.6 for 
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hard materials and above 1.6 for softer ones. Hence 

TFAG single crystal belongs to soft material category. 
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Figure 6. Hardness variation of TFAG crystal 

The toughness of the material is the resistance to 

fracture. The fracture toughness Kc of the material is 

dependent on the micro structural features and is 

generally insensitive to the chemical species in the 

surrounding environment. 
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Figure 7. Work hardening coefficient curve of 

TFAG crystal 

 

9. Conclusion 

Trifluoroacetyl Glycine (TFAG) Single crystal 

have been grown by slow evaporation solution 

growth technique. The presence of functional 

groups is identified by Fourier transform infrared 

(FTIR) analyses. UV–vis-NIR spectroscopy shows 

that minimum absorption in the entire visible 

region. The optical band gap (Eg) value of the grown 

crystal is obtained from the Tauc’s plot also 

transparency, band gap, extinction coefficient and 

the refractive index were calculated. The mechanical 

properties have been studied by vicker’s microhardness 

test. 
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Abstract 

The Dy3+ ions doped fluoroborate glasses with 

composition 39B2O3 + 20ZnO + 20NaF + 20XCO3 + 

1Dy2O3 in mol% (where X = Li2, Mg) have been 

prepared by melt quenching technique and 

characterized through XRD, FTIR, absorption and 

luminescence spectral analysis. The XRD 

measurement was made to examine the amorphous 

nature of the prepared glasses. The stretching and 

bending vibrations of various functional groups have 

been investigated through FTIR spectra. The 

bonding parameters (β and δ) were calculated from 

the absorption spectra to understand the nature of 

bonding of chemical environment in the prepared 

glasses. The Judd-Oflet (JO) intensity parameters (Ωλ 

(λ=2,4,6)) were determined from the measured 

oscillator strength of various absorption bands in 

order to study the symmetry around the RE ion site 

and used to compute the radiative properties such as 

emission band position(λP) effective bandwidth 

(Δλeff), transition probability (A), stimulated emission 

cross-section (σEP) and branching ratios (βR). The 

emission spectra exhibit two emission bands 
4F9/2→6H15/2 and 6H13/2 corresponding to nblue and 

yellow emission under 374 nm excitation. The 

emission intensities were calculated and compared 

with the reported literature. 

Keywords: Bonding parameters, Ligand field effect, 

Judd-Oflet parameter, Emission, Radiative properties. 

 

 

1. Introduction 

 

The development of the new luminescent materials 

with appropriate composition doped with RE3+ ions 

is of interest for understanding the electronic 

excitation and relaxation phenomena RE ions in the 

chosen glass matrices [1-5]. The choice of choosing 

host matrix is an important key to improve the 

spectroscopic behavior of RE ions for various 

applications such as optical storage solid state 

lighting, updown conversion display devices etc., [6-

8]. Among various glass host matrices borate based 

glasses are widely preferred due to its high 

transparency, low melting point, high rare earth ion 

solubility and good infrared transmission [9,10]. 

Fluroborate glasses are highly preferred because of 

its high ionic conductivity, short-range order around 

network forming boron, high chemical durability 

and lower phonon energy (≤600cm-1) which reduces 

the non-radiative rates thus increasing the 

luminescence quantum efficiency [11]. Moreover 

these fluroborate glasses are favorable hosts to energy 

transfer and excited state absorption processes, 

which give rise to frequency up/down conversion 

mechanisms [12-15]. Among the RE ions, Dy3+ ion 

plays a major role in the production of white light 

emitting luminescent materials because it can be 

easily excited by the commercially available UV or 

blue LEDs due to its several excitation bands in the 
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range 320–480 nm [5]. Arul Rayappan et al [6] 

studied Dy3+ concentration effect on structural, 

thermal and optical behavior of B2O3–PbO–PbF2 

glasses and reported the occurrence of luminescence 

quenching caused by the energy transfer among the 

Dy3+ ions through various cross-relaxation channels. 

The present work reports the structural and optical 

behavior of Dy3+doped fluroborate glasses for 

photonic applications and compared with reported 

Dy3+ doped glasses. 

 

2. Experimental procedure 

 

Dy3+ doped BZXD glasses were prepared by 

conventional melt quenching technique by [5,6]. 

H3BO3, ZnO, NaF, Li2CO3, MgCO3, Dy2O3 were taken 

as precursors. About 8g batch of relevant 

compositions were mixed and grinded in an agate 

mortar then it’s heated up to 950 °C for 45mins with 

periodic stirring. The melt was allowed to sudden 

quenching onto a preheated brass plate and then 

annealed at 350 C for 7 hrs to remove the thermal 

strains. X-Ray Diffraction pattern was recorded 

using JEOL 8030 X-ray diffractometer. FTIR spectra 

have been recorded using Perkin –Elmer paragon 500 

FTIR spectrometer. The absorption spectra were 

recorded using CARY 500 spectrophotometer. 

Luminescence spectra of the prepared glass samples 

were measured using LS45 Spectrophotometer.  The 

other physical properties of the Dy3+: BZXD glasses 

were calculated using the expression given in the 

literature and are given in table 1. 

 

 

 

 

 

 

Table 1. Physical properties of Dy3+:BZLD  glasses 

 

Physical Properties   BZLD BZMD 

Density ρ (g/cm3) 3.3246 3.6076 

Refractive index nd ( nm) 1.589 1.602 

REconcentration N (1020 

ions/cm3) 

5.9501 6.2620 

Polaron radius rp(A˚) 479.05 4.7096 

Inter ionic distance ri(A˚) 118.89 11.688 

Field strength F (1014 cm-2) 2.1222 2.1958 

Polarizability e)10-22 cm3 1.3528 1.3084 

Molar refractivity Rm (cm3) 8.1853 7.9166 

Dielectric constant () 2.5249 2.5664 

Reflection losses R (%) 5.1756 5.3527 

 

3. Result and discussion 

3.1. XRD and FTIR spectra 

 

Figure 1. XRD pattern of Dy3+:BZMD glass 

Fig. 1 shows the x-Ray diffraction pattern of 

BZMD glass and it exhibit a broad diffuse scattering 

at lower angles, suggesting structural disorder which 

confirms the amorphous nature of the prepared 

glass. Fig. 2 shows the FTIR spectra of the glasses and 

their corresponding band position along with the 

assignment are presented in table 2. The peaks 

observed around 2800 and               2900 cm-1 are 

characteristic of hydrogen bonds in the glass 

systems. The peaks around 1409cm-1 are assigned to 
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B-O vibrations and the bands around this value for 

the different glass systems are found to be broader 

[7]. The broad peak around 1023 cm-1 is due to B-O 

vibrations associated with BO4 units and B-O-B 

linkages exhibit a band around 721 cm-1 [8].  

 

500 1000 1500 2000 2500 3000 3500 4000

0

20

40

60

80

100

120

140

160

 

 

%
 T

ra
ns

m
itt

an
ce

Wavenumber (cm
-1

)

 BZLD

 BZMD

 

Figure 2. FTIR spectra of Dy3:BZxD glasses 

 

Table 2: Band assignments (cm-1) of Dy3:BZxD glasses 

 

BZLD BZMD [7] [8] Assignments 

3445 3447 3430 3449 O-H stretching 

2920 2907 2924 2922 
Hydrogen 

bonding 

2848 2353 1630 2845 
Hydrogen 

bonding 

1409 1414 1421 1348 B-O- vibrations 

1023 1022 1084 1011 B-O vibrations 

721 790 710 695 
Pyroborate 

Group 

 

 

 

 

 

 

 

 

 

 

3.2. Absorption spectra 
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Figure 3. Absorption spectra of Dy3+: BZXD glasses 

 

Figure 3 shows the UV-Vis-NIR absorption 

spectra of Dy3+ doped BZXD glasses and the observed 

band positions are presented in Table 3. The 

absorption spectra exhibit 9 absorption bands which 

originates from 6H15/2 ground state to various excited 
6H11/2, 6F9/2, 6F7/2, 6F5/2, 6F3/2, 4F9/2, 4I15/2, 4G11/2, 6P5/2 states of 

the Dy3+ ions. The intensity of the 6H11/2 absorption 

transitions is higher than other transition due to its 

hypersensitive nature. It is observed from the figure 

3 that, the band position and intensities of the 

absorption transitions undergoes small variation due 

to the Nephlauxetic effect. Thus influence of  ligand 

environment on the RE energy levels can be 

measured by Nephelauxetic intensity ratio and 

bonding parameter of the prepared samples using the 

expression given on the literature [5,7,8] The 

bonding will be covalent or ionic depending upon 

the positive and negative sign of δ and the measured 

β and δ values are presented in table 3. The negative 

values of δ values indicates the ionic nature of the 

prepared glasses. 
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Table 3. Observed band positions (cm-1), β and δ of 

Dy3+ doped fluoroborate glasses 

Transition 

6H15/2→ 

Energy Reported 

values [7,9] 

Aqua 

[8] BZLD BZMD 
6H11/2 5977 5949 5968 5974 5850 

6F11/2 7874 7874 7867 7794 7700 
6F9/2 9174 9158 9187 9166 9100 

6F7/2 11148 11099 11102 11161 
1100

0 

6F5/2 12516 12484 12498 12531 
1240

0 

6F3/2 14440 13333 13337 13332 
1325

0 

4F9/2 21231 21231 21070 21132 
2110

0 

4I15/2 22075 22075 22051 22075 
2210

0 

4G11/2 23585 23529 ------ 23830 
2340

0 

 1.010 1.007 - - - 

 -1.040 -0.793 - - - 

 

3.3. Oscillator strength and Judd-Oflet analysis 

The spectral intensity of the absorption bands of 

RE ions are analysed based on the calculated and 

experimental oscillator strength (fexp) values and are 

measured using the expressions reported in literature 

[13] and are presented in table 4. The observed 

experimental oscillator strength are found to be 

similar with the fexp of other reported papers [10], [7] 

and [8]. Generally, JO parameters provide 

information about the nature of the bond between 

RE ions and surrounding ligand as well as the 

symmetry of the environment around the RE ions. 

The spectral intensity of 6F11/2 hypersensitive 

transition is found to be more than other transitions. 

 

 

 

Table 4. Experimental and calculated oscillator 

strength (×10-6) of Dy3+ doped BZLD and BZMD glass 

 

6H15/2 

→ 

BZLD BZMD 
1.0LBTPD 

[7] 

Dy:LiLTB 

[11] 

fexp fcal fexp fcal fexp fcal fexp fcal 

6H11/2 0.95 0.79 1.52 1.58 1.64 1.93 0.90 1.26 

6F11/2 5.11 5.13 6.86 6.85 11.7 11.6 7.93 7.88 

6F9/2 1.89 1.83 2.61 2.61 4.05 4.19 2.43 2.55 

6F7/2 1.80 1.27 2.50 2.56 3.64 3.11 2.26 1.90 

6F5/2 1.07 0.53 1.67 1.29 1.56 1.36 1.67 0.83 

6F3/2 0.20 0.10 0.21 0.24 0.35 0.25 0.23 0.16 

4F9/2 0.25 0.10 0.30 0.20 0.25 0.23 - - 

4I15/2 0.15 0.27 0.63 0.55 0.78 0.64 - - 

4G11/2 0.23 0.07 0.27 0.04 - - - - 

N 9 9 8 6 

 ±0.21 ±0.15 ±0.24 ±0.41 

The JO intensity parameters of the present Dy3+ 

doped glasses were calculated using leat square 

fitting method followed by the literature [12,15] and 

are presented in table 5 along with the reported Dy3+ 

doped glasses. The values of Ω2 is very sensitive to 

the local environment of the RE ions and often gives 

information about the symmetry of the coordination 

structure, polarizability of ligands and the nature of 

the REO bonding in the ligand field [31]. The Ω4 

parameters is related to the bulk properties and Ω6  is 

inversely related to the rigidity of the medium and 

also affected by the vibronic transitions of the RE 

ions. It is observed from table 5 that, the JO 

parameters follow the trend as Ω2>Ω4> Ω6 for BZLD 

and Ω2>Ω6>Ω4 for BZMD glasses. The JO intensity 

parameters of the title glasses are found to be similar 

and comparable to the reported literature [6,8,11,14]. 
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Table 5. JO intensity parameters of Dy3+:BZXD  

glasses 

Glass 

code 

JO Parameters Ωλ (×10–20cm2) 
Ref 

Ω2 Ω4 Ω6 Trends 

BZLD 5.12 1.98 1.27 Ω2>Ω4>Ω6 Present 

BZMD 7.71 1.21 3.06 Ω2>Ω6>Ω4 Present 

L6BD 12.8 3.47 3.43 Ω2>Ω4>Ω6 [8] 

1DPTFB 7.38 1.65 2.30 Ω2>Ω6>Ω4 [11] 

LBZLB 14.4 5.23 5.71 Ω2>Ω6>Ω4 [14] 

 

3.4. Luminescence Spectra: Radiative properties 
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Figure 4. Emission spectra of Dy3+:BZLD &BZMD 

glasses 

The luminescence spectra of the Dy3+: BZXD 

glasses were recorded at 374 nm excitation and the 

same is presented in Fig. 4. The luminescence spectra 

exhibit two emission peaks at 474 and 575nm 

corresponding to 4F9/2→6H15/2 (blue) and 6H13/2 

(yellow), transitions respectively. The 4F9/2→6H13/2 

transition is hypersensitive electric dipole transition 

(ΔJ=±2) which has been strongly influenced by the 

coordination environment. The 4F9/2→6H15/2 

transition is a magnetic dipole transition (ΔJ=0, ±1 

but 0↔0 forbidden) and less sensitive to the 

coordination environment. In Appropriate 

combination of the dominant emission transitions 

corresponding to the blue (4F9/2→6H15/2) and yellow 

(4F9/2→6H13/2) bands exhibit white light emission [36]. 

The 4F9/2→6H13/2 emission transition possess higher 

intensity compared to the other transitions thus 

indicates the higher asymmetry possessed by the 

Dy3+ ions with its surrounding ligands. 

 

The JO intensity parameters (Ω2 ,Ω4 ,Ω6) and 

refractive index were used to obtain the radiative 

parameters like effective bandwidth (Δλeff, nm), 

transition probability (A s-1), calculated and 

experimental branching ratios (βR) and stimulated 

emission cross-section ( ×10−22 cm2) for the 

emission transitions 4F9/2→6H15/2 and 4F9/2→6H13/2 of 

Dy3+doped fluoroborate glasses. The radiative 

properties of Dy3+:BZXD glasses along with the 

reported literatures are presented in table 6. The 

branching ratio (βR) is a significant parameter for the 

fabrication of laser devices, because it characterizes 

the possibility of attaining stimulated emission from 

any particular transition of the studied glasses.  The 

experimental branching ratio values (βexp) are 

calculated using the relative intensities of the 

individual peaks to that of the total intensity of the 

emission peaks and are found to be comparable to 

the calculated (βcal) values obtained within the frame 

work of JO theory. It is observed from table 6 that, 

the branching ratio of the 4F9/2→6H13/2 emission 

transition is found to be higher than the other 

emission transitions. The stimulated emission cross-

section is an important parameter for the design of 

low threshold and high gain lasers. The effective line 

width (Δλeff) of the 4F9/2→6H13/2 emission transition 

indicates the sharpness of the transition compared to 

other transitions and is found to be very low 

compared to the reported Dy3+ doped glasses [16]. 

Thus the higher  and small Δλeff values suggest that 

the 4F9/2→6H13/2 transition is most potential for laser 
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action.  Among the observed transitions, the  value 

is found to be higher for the 4F9/2→6H13/2 transition. 

The higher  cross-section of BZMD glass is 

suggested for low-threshold, high gain applications 

and are utilized to obtain continuous wave laser 

action [17]. 

 

Table 6. The values of λP(nm), Δλeff (nm), A (s-1), βR 

and (×10−22 cm2) of Dy3+doped BZXD glasses 

 

Parameters BZLD BZMD [8] [13] 

4 F
9/

2→
6 H

15
/2
 

λP 474 478.5 479 472 

Δλeff 8.7473 0.5618 7 9.7506 

A 119.83 250.97 267.47 75.11 

βR(cal) 0.1436 0.1857 0.201 0.0911 

βR(exp) 0.3916 0.5618 0.306 0.2805 

 3.6340 6.5930 13.107 2.44 

4 F
9/

2→
6 H

13
/2
 

λP 575 572.5 574 571 

Δλeff 6.2598 0.4382 15 6.65 

A 516.20 848.03 917.29 726.19 

βR(cal) 0.6184 0.6275 0.688 0.6685 

βR(exp) 0.6083 0.4381 0.656 0.6616 

 47.373 81.786 37.076 69.5 

 

4. Conclusion 

The Dy3+: BZXD(X= Li2, Mg) fluroborate glasses 

have been synthesized and their structural and 

optical behavior were studied. The amorphous 

nature of glasses were confirmed through XRD. The 

FTIR spectra of both BZLD and BZMD reveal the 

presence of various stretching units of borate 

networks along with the O-H stretching and 

bending vibrations. From the optical absorption 

spectra it is clear that Dy3+ions exhibit a strong ionic 

nature. The oscillator strength and JO intensity 

parameters (Ωλ, λ=2, 4,6) have been calculated and it 

follows the trend Ω2>Ω4>Ω6 for BZLD and 

Ω2>Ω6>Ω4 for BZMD glasses. The radiative 

properties such as effective bandwidth, transition 

probability, calculated and experimental branching 

ratios and stimulated emission cross-Section for 

various transitions of Dy3+ ions were calculated and 

compared with the literatures. The higher values of  

 and βR of the BZMD glass implies its suitability for 

the fabrication of highly monochromatic yellow 

laser applications [36]. 
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Abstract 

The spectroscopic properties of  Dy3+  ions doped 

fluoroborate glasses with the composition 39B2O3 + 

20ZnO + 20NaF + 20M2O + 1Dy2O3 (where M=Na, K 

and Ca) have been prepared by melt quenching 

technique and investigated through XRD,FTIR, 

absorption and luminescence. The x-Ray diffraction 

pattern reveals the amorphous nature of the 

prepared glasses.  FTIR results showed the presence 

of various stretching and bending vibrational modes 

of the functional groups. From the absorption 

spectra, the bonding nature of the Dy3+ ions with the 

ligand field environment is found to be ionic. The 

variation in hypersensitive transitions with the 

change in Na, K and Ca content have been studied 

and discussed. JO intensity parameter have been 

calculated from absorption spectral intensities and 

are used to calculate ratiative properties such as the 

effective bandwidth (Δλeff, nm), transition 

probability (A), calculated and experimental 

branching ratios (βR) and stimulated emission cross-

section ( E

P ) for the 4F9/2→6H15/2 and 4F9/2→6H13/2 

transitions of the Dy3+ ions in prepared fluoroborate 

glasses.   

Keywords: FTIR, Oscillator strength, JO parameters, 

Radiative properties, White light emission 

 

1. Introduction 

Recent years, the trivalent rare earth (RE) ions 

doped fluoroborate glasses have been received much 

attention in development of new optoelectronic 

devices due to their high ionic conductivity short 

range order around the boron network [1-3]. The 

borate based glasses provide interesting structural 

and optical properties. The borate glass structure is 

not a random distribution of BO3 triangles and BO4 

tetrahedrals, but all these units form a clear and 

stable borate groups like diborates, triborates and 

tetraborates that forms a three dimensional random 

glass network [4]. These structural changes usually 

occur due to the chosen chemical composition, 

involvement of various types of modifiers and 

conditions applied during glass preparation [5-7]. 

Generally fluoroborate glasses possess the advantages 

of both oxides and fluorides such as intermediate 

phonon energy with higher mechanical strength and 

chemical durability which helps to improve the 

luminescence intensity and quantum 

efficiency. Among the RE3+ ions, Dy3+ ions are 

promising for application in solid state visible lasers 

[8,9], up converters and optical amplifiers [9], 

commercial display devices [10]. Further the 

appropriate combination of yellow to blue emission 

of Dy3+ ion could generate white light emission [11]. 

Shanmugavelu and Kumar [12] investigated the 

luminescence behavior of Dy3+ ions in bismuth zinc 

borate glasses for white light generation and laser 

applications. Xiong et al. [13] explored the high-

efficiency fluorescence radiation of Dy3+ ions in 

alkaline earth borate glasses for laser application. the 

spectroscopic properties of Dy3+ ions in borate [14], 

oxyfluoride [15], fluorophosphate [16], zinc–lead–
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phosphate [17], Ge–Ga–As–S–CsBr [18], 

chalcohalides [19] and Li2O–LiF–B2O3–CdO [20]  

glasses have been investigated and the energy 

transfer between Dy3+–Dy3+ ions through various 

cross-relaxation were discussed. The present work 

reports the composition dependent spectroscopic 

investigations of Dy3+ ions doped fluoroborate glasses 

for white light emission. The aim of the present 

paper is to              (i) examine the structure of the 

prepared glass through XRD; (ii) identify the 

structural groups from FTIR; (iii) calculate the 

bonding parameter form absorption spectra ; (iv) 

find the oscillator strengths for each absorption 

transitions (v) evaluate and compare the JO 

parameters with the  other reported Dy3+ doped 

glasses, and (vi) derive the radiative properties and 

compare the results with reported literature. 

 

2. Experimental 

The appropriate amount of high quality analytical 

grate (99.9) chemicals such as B2O3, NaF, Na2Co3, 

K2Co3, Ca2Co3Zno and Dy2O3 from sigma Aldrich for 

the prepared Dy3+ doped fluoroborate glasses by melt 

quenching technique. The glass code and the 

composition are given below. 

BZKD1:39B2O3+20ZnO+20NaF+20K2O+1Dy2O3  

BZCD1:39B2O3+20ZnO+20NaF+20Ca2O+1Dy2O3  

BZND1:39B2O3+20ZnO+20NaF+20Na2O+1Dy2O3 

The relevant chemicals were mixed and grained in 

an agate mature as a 12 g batch. The batch in the 

crucible was melted in an electronic furnace at 

950°C. The melt was quenched by pouring in it on a 

preheated brass plate and then annealing at 350°C 

for removing the strains and improve the mechanical 

strength. The glasses were slowly cooled at room 

temperature and polished for the optical 

measurements. The optical absorption spectra were 

measured in the spectral region             200–2000 nm 

by JASCO V-670 UV–Vis–NIR spectrophotometer. 

The luminescence spectra were recorded in the LS 

45 Perkin-Elmer paragon spectrometer. The density 

of the glass samples were measured by Archimedes 

principle with xylene as an immersion liquid. The 

refractive indices of the prepared glasses were 

measured using Abbe refractometer at sodium 

wavelength using 1-bromonaphthaline as a contact 

liquid. The physical properties of the prepared 

glasses were calculated and presented in Table 1. 

Table 1: Physical properties  Density ρ (g/cm3),  

Refractive index nd (589.3 nm),  Rare earth ion 

concentration N(×1020 ions/cm3),  Polaron radius 

rp(A˚), Interionic distance ri (A˚),  Field strength F 

(1014 cm-2),  Electronic polarizability(αe) 10-22 cm3,  

Molar refractivity Rm (cm3), Dielectric constant () 

and Reflection losses R (%)of the prepared Dy3+: 

BZKD, BZND and BZCD1glasses 

Properties BZKD BZND BZCD 

ρ 2.9882 2.9896 3.1838 

nd 1.5 1.5 1.575 

N 0.7455 0.8111 0.8778 

rp 5.2519 5.1161 4.9829 

ri 1.3050 1.2697 1.2366 

F 1.7591 1.8608 1.9615 

αe 1.5645 1.4381 1.4928 

Rm 7.8900 7.2522 9.0345 

 2.25 2.25 2.4806 

R 4 4 4.9863 

3. Results and discussion 
3.1. XRD and FTIR spectra 

 

Figure 1. XRD pattern of the Dy3+: BZKD 1 glass. 
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Figure 1 shows the XRD spectrum of the BZKD 

glass and exhibits the broad scattering at lower 

angles the long range structural disorder. The 

absence of the sharp peaks in the XRD confirms the 

amorphous nature of the prepared glass. 

FTIR spectra have been recorded in the region 

400-4000 and is shown in figure 2. The band position 

and their assignments are presented in table 2. The 

band around 3437 cm–1 can be attributed to the 

fundamental stretching of hydroxyl groups. The 

band at 2926 cm–1 is assigned to the hydrogen bond [3]. 

The band around 1446 cm–1 is attributed to the 

asymmetric mode of B-O stretching vibrations in 

BO3 units in boroxol rings. The band at 1227 cm-1 is 

arises due to the B-O stretching vibration of BO3 

units in boroxol rings. The peaks around 1019 cm-1 is  

attributed to the stretching of BO4 group and the 

broad bands around 717 cm-1 are due to the bending 

of B-O-B linkages in the borate network. Zn–O 

stretching vibrations exhibit a band around 466 cm–1. 
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Figure 2. Infrared spectra of Dy3+: BZKD1, BZND1 

and BZCD1 glasses 

 

 

 

 

 

 

Table 2. Band positions (in cm-1) of FTIR spectra of 

the Dy3+doped Fluoroborate glasses 

BZKD1 BZND1 BZCD1 Assignments 

3439 3434 3437 stretching of OH groups 

2920 2923 2922 hydrogen bonding 

2836 2827 2831 hydrogen bonding 

1412 1455 1437 B-O vibrations 

1227 1226 1226 Tetrahedral BO4 units 

1019 1016 1017 stretching of BO4 units 

717 712 715 
bending of B-O-B 

linkages 

466 466 462 Zn-O stretching vibration 

 

3.2. Optical analysis  
3.2.1. Absorption and Bonding parameters 
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Figure  3. Absorption spectra of Dy3+: BZKD1, 

BZND1 and BZCD1 glasses 

The absorption spectra of the prepared glasses are 

shown in figure 3 and recorded in the wave length 

region 400-1800 nm. The absorption spectra exhibits 

nine absorption bands counterseal at around 1661, 

1265, 1089, 889, 796, 746, 471, 451, and 417 nm. 

Corresponding to that various excited state such as  
6H11/2, 6F11/2, 6F9/2, 6F7/2, 6F5/2, 6F3/2, 4F9/2, 4I15/2 and 4G11/2 

the absorption band position for the prepared 

glassesoccurs almost the wave length slight variation 

in the intensity peaks can be observed for the 

various compositions. The transition from the 

ground 6H15/2 state to 6H to 6F terms are spin allowed 
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(∆s=0). Moreover, the transition with in the 6H term 

are also allowed by the orbital angular momentum 

selection rule, ∆L=0 and hence, this transitions lying 

in the NR region are intense [3]. The position and 

spectral intensities of certain transitions of rare earth 

ions are found to be sensitive to the environment of 

the rare earth ion. They follow the selection rules 

∆J≤2, ∆L≤2 and ∆S=0 and such transitions are known 

as hypersensitive transitions. For Dy3+ ion the 

transition 6H15/2→6F11/2 is identified to be a 

hypersensitive transition and is found to be more 

intense than the other transitions. The bonding 

parameter (δ) is calculated by using nephelauxetic 

ratio and is written as δ =(1-β )/ (β )×100, where β  = 

Ʃnβ/N, β is the nephelauxetic ratio [4]. Depending upon 

the environmental field, δ may be positive or 

negative indicating the covalent or ionic nature [21]. 

The negative values of bonding parameters indicate 

ionic nature of the prepared glasses.  

Table 3. Absorption band positions (in cm-1), β and δ 

values of the Dy3+doped fluoro borate glasses 

Transition 
6H15/2→ 

BZKD1 BZND1 BZCD1 
Aquo ion 

[13] 
4G11/2 23981 23753 23585 23400 
4I15/2 22173 22173 22075 22100 
4F9/2 21231 21142 21231 21100 
6F3/2

 13405 13369 13333 13250 
6F5/2 12563 12547 12516 12400 
6F7/2 11249 11211 11148 11000 
6F9/2 9183 9200 9191 9100 
6F11/2 7905 7899 7899 7700 
6H11/2 6020 6006 5984 5850 

β̄ 1.01633 1.01377 1.01111  

δ -1.6070 -1.3590 -1.0989  
 

3.2.2. Oscillator Strength and J-O Intensity 

Parameter 

The intensities of an absorption bands are 

expressed in terms of their oscillator strengths using 

the expression as fexp= 4.318×10–9 ∫ε(v)dv.  The 

experimental oscillator strength (fexp) of the 

absorption bands is calculated from the relative areas 

under the absorption bands of the individual 

transition in the absorption spectra of the RE ions 

doped materials. The experimental and calculated 

oscillator strength (×10-6) of the Dy3+doped 

fluoroborate glasses are presented in table 4, with 

rms (ζ) deviation values. The JO analysis for the 

Dy3+ions is in good agreement with (fexp) and (fcal) for 

some of the energy levels and there is an amount of 

moderate deviation in case of weak transition. Judd–

Ofelt (J–O) model gives the theoretical estimation of 

the intensities of intra configurational f–f transitions 

of RE3+ ions as following the procedure in the 

liteture [3]. The J-O theory has been applied to 

evaluate the intensity parameters Ωλ(λ = 2, 4, 6) from 

the measured spectral intensities of absorption 

bands. 

 

Table 4. Experimental and Calculated oscillator 

strengths (×10-6) of the Dy3+doped fluoroborate glasses 
6H15/2

→ 

BZKD BZND BZCD 

ƒexp fcal ƒexp ƒcal fexp fcal 
4G11/2 0.058 0.022 0.054 0.032 0.026 0.013 
4I15/2 0.108 0.141 0.198 0.213 0.094 0.074 
4F9/2 0.024 0.465 0.023 0.078 0.040 0.027 
6F3/2

 0.092 0.053 0.105 0.092 0.041 0.031 
6F5/2 0.400 0.283 0.716 0.487 0.220 0.162 
6F7/2 0.644 0.611 0.973 1.026 0.350 0.348 
6F9/2 0.717 0.721 1.189 1.183 0.419 0.426 
6F11/2 2.582 2.576 2.999 2.995 1.187 1.185 
6H11/2 0.381 0.423 0.588 0.621 0.202 0.219 

N 9 9 9 

Rms 0.048 0.082 0.023 

The JO parameters play an important role in 

studying the coordination environment around the 

trivalent rare-earth ions and moreover on the 

covalency between the rare-earth and oxygen ions in 

any host glass. The intensity parameter Ω2 has been 

identified as associated with the asymmetry and the 

covalency of the lanthanide sites. Ω4 and Ω6 are 

related to the bulk property and rigidity of the 

samples respectively. However, the Ω2 values are 

found to be higher than the Ω4 and Ω6 intensity 
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parameter values in the prepared glasses. All the 

prepared glasses follow the trend as Ω2>Ω6>Ω4 

presented in table 5 and compared with the similar 

studies. The Ω2 (×10-20 cm2) values are found to be 

3.3138, 3.3375 and 1.276 for the prepared glasses 

BZKD1, BZND1 and BZCD1 respectively.  

Table 5. JO intensity parameters (Ωλ×10-20 cm2), 

spectroscopic quality factor (Ω4/Ω6) of the Dy3+doped 

fluoroborate glasses 

Glasses Ω2 Ω4 Ω6 Ref 

BZKD1 3.138 0.6008 0.7234 

Present BZND1 3.337 0.9129 1.2382 

BZCD1 1.276 0.3430 0.3892 

PSB glass d2 2.27 0.94 1.31 22 

Lead borate 4.90 0.94 2.07 23 

BZBDy05 4.72 0.58 1.99 12 

BZBDy2 4.29 1.05 1.72 12 

ZBLA(1) 3.22 1.35 2.38 24 

1DPTFB 7.381 1.654 2.306 25 

 

3.3. Luminescence studies and Radiative Properties 
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Figure  4. Emission spectra of Dy3+: BZKD1, BZND1 

and BZCD1 glasses 

The luminescence spectra of the Dy3+: 

fluoroborate glasses were recorded with 384 nm 

excitation and is shown in Figure 4. The 

luminescence spectra exhibit two emission band 

peaks at 476 nm and 571 nm corresponding to 
4F9/2→6H15/2 (blue) and 6H13/2 (yellow) transitions 

respectively as shown in Figure 4. Among the 

transitions, 4F9/2→6H13/2 electric dipole transition is 

found to have a higher intensity than the 4F9/2→6H15/2 

magnetic dipole transition. The luminescence 

intensity of the 4F9/2→6H13/2 transition is 

hypersensitive because it is more sensitive to the 

environment around the Dy3+ ion site when 

compared to the 4F9/2→6H15/2 transition. The radiative 

properties such as the transition probability (A), 

branching ratios (βR) and stimulated emission cross-

section ( E

P ×10−22 cm2) for the emission transition 

4F9/2→6H15/2 and 4F9/2→6H13/2 of the Dy3+ ions have 

been calculated using the expression given in the 

literature [1,13]. The calculated radiative properties 

of the prepared glasses are presented in table 6. The 

branching ratios (βR) and stimulated emission cross-

section ( E

P ×10−22 cm2) values are important 

parameters for the potential laser applications. The 

higher magnitude of the stimulated emission cross-

section (ζEP) is an indication for efficient laser 

emission. Among the prepared glasses, BZND1 glass 

possesses higher (ζEP) value (35.1475×10−22cm2) 

correspond to the 4F9/2→6H13/2 (electric dipole) 

emission transition and higher than the reported 

glasses such as M.V. Vijayakumar et al. [26] and CH. 

Basavapoornima et al. [27] respectively.  

The optical gain bandwidth and optical gain these 

are the important laser parameters for the 

development of new optical devices and the optical 

gain band width [ E

P ×Δλeff] and optical gain [ E

P ×ηR] 

values of the prepared glasses have been calculated 

and presented in table 6. It is observed from the 

tabulated results that among the prepared glasses, 

BZND glass is found to be more suitable for 

developing visible lasers and fiber optic amplifiers 

since it exhibit higher magnitude of A, βR, E

P  and 
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E

P ×Δλeff stimulated emission cross section and 

branching ratio values. 

Table 6. The effective bandwidth (Δλeff, nm), 

transition probability (A), calculated and 

experimental branching ratios (βR) and stimulated 

emission cross-section ( E

P
σ ×10−22 cm2) for the 

4F9/2→6H15/2 and 4F9/2→6H13/2 transitions of the 

Dy3+doped fluoroborate glasses 

Transition Parameters BZKD BZND BZCD 

4
F9/2→

6
H15/2 

λp 478 478 476 

Δλeff 4.6434 5.6981 4.4546 

A 51.23 86.53 32.37 
E

P  3.3968 4.6754 1.9955 

βR(cal) 0.2848 0.3227 0.4742 

βR(exp) 0.118 0.1671 0.1217 
E

P ×Δλeff 1.5772 2.6641 0.8893 

4
F9/2→

6
H13/2 

λp 577 576 572 

Δλeff 4.9550 5.5320 3.6886 

A 157.57 299.51 126.89 
E

P  33.977 35.147 19.699 

βR(cal) 0.7151 0.6772 0.5257 

βR(exp) 0.5968 0.5785 0.4770 
E

P ×Δλeff 16.836 19.443 7.2662 

 

4. Conclusion 

Composition dependent structural and optical 

properties of Dy3+ doped fluoroborate glasses have 

been studied for photonic applications.  Structural 

analysis has been carried out using XRD and FTIR 

specta. The ionic nature of the Dy3+ metal ligand 

bonding was explored from the absorption spectral 

measurement. The higher Ω2 values indicate the 

higher asymmetry around Dy3+ ion site. Two 

emission band peaks corresponding to 4F9/2→6H15/2 

and 6H13/2 transitions were observed from emission 

spectra. Among the prepared glasses, BZND1 glass 

possess higher (ζEP) value correspond to the 
4F9/2→6H13/2 (electric dipole) emission transition 

which is an indication for efficient laser emission. 
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Abstract 

Metals and alloys play a vital role in the storage of 

hydrogen and its isotopes. To store hydrogen is to 

store energy. The storage capacity of a metal/ alloy is 

determined mainly by the diffusion parameters 

namely the pre-exponential factor of diffusion 

constant and the activation energy. Not much work is 

done regarding diffusion parameters of hydrogen 

isotopes in Mg2Ni except the ab-initio calculation and 

green’s function approach. Hence in this theoretical 

investigation, the diffusion parameters of hydrogen 

isotopes in Mg2Ni are computed using a reaction 

coordinate approach incorporating a scattering matrix 

formalism and green function technique. Our results 

are compared with the existing theoretical results. 

Keywords: Mg2Ni, eigen values, eigen vectors, mean 

square displacement, diffusion parameters, hydrogen 

isotopes, green function techniques, scattering matrix 

formalism and reaction coordinates. 

 

1. Introduction 

Hydrogen energy is a kind of high efficient and 

clean secondary energy. Hydrogen storage plays a vital 

role in both hydrogen production and hydrogen 

applications. The important properties of the hydrogen 

storage materials in automotive applications are         

(i) light weight, (ii) cost and availability, (iii) high 

volumetric and gravimetric density of hydrogen, (iv) 

fast kinetics, (v) ease of activation, (vi) low 

temperature of dissociation or decomposition, (vii) 

appropriate thermodynamic properties, (viii) long-term 

cycling stability, and (ix) high degree of reversibility [1-3]. 

Recently, many researchers have focused their 

attention towards exploring Mg and Mg based alloys 

for hydrogen storage. The Mg-based metallic hydrides 

have low specific weight, low cost and high hydrogen 

capacity for e.g. 7.6 wt.% for MgH2, 3.6 wt.% for 

Mg2NiH4 [4].  In order to use metal hydrides as energy 

carriers in mobile vehicles, the total mass of the 

storage system needs to be reduced. The metallic Mg 

has hexagonal crystal structure. After absorption of 

hydrogen Mg2NiH4 has become cubic antiflurite structure 

[5]. By calculation, the bond length of Mg2NiH4 is dNi-H= 

1.548 Å while the experimental value is 1.55 Å [6]. 

The electronic bond structure of this compound with 

regular tetrahedral arrangement produces a 

semiconductor with an indirect gap of 1.17 eV. It is 

conformed that  hydrogen is covalently bonded with 

nickel forming a complex [NiH4]4- which in turn 

bonds ionically to the Mg2+ ions in Mg2NiH4  by the 

calculated charge distribution [7]. Not much work is 

done regarding diffusion parameters except the ab 

initio calculation and green’s function approach [2,5]. 

In this paper the estimated results of diffusion 

parameters of hydrogen isotopes 1H1, 1H2 and 1H3  in 

Mg2Ni  using  reaction coordinate incorporating 

https://www.intechopen.com/books/hydrogen-storage/the-preparation-and-hydrogen-storage-performances-of-nanocrystalline-and-amorphous-mg2ni-type-alloys#B4
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green’s function technique and scattering formalism 

are reported.  

 

2. Method of calculation 

In this lattice dynamical investigation, the first step 

is to compute the phonon frequencies and eigen 

vectors of the host material Mg2Ni. The phonon 

frequencies and eigen vectors of Mg2Ni are estimated 

using Born-von Karman formalism considering  

interactions up to three neighbors. 

The force constant values in the dynamical matrix 

are estimated using the Morse potential with 

parameters [8,9] and are listed in Table 1. 

The dynamical matrix thus obtained is a (9  9) 

Hermitian matrix. It has been converted into a real 

symmetric matrix of the order (18  18). 

Diagonalization of this matrix yields the phonon 

frequencies and polarization vectors. 

Table 1. Force constant values in 104 dynes/cm 

Parameter A11 B11 A12 B12 C12 A13 

Value 
0.912

3 
0.022 

-

0.0291 

-

0.0291 
0.0654 -0.0667 

Parameter B13 A21 B21 A22 B22 C22 

Value 0.014 0.5682 0.5682 
-

0.0619 
-0.0249 0.0044 

Parameter D22 A23 B23 C23 D23 A31 

value 
0.004

4 
-0.0045 

-

0.0045 

-

0.0019 
0.00065 0.9123 

Parameter B31 A32 B32 C32 A33 B33 

value 0.022 -0.291 0.0291 0.0654 -0.0171 -0.0171 

Parameter A51 B51 C51 A52 B52 A53 

value 
0.882

7 
0.8827 0.0485 

-

0.1388 
0.016 -0.0016 

Parameter B53 C53 A61 B61 A62 B62 

value 

-

0.001

6 

0.00026 0.5682 0.5682 -0.0619 -0.0249 

Parameter C62 D62 A63 B63 C63 D63 

value 
0.004

4 
0.0044 

-

0.0045 

-

0.0045 
-0.0019 0.00065 

Using the phonon frequencies and eigen vectors, the 

Green’s function values are calculated by using the 

equation [10], 

   
 2

2

max'

| ' |' 1
; exp . ( ) ( ')
' qjk k

e k qj e k qjl l
G iq R l R l

k k N m m

 

 


 
     

 


 ... (1) 

where max is the maximum frequency among all 

normal modes of the host crystal. Using eigen values 

and eigen vectors, the green’s function values have 

been evaluated which in turn are used to calculate the 

diffusion parameters.   

The defect modes are obtained by solving the 

secular equation  

(2) = |I – g(l + aaT)| = 0  ... (2) 

where I is the Unit matrix, g is the Green’s function 

matrix, l in the change in dynamical matrix, a is the 

matrix of interaction of hydrogen with neighbours 

and  is the interstitial green’s function matrix. 

The displacement of the four neighboring metal 

atoms surrounding the interstitial hydrogen is 

obtained using the equation, 

 
1

1 ( ) ( )T Tu I g l a a I g l a a u   


        ... (3) 

with u as 
1

2

; ( , ) exp .
2 k qj

l lh
u qj e k qj iq r

k kNm
 



       
       

       

 

... (4) 

where qj are the frequencies of normal modes and 

( , )e k qj
 are the eigen vectors. 

The displacement of hydrogen isotope is computed 

using the equation 

 = -aTu1    ... (5) 

In the jumping process of hydrogen isotope, the 

jump is initiated as a result of fluctuation in the energy 

and momentum of the hydrogen isotope assisted by the 

phonons created by lattice vibrations. 

The reaction coordinate is estimated using the 

equation  
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 = 
1

.d j

j

u
m

 
 

 
 

    ... (6) 

where d and uj are displacements of diffusing atom 

and host atoms respectively. 

Using the reaction coordinates the jump frequency is 

computed using the equation 

=
2 2 2

.

2 2

, ,

( , ) | ( , ) |
exp

| ( , ) | | ( , ) |

q j c

q j q j

q j q j

q j q j

  

 

   
    

       

 

... (7) 

From this equation, 0 is identified as 

0 = 

1
2 2 2

,

2

,

( , ) | ( , ) |

| ( , ) |

q j

q j

q j q j

q j

 



 
 

  

 

the activation energy Ea is calculated using the golden 

rule. 

 = 0 exp a

B

E

k T

 
 
 

   ... (8) 

The pre exponential factor of diffusion D0 is 

calculated by 

D0 = 
2

2 10

6

l
m s


  

 

3. Results and Discussion 

a) Phonon frequencies and eigen vectors 

The phonon frequencies and eigen vectors have 

been calculated for a set of 122 wave vector points 

obtained by uniformly dividing the Brillouin          

zone [11,12]. 

 

b) Mean Square Displacement 

The displacement of nearby host atoms changes due 

to the presence of interstitial hydrogen. The mean 

square displacement values for different temperatures 

are estimated and are compared with defect free 

material as shown in fig. 1. MSD values is increases 

with temperature as expected.  More over the MSD of 

atoms surrounding H defect, D defect and T defect is 

decreased effectively.  This is because of the creation 

of resonance modes. During the resonance nodes of 

vibration, the vibrational amplitude of hydrogen 

isotopes are expected to be huge with the expense of 

that of the neighboring atoms.  

 
Figure 1(a). Mean square displacement of atoms 

surrounding the H-defect 

 
Figure 1(b). Mean square displacement of atoms 

surrounding the D-defect 

 
Figure 1(c). Mean square displacement of atoms 

surrounding the T-defect 

MSD of Mg without hydrogen defect 
MSD of Ni without hydrogen defect 
MSD of Mg with hydrogen defect 
MSD of Ni with hydrogen defect 

MSD of Mg without deuterium defect 

MSD of Ni without deuterium defect 

MSD of Mg with deuterium defect 

MSD of Ni with deuterium defect 

MSD of Mg without tritium defect 

MSD of Ni without tritium defect 

MSD of Mg with tritium defect 

MSD of Ni with tritium defect 
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c) Jump frequency values 

Using green’s function values and the reshape in 

dynamical matrix due to the presence of hydrogen and 

their isotopes (H, D and T) the jump frequency values 

were estimated using reaction coordinate technique at 

different temperatures and these values are given in 

table 2. 

Table 2. Jump frequency values at different temperature 

Isotopes 
Temperature 

(K) 

Jump 

frequency          

 sec-1 

hydrogen 

500 2.80E+07 

750 2.35E+09 

1000 2.16E+10 

1250 8.17E+10 

deuterium 

500 1.57E+07 

750 1.59E+09 

1000 1.60E+10 

1250 6.43E+10 

tritium 

500 8.72E+06 

750 1.09E+09 

1000 1.22E+10 

1250 5.21E+10 

 

d) Diffusion parameters 

The ln versus reciprocal of temperature curve is as 

shown in fig. 2, which was found to be a straight line. 

From the intercept and slope, the 0 and activation 

energy values are determined.  The D0 value was 

calculated using the Eqn. 

D0 = 
2

0

6

l
    ... (9) 

which is found be D0 = 2.84615 × 10-8 m2 sec-1 for 

hydrogen. Ea calculated from the slope is found to be 

0.564 eV. Our calculated results are compared with 

that computed employing Quasielastic neutron 

scattering and NMR studies [13] in table 3. Our result 

is found to be comparable with the experimental 

results. The activation energy increases with isotopic 

mass. This is a welcome trend. Moreover the activation 

energy for hydrogen diffusion is found to be 0.564 eV, 

which is low. Hence hydrogen can easily diffuse and 

occupy the interstitical positions. Moreover the stored 

hydrogen can easily be retrieved for end use. 

 

Table 3. Diffusion parameters of H in Mg2Ni 

Diffusing 

Atom 

Pre-

exponential 

factor D0 

(10-8 m2 

sec-1) 

Activation 

energy Ea 

(meV) 

Reference 

H 2.84615 564 
This 

study 
D 2.84428 594 

T 2.84895 615 

H 1.084 563.8 [13] 

 

 
Figure 2(a). Logarithm of Jump frequency vs. 1/T for 

Hydrogen in Mg2Ni 
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Figure 2(b). Logarithm of Jump frequency vs. 1/T for 

Deuterium in Mg2Ni 

 
Figure 2(c). Logarithm of Jump frequency vs. 1/T for 

Tritium in Mg2Ni 

A comparative study is made as shown in table 4. 

 

Table 4. Comparative study 

Temperatu

re 

(K) 

DH DD DT 
Ratio 

DD / DH 

Ratio 

DT / DH 

500 
5.81187

E-14 

3.1981E-

14 

2.01346

E-14 

0.55027

1 

0.34643

9 

750 4.58E-12 
3.07552

E-12 

2.26042

E-12 
0.67 0.49 

1000 
4.06711

E-11 

3.016E-

11 

2.39504

E-11 

0.74155

9 
0.58888 

1250 
1.50758

E-10 

1.1867E-

10 

0.98716

E-10 

0.78715

3 

0.65479

8 

 

From the last two columns it is concluded, DD/DH 

and DT/DH values are found to be less than one as 

expected. This result is in support of usage of this alloy 

for the application towards hydrogen isotope 

separation. 

 

4. Conclusion 

The eigen values and eigen functions of the cubic 

Laves phased compound Mg2Ni are estimated by Born-

von Karman formalism. The localized vibrational modes 

have been used to worked out with hydrogen atoms as 

an interstitial defect in this system. A green’s function 

technique and the scattering matrix formalism are used 

to calculated the MSD values of Hydrogen isotopes (H, 

D and T) and its neighbors at 500, 750, 1000 and 1250 K 

temperatures. A reaction coordinate technique has 

been used to compute the diffusion parameters of 

Hydrogen isotopes (H, D and T) in Mg2Ni. These 

values are found to be in good agreement with the 

existing experimental result. 
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Abstract 

Acoustical and excess thermo acoustical properties of 2-

Chlorophenol (2-ChP), 3-Chlorophenol (3-ChP) with 

Phenetole in Tetrahydrofuran (THF) mixtures are 

investigated by measuring ultrasonic velocity (u), density 

(ρ) and viscosity (η) in different concentration range at 

atmospheric pressure at different temperatures. The trend 

in the acoustical parameters and magnitude of excess 

thermo acoustical parameters has been used to identify 

the existence of intra and intermolecular interaction 

through charge transfer complex formation. The 

formation of 1:1 complex was also confirmed by UV–

Visible spectroscopic method at 303.15 K in these 

systems. It may be pointed out that the formation 

constants of the charge transfer complexes determined 

by Benesi–Hildebrand spectroscopic method and 

Kannappan equation in ultrasonic method. 

Thermodynamic parameters such as ΔG, ΔH and ΔS for 

these equilibria are determined. 

Keywords: Excess parameters, phenols, Phenetole, THF, 

ultrasonic technique, thermo acoustic parameters. 

 

1. Introduction 

Study of hydrogen bonded systems is essential and 

helpful as hydrogen bond plays a vital role in 

chemical, physical and biological process. Organic 

compounds containing electronegative group can 

interact with compounds containing active hydrogen 

through hydrogen bond. This type of hydrogen bond 

takes part in role in the stability of biologically 

important molecules. The Phenotole are self-associated 

through intermolecular hydrogen bonds. They are both 

π - as well as n-electron donors and they allow specific 

interactions with other electron deficient molecules 

[1,2]. The present investigation is Phenotole on the 

detection of specific interaction between 2-ChP, 3-

ChP with Phenetole in THF medium through the 

acoustic method. The complexes formed between 

Phenetole and phenols have been attributed to the 

hydrogen bonding between oxygen and active 

hydrogen. 

 

2. Experimental 

The density,  of the pure liquids and their ternary 

systems were found by using a 10 ml specific gravity 

bottle. The ultrasonic velocities in pure liquids and 

their ternary liquid mixtures were measured using a 

single crystal variable path ultrasonic interferometer 

operating at 2 MHz frequency supplied by Mittal 

Enterprises, Model F81, with an accuracy of ± 0.2 ms-1. 

Viscosity measurements were made with an Ostwald’s 

viscometer in which the flow time for solutions was 

measured through a digital stop clock of accuracy ± 

0.01s. 
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Table 1. Ultrasonic velocity, MCE and excess internal 

pressure for the two ternary systems of Phenetole with 

2 – ChP, 3 – ChP in THF at different temperatures 

C 
Mol 
dm

-3
 

Phenetole +                       
2–chlorophenol + THF 

Phenetole + 3 chlorophenol 
+ THF 

303 K 308 K 313 K 303 K 308 K 313 K 
U / m s

-1 

0.01 1244.0 1222.1 1200.4 1251.2 1230.5 1207.5 

0.02 1244.9 1222.4 1201.1 1251.8 1230.9 1207.9 

0.03 1245.3 1222.8 1201.6 1252.4 1231.7 1208.6 

0.04 1246.2 1223.5 1202.1 1253.3 1232.0 1209.3 

0.05 1246.8 1223.9 1202.8 1254.2 1232.9 1210.0 

0.06 1247.0 1224.7 1203.7 1255.0 1233.3 1210.8 

0.07 1247.5 1225.6 1204.3 1255.8 1234.0 1211.4 

0.08 1248.5 1227.9 1205.2 1256.0 1234.7 1212.1 

0.09 1249.5 1228.0 1205.9 1256.7 1235.3 1213.0 

0.10 1250.9 1229.1 1206.8 1257.9 1236.5 1214.3 
MCE / k J 

0.01 32.201 32.370 32.296 31.978 32.164 31.893 
0.02 32.191 32.358 32.330 32.017 32.212 31.983 
0.03 32.191 32.411 32.453 32.050 32.244 32.045 
0.04 32.192 32.446 32.487 32.102 32.312 32.086 
0.05 32.167 32.469 32.462 32.158 32.367 32.147 
0.06 32.174 32.470 32.540 32.196 32.448 32.222 

0.07 32.263 32.468 32.614 32.247 32.503 32.276 

0.08 32.291 32.458 32.663 32.297 32.554 32.280 

0.09 32.283 32.490 32.700 32.344 32.577 32.353 
0.10 32.286 32.529 32.777 32.400 32.661 32.426 

πi
E
 / x 10

2
 atm 

0.01 -3.147 -2.952 -2.786 -5.485 -4.884 -4.902 
0.02 -3.394 -3.200 -2.960 -5.864 -5.193 -5.152 
0.03 -3.619 -3.356 -3.033 -6.232 -5.512 -5.422 
0.04 -3.828 -3.540 -3.198 -6.564 -5.782 -5.703 
0.05 -4.073 -3.714 -3.427 -6.884 -6.064 -5.958 
0.06 -4.272 -3.921 -3.543 -7.220 -6.305 -6.188 
0.07 -4.374 -4.122 -3.645 -7.530 -6.567 -6.433 
0.08 -4.539 -4.322 -3.789 -7.838 -6.823 -6.728 
0.09 -4.699 -4.476 -3.917 -8.132 -7.112 -6.939 
0.10 -4.871 -4.604 -3.990 -8.402 -7.319 -7.136 

 

3. Result and discussion 

3.1. Acoustical parameters 

Ultrasonic velocity, MCE and excess internal 

pressure for the two ternary systems of Phenetole are 

arranged in Table 1. The ultrasonic velocity versus 

concentration is similar in the two ternary systems 

suggesting the presence of a similar type of interaction 

in two systems. The increase in velocity may be 

attributed to strong solute–solute interactions. The 

strong polar nature of the chlorophenols may disrupt 

the dipolar association in pure phenetole leading to the 

possibility of unlike molecular attraction. The steep 

increase in the ultrasonic velocity may be an 

indication of stronger molecular interactions such as 

dipole–dipole or charge transfer complex formation 

[3]. MCE also increases non-linearly with concentration 

in two systems. The valley in the two systems indicates 

the rupture of hydrogen bonds due to interaction 

between cholorophenol and solvent molecules 

(dipole–induced dipole) and above this concentration 

the interactions between chlorophenol and molecules of 

Phenetole dominate. The magnitude of molar cohesive 

energy substantiates the possibility of hydrogen bonded 

interaction [4]. The strength of interaction increases 

with concentration as evident from the table of MCE 

against concentration. 

3.2. Excess thermo acoustic parameters 

Plots showing variation of excess velocity (uE) with 

concentration at different temperatures is depicted in, 

Figs. 1a–b. The thermodynamic excess properties of 

organic liquid mixtures depend on the chemical 

structure, size and shape of their constituent molecules. 

The negative deviations in ultrasonic velocity explain the 

non-ideal nature of these two ternary liquid mixtures and 

greater deviations suggest stronger intermolecular 

interactions between the component molecules [5]. It 

was reported that strong intermolecular interactions 

such as hydrogen bonding and charge transfer 

complexes lead to negative deviation in ultrasonic 

velocity. The negative deviation in internal pressure is an 

indication of stronger adhesion between the 

components in the mixture [6]. 

Table 2. The values of stability constants K and 

correlation coefficient for various donors ‘D’ at 

different temperatures and thermodynamic parameters 

obtained by ultrasonic method at 303.15 K 

Solvent: THF Acceptor: Phenetole 
Correlation 

coefficient D 
K (mol

-1
) ∆G 

(kJmol
-1

) 

∆H 

(kJmol
-1

) 

∆S              

(JK
-1
 mol

-1
) 303.15K 308.15K 313.15K 

2-ChP 18.01 15.70 13.64 -7.282 -29.830 -74.415 0.987 

3-ChP 20.55 17.15 15.07 -7.615 -32.466 -82.017 0.999 
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Table 3. Thermodynamic parameters of stability 

constant K (by Benesi-Hildebrand equation), free 

energy of formation ∆G, wave length of maximum 

absorption of charge transfer complex λmax, absoptivity 

and correlation coefficient obtained by UV spectrometric 

technique for different proton donors at 303.15K 

Solvent: THF   
Proton acceptor: 

Phenetole 

Proton donor k (mol-1) 
∆G               

(kJ mol-1) 

λmax 

(nm) 

ɛ             

(dm2 mol-1) 

2-Chlorophenol 38.20 -9.18 232 2171 

3-Chlorophenol 76.91 -10.94 241 1033 

 

3.3. Thermodynamic parameters 

The values of equilibrium constant for the charge 

transfer of Phenetole with chlorophenols in THF 

solutions were calculated at 303, 308 and 313 K by 

employing Kannappan equation [7–9] from the 

measured values of ultrasonic velocity. Formation 

constants of the two charge transfer species stabilized 

through hydrogen bond at three different temperatures 

are given in Table 2. The thermodynamic parameters 

obtained by UV-spectrometric technique are arranged in 

Table 3. The decreasing trend of K with increase in 

temperature reveals that the charge transfer 

interaction between the chlorophenols and Phenetole 

is exothermic. Fairly good correlation is obtained 

between ln K values and 1/T in accordance with van’t 

Hoff equation (Fig. 2a-b). The enthalpy changes for 

protonation equilibrium are obtained from the slopes 

of the plots of ln K vs. 1/T. The computed values of 

free energy of formation (ΔG), enthalpy changes (ΔH) 

and entropy changes (ΔS) are summarized in Table 2. 

The negative values of free energy of formation 

suggest that the charge transfer species are stabilized 

through hydrogen bond. 

 

4. Conclusion 

The present investigation deals with determination of 

thermodynamic properties of charge transfer 

complexes formed between an Phenetole and 2ChP, 

3ChP in THF medium by ultrasonic method. The 

formation constant values computed by ultrasonic 

method .The trend in the acoustical properties and 

negative values of entropy of formation clearly 

establish the formation of donor–acceptor complex 

between these two component molecules in a non-

polar medium. The stability is in the order 3ChP-

Phenetole > 2ChP-Phenetole. The negative values of 

free energy of formation of these two complexes 

indicate that these complexes are thermodynamically 

stable. 
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Figure 1. Plot of Excess velocity versus concentration 

a) 2-ChP b) 3-ChP with Phenetole in THF system at 

different temperatures T = (■) 303 K, (●) 308 K and 

(▲) 313 K 
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Figure 2. Plot of reciprocal of temperature versus 

logarithm of stability constant for a) 2-ChP b) 3-ChP 

with Phenetole in THF solution 
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Abstract 

Titanium dioxide (TiO2) nanopowder was 

synthesized by cost effective hydrothermal method. 

The sample was subjected to X-ray diffraction 

analysis (XRD) and the average crystallite size was 

estimated from Debye Scherrer's formula and was 

found to be 30nm. XRD pattern measures the micro 

strain, bond length, volume, and dislocation density. 

The instrumental broadening analysis reveals the 

size and micro strain by Williamson-Hall Plot 

method. The result revealed that the morphology 

index is interrelated with particle size and specific 

surface area. 

Keywords: XRD, Particle Size, Morphology 

Index, Specific Surface Area 

 

Introduction 

TiO2 is a most popular material with a large scale 

production. Several articles are reporting that 

anatase, brookite, and rutile are the most common 

phases. Each and every crystalline structure 

attributes particular physical properties, band gap, 

surface morphology and so on [1,2]. With the most 

noteworthy refractive index, rutile phase is used in 

artworks, paintings and inks [3].The Catalysis and 

photo catalysis applications were effective in anatase 

nanoparticles [4–6]. It is additionally considered as 

the best contender for photovoltaic and electro 

chromic devices [7]. Brookite has not been used in 

the commercial product, but rather a dye sensitized 

solar cell as of recently reported with empowering 

out comes [8]. An essential effect on the surface 

properties of particle size was investigated and 

reported by a number of researchers [9-11]. It is for 

the most part used as a photo-catalyst material on 

account of its lesser monetary value and chemical 

stability. It owns many applications in several 

industries like aerospace, medicine, paint, and 

cosmetics. 

The present work is a report on synthesis of TiO2 

nanoparticles by cost effective co precipitation method. 

The synthesized material was investigated by            

X-Ray diffraction (XRD) analysis. Particle size, 

Microstrain, Dislocation density, Morphology index 

and specific surface area were estimated from the 

powder x-ray diffraction data.  

 

Experimental 

Synthesis of TiO2 nanoparticles 

TiO2 nanoparticles have been synthesized by 

hydrothermal method using 10 ml of titanium tetra 

isopropoxide (TTIP) in a mixture of 50 ml ethanol 

and 50 ml double distilled water. All procedures of 

synthesis of TiO2 nanoparticles were proclaimed in 

this literature [12]. The final gel was dried at 80°C 

for 4 hour. Finally, a white powder was conflagrated at 

500°C and the activities of TiO2 samples were 

investigated. 

The synthesized TiO2 nanoparticles were subjected to 

powder X-Ray diffraction analysis using JEOL JDX 

Powder X-Ray diffractometer equipped with Cu-K 

radiation of wavelength ()=1.5406 Å and the data 

were taken within the rangeof10 to 70 with the 

step scan of 0.04. 
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Results and Discussion 

The XRD pattern Figure 1 affirms the presence of 

TiO2 nanoparticles. The prominent peaks were 

compared with JCPDS data (PDF No: 21-1272) and 

the peaks obtained in the pattern coincides well with 

the literature. The intensity of the peak is high and 

the width of (101) plane at 2=25.313 becomes 

narrow [13]. The sharpness of the peak uncovers that 

the samples possess a good crystalline nature. The 

strong diffraction peak around 25.313 and 48.089 

indicates TiO2 is in anatase phase [14]. The spacious 

diffraction peak is not found in the pattern.  

 

Figure 1. XRD Pattern of TiO2 Nanoparticles 

 

Particle Size 

Average crystallite size of TiO2 was estimated from 

the Scherrer's equation as follows [20] 

  
cos

K
D



 
  

where, D is the crystallite size, K is the Scherer 

constant (0.89), λ is the X-ray wavelength (1.54 nm), β 

the peak width of half maximum, and θ is the Bragg 

diffraction angle. From the XRD result, grain sizes 

were calculated by X-Ray line broadening method 

using Scherrer equation and the plots were drawn 

with 1/β on X-axis and cosθ along the               Y-axis 

as shown in Figure 2. By fitting the data, crystalline 

size (D) was extracted from the slope. 

Instrumental Broadening 

At a point when the particle size is under 100 nm, 

appreciable broadening will occur in x-ray 

diffraction pattern because of particle size and strain. 

The average particles size is evaluated by the 

observed peak broadening. The total broadening of the 

diffraction peak is because of the material and 

instrument. The sample broadening is calculated by 

  cos 4 sin
si

K
FW S strain

ze


      

The total broadening t equation is described by 

 
2

22 2

0

0.9
4 tan

cos
t

D


   



 
   
 

 

 
Figure  2. Scherrer Equation Plot of TiO2 Nanoparticles 

 
Figure 3. Typical Instrumental Broadening of TiO2 

nanoparticles 

where D is average particle size, is strain and 0 is 

instrumental broadening. The size and strain were 

experimentally observed. The broadening of several 

peaks was estimated using least squares method and 

presented in Figure 3. When, particle size becomes 

smaller, due to size effect, the peaks become broad 
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and widths larger. The broadening of peak may 

likewise happen because of micro strains of the 

crystal structure emerging from defects like 

dislocation and twinning [16]. 

 

Figure 4. Williamson Hall Plot - TiO2 Nanoparticles 

Williamson and Hall proposed a method for 

deconvoluting size and strain broadening by looking 

at the peak width as a function of 2 which is called 

as W-H method. The graph plotted is known as W-

H plot and it is shown in Figure 4. It is plotted with 

sin  on the x-axis and  cos  on the y-axis (in 

radians). A linear fit gives the             y-intercept and 

slope of which the particle size and strain are 

estimated respectively. 

 

XRD - Specific Surface Area  

Specific surface area (SSA) is a material property. It 

is an inferred scientific value that can be utilized to 

determine the type and properties of a material. It 

has a specific significance if there should arise an 

occurrence of adsorption, heterogeneous catalysis 

and responses on surfaces. 

 part

part ensity

SA
SSA

V D



 

where SSA is the SA per mass, SSA & S are the 

specific surface area, Vpart is particle volume and 

SApart is Surface Area of particle and density of TiO2 

(4.23 g.cm-3). 

 
36 10

p

S
D 





  

where S is the specific surface area, Dp is the size of the 

particles, and ρ is the density of particle [17,18]. 

 

Dislocation Density 

The dislocation density is the length of dislocation 

lines per unit volume of the crystal [19]. A 

dislocation is a crystallographic deformity, or 

irregularity, within a crystal structure. The presence 

of dislocation will change the properties of materials. 

Scientifically, it is a kind of topological imperfection. 

It increases with plastic deformation; an instrument 

for the making of dislocations must be initiated in 

the material. Dislocation has three mechanisms 

which is homogeneous nucleation, grain boundary 

initiation, and interface, the lattice and the surface. 

It is well known that above a certain grain size limit 

(~30 nm).The material strength will increase with 

decreasing grain size [20,21]. The X-ray diffraction 

analysis has been used to evaluate the intrinsic stress 

and dislocation density [22,23]. The dislocation 

density (δ) in the sample has been determined using 

expressions. 

 
2

1

D
   

where, -dislocation density, -diffraction 

broadening - measured at half of its maximum 

intensity (radian), -diffraction angle (degree),              

- lattice constant (nm) and D-particle size (nm). 
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Table 1. Cell Parameters estimated from X-ray 

diffraction 

D size 

nm 

Dislocat

ion 

density 

δ 

Mor

phol

ogy 

inde

x 

surfac

e area 

(nm)2 

SSA 

m2 g -1 

SA to 

Vol 

Ratio 

1.96E

-08 

2.593E+

15 

2.309

4 

1.211

E-15 

1.239

E+15 

5.237E

+15 

4.37E

-06 

5.226E+

15 

1.250

0 

6.012

E-11 

4.253

E+19 

1.795E

+20 

1.58E

-08 

3.991E+

15 

1.805

0 

7.836

E-16 

5.223

E+14 

2.302E

+15 

2.94E

-08 

1.157E+

15 

3.344

4 

2.712

E-15 

1.824

E+15 

7.775E

+15 

1.51E

-08 

4.405E+

15 

1.658

3 

7.142

E-16 

3.978

E+14 

1.657E

+15 

1.77E

-08 

3.182E+

15 

1.904

7 

9.815

E-16 

4.871

E+14 

2.063E

+15 

1.7E-

08 

3.481E+

15 

1.811

5 

9.228

E-16 

4.317

E+14 

1.849E

+15 

3.02E

-08 

1.096E+

15 

3.115

2 

2.577

E-15 

1.244

E+15 

5.245E

+15 

2.07E

-08 

2.328E+

15 

2.132

6 

1.924

E-15 

5.797

E+14 

2.452E

+15 

1.26E

-08 

2.779E+

14 

6.136

9 

1.986

E-14 

4.749

E+15 

2.023E

+16 

3.05E

-08 

1.077E+

15 

3.030

3 

2.605

E-15 

1.153

E+15 

4.889E

+15 

 

It is observed from the tabulated details and from 

Figure 5 dislocation density of the material is indirectly 

proportional to particle size. It implies that the 

prepared TiO2 nanoparticles have more strength and 

hardness than their bulk (TiO2) counterpart. 

 

Figure 5. Particle Size Vs Dislocation Density of TiO2 

Nanoparticles 

 

Morphology Index (MI) 

The TiO2 nanopowder is broadly utilized in many 

industries. Such uses are derived from its unique 

structural, physical and chemical properties, which 

are reflected by its surface properties, particle size, 

and morphology. The specific surface area of TiO2 

nanopowder depends on the interrelationships of 

particle size and morphology. MI is ascertained from 

FWHM of XRD, to investigate this relationship 

based on the literature reported [24]. 

MI is obtained using equation, 

MI = h

h p

FWHM

FWHM FWHM
 

 

Figure 6. MI Vs Particle Size of TiO2 Nanoparticles 
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where, MI is morphology index, FWHMh highest 

FWHM value obtained from peaks and FWHMp is 

particular peak’s FWHM for which MI is to be 

calculated. MI range of experimental TiO2 

nanopowder is from 1.8 to 6.1 and the details are 

presented in Table1.  

 

Figure 7.  MI Vs Specific Surface Area of TiO2 

Nanoparticles 

 

It is correlated with the particle size (range from 15 

to 45 nm) and specific surface area (range from 11.3 

to 57.9 m2g-1). It is observed that MI is directly 

proportional to particle size and inversely 

proportional to the specific surface area with a small 

deviation. The results are shown in Figure 6 & 7. 

Linear fit in the figures demonstrates the deviations 

and relationships between them. The observed 

results of MI affirm the uniformity and fineness of 

the synthesized nanoparticles. 

 

Conclusion 

TiO2 nanoparticles were synthesized employing a 

flexible, non-toxic and bio-safe approach, at room 

temperature. This method is a single source, catalyst 

free, simple, conservative and environmentally benign 

which will make it suitable for various applications. 

XRD investigations have affirmed that the synthesized 

particles are tetragonal anatase phase TiO2 and their 

nano size. The different characters like Instrumental 

broadening, specific surface area, dislocation density 

and morphology index were investigated by using 

XRD analysis. 
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Abstract 

Ultrasonic studies are extensively used in the 

confirmation analysis of organic molecules. The 

binary liquid mixtures play a major role in 

understanding the nature and strength of molecular 

interaction. The thermo physical properties such as 

density (ρ), viscosity (η), and velocity (U) of binary 

liquid mixtures of Propylene glycol with Dimethyl 

sulphoxide were determined experimentally over 

the entire composition range at 303.15K, 308.15K, 

and 313.15K. From the experimental data the 

thermo acoustic parameters such as adiabatic 

compressibility (βa), intermolecular free length(Lf), 

acoustic impedance(Z),free volume(Vf),relaxation 

time(τ), Gibb’s free energy(ΔG), internal pressure 

(πi), molar sound velocity (R), interaction parameter 

(ᵡ), were calculated, which are more useful to 

predict and confirm the molecular interaction 

present in the binary liquid mixtures. 

Keywords: Propylene Glycol, Ultrasonic velocity, 

intermolecular free length, adiabatic 

compressibility, interaction parameter, molar sound 

velocity, internal pressure. 

 

Introduction 

The essential frame work of manufacturing 

material is composed of the scientific and practical 

interpolation at play among the structure, structural 

properties and performance of all classes of materials 

that are potentially useful to the society (1). Even 

after manufacturing the materials, it is important 

that one has to analyze its physical and chemical 

properties. One such property can be investigated 

by exposing the liquid and solid materials to 

ultrasonic sound vibrations. Liquid-Liquid mixtures 

and solutions have found wide application in 

medical, pharmaceutical, chemical, solvent and 

related industries. Ultrasonic study of liquids and 

liquid mixtures has gained much importance in 

recent years in understanding the nature of 

molecular interactions in pure liquids and liquid 

mixtures .Ultrasonic velocity measurements are 

widely used to study the physical and chemical 

behavior of liquid mixtures (2-4). 

Propylene glycol, also calledpropane-1,2-diol, is a 

synthetic organic compound with the chemical 

formula C3H8O2. It is a viscous colourless liquid 

which is nearly odorless but possesses a faintly 

sweet taste. Chemically it is classed as a diol and is 

miscible with a broad range of solvents, including 

water, acetone, and chloroform. It is produced on a 

large scale and is primarily used in the production 

of polymers, but also seeks use in food processing, 

and as a process fluid in low temperature heat 

exchange applications. Dimethyl sulfoxide (DMSO) is 

an organosulfur compound with the formula 

mailto:armstrongarasu@gmail.com
https://en.wikipedia.org/wiki/Diol
https://en.wikipedia.org/wiki/Chloroform
https://en.wikipedia.org/wiki/Polymer
https://en.wikipedia.org/wiki/Organosulfur_compound
https://en.wikipedia.org/wiki/Chemical_formula
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(CH3)2SO. This colorless liquid is an important polar 

aprotic solvent that dissolves both polar and 

nonpolar compounds and is miscible in a wide 

range of organic solvents as well as water. It has a 

relatively high melting point. 

In the investigation, we presented the values of 

ultrasonic velocity, density and viscosity and 

evaluated their related thermo acoustical parameters 

for the binary system of Prpoylene Glycol + 

Dimethyl Sulphoxide at 303.15K, 308.15K & 

313.15K. The results are explained and discussed in 

terms of molecular interactions present in the 

binary mixtures. 

 

Experimental 

The binary mixtures were prepared by mass, by 

mixing the calculated volumes of liquid components 

in airtight glass bottles. In all the measurements, 

INSREF thermostat with a constant digital 

temperature display accurate to ±0.01K was used. 

For all the mixtures and pure solvent triplicate 

measurements were performed and the average of 

all values were considered in the calculation. The 

mass measurements (±0.0001g) were made using an 

electronic balance. The accuracy of density 

measurements was 0.0001g.cm3. A set of 11 

compositions were prepared for binary mixtures 

respectively and also their physical properties were 

measured. Viscosity is measured by calibrated 

Ostwald’s Viscometer.  The speed of sound was 

determined using a constant frequency (2MHz) 

ultrasonic interferometer with an accuracy of ± 0.1 m.s-1. 

Theory 

The adiabatic compressibility βa was obtained 

from sound velocity and density measurements as  

βa= 1/(u2ρ)   (1) 

The intermolecular free length was calculated 

using the formula given by Jacobson et al. 

Lf = KJ √ βa   (2) 

where KJ is Jacobson’s constant. KJ is the 

temperature dependent parameter which varies 

directly with the square root of the absolute 

temperature i.e., 

K J α √T     (3) 

The acoustic impedance is given as 

Z = ρu,    (4) 

where u is the ultrasonic velocity and ρ the density. 

On the basis of the dimensional analysis using 

the free volume concept, Suryanarayana suggested 

the expression for the internal pressure as 

πi = bRgT [Kaη/u] 1/2ρ2/3/Meff7/6   (5) 

where b is the space packing factor (equal  to 2 in 

the present case), Rg, is the gas constant  and T is the 

temperature in degree Kelvin. 

From the Eyring’s rate process theory, the Gibb’s 

free energy of activation for the relaxation process 

ΔG was obtained as   

ΔG = KT ln(KTτ / h)    (6) 

where k is the Boltzmann’s constant, h is the 

Planck’s constant and T is the Absolute temperature. 

Molar sound velocity (R) and interaction parameter 

(χ) have been calculated from the following relations. 

R = (M/ρ) U1/3    (7) 

χ = (U/Uideal)2 – 1   (8) 

The ideal mixing velocity Uideal is given by 

 Uideal = X1U1 + X2U2 

 

 

 

https://en.wikipedia.org/wiki/Methyl
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Polar_solvent
https://en.wikipedia.org/wiki/Aprotic_solvent
https://en.wikipedia.org/wiki/Chemical_polarity
https://en.wikipedia.org/wiki/Chemical_polarity
https://en.wikipedia.org/wiki/Miscible
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Results and Discussion 

Table 1. Density(ρ), viscosity (η), ultrasonic velocity(U) for the binary mixtures of propylene Glycol and 

Dimethyl Sulphoxide at temperatures 303.15K, 308.15K,&313.15K 

S. 
No 

X(i) 
PG 

Y(i) 
DMSO 

ρ x 10
-3

 kgm
-3

 η x 10
-3

 Nsm
-2

 Ums
-1 

303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 

1 0.0000 1.0000 1.1633 1.0881 1.0842 1.3688 1.3608 1.3038 1455.94 1443.97 1438.74 
2 0.1000 0.9000 1.1524 1.0767 1.0748 1.6840 1.6346 1.5546 1469.20 1457.17 1451.17 
3 0.2000 0.8000 1.1415 1.0758 1.0663 2.0390 1.8803 1.8567 1483.82 1471.17 1464.12 
4 0.3000 0.7000 1.1336 1.0720 1.0649 2.5450 2.3385 2.2361 1497.68 1485.65 1477.58 
5 0.4000 0.6000 1.1169 1.0701 1.0635 3.1067 2.7159 2.5193 1511.64 1499.31 1490.34 
6 0.5000 0.5000 1.0892 1.0664 1.0550 4.1015 3.5442 3.2195 1525.08 1513.8 1503.84 
7 0.6000 0.4000 1.0803 1.0579 1.0521 5.3470 4.3711 4.0710 1539.20 1527.62 1516.68 
8 0.7000 0.3000 1.0764 1.0512 1.0446 7.4590 5.5922 5.2068 1553.94 1541.37 1529.32 
9 0.8000 0.2000 1.0724 1.0465 1.0389 10.5485 7.2825 6.4956 1567.51 1555.82 1542.84 

10 0.9000 0.1000 1.0635 1.0409 1.0333 13.9035 9.8541 8.0321 1581.20 1569.57 1555.52 
11 1.0000 0.0000 1.0428 1.0342 1.0223 16.9960 13.6214 10.5058 1595.25 1583.65 1568.26 

 

Table 2. Adiabatic compressibility(βa), intermolecular free length (Lf), acoustic impedance(Z) for the binary 

mixtures of propylene Glycol and Dimethyl Sulphoxide at temperatures 303.15K, 308.15K & 313.15K 

S. No. 
X(i) 

PG 

Y(i) 

DMSO 

βa x 10
-10 

m
2
n

-1
 Lf x 10

-10 
m ZKgm

-2 
s

-1
 

303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 

1 0.0000 1.0000 4.0552 4.4077 4.4558 1.2608 1.3145 1.3216 1.6936 1.5711 1.5598 

2 0.1000 0.9000 4.0200 4.3740 4.4181 1.2554 1.3095 1.3160 1.6931 1.5689 1.5597 

3 0.2000 0.8000 3.9788 4.2948 4.374 1.2489 1.2975 1.3096 1.6937 1.5826 1.5611 

4 0.3000 0.7000 3.9328 4.2264 4.3012 1.2417 1.2872 1.2985 1.6977 1.5926 1.5734 

5 0.4000 0.6000 3.9182 4.1571 4.2334 1.2393 1.2766 1.2882 1.6883 1.6044 1.5849 

6 0.5000 0.5000 3.9473 4.0920 4.1912 1.2440 1.2665 1.2818 1.6611 1.6143 1.5865 

7 0.6000 0.4000 3.9072 4.0506 4.1319 1.2376 1.2601 1.2727 1.6627 1.6160 1.5956 

8 0.7000 0.3000 3.8473 4.0040 4.0931 1.2281 1.2529 1.2667 1.6726 1.6202 1.5975 

9 0.8000 0.2000 3.7950 3.9476 4.0437 1.2197 1.2440 1.2590 1.6809 1.6281 1.6028 

10 0.9000 0.1000 3.7608 3.8996 3.9996 1.2142 1.2364 1.2522 1.6816 1.6378 1.6073 

11 1.0000 0.0000 3.7682 3.8554 3.9772 1.2154 1.2294 1.2487 1.6635 1.6337 1.6082 
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Table 3. Internal pressure(πi), molar sound velocity (R), relaxation time (τ) for the binary mixtures of 

Propylene Glycol and Dimethyl Sulphoxide at temperatures 303.15K, 308.15K& 313.15K 

S. No. 
X(i) 

PG 

Y(i) 

DMSO 

πi x 10
6Pa

 R τ  10
-10

(s) 

303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 

1 0.0000 1.0000 0.7020 0.6833 0.6793 0.7395 0.7884 0.7903 0.7401 0.7997 0.7745 

2 0.1000 0.9000 0.7726 0.7426 0.7366 0.7487 0.7992 0.7995 0.9026 0.9533 0.9157 

3 0.2000 0.8000 0.8432 0.7946 0.7996 0.7584 0.8024 0.8083 1.081 1.0767 1.0830 

4 0.3000 0.7000 0.9362 0.8825 0.8755 0.7660 0.8079 0.8118 1.3345 1.3178 1.2823 

5 0.4000 0.6000 1.0226 0.9485 0.9273 0.7799 0.8118 0.8152 1.6230 1.5053 1.4220 

6 0.5000 0.5000 1.1540 1.0791 1.0412 0.8021 0.8172 0.8242 2.1586 1.9337 1.7991 

7 0.6000 0.4000 1.3084 1.1903 1.1673 0.8112 0.8263 0.8289 2.7855 2.3607 2.2428 

8 0.7000 0.3000 1.5391 1.3388 1.3125 0.8167 0.8340 0.8371 3.8262 2.9855 2.8416 

9 0.8000 0.2000 1.8235 1.5209 1.4587 0.8221 0.8404 0.8442 5.3376 3.8332 3.5022 

10 0.9000 0.1000 2.0793 1.7606 1.6147 0.8314 0.8474 0.8511 6.9719 5.1237 4.2834 

11 1.0000 0.0000 2.2661 2.0583 1.8318 0.8504 0.8554 0.8626 8.5393 7.0022 5.5712 

 

Table 4. Free volume (Vf), Gibb’s free energy (∆G), interaction parameter (χ) for the binary mixtures of 

Propylene Glycol and Dimethyl Sulphoxide at temperatures 303.15K, 308.15K & 313.15K 

S. 

No 

X(i) 

PG 

Y(i) 

DMSO 

Vf  x 10
-3  

m
3
 (-∆G) x10

-21
KJ/mole χ 

303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 

1 0.0000 1.0000 8.5559 8.6252 9.0410 3.8519 3.9095 3.9740 0.0166 0.0254 0.0531 

2 0.1000 0.9000 6.3309 6.5389 7.0066 3.8394 3.8982 3.9631 0.0155 0.0239 0.0502 

3 0.2000 0.8000 4.8039 5.3555 5.4187 3.8280 3.8904 3.9521 0.0162 0.0236 0.0481 

4 0.3000 0.7000 3.4796 3.9030 4.1402 3.8147 3.8775 3.9411 0.0159 0.0239 0.0467 

5 0.4000 0.6000 2.6058 3.1491 3.4932 3.8024 3.8689 3.9344 0.0157 0.0231 0.0445 

6 0.5000 0.5000 1.7339 2.1346 2.4412 3.7844 3.8529 3.9191 0.0149 0.0235 0.0432 

7 0.6000 0.4000 1.1763 1.5736 1.7320 3.7683 3.8401 3.9047 0.0150 0.0229 0.0411 

8 0.7000 0.3000 0.7213 1.0978 1.2076 3.7483 3.8250 3.8893 0.0158 0.0223 0.0388 

9 0.8000 0.2000 0.4328 0.7461 0.8747 3.7273 3.8090 3.8756 0.0152 0.0226 0.0377 

10 0.9000 0.1000 0.2886 0.4784 0.6414 3.7104 3.7903 3.8625 0.0147 0.0220 0.0355 

11 1.0000 0.0000 0.2155 0.2971 0.4323 3.6976 3.7703 3.8454 0.0147 0.0218 0.0334 
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Figure 1. Variation of Density with Mole 

Fraction 

 
 

Figure 2. Variation of Viscosity with 

Mole Fraction 

 

 
 

Figure 3. Variation of Velocity with Mole 

Fraction 

 

 
 

Figure 4. Variation of adiabatic 

Compressibility with Mole Fraction 

 
 

Figure 5. Variation of  Intermolecular  

free length with Mole Fraction 

 

 
 

Figure 6. Variation of  Acoustic 

impedance with Mole Fraction 
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Figure 7. Variation of Internal pressure 

with MoleFraction 

 
 

Figure 8. Variation of Molar sound 

velocity with Mole Fraction 

 
Figure 9. Variation of Relaxation Timewith 

Mole Fraction 

 
Figure 10. Variation of Free volumewith 

Mole Fraction 

 

 
Figure 11. Variation of Gibb’s Free 

Energywith Mole Fraction 

 

 
Figure 12. Variation of Interaction 

parameterwith Mole Fraction 

 

Density, viscosity and ultrasonic velocity of binary 

mixtures of PG with DMSO are determined 

experimentally at temperatures 303.15K, 308.15K and 

313.15K over the entire mole fraction range and the 

values are given in Table 1. The values for derived 

thermo acoustic parameters are computed and are 

reported in Table 2, 3 and 4 for all the liquid mixtures 

at the experimental temperatures. 

The variation of deviations in density, viscosity and 

velocity ; thermo acoustic properties like adiabatic 

compressibility (βa), intermolecular free length (Lf), 

acoustic impedance (Z), free volume (Vf), relaxation time 

(τ), Gibb’s free energy (ΔG), internal pressure (πi),  

molar sound velocity (R), interaction parameter(ᵡ) as a 

function of mole fraction at different temperatures are 

shown in Figure 1-12. 

It is observed that density is found to decrease with 

increase in concentration and decrease with increase 

in temperature. The decrease in density with mole 

fraction is due to the shrinkage in volume which in 

turn is due to presence of solvent molecules. The 

viscosity is an important parameter in understanding 
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the structure as well as molecular interaction 

occurring in the solutions. Viscosity of solution 

increases with increase in mole fraction suggest that 

the extent of complexion increase and more 

association between solute and solvent molecules. As 

the temperature increases the cohesion and frictional 

forces have been diminished due to thermal motion of 

molecules and relative velocity increases and hence 

viscosity is found to decrease with increase in 

temperature. Ultrasonic velocity increase with 

increase in mole fraction, this behavior shows a 

moderate strong electrolytic nature in which the 

solute tend to attract the solvent molecules. Molecular 

interaction is thus responsible for the observed 

increase in velocity in these mixtures. 

From Table 2, the decrease in adiabatic 

compressibility (βa) with increase in mole fraction of 

Propylene glycol indicates closed packing and 

increased ionic repulsion. At higher temperature 

313.15K, rise in thermal energy causes increase in 

kinetic energy and volume expansion of the system 

which results in a increase in adiabatic 

compressibility. The ultrasonic velocity increases with 

decrease in intermolecular free length in binary liquid 

mixture. Therefore, intermolecular free length (Lf) is 

one of the predominating factor for deciding the 

nature of variation in ultrasonic parameters in the 

liquid mixture. In the present study the decrease in 

intermolecular free length causes increase in 

ultrasonic velocity, decrease in adiabatic 

compressibility. Acoustic impedance (Z) is the 

opposition offered by the medium for the propagation 

of sound energy. The acoustic impedance decreases with 

increasing mole fraction of Propylene glycol with 

DMSO, indicates that significant interaction between 

the component molecules. 

In the study of liquid mixtures, the variation of 

internal pressure may give some suitable information 

regarding the nature and strength of forces existing 

between molecules. It is found that internal pressure 

(πi) increases with increase in mole fraction shows 

that the extent of complex formation. However, the 

degree of complex formation decreases with increase 

in temperature.  

The molar sound velocity(R) indicates the cube root 

of sound velocity through one molar volume of 

solutions called as Rao’s constant. The increasing 

trend of molar sound velocity indicates the availability 

of more number of components in a given region thus 

leads to a tight packing of the medium and thereby 

increase the concentration. Relaxation time (τ) 

depends on viscosity and adiabatic compressibility of 

Propylene glycol+ DMSO mixture. From this the time 

increases with increases in concentration of Propylene 

glycol +DMSO. 

From Table 4, it is observed that free volume (Vf) of 

liquid mixtures is found to decrease with increase in 

concentration and increase with increase in 

temperature. The decrease in free volume may be due 

to strong association between binary mixtures. The 

Gibb’s free energy (∆G), decreases with increase in 

concentration indicating the need for longer time for 

the co-operative process or the rearrangement of 

molecules in the mixtures. The Gibb’s free energy of 

activation flow in the mixtures can be obtained on the 

basis of Eyring rate process theory. These values 

confirm the availability of intermolecular interactions. 

The values of interaction parameter (χ) are positive for 

all the temperatures. This indicates the existence of 

strong interactions in the binary mixtures. 

 

Conclusion 

Ultrasonic studies have been carried out in the 

solutions of Propylene glycol with DMSO at different 

temperatures. The study of solution properties of 

liquid mixtures consisting of organic as well as 

organosulfur compound finds applications in 

industrial and technological process. On the basis of 

experimental values of density, viscosity, ultrasonic 

velocity and related thermo acoustic parameters for 

the binary mixtures are calculated. It is concluded that 

there exists molecular association and molecular 

interaction between components in the binary 

mixtures of Propylene Glycol and Dimethyl 

sulphoxide. The temperature variation indicates that 

the strength of intermolecular interaction decreases 

with increase in temperature. 
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Abstract 

The ultrasonic velocity(U), density (ρ) and 

viscosity (η)  of pure solvents and binary mixtures 

of Anisole and Methyl Isobutyl Ketone have been 

investigated at three different temperatures 303.15K, 

308.15K and 313.15K and correlated with 

concentration. The observed data have been used to 

evaluate some of the thermo acoustical parameters 

such as adiabatic compressibility (βa), intermolecular 

free length (Lf), internal pressure (πi), acoustic 

impedance (Z),  available volume (Va), relaxation 

time (τ), molar volume (Vm) and Gibb’s free energy 

(∆G), Lennard Jones potential repulsive term 

exponent(n) to elucidate the molecular association 

in the mixture. The variation of these parameters 

with concentration of solute indicates the nature of 

interaction present in the binary mixture. 

Keywords: Anisole, Ultrasonic velocity, adiabatic 

compressibility, acoustic impedance, molecular 

association. 

 

Introduction 

The study of molecular interactions in liquid 

mixture provides valuable information regarding 

internal structure, molecular association, Internal 

pressure and complex formation. The propagation 

of ultrasonic waves in liquid is a tool by researcher 

to probe into the properties of liquids [1-3]. The 

measurement of ultrasonic velocity in liquid 

mixtures have greater importance in predicting the 

physico-chemical properties of liquid mixtures. 

In the present study, the density, ultrasonic 

velocity and viscosity were measured for the binary 

system of Anisole and Methyl isobutyl Ketone at 

various temperatures. Anisole is an organic 

compound with the formula C7H8O. It is a 

colourless liquid and its derivatives are found in 

natural and artificial fragrances insoluble in water. 

It is used as a precursor to perfumes and 

pharmaceuticals. The second component is Methyl 

isobutyl Ketone, it is a colourless liquid with the 

formula C6H12O. It is a ketone, used as a solvent for 

gums, varnishes and nitrocellulose. These liquids 

have been chosen on the basis of their industrial 

applications. These applications stimulated the need for 

extensive information on the thermodynamic and 

acoustic properties of these mixtures.  

From the experimental data, an attempt has been 

made to study some thermo acoustical properties 

such as adiabatic compressibility (βa), intermolecular 

free length (Lf), internal pressure (πi), acoustic 

impedance (Z), relaxation time (τ), molar volume 

(Vm), available volume (Va) and Gibb’s free energy 

(∆G), Lennard Jones potential repulsive term 

exponent (n). These parameters have been used to 

understand different kinds of association in pure 

components, as well as, in the binary mixture. 
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Results are used to explain the nature of molecular 

interactions between mixing Compounds. 

 

2. Experimental Section 

The mixtures of various concentrations in mole 

fraction were prepared by taking analytical reagent 

grade chemicals with minimum assay of 99.9% and 

obtained from E. Merck Ltd (India). All the 

component liquids were purified by the standard 

methods. The density, viscosity, and ultrasonic 

velocity were measured as a function of 

concentration of the binary liquid mixture at 

303.15K, 308.15K & 313.15K. Ultrasonic velocity 

measurements were made using an ultrasonic 

interferometer with the accuracy of ±0.1m·s−1. An 

electronically operated digital constant temperature 

bath operating with an accuracy of ±0.1°C has been 

used to circulate water through the outer jacket of 

the double-walled measuring cell containing the 

experimental liquid. The densities of the mixture 

were measured using a 10-ml specific gravity bottle 

by relative measurement method with an accuracy 

of ±0.01 kg·m−3. An Oswald viscometer (10 ml) 

with an accuracy of ±0.001 Ns·m−2 was used for the 

viscosity measurement. The flow time was 

determined using a digital racer stopwatch with an 

accuracy of ±0.1s. 

 

Theory 

The various thermo acoustical parameters were 

determined using the following equations [5-11] 

Adiabatic Compressibility (βa): 

βa = 1/ (U2*ρ)   (1) 

Intermolecular Free Length (Lf): 

Lf = KJ (βa)1/2   (2) 

where KJ is the temperature dependent Jacobson’s 

constant but independent of the nature of liquid.  

 

Free Volume (Vf) 

Vf = [(Meff U) / (K η)] 3/2  (3) 

where, Meff (Effective mass) = Σ mixi, in which mi 

and xi are the molecular weight and the mole 

fraction of the individual constituents respectively. 

K is the temperature independent constant, which 

is equal to 4.28 *109 for all liquids and η be the viscosity.  

 

Internal Pressure (πi) 

    πi=(bRT)[(K*η)/(U)]½*[(ρ2/3)/(Meff7/6)] (4) 

where, b is the cubic packing which is assumed to 

be 2 for all liquids and solutions, K is the 

temperature independent constant ,T is the 

absolute  temperature, R is universal gas constant.  

 

Relaxation Time (τ)  

Relaxation time (τ) is the time taken for the 

excitation energy to appear as translational energy 

and it depends on temperature and on impurities. 

The dispersion of ultrasonic velocity in binary 

mixture reveals information about the 

characteristic time of the relaxation process that 

causes dispersion.  

τ = (4/3) βa* η   (5) 

Acoustic Impedance (Z)  

Z = U*ρ    (6) 

 

Gibb’s Free Energy (ΔG)  

The relaxation time for a given transition is 

related to the activation energy. The variation of 

relaxation time (τ) with temperature (T) can be 

expressed in the form of Eyring self-process theory.           

ΔG = (KBT)log [(KBTτ)/h]  (8) 

where KB is the Boltzmann’s constant (1.3806 × 1023 

Jk-1), h is the plank’s constant 6.63*10-34 JS), T be the 

absolute temperature and τ be the relaxation time. 

 

Available volume (Va) 
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Va = (Meff/ρ)(1-(U/U∞))  (10) 

 

Lennard Jones Potential Repulsive Term Exponent (n) 

n = (6Vm/VA)-13   (11) 

 

Molar Volume (Vm) 

Vm = Meff/ρ   (12) 

 

Results and Discussion 

Table 1. Measured Values of Density (ρ), Viscosity (η) and velocity (U) of binary mixture of 

Anisole with Methyl Isobutyl Ketone at 303.15K, 308.15K & 313.15K 

S. 

No. 

X(i) 

ANI 

Y(i) 

MIK 

ρ x 10
-3

 kgm
-3

 η x 10
-3 

Nsm
-2

 
U 

ms
-1

 

303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 

1 0 1 0.8405 0.7864 0.7850 0.6103 0.5853 0.5695 1177.5 1162.0 1149.3 

2 0.1 0.9 0.8689 0.8171 0.8071 0.6459 0.6231 0.6093 1195.8 1180.8 1162.5 

3 0.2 0.8 0.8861 0.8353 0.8321 0.6645 0.6523 0.6417 1215.8 1199.8 1189.5 

4 0.3 0.7 0.9023 0.8554 0.8523 0.6830 0.6764 0.6634 1233.1 1218.2 1207.1 

5 0.4 0.6 0.9306 0.8746 0.8744 0.7175 0.6919 0.6852 1251.3 1236.1 1224.3 

6 0.5 0.5 0.9528 0.8967 0.8917 0.7380 0.7106 0.7012 1267.5 1252.5 1237.8 

7 0.6 0.4 0.9690 0.9159 0.9099 0.7680 0.7554 0.7252 1288.5 1271.0 1257.8 

8 0.7 0.3 0.9913 0.9350 0.9282 0.7904 0.7784 0.7459 1304.3 1287.3 1274.0 

9 0.8 0.2 1.0105 0.9523 0.9484 0.8370 0.8168 0.7671 1323.9 1306.9 1291.6 

10 0.9 0.1 1.0267 0.9696 0.9618 0.8685 0.8401 0.7924 1339.6 1327.6 1313.5 

11 1 0 1.0439 0.9868 0.9791 0.9065 0.8776 0.8599 1357.5 1345.5 1331.1 

Table 2. Values of Adiabatic compressibility (βa), Intermolecular free length (Lf), Acoustic 

impedance (Z) at 303.15K, 308.15K & 313.15K 

S. 

No. 

X(i) 

ANI 

Y(i) 

MIK 

βa x 10
-10 

m
2
n

-1
 LF x 10

-10 
m 

Z 

Kgm
-2 

s
-1

 

303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 

1 0 1 8.5810 9.4168 9.6434 0.8495 0.9322 0.9547 989.68 913.8 902.2 

2 0.1 0.9 8.0473 8.7763 9.1753 0.7966 0.8688 0.9083 1039.1 964.8 937.6 

3 0.2 0.8 7.6340 8.3157 8.5001 0.7557 0.8232 0.8415 1077.3 1002.2 989.4 

4 0.3 0.7 7.2887 7.8800 8.0535 0.7215 0.7801 0.7972 1112.6 1041.8 1028.2 

5 0.4 0.6 6.863 7.4839 7.6331 0.6794 0.7409 0.7556 1164.4 1081.0 1070.1 

6 0.5 0.5 6.5328 7.1139 7.3188 0.6467 0.7042 0.7245 1207.6 1122.7 1103.8 

7 0.6 0.4 6.2159 6.7581 6.9458 0.6153 0.6690 0.6876 1248.5 1164.1 1144.7 

8 0.7 0.3 5.9294 6.4536 6.6372 0.5870 0.6389 0.6570 1292.9 1203.6 1182.3 

9 0.8 0.2 5.6458 6.1477 6.3200 0.5589 0.6086 0.6256 1337.8 1244.5 1225.0 

10 0.9 0.1 5.4271 5.8511 6.0259 0.5372 0.5792 0.5965 1375.4 1287.2 1263.1 

11 1 0 5.1979 5.5972 5.7641 0.5146 0.5541 0.5706 1417.1 1327.7 1303.6 

 

Table 3. ∆G) at 

303.15K,308.15K&313.15K 

S. 

No. 

X(i) 

ANI 

Y(i) 

MIK 

τ× 10
-10 

(s) πi x10
6 Pa

 
(-∆G)x10

-21 

KJ/mole 

303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 

1 0 1 6.9826 7.3489 7.3226 0.7812 0.6755 0.6729 3.8575 3.9168 3.9795 

2 0.1 0.9 6.9304 7.2913 7.4540 0.8229 0.7227 0.7120 3.8580 3.9173 3.9784 

3 0.2 0.8 6.7638 7.2325 7.2726 0.8196 0.7364 0.7372 3.8595 3.9178 3.9800 

4 0.3 0.7 6.6376 7.1067 7.1236 0.8154 0.7469 0.7458 3.8607 3.9189 3.9813 
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5 0.4 0.6 6.5656 6.9042 6.9736 0.8505 0.7455 0.7573 3.8614 3.9208 3.9827 

6 0.5 0.5 6.4283 6.7402 6.8426 0.8579 0.7529 0.7551 3.8627 3.9223 3.984 

7 0.6 0.4 6.3651 6.8067 6.7162 0.8611 0.7797 0.7586 3.8633 3.9217 3.9852 

8 0.7 0.3 6.2488 6.6979 6.6009 0.8689 0.7840 0.7603 3.8645 3.9227 3.9863 

9 0.8 0.2 6.3007 6.6952 6.4641 0.8937 0.7975 0.7639 3.8640 3.9228 3.9877 

10 0.9 0.1 6.2846 6.5540 6.3666 0.8979 0.7945 0.7574 3.8641 3.9241 3.9887 

11 1 0 6.2826 6.5495 6.6088 0.9078 0.8054 0.7980 3.8642 3.9242 3.9862 

 

Table 4. Values of Available volume (Va), Molar volume(Vm), Lennard Jone Potential repulsive 

exponent (n) at 303.15K, 308.15K & 313.15K 

S. 

No. 

X(i) 

ANI 

Y(i) 

MIK 

Va  m
3
/mol Vm x 10

-5
 m

3
/mol N 

303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 303.15K 308.15K 313.15K 

1 0 1 3.1467 3.4862 3.5937 1.1916 1.2736 1.2759 9.721 8.920 8.302 

2 0.1 0.9 2.9346 3.2365 3.4238 1.1619 1.2355 1.2508 10.755 9.905 8.920 

3 0.2 0.8 2.7571 3.0466 3.1408 1.1483 1.2181 1.2228 11.990 10.99 10.360 

4 0.3 0.7 2.6063 2.8623 2.9554 1.1365 1.1989 1.2032 13.165 12.131 11.428 

5 0.4 0.6 2.4204 2.6881 2.7774 1.1105 1.1817 1.1819 14.530 13.375 12.533 

6 0.5 0.5 2.2715 2.5258 2.6436 1.0930 1.1614 1.1679 15.872 14.590 13.508 

7 0.6 0.4 2.1085 2.3557 2.4662 1.0830 1.1458 1.1534 17.818 16.183 15.060 

8 0.7 0.3 1.9712 2.2100 2.3208 1.0667 1.1309 1.1392 19.469 17.704 16.452 

9 0.8 0.2 1.8191 2.0492 2.1650 1.0543 1.1188 1.1234 21.775 19.75 18.133 

10 0.9 0.1 1.7012 1.8844 1.9981 1.0455 1.1070 1.1160 23.873 22.248 20.512 

11 1 0 1.5698 1.7428 1.8560 1.0359 1.0958 1.1044 26.594 24.726 22.703 
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Figure 1. Mole fraction Vs Density 

 
Figure 2. Mole fraction Vs Viscosity 

 
Figure 3. Mole fraction Vs Velocity 

 
Figure 4.  Molefraction Vs Adiabatic 

compressibility 

 
Figure 5. Mole fraction Vs Intermolecular 

free length 

 

 
Figure 6. Molefraction Vs Acoustic 

impedance 

 

 
Figure 7. Mole fraction Vs Relaxation time 

 
Figure 8. Molefraction Vs Internal Pressure 

 

 
Figure 9. Molefraction Vs Gibb's Free energy 
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Figure 10. Mole fraction Vs Available 

volume 

 
Figure 11. Molefraction Vs Molar volume 

 

 
Figure 12. Mole fraction Vs LJP Repulsive 

term 
 

Results and Discussion 

The experimental values of density, 

velocity and viscosity at three different 

temperatures for the binary mixture were 

used to calculate the acoustical and thermos 

dynamical parameters and the relevant data 

are presented in Tables 1 to 4. The variation 

of these parameters are displayed graphically 

in Figures 1-12. 

Density is a parameter giving information 

about solvent-solvent interactions. From the 

Table 1and Figure1 it is observed that in all 

the three temperatures the density and 

velocity increases with increasing mole 

fraction and decreases with higher 

temperatures. The increase in density 

indicates the presence of solvent-solvent 

interactions in the binary mixture which 

may bring a bonding between them [11]. 

Figure3 Shows that ultrasonic velocity 

increases with mole fraction and decreases 

with temperature.  The structural changes 

occurring in the mixture with the increase in 

mole fraction leads to increase in velocity 

which may result in the increase in 

intermolecular forces. From Table1 and 

Figure 2, it is found that the viscosity of all 

liquid mixtures were found to be increased 

with increasing concentration of Anisole. 

Due to the increase of Anisole molecules in 

solution, the medium became denser. 

Further, the increase in the number of 

particles in solution is responsible for 

increasing the cohesive force between the 

liquid layers. Thereby, the co-efficient of 

viscosity increases in all systems. 

The variation of adiabatic compressibility 

(βa), Intermolecular free length (Lf) and 

acoustic impedance (Z) with the increase in 

mole fraction are presented in Table 2. Based 

on the model for sound propagation 

proposed by Eyring and  Kincaid [11], 

ultrasonic velocity should increase, if the 

intermolecular free length decreases and vice 

versa. A reduction in adiabatic 

compressibility is an indication that 

component molecules are held close to each 
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other. The intermolecular free length (Lf) is 

the distance covered by a sound wave 

between the surface of the neighbouring 

molecules and it depends upon the 

intermolecular attractive and repulsive 

forces. The decrease in the value of adiabatic 

compressibility (βa) and Intermolecular free 

length (Lf) with concentration further 

strengthens the strong molecular association 

between the unlike molecules through 

hydrogen bonding. 

The increase in the value of Lf with 

temperature implies that the mean distance 

between the molecules increases thereby 

decreasing the potential energy of 

interaction between them, leading to the 

decrease in the values of velocity and 

density. Molecular association increases the 

acoustic impedance (Z). It is the opposition 

exerted by the medium to displacement of the 

mediums particles by sound energy. A 

continuous decrease in (βa), Lf and increase 

of Z with concentration are the clear 

evidence for the existence of strong 

interactions like dipole-dipole and dipole 

induced dipole interaction. 

The relaxation time decreases with 

increase in concentration, is due to the 

structural relaxation process and in such a 

situation, it is suggested that the molecule 

get rearranged due to co-operative process. 

The Gibb’s free energy increase with 

increasing temperature may be due to the 

dissociation of intermediate compound 

between binary liquids. It is observed that 

free energy increase favours the dissociation 

of products from reaction. 

Internal pressure in a liquid system is a 

measure of intermolecular cohesive forces 

[16]. From the Table 3, it is observed that as 

the mole fraction of Anisole increases, free 

volume decreases whereas internal pressure 

increases. This suggests the close packing of 

the molecule inside the shield, which may be 

brought about by the increasing magnitude 

of interactions. [17,18]. 

It can be observed that the molar volume 

Vm decreases with increase in concentration of 

Anisole. This is because of the fact, that 

molecular weight is directly proportional to 

the molar volume. Moreover, molar volume 

increase with rise in temperature in our 

study, which probably from the fact that 

thermal energy facilitates an increase in the 

molecular separation in the liquid mixtures 

and thus leads to an increase in molar 

volume.  

Table 4 and Figure 11 shows that the 

available volume Va decreases with the increase 

in molefraction of Anisole. Available volume 

is a direct measure of compactness and 

strength of bonding between the molecules 

of the liquid mixture. [14]. The decrease in 

Va is due to the net packing of molecules 

inside the shell which may be formed by 

complexation between unlike molecules 

through hydrogen bonding in the binary 

mixture. 

Lennard-Jones potential φ(r) is given by 

the relation [17].   

 φ(r) = -Ar-6 + Dr-n 

where r and n are intermolecular distance 

and Lennard-Jones potential repulsive term 

exponent respectively. A and D are 

constants. The first term arises from 
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attractive forces while the second term arises 

from repulsive forces. Larger the value of n 

smaller is the second term. Thus large value 

of n indicates the dominance of attractive 

forces over repulsive forces. The values of n 

increase with the increase in mole fraction of 

Anisole as shown in Table 4 and Figure 12 

for a fixed frequency. The increase in n 

indicates the increasing dominance of 

attractive force over repulsive forces in the 

binary liquid mixture. Further, the values of 

n decrease with the increase in temperature 

for a particular concentration which 

indicates the increase in repulsive forces due 

to reduction in molecular interaction in the 

binary mixture [18].    

 

Conclusion 

The ultrasonic method was found to be a 

powerful tool in characterizing the physico-

chemical behavior of liquid mixtures. It is 

concluded from the experimental and 

calculated parameters that the density, 

viscosity, velocity increases with increase in 

mole fraction of Anisole. This is due to the 

dipole induced dipole interaction between 

the binary mixture. The temperature variation 

indicates that the strength of intermolecular 

interaction decreases with rise in 

temperature. 
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Abstract 

In the present investigation Mn2O3 nanoparticles were 

prepared by microwave assisted co-precipitation method 

using MnCl2 and NaOH precursors. Obtained 

nanoparticles were characterized using X-ray powder 

diffraction (XRD) for the confirmation of Mn2O3 

formation with cubic structure. Nelson – Riley and 

William – Hall plots were constructed to estimate the 

lattice parameter, crystalline size and microstrain 

precisely. Variations in Structural parameters with 

preparative conditions was discussed and analyzed. 

Metal-oxide phase formation was confirmed from the 

bands in the specified finger print region of FTIR 

spectra of metal oxides. Scanning electron microscopy 

(SEM) micrographs revealed the reducing agent 

dependent morphology of particles, size and its 

distribution. Optical absorption measurements were 

used to obtain the band gap by nothing the absorption 

edge in the lower wavelength region and its 

dependence to preparative parameters was identified. 

Electrical conductivity and its variations with 

temperatures were used to evaluate the activation 

energy and temperature co-efficient of resistance. 

Keywords: Microwave synthesis, Mn2O3, XRD, FTIR, 

optical and electrical 

 

 

1. Introduction 

Metal oxide nanostructures are an important class 

of nanomaterials with unique properties and useful 

functionalities that are attractive for a variety of 

applications ranging from electronics to biomedicine 

and energy conversion [1,2]. Among the transition 

metal oxides, manganese exhibits many oxidation 

states and thereforeforms different oxides (MnO, 

Mn2O3, Mn3O4, Mn5O8 and MnO2). Manganese oxide 

materials are of considerable importance due to their 

wide-spread applications in catalysis, ion-exchange, 

and rechargeable batteries. Among the oxide of 

manganese, Mn2O3 has vital application in various 

fields. 

Until now, numerous processes have been developed for 

the synthesis of inorganic nanostructures, in that, 

chemical routes have proved to be more effective and 

versatile [3]. A wide variety of morphological forms of 

manganese sesquioxide (Mn2O3), ranging from one- to 

three-dimensional structures such as rods, wires, 

cubes, octahedra, and hollow spheres have been 

synthesized through various methods [4–8]. However, 

the morphology controlled synthesis of manganese 

sesquioxide nanostructures, particularly those with 

novel and attractive morphologies is difficult and it 

remains a great challenge. Manganese sesquioxide 

nanoparticles with various morphologies and different 
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crystallographic structures are obtained by various 

researchers. Recently -Mn2O3 nanoparticles was prepared 

through sol-gel method using manganese acetate 

tetrahydrate and oxalic acid as a precursor and ethanol as 

a solvent. [9,10] Manganese sesquioxide exhibiting different 

morphologies were prefund by giving nanostructure 

using heat treatment of manganese alkoxide precursor, 

which was synthesized from the reaction of manganese 

acetate with ethylene glycol [11]. Various manganese 

sesquioxide hollow nanostructures were prepared by 

oxidation of manganese carbonate using potassium 

permanganate as oxidizer. Tsang et al. [12] investigated 

the reduction of potassium permanganate by the use of 

potassium borohydride in aqueous solutions to obtain 

binary and ternary manganese oxides. Synthesis of 

various manganese oxides via thermal decomposition 

of manganese oxalate obtained using manganese 

acetate as precursor and ethyl trimethyl ammonium 

bromide (CTAB) as surfactant have been reported [13]. 

Hydrothermal cleavage-decomposition mechanism 

which was used to synthesize a single-crystal α-Mn2O3 

nanorod at 1600C for 16 h using potassium permanganate 

and ethyl trimethyl ammonium bromide as reducing 

reagent, was also been reported [14]. 

In the present study α-Mn2O3 nanoparticles have 

been prepared by sol-gel method using MnCl2 and 

sodium hydroxide. Amount of reducing agent was 

changed to vary the morphology of the prepared        

α- Mn2O3 nanoparticles and its consequences over the 

structural, optical and electrical properties are 

reported in this manuscript. 

 

2. Experimental 

Mn2O3 nano powder were prepared from the 

aqueous solution of MnCl2 at a concentration of 1M 

and the concentration of the reducing agent was 

varied (0.25, 0.5, 0.75 and 1.0M). In a typical synthesis 

process, 19.78 grams of MnCl2 was added to 100 ml of 

distilled water in a round bottom flask and then the 

required amount of NaOH pellets were slowly added 

in to the above solution. Resulted solution was kept 

under constant stirring for an hour to from a brown 

color solution. The solution thus obtained was heated 

in a domestic microwave oven (540 W, 920 C) for 20 

minutes. After microwave processing, the mixture was 

cooled to room temperature and the resulted brown 

precipitate was separated by centrifugation followed 

by repeated washing with distilled water and absolute 

ethanol to remove the impurities and residual 

materials. After washing, the nano particles were 

dried at 600 C for 2 hrs for removing hydrated species. 

Finally, the prepared materials were heated at 5000 C 

for three hours. The same procedure is repeated for 

the all the Mn2O3 nano particles prepared using NaOH 

solution of various concentrations. In order to 

differentiate the obtained products, the samples were 

named MnO-1, MnO-2, MnO-3, and MnO-4 

respectively for the sample prepared using NaOH 

solutions of various concentrations, 0.25,0.50,0.75 and 

1M respectively. 

Prepared samples were characterized using various 

instruments. XRD patterns were recorded in Bruker 

AXS D8 Advanced diffractometer with Cu Kα 

radiation (λ=1.5406Å) and the voltage and current was 

maintained at 40 KV and 30 mA, respectively. FT-IR 

spectra were recorded in the range of 400-4000 cm-1 

on a Thermo Nicolet, Avatar 370 using KBR pellet 

technique. Morphology of Mn2O3 nano particles were 

visualized by recording micrographs in JEOL Model JSM -

6390LV instrumentation. Optical absorption spectra were 

recorded in the wavelength range (200-2500nm) in a 

spectrophotometer (Varian, carry 5000). For measuring 

dcelectrical conductivity, powder samples were pelletized 

and then the measurements were carried out in the 

temperature range 35-900C in a two probe set-up. 
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3. Result and Discussion 

 

Figure 1.X-ray diffraction pattern of α-Mn2O3 samples 

prepared using NaOH solutions of different 

concentration (0.25, 0.50, 0.75 and 1.0M) 

The phase and purity of the prepared Mn2O3 nano 

particles were verified by X-ray diffraction 

measurements (Figure1). XRD analysis confirmed that 

the obtained nanoparticles are in α-Mn2O3 polymorph 

with cubic structure [space group: Ia-3 (206)]. No 

impurity peaks are found in the XRD pattern. The 

obtained peak positions are comparable to the standard 

JCPDS value (JCPDS No. 78- 0390), and are in perfect 

match with the standard peaks. The lattice parameter 

of the prepared samples was estimated from the known 

(hkl) values and d-spacing. Estimated average crystallite 

sizesare below 100nm.  The unit cell volume, density 

and micro strain are also estimated. Nelson – Riley 

function                     f(θ) = 1/2
cos2θ cos2θ

+
sinθ θ

 
 
 

 has 

been plotted against the lattice parameter to estimate 

exact value of unit cell edges.  

Figure2 shows the constructed Nelson-Riely plot of 

the Mn2O3 nano particles. Obtained straight lines are 

extrapolated and the intercept point gives the true 

value of the lattice parameter. Estimated structural 

parameter values from the XRD and N-R plot are 

listed in Table 1. 

Williamson-Hall plot has been constructed to 

evaluate the crystallite size and microstrain of the 

prepared Mn2O3 nanoparticles (Fig.3). From the 

intercept and the slope of the extrapolated line, the 

crystalline size and microstrains are estimated. Since 

W-H plot includes both line broadening caused due to 

instrumental error, crystallite size and strain, obtained 

values of crystallite size and microstrain are error free. 

Calculated crystallite size and microstrain are listed in 

Table 1. 

 

Figure 2. Nelson-Riley plots of α-Mn2O3 samples 

As observed from Table 1, all the stractural 

parameters are varying with respect to the amount of 

reducing agent added at the time of preparing the 

samples. For the lower NaOH concentration, the 

lattice constant is 9.4057Å, which deviates more from 

the standard value (9.43 Å). However, on adding more 

NaOH (1M), the lattice constant of the sample is 

approaching to the standard value. Related unit cell 

volume and density variations also revealed the same 

kind of variations with respect to the concentrations 

of NaOH. Crystallite size gradually increases with used 

NaOH and the microstrain in the lattice of the sample 

prepared using 0.75 M NaOH solution is less. 
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Figure 3. Williamson - Hall plots of α- Mn2O3 samples 

 

Table 1. Structural parameters of α-Mn2O3 samples 

Sample 

Details 

Lattice Parameter (Å) Volume (Å)
3
 Density (g/cm

3
) 

Crystalline 

Size (nm) 
Strain x 10

-3
 

Exp. 
N-R 

Plot 
Std. Exp. Std. Exp. Std. XRD 

W-H 

plot 
Cal. W-H plot 

MnO-1 

MnO-2 

MnO-3 

MnO-4 

9.4057 

9.4455 

9.4298 

9.4040 

9.3589 

9.5430 

9.4040 

9.5295 

9.3589 

9.5430 

9.4040 

9.5295 

832.16 

842.81 

835.04 

836.80 

838.56 

838.56 

838.56 

838.56 

5.0374 

4.9737 

5.0200 

5.0090 

5.0374 

4.9737 

5.0200 

5.0090 

39.5 

63.5 

66.9 

73.7 

108.8 

66.13 

73.51 

94.65 

0.8839 

0.6269 

0.5645 

0.5085 

1.74 

0.2067 

0.1735 

0.3263 

 

Figure 4 shows the Fourier Transform IR spectra of 

the prepared α-Mn2O3 samples 

 
Figure  4. FTIR spectra of α-Mn2O3 samples prepared 

using NaOH solutions of different concentrations 

The appearance of two strong bands at ~690, and ~ 

570 cm-1 in MnO-1 and MnO-2 samples are the clear 

evidence for the presence of the crystalline Mn2O3. 

However these two bands appear as single broad band. 

On deconvolution, the band centered at 690 cm-1 is 

ascribed to the longitudinal-optical (LO) mode and the 

one at 570 cm-1 is due to the transverse-optical (TO) 

mode of α-Mn2O3. On increasing the concentration of 

the reducing agent (MnO-3 and MnO-4) three 

separate bands are distinctly visible at ~ 410, ~ 508 and 

~ 598 cm-1. The peak positioned at 410 cm-1 is assigned 

to the bending vibrations of Mn–O–Mn bonding. The 

510 cm-1 peak is assigned to the symmetric stretching 

vibration mode in Mn–O-Mn bond. Peak at 598 cm-1 is 

due to the asymmetric Mn–O–Mn stretching vibrations. 

Moreover, it is observed that all of the associated peaks 

are red-shifted with decreasing particle size, which 

might be due to the different local stresses. With 

decreasing grain size of Mn2O3 nanocrystals, many 

defects and morphological changes are expected at the 

surface and interface of Mn2O3 nanocrystals, cause 

lattice distortion and lowering the lattice space 

symmetry. On comparing the band positions with the 

standard Mn2O3 bulk material [15], remarkable 
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differences are observed and these changes are 

attributed to the microstructural evolution, which 

results surface disorder due to morphological changes 

in the Nanomaterials on changing the preparative 

conditions. Since the surface of nanoparticles is very 

reactive, exposure to humid moisture environment, 

water molecules are co-ordinated at the surface. 

Hence, the band appearing at ~3410 cm-1 reveals the 

presence of OH stretching vibration in H2O. The 

presence of the absorption band centered at ~ 1625 

cm-1 may be due to the bending vibration of OH in 

H2O [16]. Thus FTIR study also confirms the 

formation of α- Mn2O3 as that of the results of XRD. 

 

Figure 5. SEM micrographs of Mn2O3 Samples  

Scanning electron microscope facilitates an 

understanding of the microstructure of the surface of 

the nano particles. Figure5 shows the recorded SEM 

images of α-Mn2O3 samples for the magnification of × 

20000. It is obvious that the size and morphology of 

powers mainly depend on the preparation conditions 

[17]. A detailed examination of SEM micrograph from 

a selected region of Mn2O3 samples, observed clusters 

are non spherical but some particles are rectangular 

and irregularly shaped. Randomly 10 clusters are 

chosen from the image for the calculation of size of 

the agglomerated particles. The average value of the 

agglomerated particle size is found to be 0.9366 µm 

(~936nm). The size distribution and shape of the 

particles are not uniform. On increasing the 

concentration of the reducing agent, the cluster size 

reduces, but the size of the cluster is in μm range.  

Since the resolution of SEM is very limited, size 

estimation of single particle is not possible.  There 

seems a mismatch in average size of the grains 

determined through Scherrers calculation using the 

XRD data and SEM analysis. XRD usually provides the 

crystallite size of the particles, where as SEM provides 

the size of the surface clusters alone. 

The optical absorption spectra of the prepared           

α-Mn2O3 samples are shown in Fig 6. 

 

Figure 6. Optical absorption spectra of α-Mn2O3 

samples prepared using NaOH solutions of different 

concentrations 

It can be seen that, the strong absorptions of sample 

appears in the band range from 430 to 250 nm. Hence, 

the optical band gap for the absorption peak can be 

obtained by extrapolating the linear portion of the 

(αhν)2 – hν curve. The optical band gap values of the 

samples prepared for different preparative conditions 

are respectively, 5.490, 5.483, 5.332 and 5.37eV.  Blue 

shift shows low dimension of α-Mn2O3 nanoparticles 

and due to their property variations. 

Figure 7 shows the reflectance spectra of the 

prepared Mn2O3 nano particles using different 

concentrations of reducing agent. 
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Figure 7. Optical reflectance spectra of α-Mn2O3 

samples prepared using NaOH solutions of different 

concentrations 

Reflectivity variations clearly show the inverse 

trend of the absorption curve. Since reflectivity is 

more in the IR region, it can be used as reflective 

coatings to eliminate IR radiations.  

The electrical conductivity of the samples are 

measured by preparing pellets of known dimension. 

For that, initially the Mn2O3 powders were mixed with 

polyvinyl alcohol which was used as a binder and then 

pressed in to pellets of known dimension. Pellets were 

then heated at 1500C for 1 hour to remove the binder. 

Using the two probe set-up, electrical measurements 

were carried out in the temperature range RT to 100 

ºC. Figure8 shows the electrical resistivity variations 

with respect to temperature in all the α-Mn2O3 

samples. 

 

Figure  8. Resistivity variation with temperature in α-

Mn2O3 samples prepared using NaOH solutions of 

different concentrations 

In all the samples the resistivity values decreases 

with temperature, which shows the semiconducting 

behavior of the α-Mn2O3 samples. As observed, MnO-

1 samples is having lower resistivity of about 80×105 Ω 

cm at RT and it decrease to 10×105Ωcm on increasing 

the temperature to 1000C. For the other three samples 

MnO-2, MnO-3, MnO-4, the same trend prevails, 

however the room temperature resistivity gradually 

rises as the concentration of reducing agent is 

increased. In these samples, gradual improvement in 

crystallinity is observed, so the resistivity of the 

prepared powder sample increases. 

The conductivity variations in the prepared samples 

are useful in finding the activation energy, 

temperature co-efficient of resistance etc. Fig 9 shows 

the conductivity variation with temperature 

 

Figure  9. Conductivity variations with temperature in 

α-Mn2O3 samples 

The conductivity variation is prominent inMnO-1 

samples. However, the conductivity variation in the 

other samples MnO-2, MnO-3 and MnO-4 are very 

small. Since the MnO-1 sample is almost amorphous, 

there may be more defect sites that make them to 

conduct heavily. The other samples MnO-2, MnO-3, 

and MnO-4 exhibit less conductivity variations with 

temperature. 

Activation energy is the minimum amount of 

energy that is required to activate atoms or molecules 

to a condition in which they can undergo physical 
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charge transport. On measuring the variation of (σ) 

with temperature, Activation energy “Ea”can be 

determined from the slope of the straight line 

obtained by plotting 1000\T against ln(σ) as shown in 

Figure 10. 

 
Figure 10. Arrhenius plots to estimate activation 

energy of α-Mn2O3 samples 

Slope of the Arrhenius plot directly gives the 

activation energy of the Mn2O3 samples. Temperature 

co-efficient of resistance (TCR) can be measured from 

the noted conductivity values at two specific 

temperatures. Obtained activation energy and the TCR 

values are listed in Table 2. 

 

Table 2. Electrical data of Mn2O3 samples 

Samples details Ea(eV) TCR (K-1) 

MnO-1 

MnO-2 

MnO-3 

MnO-4 

0.6207 

0.1168 

0.0640 

0.0960 

-0.0176 

-0.0056 

-0.0022 

-0.0021 

The activation energy gradually decreases on 

increasing the proportion of the reducing agent during 

preparations. The negative value of TCR indicates the 

presence of semiconducting behavior in Mn2O3 

nanoparticles [18]. 

 

 

 

4. Conclusion 

α-Mn2O3 nanoparticles have been successfully 

synthesized using the simple microwave assisted sol-

gel method by varying the concentration of the 

reducing agent NaOH. Property variations were 

systematically interpreted for the samples prepared for 

different conditions. XRD analysis confirmed the α-

Mn2O3 polymorph with a cubic structure. The Nelson-

Riley and Williamson - Hall plots were constructed to 

estimate the lattice constant, crystallite plot and 

microstrain precisely FTIR spectral investigations 

confirmed the metal-oxide phase formation in the 

prepared manganese oxide nanoparticles. The surface 

morphology and agglomerated clusters and their size 

variations with preparative conditions were 

investigated using SEM. The optical absorption studies 

revealed the presence of fundamental absorption edge 

in the lower wavelength side. The optical band gap of 

the samples and their variations (5.39-5.49 eV) are 

explained based on the preparative conditions. The 

electrical resistivity values and their variations with 

temperature was explained with the aid of the 

obtained activation energy and TCR values.  
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Abstract 

Multiwalled Carbon nanotubes (MWCNTs) were 

effectively synthesized by Chemical vapor deposition 

(CVD) using metallic catalyst Fe-MgO with growth 

temperature 700 °C and pyrolysis time at 30 min. The 

synthesized MWCNTs were characterized by X-ray 

diffraction (XRD) pattern confirmed the crystalline 

structure like hexagonal structure (002) plane. SEM 

morphology of MWCNTs are having in the diameter 

range of 50-80 nm and length is up to few µm. From 

the TEM images shown that the MWCNTs with 

evidence of clear graphitic walls around 15 layers 

were clearly visualized in 5nm scale. Fe-MgO as good 

catalytic growth for MWCNTs and also well 

supported to enhance the bulk production. In future, 

pure carbon nanotubes and MWCNTs composite 

materials have been apply for energy storage 

applications.   

Keywords: Multiwalled carbon nanotubes, catalyst, 

chemical vapor deposition, energy.    

 

1. Introduction 

In 1985 chemists invented a new allotrope of 

carbon like fullerene related structures [1]. Nowadays, 

Carbon nanotubes CNTs are attracts significantly 

interest of the scientific community because of their 

outstanding functions in all areas. The properties 

CNTs have been attracted for the large variety of 

interesting and important applications has been 

suggested supercapacitors, batteries, fuel cells, solar 

cells, polymer nanocomposites, sensors and biological 

applications. Carbon nanotubes were exposed by Sumio 

Iijima in 1991 by electric arc discharge method [2]. 

The succeeding discoveries of Carbon nanotubes are a 

tubular structure and their unique properties, an 

optical, electronic, thermal, mechanical and chemical 

characteristics a fine distribution nano size, highly 

surface area, low resistivity, and high thermal 

stability research into all aspects of CNTs [3&4].  

CNTs are widely classified into single walled carbon 

nanotubes (SWNTs) and multi walled carbon 

nanotubes (MWNTs) and double walled carbon 

nanotubes (DWNTs)[5]. Generally, SWCNTs are 

MWCNTs synthesis different methods, but most 

widely used common technique carbon arc discharge, 

Laser ablation techniques [6]. There is a huge 

demand for quality CNTs both as research materials 

and large scale industrial applications with 

optimizing methods to produce more consistent and 

higher yields. The CNTs were grown by these 

methods are some difficulties, with unwanted other 

impurities, which can make them difficult to purify, 

size control for convenient applications. Currently, 

the widely follow the chemical vapour decomposition 

(CVD) method is a controllable process for the selective 

synthesis of CNTs either individually or in bulk [7]. 

CVD method has been believed as the most suitable 

bulk synthesis method in terms of quality of both 

SWCNTs and MWCNTs [8,9]. Chemical vapor 

deposition techniques employing the on supported 

bimetallic metal catalysts have been demonstrated as 

viable large scale production methods. CNTs are 

mailto:ajeevaclement@gmail.com
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synthesis from the carbon containing gaseous 

decomposition of hydrocarbon sources acetylene 

(C2H2) and ethylene (C2H4) as it decomposes at 

elevated temperature and passes over a transition 

metal catalyst (typically Fe, Co and Ni). A high yield 

of nanotubes can be achieved by this method [10 

&11]. In the present work, thermal chemical vapour 

deposition (T-CVD) in the preparation of high yield 

and multiwalled Carbon nanotubes (MWCNTs) 

through the decomposition of acetylene over an MgO 

supported Fe catalyst at pyrolysis temperatures 

carried out from 700 °C. 

 

2. Experimental 

The Fe-MgO catalyst was prepared by impregnating 

method. Fe (NO3)3.9H2O (Sigma-Aldrich) were 

dissolved in millipore water with constant stirring. 

After ultrasonicating of MgO powder in an iron 

nitrate aqueous solution well mixed, the resulting gel 

was dried at 100 °C and then grained into a mortar in 

fine powder. The resulting material 

wascalcinationsin a furnace at temperature 500 C for 

3 hours [12]. After the impregnation/ incorporation 

method Catalyst powder materials was grained into 

fine powder using mortar. 

Preparation of CNTs was synthesized using tubular 

furnace shown schematic diagram of thermal CVD 

setup fig.1. The catalyst 50 mg was spread over the 

quartz boat (length-10 cm). CNTs production in 

tubular furnace with catalyst (Fe-MgO) was placed in 

the centre of the furnace. 

 

Figure 1. shows the schematic diagram of the 

experimental setup of CVD method 

CNTs growth supported flowing gases sources the 

argon (Ar) 99.99% gas (gas flow rate 60 sccm) for 

CNTs growth in inert atmosphere and hydrogen (H2) 

99.99% gas (gas flow rate 60 sccm) was used for the 

reduction of catalyst. Then the nanotubes growth 

was started with the introducting acetylene (C2H2) 

(99.9%) gas flow rate 40 sccm with a flow mixed with 

Ar (Gas) at 700 C at 30 min CNTs growth. The flow 

rate of the gases was controlled by a mass flow 

controller (MFC) in (standard cubic centimeter per 

minute). After completion the (CNT) Carbon 

Nanotubes growth reaction the quartz tube was cool 

to room temperature under Argon (Ar) atmosphere at 

60 sccm. The final product was obtained block fine 

powder from the quartz tube further goes to 

purification process. 

The above obtained CNTs were some impurities 

and catalytic particles. Hence, the CNTs powder was 

purified by using acid and heat treatment. These 

CNTs were stirred with Hydrochloric acid (HCl) 

(about 35% pure). The CNTs solution was washed 

continuously and centrifuged.  Finally, the filtered 

material was dried at annealing the 300 C for in 4 

hrs in muffle furnace to remove the impurities 

amorphous carbon and catalyst. Finally the pure CNT 

fine powder was materials characterized studies. 

 

2.1. Characterization 

Purified MWCNTs crystallographic structures and  

planes was determined by a powder X-ray diffraction 

(XRD) system by X'PERT-PRO model with Cu Kα 

radiation (λ = 0.15406 nm). The Surface morphology 

structure was analyzed by Scanning electron 

microscope (SEM) VGA-3 TESCON (30 Kv) 

instrument and Transmission Electron Microscopy 

(TEM) model (JEOL 3010) operated at 300 Kv.  
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3. Result and Discussion 

3.1. X-Ray Diffraction (XRD) 

The X-ray diffraction pattern of purified 

(MWCNTs) is shown in the Fig. 2. The pattern shows 

the broad diffracted peaks appears at 2θ=26 was 

assigned correspond to (002) plane. The diffraction 

peak corresponds to (002) plane and d-spacing value 

3.39 Å. From XRD pattern shows for MWCNTs the 

results reveals that the carbon nanotubes with 

hexagonal structure with carbon phase and 

diffraction patterns typically well graphitized. 

 
Figure 2. XRD pattern of the MWCNTs 

 

3.2. SEM and TEM 

 

Figure 3 (a) (b). SEM morphological images of 

MWCNTs and (c) TEM images of MWCNTs. 

(d) TEM images of MWCNTs in multi walls pattern 

(scale bar = 5 nm). 

The Scanning electron microscope for purified 

MWCNTs micro scale images are shown in Fig 3 (a) 

and 3(b). In Fig (a) SEM micrograph are entangled 

clear morphological view for few CNTs. Fig. 3 (a) 

shown an magnified view of fig. 3(b) the bended 

MWCNTs are having in the diameter range of 50-80 

nm and length is up to few µm in different 

magnification. SEM images are clearly indicates the 

formation of CNTs on the surface of the (Fe) Feric 

loaded MgO catalyst. 

The Transmission Electron Microscopy (TEM) 

nanoscale images are shown in fig. 3(c) and (d) for 

purified the MWCNTs. Fig 3(c) shows the individual 

MWCNTs focused in TEM analysis was confirms that 

walled that the purifications acid treatments and does 

not affected the nanotubes structure. Fig 3(d) shows 

the highest resolution for TEM images can reveal fine 

details of nanotube structure, including the number 

of carbon (graphene) layers in their walls, and multi 

walled carbon nanotubes and fine graphene layers 

with around 15 graphene walls were clearly 

visualized (yellow colored aero mark) indicated by 

TEM image in 5nm scale. The diameter of the Multi 

walled carbon nano layers nanotubes was found to be 

few nm and it shows multi layers formed over the 

MWCNTs during decomposition of acetylene carbon 

source over the Fe -MgO by Thermal Chemical 

Vapour Deposition method. 

In order to conclude that  the SEM and TEM 

strongly reveals that the MWCNTs obtained over Fe-

MgO at 700C  were  pure  and thermally  stable  due  

to  the  constructions  of  well  graphitized  walls due to 

(Fe) catalyst supported. Which is clearly indicates the 

MWCNTs were uniformly distributed without any 

contamination with nano tubular morphologies. The 

SEM and TEM good morphology and high yield for 

used Fe-MgO catalyst. Furthermore, Fe catalyst 

support is enhanced CNTs growth. So the better high 
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yield preparation defects free CNTs from catalytic-

Thermal CVD. 

 

4. Conclusion 

Multiwalled Carbon nanotubes (MWCNTs) have 

successfully synthesized by thermal chemical vapour 

deposition (TCVD) and catalytic decomposition of 

acetylene over the Fe metallic nanoparticles catalyst 

loaded in porous support MgO at 700C. The XRD 

result confirms the carbon peak at broad diffracted 

patterns as graphitized in hexagonal structure. From 

XRD there are no peaks related to Fe metals used for 

catalyst due to the purified MWCNTS. The SEM and 

TEM images showed the morphology of MWCNTs 

were confirmed the purity of multiwaled CNTs 

structures and graphitic mutilayers reveals that few 

nanometer scales. In Future, industrial scale possible 

production of large scale for energy storage increased 

the specific capacitance value to develop the 

symmetric supercapacitor, CNTs to use to electrical 

energy storage device applications.  
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Abstract 

(Nd0.93Sm0.07)2O3 nanocrystalline powders were 

prepared using modified Pechini method. Powder 

X-ray diffraction was used to study the structural 

characterization of the synthesized sample and the 

results confirmed that Sm3+ doped Nd2O3 nanoparticles 

having a nanocrystalline structure with a hexagonal 

phase and 3 1P m  space group were formed with 

lattice parameters a=b=3.8348Å, c=6.0031Å. These 

parameters were refined using CELREF software 

and the cell parameters were refined to give 

minimum R factor. The surface morphology and the 

size of the particles were examined using SEM and 

TEM. The surface micrographs showed small 

amount of agglomeration. TEM results also 

confirmed that the synthesized particles are in 

nanosize. The EDX spectroscopy confirmed the 

purity of the synthesized sample. The optical 

properties of the sample were studied using U-V 

data analysis and photoluminescence studies. The 

results of the optical studies proved that these 

materials can be highly efficient in solid state lightings.  

Keywords: Modified Pechini method, 

Photoluminescence 

 

1. Introduction 

In recent years, nanotechnology has attracted 

major scientific interest because nanomaterials show 

distinctive or improved properties due to its 

nanoscale dimensions. [1] Synthesis of new materials 

in the nanoscale often shows unique optical, magnetic, 

electronic and structural properties, which are 

different from their respective bulk. [2-5] Rare earth 

elements possess unique properties and wide uses 

owing to their special electronic configurations. Due 

to the special electronic, optic, magnetic, catalytic 

and chemical properties, arising from the 

confinement of their 4f electrons, rare earth oxides 

with one dimensional structure such as La2O3, 

Sm2O3, Gd2O3 and Nd2O3 have been widely used in 

many functional devices. [6,7] The change in the 

electrical and optical characteristics of nanoparticles is 

caused by quantum effects due to their high surface 

to volume ratio, which increases the band gap. [8,9] 

The rare earth oxides have been synthesized by 

various methods including microwave-assisted, 

solvothermal, sol gel, hydrothermal, solution 

combustion, co-precipitation etc. [10-15]   

Nd2O3 have attracted many researchers due to its 

extensive range of applications. It is a semiconductor 

with wide band gap. [16] Among rare-earth ions, 

the Nd3+ ion is one of the most efficient rare-earth 

ion for solid state lasers in various materials. 

Neodymium ions could also be good candidates for 

upconversion fluorescence and lasers. [17, 18] It is 

also used in ceramic capacitors, colour TV tubes, 

coloring glass, and catalyst for automotive industry. 

[19] 

In this paper, we have synthesized Sm3+ doped 

Nd2O3 nanoparticles using the modified Pechini 

method. This method allows a molecular mixing of 

constituents, leading to an excellent chemical 

homogeneity, an increase in the reaction rate and a 

decrease of the temperature of crystallization. [20] 

 

2. Experimental 

2.1. Synthesis of Sm3+ doped Nd2O3 nanoparticles 

Sm3+ doped Nd2O3 nanoparticles were prepared 

using the modified Pechini method. At first, 2 gms 

of Nd2O3 were dissolved in concentrate nitric acid 

under stirring to generate Nd(NO3)3. This was mixed 

with Sm(NO3)3.6H2O and dissolved in distilled 

water. Then EDTA was added to this solution with a 

molar ratio [EDTA]/[Metal] = 1, where [Metal] is 

the concentration of Neodymium and Samarium in 

the solution. In this way, a solution of metal-EDTA 
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complexes was obtained. Then ethylene glycol [EG] 

was added with a molar ratio [EDTA]/[EG] = 2, 

while stirring and heating the solution until a gel 

was formed. Two reactions are involved in this 

process: the formation of a complex between an 

organic acid, EDTA, with the precursor metals, and 

an esterification reaction with ethylene glycol (EG). 

The aim of the polymeric organic net produced by 

esterification is to reduce any segregation of the 

cations. It was then heated at 200 K to obtain the 

precursor powders. Finally, the precursor powders 

were calcined at 750 K for 3 hours to obtain Sm3+ 

doped Nd2O3 nanopowders. [16, 20-23] 

 

2.2. Instruments used 

The powder  X-ray diffraction studies have been  

carried out by using Bruker AXS D 8 Advance           

X-ray diffractometer equipped with monochromatic 

CuKα radiation in the 2θ range of 10-120 

(λ=1.5406Å).  The morphologies and composition of 

the prepared samples were inspected on a scanning 

electron microscope (SEM,VEGA 3 TESCAN, USA) 

equipped with an energy- dispersive X-ray spectrum 

(EDS, Bruker Nano, German). The transmission 

electron microscope (TEM, JEOL JEM-2100) studies 

were performed (accelerating voltage upto 200kV). 

The UV-VIS absorption of the sample was recorded 

on Varian Cary 5000  UV-VIS Spectrophotometer. 

Room temperature photoluminescence 

measurements were performed on Jobin Yvon 

FloroMax-3 spectroflourometer as the excitation 

source at 230 nm. 

 

3. Results and Discussion 

Figure 1 shows the powder X-ray diffraction 

pattern of the synthesized Sm3+ doped Nd2O3. Using 

the software Powder X the diffractogram is 

imported. The data is smoothened using the 

adaptive smooth technique. After separating the 

background and subtracting from the total profile, 

Cu-Kα2 profile has been stripped out of the recorded 

profile. Sample peaks have been identified and 

indexing was done. On comparing these peaks with 

JCPDS data, it was confirmed that these belong to 

hexagonal system with lattice parameters 

a=b=3.8348Å, c=6.0031Å. These parameters were 

refined using CELREF software and the cell 

parameters were refined to give minimum R factor 

(R (%) =0.031). The crystallite size was calculated 

using the Scherrer equation,  
0.9

cos




 
  

where τ is the average grain size of the crystallites,  

λ is the incident wave length, β is the line 

broadening at half the maximum intensity 

(FWHM), θ is the diffraction angle.[24] The  

crystallite size  was found to be 27 nm. 

 
2θ 

Figure 1. Indexed XRD of (Nd0.93 Sm0.07)2O3 

nanoparticles 

The morphologies of the grown nanostructures 

were examined using a scanning electron 

microscope (SEM). The morphologies of the 

nanostructures are demonstrated by SEM images as 

shown in Figure 2. 

The surface morphology observed in SEM 

micrograph of Sm3+ doped Nd2O3 showed small 

amount of agglomeration which may be due to the 

strong interactions among the nanoparticles owing 

to their high surface energy during calcination. 

These appeared to be sponge-like structures. To get 

better informations, it further needs to be characterized 

by Transmission electron microscopy (TEM) to 

obtain exact morphology and size of the particles. 
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Figure 2. SEM image of (Nd0.93 Sm0.07)2O3 

nanoparticles 

The EDX spectroscopy was performed to know 

the percentage of the elements present in the 

samples and to examine the purity of the sample. 

The obtained percentage of the elements is shown in 

Table 1. The EDX spectrum observed is shown in 

Figure 3. It was observed that the spectrum 

consisted of neodymium, samarium and oxygen and 

there was no presence of other elements from the 

organic compounds which were initially used in the 

synthesis. 

 

Figure 3. EDX spectra for (Nd0.93 Sm0.07)2O3 

nanoparticles 

Table 1. Percentage of elements present in the 

sample 

TEM results confirmed that the particles are in 

nanosize. The TEM image obtained are shown in the 

Figure 4. The morphology obtained in TEM analysis 

was similar to SEM analysis. The particle size 

obtained from TEM was found to be around 35 nm, 

approximately equal to that of Scherrer’s equation. 

 
Figure 4. TEM image of (Nd0.93 Sm0.07)2O3 

Nanoparticles 

Figure 5 represents UV-VIS absorption spectrum of 

Sm3+ doped Nd2O3 nanoparticles. It is found that the 

absorption peak of nanomaterials, unlike that of 

bulk (~264 nm) occurs at 239 nm clearly indicating a 

widening of band gap. The calculated band gap 

value of Nd2O3 nanoparticles was 5.2 eV which are 

higher than the value of bulk Nd2O3, 4.7 eV. This 

can be attributed to the quantum confinement effect 

of the nanoparticles. [25] 
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Figure 5. Absorption spectrum of (Nd0.93 Sm0.07)2O3 

nanoparticles 

Element Wgt.% At.% 

Nd 78.53 36.22 

Sm 6.86 3.03 

O 14.61 60.75 
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The photoluminescence spectrum of the synthesized 

Sm3+ doped Nd2O3 excited under 230 nm wavelength is 

shown in Figure 6. The PL spectra shows a broad 

series of emission bands at ~ 320 - 367 nm (UV) 

which can be attributed to the singly ionized oxygen 

vacancies in Nd2O3. [19] It is reported that the broad 

UV emission can also arise due to radiative 

recombination of photo-generated hole with an 

electron occupying the oxygen vacancy. [26] The 

peaks at 381 and 390 nm are mainly due to the 

presence of surface defects that exists in the lattice.  

The peak at 460 nm is formed due to the second 

order diffraction from the source. 
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Figure  6. PL spectra of (Nd0.93 Sm0.07)2O3 nanoparticles 

 

4. Conclusion 

(Nd0.93Sm0.07)2O3 nanoparticles were synthesized 

using modified Pechini method and were calcined at 

7500C. (Nd0.93 Sm0.07)2O3 nanoparticles were found to 

be highly crystalline and hexagonal in structure. 

Scherrer formula was used to calculate the size of 

the particles and the average crystallite size of the 

synthesized sample was 27 nm. SEM was used for 

surface morphology studies. SEM micrograph of the 

prepared samples showed small amount of 

agglomeration. The percentage of composition of 

the elements present in the sample was found from 

the EDAX analysis. TEM results also confirmed that 

the particles are in nanosize. The surface 

morphology obtained in TEM analysis was similar to 

SEM analysis. The optical band gap of Nd2O3 was 

calculated as Sm3+ doped 5.2 eV which are higher 

than the required value of bulk Nd2O3, 4.7 eV. This 

can be attributed to the quantum confinement effect 

of the nanoparticles. Upon 230 nm excitation, Sm3+ 

doped Nd2O3 nanoparticles showed a series of 

emission bands in the range 319 - 367 nm (UV) 

which reveals that the synthesized material is a 

promising candidate in applications for solid state 

lightings. 

 

Acknowledgements 

The characterization facilities provided by STIC, 

CUSAT, Cochin and GRI-SEM are gratefully 

acknowledged. 

 

References 

[1] Mortazavi-Derazkola, S., Zinatloo-Ajabshir, S., 

and Salavati-Niasari, M., “Preparation and 

characterization of Nd2O3 nanostructures via a 

new facile solvent-less route”, J Mater Sci: 

Mater Electron, 26, 2015, pp. 5658-5667. 

[2] Neto, M.C., Silva, G.H., Carmo, A.P., Pinheiro, 

A.S.,  Dantas, N.O., Bell, M.J.V., and Anjos, V., 

“Optical properties of oxide glasses with 

semiconductor nanoparticles  co-doped with 

rare earth ions”,  Chem. Phy. Lett., 588, 2013, 

pp. 188-192. 

[3] Tsuchiya, T., Watanabe, A. , Nakajima, T., and  

Kumagai, T., “Preparation of Y2O3:Eu thin films 

by excimer-laser-assisted metal organic deposition”, 

Appl. Phys. A, 101, 2010, pp. 681-684. 

[4] Jun, H., Qi, P., Xia, L. and Jie, L.C., 

“Luminescence properties of YAG: Nd3+ nano-

sized ceramic powders via co-microemulsion and 

microwave heating”, Bull. Mater. Sci., 36, 2013, 

pp. 1191–1194.  

[5] Wang, G., Peng, Q., and Li, Y., “Lanthanide-

doped nanocrystals: Synthesis, optical-magnetic 

properties and applications”, Acc. Chem. Res., 

44, 2011, pp. 322–332. 

[6] Zhang, N., Yi, R., Zhou, L., Gao, G., Shi, R., 

Qui, G., and Liu, X., “Lanthanide hydroxide 

nanorods and their thermal decomposition to 

lanthanide oxide nanorods”, Mater. Chem. 

Phys., 114, 2009, pp. 160-167. 

http://www.sciencedirect.com/science/article/pii/S0009261413012888
http://www.sciencedirect.com/science/article/pii/S0009261413012888
http://www.sciencedirect.com/science/article/pii/S0009261413012888
http://www.sciencedirect.com/science/article/pii/S0009261413012888
http://www.sciencedirect.com/science/article/pii/S0009261413012888
http://www.sciencedirect.com/science/article/pii/S0009261413012888
http://www.sciencedirect.com/science/article/pii/S0009261413012888
http://link.springer.com/journal/339


 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017     P a g e  | 123 

[7] Panda, A.B., Glaspell G., and El-Shall, M. S., 

“Microwave synthesis and optical properties of 

uniform nanorods and nanoplates of rare earth 

oxides”, J. Phys. Chem. C, 111, 2007, pp.1861-1864. 

[8] Umesh, B., Eraiah, B., Nagabhushana, H., 

Sharma, S.C.,  Sunitha, D.V., Nagabhushana, B.M., 

Shivakumara, C., Rao, J.L., and Chakradhar, R.P.S., 

“Thermoluminescence and EPR studies of 

nanocrystalline Nd2O3:Ni2+ phosphor”,  Spectrochim. 

Acta, Part A 93, 2012, pp. 228-234. 

[9] Liu, T., Zhang, Y., Shao, H. and Li, X., “Synthesis 

and Characteristics of Sm2O3 and Nd2O3 

Nanoparticles”, Langmuir, 19, 2003, pp. 7569-

7572. 

[10] Zawadzki, M., “Microwave-assisted synthesis 

and characterization of ultrafine neodymium 

oxide particles”, J. Alloys Compd., 451, 2008,           

pp. 297–300. 

[11] Zawadzki, M., and Kepinski, L., “Synthesis and 

characterization of neodymium oxide 

nanoparticles”, J. Alloys and Compd., 380, 2004, 

pp. 255–259. 

[12] Liu, L., Jiang, H., Chen, Y., Zhang, X.,  Zhang, 

Z. and Wang, Y., “Power dependence of 

upconversion luminescence of Er3+ doped Yttria 

nanocrystals and their bulk counterpart.”, J. 

Lumin., 143, 2013, pp. 423–431. 

[13] Kepinski, L., Zawadzki, M. and Mista, W., 

“Hydrothermal synthesis of precursors of 

neodymium oxide nanoparticles”, Solid State 

Sciences, 6, 2004, pp. 1327-1336. 

[14] Jayasimhadri, M., Ratnam, B.V., Jang, K., Lee, 

H. S., Yi, S-S., and Jeong, J-H, “Conversion of 

green emission into white light in Gd2O3 

nanophosphors”, Thin Solid Films, 518, 2010, 

pp. 6210–6213. 

[15] Chandrasekhar, M., Nagabhushana, H., 

Sudheerkumar, K.H., Dhananjaya, N., Sharma, 

S.C., Kavyashree, D., Shivakumara, C., and 

Nagabhushana, B.M., “Comparison of structural 

and luminescence properties of Dy2O3 

nanopowders synthesized by co-precipitation 

and green combustion routes.”, Mater. Res. 

Bull., 55, 2014, pp. 237–245. 

[16] Mendez, M., Carvajal, J.J., Cesteros, Y.,  Aguilo, 

M., Diaz, F., Giguere, A., Drouin, D., Martinez-

Ferrero, E., Salagre, P., Formentin, P., Pallares, J. 

and Marsal, L.F., “Sol–gel Pechini synthesis and 

optical spectroscopy of nanocrystalline La2O3 

doped with Eu3+ ”, Opt. Mater., 32, 2010, pp. 

1686-1692. 

[17] Que, W., Kam, C. H.,  Zhou, Y.,  Lam, Y.L.,  

and Chan, Y.C., “Yellow-to-violet upconversion 

in neodymium oxide nanocrystal / titania / 

ormosil composite sol–gel thin films derived at 

low temperature”, J. Appl. Phys., 90, 2001, pp. 

4865-4867. 

[18] Lupei, V., Lupei, A. and Ikesue, A., 

“Transparent Nd and (Nd, Yb)-doped Sc2O3 

ceramics as potential laser materials”, Appl. 

Phy. Lett., 86, 2005, pp. 111118. 

[19] Jian-Hua, R., Tong-Gang, Z., Jian-Hua, L., Juan, 

K., Jia-Xin, H., and Lin, G., “Synthesis and 

photoluminescence properties of Nd2O3 

nanoparticles modified by sodium bis(2- ethylhexyl) 

sulfosuccinate”, Chinese Phy. B, 17, 2008, pp. 

4669-4672. 

[20] Galceran, M., Pujol, M.C., Aguilo, M., and Diaz, 

F., “Sol-gel modified Pechini method for 

obtaining nanocrystalline KRE(WO4)2 (RE=Gd 

and Yb)”, J. Sol–Gel Sci. Technol., 42, 2007, pp. 

79-88. 

[21] William, E.B., Pujol, M.C., Cascales, C., 

Carvajal, J.J., Mateos, X., Aguilo, M. and Diaz, 

F., “Synthesis and structural characterization of 

Tm:Lu2O3 nanocrystals. An approach towards 

new laser Ceramics”, Opt. Mater., 33, 2011, pp. 

722-727. 

[22] Galceran, M., Pujol, M.C., Carvajal, J.J., Mateos, 

X., Zaldo, C., Aguilo, M., and Diaz, F., “Structural 

characterization and ytterbium spectroscopy in 

Sc2O3 nanocrystals.”, J. Lumin., 130, 2010, pp. 1437-

1443. 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017     P a g e  | 124 

[23] Galceran, M., Pujol, M.C., Aguilo, M., and Diaz, 

F., “Synthesis and characterization of 

nanocrystalline Yb:Lu2O3 by modified Pechini 

method”, Mater. Sci. Eng. B, 146, 2008, pp. 7-15. 

[24] Kulkarni, S.K., “Analysis Techniques” in 

Nanotechnology: Principles and Practices, 

Springer, New Delhi, 2015, pp.169. 

[25] Umesh, B., Eraiah, B., Nagabhushana, H., 

Sharma, S.C., Nagabhushana, B.M., Shivakumara, C., 

Rao, J.L., and Chakradhar, R.P.S., “Structural, 

EPR, optical and Raman studies of Nd2O3:Cu2+ 

Nanophosphors”, Spectrochim. Acta, Part A, 

94, 2012, pp. 365– 371. 

[26] Umesh, B., Eraiah, B., Nagabhushana, H., 

Nagabhushana, B.M., Nagaraja, G., Shivakumara, C., 

and Chakradhar, R.P.S., “Synthesis and 

characterization of spherical and rod like 

nanocrystalline Nd2O3 phosphors”, J. Alloys and 

Compd., 509, 2011, pp.1146–1151. 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017     P a g e  | 125 

Synthesis and characterization of MnO2 Nanoparticles using 

Co-precipitation Technique 
F. Celin Hemalatha, Dr. A.J. Clement Lourduraj 

Department of Physics, St. Joseph’s College (Autonomous), Trichy, Tamilnadu, India 

*Corresponding author id: ajeevaclement@gmail.com 

 

Abstract 

Manganese dioxide nanoparticles were synthesized 

using co-precipitation method for 0.1 mol and 

0.2mol concentration, which is the simple way to 

prepare the aqueous solution. The dried samples 

were characterized using various techniques such as 

XRD, SEM, FTIR and UV-Visible spectroscopy. The 

average particle size of manganese oxide 

nanoparticles was calculated from the XRD study. 

The Morphology and size of the synthesized MnO2 

particles are studied by scanning electron 

microscopy (SEM). The band gap energy for MnO2 is 

found using UV-Visible spectroscopy. The FT-IR 

spectra of MnO2 shows the peaks corresponding to 

stretching and bending vibration. There are large 

number of potential applications of MnO2 metal 

nanoparticles such as in the field of electrode 

materials in different rechargeable batteries, 

biosensors, coatings, nanofibres, nanowires and 

bioscience applications. 

Keywords: MnO2 nanoparcticles, Co-Precipitation 

technique (CPT), XRD, FTIR, UV-Vis, SEM. 

 

Introduction 

Nanotechnology is science, engineering, and 

technology conducted at the nanoscale, which is 

about 1 to 100 nanometres. It’s hard to imagine just 

how small nanotechnology is. One nanometer is a 

billionth of a meter, or 10-9 of a meter. There are 

25,400,000 nanometers in an inch. A sheet of 

newspaper is about 100,000 nanometers thick. Nano 

is derived from the Greek word meaning “dwarf”. 

Nanoscience and nanotechnology are the study and 

application of extremely small things and can be 

used across all the other science fields, such as 

chemistry, biology, physics, materials science, and 

engineering. 

 

1.1. Dimensional Classification 

1.1.1. Zero Dimensional 

These nanoparticles have nano-dimension in all 

three directions Metallic nanoparticles including 

gold and silver nanoparticles and semiconductors 

such as quantum dots are the perfect examples of this 

type. Most of these nanoparticles are spherical in 

size. The dimension of the particle will be between 

1-50nm range. 

 

1.1.2. One Dimensional 

In these nanostructures, one dimension of Nano 

structure will be outside the range. These include 

nano wires nano rods and nanotubes. These material 

are long (several micro meter in length) but with 

diameter of only some nanometer. Examples: 

Nanowires and nanotubes of metals, oxides, nano 

rods, nano filaments, quantum wires.   

 

1.1.3. Two Dimensional  

In these nanomaterials, two dimensions are 

outside the nanometer range. These include different 

kind of Nano film such as coating and thin film-

multilayer, Nano sheets or Nano walls. The area of 

the thin film can be large but the thickness is always 
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in Nano scale range. Examples: Discs, Platelets, 

Ultrathin films, Super lattices, Quantum wells. 

 

1.1.4. Three Dimensional  

All dimensions are outside the nanometer range. 

This include bulk materials composed of individual 

blocks which are in nanometer range. (1-100nm) 

Example: Fullerenes, Semiconductor Quantum dots, 

Quasi-crystal. 

Co-precipitation (CPT) is the carrying down by a 

precipitate of substances normally soluble under the 

conditions employed. Analogously, in medicine, co-

precipitation is specifically the precipitation of an 

unbound “antigen along with an antigen-antibody 

complex”. The present work reports synthesis of MnO2 

nano particles and its characterization by Scanning 

Electron Microscopy (SEM), UV-Visible spectroscopy 

(UV), Fourier transform infrared spectroscopy 

(FTIR), X-Ray Diffraction (XRD) Technique. 

 

2. Experimental Method 

All chemical used in the experiment were of AR 

grade. The synthesis of manganese dioxide was 

performed using co-precipitation method by using 

two different salts should be of equal mol 

concentration mixed together with constant stirring 

at 40˚C. While stirring NaOH solution was added till 

the pH of the solution reaches 12. The stirring 

process was continued for one hour at constant 

temperature 40˚C. The precipitate was separated 

using the centrifuge (4000rpm). The sample was 

collected and heated for 24 hours in hot air oven at 

100˚C. 

 

2.1. Characterization technique 

The properties of formed MnO2 nanoparticles 

were determined by X-ray diffraction (XRD) (2 

Theta: 0.001; Minimum step size Omega:0.001). UV-

Visible spectroscopy in the wavelength range 200-

1000cm-1, Fourier transorm Infra-Red Spectroscopy 

(FTIR) in the wavelength range 400-4000 cm-1. 

 

3. Results and Discussion 

3.1 X-Ray Diffraction 

Figure 1 shows that X-ray diffraction study of 

manganese dioxide metal nanoparticles synthesized 

by co-precipitation method. From the XRD pattern 

it is clear that manganese dioxide metal nanoparticle 

synthesized were purely crystalline in nature. The 

average particle size of manganese dioxide 

nanoparticle was calculated from the Debye-

Scherrer equation for the preferential peaks at 2 for 

all the peaks present in fig (a) 0.1 mol concentration 

and is found to be 52.6 nm and for Figure(b) 0.2 mol 

concentration is found to be 32nm. 

 
(a) 

 
(b) 

Figure 1. X-ray diffraction pattern of manganese 

dioxide metal nanoparticles synthesized by 

co-precipitation method 
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3.2. FT-IR Analysis 

 
(a) 

 
(b) 

Figure 2. FT-IR spectra of manganese dioxide metal 

nanoparticles synthesized by co-precipitation 

method 

Figure 2 shows that FT-IR spectra of MnO2. The 

bands at 515 and 480cm-1 correspond to the Mn-O 

bond. The absorption peak for fig (a) 0.1 mol 

concentration at 1313.96cm-1 corresponds to O-C 

Bending. For1118.53cm-1 and 1021.32cm-1 corresponds to 

C-N stretching. The peaks at 908.59, 815.66  and 

764.85cm-1 corresponds to O-H bending and 

627.55cm-1 correspond to C-H Bending. 

The absorption peaks for fib (b) 0.2 mol 

concentration at 901.19 cm-1 corresponding to            

=C-H and =CH2 Bending and 816.8, 767.07cm-1 and 

626.9 cm-1 corresponds to CH Bending. 

 

3.3. UV-Visible Spectroscopy 

Figure 3 shows that the UV-Visible spectra of 

manganese dioxide nanoparticles. The band gap for 

Figure(a) 0.1 mole concentration is found to be 

5.17eV. The band gap for Figure(b) 0.2 mol 

concentration is found to be 5.22eV. 

 
(a) 

 
   (b) 

Figure 3. Uv-spectra 

 

4. Scanning Electron Microscope (SEM) 

The morphology and size of the synthesized 

MnO2 particles are studied by SEM. The figures 

represents the SEM pictures of prepared MnO2 

nanoparticles at different magnification. These 

pictures confirm the formation of MnO2 nanoparticles. 

SEM morphology of MnO2 nano crystalline particles 

found to have an irregular spherical shape. 
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(a) 

 
(b) 

4. Conclusion 

MnO2 nanoparticles of simple cubic structure 

were synthesized by co-precipitation method. The 

FT-IR spectral analysis reveals the characteristic 

peaks of Mn-O stretching. The UV-Visible 

absorption shows sharp absorption at 240.3nm due to 

metal nanoparticles. XRD spectra predicts the 

average size for 0.1 mol of MnO2 and is found to be 

52.6nm and for 0.2 mol of MnO2 found to be 32nm. 

SEM image reveals the particles is found to have an 

irregular spherical shape. There are large number of 

potential applications of MnO2 metal nanoparticles 

such as in the field of electrode materials in different 

rechargeable batteries, biosensors, coating, 

nanofibres and bioscience applications. 
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Abstract 

Mercaptopropionic Acid (MPA) capped CdTe 

QDs with crystallite size is 0.8 nm were successfully 

synthesized in aqueous medium by reflux method. 

The HRSEM demonstrates the spherical shape with 

varying sizes in the nanometer scales. From the 

electrochemical studies, the prepared QDs improve 

the electron transfer between electrode and H2O2. 

The sensor exhibits a linear range from 0.67-8.04 

µM with a sensitivity of 0.2833 mA mM-1cm-2 with 

a linear coefficient of 0.9877. The sensor shows 

detection limit of 6.7 µM with a rapid 

amperometric response time of 5s and possesses a 

good reproducibility. It shows the selectivity 

toward H2O2 and interference free phenomenon for 

other electro active species like oxalic acid and 

ascorbic acid. MPA capped CdTe QDs sensor was 

used in rat and human serum samples and cell 

labeling.    

Keywords: CdTe Quantum Dots, Hydrogen peroxide, 

Sensitivity, Selectivity, Limit of Detection. 

 

1. Introduction 

Hydrogen peroxide (H2O2) is simplest and colorless 

peroxide and plays an important role in biological 

systems. It is widely applicable in biological, 

industrial, pharmaceutical and environmental [1-3]. 

H2O2 is not only a byproduct of almost all oxidases 

in mitochondria and separate out freely through 

membranes and reaches various cellular 

components [4]. Many analytical tools such as 

volumetric, photometry, chemiluminescence, 

chromatography, flurometric and electrochemical 

have been employed for the detection of H2O2. 

Electrochemical method has attracted considerable 

interest due to high sensitivity, low cost, lower 

limit detection, less response time, efficiency, linear 

range and selectivity [5-7]. In last decades the 

electrochemical biosensor modified with several metal 

nanomaterial’s and QDs have been studied. The 

modified TGA capped CdTe QDs based on electrode 

shows high selective detection of dopamine in the 

presence of ascorbic acid and uric acid has been 

proposed by Roushani et al.[8]. Carbon paste 

electrode modified with CdTe QDs was fabricated 

and used to study the electro oxidation of dopamine 

and uric acid in some real samples [9].       

II-VI semiconductor nanocrystals also known as 

quantum dots (QDs) has received extensive 

attention due to their size dependent optical 

properties, efficient emission and potential applications 

in biosensor, nonlinear optics, electronics, light 

emitting diode, photovoltaic devices, bio imaging 

and cell labeling [10-12]. In this work, Glassy 

carbon electrode (GCE) modified with MPA capped 

CdTe QDs for determination of H2O2 in the 

presence of excess amount of interfaces like oxalic 

acid (OA) and ascorbic acid (AA).    
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2. Experimental 

2.1. Synthesis of CdTe QDs 

Mercaptopropionic Acid (MPA) capped CdTe 

QDs is synthesis by following method. In a typical 

synthesis, 0.2279 g of cadmium chloride was diluted 

in 150 ml of double distilled water in a two-necked 

flask, followed by the addition of 0.2763 g of MPA 

and 1M of sodium hydroxide to a final pH value of 

11. After that, the solution was stirred under 

Nitrogen gas (N2) for 20 min. In addition to that, 

0.4842 g of trisodium citrate, 0.0319 g of sodium 

telluride, 0.0284 g of sodium borohydride were 

added and refluxed under nitrogen flow (N2) at 

100°C. Subsequently the reaction mixture was 

heated to reflux for 3 h under N2. Finally the 

resulting QD solution was mixed with propanol at 

the rate of 1:1 and centrifugalized at 10,000 rpm for 

10 min and kept at room temperature. The sample 

is codes as MCQ. 

 

2.2. Material Characterization 

XRD pattern was recorded (PANalytical X-pert 

pro) with CuKα (1.5406 Å) in the range of 20 to 80º 

and FTIR spectrometer (JASCO FTIR 460 plus 

spectrometer) was recorded in the range of                 

400-3500 cm-1. HRSEM image (FEI Quanta FEG 

200) was taken. Optical properties like absorption 

and emission were studies using UV-Visible 

(Shimadzu 1800) and fluroscence (Floromax) 

spectrophotometers. Cyclic voltammetry (CV) and 

amperometric analyses were performed using 

(BioLogic SP-150) electrochemical workstation.  

 

2.3. Preparation of the Electrode 

In the three electrode system, glassy carbon 

electrode as a working electrode, Ag/AgCl as a 

reference electrode and Pt wire as a counter 

electrode were used and 0.1 M of phosphate buffer 

solution (PBS) were used as a electrolyte. For 

preparing MPA capped CdTe QDs (MCQ) modified 

GCE electrode, 1mg of MCQ powder was first 

dispersed in 50 µl of chitosan solution and then in 

0.5 ml of ethanol and sonicated for 30 min. 5 µl of 

the dispersed solution was dropped on GCE 

electrode, dried at atmospheric air and then 

modified electrode was used for H2O2 sensing.   

 

3. Results and Discussion 

3.1. Structural and Morphological 

 

Figure 1. XRD pattern of MPA capped CdTe QDs 

Figure 1 shows the XRD pattern of MPA capped 

CdTe QDs. The diffraction peaks centered at 23º, 39º 

and 46º are indexed to the (1 1 1), (2 2 0) and (3 1 1) 

plane respectively, for MPA of cubic CdTe lattice 

(JCPDS card: 65-0880) [13]. The average crystallite 

sizes calculated from Scherrer formula was 0.8 nm 

for MPA capped CdTe QDs. Figure 2. Shows the 

HRSEM image of MPA capped CdTe QDs with 

spherical shape. From the histogram, the average 

particle size is about 50 nm with a range dispersion 

of 30-90 nm for MPA capped CdTe QDs.   
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Figure 2. HRSEM image of MPA capped CdTe QDs 

To identify the functional groups, FTIR spectra 

were taken and shown in figure 3. The infrared 

absorption band observed at 3445 cm-1 is due to the 

overlapping of O-H and N-H stretching. The bands 

at 2360 and 1586 cm-1 denote the existence of C-N 

asymmetric stretching and carbonyl group respectively. 

The presence of asymmetric C-H bending and C-S 

stretching vibrations indicated by the bands at 1384 

and 676 cm-1 respectively [14,15]. 

 
Figure 3. FTIR spectrum of MPA capped CdTe QDs 

 

3.2. Optical Properties 

Figure 4 shows the absorption and fluorescence 

spectra of MPA capped CdTe QDs. An absorption 

maximum centered at 356 nm is observed for MPA 

capped CdTe QDs respectively. The line width of 

the fluorescence spectrum is relatively narrow, and 

the maximum emission wavelength is 570 nm 

indicates the consequence of quantum confinement 

for an excitation wavelength of 350 nm. 

 

Figure 4. UV-visible spectrum of MPA capped CdTe 

QDs 

 

3.3. Electrochemical Studies 

3.3.1. Cyclic Voltammetry  

The electrochemical characteristics of MCQ QDs 

were analyzed through CV using chitosan as a 

binder in PBS. Figure 5(a) shows the 

voltammograms recorded on GCE, MCQ/GCE, and 

MPCQ/GCE/Chitosan at a sweep rate of 40 mV/s 

between -1.0 to 1.0 V range. GCE bare electrode 

shows oxidation peak at -0.70 V and in the presence 

of MCQ, it shows -0.58 V and -0.57 V for 

MCQ/GCE/chitosan. Figure 5(b) illustrates the CV 

for MCQ/GCE/chitosan in deoxygnated PBS at scan 

rate from 20 to 100 mV/s in the potential range 

between -1.0 to 1.0 V. It is found that as the scan 

rate increases the oxidation peak current get 

decreased from -0.574 V to -0.570 V [16]. Figure 5(c) 

shows the voltammograms recorded on 

MCQ/GCE/chitosan in the absence and presence of 

H2O2 with different concentrations. In the absence 

of H2O2, an oxidation peak is found at -0.57 V, 

while adding H2O2 in an electrochemical cell, a 

decrease is found at -0.63 V. On increasing the H2O2 

concentration, the redox peak current gets decresed 

[2]. 
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Figure 5(a). CV for bar GCE, GCE/MCQ, 

GCE/MCQ/chitosan (b) CV of different 

GCE/MCQ/chitosan at different scan rate (c) CV for 

GCE/MCQ/chitosan with different concentration of 

H2O2 for MPA capped CdTe QDs 

 

3.3.2. Amperometric Biosensors 

Amperometric response to H2O2 is shown in 

Figure 6(a). While maintaining PBS in a stirring 

condition, different concenteration of H2O2 are 

added at regular intervals. The amperometric 

analysis was studied on the chemically modified 

electrode by applying constant potential of   -0.4 V. 

The amperometric responses were linearly increased 

in the concenteration range of 0.67-8.04 µM with 

the correlation coefficient 0.9877. With the 

addition of H2O2 into the electrolyte solution and 

the catalytic current increases and reaches its steady 

state within 5 s and a plot between H2O2 and 

current exhibits good linearity figure 6(b). The 

MCQ sensitivity and detection limit of sensor were 

calculated to be 0.2833 mA mM-1cm-2 and 6.7 µM 

respectively. The Limit of Detection of the sensor 

was calculated by using the formula is 3sb/S where, 

sb is the standard deviation of blank signal and S is 

the sensitivity [17].  

 

Figure 6 (a). Amperometric analysis for different 

concentration of H2O2 (b) linear relation between 

current and H2O2 concentration (c) Amperometric 

analysis with the addition of H2O2, OA and AA for 

MPA capped CdTe QDs 

The selectivity of the sensor to the determination 

of H2O2 has been investigated in the presence of 

likely interfering agents. Figure 6(c) showed the 

amperometric response of the electrode towards 

0.67 µM of H2O2, OA, AA. The electrode quickly 

responded to H2O2 however, it was insensitive the 

other species. On the contrary, a rapid and large 

decrease in current response is observed with the 

subsequent addition of H2O2, suggesting a excellent 

selectivity of MCQ for H2O2 sensor. 

 

4. Conclusion 

MPA capped CdTe QDs were prepared by reflux 

method. XRD confirms the zinc blende cubic 

structure of CdTe QDs and the average crystallite 

sizes is 0.8 nm for MPA capped CdTe QDs. HRSEM 

image show the spherical particles and from the 

histogram, the average particle sizes is 50 nm for 

MPA capped CdTe QDs. MCQ electrode exhibits an 

excellent non-enzymatic electrocatalytic activity 

towards H2O2 in CV experiments. The fabricated 

sensor exhibits a linear range from 0.67-8.04 µM 

with a sensitivity of 0.2833 mA mM-1cm-2 with a 
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linear coefficient of 0.9877. The sensor shows 

detection limit of 6.7 µM for the determination of 

H2O2. The MCQ sensor holds great potential for the 

fabrication of electrochemical sensing applications. 

5. References 

[1] S. Kogularasu, M. Govindasamy, S. M. Chen, 

M. Akilarasan, V. Mani, “3D graphene oxide-

cobalt oxide polyhedrons for highly sensitive 

non-enzymatic electrochemical determination 

of hydrogen peroxide”, Sensors and Actuators 

B: Chemical, Volume 253, December 2017, 

Pages 773-783. 

[2] C. Revathi, G. Mohan Rao, R.T. Rajendra 

Kumar, “Synthesis and electrocatalytic properties 

of manganese dioxide for non-enzymatic 

hydrogen peroxide sensing”, Materials Science in 

Semiconductor Processing, Volume 31, March 

2015, Pages 709-714. 

[3] K.J. Babu, A. Zahoor, K.S. Nahm, R. Ramachandran, 

M.A. Jothi Rajan, G. Kumar, “The influences of 

shape and structure of MnO2 nanomaterials 

over the non-enzymatic sensing ability of 

hydrogen peroxide”, Journal of Nanoparticle 

Research, Volume 16, February 2014, 2250. 

[4] M. Manikandan, S. Dhanuskodi, N. Maheswari,                

G. Muralidharan, C. Revathi, R.T. Rajendra 

Kumar, G. Mohan Rao, “High performance 

supercapacitor and non-enzymatic hydrogen 

peroxide sensor based on tellurium nanoparticles”, 

Sensing and Bio-Sensing Research, Volume 13, 

April 2017, Pages 40-48. 

[5] M.R. Guascito, D. Chirizzi, C. Malitesta,              

T. Siciliano, A. Tepore, “Te oxide nanowires as 

advanced materials for amperometric 

nonenzymatic hydrogen peroxide sensing”, 

Talanta. 2013 Oct 15; 115: 863-9.  

[6] W. Jia, M. Guo, Z. Zheng, T. Yu, E.G. Rodriguez, 

Y. Wang, Y. Lei, “Electrocatalytic oxidation 

and reduction of H2O2 on vertically aligned 

Co3O4 nanowalls electrode: Toward H2O2 

detection”, Journal of Electroanalytical Chemistry, 

Volume 625, Issue 1, 1 January 2009, Pages 27-

32. 

[7] X. Li, X. Liu, W. Wang, L. Li, X. Lu, “High 

loading Pt nanoparticles on functionalization 

of carbon nanotubes for fabricating nonenzyme 

hydrogen peroxide sensor”, Biosens Bioelectron, 15 

September 2014, Volume 59, 221-6. 

[8] M. Roushani, M. Shamsipur, H.R. Rajabi, 

“Highly selective detection of dopamine in the 

presence of ascorbic acid and uric acid using 

thiolglycolic acid capped CdTe quantum dots 

modified electrode”, Journal of  Electoanalytical 

Chemical, Volume 712, January 2014, Pages 

19-24. 

[9] H. Beitollahi, M. Hamzavi, M. T. Mahani, M. 

Shanesaz, H. K. Maleh, “A Novel Strategy for 

Simultaneous determination of Dopamine and 

Uric Acid using a Carbon Paste Electrode 

Modified with CdTe quantum dots”, 

Electroanalysis, Volume 27, February 2015, 

Pages 524 – 533. 

[10] T. Zhang, X. Sun, B. Liu, “Synthesis of 

positively charged CdTe quantum dots and 

detection for uric acid”, Spectrochimca Acta, 

Part A: Molecular and Biomolecular 

Spectroscopy, Volume 79, September 2011, 

Pages 1566-1572. 

[11] M. Asha Jhonsi, R. Reganathan, “Investigations on 

the photoinduced interaction of water soluble 

thiolglycolic acid (TGA) capped CdTe quantum 

dots with certain porphyrins”, Journal of 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017     P a g e  | 134 

Colloid and Interface Science, Volume 344, 15 

April 2010, Pages 596 – 602. 

[12] R.M. Rezaei, H. Razmi, H.A. Zadeh, “D-penicillamine 

capped CdTe Quantum Dots as a novel 

fluorometric sensor of copper(II),  Lumiescence, 

Volume 28, July/August 2013, Pages 503-509. 

[13] J. Duan, L. Song, J. Zhan, “One-pot synthesis of 

highly luminescent CdTe quantum dots by 

microwave irradiation reduction and their 

Hg2+-sensitive properties”, Nano Research, 

Volume 2, January 2009, Pages 61-68. 

[14] T. Pazhanivel, D. Nataraj, V. P. Devarajan,                   

V. Mageshwari, K. Senthil, D. Soundarajan, 

“Improved sensing performance from methionine 

capped CdTe and CdTe/ZnS quantum dots for 

the detection of trace amounts of explosive 

chemicals in liquid media”, Analytical 

Methods, Volume 5, 2013, Pages 910-916. 

[15] H. Kumar, R. Srivastava, P. K. Dutta, “Highly 

luminescent chitosan-L-cysteine functionalized 

CdTe quantum dots film: Synthesis and 

characterization”, Carbohydrate. Polymers, 

Volume 97, September 2013, Pages 327-334. 

[16] S. Palanisamy, S. Cheemalapati, S.M. Chen, 

“Highly sensitive and selective hydrogen peroxide 

biosensor based on hemoglobin immobilized at 

multiwalled carbon nanotubes-zinc oxide 

composite electrode”, Analytical Biochemistry, 

Volume 429, October 2012, Pages 108-115. 

[17] M. Govindasamy, V. Mani, S.M. Chen, R. Karthik, 

K. Manibalan, R. Umamaheswari, “MoS2 Flowers 

Grown on Graphene/Carbon Nanotubes: a 

Versatile Substrate for Electrochemical 

Determination of Hydrogen Peroxide, 

International Journal of Electrochemical Science, 

Volume 11, April 2016, Pages: 2954-2961. 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017     P a g e  | 135 

Microwave Synthesis Titanium Doped Zinc Oxide for 
Solar Cell Application 

Vignesh P1, Kanikairaj B1 

1Department of Physics, St. Joseph’s College (Autonomous), Tiruchirappalli-620 002, India 

Corresponding Author: bmkgaa@gmail.com
 

Abstract 

In this study the Titanium doped Zinc oxide 

nanoparticles were successfully synthesized by 

exposing microwave for 3min with 800W power.           

1 mole of Ti concentration were doped into ZnO. 

Detailed crystal and local atomic structure of 

synthesized samples were characterized via X-ray 

diffraction. Obtained Ti doped ZnO nanoparticles 

degraded with increasing Ti content. The grain size 

of the Ti doped ZnO is also determined. These 

studies clearly suggest that microwave synthesis 

make fast and homogeneous reactions, to synthesis 

highly crystalline nano sized Ti doped ZnO 

nanoparticles. Solar cell is one of the best 

applications in future. 

Keywords: Titanium doped Zinc Oxide, Nano 

particles, Microwave synthesis, Solar Cell 

applications. 

 

1. Introduction 

ZnO is a semiconductor with a wide and direct 

band gap (Eg: 3.2–3.4 eV at 300 K), excellent 

chemical and thermal stability, and specific 

electrical and optoelectronic property of having a 

large exaction binding energy (60 meV)[1]. It has 

recently gained much interest because of its 

potential use in many applications, ranging from 

transparent conductive contacts, solar cells, laser 

diodes, ultraviolet lasers, thin film transistors, 

optoelectronic and piezoelectric applications to 

surface acoustic wave devices. 

However, un-doped ZnO usually contains various 

intrinsic defects such as Zn vacancies, interstitial 

Zn, O vacancies, interstitial O, and antisite O. These 

intrinsic defects form either acceptor level or donor 

level in the band gap that would greatly affect the 

luminescent properties of ZnO. In order to improve 

this deficiency, many researchers have investigated 

how the electrical and optical properties of ZnO 

films are manipulated by doping with metallic 

elements. Ti-doped ZnO films, in comparison with 

the ZnO films doped with Group III elements, have 

more than one charge valence state. This means Ti-

doping can create more free electrons and enhance 

N-type conductivity. The electrical and optical 

properties of Ti doped ZnO films have also been 

extensively investigated. The Reported statement is 

that the resistivity of Ti-doped ZnO films decreases 

with the increasing of the Ti-doping amount.  Ti-

doped ZnO films have a wide optical energy band 

gap (3.29–3.86 eV) and relatively low resistivity. 

Conclude that Ti incorporated within the ZnO thin 

films increased optical transmittance and electrical 

resistivity such as UV-light emitting diodes or laser 

diodes. However, detailed studies on the optical 

properties of ZnO films have not yet been 

performed. In this paper, undoped and Ti-doped 

ZnO thin films were prepared on glass substrates via 

radio frequency reactive magnetron sputtering 

technique. The crystal structures, optical transmission 

in Ti-doped ZnO films were systematically investigated 

via X-ray diffraction, and ultraviolet visible 

spectrophotometer. 
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2. Experimental Procedure  

To prepared the undoped zinc oxide (ZnO) 

nanoparticles by adding 1 mole zinc nitrate 

hexahydrate (Zn(Ni3)2). 6H2O and 2g of NaOH into 

100ml distilled water. For Ti(ZnO) nanoparticles, 

Titanium tetra isopropoxide (C12H28O4Ti) was added 

into 75ml of ethanol solution to serve as the 

Titanium source[4]. The atom content of Titanium 

will be added in the concentration of 1% into 25ml 

of distilled water. The solution is treated in 

microwave oven for 3 minutes at 800W. The treated 

solution is filtered with the help of filter papers. 

After this method the filtered salt is dried in hot air 

oven for 4Hours. The dried salt is collected and then 

grinded. The Titanium doped Zinc oxide is 

prepared. 

 

3. Calculation 

1mole of zinc nitrate hexa hydrate 

= (molecular weight / 1000) × solvent. 

= (297.49 / 1000) × 100       

=29.749 g 

1% Titanium tetra isopropoxide calculation is 

 Titanium tetra isopropoxide    =10ml 

Distilled Water        = 50ml 

Ethanol          = 75ml 

4. Result and Discussion 

4.1. FTIR Analysis 

 
Figure 4.1. FTIR spectrum of Ti doped ZnO 

To analyze qualitatively the presence of the 

functional in titanium doped Zinc Oxide was 

recorded using spectrum FTIR spectrometer in the 

range 400-4000 cm-1. 

The obtained FTIR value: 

3793.91 - monomeric-alcohols 

3398.0 - hydrogen – bonded - alcohols, phenols 

2426.36 - nitrites 

1764.61 - aldehydes, ketones, carboxylic acids, esters 

1623.74 - nitro compounds  

1383.47 - amines  

1051.44 - amines 

827.11 - phenyl ring substitution overtones  

647.09 - Ti=Zn=O 

 

4.2. UV–Visible Spectrum 

4.2.1. Determination of Band Gap 

The UV-Vis absorption spectra of Titanium 

doped Zinc oxide is shown in figure. The sharp 

characteristic peak at 356nm indicates the presence 

of TZO nanostructure. The band gap of the zinc 

oxide nanoparticle changed with titanium doping. 

This changes lead to the reduction in band gap of 

the nanoparticle. 
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4.2.2. Optical Band Gap Energy 

In order to determine the value and type of 

energy gap as well as the dominant absorption 

processes in such material, the relation Eg = hγ = 

hc/λ eV is used. 

The band gap values are determined from the 

equation: Eg= 1240/ λ eV .where, Eg is the band gap 

energy, λ is the maximum wavelength Eg = 3.48eV. 

Band gap of Titanium doped Zinc Oxide is found to 

be 3.48eV. 

 

Figure 4.2. Emission Spectrum of UV-Visible 

Spectrum 
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Figure 4.3. Absorption spectrum of UV-Visible 

Spectrum 

 

4.3. XRD Analysis 

Titanium doped zinc oxide nanoparticles were 

subjected to powder X-ray diffraction analysis using 

diffractometer system XPERT-PRO with mono 

chromatic nickel filtered Titanium doped zinc oxide 

radiation of wavelength 1.54060Å.  The spectrum is 

plotted between the intensity of light and angle 2θ 

in the range of as shown in figure. The result is 

agreed with the literature (JCPDS card No: 82-

1438).  The lattice constants A and C for Titanium 

doped Zinc Oxide nanoparticles were found to be 

5.992 and 8.426 respectively.  

The obtained XRD values (PCPDF Card No: 82-1438)  

are λ =     1.54060 Å 

A =  5.992 

C = 8.426 

Crystal structure:  Tetragonal 

 

Grain size of the material 

Grain size (D)  = (0.9 λ / β cos θ) 

Where,  

D is the grain size of the sample  

Β is full width half maximum (FWHM) 

θ is the diffraction angle  

λ is the wavelength of copper Kα  line (1.54 Å) 
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Figure 4.4. XRD of Ti doped ZnO nanoparticles. 
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Table 1. Grain Size of Ti doped ZnO Nanoparticles 

POSITION 2θ 

(degree) 

GRAIN SIZE D 

(nm) 
h k l 

25.171 11.45 1 0 2 

31.811 24.25 2 1 0 

34.380 19.69 2 1 0 

34.230 17.02 2 0 2 

47.659 24.07 2 2 2 

62.766 45.46 2 2 4 

 

5. Conclusion 

Titanium doped zinc oxide nanoparticle were 

prepared by microwave method technique utilizing 

titanium tetra isopropoxide and zinc nitrate hexa 

hydrate. Also the effect of dopant concentration, 

optical and structural properties of the nanoparticle 

has been studied. 

The optical measurements show that transmittance 

improves with doping of titanium (concentration of 

1%). The optical band gap value of the titanium 

doped zinc oxide nanoparticle is calculated from the 

transmission data shows a value of 3.48eV which is 

nearly matches with the standard value of 3.4-

3.7eV. Also evident from X-ray diffraction analysis, 

TZO in nanoparticle prepared in 3min at 800watts 

power in 1% of titanium concentration are 

tetragonal crystalline in nature. 

The transparency of Titanium doped zinc oxide 

nanoparticle in the visible region is around 85%. 

Since the TZO nanoparticles are highly transparent, 

it can be widely used in solar cell application. There 

is a lot of scope for future work in these materials. 
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Abstract 

Nanostructured cerium doped calcium manganite 

Ca1-xCexMnO3 (x=0.0, 0.1, 0.2, 0.3, 0.4, 0.5) samples 

were synthesized successfully using the citric acid 

complexing coupled with hydrothermal method 

followed by annealing at 900°C.  Powder X-ray 

diffraction (XRD) analysis showed that the single 

phases of orthorhombic pervoskite structure of 

CaMnO3 and the cell volume increased from 

undoped to cerium doped CaMnO3 structure due to 

the ionic radius of added R3+ cations. The 

crystallinity decreased with increased concentration 

of Ce3+ doping and the average crystallite size was 

about 10-20 nm. Sphere like nanoparticles observed 

by the scanning electron microscopy. FTIR analysis 

showed a strong peak around           600 cm-1 

revealed the formation of pervoskite oxides and the 

obtained band gap was 3.56 eV.  

Keywords: calcium manganite, hydrothermal, single 

phase, pervoskite oxide 

 

1. Introduction 

The development of environmental friendly and 

cost effective power sources overcomes the 

problems of energy crises and global warming. 

Thermoelectric power generation is a promising 

method by converting waste heat directly into 

electricity without any greenhouse gas emission. 

The conversion efficiency is measured by the 

dimensionless figure of merit 
2S

ZT T
k

 
  
 

 

where S, , , T are seebeck coefficient, electrical 

conductivity, thermal conductivity and absolute 

temperature respectively. Good thermoelectric 

materials should have large seebeck coefficient, 

high electrical conductivity and low thermal 

conductivity where large electrical conductivity 

minimize joule heating while low thermal 

conductivity maintains temperature gradient 

between the hot and cold sides in thermoelectric  

device. The intermetallic materials such as Bi2Te3 

and CoSb3 have high ZT at low temperatures. 

However, they are toxic, rare and degrade at high 

temperatures under air [1]. Besides, thermoelectric 

materials are required to be stable at higher 

temperatures. Oxides are one of the best candidate 

materials for this requirement but most oxides with 

high stability at high temperature in air are 

unsuitable for thermoelectric applications due to 

high electrical resistivity. These limitations were 

overcomed by the discovery of NaxCoO2 with a high 

seebeck coefficient (100mV/K at 300 K) and a low 

electrical resistivity (0.2 m  at 300K ) by Terasaki  

et al in 1997 [2]. 

The interesting physical properties such as 

electrical, electrochemical, magnetic, superconducting 

and thermoelectrical make them great candidates in 

various energy storage applications like supercapacitor, 

solid oxide fuel cells and thermoelectric devices [3-5]. 

Several pervoskite type oxides are well known as 

highly conductive ceramics whereas CaMnO3 based 

oxides are the major n-type thermoelectric oxide 

which produces granular fine particles with high 

chemical and thermal stability. The undoped 
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CaMnO3 has poor TE property due to the high 

electrical resistivity whereas calcium substitution 

with various rear earth elements can enhance the 

carrier mobility which progress the electrical 

conductivity [6]. The thermoelectric performance 

of pervoskite type oxides can be enhanced by 

doping, band engineering and nanostructuring [7]. 

Reduction of thermal conductivity can be 

accomplished by nanotailoring with controlled 

grain size. Ca1-xRexMnO3 can be successfully 

synthesized by various bottom up methods such as 

chemical combustion, sol-gel, coprecipitation, 

hydrothermal method and so on [8-11]. Here citric 

acid complexing coupled with hydrothermal 

method has been employed to obtain high purity, 

homogenous, environmental friendly and fine 

particles with controlled grain size [12 -14]. 

CaMnO3 based thermoelectric materials has high 

seebeck coefficient but the dimensionless figure of 

merit is low because of low electrical conductivity. 

N- type doping at A-site (Ca), B-site (Mn) and dual 

doping at both sites has been done to improve the 

TE property, while A- site rare earth elements 

doping shows the enhancement in ZT values [15-

18].  In rare earth doped manganite, dopant 

occupies either A-site or B-site depending on its 

radius. Doping cerium in CaMnO3, Ce occupies the 

A-site and raises the Thermoelectric (TE) 

performance by strongly reducing the resistivity 

[19]. In this paper, the effects of Ce substitution on 

nanostructured n-type thermoelectric oxide Ca1-

xCexMnO3 (CCMO) samples are systematically 

studied. 

 

2. Materials and Methods 

Ca1-xCexMnO3 (x=0.0, 0.1, 0.2, 0.3, 0.4, 0.5) 

powders were prepared using the strategy of citric 

acid complexing coupled with hydrothermal 

method. Stoichiometric amounts of nitrates such as 

cerium, calcium, manganese and equal amount of 

citric acid (metal/citric acid molar ratio = 1/1) were 

dissolved in deionized water to obtain homogeneity 

in the metal ions. A certain amount of ammonia 

solution was added drop wise to the above mixed 

solution. Part of ammonia added to neutralize the 

unreacted citric acid. When the pH value of the 

solution reached around 9.2 a sol was obtained. This 

sol was transferred to a 150 ml stainless steel 

autoclave was placed it in hot air oven at 200 °C for 

20 hr. once the assigned time was over the oven was 

switched off and allowed to cool down to room 

temperature. The obtained products were in turn 

filtered, washed with deionized water and ethanol, 

filtered again, and dried around 120 °C overnight. 

The dried powders were well ground and annealed 

in air at 900 °C for 4 hr. 

Crystal structure and phase identification were 

determined by Powder X-ray diffraction (XRD) and 

data were collected using a XRD diffractometer (D8 

Advanced) with CuK  radiation ( =0.15406 nm). 

The surface morphology was observed with scanning 

electron microscopy (SEM). Fourier transform 

infrared (FTIR) spectra of the powder samples were 

recorded from 4000 to 400 cm-1 using a Fourier 

transform infrared spectrometer (Perkin Elmer) 

equipped with a KBr beam splitter. The optical 

properties of the nanoparticles were characterized 

by UV-Vis spectroscopy Lambda 35 UV-Vis 

spectrometer. 

 

3. Results and Discussion 

The yellowish colour of the manganese nitrate 

solution is turned into bluish when pH value of the 

solution reached to 9.2. After centrifugation and 

drying, the powder is darkish due to the presence of 

different manganese valance states [20]. Figure 1 
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represents the XRD patterns of annealed undoped 

and doped CaMnO3 powders. They clearly 

demonstrate the single phase of orthorhombic 

pervoskite structure of CaMnO3 which is matching 

with JCPDS Card no 76-1133 with space group 

Pnma, indicating that annealing under oxygen 

atmosphere leads to the formation of CaMnO3 

structure [21]. The strong doublet of the main 

pervoskite peak in the 2θ region, 33° of the CCMO 

nanostructure exhibited a tendency to unify with 

increasing the doping concentration [22, 23].  Fig 

1(d) shows that there is shift in peaks due to the 

release of large volume of gases while annealing.  
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Figure 1. XRD Pattern of Ca1-xCexMnO3 (x = 0.0, 0.1, 

0.2, 0.3, 0.4, 0.5) samples 

The average grain size of the synthesized samples 

are calculated from the major diffraction peaks 

using the Scherrer formula D = K/cos , where K 

is constant (K = 0.94),  is the wavelength (1.5406 

Å).  is the Bragg angle;  is full width half 

maximum that is, broadening due to the crystallite 

dimensions [24]. The average grain size of the 

prepared samples is in the range of 10-20 nm. 

Partial substitution of Ce3+ (Ln3+) for Ca2+ decreases 

the average grain size with increasing the cerium 

concentration [25-27]. 

Figure 2 shows SEM images of undoped and 

cerium doped CaMnO3 samples. It can be seen that 

all the samples shows a porous nature. This porous 

morphology is attributed to the release of a large 

volume of gases during the synthetic process due to 

the addition of citric acid as chelating agent and 

post heating treatment. The majority of the 

particles are nearly round shaped and the others are 

elongated. The average size of spherical particles 

deduced from SEM lies in the range of few 

nanometers. Microstructures of cerium doped 

samples are downgraded, which is associated with 

the most decrease of electrical conductivity. The 

decrease of electrical conductivity leads to a decrease 

of  e, which is due to the partial substitution of 

Ce3+ for Ca2+, the decrease of  total can be mainly 

attributed to the reduction of lattice contribution 

arising from incorporation of heavier Ce3+ ions in 

the structure as compared to Ca2+ ions [28] ( total = 

 ph + e, where  e and  e are the thermal 

conductivity due to lattice and electronic 

contribution) which leads to the enhancement in 

thermo power S. 

 

 
Figure 2. SEM Micrograph of Ca1-xCexMnO3 (x = 0.0, 

0.1, 0.2, 0.3, 0.4, 0.5) samples 

The FTIR study is carried out to correlate the 

relative change in the high frequency stretching 

mode and mid frequency bending mode with the 

bond lengths and consequently to the unit cell 

volume [29, 30]. Figure 3 shows the FTIR spectra of 

CCMO nanoparticles. The typical peak of CCMO 

nanoparticle is observed around 500-600 cm−1. The 

symmetric stretching occurs about 800 cm−1 

indicates the vibration of NO3-1 ions. The strong 
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asymmetric stretching mode of vibration of C=O is 

observed around 1300-1500 cm−1. The band at 3500 cm−1 

corresponds to O-H mode of vibration [31,32]. 
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Figure 3. FTIR Spectra of Ca1-xCexMnO3 (x = 0.0, 0.1, 

0.2, 0.3, 0.4, 0.5) samples 

Figure 4(a) shows UV-Visible spectra of Ca1-xCexMnO3 

nanoparticles. The absorption peaks are around  300 

cm-1. When the concentration of cerium increases 

peak value also increases. The band gap Eg can be 

calculated from the equation 

( h )n = B (h –Eg) 

where   is absorption coefficient, h  is the 

photon energy, B is constant, and n can be either 

1/2 or 2 for indirect and direct transitions 

respectively [33]. The ( h )2 versus h  curve is 

shown in figure 4(b) and it is found to be 3.56 eV 

which is good agreement with the optimum value. 

These results show that this material it is suitable 

for thermoelectric application. 
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Figure 4(a). UV- Visible Spectra of Ca1-xCexMnO3  

(b) Band gap determination 

 

4. Conclusion  

This work exhibited that Cerium is a suitable 

alternative material for Ca in Ca1-xCexMnO3,, here 

the concentration was (x≤ 0.5) in which there is no 

chance in the crystal structure and the improved 

thermoelectric properties were obtained using citric 

acid complexing coupled with hydrothermal 

method. Crystalline and single phase structure of 

the nanoparticle was observed for all the samples. 

The observed porous nanoparticles lead to the 

connectivity in microstructure due to chelating 

reagent. The peaks at 600 cm-1 concluded the 

presence of Cerium doped CaMnO3 nanoparticle 

and the band gap energy was calculated t o be 3.56 

eV. The crystalline nature, porosity and low band 
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gap nature of these samples confirms that it is 

suitable for thermoelectric application. Sphere 

shaped surface morphology was observed for 

majority of the samples. The chelating agent played 

major role obtains the reduced particle size and 

good porous nature of the material. 
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Abstract 

A new series of Eu3+ ions doped telluroborate 

glasses have been prepared with the chemical 

composition (55x)B2O3 + 25TeO2 + 10K2O + 10Bi2O3 

+ xEu2O3 (where x=0, 0.25, 0.5, 0.75, 1 and 2  in 

wt%) following the melt quenching technique. The 

Luminescence spectra for all the titled glasses 

exhibit five emission bands corresponding to the 
5D0→7FJ (J=0, 1, 2, 3, 4) transitions located at 577 nm, 

592 nm, 613 nm, 652 nm and 702 nm. The Judd-

Ofelt intensity parameters have been used to 

calculate the radiative properties such as transition 

probability (A), branching ratio (βR), stimulated 

emission cross-section (P) and radiative lifetime (R) 

for the various emission transitions of the Eu3+ ions. 

Luminescence quenching has been observed beyond 

1 wt% Eu3+ ions concentration and is due to the 

interaction takes place between the Eu3+ ions at 

higher concentration. The decay curves possess 

single exponential behavior uniformly for all the 

titled glasses and the experimental lifetime values 

were obtained following the curve fitting method. 

Keywords: Telluroborate glasses, luminescence, 

Judd-Ofelt parameters, stimulated emission cross-

section 

 

1. Introduction 

Rare earth (RE) ions doped glasses play a most 

significant role in the field of photonics including 

the design and fabrication of new optical devices 

such as color display devices, solid state lasers, 

sensors, telecommunication and semiconductors 

induced LEDs etc., [1,2]. RE ions doped glasses draw 

a great deal of attraction among the researchers due 

to their key features such as inhomogeneous distinct 

visible emission, better thermal stability, less 

expensive and simple manufacturing process. 

Among the oxide glasses, telluroborate glasses are 

known to be the best host matrices because of their 

good optical quality, higher transparency, low melting 

temperature, high refractive index and high 

dielectric constant. Among the several RE3+ ions, 

Eu3+ ions acquire much attention because of their 

narrow band emission (almost monochromatic) 

around 613 nm (Red emission) due to the 5D0→7F2 

transition and higher quantum yield. The present 

work reports Luminescence behavior of the Eu3+ 

doped B2O3–TeO2–K2O–Bi2O3–glasses. The 

motivation of the present study is to (i) synthesis 

Eu3+ doped telluroborate glasses following melt 

quenching (ii) evaluate the Judd-Ofelt (JO) 

parameters (, =2, 4, 6) (iii) estimate the radiative 

properties of the Eu3+ ions and finally (iv) to 

determine the experimental lifetime of the 5D0 

metastable state of the Eu3+ ions. 

 

2. Experimental  

Eu3+ doped telluroborate glasses were prepared 

following the conventional melt quenching 

technique with high purity (99.99%) chemicals from 
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Sigma-Aldrich as starting materials. The 15gm batch 

of the chemical composition (55x) B2O3 + 25TeO2 + 

10K2O + 10Bi2O3 + xEu2O3 (where x = 0, 0.25, 0.5, 

0.75, 1 and 2 in wt% named as BTPxE) were 

weighed and thoroughly mixed in an agate mortar to 

obtain homogeneous mixture. The chemical 

mixtures were taken into a porcelain crucible and 

kept in an electrical furnace at 1080 C for 2 hrs.  

The melt was then poured onto a preheated brass 

plate and pressed by another brass plate to obtain 

uniform thickness. The prepared glasses were 

annealed for 8 hrs at 350 C to remove the thermal 

strain and to improve the mechanical strength. 

Luminescence spectra of the prepared glasses were 

recorded at room temperature (RT) using Perkin 

Elmer LS55 spectrophotometer with a spectral 

resolution of ±1.0 nm and the lifetime measurements 

were carried out employing Sciencetech modular 

spectrometer using xenon flash lamp an excitation 

source. 

 

3. Excitation and Emission Spectra 

The inset of figure 1 shows the excitation spectrum 

of the BTP1E glass and the sharp intense peaks 

around 200–600 nm are mainly attributed to the f–f 

transitions of Eu3+ ions. The observed excitation 

bands are assigned to the various electronic 

transitions of Eu3+ ions such as 7F05D4 (363 nm), 
7F05G2 (376 nm), 7F15L7 (381 nm), 7F05L6 (395 

nm), 7F05D3 (415 nm), 7F05D2 (465 nm), 7F05D1 

(526 nm), 7F15D1 (533 nm) and 7F05D0 (578 nm) 

transitions. It is observed from the excitation 

spectrum that, the 7F05D2 band possesses strong 

excitation at 465 nm and is used as a source of 

excitation wavelength for the emission spectral 

measurements of the present glasses. 

550 600 650 700 750

 BTP0.25E

 BTP0.5E

 BTP0.75E

 BTP1E

 BTP2E

 

E
m

is
s
io

n
 i

n
te

n
s
it

y
 (

a
.u

)

Wavelength (nm)


exc

= 465 nm

5
D

0


 7
F

0

5
D

0


 7
F

1
5

D
0


 7
F

2

5
D

0
 

7
F

3

5
D

0


 7
F

4

200 300 400 500 600

 

 

E
x
c
it

a
ti

o
n
 i

n
te

n
s
it

y
 (

a
.u

)

Wavelength (nm)


emi

= 613 nm

CTB

7
F

0


5
D

0

7
F

1


5
D

1

7
F

0


5
D

1

7
F

0


5
D

2

7
F

0


5
L

6

7
F

1


5
D

3

7
F

1


5
L

7

7
F

0


5
D

4
7

F
0


5
G

2

BTP1E

7
F

0


5
H

6

7
F

1


5
F

3

 

Figure 1. Luminescence spectra of the BTPxE glasses 

[Inset shows the excitation spectrum of the BTP1E 

glass] 

The emission spectra of the prepared BTPxE glasses 

have been recorded as a function of Eu3+ ions 

concentration exciting at 465 nm and the same is 

shown in figure 1. The emission spectra exhibit five 

emission bands at around 577, 592, 613, 652 and 702 

nm in the visible region corresponding to the 
5D0→7FJ (J  0, 1, 2, 3 and 4) transitions and the 
5D07F5 emission transition found to occur in the 

near infrared region could not be observed because 

of the experimental limitations [3].  Among the 

emission bands, 5D07F2 (613 nm) electric dipole 

allowed transition exhibit strong red emission and 

its intensity is hypersensitive to the environment 

around the Eu3+ ions. Whereas the 5D07F1 

transition is a magnetic dipole allowed and its 

intensity is independent of the environment around 

the Eu3+ ions [2]. It can be used for the estimation of 

transition probabilities of various excited levels. The 

luminescence intensity ratio (R) is defined as the 

ratio between the integrated intensity of 5D07F2 

and 5D07F1 transitions and it is used to determine 

the nature of the chemical environment around the 

Eu3+ ions thus provides information pertaining to the 
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strength of covalent/ionic bonding. Higher R values 

indicate the higher asymmetry around the Eu3+ ion 

site in the present glasses. It is observed from table 1 

that the increase in R value upto 1 wt% of Eu3+ ions 

concentration thus indicate that asymmetry around 

the Eu3+ ions increases due to the formation of bonds 

between different network formers like BOEu 

OTe [3]. The characteristic emission of the 

prepared glasses are made through CIE 1931 

chromaticity coordinates and the (x,y) coordinates 

of the title glasses are presented in table 2.  The inset 

of figure 2 shows the CIE 1931 chromaticity diagram 

and it is observed that the all the coordinates are 

found to lie in the reddish orange region. 

 

Table 1. Luminescence intensity ratio (R), Judd-

Ofelt parameters (Ωλ×10–20cm2) of the Eu3+ 

telluroborate glasses 

Glass 

code 
R 

JO Parameters Trends of 

Ωλ Ω2 Ω4 Ω6 

BTP0.25E 3.54 5.58 0.73 0 Ω2 >Ω4 >Ω6 

BTP0.5E 3.63 5.69 0.77 0 Ω2 >Ω4 >Ω6 

BTP0.75E 3.73 5.74 0.82 0 Ω2 >Ω4 >Ω6 

BTP1E 3.91 5.95 0.89 0 Ω2 >Ω4 >Ω6 

BTP2E 3.89 5.80 0.76 0 Ω2 >Ω4 >Ω6 

 

4. Judd-Ofelt Analysis and Radiative 

Parameters 

 In case of Eu3+ ions, determination of Judd-Ofelt 

(JO) parameters following the least square fit 

procedure is not applicable due to the zero 

magnitude of matrix elements ║U
║2. The Judd-

Ofelt intensity parameters (Ω2, Ω4, Ω6) provide 

valuable information such as Ω2 is related to the 

short-range effects such as polarizability of the 

ligand ions, Ω4 and Ω6 parameters are related to the 

long-range effects such as viscosity and rigidity of 

the glass [4]. The JO theory of trivalent europium 

ion possesses serious difficulties, because of the 

availability of few absorption transitions in the 

absorption spectra originate from the 7F0 and 7F1 

states to the various excited states such as 5D1, 5D2 

and 5L6. Hence emission spectra of the Eu3+ ions are 

used to determine the JO parameters of the Eu3+ 

ions. Peng and Izumitani [3] used the electric dipole 

transitions 5D07F2, 7F4 and 7F6 of the Eu3+ ions to 

determine the JO parameters. The luminescent 

intensity of the magnetic dipole allowed transition 

(5D07F1) is independent of the crystal field around 

the Eu3+ ions.  

This property of the 5D07F1 transitions is used to 

estimate the transition probability of the various 

electric dipole transitions such as 5D07FJ (2,4,6) and 

are used to determine the JO parameters (, =2, 4, 

6). The 5D07F5 and 5D07F6 emission transitions 

could not be observed due to the experimental 

limitations and the 6 parameter is negligible in the 

determination of radiative lifetime of Eu3+ ions. The 

Judd-Ofelt parameters of the title glasses have been 

calculated and the results are presented in table 1. 

The trends of the JO parameters are found to be in 

the order Ω2>Ω4>Ω6 uniformly for all the prepared 

glasses. The higher 2  value is often an indication of 

higher covalence and higher asymmetry around the 

Eu3+ ions site and is further confirmed through the 

luminescence intensity ratios of the prepared glasses. 
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Figure 2. Decay curve of the 5d0 excited state of the 

eu3+ doped teullroborate glasses 
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Table 2. Emission band position (λp, nm), effective 

bandwidth (∆λeff, nm), radiative transition 

probability (A, s–1), stimulated emission cross-section 

(p×10–22 cm2), experimental, calculated branching 

ratio (βR) and CIE 1931 coordinates of the BTPxE 

glasses 

 
Transi 

tion 
Parametes 

BTP 

0.25E 

BTP 

0.5E 

BTP 

0.75E 

BTP 

1E 

BTP 

2E 

5
D

0


7
F

0
 

λp 578 578 579 578 578 

∆λeff 2.51 2.41 2.62 2.42 2.32 

Α 0.00 0.00 0.00 0.00 0.00 

P  0.00 0.00 0.00 0.00 0.00 

βR(Exp) 0.022 0.023 0.024 0.026 0.024 

βR(Cal) 0.00 0.00 0.00 0.00 0.00 

5

D
0


7

F
1
 

λ
p
 592 590 591 591 591 

∆λ
eff

 6.27 6.48 6.08 6.38 6.17 

Α 60.2 59.6 59.4 58.3 55.5 

P  5.96 5.73 6.12 5.79 5.87 

β
R
(Exp) 0.18 0.19 0.17 0.18 0.18 

β
R
(Cal) 0.20 0.20 0.193 0.203 0.195 

5

D
0


7

F
2
 

λ
p
 613 613 613 613 613 

∆λ
eff

 5.20 5.00 5.18 5.25 5.12 

Α 223.4 208.7 231.7 244.5 214.3 

P  30.9 30.1 32.4 33.1 31.6 

β
R
(Exp) 0.707 0.692 0.708 0.713 0.712 

β
R
(Cal) 0.749 0.734 0.754 0.758 0.755 

C
IE

 

x 0.64 0.64 0.61 0.62 0.63 

y 0.35 0.35 0.35 0.35 0.35 

The JO parameters have been used to calculate 

the radiative properties such as radiative transition 

probability (A), stimulated emission cross-section 

(p), radiative lifetime (τ) and branching ratios (β) 

for the 5D07FJ (J=0,1,2,3,4) transitions and the 

results are presented in table 2. The radiative 

transition probability (A) and the stimulated 

emission cross-section value of the 5D0→7F2 

transition are found to be higher for all the prepared 

BTPxE glasses compared to the other transitions and 

the values are presented in table 2. The experimental 

branching ratio values of the 5D0→7F2 transition are 

found to be 0.675, 0.707, 0.692, 0.708, 0.713 and 

0.712 for the BTP0.1E, BTP0.25E, BTP0.5E, 

BTP0.75E, BTP1E and BTP2E glasses respectively 

and is quite comparable to the branching ratio 

values estimated  using JO theory. 

 

5. Decay Curve Analysis 

Luminescence decay profile of the prepared Eu3+ 

doped telluroborate glasses have been recorded by 

monitoring an excitation at 465 nm and emission at 

613 nm corresponding to the 5D0→7F2 transition and 

the same is shown in figure 2.  It is clearly observed 

from the figure that, the decay curve exhibits single 

exponential behavior for all the prepared glasses and 

the experimental lifetime values were evolved by 

fitting with a single-experimental function It = I0 e−t/, 

where It and I0 is the emission intensity at time ‘t’ 

and at t=0 respectively,  is the lifetime of the 

excited state energy level. 

The calculated (cal) and experimental (exp) 

lifetime values for the 5D0 level are found to be3.332, 

3.355, 3.517, 3.260, 3.468, 3.527 ms and 1.192, 1.316, 

1.517, 1.526, 1.878, 1.7694 ms corresponding to the 

BTP0.1E, BTP0.25E, BTP0.5E, BTP0.75E,  BTP1E 

and BTP2E glasses respectively. 
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Abstract 

A new series of Eu3+ ions doped boro-phosphate 

glasses with the chemical composition (60x)B2O3 + 

10P2O5 + 20Li2O + 10ZnO + xEu2O3 (where,              

x = 0.25, 0.5, 1 and 2  in wt %) have been prepared 

by conventional melt quenching technique and 

labeled as 0.25EuBP, 0.5EuBP, 1EuBP and 2EuBP 

glasses respectively. From the absorption spectra, 

bonding parameters have been calculated to 

examine the nature of the bond between the Eu3+ 

ions and its surrounding ligands. The Judd-Oflet 

(JO) intensity parameters were calculated from the 

emission spectra to explore the symmetry of the 

ligand environment around the Eu3+ ion site. 

Radiative properties were obtained from the 

emission spectra to ensure the suitability of studied 

glasses for solid state laser applications. The decay 

curves exhibit single exponential behavior for all 

the title glasses irrespective of the change in Eu3+ 

ion concentration and the observed results were 

discussed in detail and reported. 

Keywords: Glasses, Absorption, Luminescence, JO 

Parameters, Decay Analysis. 

1. Introduction 

For the past few decades considerable work on rare 

earth (RE) doped materials have been carried out 

for the design and development of efficient 

optoelectronic devices such as solid state lasers, 

LED’s and color display devices. Of all the RE ions, 

Eu3+ ion possess lots of importance because of its 

narrow band emission around 612 nm due to its 
5D0→7F2 transition for red laser applications. The f–

f transition of Eu3+ ions provide information about 

the local structure around the RE ions in different 

host matrices and hence they can be used as a 

probe to analyze the ligand structure around the 

RE3+ ions site [1]. In order to avail the advantages of 

both borate and phosphate glass formers like high 

refractive index, high RE ion solubility, low melting 

temperature, high transparency and high thermal 

stability it is combined together as boro-phosphate 

glasses to attain good optical quality glasses.  

Spectroscopic properties of Eu3+ ions doped 

boro-phosphate glasses have been studied as a 

function of Eu3+ ion concentration and the results 

were discussed and reported 

2. Experimental 

Eu3+ doped title glasses have been prepared by 

conventional melt quenching technique following 

the procedure reported in literature [2]. The 

absorption spectral measurements were made 

employing Perkin Elmer Lambda 35 UV-Vis-NIR 

spectrophotometer. Luminescence spectra of the 

prepared glasses were recorded using Perkin Elmer 

LS55 spectrophotometer. Sciencetech modular 

spectrometer was employed for lifetime measurements 

using xenon flash lamp as an excitation source. 

3. Optical absorption spectra 

The absorption spectra of the Eu3+ doped boro-

phosphate glasses were recorded in the wavelength 

region 375–2300 nm and as a representative case 

absorption spectrum of the 1EuBP glass is shown in 

figure 1. The spectrum exhibit ten absorption  

bands at 394, 401, 414, 465, 524, 533, 578, 587, 
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2097 and 2205 nm analogous to the 7F0→5L6, 
7F1→5L6, 7F1→5D3, 7F0→5D2, 7F0→5D1, 7F1 →5D1, 
7F0→5D0, 7F1 →5D0, 7F0→7F6 and 7F1→7F6 transitions 

respectively. Among them, 7F0→5L6 transition is 

found to be higher in intensity.  

The bonding parameter (δ) values can be estimated 

using the relation δ = ((1− )/ )×100, where   is 

the average value of the Nephelauxetic ratios (β). 

The calculated δ values of the studied glasses are 

found to be 0.0052, 0.0050, 0.0046 and 0.0040 

corresponding to the 0.25EuBP, 0.5EuBP, 1EuBP 

and 2EuBP glasses respectively. The positive δ values 

indicate the covalent nature of the Eu−O bond. The 

decreasing B2O3 content reduces the polarization of 

oxygen ions upon Eu3+ ions which in turn leads to 

have a fall in the covalency of the Eu−O bonds. 
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Figure 1. Absorption spectrum of the 1EuBP glass 

 

4. Phonon sideband and luminescence spectral 

analysis 

 Figure 2 shows the excitation spectrum of the 

1EuBP glass recorded in the wavelength region 

350550 nm by monitoring the emission at 612 nm. 

The spectrum exhibit six excitation bands at 

around 363, 380, 395, 412, 463 and 532 nm 

corresponding to the 7F0→5D4, 7F1→5L7, 7F0→5L6, 
7F1→5D3, 7F0→5D2 and 7F1→5D1 transitions 

respectively. The 7F0→5L6 transition observed at 

405 nm is found to be higher in intensity compared 

to all other transitions and is used as an excitation 

wavelength to record the emission spectra. 

 

Table 1. The JO parameters (×10–20 cm2), (x,y) color 

coordinates, peak position of PET and PSB (in cm–

1), Phonon energy (cm–1) and g of the xEuBP glasses 

Parameters 
0.25Eu 

BP 

0.5Eu 

BP 

1Eu 

BP 

2Eu 

BP 

Ω2 3.82 3.76 3.54 2.74 

Ω4 0.692 0.759 0.620 0.629 

Ω6 0 0 0 0 

X 0.603 0.624 0.629 0.644 

Y 0.345 0.346 0.348 0.35 

PET 21515 21518 21523 21531 

PSB 22617 22621 22624 22618 

Phonon 

energy 
1172 1166 1160 1153 

G 0.0032 
0.002

9 
0.0025 

0.002

1 

 

The occurrence of phonon sideband in the 

excitation spectra of the Eu3+ ions corresponds to 

the phonon assisted absorption transition. The 

phonon sideband (PSB) coupled with the excitation 

spectrum of the 1EuBP glass and the PSB of all the 

studied glasses are shown in the insert of figure 2. 

The electron-phonon coupling constant have been 

obtained using the expression, 

(∫IPSB dλ)/(∫IPET dλ) 

where,  is the intensity of the phonon sideband and 

is the intensity of pure electronic transition 

respectively. Further, phonon energy involved in 

the non-radiative decay process which leads to 

luminescence quenching can also be obtained by 

finding the difference between the energy of the 
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pure electronic transition and that of the phonon 

side band. Table 1 shows the calculated g values 

and the phonon energies of the title glasses. It is 

observed from table 1 that the phonon energy of 

the xEuBP glasses are found to be in the range 

1153–1172 cm–1 and the same may be due to the 

vibrations of different borate groups. The lower g 

values indicate the less covalency of the EuO 

bonds in the studied glasses which is already 

confirmed through the bonding parameter values.   
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Figure 2. Excitation spectrum of the 1EuBP glass 

[Inset shows the phonon side bands of the xEuBP 

glasses] 

The luminescence spectra recorded in the 

wavelength region 550720 nm is shown in figure 

3. The spectra exhibit emission bands at around 

574, 595, 612, 653 and 702 nm corresponding to the 
5D0→7F0, 5D0→7F1, 5D0→7F2, 5D0→7F3 and 5D0→7F4 

transitions respectively.  The intensity of the 

emission bands are found to increase upto 1wt% 

Eu3+ ion concentration and after that luminescence 

quenching is observed due to the energy transfer 

process takes place between the Eu3+ ions through 

cross-relaxation mechanism [2]. The CIE 

chromaticity coordinates have been determined to 

estimate the emission color of the prepared glasses. 

The calculated chromaticity coordinates (x,y) of the 

studied glasses are presented in table 1 and the (x,y) 

values are found to lie in the red region of the CIE 

1931 diagram and the same is shown in the inset of 

figure 3. 
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Figure 3. Luminescence spectra of the xEuBP 

glasses [Inset shows the CIE 1931 diagram of the 

xEuBP glasses] 

1. Judd-ofelt analysis and decay curves 

The JO parameters give valuable information 

about the metal-ligand bonding nature and the 

symmetry of the ligand field around the RE ion 

site. The JO parameters of the studied glasses were 

calculated from the emission spectra following the 

procedure reported in literature [3,4] and they 

mainly depend upon the emission intensities of the 
5D0 →7F2,4,6 transitions. Table 1 shows the calculated 

JO parameters of the title glasses and the Ω2 values 

are found to decrease with the increase in Eu3+ 

content which indicates that Eu3+ ions are located in 

the lower asymmetrical ligand environment and the 

Eu−O bond possess less covalency. The Ω6 values of 

all the prepared were taken as zero because the 
5D0→7F6 transition usually occurs in the near 

infrared region which could not be observed due to 

experimental limitations.  

Using the JO parameters, radiative properties 

such as radiative transition probability (AR), 

stimulated emission cross-section ( E

P ), branching 

ratios (R) and radiative lifetime of the 5D0→7FJ 
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(J=1,2,4) transitions were obtained from the 

emission spectra and the same is shown in table 2. 

The stimulated emission cross-section and the 

branching ratio values should be on higher side to 

avail good lasing action [5]. Among the studied 

glasses, 1EuBP glass possess higher AR, R and E

P  

values pertaining to the 5D0→7F2 transition and the 

same can be suggested as an active medium for red 

laser applications. The decay profile of the 5D0→7F2 

transition have been recorded by fixing the 

excitation at 395 nm and emission at 612 nm and 

the same is shown in figure 4. The decay curves 

exhibit single exponential behavior for all the 

studied glasses and the obtained 
exp values are 

presented in table 2 along with the quantum 

efficiency values (η).  
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Figure 4. Decay curves of the xEuBP glasses 

It is observed that the 
exp  values are found 

to be lower than the 
cal  values and is due to the 

non-radiative relaxation caused by the interaction 

of Eu3+ ions with the vibrations of the host matrix. 

 

Table 2. The A (s−1), β and (10−22 cm2), τcal, τexp and η values of the xEuBP glasses 

Transitions Factors 
0.25Eu 

BP 

0.5Eu 

BP 

1Eu 

BP 

2Eu 

BP 

5D07F1 

Α 61.8 61.6 61.4 61.1 
E

P  3.63 5.01 5.88 4.07 

βR 0.313 0.303 0.253 0.263 

5D07F2 

Α 114.4 109.6 148.8 149.0 
E

P  7.83 9.14 12.24 10.05 

βR 0.597 0.609 0.683 0.658 

5D07F4 

Α 13.16 13.3 10.2 13.1 
E

P  1.96 2.47 1.65 2.14 

βR 0.068 0.067 0.044 0.057 

cal (ms) 3.774 3.610 3.247 3.450 

exp (ms) 1.857 1.844 1.832 1.817 

η (%) 49 51 56 53 

 

5. Conclusion 

Eu3+ doped boro-phosphate glasses have been 

synthesized following the melt quenching technique. 

The decreasing δ and Ω2 values indicate the fact 

that colvalency of the metal-ligand bond decreases 

with the increase in Eu3+ ion concentration in the 

title glasses. It is observed from all these studies 

that among the prepared glasses, 1EuBP glass 

exhibit higher AR, R, E

P  and η values pertaining to 

the 5D0→7F2 transition and the same is suggested as 
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a suitable candidate for red light emitting sources 

and for the fabrication of solid state lasers. 

 

6. References 

[1] R. Reisfeld and C.K. Jorgensen, Lasers and 

Excited States of Rare Earths, Springer, Berlin, 

1977. 

[2] K. Maheshvaran and K. Marimuthu, J. Lumin. 

132, 2012, pp. 2259–2267. 

[3] B.R. Judd, Phys. Rev. 127, 1962, pp. 750–761. 

[4] G.S. Ofelt, J. Chem. Phys. 37, 1962, pp. 511–520.  

[5] Joanna Pisarska, Opt. Mater. 31, 2009, pp. 

17841786. 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017            P a g e  | 155  

Optical Properties of Dy3+ Doped Zinc Boro-Phosphate Glasses for 

Photonic Applications 
P. Karthikeyan, P. Suthanthirakumar, K. Marimuthu* 

Department of Physics, Gandhigram Rural InstituteDeemed University, Gandhigram – 624 302, India 

*Corresponding author: mari_ram2000@yahoo.com 
 

Abstract 

        Zinc boro-phosphate glasses doped with Dy3+ 

ions (DZBP) have been synthesized following the 

melt quenching technique and their spectroscopic 

properties were studied through absorption and 

emission spectra. The bonding parameters (δ and 

β) and Judd-Ofelt (JO) intensity parameters were 

calculated from the absorption spectra. The 

luminescence properties of the present Dy3+ doped 

glasses have been analyzed through radiative 

properties. The luminescence spectra of the Dy3+ 

doped zinc boro-phosphate glasses exhibit two 

intense emission bands corresponding to the 

4F9/2→6H15/2 and 4F9/2→6H13/2 transitions. The Y/B 

intensity ratio values have been calculated from 

the emission spectra of the prepared glasses and 

the combination of dominant blue and yellow 

emissions generate white light emission. The 

results obtained from the CIE chromaticity 

diagram suggest that the present Dy3+ doped 

glasses are suitable for white light applications.  

Keywords: Absorption Spectra, Bonding 

Parameter, JO intensity parameter, luminescence, 

radiative properties. 

1. Introduction 

Nowadays, many researchers focus on rare 

earth (RE) ions doped optical materials for solid 

state lighting (SSL) applications such as white LEDs, 

color displays and cellular phone illumination etc., 

[1,2]. Among the several rare earth ions, Dy3+ ions 

play a vital role in the design and development of 

white LED’s because of the dominant two 

emission bands in the visible region corresponding 

to the 4F9/2→6H15/2 (blue), 4F9/2→6H13/2 (yellow) 

transitions [3]. The Y/B intensity ratio depends 

upon structural changes in the environment 

around the Dy3+ ions and the white light emission 

has been obtained by adjusting the Y/B ratio by 

optimizing the RE ions concentration, chemical 

composition, pumping wavelength and heat 

treatment. B. Shanmugavelu et al. [4] and K. 

Swapna et al. [5] have also studied the variation of 

Y/B ratio for the white light applications.  In the 

present work, Emission properties of Dy3+ doped 

zinc boro-phosphate glasses have been analyzed 

for the fabrication of white light emitting devices 

and the results are discussed and reported. 

2. Experimental  

The Dy3+ doped Zinc boro-phosphate glasses 

with the chemical composition (59–x)P2O5+  xB2O3 

+ 10SrO + 10BaF2 + 20ZnO + 1Dy2O3 (where x = 

10, 20, 30 and 40 in wt %) have been prepared by 

conventional melt quenching technique [6] and 

labeled as 10DZBP, 20DZBP, 30DZBP and 

40DZBP based on the borate content. The 

absorption spectra were recorded between 400 and 

2000 nm using Perkin-Elmer-Lambda 950 

UV/Vis/NIR spectrophotometer with a resolution of 

±0.1 nm. Luminescence spectra of the glasses were 

measured employing Perkin Elmer LS55 

spectrophotometer in the wavelength range 450–

700 nm with a spectral resolution of ±1.0 nm. All 

these measurements were carried out at room 

temperature (RT) only. 
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3. Absorption Spectra and Bonding Parameter 

The optical absorption spectra of the prepared 

Dy3+ doped Zinc boro-phosphate glasses recorded 

in the visible and near infrared regions are shown 

in figure 1. The absorption spectra exhibit eight 

inhomogeneous bands at around 1680, 1273, 1092, 

900, 800, 750, 471 and 451 nm due to the 

absorption transitions from the 6H15/2 ground state 

to the various excited states such as 6H11/2, 
6F11/2+6H9/2, 6F9/2, 6F7/2, 6F3/2, 6F5/2, 6F7/2+6H5/2 and  4I15/2.  

From the absorption spectra, it is observed that the 
6H15/2→6F11/2+6H9/2  transition is sensitive to the 

ligand environment around the RE ion site which 

obey the selection rulesS 0,L 2 and 

J 2 and is known as hypersensitive 

transition.  

 

 

 

 

 

 

 

 

 

Figure 1. NIR absorption spectra of the Dy3+ doped 

zinc boro-phosphate glasses [Inset shows the 

absorption spectrum of the 30DZBP glass in the 

visible region] 

From the optical absorption spectra, 

Nephelauxetic ratios and bonding parameter 

values have been calculated using the expressions 

reported in the literature [6] to study the nature of 

the Dy3+-ligand bond in the prepared glasses and 

the values are presented in table 1. The positive 

sign of the δ values indicate the fact that the Dy–O 

bond is of covalent in nature and the covalency 

increases due to the increase in the B2O3 content in 

the studied glasses. 

4. Judd-Ofelt Intensity Parameters 

The JO intensity parameters (Ω2, Ω4 and Ω6) 

provide information about the local structure of 

the ligand environment and nature of the metal-

ligand bonds in RE doped glasses and the values 

are shown in table 1. It is observed from the table 

that the magnitude of the JO intensity parameters 

follow the trend as Ω2>Ω6>Ω4 uniformly for all the 

studied glasses and the Ω2 values were found to 

increase with the increase in borate content in the 

prepared glasses compared to the reported 

literature [7,8] thus indicates the increasing 

asymmetry in the prepared glasses. Spectroscopic 

quality factor is (χ=Ω4/Ω6) used to predict the 

stimulated emission in any active medium and is 

found to be higher for 30DZBP glass compared to 

other prepared glasses thus suggests its suitability 

for the photonic applications. 

 

Table 1. Judd-Ofelt (×1020cm2) parameters and 

bonding parameters (   and δ) of the Dy3+ doped 

zinc boro-phosphate glasses 

Glass code 
JO Parameters 

Ω4/Ω6   δ 
Ω2 Ω4 Ω6 

10 DZBP 5.24 1.72 2.60 0.66 0.989 0.993 

20 DZBP 7.13 1.20 1.54 0.77 0.990 1.006 

30 DZBP 8.47 1.71 1.95 0.87 0.990 1.019 

40 DZBP 8.51 1.73 3.75 0.46 0.991 1.023 

LKZBSB[7] 5.36 1.46 1.95 0.74 - - 

BaO–TeO2[8] 3.20 1.35 2.47 0.54 - - 

5. Luminescence spectral analysis  

Figure 2 shows the luminescence spectra of the 

prepared Dy3+ doped zinc boro-phosphate glasses 

monitoring an excitation wavelength at 387 nm.  
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Figure 2. Emission spectra of the Dy3+ doped zinc 

boro-phosphate glasses 

The luminescence spectra exhibit three 

emission bands centered at 482, 575 and 664 nm 

attributed to the 4F9/2→6H15/2 (blue), 4F9/2→6H13/2 

(yellow) and 4F9/2→6H11/2 (red) transitions 

respectively. Among these transitions, 4F9/2→6H13/2 

possess higher intensity compared to the other 

transitions and the ratio between integral 

intensities of  4F9/2→6H13/2 (yellow) and  
4F9/2→6H15/2 (blue) transitions helps one to 

determine the local symmetry around the Dy3+ ion 

site.  These values are found to increase with the 

increase in borate content in the prepared glasses 

indicating the increasing asymmetry in the 

prepared glasses.  The luminescence intensity 

increases with the increase in borate content and 

found to quench beyond 30 wt% of B2O3 content 

in the prepared glasses. 

 

6. Radiative properties 

The radiative properties of the Dy3+ doped zinc 

boro-phosphate glasses have been calculated from 

the emission spectra using JO theory and the 

results are shown in table 2.   

 

 

 

 

 

Table 2. Emission band position (λp, nm stimulated 

emission cross-section (
E

P ×10–22 cm2), 

experimental and calculated branching ratios (βR) 

values and Y/B intensity ratio values and (x, y) co-

ordinates of the Dy3+ doped zinc boro-phosphate 

glasses 

Transition 

parameters 

10DZ 

BP 

20DZ 

BP 

30DZ 

BP 

40DZ 

BP 

4
F

9
/2
→

6
H

1
5
/2

 

λp 482 482 482 481 
E

P  1.2999 2.6911 3.4920 3.4284 

βR(Exp) 0.2295 0.2977 0.2287 0.2910 

βR(Cal) 0.4537 0.4474 0.4689 0.4318 
4
F

9
/2
→

6
H

1
3
/2

 
λp 574 574 584 574 
E

P  46.5589 27.8518 63.3970 59.1955 

βR(Exp) 0.7638 0.7088 0.7700 0.7399 

βR(Cal) 0.6408 0.6583 0.6934 0.6864 

4
F

9
/2
→

6
H

1
1
/2

 

λp 663 664 674 663 
E

P  7.1590 6.7055 9.8339 8.1244 

βR(Exp) 0.0908 0.0774 0.0703 0.0797 

βR(Cal) 0.0862 0.0919 0.0931 0.0918 

x 0.372 0.371 0.381 0.375 

y 0.379 0.368 0.379 0.373 

Y/B intensity 

ratio 
1.529 1.607 1.608 1.767 

 

The branching ratio values of the 4F9/2→6H13/2 

emission transition is found to be higher compared 

to the other emission transitions and follow the 

trend as 4F9/2→6H13/2 > 4F9/2→6H15/2 > 4F9/2→6H11/2 

uniformly for all the prepared glasses. Among all 

the observed transitions, the E

P  value is found to 

be higher for the 4F9/2→6H13/2 transition pertaining 

to the prepared 30DZBP glass and further it 

possess higher E

P  value compared to the reported 

glasses PTBDy10 (2.86×10−21cm2) [9], Dy3+: NMAP 

(25.65×10−22cm2) [10] thus suggests its suitability for 

yellow laser applications.  

7. White Light Stimulation 

Figure 3 shows the CIE diagram plotted for the 

prepared Dy3+ doped zinc boro-phosphate glasses 

using the expressions reported in the literature [6]. 

The x, y coordinate values are presented in table 2 
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and are found to be closer to the standard equal 

energy point thus confirms the suitability of the 

present glasses for white light applications. In 

general, cool white light sources (high CCT 

values) are mostly used in schools, houses, 

hospitals etc.,  
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Figure 3. The CIE 1931 color chromaticity 

diagram of the Dy3+ doped zinc boro-phosphate 

glasses 

 

The warmer white light sources (low CCT 

values) are used in offices, restaurants, hotels etc., 

The calculated CCT values for the prepared glasses 

are found to be 3641K, 4131K, 6234K and 3510K 

corresponds to the 10DZBP, 20DZBP, 30DZBP 

and 40DZBP glasses respectively. Among them, 

30DZBP glass possesses higher CCT value 

suggesting its suitability for cool white light 

applications. 

 

8. Conclusion 

The covalency nature of the Dy–O bond 

increases with the increase in borate content in 

the prepared glasses. The Ω2 and Y/B ratio values 

increases with the increase in borate content thus 

indicates the increasing asymmetry in the prepared 

glasses.  Higher stimulated emission cross-section 

and branching ratio values of the 4F9/2→6H13/2 

transition corresponding to the 30DZBP glass 

confirms its suitability for yellow laser 

applications. The CIE color chromaticity 

coordinates (x, y) and higher CCT values suggests 

that the 30DZBP glass is a better choice for cool 

white light applications. 
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Abstract 

Er3+ ions doped lead borotellurite glasses were 

prepared by melt quenching technique and their 

structural and spectroscopic behaviors were 

studied through recording FTIR, UV–Vis–NIR 

absorption and photoluminescence measurements. 

Through the absorption spectra the bonding 

parameters () and Judd–Ofelt intensity 

parameters Ωλ (λ = 2, 4 and 6) has been evaluated. 

From the JO intensity parameters the radiative 

properties such as transition probability (A), 

stimulated emission cross section (σe), radiative 

life time (τcal) and branching ratios (βR) of the 

prepared glasses were determined and their results 

were discussed and reported. The obtained higher 

values of A, σe, FWHM and ∆G for the LTB0.5E 

glass suggest its feasibility for the development of 

laser and optical amplifier devices.  

Keywords: Amplifier, Bonding Parameter, JO 

intensity parameter, Gain Bandwidth, Stimulated 

emission cross section 

1. Introduction 

Rare earth (RE) ions are visible to near-infrared 

ultra narrow band emitters with long 

luminescence lifetimes and thus have wide 

applications in many fields such as solid laser, 

display and optical amplification [1]. Er3+ doped 

glasses are especially attractive for numerous 

applications mainly due to the 1550 nm emission 

and in fact, Er3+-doped fiber amplifiers (EDFA) are 

well known and used in telecommunication 

systems, temperature sensors, solar cells, light 

wave circuits [1,2]. Owing to the low phonon 

energy, excellent material exhibiting low melting 

points, higher chemical stability, high refractive 

index and suitable lattice size for doping rare earth 

ions borotellurite based glass system has been 

selected as the host matrix [1–3]. In this present 

work, the concentration effect on spectroscopic 

behaviors of Er3+ ions doped lead borotellurite 

glasses have been investigated and reported. 

2. Experimental  

Er3+ ions doped lead borotellurite glasses were 

prepared by melt quenching technique with the 

chemical composition of (45-x)B2O3+30TeO2+ 

15PbO+10Na2O+xEr2O3 (where x = 0.1, 0.25, 0.5, 1 

and 2 wt%) following the procedure reported in 

literature [3]. The prepared Er3+ ions doped lead 

borotellurite glasses are labeled as LTB0.1E, 

LTB0.25E, LTB0.5E, LTB1E and LTB2E with 

respect to the erbium ion concentration in the 

host matrix. The FTIR spectrum has been recorded 

using Perkin−Elmer Paragon−500 

spectrophotometer in the wave number region 

400−4000 cm−1 following KBr pellet method. The 

optical absorption spectra were recorded in the 

wavelength range 350–2000 nm using CARY 500 

UV–Vis–NIR spectrophotometer. The NIR 

emission spectra were carried out using JOBIN 

YVON fluorolog–3 spectrofluorometer with a 

PMT by exciting at 980 nm laser diode with a 

resolution of ±1.0 nm. All these measurements 

were carried out at room temperature (RT) only. 
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3. FTIR analysis 

The FTIR spectra of LTB0.5E glass displayed in 

figure 1 as a representative case which is used to 

identify the existing functional groups present in 

the borotellurite glasses. The presence of principle 

IR vibration bond around 703 cm−1 is attributed B–

O–B bond bending vibrations in [BO3] units and 

Te–O bond stretching vibrations in TeO3 and TeO6 

units [4]. The absence of O–B–O boroxol ring 

formation in the prepared glass around the region 

806 cm−1 confirms that the glass system consists of 

randomnly connected BO3 and BO4 groups. The 

broad band around 1004 cm−1 is due to B–O 

stretching vibrations of BO4 units in tri-, tetra- and 

penta borate groups. The peaks observed around 

1370 cm−1 indicates the presence of B–O stretching in 

[BO3] units [3,4]. The small hump observed around 

1632 cm1 is due to the asymmetric stretching 

relaxation of the B–O bond of trigonal BO3 units 

[3,4]. The presence of small peak around 3422 

cm1 indicates the OH bond vibrations in the titled 

glass [4].  

 

 

 

 

 

 

 

 

 

Figure 1. FTIR spectrum of the Er3+ doped LTB0.5E 

glass 

Thus the presence of bending and stretching 

vibrations of borate and tellurite are confirmed in 

the prepared glasses. 

 

 

 

4. Absorption spectral analysis 

Figure 2 shows the UV–Vis absorption 

spectrum of the 0.5 wt% Er3+ doped lead 

borotellurite glass recorded in the wavelength 

region 400–850 nm. The sharp and narrow peaks 

of the titled glasses which arise due to the 

electrostatic and spin orbit interactions of the 4f–4f 

energy level. The spectrum consist of 6 absorption 

bands, which attributed to the transition from 

ground level 4I15/2 to the various excited states 4I9/2, 
4F9/2, 4S3/2, 2H11/2, 4F7/2, and 4F3/2 at around 797, 651, 

544, 521, 487 and 450 nm respectively.  

 
Figure 2. Absorption spectrum of the Er3+ doped 

LTB0.5E glass. [Inset shows the NIR Absorption 

spectrum of the LTB0.5E glass] 

 

The inset of figure 2 shows the NIR absorption 

spectra of the same glass recorded in the 

wavelength region 900–2000 nm which exhibits 

two intense bands due to the transition from 4I15/2 

→4I11/2 and 4F13/2 at around 977 and 1527 nm. The 

hypersensitive nature of the rare earth ion to the 

host matrix ,which holds it, must satisfies the 
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forbidden selection rule  |ΔL| ≤ 2, |ΔJ| ≤ 2 and ΔS = 

0. According to it, 4I15/2→2H11/2 is hypersensitive in 

nature. The predominant covalent/ionic nature can 

be determined by Nephelauxetic ratios (β) and 

bonding parameter (δ) values which are calculated 

using the reported expressions [4,5]. The obtained 

bonding parameter values are tabulated in table 1 

and the negative δ values indicate the ionic nature 

of the Er3+ metal-ligand bond. It  founds to be 

ionic and on higher concentration a gradual 

increase is observed owing to the ionic nature in 

the glass, which means interaction between 

electron is reduced in lower concentration and 

increased in higher concentration  due to increase 

in  erbium content. 

5. Judd-Ofelt Intensity Parameters 

From the spectral intensities of the absorption 

spectra, the JO intensity parameters were 

determined by least squares fitting method [4,5] 

and are presented in Table 1 along with the 

spectroscopic quality factor. Judd-Ofelt theory is 

the most useful theory in estimating the 

probability of forced electric dipole transitions of 

rare earth ions in various environments. 

Generally, Ω2 intensity parameter describes 

asymmetric of coordinate structure, bodings 

nature and polarizability of ligand ion or molecule, 

Ω4 and Ω6 refers to the viscosity of the glass matrix 

and dielectric of the media. 

Table 1. Judd-Ofelt (×1020cm2) parameters and 

bonding parameters (δ) of Er3+ doped LTBxE 

glasses 

Glass 

codes 
2 4 6 4/6 δ 

LTB0.1E 4.61 1.36 1.11 1.23 −0.113 

LTB0.25E 4.69 1.43 1.19 1.20 −0.125 

LTB0.5E 4.77 1.60 1.25 1.28 −0.138 

LTB1E 4.86 1.74 1.37 1.27 −0.162 

LTB2E 5.27 1.81 1.44 1.26 −0.227 

 

In the present study, the trends of the JO 

parameters are found to be in the order Ω2>Ω4>Ω6 

for all the prepared glasses. The higher Ω2 values 

suggest the higher rigidity and higher covalency 

around the Er3+ ion site. The ratio between Ω4 and 

Ω6 is known as spectroscopic quality factor and the 

magnitude of the same is important predictor to 

claim a good laser material. The higher Ω4/Ω6 

value of the prepared LTB0.5E glass can be 

suggesting the suitability for the development of 

lasers and photonic devices. 

 

6. NIR Luminescence spectral analysis  

NIR emission spectra of the Er3+ ions in the title 

glasses monitoring at an excitation wavelength at 

980 nm displayed in the figure 3. The emission 

band at around 1554 nm corresponding to 4I13/2 → 
4I15/2 transition which is most important one has 

received much attention as it is useful for optical 

communication, IR laser applications and eye-safe 

laser for range finding applications. It is observed 

from the figure that, the luminescence intensity of 

the 4I13/2→4I15/2 transition is found to increase with 

the increase in Er3+ ion concentration upto 0.5wt% 

of Er3+ ion content and after that quenching 

occurs. Decreases of luminescence intensity at 

higher concentration of Er3+ ions  is mainly due to 

the higher prospect of Er3+Er3+ interactions where 

the inter ionic distance decreases thus in turn 

causes the close packing of large number of  Er3+ 

ions energy levels and it shortens the lifetime of 

the 4I13/2 excited level. 
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Figure 3. NIR Emission spectra of the Er3+ doped 

lead borotellurite glasses 

 

The Decreases of luminescence intensity at 

higher concentration of Er3+ ions is mainly due to 

the higher prospect of Er3+Er3+ interactions where 

the inter ionic distance decreases thus in turn 

causes the close packing of large number of  Er3+ 

ions energy levels and it shortens the lifetime of 

the 4I13/2 excited level. 

 

7. Radiative properties 

The radiative properties helpful in determining 

the best optical device such as transition 

probability (A), gain band width, emission cross-

section(σe) and branching ratio (βR) for this NIR 

transition were calculated using formulae available 

in the literature [4]. The most predominant 

parameter the full width at half maximum 

(FWHM) of the 4I13/2 → 4I15/2 transition is very 

important in telecommunication since it allows to 

cover two of the optical communication bands, the 

C and L bands and another important parameter is 

the Gain band width (∆G) which is the product of 

effective band width (eff) and stimulated 

emission cross-section (σe). The FWHM values for 

the prepared glasses are found to 61, 63, 77, 73and 

70 nm corresponding to the as LTB0.1E, 

LTB0.25E, LTB0.5E, LTB1E and LTB2E glasses 

respectively. Among all the prepared glasses, the 

A, σe, FWHM and ∆G for the LTB0.5E glass is 

found to be higher and same is compared with the 

reported glasses [4,5,7] and displayed  in the table 

2. 

 

Table 2. Radiative properties (λp (nm), ∆λeff (nm), A 

(s1), τR (ms), e (×1022 cm2), βR and ∆G (1028))  

for the 4I13/2 level under 980 nm excitation of the 

LTB0.5E glass with the other reported Er3+ doped 

glasses 

4 I
13

/2
  

4 I
15

/2
 

T
ra

n
si

ti
on

 

Paramete

rs 

LTB 

0.5E 

LZB 

0.5E[4] 

A05 

[5] 

PKAZF

Er10[7] 

λp 
155

4 
1532 

153

1 
1529 

∆λeff 62 66 73 - 

A 190 184 137 230 

τR 4.27 4.40 7.31 4.36 

e 86 93 54 32 

βR (cal) 1 1 1 1 

βR (exp) 1 1 1 1 

∆G 
527.

7 
613.8 

466.

3 
260.8 

 It is observed from the table that, the radiative 

properties A, σe, FWHM and ∆G of LTB0.5E glass 

comparable to the reported glasses, it can be 

suggested as the potential candidate for the 

development of laser and optical amplifier devices. 

 

8. Conclusion 

In the present work, the presence of B–O 

stretching vibrations of [BO3]− units and in BO4 

units and the stretching vibrations of Te–O–Te 

linkages in TeO4 units were confirmed through 

FTIR spectra. The bonding parameter of all the 
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glasses was calculated and the increasing negative 

values indicate the increasing ionic nature in the 

LTBxE glasses. The trend follows the usual manner 

of erbium as Ω2> Ω4>Ω6.  The spectroscopic factor 

(Ω4/Ω6) was found to be 1.28 for LTB0.5E glass 

which suggest for photonic applications. The 

broad luminescence with high intensity was 

observed in LTB0.5E glass and the other optical 

device determining properties such as A, σe, 

FWHM and ∆G for the same glass is found to be 

higher thus, suggest its feasibility for the 

development of laser and optical amplifier devices. 
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Abstract 

A new series of Sm3+ ions doped telluro-

fluoroborate (xSTFB) glasses have been prepared 

following melt quenching technique and the 

structural and luminescence behaviors were studied 

by recording X-ray diffraction, FTIR, absorption and 

photoluminescence spectral measurements. The 

amorphous nature of the glasses was confirmed 

through XRD pattern and the different vibrational 

bonds of borate and tellurite networks were 

identified through FTIR spectra. The bonding 

parameters (, δ) and Judd-Ofelt intensity parameters 

() have been calculated from the absorption 

spectra in order to explore the bonding nature of the 

ligand environment around Sm3+ ions. The luminescence 

spectra exhibit four emission bands in the visible 

region due to the 4G5/2→6H5/2, 6H7/2, 6H9/2 and 6H11/2 

transitions and the same are characterized through 

CIE 1931 chromaticity diagram. The radiative 

parameters such as transition probability (A), 

stimulated emission cross-section (σe), branching 

ratios (βR) and radiative lifetime (τR) have been 

determined to elucidate the suitability of the studied 

glasses for the fabrication of various photonic devices. 

Keywords: Telluro-fluoroborate, Bonding parameter, 

JO intensity parameter, Luminescence, stimulated 

emission cross-section, Laser 

 

1. Introduction 

In the recent years, glasses doped with trivalent 

rare earth (RE3+) ions receive lot of interest due to 

their potential applications in the design and 

development of photonic devices such as solid state 

lasers, display monitors, solar cells, sensors and light 

emitting diodes (LEDs) [1,2]. Among the variety of 

glass hosts, telluro-fluoroborate glasses are proven to 

be the better host due to their excellent physical and 

chemical properties such as high RE ion solubility, 

low melting point, high thermal stability, low 

phonon energy, super hardness and higher refractive 

index [3]. Among the RE ions, Sm3+ is one of the most 

attractive ion for investigating luminescent 

properties because of its applications in various fields 

such as visible solid state lasers, high density optical 

memory storage, under sea communications and 

color displays etc.,[4]. The motivation of the present 

investigation is to prepare a new series of Sm3+ doped 

telluro-fluoroborate glasses and to explore their 

structural and luminescence properties through 

XRD, FTIR, optical absorption and luminescence 

measurements for the possible photonic applications. 

2. Experimental  

Sm3+ ions doped telluro-fluoroborate glasses with 

the chemical composition (40x)B2O3 + 25TeO2 + 

20ZnF2 + 15CaF2 + xSm2O3 (where x= 0.1, 0.25, 0.5, 1 

and 1.5 in wt% hereafter named as 0.1STFB, 

0.25STFB, 0.5STFB, 1STFB and 1.5STFB respectively) 

have been synthesized by conventional melt quenching 

technique following the procedure reported in 

literature [3]. The X-ray diffraction measurements 

were carried out using JEOL 8030 X-ray diffractometer 

employing CuKα radiation.  The FTIR spectra have 

been recorded using Perkin-Elmer paragon-500 FTIR 

spectrophotometer following the KBr Pellet technique. 

The absorption spectra of the prepared glasses have 

been recorded using Perkin Elmer Lambda-950 UV-

Vis-NIR spectrophotometer in the wavelength range 

350–1700 nm. Jobin Yvon Fluorolog-3 Spectrofluorimeter 

was used to record the luminescence spectra with a 

spectral resolution of ±0.5 nm in the wavelength 

range 550–750 nm. 
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3. X-ray diffraction and FTIR spectral analysis 

The inset of figure 1 shows the XRD pattern of 

Sm3+ ions doped 1STFB glass recorded in the range of 

5o≤θ≥80o. The spectrum does not show any 

characteristic sharp diffraction crystalline peaks, but 

shows broad diffused scattering at lower angles 

which illustrate the amorphous nature of the 

prepared glasses. The FTIR spectroscopy is one of the 

efficient analytical tools to identify the functional 

groups and to characterize the bonding information 

in the glass samples. The FTIR spectra of the 

prepared glasses were recorded in the range between 

400 to 4000 cm−1 and the FTIR spectrum of 1STFB 

glass is shown in figure 1 as a representative case. 

The broad IR transmission band at around 3422 cm–1 

is due to the stretching vibrations of O–H groups. 

The observed bands at 2927 and 2857 cm–1 are the 

characteristic of the hydrogen bond present in the 

glasses. The asymmetric stretching vibrations of B–O 

bonds in BO3 units have been identified through the 

band at 1275 cm–1. The band positioned at 1018 cm–1 

is attributed to the B–O stretch in BO4 units from tri, 

tetra and penta-borate groups. The band observed 

around 684 cm–1 denotes the combined vibrations of 

B–O–B bending in BO4 units and Te–O bond 

stretching in TeO3 units. The band located around 

490 cm–1 is due to the bending vibrations of Te–O–Te 

or O–Te–O linkages [3]. 

 

Figure 1. FTIR spectrum of the Sm3+ doped 1STFB 

glass. [Inset shows the XRD spectrum of the 1STFB 

glass] 

4. Absorption spectral analysis and Judd–Ofelt 

parameters 

The absorption spectrum of one of the Sm3+ ions 

doped 1STFB glass recorded in the UV-Vis-NIR 

region of wavelength range between 350–1700 nm is 

show in figure 2 as a representative case. The 

spectrum exhibit several absorption bands corresponds 

to the f-f transitions from the 6H5/2 ground state to 

the different excited states of Sm3+ ions such as 6F1/2, 
6H15/2, 6F3/2, 6F5/2,  6F7/2, 6F9/2, 6F11/2, 4I11/2+4M13/2+4I9/2, 4I13/2,  

4G9/2+4M17/2, 6P5/2, 4M19/2, 4L13/2+4F7/2+6P3/2, 4L15/2, 6P7/2 and 
4D3/2 positioned at around 6549, 6792, 7301, 8147, 

9285, 10593, 17794, 21277, 21645, 22831, 23635, 

23992, 24814, 25641, 26738 and 27777 cm−1 

respectively [1,4]. Among all the absorption 

transitions, intensity of the 6H5/2→6F7/2 and 
6H5/2→6P3/2 transitions are found to be sensitive to the 

nature of the ligand field environment around the RE 

ion site thus called as hypersensitive transitions. 

Further these transitions obey the selection rules, 

S=0, S 2 and J 2. The bonding nature 

of the Sm3+-ligand can be determined from the 

nephelauxetic ratios () and bonding parameter (δ) 

values since the RE3+ ions produce nephelauxetic 

effect when doped into the glass host matrix. From 

the average values of β (taken as ) the bonding 

parameter can be evaluated from the formula 

100])1[(   , where  is the nephelauxetic ratio 

which calculated using the relation =c/a, where c 

is the wave number (in cm−1) of a particular 

transition for an ion in the glass matrix and a is the 

wave number (in cm−1) of the same transition for the 

aqua-ion. The bonding nature (Sm3+-ligand) will be 

covalent or ionic depending upon the positive or 

negative sign of δ [3,4]. The δ values of the studied 

glasses are presented in table 1 and the negative sign 

of δ values observed for all the glasses indicates the 

ionic nature of the Sm3+ ions with the surrounding 

ligands O2−/F− and the ionicity decreases gradually 

with the increase in Sm3+ concentration in the 

prepared glasses. 
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Figure 2. Absorption spectrum of the Sm3+ doped 

1STFB glass 

The Judd-Ofelt intensity parameters Ω (= 2, 4 and 

6) were calculated from the spectral intensities of the 

absorption spectra by using least square fitting 

method and the values of the same are presented in 

table 1. The Ω2 parameter is sensitive to the chemical 

bonding between RE3+ ions and the ligand anions as 

well as asymmetry of local host environment around 

the RE3+ ions, whereas the Ω4 and Ω6 parameters are 

related to the rigidity and bulk properties of the host 

matrix [4,5]. In the present investigation, the trends 

of JO parameters are found to be in the order 

Ω4>Ω6>Ω2 for all the glasses and the lower Ω2 values 

implies less covalent characteristic (more ionic) and 

higher symmetry around the Sm3+ ions with their 

surrounding ligands. The ratio between Ω4 and Ω6 is 

known as spectroscopic quality factor and the 

magnitude of the same is significant predictor to 

claim a good laser material. The higher Ω4/Ω6 value 

obtained for the prepared 1STFB glass can be 

suggesting the suitability for the development of 

lasers and various optical devices. 

 

Table 1. Bonding parameters (δ) and Judd-Ofelt 

(×1020cm2) parameters of the Sm3+ doped xSTFB 

glasses 

Glass 

codes 

0.1S 

TFB 

0.25S

TFB 

0.5S 

TFB 

1S 

TFB 

1.5S 

TFB 

P
ar

am
et

er
s 

δ 
0.25

3 

0.26

5 

0.26

9 
0.284 

0.31

3 

Ω2 2.238 2.213 1.469 1.272 1.192 

Ω4 5.724 5.427 3.309 5.072 5.931 

Ω6 5.145 3.921 2.761 2.459 2.886 

Ω4/Ω

6 
1.113 1.384 1.198 2.063 2.055 

5. Luminescence spectra and radiative parameters 

The luminescence spectra of the xSTFB glasses 

recorded in the wavelength range of 550–750 nm 

with an excitation wavelength of 404 nm is depicted 

in figure 3. Each emission spectrum contains four 

emission bands centered at 563, 599, 646 and 708 nm 

corresponding to the transitions 4G5/2→6HJ (J = 5/2, 

7/2, 9/2 and 11/2) respectively with considerable 

variation in their intensities. Among these, the 

transition 4G5/2→6H7/2 (at 599 nm) demonstrates 

maximum intensity in the unique reddish-orange 

region for all the glasses which appears to be suitable 

candidate for visible lasers emission [1,4,6]. 

 

 

 

 
Figure 3. Luminescence spectra of the Sm3+ doped 

telluro-fluoroborate glasses 
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It is evident from figure 3 that, the luminescence 

quenching takes place at 0.5wt% of sm3+ ions in the 

studies glasses for all the emission bands. The same 

may occur either due to efficient energy transfer 

between nearby Sm3+ ions or cross-relaxation process 

which produced at higher Sm3+ ion concentrations.  

From the luminescence spectral data along with 

JO parameters, the important laser properties such as 

effective bandwidth (Δλeff), stimulated emission 

cross-section (σe), radiative and experimental 

branching ratios (R) and radiative lifetime (R) for 

the 4G5/2→6H5/2, 6H7/2 and 6H9/2 emission transitions of 

the title glasses were calculated and the results are 

presented in table 2. The R and σe are the significant 

lasing parameters which used to characterize the 

potential laser transition of the RE ions in the glass 

host matrices [4-7]. It is observed from the tabulated 

results that, of all the prepared glasses 1STFB glass 

exhibit higher R and σe values for the 4G5/26H7/2 

(599 nm) transition and the same may be suggested 

for the fabrication of lasers and photonic devices 

operating in the visible region. 

 

Table 2. The values of λp (nm), ∆λeff (nm), A (s−1), βR, 

σe (10−22 cm2) and τR  (ms) for the 4G5/2→6H5/2 , 6H7/2  

and 6H9/2  transitions of the prepared xSTFB glasses 

Parameters 
0.1S 

TFB 

0.25S 

TFB 

0.5S 

TFB 

1S 

TFB 

1.5S 

TFB 

4 G
5/

2
→

6
H

5/
2 

λp 563 563 563 563 563 

Δλeff 
7.14

1 
8.289 8.365 9.753 8.308 

σe 
1.08

2 
1.105 1.125 1.388 1.132 

βR(cal) 
0.04

8 
0.051 0.057 0.059 0.053 

βR(ex) 
0.16

7 
0.173 0.182 0.191 0.172 

4 G
5/

2
→

6

H
7/

2 λp 599 599 599 599 599 

Δλeff 
8.47

1 
8.562 8.893 9.329 8.775 

σe 
7.35

1 
7.819 8.214 9.652 8.712 

βR(cal) 
0.57

3 
0.584 0.579 0.591 0.532 

βR(ex) 
0.65

2 
0.667 0.672 0.694 0.661 

4 G
5/

2
→

6
H

9/
2 

λp 646 646 646 646 646 

Δλeff 
7.55

6 
7.953 8.345 9.231 8.841 

σe 
3.71

6 
3.882 4.014 4.865 3.916 

βR(cal) 
0.30

3 
0.316 0.332 0.341 0.317 

βR(ex) 
0.42

1 
0.446 0.463 0.485 0.449 

τ(cal) 
2.83

1 
3.016 3.281 2.912 2.721 

 

6. CIE chromaticity co-ordinates 

The chromaticity co-ordinates (x,y) of the Sm3+ 

telluro-fluoroborate glasses have been evaluated 

from the luminescence spectra using CIE 1931 

system as per the procedure reported in the literature 

[3] in order to explore the prominent emission 

exhibited by the title glasses. The obtained values of 

chromaticity coordinates (x, y) are found to be (0.523, 

0.465), (0.558, 0.441), (0.541, 0.452), (0.586, 0.403) 

and (0.511, 0.471) for the 0.1STFB, 0.25STFB, 0.5STFB, 

1STFB and 1.5STFB glasses respectively. 
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Figure 4. CIE coordinate diagram of the Sm3+ doped 

telluro-fluoroborate glasses 

 

Figure 4 displays the CIE chromaticity diagram of 

the present glasses and it is observed from the figure 

that the x,y values of all the samples fall in the 

reddish-orange region. Hence, it is suggested that the 

prepared glasses are potential candidate for reddish-

orange laser, light emitting diode and display device 

applications. 

 

7. Conclusion 

Concentration dependent Sm3+ ions doped telluro-

fluoroborate glasses have been prepared and their 

structural, luminescence behaviors were explored 

through XRD, FTIR, absorption and luminescence 

measurements. The presence of fundamental 

functional groups such as OH stretching vibrations, 

B–O bond stretching vibrations in BO3 and BO4 

units, O3B–O–BO3 bending vibrations and Te–O 

stretching vibrations in TeO3 and TeO4 units in the 

present glass network were analysed through FTIR 

spectral analysis. JO intensity parameters of the titled 

glasses follow the trend as Ω4>Ω6>Ω2 for all the 

glasses and the lower Ω2 values implies less covalent 

characteristic and higher symmetry around the Sm3+ 

ions with their surrounding ligands. Emission spectra 

of the prepared glasses exhibit, unique strong 

reddish-orange emission for the transition 
4G5/2→6H7/2 (at 599 nm) and the CIE coordinates of all 

the samples fall in the reddish-orange region suggest 

their potential for the reddish-orange laser, light 

emitting diode and display device applications. 

Among the prepared glasses 1STFB glass exhibit 

higher R and σe values for the 4G5/26H7/2 transition 

and the same may be suggested for the fabrication of 

lasers and photonic devices operating in the visible 

region. 
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Abstract 

      Dy3+ ions doped aluminium telluroborate glasses 

were prepared following the melt-quenching 

technique by varying the Dy3+ ions concentration 

with respect to borate content. The optical behavior 

of the title glasses was explored by recording 

absorption and luminescence spectra. The ionic or 

covalent nature was determined from the energy 

positions observed in the absorption spectra using 

Nephelauxetic ratios. The Yellow/Blue ratio was 

calculated from the luminescence spectra to 

determine the degree of asymmetry in the prepared 

glasses.  The luminescence intensity is found to 

quench beyond 1.0 wt% of Dy3+ ions doped 

aluminium telluroborate glass which may be due to 

the resonance energy transfer or cross-relaxation 

phenomena takes place and is analyzed with 

Inokuti-Hirayama model. 

Keywords: Glasses, Absorption, Luminescence, 

Energy transfer, Decay Analysis  

1. Introduction 

Rare earth doped materials finds applications in 

various fields such as solid state lasers, 

upconvertors, optical memories, white light 

emitting diodes, optical amplifiers due to their sharp 

emission, high stability and long lifetime [1]. 

Among them, Dy3+ ions find applications in white 

LEDs due to its dominant emission from 4F9/2→6H15/2 

(484 nm), 4F9/2→6H13/2 (576 nm) transitions whose 

integrated intensity ratio can be tuned with ligand 

field environment.  Many researchers such as 

Venkata Krishnaiah et al. [2], Joanna Pisarska et al. 

[3] studied the optical properties of Dy3+ ions in 

various host matrices and discussed the energy 

transfer mechanism involved in it.  In the present 

work, energy transfer mechanism involved in the 

Dy3+ ions doped aluminum telluroborate glasses 

were studied with luminescence, decay spectral 

analysis and their results were discussed and 

compared with the reported literature. 

2. Experimental 

Dy3+ ions doped aluminium telluroborate glasses 

were prepared with the chemical composition (55–

x)H3BO3+25TeO2+20Al2O3+xDy2O3 (where x =0.25, 

0.5, 1.0, 2.0 in wt%) following the melt-quenching 

technique [4] and labeled as ATB0.25D, ATB0.5D, 

ATB1.0D, ATB2.0D respectively.  High Purity 

(99.99%) chemicals (H3BO3, TeO2, Al2O3, Dy2O3) 

from Sigma Aldrich were used as precursors for the 

preparation of these glass samples. The absorption 

spectral measurements were made using CARY 500 

UV-Vis-NIR spectrophotometer in the wavelength 

region 3002000 nm with a spectral resolution of ± 

1 nm. The Luminescence spectra have been 

recorded employing JASCO spectrofluorimeter 

using xenon lamp (450 W) in the wavelength range 

400700 nm with a spectral resolution of ± 1 nm. 

The decay measurements were made employing the 

Edinburgh FLS900 time resolved fluorescence 

spectrometer. 
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3. Absorption spectra 

The absorption spectra of the Dy3+ ions doped 

aluminium telluroborate glasses were recorded in 

the wavelength region 300–2000 nm. Since there is 

no much variation in the spectral position with the 

increase in the concentration of Dy3+ ions in the 

prepared glasses, absorption spectrum of the ATB2.0D 

glass is shown in figure 1 as a representative case 

and the band assignments to the observed energy 

positions were made referring the literature 

reported by Carnal et al. [5] and is comparable to 

the reported literature [1,6]. The absorption edge 

was found to be red shifted with the increase in the 

concentration of the Dy3+ ions in the prepared 

glasses. Twelve inhomogeneously broadened peaks 

were observed due to the disorderliness present in 

the title glasses from the 6H15/2 ground state to the 

various excited states such as 6P7/2, 6P5/2, 4F7/2, 4G11/2, 
4I15/2, 4F9/2, 6F3/2, 6F5/2, 6F7/2, 6F9/2, 6F11/2, 6H11/2 

positioning at 346, 365, 388, 425, 450, 470, 750, 800, 

902, 1092 nm respectively.  Among these 

transitions, 6H15/2→6F5/2 transition obeys the selection 

rule ΔJ ≤ 2, ΔL ≤ 2, ΔS = 0 and its intensity varies with 

the increase in the concentration of Dy3+ ions in the 

prepared glasses hence this transition is regarded as 

hypersensitive transition. From the energy positions 

of the absorption spectra, the covalancy nature was 

determined using Nephelauxetic ratios and bonding 

parameter values obtained by using the expressions 

reported in the literature [1] and the values are 

found to be – 0.0057, – 0.0056, – 0.0053, – 0.0051 

corresponding to the prepared ATB0.25D, ATB0.5D, 

ATB1.0D, ATB2.0D glasses respectively. 

 

 
Figure 1. Absorption spectrum of 2.0 wt% of Dy3+ 

ion doped aluminium telluroborate glass 

4. Excitation and emission spectra 

Figure 2 shows the representative excitation 

spectrum of the ATB2.0D glass recorded in the 

wavelength region 250–500 nm by monitoring the 

emission at 484 nm and 575 nm. Eight excitation 

peaks were observed from the 6H15/2 ground state to 

the various excited states 6P3/2, (4F, 4D)5/2, 6P7/2, 6P5/2, 
4F7/2, 4G11/2, 4I15/2, 4F9/2 positioning at 325, 338, 350, 

365, 388, 426, 452, 473 nm respectively.   
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Figure 2. Excitation spectrum of ATB2.0D glass 

 

Among them, peak corresponding to the 6H15/2→4F7/2 

(388 nm) transition possess comparatively higher 

intensity for both the emission wavelengths thus 

suggest the fact that the prepared glasses can 
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effectively be excited at 388 nm. The same 

excitation wavelength is chosen to record the 

luminescence spectra for all the prepared glasses 

and is shown in figure 3. Three distinguishable 

emission peaks were observed at 483, 575, 662 nm 

corresponding to the 4F9/2→6H15/2, 4F9/2→6H13/2, 
4F9/2→6H11/2 transitions respectively. Among them, 
4F9/2→6H13/2 transition possesses higher intensity 

compared to the other transitions which occurs due 

to the interaction of electric dipole with photons 

whereas the 4F9/2→6H15/2 transition occurs due to the 

interaction of magnetic dipole with photons.  The 

ratio between these two transitions (4F9/2→6H13/2 and 
4F9/2→6H15/2) act as a local field sensor because the 

intensity of the former transition depends upon 

crystal field while the later does not and the values 

were found to be 1.65, 1.91, 1.96, 1.76 for the 

present ATB0.25D, ATB0.5D, ATB1.0D, ATB2.0D 

glasses respectively. From these values it is 

confirmed that the aluminium telluroborate glass 

with 1.0 wt % Dy3+ ions concentration occupies 

higher asymmetry environment compared to the 

other prepared glasses. 

Table 1. Observed band positions (cm1) and 

bonding parameters (   and δ) of the Dy3+ ions doped 

aluminium telluroborate glasses 

Transition 
6H15/2 

ATB 

0.25D 

ATB 

0.5D 

ATB 

1.0D 

ATB 

2.0D 

Aquo 

ion [2] 
6H11/2 5945 5959 5906 5924 5850 
6F11/2 7855 7825 7856 7823 7700 
6F9/2 9124 9134 9141 9149 9100 
6F7/2 11109 11060 11084 11106 11000 
6F5/2 12505 12496 12463 12486 12400 
6F3/2 13205 13336 13303 13298 13250 
4F9/2 21110 21100 21101 21020 21100 
4I15/2 22057 22047 22119 22126 22100 

4G11/2 23514 23524 23534 23407 23400 
4F7/2 25889 25839 25824 25807 25800 
6P5/2 27293 27273 27367 27351 27450 
6P7/2 28888 28838 28745 28858 28550 

  1.0057 1.0056 1.0053 1.0051 - 

δ −0.0057 −0.0056 −0.0053 −0.0051 - 

 

The luminescence intensity is found to quench 

beyond 1.0 wt% Dy3+ ion content glass and the same 

may be attributed to the resonance energy transfer 

or cross-relaxation mechanism which takes place as 

shown below [4]. 
4F9/2 + 6H15/2 → (6H9/2 + 6F11/2) + 6F5/2 
4F9/2 + 6H15/2 → (6H7/2 + 6F9/2) + 6F3/2 
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Figure 3. Emission spectra of Dy3+ ion doped 

aluminium telluroborate glasses 

Resonance energy transfer takes place when the 

excitation and emission spectra overlaps and is 

shown in figure 4 for the 4F9/2, 6H15/2 state.  The 

partial energy level diagram depicting these 

processes is shown in figure 5.   When Dy3+ ion is 

excited to the 4F7/2 energy level (388 nm), it non-

radiatively decays to the 4F9/2 energy level where 

from radiative transition takes place between (4F9/2, 
6H15/2), (4F9/2, 6H13/2), (4F9/2, 6H11/2) states.  Due to the 

large energy gap between the 4F9/2 level to the next 

lower energy level (~ 7000 cm−1) multiphonon 

relaxation is less dominant where more number of 

phonons is required and the luminescence intensity 

quenches due to the above mentioned resonance 

energy transfer or cross-relaxation phenomenon.   
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Figure 4. Resonance energy transfer for (4F9/2, 6H15/2) 
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Figure 5. Partial energy diagram of Dy3+ion doped 

aluminum doped glass 

 

The strength of the luminescence intensity is 

measured through lifetime measurements recorded 

by monitoring an excitation at 388 nm and emission 

at 575 nm and is shown in figure 6. The decay 

curves were fitted following the below given bi-

exponential function.  

I = a1 exp (x/t1) + a2 exp (x/t2) 

and the average lifetime (τ) values were calculated 

using the following expression  

 = 
2 2

1 1 2 2

1 1 2 2

a t a t

a t a t




 

These values were found to decrease from 0.53 to 

0.28 ms with the increase in the concentration of 

Dy3+ ions in the prepared glasses and the same is due 

to the increasing energy transfer process takes place 

between Dy3+Dy3+ ions.  
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Figure 6. Decay curve of Dy3+ ions doped aluminium 

telluroborate glasses 

These decay curves were fitted through Inokuti-

Hirayama model [7] to determine type of 

interaction involved using the following expression 

I(t) =  I0 
0 0

exp .3 / 3
t t

q
t t

    
     

     
 

where ‘t’ is the time after pulsed excitation, t0  is  the 

intrinsic decay time of the donor in the absence of 

acceptors. The value of S (=6, 8, 10) determine the 

dominant interaction is of dipole-dipole, dipole-

quadrupole, quadrupole-quadrupole type and the 

model is well fitted for S = 6 thus suggests the fact 

that the dipole-dipole interaction is dominant.  

Other parameters such as forster distance, donor-

acceptor interaction were calculated using the 

expressions reported in the literature [8] and the 
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values were shown in table 2 along with the 

reported literature [1,6,8]. 

 

Table 2. Experimental lifetime (τexp, ms), donor-

acceptor interaction parameter (CDA, ×10−42 cm6/s), 

critical distance (R0, ×10−8 cm), energy transfer 

parameter (q) for Dy3+ ions doped aluminium 

telluroborate glasses under 388 nm excitation for 

the emission energy level 4F9/2, 6H13/2 

Glass Code τexp q CDA R0 

ATB0.25D 0.53 0.16 14.09 4.26 

ATB0.5D 0.43 0.59 57.53 5.38 

ATB1.0D 0.31 1.26 75.29 5.63 

ATB2.0D 0.28 1.62 50.34 5.26 

PKAZLFDy [1] 0.62 0.71 1.32 69.5 

PKAND[6] 0.47 0.86 2.15 7.31 

TBZnD [8] 0.41 0.65 2.42 6.9 

 

 

5. Conclusion 

Optical and energy transfer behavior of the Dy3+ 

ions doped title glasses have been studied and 

reported. The bonding parameter studies exhibits 

the ionic nature. Luminescence quenching has been 

experienced for glasses having Dy3+ ions 

concentration beyond 1 wt% and is due to RET and 

cross-relaxation process. The decay of the 4F9/2 

excited level is found to be single exponential for 

lower concentration and turns out to be non-

exponential for higher concentration of Dy3+ ions in 

the prepared glasses. The non-exponential 

behaviour of the decay curve analysis through 

Inokuti-Hirayama model indicates that the energy 

transfer between Dy3+ ions is of dipole-dipole 

nature. 
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Abstract 

In the present investigations, a series of Er3+ doped 

glasses with the composition 30TeO2 + (30–x) Bi2O3 + 

20ZnO + 20CdO + xEr2O3 (x = 0.05, 0.1, 0.5, 1 and 3 

wt%) were prepared by melt-quenching technique 

and characterized through FTIR, Raman, optical 

absorption, emission and decay curve measurements. 

Optical absorption spectra have been analyzed using 

Judd–Ofelt theory to interpret the local environment 

of the Er3+ ion site. In order to elucidate the potential 

application of Er3+ ions in the prepared glasses the 

radiative properties were calculated for the 4S3/2 →4I15/2 

and 4I13/2→4I15/2 emission transitions. The absorption 

and emission cross-section for the 4I13/2→4I15/2 

transition at 1.5 µm were calculated using McCumbar 

theory and compared with the results obtained from 

JO theory. The decay curves of the 4I13/2 level have 

been measured and the fall in lifetime value with the 

increase in Er3+ ion concentration can be attributed to 

the cross-relaxation between Er3+ ion to the free OH− 

radical. The upconversion emission spectra were 

recorded at 980 nm excitation and their energy 

transfer mechanism through ground state absorption 

and various excited state absorption are discussed.  

Keywords: Nephelauxetic effect, Judd-Ofelt 

theory, Gain Bandwidth, Upconversion emission, 

Lifetime. 

1. Introduction 

The spectroscopic and laser properties of RE ions 

are strongly affected by the local symmetry structure 

at the RE vicinity as well as the distribution of doping 

ions in the glass matrix [1]. The development of the 

new luminescent materials with appropriate 

composition doped with RE3+ ions is of interest for 

understanding the electronic excitation and relaxation 

phenomena RE ions in the chosen glass matrices. 

Heavy metal oxide (HMO) glasses are more suitable 

due to its high refractive index, low phonon energy 

and good chemical durability that help to improve the 

quantum efficiencies of the matrix [2,3]. Recent year, 

glasses containing HMO (Bi2O3, TeO2, ZnO, CdO) 

have attracted attention for excellent infrared 

transmission due its higher refractive index since the 

stimulated emission cross-sections and gain bandwidths 

are proportional to refractive index [4]. The combination 

of favourable chemical and physical properties of 

heavy metal oxide glasses containing moderately high 

RE doping levels increases their applicability in laser 

active medium [5]. Among the trivalent RE ions, the 

erbium ion (Er3+) has been extensively studied because 

of its ability to emit light within the near-ultraviolet 

to the near-infrared range upon excitation with 

infrared light in a number of hosts [6.7]. Er3+ ions doped 

glasses have been received much attention due to the 

1.5μm emission from the 4I13/2→4I15/2 transition of Er3+ 

ions is eye safe and located in the optical third 

communication window where the losses are 

minimum [8.9].The present work presents a detailed 

investigation of the optical characteristics of Er3+ 

doped HMO:tellurite glasses. 

2. Experimental 

Er3+ ions doped glasses were a composition of 

30TeO2+(30–x)Bi2O3+20ZnO+20CdO+xEr2O3 (x= 0.05, 
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0.1, 0.5, 1 and 3 wt%) prepared prepared by 

conventional melt quenching technique [10]. All the 

starting materials were purer than 99.9%. Batches of 

15 g were weighed and taken into porcelain crucible 

melted at 900°C for 45 minutes in electric furnace. 

The homogenous melt were poured onto a well 

polished preheated brass mold followed by annealing 

at 300°C for 12 hours and then allowed to reach room 

temperature gradually to remove the thermal strain 

and air bubbles. Finally the glasses were polished on 

both sides with dimensions of 2.5×1.5×0.4cm3 before 

further optical investigations. The absorption spectral 

measurements were made using CARY 500, UV-Vis-

NIR spectrophotometer in the wavelength range 400–

1900 nm with a spectral resolution of ±1.0 nm. NIR 

luminescence spectra were recorded using EG&G 

Princeton Applied Research model 5210 

spectrophotometer with a spectral resolution of ±0.5 

nm. The decay curves corresponding to the 
4I13/2→4I15/2 transition were recorded by exciting the 

samples with a 10 ns pulsed optical parametric 

oscillator (OPO) pumped by a Nd-YAG laser 

(EKSPLA NT342/3/UVE) and the signal from the 

extended PMT was acquired by a digital oscilloscope 

(LeCroy wavesurfer 424). All these measurements 

were carried out at room temperature. 

3. Nephelauxetic effect 

Figure 1 shows the absorption spectra of the 

present Er3+ doped glasses. The absorption spectra 

exhibit various electronic transitions such as 4I13/2 

(6531), 4I11/2 (10266), 4I9/2 (12481), 4F9/2 (15311), 4S3/2 

(18345), 2H11/2 (19256), 4F7/2 (20474), 4F5/2 (22111), and 
4F3/2 (22567) (in cm1) from the 4I15/2 ground state. Due 

to the nephelauxetic effect the absorption band 

position of the Er3+ ion shift towards the higher 

energy side which indicates that the Er–O bond is of 

ionic in nature in the prepared glasses. From the 

optical absorption spectra, Nephelauxetic ratios and 

bonding parameter values have been calculated to 

study the nature of the Dy3+-ligand bond in the 

prepared glasses. The δ values are found to be 0.016, 

0.052, 0.089, 0.057 and 0.036 for the prepared 

BiZnCdTe:xEr3+ glasses. The positive magnitude of the 

δ values indicate the covalency of the Er−O bond and 

the covalency of the Er−O bond is found to increase 

with increase in Er3+ ion content upto 0.5 wt% and 

after that, the covalency decreases due to the 

nephelaxetic effect. 
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Figure 1. Absorption spectra of the Er3+ doped 

BiZnCdTe:xEr glasses 

4. JO intensity parameter and covalancy 

Judd-Ofelt theory have been used to analyses the 

absorption spectral intensities based on the assumption 

that the average energy difference between the 4f 

levels is much larger than the energy spread of the 

excited configuration. Oscillator strength of the 

transition expresses the probability of radiative 

transitions between a given pair of J multiplets. The 

fexp and fcal values of the 2H11/2 hypersensitive transition 

are found to be higher than the reported Er3+ doped [4-7] 

glasses. The JO intensity parameters (Ω2, Ω4 and Ω6) 

gives information about the local field symmetry 

around the RE ion site and the nature of the bond 

between RE ions with its surrounding ligands. The 

values of Ω2 is very sensitive to the local environment of 

the RE ions and often gives information about the 
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symmetry of the coordination structure, polarizability 

of ligands and the nature of the REO bonding in the 

ligand field [1]. The Ω4 parameters is related to the 

bulk properties and Ω6 is inversely related to the 

rigidity of the medium and also affected by the 

vibronic transitions of the RE ions. The JO intensity 

parameters of the present Er3+ doped glasses are 

presented in table 1 along with the reported Er3+ 

doped glasses [3-4]. The observed Ω2>Ω6>Ω4 trend 

represents a change in the surrounding ligand field 

environment do not show any symmetry inversion 

symmetry around the cation. Among the prepared 

glasses, 0.5wt% glass exhibits higher spectroscopic 

quality factor (Ω4/Ω6 = 1.70) value and is found to be 

higher than the reported [1-6] glasses thus suggests its 

potential for various photonic applications.  

 

Table 1. Judd-Ofelt (×1020cm2) parameters of Er3+ 

doped BiZnCdTe:xEr glasses 

Glass codes 2 4 6 4/6 

BiZnCdTe:0.05Er 9.32 3.12 2.35 1.33 

BiZnCdTe:0.1Er 9.67 3.87 2.54 1.52 

BiZnCdTe:0.5Er 10.45 4.30 2.51 1.70 

BiZnCdTe:1.0Er 9.41 3.33 2.06 1.61 

BiZnCdTe:02.0Er 8.93 3.45 2.35 1.47 

Bismuthborate [1] 4.44 1.17 1.64 0.71 

oxyfluoride [3] 8.57 2.05 2.60 0.79 

Lead-telluroborate 5.69 0.31 1.74 0.18 

5. Down conversion emission spectra 
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Figure 2.  Downconversion emission spectra of Er3+ 

doped BiZnCdTe:xEr glass 

Figure 2 shows the emission spectra of the prepared 

Er3+ doped glasses under 485 nm excitation.  The 

emission spectra exhibit intense 2H9/24I15/2 and 
2H11/24I15/2, 4S3/24I15/2 and weak 7F9/24I15/2 emission 

transitions corresponding to the band positions at 409, 

528, 557 and 654 nm respectively. It is observed from 

figure 2 that the intensity of the emission bands 

increases up to 0.5 wt% Er2O3 content and after that 

quenching occurs and the role of energy transfer is 

studied with lifetime analysis.  The quenching of 

emission intensities with increase of Er3+ ion 

concentration is due to the increase of non-radiative 

energy transfer [2]. Cross-relaxation is a important 

quenching center caused by migration of the 

excitation energy among the Er3+ ions through the 

resonant energy transfer between two Er3+–Er3 [5-9]. 

The possible cross-relaxation channels are 

(4F9/2→4I11/2:4I15/2→4I11/2), (4F9/2→4I9/2: 4I15/2→4I11/2) which 

reason for the luminescence quenching. The radiative 

parameters of the prepared glasses have been 

calculated. The stimulated emission cross-section 

value is found to be maximum for   4S3/2 level  for all 

the prepared glasses.  The stimulated emission cross-

section and the radiative lifetime values for the 
4S3/24I15/2 transition are found to be 22.54, 25.15, 

31.73, 28.16, 26.67 (×10−21 cm2) and 0.22, 0.15, 0.11. 

0.17. 0.18 (μs) corresponding to 0.05, 0.1, 0.5, 1 and 3 

wt% content of Er3+ ions, respectively. The higher 

value of the stimulated emission cross-section is 

favorable for achieving low threshold and high gain 

to obtain CW laser action. Among the prepared 

glasses, BiZnCdTe:0.5Er glass possesses higher 

stimulated emission cross-section and branching ratio 

values and is suggested for suitable green laser 

applications. 
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6. Optical Amplification at 1.5 µm 
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Figure 3. NIR Emission and decay curve of 4I13/2 →4I15/2 

level of Er3+ ions in prepared glasses 

Figure 3 shows the NIR emission spectra exciting 

at 980 nm corresponding to the 4I13/2→4I15/2 transition 

of the Er3+ ions.  The full width at half maximum 

(FWHM) is an important parameter for laser action 

and the FWHM values are found to be 85, 91, 96, 93  

and  88 nm corresponding to 0.05, 0.1, 0.5, 1 and 3 

wt% content of Er3+ ions, respectively. It clearly 

indicates that, higher FWHM values of the broad 

emission bands are suitable for tunable laser medium 

and it could be used as a potential candidate for 

compact and efficient eye safe NIR lasers. The decay 

curves of the 4I13/2 excited level of the Er3+ ions were 

recorded and presented in inset of figure 3. The 

calculated and experimental lifetime of the 4I13/2 level 

is found to be 2.57, 2.34, 2.11, 1.97, 1.81 and 2.29, 

1.99, 1.63, 1.34  0.98ms corresponding to the prepared 

00.05, 0.1, 0.5, 1 and 3 wt% content of Er3+ containing 

glasses, respectively. The quantum efficiency is an 

important parameter which is defined as ratio of the 

number of photons generated in radiative transition 

to the number of photons absorbed [3]. The quantum 

efficiency values are found to be 89, 85, 77, 68 and 54 

for the prepared Er3+ doped BiZnCdTe:xEr glasses, 

respectively. 

The absorption and emission cross-section values 

for the 4I13/2→4I15/2 transition of the Er3+ ions in the 

prepared glasses are calculated using McCumbar 

theory. The mesured σa and σe values of the 

BiZnCdTe:0.5Er glass is shown in figure 4 and values 

are 5.24, 5.33 (×10–21 cm2) which comparably higher 

than the reported Er3+ doped glasses [6,8,9]. The σa σe 

values are found to decrease with the increase in Er3+ 

ion content. The gain coefficient were derived from 

the σa σe values using expression G=N[Pσe(λ)-(1-p) 

σa(λ), where P is the population inversion (0 to 1) and 

N is the total concentration (in ions/cm3) of the Er3+ 

ions. From the measured absorption and emission 

cross-section values as a function of wavelength the 

gain coefficient for the 0.5wt%Er content glass have 

been calculated for the various P (0.1, 0.2, 0.4, 0.6, 0.8 

and 1.0) values and the results are presented in inset 

of figure 4. It is clearly observed that, the zero-shift in 

the peak values of the gain coefficient for various P 

values and the zero gain coefficient were observed for 

P=0.4 due to the fact that ground state and excited 

states are equally populated [4,5]. The gain coefficient 

of 0.5wt% Er3+ containing glass is found to be 0.52 

cm−1 and  is closer to the reported Er3+ glasses [6,7,8] 

which indicates the prepared BiZnCdTe:0.5Er glass is 

more suitable for designing the Er3+doped broad-band 

optical amplifiers. 
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Figure 4. The σa , σe and Gain coefficient (inset) of 

     4I13/2→4I15/2 level of Er3+ in BiZnCdTe:0.5Er glass. 
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7. Upconversion Emission spectra 
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Figure 5. Upconverion emission through GSA, ESA 

and possible energy transfer of quenching mechanism 

of Er3+ ions in prepared glasses. 

Figure 5 shows the upconversion emission spectra 

of prepared glasses at 980 nm excitation and their 

possible energy transfer mechanism through ground 

state absorption and various excited state absorption 

are shown in the inset of figure 5. The upconversion 

emission spectra exhibit 2H9/24I15/2, 2H11/24I15/2, 
4S3/24I15/2 emission transitions. For the green 

emission, Er3+ ions are excited from the ground state 

to the 4I11/2 state through GSA and further promoted to 

the 4F7/2 state through ESA and then Er3+ ion relaxes to 

the various excited states (4S3/2, 2H11/2 and 2H9/2) 

through the energy transfer, multiphonon relaxation 

and cross relaxation process taking place between two 

Er3+ levels through the following energy transfer 

mechanism [9]. The 4I11/2 level is directly excited at 

980 nm and the excitation processes based on the 

long-lived 4I11/2 excited level follows through the 

energy transfer (ET) I11/2+4I11/2→4F7/2+4I15/2 and excited 

state absorption (ESA) 4I11/2+hν→4F7/2 mechanism. The 

populated 4F7/2 level may relax non-radiatively to the 

next lower levels 2H11/2 and 4S3/2 separated by a small 

energy gap (721 cm−1) responsible for green emission. 

The 2H11/2 state can non-radiatively decay to the 4S3/2 

state due to the multiphonon relaxation process 

because of the fact that, the 535 nm emission band 

possess lower intensity than the 555 nm emission 

band due to the higher multiphonon relaxation rate 

[8]. Thus the 2H11/2→4I15/2 and 4S3/2→4I15/2 two radiative 

transitions correspond to the green emission. The 

energy transfer mechanism for the red emission 

which originates from the 4F9/2→4I15/2 transition and 

the population of 4F9/2 state follows as: ESA: 
4I13/2+hν→4I9/2 and ET between Er3+ ions: 
4I13/2+4I11/2→4F9/2+4I15/2. The 4I13/2 level is populated due 

to the non-radiative relaxation from the upper 4I11/2 

level. The raditive transition from the 4F9/2 level to the 
4I15/2 level contributes to the red emission [6].  

 

8. Conclusion 

Concentration dependent optical absorption and 

emission properties of Er3+ doped HMO glasses have 

been studied and reported. The bonding parameter 

studies reveal the covalent nature of the metal-ligand 

bond in the title glasses and the covalency decrease 

beyond 0.5wt% content of Er3+ ions. The JO intensity 

parameters follows the trend as Ω2>Ω4>Ω6 uniformly 

for all the prepared glasses and the higher Ω2 values 

indicate the presence of higher asymmetry around the 

Er3+ ion site. Among the prepared glasses, 

BiZnCdTe:0.5 glass possess higher A, β, σa, σe and η 

values for 4S3/2 emission transition suggesting its 

suitability for green laser applications and the higher 

values of these parameters for 4I13/2 transition is 

suitable for higher gain optical amplifiers. 
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Abstract 

The study of nano powder, particularly laser heat 

treatment of nano particles plays a major role in 

laser materials processing studies. The synthesis and 

charactersation techniques of nano particles 

attracted greater attention in material science due to 

their various applications. Cadmium sulphide is the 

important material used in solar cells as well as in 

electronics and photo optics. Now in this study we 

report the influence of laser heat treatment on nano 

powder CdS. The laser treated CdS samples are 

characterized and analysed by Xray diffraction, 

UVvisible absorption, FTIR spectra, Dielectric 

studies, DLS spectra and SEM. From the Xray 

analysis we observed that the laser treated CdS in 

with the structure of hexagonal and the crystalline 

size is in the range of 1127 nm. The UVvisible 

spectrum also confirms the presence of CdS nano 

particles with the average band gap energy of 5.1ev. 

The optical band gap values of CdS calculated are 

about 5.15.3ev. FTIR confirms the presence of CdS 

particles with various groups. Dielectric studies of 

laser treated CdS samples linear increase of values 

when the frequency increase (except for dipole laser 

heat treatment of samples for 30 minutes). Dynamic 

light scattering studies reveals that the particle size 

matches with Xray diffraction values that slightly 

differ with SEM studies. 

 

1. Introduction 

Cadmium sulphide nano particle belongs to the 

group of chalcogenides is a II–IV group semiconductor 

nano particles show size dependent, which finds 

number of applications particularly use in solar cells 

because of its high photo sensitivity. In recent years, 

greater attention has been given for synthesis and 

characterization of CdS because of its application in 

optical, electronic as well as thermo dynamic 

properties of particles.Several studies of CdS have 

been reported based on their size, shape and 

crystalline forms of particles. In general, the band 

gap energy is mainly based on particle size of the 

semiconducting particle[1]. With the use of laser 

heat treatment on semi conducting materials gives 

necessary enhancement either in conductivity or in 

band gap energy with the use of proper laser 

parameters [2]. This paper investigation the effect of 

laser irradiation on CdS nano particle with different 

time exposures. The structural analysis of the 

samples are analysed using Xray diffractometers. 

Similarly the spectroscopic investigations such as 

UV and FTIR are also investigated for with and without 

laser irradiated samples. Dielectric properties, DLS 

spectra and SEM studies show interesting information 

pertaining to band gap energy and particle size [3]. 

 

2. Experimental Procedure 

Commercially available CdS powder 

(SigmaAldrich, 99.995% purity) is used for 

investigation (composition is given in Table1). Laser 

treatments are carried out by using 5.0mw low 

power HeNe gas laser with red light of (wavelength 

633nm) and diode laser with green light of 5mw 

power (wave length 532nm). The structural analysis 

of with and without laser irradiated samples are 

analysed using PANalytical’s Xray diffractometers 

(copper Kα radiation of wave length λ as 1.54060 A   

and 1.54443A ). This system recorded the intensity as 

a function of Bragg’s angle. While the average 

crystalline size of the particles can be estimated 

using full width at half maximum (FWHM) value of 

the xray diffraction peaks. The optical and spectroscopic 

investigation of the samples such as UV and FTIR 
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studies are performed using Perkin Elmer UV/VIS 

spectrophotometer (λ 365) and Perkin Elmer FTIR 

spectrometer. The Dielectric studies are performed 

using Digital LCRZ Meter TH2816A (50Hz  200KHz) 

with various frequencies. The DLS spectra (Measuring 

the Particle Size Distribution) recorded by Particulate 

system Nano plus Zeta/nano particle analyzer 

instrument. SnO2 nano particles are analysed using 

SEM (ZEISS SEM instrument) micrographs. The laser 

processing parameters used for laser irradiation of 

samples are given in Table2 and the properties of 

sample used is given in Table3. 

 

Table 1. Chemical composition of CdS 

Element Content ( in % ) 

Cadmium 77.81 

Sulphide 22.19 

Table  2. Laser processing parameters of samples 

Sample 

Number 

HeNe laser 

irradiation 

Diode green laser 

irradiation 

1 Without laser Without laser 

2 15min  

3 30min  

4  15min 

5  30min 

 

Table  3. Properties of CdS 

Property Characteristics 

Solubility 
soluble in acid very slightly 

soluble in ammonium 

Magnetic 

susceptibility 
−50.0×10

−6
 cm

3
/mol 

Density 4.826  g/cm
3
,solid 

Molar mass 144.47 g/mol 

 

3. Results and Discussion 

3.1. UVVisible studies 

The absorption of UV radiations on the nano 

powder CdS sample with and without laser 

irradiation shows appreciable results. From the data 

the band gap energy for the laser treated sample 

varies from 5.1eV to 5.2eV and the sample without 

laser irradiation is 5.3eV. The result proves that the 

laser influences the nano particle CdS towards band 

gap energy, particularly for large laser irradiation 

time for the both HeNe and Diode lasers.Table4 

shows the band gap energy values for different laser 

irradiation with two different time exposures. Figure 

1(a)  Figure 5(b) shows the UVVisible absorption 

spectrum of with and without laser irradiated samples [1]. 

 

Figure 1(a). UVVis Absorption spectra cutoff 

wavelength (sample 1) 

 

Figure 1(b). UVVis Absorption spectra band gap 

energy (sample 1) 

 

Figure 2(a). UVVis Absorption spectra cutoff 

wavelength (sample 2) 
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Figure 2(b): UVVis Absorption spectra band gap 

energy (sample 2) 

 

Figure 3(a). UVVis Absorption spectra cutoff 

wavelength (sample 3) 

 

Figure 3(b). UVVis Absorption spectra band gap 

energy (sample 3) 

 

Figure 4(a). UVVis Absorption spectra cutoff 

wavelength (sample 4) 

 

Figure 4(b). UVVis Absorption spectra band gap 

energy (sample 4) 

 

Figure 5(a). UVVis Absorption spectra cutoff 

wavelength (sample 5) 
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Figure 5(b). UVVis Absorption Spectra band gap 

energy (sample 5) 

Table 4. Band Gap Energy Values For CdS 

Nanoparticles 

Sample 

number 

Time duration of laser irradiation 

(sec) 

Band gap 

energy (eV) 

1 Without laser irradiation 5.3 

2 
15 minutes (with HeNe laser 

irradiation) 
5.2 

3 
30 minutes (with HeNe laser 

irradiation) 
5.2 

4 
15 minutes (with Green Diode 

laser irradiation) 
5.1 

5 
30 minutes (with Green Diode 

laser irradiation) 
5.1 

 

3.2. FTIR spectral studies 
The FTIR spectrum of with and without laser treated 

CdS particles are given in Figure 6Figure 10. [2] 

 

Figure 6: FTIR spectra (sample 1) 

Table  5. FTIR functional analysis (Sample 1) 

Group Frequency Vibrations Intensity 

OH                   

(Hbonded) 
3429.66 

Broad 

Stretching 
Strong 

CH 

Alkanes 
2427.38 Stretching Strong 

NH2 

Amines 
1565.71 

Scissoring 

bending 
Mediumstrong 

CH2 

Alkanes 
1384.59 

Deformation 

bending 
Medium 

SS 

Disulphide 
621.21 

Symmetry 

stretching 
Weak 

 

Figure 7: FTIR spectra (sample 2) 

Table. 6. FTIR functional analysis  (Sample 2) 

Group Frequency Vibrations Intensity 

NH 3430.63 Stretching Strong 

NH 

Amines 
2427.43 Stretching Strong 

CH 1566.31 
Symmetry 

stretching 
Strong 

CX 

(iodoalk

anes) 

1384.64 
Asymmetri

c stretching 

Medium

strong 

CH2 

rocking 
652.66 Bending Weak 

 

 

Figure 8: FTIR spectra (sample 3) 

 

Table 7. FTIR functional analysis (Sample 3) 

Group Frequency Vibrations Intensity 

NH 3431.99 Stretching Strong 

NH 

Amines 
2980.38 Stretching Strong 

CH 1567.64 Symmetry Strong 
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stretching 

CX (iodo 

alkanes) 
1384.72 

Asymmetric 

stretching 

Medium 

strong 

CH2 

rocking 
652.29 Bending Weak 

 

 

Figure 9. FTIR spectra (sample 4) 

Table 8. FTIR functional analysis (Sample 4) 

Group 
Freque

ncy 
Vibrations Intensity 

NH (2 

bonds) 
3434.79 Stretching Strong 

NH2 

Amines 
1569.02 

Scissoring 

bending 
Mediumstrong 

α CH2 

(ketones) 
1416.66 Bending Strong 

CX 

(bromo 

alkanes) 

1384.97 Stretching Mediumstrong 

CH2 651.02 Bending Weak 

 

 

Figure 10. FTIR spectra (sample 5 ) 

 

 

Table 9. FTIR functional analysis (Sample 5) 

Group Frequency Vibrations Intensity 

NH (2 

bonds) 
3431.34 Stretching Strong 

NH2 

Amines 
2980.26 

Scissoring 

bending 
Mediumstrong 

S=0 

(sulfoxide) 
1567.91 Stretching Strong 

CX(bromo 

alkanes) 
1334.72 Stretching Mediumstrong 

CH2 652.18 Bending Weak 

3.3. XRay Diffraction Analysis 
The Xray diffraction pattern of with and without laser 

treated samples are shown in Figure 11 – Figure 13. 

 

Figure  11. XRD spectrum (sample 1) 

 

Figure  12. XRD spectrum (sample 3) 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017     P a g e  | 186   

 

Figure  13. XRD spectrum ( sample 5) 

From the Xray diffraction studies, the structure of 

the CdS nano particle observed is hexagonal 

structure.The average particle size (D) was 

determined using the Scherer’s equation [3] 

D = Kλ / β COSθ, 

where, D is the crystallite size, K is the shape factor, 

being equal to 0.9, λ is the Xray wavelength, β is the 

full width at half maximum of the diffraction peak, 

and θ is the Bragg diffraction angle in degree. The 

average crystallite grain size calculated using 

Scherrer formula of CdS[3] of samples is given in 

Table 6. 

Table 10. crystallite grain size of CdS samples 

Sample 

No 
Sample 

Grain size 

(nm) 

1 Without laser CdS 11.3 

2 HeNe laser15minCdS 15.4 

3 HeNe laser30minCdS 15.9 

4 Diode laser15minCdS 26.8 

5 Diode laser30minCdS 27.3 
 

From Table10 we observed that calculated grain 

size is 27.3nm in sample5(Diode laser irteraction 

with time exposures of 30mins) which is slightly 

higher than the other samples. 

 

3.4. Dielectric studies 

The dielectric studies of laser treated nano 

particles CdS are measured using LCRZ instrument 

for various frequencies at room temperature 

(starting from 50Hz to 200 KHz).the corresponding 

effective capacitance (Cp) and effective resistance 

(Rp) are measured. Finally the dielectric constants, 

dielectric loss and ac electrical conductivity of the 

samples were calculated using the expression [4]. 

ζac = ( f ε tan (δ) ) / (1.8 X 1010),                   (1) 

where, f is the frequency applied field in Hz, (ε) is 

the dielectric constant or relative permittivity and 

tan(δ) is the dielectric loss tangent or loss factor. 

     Dielectric constant (ε)= ( Cp L ) / ( Ʃo A ),    (2) 

where, Cp is the measured capacitance, L is the 

thickness of the sample, A is the electrode area and 

(ƩO) is the permittivity of free space (8.854 X 1012 F/m). 

The dielectric loss factor i.e. tan (δ) can be 

expressed by relation, 

tan (δ) = ω . Cp.Rp,      (3) 

where, Cp is the measured capacitance, Rp is the 

measured resistance and ω is the angular frequency. 

From the Fig.14(a)Fig.18(c) shows the graphical 

representation of dielectric constant, dielectric loss 

and a.c electrical conductivity. 

 

Figure 14(a). Dieletric curve of Dielectric constant 

 (Sample 1) 

 

Figure 14(b): Dieletric curve of Dielectric loss 

(Sample  1) 
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Figure 14(c). Dieletric curve of a.c electrical 

conductivity (Sample 1) 

Table 11. Dielectric studies (Sample 1) 

Frequency 

(KHz) 

Dielectric 

constant (ε) 

Dielectric loss              

(tanδ) 

a.c  

conductivity 

(ζac) 

105 s/m 

10 5.0353 x1013 2.9304x1011 18.91368 

50 1.0887x1013 2.51429x1011 18.88103 

100 6.4643x1012 2.68714x1011 18.98454 

150 5.2394x1012 3.0492x1011 19.12429 

200 4.6270x1012 3.33394x1011 19.23402 

 

Figure 15(a). Dieletric curve of Dielectric constant 

(Sample 2) 

 

Figure 15(b). Dieletric curve of Dielectric loss 

(Sample 2) 

 

Figure 15(c). Dieletric curve of a.c electrical 

conductivity (Sample 2) 

Table 12. Dielectric studies (Sample 2) 

Frequency 

(KHz) 

Dielectric 

constant (ε) 

Dielectric loss 

(tanδ) 

a. c 

conductivity 

(ζac) 

105 s/m 

10 7.2808x1013 4.43897x1011 19.25419 

50 1.7691x1013 4.22777x1011 19.24722 

100 9.5263x1012 3.344x1011 19.24792 

150 7.4849x1012 3.63x1011 19.35492 

200 6.1240x1012 3.62057x1011 19.39158 
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Figure 16(a). Dieletric curve of Dielectric constant  

(Sample 3) 

 

Figure 16(b). Dieletric curve of Dielectric loss 

(Sample 3) 

 

Figure 16(c).  Dieletric curve of a.c electrical 

conductivity (Sample 3) 

Table13: Dielectric studies (Sample 3) 

Frequency 

(KHz) 

Dielectric 

constant (ε) 

Dielectric loss              

(tanδ) 

a. c 

conductivity 

(ζac)105 s/m 

10 8.1654x1013 3.99771x1011 19.25852 

50 1.8372x1013 3.22457x1011 19.21633 

100 1.0206x1013 3.1143x1011 19.24658 

150 7.4849x1013 3.31886x1011 19.316 

200 6.1240x1012 3.39429x1011 19.36355 
 

 

Figure 17(a). Dieletric curve of Dielectic constant  

(Sample 4) 

 

Figure 17(b). Dieletric curve of Dielectric loss (Sample 

4) 

 

Figure 17(c). Dieletric curve of a.c electrical 

conductivity (Sample 4) 
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Table 14. Dielectric studies (Sample 4) 

Frequency 

(KHz) 

Dielectric 

constant (ε) 

Dielectric 

loss              

(tanδ) 

a.c 

conductivity 

(ζac) 105 s/m 

10 9.9346x1013 4.4968x1011 19.39478 

50 2.3815x1013 3.63x1011 19.38047 

100 1.3928x1013 3.4633x1011 19.39579 

150 9.5263x1012 3.432x1011 19.43529 

200 7.4849x1012 3.4571x1011 19.45867 

 

 

Figure 18(a).  Dieletric curve of Dielectric constant  

(Sample 5) 

 

Fig 18(b): Dieletric curve of Dielectric loss 

(Sample 5) 

 

Figure 18(c).  Dieletric curve of a.c electrical 

conductivity (Sample 5) 

Table 15.  Dielectric studies (Sample 5) 

Frequency 

(KHz) 

Dielectric 

constant (Ʃ) 

Dielectric 

loss 

( tanδ) 

a. c 

conductivity 

(ζac) 

105 s/m 

10 2.2455x1013 2.1572x1011 18.291934 

50 7.48498x1012 2.9731x1011 18.7911 

100 5.91994x1012 4.2654x1011 19.14701 

150 5.37558x1012 5.2884x1011 19.37458 

200 5.03535x1012 6.0468x1011 19.52932 

 

The result shows liner decrease in dielectric 

constant values for increasing frequency and linear 

increase in dielectric loss for laser treated CdS nano 

particles(reverse action for without laser irradiated 

samples) and for a.c electrical conductivity linear 

increase for with and without laser irradiated 

samples when the frequency increases. 

 

3.5. DLS Spectra (Measuring the Particle Size 

Distribution) 

The DLS spectra of with and without laser treated 

samples are shown in Figure 19 – Figure 21.[5] 
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Figure 19. DLS spectra (sample 1) 

 

Figure  20. DLS spectra (sample 3) 

 

Figure 21. DLS spectra (sample 5) 

 

Dynamic light scattering (DLS) studies revealed 

that the particle size distribution of Cadmium 

sulphide(CdS) nanoparticles are 2.1nm(sample1), 

16.52nm(sample3), and 1.8 nm (sample 5). 

 

3.6. SEM Analysis 

The SEM Analysis of with and without laser 

treated samples are shown in Figure 22 – Figure 24. 

[6] 

    

    

Fig  22: SEM image (sample1) 

     

      

Figure 23. SEM image (sample3) 

     

    

Figure 24. SEM image (sample5) 

SEM analysis of Cadmium sulphide (CdS) Nano 

Particle, it is observed that the particles are in the 
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hexagonal shape within the particle size are in the 

range about 20  127nm (sample1), 34.9680.31nm 

(sample3), and 50.4867.02 nm (sample5). The 

average particle size observed in both SEM and XRD 

measurements are slightly different values. 

Table 16. comparative study of particle size for 

Cadmium sulphide (CdS) Nanoparticle (sample 1, 3 

and 5) 

Sample 

XRD 

Crystallite 

(nm) 

DLS 

Particle 

(nm) 

SEM 

Particle (nm) 

1 11.3 2.1 20 – 127 

3 15.88 16.52 34.96 –80.31 

5 27.27 1.8 50.48 –67.02 

 

4. Conclusion 

In this, we investigated and reported the effect of 

laser heat treatment (HeNe laser and Diode laser) on 

nano particles CdS. The results observed are given 

below; 

i. From the UVvisible spectrum studies, we 

observed thatthe band gap energy (for various 

laser exposures) from 5.1 eV – 5.2 eV (5.3 for 

sample1 without laser irradiation). 

ii. The functional groups for different peaks in 

FTIR are analyzed and  the type of vibration as 

well as intensity are studied. 

iii. From the Xray diffraction studies, the structure of 

CdS nano particle (with and without laser 

irradiation) is hexagonal structure. 

iv. The crystallite grain size of the samples 

calculated are 11.3 (sample1), 15.42 (sample2), 

15.88 (sample3), 26.78 (sample4) and 27.27 nm 

(sample5) were observed from the XRD studies. 

v. The dielectric properties of laser treated CdS 

nano particles and their relation with frequency, 

dielectric constant, dielectric loss and a.c electrical 

conductivity are investigated. 

vi. Dynamic light scattering (DLS) studies revealed 

that the particle size distribution of Cadmium 

Sulphide CdS nanoparticles are 2.1nm (without 

laser), 16.52nm (HeNe laser treated with 

30min), and 1.8 nm (Diode laser treated with 

30min). 

vii. From SEM analysis of Cadmium sulphide (CdS) 

Nano Particle, it is observed that the particles 

are in the hexagonal shape within the particle 

size are in the range about 20127nm (without 

laser),34.9680.31nm (HeNe laser treated 

with30min), and 50.4867.02 nm (Diode laser 

treated with30min) 
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Abstract 

The thermal properties of selective absorber 

coating of a spiral concentrating type solar cooker 

has been analysed. Coating has been prepared using 

smoke. Even though the common type of solar 

cookers have been used for thermal analysis, the 

concentrating type solar cooker showed a better 

result to obtain very high temperatures. 

Investigations have been done with smoke which is 

readily available in Villages and cost effective. 

Various thermal parameters such as standard 

cooking power and overall efficiency have been 

calculated in this Study. Aluminium vessels with 

smoke coating has been used in this study which has 

been compared with the performance of Aluminium 

absorbers, coated with lamp black and black primer 

paint. The cost effective, readily available smoke was 

found to be a better solar selective coating which is 

suitable for villagers.  

Keywords: Spiral concentrator, selective surface, 

thermal parameters. 

 

1. Introduction 

In rural areas solar cooker is a viable and a 

promising device that uses solar radiation to cook 

food, which preserves the nutrition value. The 

common type of solar cookers are box type cooker, 

parabolic concentrator, umbrella type cooker, hybrid 

cooker, conical concentrator, Fresnal concentrator, 

spiral concentrator etc. With spiral concentrators we 

can obtain very high temperatures. Considering the 

cost effectiveness, portability and simplicity, spiral 

concentrator is a suitable one for villagers. 

Selective solar absorber coating is important in 

spiral concentrating type solar cooker, which 

converts solar radiation into heat energy. To get 

maximum photo thermal conversion, the selective 

absorber should have high absorptance and low 

emittance at operational temperature [1] Usually 

materials which are used for the fabrication of solar 

cooker are expensive. So for the people with low 

income, a low cost material for selective absorber 

must be identified. So a spiral cooker with stainless 

steel concentrator is fabricated with reduced 

constructing cost and locally available materials are 

used. [4,5,6]. The readily available material called 

smoke particles in rural areas has been used as a 

selective coating for absorber for spiral concentrating 

type solar cooker. The absorber with smoke coating 

is made to get exposed in direct sunlight under 

various weather changes for several hours. 

2. Thermal Parameters 

To compare different cookers thermal parameters 

are used [2]. The standard cooking power Ps and 

overall efficiency f are calculated using the formula. 

Ps = Pc  
2

700w

m

I

 

Pc is cooking power and I is the insolation (w/m2) 

Pc = mcp = 
dT

dt
 

m is the mass of water, Cp in the sp. heat capacity of 

water and T is the temperature of water at time t. 

The overall efficiency [3] is calculated as 
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mCp Twf Twi

A Idt


 

where Twf and Twi is the final and initial 

temperature and A is the area of the concentrator. 

 

3. Experimental 

3.1. Preparation of the material coating 

Smoke particles have been used as the coating for 

selective absorber and aluminium pot was selected. 

Smoke is applied uniformly over the outer surfaces 

of the pot by exposing them to the smoke from a 

candle or kerosene lamp. To compare the 

performance of smoke coating other pot painted 

with commercially available black primer paint and 

lamp black were used. The spiral concentrator with 

absorber is shown in Fig 1. 

 

Figure 1. Concentrator with Absorber coated 

with smoke 

3.2. Thermal parameter Measurement 

3.2.1. Water heating test 

In order to carryout the water heating tests, three 

Al vessels coated with smoke, lamp black  and black 

primer paint were used. To start with, the stand is 

directed towards the sun to set azimuth. The 

absorbers were loaded with 0.964 kg of water. The 

concentrator is adjusted until the absorber is in the 

region of brightest illumination. Insolation temp of 

water and ambient temp. Were noted down at an 

interval of every 2 minutes. N.I precision, pyrheliometer 

was used for measuring solar insolation and temp of 

water was measured by digital thermometer. 

(portable) 

Table 1. Water heating test for smoke, lamp black 

and black primer 

Date    : 30.05.17 

Absorber material : Aluminum 

Starting time         : 12.41pm 

Amount of water  : 0.964kg 

Ambient temp.      : 29.5oC 

Time 

Minutes 

Insolation 

W.m2 

Temp of absorber coated with 

Smoke oC 
Lamp 

Black oC 

Primer Paint 
oC 

0 617 29 29 29 

2 631 36 35.8 35.5 

4 624 44.6 44.1 44 

6 635 54.1 53.7 53.5 

8 624 59.8 59.4 59 

10 632 67 66.5 66.4 

12 664 73.1 72.5 72.2 

14 667 78.9 78.2 78.1 

16 662 84.8 84.2 84.1 

18 667 89.4 89.1 84.9 

20 662.8 92.8 92.14 95.01 

24 667 98 97.5 97.2 

25 667 100 98 97.9 

 

4. Result 

By knowing the thermal parameters the coating 

performance was analyzed three absorbers were used 

to test the investigated coating. The overall 

efficiency was determined. The following table 

shows the effectiveness of the selective coating. 

Table 2. Summary of thermal parameters 

Coating 

Parameters 
Smoke Lamp black Primer paint 

Ps (Watts) 

(%)  

78 

82 

72 

76 

59 

20.5 

 

5. Conclusion 

The thermal efficiency and cooking power of 

smoke as a selective solar coating has been 

investigated. This coating depicts better results than 

other commercially available lamp black & primer 

paint coatings. The cheap material smoke could be 
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used as the selective solar coating for spiral 

concentrator 
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Abstract 

This investigation has been directed towards the 

calculation of optical efficiency of spiral concentrating 

type solar cooker with lamp black as solar selective 

surface. Attempts were made to study the optical 

performance of the solar selective Coating. Spray 

painting technique has been adopted for coating 

the material. Aluminium and Stainless Steel Absorbers 

have been used and their optical efficiencies were 

compared with other black coatings. Water 

heating tests and indoor cooling efficiency. If has 

been concluded that the optical  efficiency of the 

Spiral Concentrator has the maximum value with 

Aluminium absorber coated with lamp black. 

Keywords: Selectivity, optical efficiency. 

1. Introduction 

Black solar absorbers are the chief component 

of concentrating type solar cookers. The 

Selectivity in defined an the ration of solar 

radiation (absorption) to thermal infrared radiation 

(emission) Typical value for a selective surface 

might be 0.90 solar absorptom and 0.10 thermal 

emissivity [1,3,4] The optical performance of an 

absorber depends on the optical constants and the 

thickness of the absorber coating. This selective 

surface was durable highly resistant to humidity, 

oxidizing atmosphere and less expensive [2]. 

 

2. Experimental 

Ordinary lamp black is commercially available. 

It was spray painted over the Aluminium and 

stainless steel substrates. They were dried and used 

as absorbers. Water heating test was performed 

with the newly available absorber and it was 

compared with other commercially available black 

coatings. 

Two pots one Aluminium and another stainless 

steel were used and the same lamp black was 

coated over the two absorbers. Water heating tests 

were performed individually to find the optical 

efficiency of the cooker with different absorbers.. 

To the tell whether the concentrator needs 

improvement it is important to evaluate the 

optical quality of the device. [5,7,8,9] 

3. Result 

The optical efficiency with the solar selective 

surface coating for Aluminium & S.S are fabulated 

Table 1.Optical efficiency of Stainless Steel 

Absorber 

Temp 

Region 
oC 

Mean 

Temp 
oC 

Energ 

lost 

q loss 

watts 

Energy 

used q 

gain watts 

Input 

AcId 

Optical 

Efficiency 

% 

30.5-38.2 5.35 10.331 269.07 618.73 45 

38.2-45.2 12.7 25.9 344.18 627.7 43.03 

45.2-52.8 20.05 40.96 368.5 633.5 48.88 

52.9-60.2 27.55 56.29 254.85 635.5 48.92 

60.2-67.1 34.85 70.80 240.69 637.6 48.8 

71.8-77.9 45.85 83.85 212.79 635.6 48.2 

84.3-87.9 57.1 116.87 125.58 619.9 39.07 
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Table 2. Optical efficiency of Aluminium absorber 

Temp 

Region 
oC 

Mean 

Temp 
oC 

Energy 

lost 

q loss 

watts 

Energy 

used q 

gain watts 

Input 

Acid 

Optical 

efficiency 

35.8-44.1 10.5 16.83 287.2 812 49.64 

44.1-53.7 18.4 29.49 332.2 619 38.38 

59.4-66.5 32.46 50.70 359.2 620 49.3 

66.5-72.3 40 64.79 207.6 618 44.08 

72.5-78.2 45.85 72.59 197.2 623 43.2 

78.2-84.3 31.75 76.54 211 612 46.9 

From Table 1 & 2, it was found that solar 

selective coating of lamp black with Aluminum 

pot was more effective than S.S. Pot with lamp 

black coating. Because of the physical properties of 

stainless steel the optical efficiency is high, 

Moreover when lamp black in coated in different 

layers one over the other, the efficiency increases 

according to the thickness. The thickness of both 

Aluminium and Stainless steel pots with the 

thickness of the coatings decide the value of 

optical efficiency of the concentrator and overall 

efficiency of the cooker. 

 

4. Conclusion 

The water heating test and Indoor cooling tests 

were carried out in the calculation of optical 

efficiency of the solar selective surface [9]. The 

experimental results favour Aluminium with lamp 

black as solar selective surface because of 

durability, high tolerance to humid air and 

extreme temperature variation. It was able to 

retain the selective properties. [6] 
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Abstract 

Solar selective surface has great importance in 

practical uses in solar energy thermal techniques. 

In this attempt, the use of lamp black + SiO2 in 

different proportions as selective coating has been 

studied. Efforts have been taken to know whether 

the amount of SiO2 in the mixture could be used to 

enhance the efficiency of the spiral concentrating 

type solar cooker. Spraying technique has been 

used for coating the material over the absorber. 

The absorber material used was Aluminium. Water 

heating tests were carried out during summer 

season. The Study revealed the fact that the 

amount of SiO2 in SiO2 lamp black mixture would 

decide the value of overall efficiency of the spiral 

concentrator and its performance. The studies were 

carried out in the natural weather conditions.  

Key Words: Solar energy, selective surface, 

thermal conversion. 

 

1. Introduction 

For effective thermal conversion, the absorber 

should have high absorptance in the solar range but 

low thermal emittance. The selective surfaces 

maximize solar absorption and they suppress 

thermal re-radiation. At the operational temperature, 

the optical and thermal properties of the selective 

surface should be stable. 

 

2. Analysis of selective coating 

The solar selective coating with lamp black & 

SiO2 was used in concentrating type solar cookers. 

The performance of an absorber coated with a solar 

selective surface is determined by the absorptance 

and thermal emittance. 

For opaque materials, 

spectral absorptance  (,) in expressed using 

Kirchoff‟s law as, 

(,)   = 1 -  (,)   ... (1) 

& (,T) =  (,T)       ... (2) 

where (,) is the sum of collimated and diffuse 

reflectance,  is the wavelength,  is the incidence 

angle of light and T is the given temperature. 

The solar reflectance is studied using 

spectrophotometers in 0.3 – 2.5 m wavelength range 

at near – normal  = 0 angle of incidence [1,5,6]. 

Emittance is measured at room temperature as 

 =     
max

min

1 "(" ("(", "(", "(") / ("(" 4)T B T d T





    

... (3) 

where ( = 5.6696  10-8 Wm-2K-4 is the Stefan – 

Boltzmann constant 

B(,T) is the spectral irradiance of a black body 

curve from, 

B(,T) =   51/ ( 2 / ( ) 1c C e c T   ... (4) 

where  c1 = 3.7405  108 W m4m-2 

c2 =1.43879  104 mK 

which are Planck‟s first and second radiation 

constants. 

The efficiency of a concentrator depends mainly 

on the absorber coating. selective coatings can 

degrade high temperature because of oxidation, 

humidity, atmospheric pollution, chemical reactions 

etc [2,3,7,8]. 

3. Experimental 

SiO2 mixed with lamp black has high degree of 

spectral selectivity. The coating is carried out by 

spraying technique. The use of this layer of lamp 

black on Aluminuim has been found to stabilize 

Aluminimum [4] 

Lamp black and SiO2 were mixed together in 

various proportions, a colloidal solution was got. It 

was coated on an Aluminimum absorber. Eight 

different vessels were used for eight proportions of 

lamp black & SiO2. The concentrator along with the 

mailto:gituniversel16@gmail.com
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stand was kept in position to receive maximum 

solar radialion. 1 kg of water in taken in the 

absorber. It is allowed to boil. It took nearly 20 

minutes to boil. These tests were carried out during 

the month of May. The readings and calculations 

were tabulated as follows. 

Table 1.  Efficiency of the concentrator for 

different proportims of lampblack and SiO2 

Lamp black (in gram) + SiO2 (in gram) Efficiency % 

1 +1 82 

1.2 +0.8 81 

1.4 +0.6 80.4 

1.6+0.4 80.1 

0.8 +1.2 82.2 

0.6 +1.4 82.6 

0.4+1.6 84.2 

Date : 1-5-2017  Ambient temp:.30
o
C 

 

Figure 1. the graphical representation of the data. 

 

It was found that the amount of SiO2 is directly 

proportional to the efficiency of the concentrator.  

The average efficiency of the concentrator was 

calculated which is depicted in the following table 

Table 2. Average Efficiency of Spiral Concentrator 

Date 
Direct Solar 

Radiation 
Efficiency % 

May 1 680 82 

May 5 685 85 

May 10 720 85 

May 15 740 81 

May 20 750 86 

May 22 760 82 

May 24 913 80 

May 26 850 84 

 

The experimental setup used is shown below. 

 

Figure 2. Experimental setup 

5. Conclusion 

The technical parameter of the newly tried cost 

effective selective coating was found to be more 

effective than commercially available black 

coatings and pure lamp black. It was found that the 

mixture of lamp black and SiO2 is a promising one 

in the field of solar selective surfaces. 
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Abstract 

Using Chemical Spray Pyrolysis (CSP) Technique 

n- type Copper doped SnS (SnS:Cu) thin films were 

successfully deposited onto soda-lime glass substrate. 

According to earlier reports (111) orientation of SnS 

is suggested to be the preferred orientation for PV 

applications. This paper reports the preparation of 

SnS:Cu films with (111) orientation by varying the 

substrate temperature which is an important 

parameter of CSP technique. Using X-ray diffraction, 

Scanning electron microscopy, UV-Vis-NIR spectroscopy 

and Hall measurements the Structural, Morphological, 

Optical and Electrical properties of SnS:Cu films are 

studied. The substrate temperature of 3750C is found 

to be the best for preparing good quality SnS:Cu thin 

films with preferred orientation in plane (111).  

Keywords: Spray techniques, Optical properties, 

Electrical properties, Thin films. 

1. Introduction 

The binary semiconductor Tin sulfide (SnS) 

belonging to IV-VI group semiconductors, with 

earth abundant components, orthorhombic 

structure and having a band gap of around 1.4eV 

makes it a potential candidate for photovoltaic 

studies [1] [2]. SnS can be prepared as single crystals, 

thin films or nanostructures using various physical 

and chemical methods such as chemical bath 

deposition [3] spray pyrolysis [4], thermal 

evaporation [5] sputtering [6] etc according to 

required applications [7]. Properties of the thin film 

prepared by CSP technique is very much connected 

with the substrate temperature, as this parameter 

provides energy for pyrolytic reduction. With very 

high temperature, anionic species get               re-

evaporated where as with very low temperature 

proper pyrolytic reduction will not take place. 

Hence the substrate temperature is so critical to 

prepare an uniform thin films with required opto-

electronic properties. The present study report the 

changes in Copper doped SnS thin films on varying 

the substrate temperature from 3000C to 4500C.  

2. Experimental Details 

SnS:Cu thin films were synthesized over glass 

substrates using CSP technique. Stannous chloride 

(SnCl2.2H2O), Thiourea (CS(NH2)2) and Cuprous 

Chloride (CuCl2.2H2O) is used as the precursors for 

the above study. The substrate temperature is varied 

as 3000C, 3500C, 3750C, 4000C and 4500C. The 

samples are named as C300, C350, C375, C400 and 

C450 respectively. Compressed air is used as the 

carrier gas and the opto-electronic studies were 

carried out keeping all the spray parameters unchanged 

with Sn:S  ratio at 1:2. Copper doping is fixed as 4% 

of tin concentration as reported elsewhere [8]. 

X-ray diffraction studies were carried out using 

Rigaku (D. Max.C) automated X-Ray diffractometer 

and diffraction pattern is recorded using filtered Cu 

Kα (λ = 1.5405 Ao) radiation and Ni filter operated at 

30 kV and 20 mA.UV-VIS-NIR spectrophotometer 

(JASCO V 570 model) is used for optical studies. 

Surface morphology is studied using ZEISS Scanning 

electron microscopy.Ecopia model No HMS-53000, 

magnetic field = 0.57 T and capable of current 

mailto:gisagrace@gmail.com
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measurement in the range (1nA-20 mA) Hall system 

is used for electical studies. 

3. Results and Discussions 

Figure 1 depicts the XRD patterns of SnS:Cu films 

deposited at different substrate temperatures. All the 

samples except those prepared at very low and very 

high pyrolysis temperature had SnS phase crystallized 

in Orthorhombic structure (JCPDS 75-0925). At lower 

temperature 3000C presence of Sn2S3 phase (JCPDS 

14-0619) is observed along with SnS phase and at 

higher temperature 4500C the SnS2 phase (JCPDS 

23-0677) become prominent.  

 

Figure 1. The X-ray diffractograms of SnS:Cu thin 

films by varying the substrate temperature 

It is quite clear from our XRD data that, at 

substrate temperature 3750C, the impurity phases 

are almost absent and has better crystallinity with 

prominent SnS (111) plane. It is already reported 

that for PV applications the (111) orientation of SnS 

is generally preferred because out of all the SnS 

based solar cells the maximum efficiency is for SnS 

with these orientation [9]. Even with the doping no 

peaks corresponding to CuxS phase is formed. 

According to reports the surface energies (σ) of 

orthorhombic structure increases as σ (100) < σ 

(001) < σ (010) < σ (111) and it is also mentioned 

that the (111) plane will grow only when an 

optimum number of Sulfur atoms is present around 

Sn atoms [7]. Hence at temperature 3750C we could 

successfully synthesis SnS:Cu thin films with this 

high energy (111) plane. 

 

(a) 

 
(b) 

 
(c) 

Figure 2. SEM images of SnS:Cu thin films prepared 

at (a) 3000C, (b) 3750C, (c) 4500C 

The Surface morphology of the temperature 

varied samples showed a noticeable difference as 

temperature changes. This change is clearly observed 

in Figure 2. The samples at low temperature (3000C) 

showed spherical grains where as samples at 3750C 

showed typical SnS:Cu needle like structure and as 
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the temperature is increased further to 4500C the 

morphology changed partially as that of SnS2 granules. 

Optical band gap for films prepared at different 

substrate temperatures were determined using 

„(αhν)2 versus hν‟ plot (Figure 3). The absorption 

coefficient (> 105 cm−1) is obtained for all the 

samples. The film synthesized at 3750C has got 

optimum band gap around 1.4 eV. For lower and 

higher temperature the band gap is found to be 

greater than that of C375. The variation in band gap 

shows its tunability by merely changing the 

temperature alone. 

 

Figure 3. The band gap obtained for SnS:Cu thin 

films by varying the substrate temperature 

The high band gap value obtained for lower and 

higher temperature is probably due to the presence 

of other phases like Sn2S3 and SnS2 respectively [10]. 

The resistivity of all the samples were calculated 

using Hall measurement and found to be decreasing 

as temperature increases with minimum value for 

samples prepared at 3750C; further increase in 

temperature resulted in increase of resistivity due to 

the formation of SnS2. The minimum resistivity 

obtained for C375. 

 

4. Conclusions 

SnS:Cu thin films were deposited using CSP 

technique over glass substrate by varying the 

substrate temperature. The optimum temperature 

for fabricating phase pure SnS:Cu is determined to 

be 3750C and its band gap is found to be around 

1.4eV. These properties are quite promising for a 

good absorber layer in solar cell fabrication. This 

optimized film showed n-type conductivity with 

minimum resistivity. This work also shows the 

possibility of tuning the resistivity and band gap of 

SnS:Cu films by controlling the substrate temperature 

without any change in its conductivity type. All 

these superior properties are achieved without 

employing any post deposition treatments and 

hence it is quite useful for the development of low-

cost thin film solar cells. 
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Abstract 

New attempts have been made to study the 

spectral properties of ash for use as a solar 

selective coating. Ash coating has been added as a 

better efficient coating to the other commercially 

available coatings. Investigations have been made 

to study the reflectance properties of ash coating. 

The reflectance of the ash coating was compared 

with that of other two coatings namely black 

chrome and black nickel. Ordinary painting 

method has been adopted as the coating 

technique. Aluminium absorber has been used 

which was coated with colloidal ash and was 

allowed to dry. Water heating test has been 

carried out to study the optical efficiency of ash 

on Aluminium vessel. For solar thermal 

applications, this coating has been proved to be 

one of the best solar selective coating with 

maximum optical efficiency.  

Key Words: Reflectance, optical analysis, emissivity 

 

1. Introduction 

To get maximum efficiency and maximum 

temperature in spiral concentrator the absorber 

material should have a maximum absorbtance 

across the solar spectrum and minimum emissivity 

in the IR region. It should also be cheap and easy 

to prepare. The reflectance values got are shown 

and compared with other two coatings, namely 

black chrome and black nickel. 

 

2. Experimental 

The method of getting the solar selective 

coating to coat with metallic plate (Aluminium) 

with a colloid solution of ash and it was allowed to 

dry in shade for 2 or 3 days. After that, studies are 

done and compared with that of black chrome and 

black nickel. 

 

3. Results 

The reflectance properties got are shown in table 

1. 

Table 1.Comparison of reflectance of various 

coatings 

 Ash 
Black 

Chrome 
Black Ni 

Reflectance 0.130 0.132 0.133 

Black body 

spectrum at 250
o
C 

0.095 0.912 0.934 

 

 

 

The optical analysis of the solar absorber could 

be done from these data in addition to transmittance 

and ellipsometry data by fither the data to other 

coatings [2,4,5] the optical constants of ash layer is 

some what lower than that of other coatings. The 

exinction coefficient is higher in the first layer of 

the coating Both effective refractive index and 

exinction coefficient of the ash layer increases 

with increasing wavelength as for metallic index 

[3,6,7,8]. The optical performance of the ash 

coating is 0.9/0.078 on Aluminium substrate. 
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Table 2 Optical efficiency of ash coating 

Date   : 06-05-17   

Starting time  : 12.14 pm   

Amount of water : 0.964kg 

Ambient temp  : 29.5oC 

Absorber  : Aluminium 

Temp 

Region oC 

Mean temp 

above 
ambient oC 

Energy 

lost 
Watts 

Energy 

used 
Watts 

Input 

Watts 

Optical 

efficiency 
% 

29-41.5 3.25 6.638 436.0 524.5 84.3 

54.5-53.4 15.45 31.568 415.113 524.61 85 

53.4-64.26 26.82 54.72 378.485 524.75 82.35 

64.25-74.25 37.25 76.101 348.835 524.76 80.97 

74.25-90.2 50.25 102.62 277.67 524.8 72.48 

The optical efficiency hikes to a maximum 

value when ash is used as the solar selective 

coating for Aluminium absorber. 

Optical efficiency depends on many factors 

such as insolation, optimum temperature, ambient 

temperature, wind velocity, percentage of 

humuidity in air etc, the absorber coating show a 

considerable increase in its value because of the 

nature of the material used namely ash. If a 

pressure cooker is used in the place of ordinary 

Aluminium pot, we expect the efficiency to 

increase more. 

 

4. Conclusion 

The spectral studies and optical analysis of 

Aluminium absorber coated with a solar selective 

ash coating has selective properties. This surface 

has been critical to high temperature solar thermal 

operations. 
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Abstract 

The present work explores the holographic 

performance of developed eosin sensitized Poly 

(vinyl alcohol)/Acrylamide based photopolymer 

material (EPVA) by hologram recording. The 

developed material can be used to record gratings 

with diffraction efficiency (DE) of 85% using 488 nm 

and 77% using 532 nm at exposure of 50 mJ/cm2. 

Recorded Fourier Transform (FT) holograms and 

Projection type holograms showed the potential of 

this material for different holographic applications. 

Keywords: Holography, Photopolymers, 

Gratings, Holograms. 

 

1. Introduction 

Holography is a versatile technology which can 

satisfy next generation needs since the industry 

demands cost effective and compact optical systems 

for data storage, data transfer, artificial intelligence, 

optical interconnects, display applications etc [i-vi]. 

In this regard, photopolymer systems have attracted 

much attention in recent years since they proved to 

be promising material system for holographic data 

storage and display applications [i-ii, vi]. Low cost, 

with excellent performing parameters like high 

diffraction efficiency, good photosensitivity, large 

refractive index modulation, high resolution, large 

dynamic range, made acrylamide based photopolymers 

to occupy an elevated position in the field of 

holography [ii,iv-vi]. The potential applications and 

markets of photopolymers in holography are based 

on the function of the hologram or diffractive feature 

(e.g. an image or Holographic Optical Elements) 

recorded in that material. One of the important 

properties of photopolymer is the self-processing, 

which makes them non-amenable to wet processing; 

a good criteria for holographic data storage, 

holographic optical elements (HOEs) and display 

applications [vi].  

The present work is an investigation on the suitability 

of recording different holograms in an already developed 

Eosin sensitized Poly (vinyl alcohol)/Acrylamide 

photopolymer (EPVA) films [vii]. Existence of a close 

experimental relation between holographic data 

storage and fourier hologram recording methods, 

decided the priority of this hologram among others. 

Initially fourier holograms were recorded on the 

developed EPVA material. Another important class 

of holograms is „projection holograms‟ which are 

actually hologram of a hologram and can be viewed in 

white also. 

2. Materials and Methods 

The photopolymer system used in this work 

consists of poly (vinyl) alcohol (PVA) - binder), 

triethanolamine (TEA) - initiator and Yellowish Eosin 

(EY) - photosensitizer dye and photopolymerizable 

monomer Acrylamide (AA)[vii]. The photopolymer 

films prepared using gravity settling method was 

allowed to dry at room temperature. Using double 

beam interferometry gratings were recorded on the 

dried photopolymer films with interbeam angle 400 

and beam intensity ratio as 1:1. The recorded gratings 

were reconstructed using a He-Ne laser (Melles Griot - 

632.8 nm) and the diffraction efficiency (DE) was 

determined using the relation, 

DE (%) = (Id/Ii) x100 

Ii-Incident beam intensity, Id-First order diffracted 

beam intensity. 

3. Results and discussion 

3.1. Recording of holographic gratings 

Spectral sensitivity of the developed photopolymer 

films was determined from absorption spectra (taken 

using JASCO V-570 UV-Visible-NIR spectrophotometer) 

of the samples. Absorption spectra of unexposed and 
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exposed samples show that this material can respond 

well to 532 nm and 488 nm wavelengths as shown in 

Figure 1. 

 

Figure 1. Absorption spectra of exposed and 

unexposed samples 

In the previous work [vii], a DE of 85% at exposure 

of 50 mJ/cm2 was reported using this material. The 

same material can be used to record gratings using 

532 nm laser with DE of 77% at exposure 50 mJ/cm2 

as shown in Figure 2. 

 

Figure 2.Variation in DE with Exposure energy 

 

The variation in DE with exposure energy was 

similar to that of 488 nm wavelength laser. The studies 

revealed that the material shows good holographic 

performance for two wavelengths 488 nm and 532 nm. 

Holographic device working with low power laser 

can reduce the cost of the system. Hence it is 

essential to assess the holographic performance of the 

material at lower laser power also. Figure 3 shows 

that even with 1 mW power laser, it is possible to 

record more than 80% DE gratings in this material.  

In an interference pattern maximum fringe 

visibility is possible when the intensity ratio between 

the interfering beams are at 1:1. In the case of 

hologram recording, it is difficult to maintain a 1:1 

beam ratio between the object and reference beams. 

So the effect of variation of beam intensity ratio was 

checked by varying the intensity ratio of interfering 

beams. From Figure 4 it was seen that even at a beam 

ratio of 1:0.2 it was possible to record gratings with 

more than 60% DE. 

 

Figure 3. Recording of gratings with different laser 

 

Figure 4. Variation in DE with beam ratio 

 

3.2. Recording of Fourier Transform holograms 

Apart from imaging, „fourier holograms‟ are also 

suitable for data storage applications, because in 

holographic storage devices data pages are recorded 

using fourier transform (FT) method. Two dimensional 

holograms can be recorded on the material by 

consuming minimumsample area and the noise in the 

image could be reduced by incorporating suitable 

filters in the fourier plane. Usually, in storage devices 

the object beam is allowed to pass through a spatial 
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light modulator (SLM), but in the present study the 

object beam was passed through a transparency 

containing few letters. FT holograms were recorded 

using the experimental setup illustrated in Figure 5. 

 

Figure 5. B-beam splitter, E-beam expander with 

spatial filter, P-Pinhole, C-Collimating lens, M-

Mirror, S-Object, L-Lens, F- film, D-Detector 

 

 

 

Figure 6. FT holograms and its reconstructed images 

 

3.3. Recording of projection hologram 

Projection holograms also known as standout 

hologram or as an image-plane hologram provide a 

dramatic visual with the entire image floating in 

front of the plate [viii]. For recording projection 

holograms the object beam used was not coming 

from a real object, but rather it is light that comes 

from a „master hologram‟ and forms a real image of the 

object [viii-x]. 

When the copy hologram is processed, it is 

illuminated in the usual way for transmission 

holograms, and as always there will be a virtual 

image and a real image. With an ordinary hologram 

the images are well separated and they are not seen 

simultaneously. With the projection hologram they 

are both seen, since they are very close together and 

in fact join at the plate. The observer sees the virtual 

image behind the plate and the real image in front of 

the plate. Projection holograms can be used for 

display purposes as well as for making holographic 

lenses that can be used as compound lenses along 

with a real lens [viii]. 

For recording projection holograms, a master 

hologram was initially created using transmission 

geometry as shown in Figure 7 which is also known 

as Denisyuk method. Figure 8 is the photograph of a 

hologram recorded and reconstructed using 488 nm 

laser. This hologram was used as master hologram for 

producing a real image. 

 

Figure 7. The experimental set up to record Denisyuk 

hologram; S-laser, E-beam expander with spatial 

filter, O-object, F-film 

 

Figure 8. Photograph of Denisyuk hologram 

reconstructed using 488 nm laser 

Figure 9 is the experimental setup for recording 

projection holograms. The master hologram was 

illuminated in such a way that the hologram is 

exposed to its conjugate beam giving a real image. 

This real image is caught on another plate and 

reference beam will be allowed to fall on the same 

plate to form a hologram.  

 

Figure 9. Recording set up for projection hologram; 

A B C 
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S-laser, E-beam expander with spatial filter, B-beam 

splitter, H1-master hologram, M-mirror, F-polymer 

film 

 

The photograph of a recorded projection hologram, 

reconstructed with white light is shown in Figure 10. 

 

Figure 10. Photograph of a projection hologram 

viewed in white light 

 

3.5. Conclusion 

Feasibility study was conducted to assess the 

holographic performance of the developed eosin 

doped poly (vinyl alcohol)/acrylamide photopolymer 

films by recording different holograms. It was 

possible to record and reconstruct FT holograms 

successfully in this material. Fourier holograms 

recorded, ensured the suitability of this material for 

data storage applications as these type of holograms 

miniaturize the original size of the object (data) 

increasing the storage capacity. It was also possible to 

record „Projection holograms‟ in this material, which 

are actually „hologram of a hologram‟, can be viewed 

with white light in transmission mode also. Thus the 

developed material can be used for different 

applications such as data storage applications, HOEs, 

Display applications etc. 
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Abstract 

Nickel ferrite nanoparticles of ultrafine size were 

successfully prepared by spray pyrolysis method. 

The structural characterization of the samples is 

done using XRD and FTIR. XRD pattern of all 

samples show the formation of single phase cubic 

spinel structure.The distribution of cations among 

the two interstitial sites has been estimated by the 

Rietveld refinement of XRD pattern. The FTIR 

spectra show two strong absorption bands, confirm 

the presence of metal - oxygen complexes within 

the spinel lattice. The HRTEM micrographs 

demonstrates ultrafine particles having cubic 

morphology and the average particle size obtained 

is in good agreement with that estimated from 

XRD. The elemental analysis has been carried out 

using EDS, confirmed the purity of the synthesized 

sample. The room temperature magnetic properties 

of the sample were measured by using a VSM and 

revealed the soft magnetic nature of the sample and 

the same has been confirmed by room temperature 

Mossbauer studies. The cation distribution estimated 

from Mossbauer spectroscopy and Rietveld refinement 

confirm the mixed spinel structure of the spray 

pyrolysis synthesized Nickel ferrite nanoparticles.  

Keywords: Nickel ferrite, spray pyrolysis method, 

nano ferrite, Rietveld refinement, Mossbauer 

studies. 

 

1. Introduction 

Studies on magnetic nanoparticles (MNPs) 

belonging to spinel ferrites is an active area of 

research due to their potential use in recording 

media, information storage and magneto-optical 

devices [1]. Most of these studies are focussed on 

the influence of various synthesis conditions, 

starting materials and size and shape etc on the 

magnetic nature of such nano systems using state of 

art analytical tools [2]. Recently many studies are 

being carried on the usefulness of spinel magnetic 

nano systems in biomedical applications [3]. Nickel 

ferrite nano systems is one of the important groups 

of particles that has potential applications in 

biomedical field, especially in hyperthermia 

applications [3]. They are less toxic and chemically 

stable, compared to pure nickel, and appears to be a 

viable alternative for pure nickel in biomedical 

applications. In the present work, we have tried to 

synthesis nickel ferrite nanoparticles by spray pyrolysis 

of eco-friendly polymer precursor -polyvinyl 

alcohol (PVA). We have synthesized nickel ferrite 

nanosystems using a low-cost spray pyrolysis unit 

in which polymer precursor-mixture of metal 

nitrates and PVA dissolved in de-ionised water-

sprayed over a hot glass plate kept at fixed 

temperature. 

 

2. Material and methods 

Nickel ferrites nanoparticles were synthesized 

by spray pyrolysis method. All the reagents used 

for the synthesis of nickel ferrite nanoparticles 

were analytical grade. The stoichiometric amounts 

of nickel nitrate (Ni(NO3)2.6H2O) and ferric nitrate 

(Fe(NO3)3.9H2O) were dissolved in deionized water 

mailto:jacob.chrisdale@gmail.com
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under magnetic stirring. The raw materials were 

mixed with aqueous solution of PVA. The resulting 

viscous solution of PVA metal nitrates is sprayed 

on a glass plate in the spray pyrolysis unit. The 

glass substrate slowly cooled and peal out sample 

from the substrate. The sample is annealed at 

450,500,550,6000C to obtain the single-phase spinel 

nickel ferrite nanoparticles and is named as NP1-

NP4. 

The crystallinity, phase structure and nano-

behavior of the samples were characterized by X-

ray diffraction (XRD). One of the samples is 

selected for further characterisation studies like 

High ResolutionTransmission electron microscopy 

(HRTEM), Fourier transform infrared spectroscopy 

(FT-IR), Energy dispersive electron spectroscopy 

(EDS), vibrating sample magnetometer (VSM) and 

Mossbauer techniques.  

 

3. Results and Discussion 

3.1. X-ray diffraction (XRD) analysis 

X-ray patterns of samples are shown in Figure 1. 

The dominant peaks observed at 2 = 30.2980, 

35.690, 37.480, 43.380, 53.990, 57.380, 63.020 and 

75.450 corresponds to (220), (311), (222), (400), 

(422), (511), (440) and (533) planes of NiFe2O4 

agrees well with a cubic spinel structure (JCPDS 

PDF card No: # 86-2267, 3Fd m  space group). The 

patterns confirm the formation of single phase 

cubic spinel ultrafine nickel ferrite nanoparticles. 

The broadening of diffraction peaks indicates 

samples are in nano regime. As the annealing 

temperature increases the intensity of diffraction 

peaks increases, especially for (311) peak, 

demonstrating the improvement of crystallinity of 

the sample. The average crystallite size of the nano 

crystallite sample is determined from the full width 

at half maximum (FWHM) of the XRD patterns 

using Scherrer‟s equation. 

Dhkl = 
0.9

cos



 
   (1) 

where, „Dhkl‟ is thecrystallite size, „λ‟ is the wave 

length of the used X-ray (λ = 0.15406nm), „‟ is the 

full width at half maximum (FWHM) in radian and 

„‟ is the half diffraction angle in degree. The 

average crystallite sizes have been estimated and 

found to increase with the increasing annealing 

temperature. This may be due to the coalescence of 

the particles by solid-state diffusion where the 

system reduces its free energy by reducing the 

surface area of the nanoparticles [4]. The lattice 

parameter „a‟ of the samples were calculated by 

using the Bragg‟s equation,  

a = 2 2 2d h k l    (2) 

where „h‟, „k‟, „l‟ are the Miller indices of the crystal 

planes and „d‟ is the inter planer spacing.  

The X-ray density of the samples are calculated 

using the formula, 

x = 
3

8M

Na
   (3) 

where 8 is the number of molecules per unit cell of 

spinel lattice, „M‟ is the molecular weight, „N‟ is 

Avogadro‟s number and „a‟ is the lattice parameter. 

The average crystallite size, lattice parameter, and 

X-ray density of all the samples are calculated and 

the value obtained for NP3 is in good agreement 

with the reported value of 8.33 Å (Table1) [2]. The 

increases of lattice constant values from 8.32 to 

8.34 Å with the temperature is because of the 

expansion of the particle volume with temperature. 

Thelattice parameter and crystallite size growth as 

functions of temperature are plotted in Figure 2. 
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Figure 1. XRD patterns of NiFe2O4 nanoparticle 

annealed at different temperatures 

 

Figure 2. The lattice parameter and crystallite size 

growth as functions of annealing temperature 

 

Figure 3. Rietveld refined x-ray diffraction pattern 

of the sample NP3 

 

The lattice constant calculated for sample NP3 

matches well with values reported in literature [2] 

and therefore selected for further characterisation 

studies using advanced techniques. The accurate 

knowledge of cation distribution over the 

crystallographic sites is significant in the 

determination of the physical properties of the 

synthesized sample. It can be estimated from the 

Rietveld refinement of X-ray diffraction pattern by 

using Full-Prof programme and the refined pattern 

of the sample NP3 is shown in Figure 3. Here, the 

red dots represent the experimental data, and 

calculated intensities are shown as black solid line. 

The bottom blue line represents the difference 

between the measured and the calculated 

intensities. The allowed Braggs positions for 3Fd m  

space group are marked as verticallines. The 

pattern confirms the formation of single phase 

cubic spinel structure without any signature of 

secondary phase. The refined parameters of sample 

NP3 are summarized in Table 1. The lattice 

parameter obtained from the Rietveld refinement is 

perfectly matches with the experimental results 

obtained from XRD pattern (table 1). The Rp factor 

is found to be large [5]. It could be due to the low 

signal to noise ratio of XRD patterns for 

nanocrystalline materials. However, the low value of 

2 justifies the goodness of refinement. The 

estimated cation distribution from the Rietveld 

analysis for sample NP3 is given in Table 1, which 

reveals that the sample have mixed spinel 

structure.  

 

Table 1. Parameters estimated from XRD of NiFe2O4 nanoparticle annealed at different temperatures 

andRietveld refinement parameters & Cation distribution of the sample NP3 
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Sample 

code 

Crystallite size 

from XRD, DXRD 

(nm) 

Lattice 

parameter, 

a (Å) 

X-ray density 

(gm/cm
3
) 

Crystal 

system 

Space 

group 
Rp 

2
 

a = b = c 

(Å) 

Cation distribution 

 

NP1 21.40 8.318 5.39 - - - - - - 

NP2 28.44 8.331 5.42 - - - - - - 

NP3 28.61 8.336 5.43 Cubic 3Fd m  33.8 1.36 8.335 
(Ni0.11 Fe0.89)A 

[Ni0.89Fe1.11]
B
 O4 

NP4 30.34 8.342 5.38 - - - - - - 

 

3.2. HRTEM studies 

 

Figure 4. (a) HRTEM image, (b) particle size 

distribution and (c) SAED pattern of the sample NP3 

The morphology and particle size distribution of 

the sample NP3 is investigated by using HRTEM. 

HRTEM micrographs demonstrates ultrafine particles 

having cubic morphology and average particle size 

obtained from HRTEM is 28.49 nm which is in good 

agreement with particle sizes estimated from XRD. 

The broken rings in the SAED pattern reveal 

polycrystalline nature of the sample. The particle 

sizedistribution can be well fitted to lognormal 

distribution and is given in figure 4. 

 

3.3. FTIR Analysis 

FTIR spectra of the sample NP3 is shown in the 

figure 5. The spectra show two main absorption 

bands v1 and v2 in the range of 400 cm-1 to 1000 cm-1 as 

a common feature of all spinel structures. The higher 

band, v1 observed around in the frequency range 

550-600 cm-1 is attributed to the intrinsic metal 

oxygen stretching vibrations at the tetrahedral site 

whereas, the v2 lowest band is usually observed 

around in the frequency range 450-500 cm-1, is 

assigned to octahedral metal oxygen stretching 

vibrations [6], which confirms the formation of 

spinel cubic ferrites nanoparticles. There are two 

bands at 551 and 594 cm-1 (v1). These are the            

sub-bands of tetrahedral A-site. The splitting of 

tetrahedral band shows that some of the Ni+2ions are 

shifted from octahedral site to tetrahedral site [7]. The 

cation distribution deduced from the Rietveld 

refinement of the sample NP3 confirm some fraction 

Ni+2 ions present in the tetrahedral sites (A-sites). 

Accordingly, the weak band at v1 = 594 cm-1 could be 

attributed to the vibration of Ni2+ - O2- in tetrahedral 

sites. FTIR spectra confirm the inverse spinel 

structure of the synthesized sample. 

 

Figure 5. FT-IR spectrum of the sample NP3 

 

3.4. EDS Analysis 

The Energy Dispersive X-ray Spectroscopy 

analysis (EDS) was done to determine the chemical 

composition of the sample and confirmed 

stoichiometry of the investigated sample. EDS 

patterns of the sample is shown in figure 6 and the 
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atomic weight percentage of various cations in the 

investigated sample is given in table 2. There is no 

trace of any impurity was found which indicates 

purity of the sample. 

 

Figure 6. EDS spectrum of sample NP3 

 

Table 2. Parameters obtained from of EDS spectrum 

of sample NP3 

Element (keV) Mass% Atom% K 

O  K 0.525 36.79 67.35 46.31 

Fe K 6.398 43.55 22.84 32.71 

Ni K 7.471 19.67 9.81 13.58 

Total  100 100  
 

 

3.5. Magnetic Studies 

The room-temperature magnetization measurement 

of the sample up to maximum applied field of            

15kOe is performed using a vibrating sample 

magnetometer (VSM). Hysteresis curve (M-H) curve 

of the sample is shown in the figure 7. The various 

magnetic properties like saturation magnetization 

(Ms), remanent magnetization (MR), squareness ratio 

(S) and coercivity (Hc) are estimated from the M-H 

curve. The M-H curve with small value of coercivity 

reflects soft ferrimagnetic nature of the sample. The 

parameters obtained from hysteresis curve are listed 

in the Table 3. 

The saturation maximum magnetization of the 

sample was found to be 42.35 emu/g, which is about 

15% smaller than the saturation magnetization of 50 

emu/g of bulk NiFe2O4 samples [8]. This reduced 

value of saturation magnetization with grain size 

reduction is explained in terms of the core shell 

structure of magnetic nanoparticles having spin glass 

like magnetically dead surface layer, where a 

ferrimagnetic core is surrounded by a surface layer of 

canted spins (existence of random canting of particle 

surface spins). According to Chen et al. [9], the 

thickness of dead layer is deduced from the equation 

t = 
( )

1
6 ( )

s

s

M nanoD

M bulk

 
 

 
   (4) 

Here „D‟ is the particle size obtained from lognormal 

distribution of HRTEM, Ms(nano) saturation of 

magnetization values of the samples, and the values 

of the Ms(bulk) were taken from Maensiri et al. [8]. 

The estimated value of the dead layer thickness „t‟ is 

listed in the table 3. The existence of the 

nonmagnetic dead layer might be caused by the 

canting of the surface spins or loss of the long-range 

order in the surface layer. 

 

Figure 7. Room temperature magnetic hysteresis of the 

sample NP3 and portion near the origin is given in 

insight 

Table 3. Magnetic parameters obtained from  

M-H curve, dead layer thickness (t), Yafet-Kittel 

angle (YK), magnetic moment (B) of the sample NP3 

Sample 

code 

Crystallite 

size 

(nm) 

Hc 

(Oe) 

Ms 

(emu/g) 

Mr 

(emu/g) 
Mr/Ms 

t 

(nm) 
YK B 

NP3 28.6 162.05 42.35 6.74 0.159 0.73 24.71 1.77 
 

The observed reduction in Ms in the NP3 may be 

explained on the basis of Neel‟s theory of 

ferrimagnetism. According to Neel‟s theory, three 
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kinds of exchange interaction exist in ferrites: 

interaction between magnetic ions in tetrahedral (A) 

and octahedral (B) sites (A-B interaction), interaction 

between the magnetic ions in octahedral (B) sites (B-

B interaction) and interaction between the magnetic 

ions in tetrahedral (A) site (A-A interaction). But A-

B interaction is very strong compared with A-A and 

B-B. According to Neel‟s theory magnetic moment 

per formula unit is given by, 

TH = MB – MA   (5) 

where MB and MA represent the magnetic moment of 

ions in the octahedral and tetrahedral sites 

respectively. The net moments are determined 

according to the cations distribution estimated from 

the Rietveld refinement by assuming the magnetic 

moment of Fe3+ ion is 5 B and that of Ni2+ ion is 1.7 

B. The total magnetic moments of ions present in 

the A site is much less than that of B site. This 

strengthens B-B interaction compared with A-B 

interaction and the collinear spin arrangement of B 

sub lattice gets disturbed. This suggests that canting 

angle is established and it can be explained by Yafet-

Kittel sub lattice model [10][11]. According to Yafet-

Kittel (Y-K) model, the canting angle (YK) was 

calculated from the following equation, 

YK = 
1cos ( )A B

B

M

M

 
  (6) 

where B is the experimental magnetic moment per 

formula unit in Bohr magnetron (B) of the sample 

and it is calculated from the equation, 

B = 
 

5585

sMolecular weight M
 (7) 

The Y-K angles (YK) are determined from the 

experimental magnetic moment (in Bohr magneton) 

estimated from the proposed cation distribution 

based on the Rietveld refinement. The estimated 

values of experimental magnetic moment (B) and 

Yafet-Kittel (YK) angle is given in the table 3. Y-K 

angles support the non-collinear spin structure in the 

B sub lattice and hence reduction in saturation 

magnetization value observed in the sample NP3. 

3.6. Mossbauer Studies 

Mossbauer spectra of the sample NP3 is shown in 

the figure 8. Mossbauer measurements were done at 

room temperature for exploring the magnetic nature 

prevailing at the cation sites. The Mossbauer 

spectrum was fit with NORMOS–SITE program and 

results obtained for the hyperfine parameters, which 

are the full width at half maxima (FWHM), isomer 

shift (IS), quadrupole splitting (QS) and the magnetic 

hyperfine field (BHF) are listed in the table 4. We 

could fit double sextet pattern in the room 

temperature spectrum, corresponding to Fe3+ ions at 

the A sites and B sites of the spinel structure, 

respectively. The hyperfine field calculated for the A 

and B sites are 48.9 T and 51.13T [12].  This is in 

good agreement with values reported for nano nickel 

ferrites in literature. Further, area under sextets 

pattern indicating Fe3+ ions in both sites equally 

contributing to the ferrimagnetic nature of the 

sample. Using fractional area of each sub spectrum, 

the Fe3+ ion ratio in both octahedral (B) and 

tetrahedral (A) site was calculated.The degree of 

inversion can be obtained from the equation 

( )

( ) (2 )

A

B

fArea A site x

Area B site f x




 
 (8) 

here A

B

f

f
 is the ratio of the recoilless fractions 

equivalent to 0.94 at room temperature, x is the 

amount of Fe3+ ions present in the A-site and (2 – x) is 

the amount present in B-site. The estimated cations 

distribution for the samples is listed in table 4. It 

should be noted that the estimated cations 

distribution is well matches with that obtained from 

the Rietveld refined x-ray diffraction pattern 

(Table1). 
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Figure 8. Mossbauer spectrum of the sample NP3 

 

Table 4. Hyperfine parameters and cation distribution from Mossbauer spectra analysis of the 

sample NP3 

 Site 

FWHM 

 

(mm/s) 

Isomer 

Shift 

 (mm/s) 

quadrupole 

shift 

(mm/s) 

Hyperfine 

field 

(Tesla) 

% 

Area 
Cation distribution 

NP3 B-site 0.62 0.26 0.012 48.91 51.05 [Ni0.89Fe1.11]BO4 

 A-site 0.62 0.35 0.023 51.13 48.95 (Ni0.11Fe0.89)A 

 

4. Conclusion 

Nickel ferrite nano-powders were successfully 

synthesized by a simple spray pyrolysis method – a 

low cost, low temperature high yield process. The 

effects of annealing on the structural properties of 

the samples are studied by XRD. The crystallite size 

of the samples increases with annealing. HRTEM 

micrograph confirmed ultrafine particles with cubic 

shape. Two strong absorption bands at v1 and v2 in 

the FTIR spectrum confirm spinel structure of the 

sample. The weak band at the tetrahedral site in the 

FTIR spectrum shows the mixed spinel structure of 

nickel ferrite nanoparticles. The magnetic 

parameters, determined from room temperature 

VSM, are in conformity with that of soft 

ferrimagnetic nature of the prepared sample. The 

same has been confirmed from room temperature 

Mossbauer studies of the sample. Further, the cation 

distribution obtained from the Mossbauer studies 

matches well with that obtained from theRietveld 

refinement of XDR pattern, thereby confirming the 

mixed spinel structure in the nickel ferrite 

nanoparticles. 
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Abstract 

MgxZn1-xFe2O4 nanoparticles were synthesized 

by spray pyrolysis method using polymer precursor 

and characterized their structural, magnetic and 

hyperfine properties as a function of magnesium 

concentration. X-ray diffraction revealed cubic 

spinel structure of the prepared samples and 

structural refinement was done by Rietveld 

method. Cation distribution obtained from the 

Rietveld method reflected migration of cations 

among the interstitial sites. Fourier transform 

infrared spectroscopy confirmed the formation of 

spinel structure of the nanoparticles and shift of 

band center with magnesium doping due to cation 

migration was observed. Saturation magnetization 

increased with magnesium concentration due to 

enhancement in A-B superexchange interaction 

and coercivity varied in accordance with Brown‟s 

relation. The curve fitting of the magnetization 

data revealed coexistence of superparamgnetic, 

paramagnetic and ferromagnetic phases in the prepared 

nanoparticles. Mossbauer spectroscopy, a technique 

with different operating time scale than that of 

vibration sample magnetometer, indicated 

incomplete magnetic ordering and strongly 

confirmed the enhancement of A-B interaction 

with magnesium concentration. The Mossbauer 

studies further confirmed the coexistence of different 

magnetic phases in the sample. 

Keywords: Mg-Zn nanoferrites, Cation migration, 

A-B super exchange interaction, 

Superparamagnetism, Coexistence of magnetic 

phases, Mossbauer spectroscopy 

 

 

1. Introduction 

Ferrites have wide range of technological 

applications owing to their unique electric and 

magnetic properties in the fields of high-frequency 

devices, magnetic fluids, microwaves, magnetic data 

storage, biomedical applications, magnetic resonance 

imaging and gas sensors. Ferrites in nanoscale 

exhibit improved physical, chemical and magnetic 

properties and are recently used for developing 

nanosized devices in biomedical field [1,2]. The 

cubic spinel ferrite with general formula MeFe2O4 

(Me = Fe, Co, Ni, Mn, Mg, Zn...) belongs to space 

group 3Fd m . Unit cell of spinel ferrites has eight 

molecules of MeFe2O4 and oxygen ions forms a face 

centered cubic (f c c) lattice. In this structure two 

kinds of interstitial sites occur, the tetrahedral (A) 

and octahedral (B) sites which are surrounded by 

four and six oxygen ions respectively [3].  

Superparamagnetic (SPM) nanoparticles–a new 

genre of magnetic particles-have recently shown 

rapid advance in the field of magnetic 

hyperthermia because of high level of heat 

generation, non-retainment of magnetization after 

the removal of applied magnetic field, easy 

targeting, suitability for human body magnetic fields 

and easy circulation through capillaries without 

agglomeration. Among many nanospinel ferrites that 

exhibit SPM properties and having potential for 

application in magnetic hyperthermia, Mg-Zn 

ferrite turns out to be a promising candidate due to 

their inhibitory nature on cancer cell growth. 

Moreover the Mg-Zn ferrites have the capability of 

fine tuning its magnetic properties to desirable 

values by controlling the doping concentrations of 

cations [4]. Doping of Mg2+ in zinc ferrite, can 

mailto:e-mail-%20jacob.chrisdale@gmail.com


 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017             P a g e  | 221    

induce hopping of ions between the tetrahedral 

and octahedral sites. As the ions at the A and B 

sites greatly control the properties of ferrites, the 

gradual substitution of Mg2+ can vary the structural 

and magnetic properties to desired values. In this 

paper, we report the cost effective synthesis of Mg-

Zn ferrite nanoparticles by polymer assisted spray 

pyrolysis method and the effect of magnesium 

substitution on structural and magnetic properties 

of zinc ferrite. We investigated the magnetic and 

hyperfine properties using vibration sample 

magnetometer and Mossbauer spectroscopy having 

different operating time scales and the analysis 

observed a coexistence of superparamagnetic, 

ferrimagnetic and paramagnetic phases in the 

prepared Mg-Zn ferrite nanoparticles. 

 

2. Experimental 

Magnesium doped zinc ferrite nanoparticles 

with formula 
1 2 4x xMg Zn Fe O

 (where x = 0.1, 0.2, 0.3, 

0.4 and 0.5) were synthesized by spray pyrolysis 

method. The starting materials: magnesium nitrate 

(Mg(NO3)26H2O, Merck GR), zinc nitrate 

(Zn(NO3)2.6H2O, Merck LR) and ferric nitrate (Fe 

(NO3)3. 6H2O, Himedia AR) were dissolved in double 

distilled water in accordance with doping 

concentrations. These nitrate solutions were added to 

2 wt% polyvinyl alcohol (PVA, Loba Chemie, LR) 

and stirred continuously until the solution became 

homogenous. The solution was transferred to a spray 

gun and sprayed to a glass plate in spray pyrolysis unit 

kept at 130˚C. When sprayed solution became a 

geliish layer, the glass plate was taken out and cooled. 

Sample layer on the glass plate was peeled off and 

calcinated at 450˚C to obtain magnesium zinc ferrite 

nanoparticles. 

The x-ray diffraction (XRD) analysis of the samples 

was done with PANlytical X‟Pert-PRO X-ray 

diffractometer using Cu-Kα radiations (λ = 1.54060 Å). 

The morphological analysis was done by transmission 

electron microscopy (TEM) (Jeol/JEM 2100) 

operated at 200 kV. Fourier transform infrared 

spectroscopy (FTIR) of the samples was recorded 

using Thermo Nicolet, Avatar 370 spectrometer in 

the range 400-4000 cm-1 at a resolution of 4 cm-1. 

The variation of magnetization with applied 

magnetic field in the range 0 - 15,000 Oe at room 

temperature was studied using a Lakeshore 7410 

vibration sample magnetometer (VSM). Fe57 

Mossbauer measurements were carried out at room 

temperature in transmission mode with a 57Co/Rh 

radioactive source in constant acceleration mode 

using a standard personal computer based 

Mossbauer spectrometer. 

 

3. Results and Discussion 

3.1. X-ray diffraction studies 

 

Figure 1. XRD patterns of MgxZn1-xFe2O4 

nanoparticles 

The structural analysis of MgxZn1-xFe2O4 (x = 0.1, 

0.2, 0. 3, 0.4 and 0.5) nanoparticles was performed 

using x-ray diffraction technique. The XRD patterns 

are shown in Figure 1 were indexed by Bragg law. 

The presence of (220), (311), (222), (400), (422), (511) 

and (440) planes with most intense (311) reflection in 

the XRD pattern revealed the face centered cubic 

spinel structure of the samples. It is also evident from 

the Figure 1 that all the peaks are intense and 

broadening of the peaks are attributed to nonideal 

Bragg reflection occurring in nanoparticles. 

Structural refinement of the nanoferrites was done 

by Rietveld method using FULLPROFF program and 

refinement pattern is shown in Figure 2. The 

refinement was started using the space group 3Fd m  

in which the oxygen anions occupy wyckoff 
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position 32e with coordinates (0.25, 0.25, 0.25), 

tetrahedral sites at 8f with coordinates (0.125, 

0.125, 0.125) and octahedral sites occupy 16c 

positions with coordinates (0.5, 0.5, 0.5). The 

Rietveld method was performed refining scale 

coefficient, background, instrumental parameters, 

cell parameters, full width half maximum (FWHM) 

parameters, isothermal parameters, atomic positions, 

occupancy and shape parameters in sequence 

mode. The background was modeled with six 

coefficient polynomial function and the 

experimental profile with Thompson-Cox-Hastings 

pseudo-Voight function [5]. The cation distribution of 

the samples by the Rietveld refinement is shown in 

Table 1, where the ions on the tetrahedral sites are 

given in front of the square brackets and the 

octahedral ions between the brackets. Also the 

lattice constant and the oxygen position parameter 

obtained from the Rietveld method is listed in 

Table 2. The crystallite size was determined using 

Scherrer equation. The x-ray density defined as the 

weight of atoms in unit cell per volume of unit cell 

were calculated by the formula 

Dx = 
3

8M

Na
      ... (1) 

where N is Avagadro‟s number (= 6.0225 x 1023 

atom/mole), M is the molecular weight of the 

sample,  „a‟ is the lattice constant and the factor „8‟ 

represents number of molecules in the unit cell.  

We have, further, calculated lattice strain using the 

modified Williamson and Hall equation 

     
2 1d K

D



      ... (2) 

where d is the lattice spacing for (311) planes, K(0.89) 

is the shape factor and D is the average crystallite size [6]. 

The variation of lattice constant and x-ray density is 

shown in Figure 2. 

The crystallite size obtained from Scherrer formula 

lies in the range 10.28-16.83 nm, indicating that 

the prepared samples are in the nano reigm and Mg 

doping in zinc ferrite has not considerable size 

effect. Zinc ferrite has a normal spinel structure in 

which Zn2+ and Fe3+ ions occupying tetrahedral (A) 

and octahedral (B) sites respectively [7]. When 

Mg2+ ions, a B site specific diamagnetic cation was 

doped in zinc ferrite, it might initiate migration of 

Fe3+ ions to A sites. This is possible since number of 

A site vacancies are enhanced due to reduction in A 

site specific zinc cations [8]. From the Table 1, 

although Mg2+ and Zn2+ have strong preferences to 

octahedral and tetrahedral sites respectively, they 

occupy the other sites in small amount. The Fe3+ 

ions migrate from octahedral to tetrahedral site 

with the increase of magnesium concentration. The 

lattice constant decreased with magnesium 

concentration owing to replacement of cations 

with larger ionic radius (Zn = 0.82 Å) by cation with 

smaller ionic radius in accordance with Vegard‟s law [9]. 

Even though lattice constant decreased with magnesium 

concentration, the x-ray density also followed same 

trend and this is due to the fact that reduction in 

molecular weight is greater than the decrease of 

volume of unit cell (Figure 3) [10]. 
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Figure 2. Rietveld refined XRD patterns of MgxZn1-

xFe2O4 nanoferrites 

Table 1. Cation distribution of the nanoferrites 

Chemical 

Formula 
Cation Distribution 

Mg0.1Zn0.9Fe2O4 Mg0.02Zn0.77Fe0.01[Mg0.08Zn0.13Fe1.99]O4 

Mg0.2Zn0.8Fe2O4 Mg0.06Zn0.67Fe0.06[Mg0.14Zn0.13Fe1.94]O4 

Mg0.3Zn0.7Fe2O4 Mg0.09Zn0.65Fe0.04[Mg0.21Zn0.05Fe1.96]O4 

Mg0.4Zn0.6Fe2O4 Mg0.12Zn0.48Fe0.12[Mg0.28Zn0.12Fe1.88]O4 

Mg0.5Zn0.5Fe2O4 Mg0.17Zn0.45Fe0.19[Mg0.33Zn0.05Fe1.81]O4 

 

Figure  3.Lattice parameter and x-ray density as a 

function of Mg content in MgxZn1-xFe2O4 system 

 

Table 2. Structural parameters of MgxZn1-xFe2O4 

system 
Magnesium 

Concentration 

(x) 

Crystallite 

Size 

(nm) 

Strain 
(η) 

Lattice 

Constant 

(Å) 

Oxygen 

Parmeter 

(u) 

x-ray 

density 

(g/cm3) 

0.1 16.8384 0.0024 8.4498 0.2539 5.2173 

0.2 12.803 0.0044 8.4499 0.2545 5.1269 

0.3 13.7566 0.0044 8.4199 0.25635 5.0905 

0.4 10.2860 0.0070 8.4007 0.2600 5.0334 

0.5 11.2249 0.0052 8.3965 0.2622 4.9489 

 

3.2. Transmission Electron Microscopy Studies 

 The TEM image of Mg0.5Zn0.5Fe2O4  is shown in 

Figure 4 and the majority of particles have 

spherical morphology. The average particle size 

obtained was about 15 nm and particle size ranges 

from 9-19 nm as shown in the histogram. The TEM 

image of Mg0.5Zn0.5Fe2O4  is shown in Figure 4 and 

the majority of particles have spherical 

morphology. The average particle size obtained was 

about 15 nm and particle size ranges from 9-19 nm 

as shown in the histogram.The particle size 

distribution suggest a possibility of coexistence of 

small superparamagnetic particles and some bigger 

particles [11]. The particle size obtained from TEM 

is nearly equal to the cryatallite determined from 

Scherrer formula indictes that the entire particle is 

a single crystallite. The selected area electron 

diffraction (SAED) pattern emphasis on the 

polycrystalline nature of the sample[12]. Inter 

planar distance of (311) plane from TEM image 

(2.50 Å) is in good agreement with XRD data (2.53 

Å). The slight agglomoration of the particles is due 

to magnetic nature of samples. [13, 14]. 

 

Figure 4. (a) TEM micrograph, (b) SAED pattern, 

(c) histogram of particle size  and (d) interplanar 

spacing of Mg0.5Zn0.5Fe2O4 nanoparticles 

 

3.3. Fourier transform infrared spectroscopy studies 

FTIR spectra of the MgxZn1-xFe2O4 nanoparticles 

are presented in Figure 5. There exist two metal–

oxygen bands in the FTIR spectra of spinel ferrites 

by the band vibration of metals at the tetrahedral 

and octahedral sites with the oxygen. The ν1 band 

formed by the intrinsic stretching vibration of 

metal at tetrahedral sites with oxygen is observed 

in the range 500 - 600 cm-1and the ν2 band  formed 

by the intrinsic stretching vibration of metal at 
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octahedral site is observed in the  range 385- 430 

cm-1[15]. The centre of the ν1 band shifted to 

higher wavenumber with magnesium 

concentration and the shift is because of the 

migration of Fe3+ ions from octahedral to tetrahedral 

sites replacing Zn2+ as in the Table 1. 
Since 

stretching wavenumber is inversely proportional
 
to 

atomic weight, the increasing content of comparatively
 

lighter Fe3+ at tetrahedral sites replacing Zn2+ may 

be attributed to shift in ν1 band to higher values. As 

there is no splitting or shoulders in the ν1 band, 

presence of Fe2+ at the A site can be ruled out[16].  

Since the detection limit of FTIR instrument was 

above 400 cm-1, the ν2 band was not detected[17]. 

The bands at 1400-1700 and   2925-2810 cm-1 were 

assigned to carboxyl group (COO-) and stretching 

of C-H bonds respectively.   The broad band 

centered at 3430 cm-1 is attributed to hydrogen 

bonded O-H groups arising from surface hydroxyl 

groups on nanoparticles and adsorbed water [18]. 

 

Figure 5. (a) FTIR spectra of MgxZn1-xFe2O4 

nanoparticles and (b) enlarged ν1 band 

 

3.4. Magnetic Studies 

Variation of magnetization of MgxZn1-xFe2O4 

nanoparticles with applied field at room 

temperature measured by VSM is shown in Figure 

6. Magnetic parameters: saturation magnetization 

(Ms), magnetic moment per formula unit (ηB), 

coercivity (Hc), retentivity (Mr) and squareness 

ratio (Mr / Ms) of the nanoparticles are tabulated in 

Table 3 and plotted in Fig 7. The magnetic moment 

per formula unit in Bohr magnetons is obtained 

from the equation,   

                     
5585

s

B

MW M



                       ... (4)                                                           

where MW is the  molecular weight and Ms  is the 

saturation magnetization in emu/g. The 

magnetocrystalline anisotropy constant (K1) was 

estimated using Brown‟s relation 

                     12
c

s

K
H

M
         ... (5) 

where Ms is the saturation magnetization and Hc is 

the coercivity. 

The saturation magnetization and moment per 

formula unit increased with magnesium 

concentration from 14.34 emu/g and 0.61 µB for x = 

0.1 to 42.28 emu/g and 1.66 µB for x=0.5 

respectively even though the particle size remained 

the same. This kind of magnetic behaviour may be 

attributed to controlled doping of site specific 

cations in the sample. The variation of magnetic 

parameters in different samples can be understood 

through either by size effect or by cation 

distribution. The kind of magnetization observed in 

our samples with almost uniform particle size as 

shown in Table 2, supports dominant role of cationic 

distributions in magnetization over size/surface 

effects [19]. It is reported that the magnetic 

behaviour in spinel ferrites depends on the 

distribution of cations at A and B sites, 

superexchange interaction and the non-collinear 

nature of moments at B site. There are three kind 

of superexchange interactions: intra A-A, B-B and 

inter sublattice A-B interactions, among which A-B 

superexchange interaction is the strongest [13].  

According to Neel‟s two sublattice model of 

ferrimagnetism, the resultant magnetic moment 

per formula unit is given by 
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( ) ( ) ( )B AM x M x M x                  ... (6)                                                   

where MB and MA are the magnetic moments at B 

and A sites respectively in Bohr magnetons. The 

Neel‟s model is modified by Yaffet-Kittel (Y-K) 

model incorporating the subdivision of B-sublattice 

into two sublattices having magnetic moments 

equal in magnitude and each making angle αYK 

with direction of net magnetization at 0 K. 

According to Y-K model, the resultant magnetization 

is expressed as 

( ) cosB YK AM x M M                 ... (7) 

where angle αYK can vary from 0˚ to 180˚. The 

subdivision occurs when the B-B interaction 

becomes less stronger than the A-B interaction. In 

zinc ferrite, which is a normal spinel, the Zn2+ and 

Fe3+ ions occupy A and B sites respectively. In this 

system, Zn2+ in A site is diamagnetic, no magnetic 

moment is expected because the only interaction 

happening here is B-B superexchange interaction 

and the B site magnetic moments are antiparallel to 

each other. The enhancement of magnetization 

with doping of magnesium which is a B site specific 

cation is attributed to enhancement of A-B sub 

lattice interactions by the migration of Fe3+ ions 

from B to A site [20]. It seems that a threshold 

percentage of Mg is required for initiating the 

cation distribution in the lattice. All the magnetic 

parameters remain steady till x = 0.3 beyond which 

Ms and magnetic moment per formula unit values 

shoots up supporting Fe3+ ions migration from B site 

to A site and hence enhancing inter sub-lattice A-B 

superexchange interaction. The coercivity values 

decreased with magnesium concentration because 

of its inverse relation with saturation 

magnetization in accordance with Brown‟s relation.
 

In order to determine the magnetic components 

present in the prepared nanoparticles, M-H curves 

were fitted with different combinations of 

magnetic phases. For all the samples, the best fit 

was obtained 
for the combination of paramagnetic, 

superparamagnetic
 

and ferromagnetic phases Fig 8 

using the equation (8).
 

The first, second and third terms in the equation 

represents ferromagnetism, superparamagnetism and 

paramagnetism respectively, where M is the 

magnetization, MSF is the saturation magnetization of 

ferromagnetic component, Hc is the coercivity, S is 

the squareness ratio, Mssp is the saturation 

magnetization of the superparamagnetic component, 

μ is the magnetic moment per particle, H is the 

applied field, k is the Boltzmann constant, T is the 

temperature in Kelvin and χ is the paramagnetic 

susceptibility. The ferromagnetism in the nanoparticles 

is evolved from A-B superexchange interaction. The 

magnetic particles smaller than critical diameter exibit 

superparamagnetism and paramagnetism arise from 

the surface spin disorder of the nanoparticles. Thus, 

the fitting of the M-H data revealed coexistence of 

ferromagnetic, superparamagnetic and paramagnetic 

phases in the nanoparticles 

1

1

2
tan tan

2

cot

s

cF

c

s

sp

H HM S
M

H

H H
M H

kT kT

 






    
     

     

    
      

     

 ... (8)  

 

Figure 6. M versus H curves MgxZn1-xFe2O4 

nanoparticles at room temperature. Inset shows 

magnificent of magnetic hysteresis at low fields 
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Figure7. Dependence of (a) saturation 

magnetization, magnetic moment and (b) 

coercivity 

 

Table 3. Magnetic parameters of MgxZn1-xFe2O4 

nanoparticles 

Mg 

conte

nt 

(x) 

Saturatio

n 

Magnetiz

ation 

Ms 

(emu/g) 

Coercivi

ty 

Hc 

(Oe) 

Retentivit

y 

Mr 

(emu/g) 

magnet

ic 

momen

t (µB) 

Squaren

ess ratio 

(Mr/Ms) 

Anisotro

py 

Constant 

K1 

( 

erg/cm3) 

0.1 14.34 55.010 0.7688 0.61 0.0536 2057.810 

0.2 15.65 28.838 0.325 0.65 0.0208 1156.913 

0.3 16.84 41.705 0.7300 0.68 0.0433 1787.558 

0.4 27.66 14.497 0.4536 1.11 0.0164 1009.170 

0.5 42.27 6.721 0.1865 1.66 0.0044 702.977 

 

Figure 8. Fitting of M-H data of MgxZn1-xFe2O4 

nanoparticles using eq.(8) 

 

 

 

 

3.5. Mossbauer Spectra Analysis 

 

Figure 9. Room temperature Mossbauer spectra of  

MgxZn1-xFe2O4 samples with different Mg content. 

Black dots (•) are the experimental data, red lines 

represent the best fit, blue and green lines are the 

subspectra used for fitting.  Corresponding distribution 

of hyperfine field P(Bhf) of respective fractions is 

given on the right side. 

The Mossbauer spectra of the nanoparticles were 

recorded at room temperature and fitted with 

Normos/Site and Normos/Dist for discrete sites and 

distributions respectively. The sample with x = 0.1 

is fitted with Normos/Site and others by 

Normos/Dist as shown in Figure9 along with their 

distribution of hyperfine fields. In the case of 

discrete fitting Lorentzian line shape is assumed in 

all cases. Various hyperfine parameters deduced 

from Mossbauer spectra, namely isomer shifts (IS), 
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quadrupole splitting (QS), line widths (Γ), average 

hyperfine fields <H(T)> and relative areas the fitted 

doublets and distribution are listed in Table 4. 

 For a magnetic nanoparticle, magnetization 

direction fluctuates spontaneously with a 

relaxation time (Ʈ). Above blocking temperature, 

the relaxation time Ʈ<<Ʈs (where Ʈs is the 

Mossbauer measurement time) and the internal 

magnetic field at the nucleus is averaged out giving 

rise to a quadrupolar doublet in the Mossbauer 

pattern. Below the blocking temperature, Ʈ>>Ʈs, a 

sextet Mossbauer pattern is observed and near the 

blocking temperature when Ʈ~Ʈs, a partially 

collapsed sextet with broad lines are seen [21]. 

Mossbauer spectra of all fractions exhibited 

simultaneous presence of a central 

superpararamagnetic / paramagnetic doublet 

superposed on a weak single magnetic sextet except 

in one sample(x = 0.1). The Mossbauer spectrum of 

the low Mg fraction(x = 0.1) closely resembled 

ZnFe2O4 with single superparamagnetic / 

paramagnetic doublet. Unlike other reported results 

[22], IS value of the  doublet is greater than 

0.5(Table 4 ) indicating that  most of the Fe3+ ions 

occupy  octahedral sites in their high spin state 

since the presence of Fe2+ is not a possibility of the 

sample prepared using a polymer precursor 

annealed  at and around 450˚C[23]. For fractions x 

= 0.2, 0.3, 0.4 and 0.5 we could fit spectra only by 

considering hyperfine magnetic field distributions. The 

results revealed their superparamagnetic / 

paramagnetic (strong single doublet) and weak 

magnetic ordering (a less intense sextet). The broad 

sextet and broad magnetic hyperfine field 

distribution P(Bhf) in Fig 9 is due to the variation 

of A-B interaction from region to region [24]. In 

these fractions, intensity of sextet   increases with 

the concentration of Mg2+   ions and this trend is 

reported by many researchers [21], [24]–[29]. As in 

the Table 4 the relative area of distribution 

increased with Mg content and the average 

magnetic hyperfine field changed from 17.6 T for x 

= 0.2 to 24.77 T for x = 0.5. These findings can be 

explained by the enhancement of A-B 

superexchange interaction strength due to the 

redistribution of Fe3+ ions among tetrahedral and 

octahedral sites (Table 1)[26]. In general, hyperfine 

field at the B site decreases with Zn concentration 

in A sites according to the relation  

(1 )n oH H n H       ... (10) 

where Ho is the field at B site with no Zn ion in A 

site, n is the number of Zn ions in A sites and ΔH is 

the fractional decrease in hyperfine field[30]. The 

Mossbauer spectra for x > 0.1 are consistent with 

the formation of a fairly good solid solution as local 

inhomogeneous clusters with a central doublet 

characteristic of particles undergoing SPM 

relaxation or having paramagnetic character and an 

emerging sextet attributable to bigger ferrite 

particles with their relaxation time approximately 

is of the order of the characteristic Mossbauer 

measurement time. Probability distribution of 

hyperfine fields of all the samples have most 

probable field around 4 T(low field), representing 

doublets indicated majority of particles are 

undergoing superparamagnetic relaxation. The 

samples with x = 0.2, 0.4 and 0.4 have only low 

intense peaks at higher fields (Table 4 , Fig 10) and           

x = 0.5 has comparatively more intense peaks 

confirmed the presence of particles that contribute 

to a relaxation time comparable to measurement 

time. Thus Mossbauer spectra analysis corroborated 

the presence of ferromagnetic, superparamagnetic 

and paramagnetic phases determined by M-H curve 

fitting. No trace of impurity was detected in the 

samples. 
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Table 4. Variation of isomer shift and quadrupole 

splitting of MgxZn1-xFe2O4 samples 

Mg 

Conte

nt(x) 

Sub-

spectrum 

IS 

(mm/s) 

QS 

(mm/s) 

 
(mm/s) 

Area 

(%) 
<H(T)> 

Peak Values 

of P(Bhf) 

0.1 Doublet 0.70 0.45 0.615 100 - - 

0.2 

Doublet 

distributio

n 

0.33 

0.32 

0.49 

- 

0.41 

0.40 

41.97 

58.03 

- 

17.6 

- 

4.03, 24.52, 

40.58, 48.01 

0.3 

Doublet 

distributio

n 

0.32 

0.34 

0.48 

- 

0.4 

0.4 

29.82 

70.18 

- 

17.4 

4.02, 17.0, 

33.57, 46.23 

0.4 

Doublet 

distributio

n 

0.32 

0.30 

0.54 

- 

0.41 

0.39 

26.56 

73.44 

- 

17.7 

3.17, 22.31,  

30.67, 37.51, 

45.53 

0.5 

Doublet 

distributio

n 

0.34 

0.27 

0.56 

- 

0.46 

0.4 

17.94 

82.06 

- 

24.77 

4.02, 18.03, 

25.04, 33.42, 

46.23 

 

4. Conclusions 

 MgxZn1-xFe2O4 nanoparticles were synthesized 

using spray pyrolysis method and the effect of Mg 

doping on the structural, magnetic and hyperfine 

properties were investigated using XRD, FTIR, 

VSM and Mossbauer spectroscopy. The XRD 

patterns revealed the cubic spinel structure and 

structural refinement was done by Rietveld method 

using FULLPROF program. The cation distribution, 

lattice parameter and oxygen position parameter 

were extracted from the Rietveld refinement. The 

migration of Fe3+ ions from octahedral to 

tetrahedral site with magnesium doping was 

observed from the cation distribution.  The lattice 

parameter decreased with magnesium 

concentration obeying Vegard‟s law owing to 

comparatively smaller ionic radii of Mg2+ than Zn2+ 

and by change in the cations in interstitial sites. 

The average particle size obtained from TEM image 

of Mg0.5Zn0.5Fe2O4 was about 15 nm and majority of 

particles were spherical. The particle size lies in the 

range of 9-19 nm with possibility of coexistence of 

superparamagnetic particles with some bigger 

particles.  The FTIR analysis confirmed spinel 

structure and center of the ʋ1 band in the FTIR 

spectra shifted to longer wavenumber with Mg 

doping because of the replacement of Zn2+ by Fe3+ 

with comparatively lower atomic weight at the 

tetrahedral sites. The curve fitting of M-H data 

revealed the coexistence of superparamagnetic, 

ferromagnetic and paramagnetic particles. 

Saturation magnetization and magnetic moment 

per formula unit were found to increase with Mg 

doping due to enhancement of A-B superexchange 

interaction by the redistribution of Fe3+ ions among 

the interstitial sites. The Mossbauer spectrum of 

the samples except with x = 0.1 is a centerall 

superparamagnetic doublet superposed on weak 

single magnetic sextet. The Mossbauer spectra and 

hyperfine field distribution with most probable 

field at low field suggest majority of particles are 

undergoing superparamagnetic relaxation and few 

are ferromagnetic whose relaxation time equals 

Mossbauer measurement time. The area of the 

sextet and mean hyperfine field increased with 

magnesium concentration owing to increase in the 

A-B superexchange interaction as in the 

magnetization data analysis.  The Mossbauer 

analysis strongly confirmed the coexistence of   

superparamagnetic, ferromagnetic and paramagnetic 

phases observed in magnetization data fitting by 

the superposition of a doublet and a collapsed 

sextet. 
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Abstract 

Thickness plays a vital role in determining 

properties of thin films and its variation influences 

performance of the thin films remarkably. In this 

work, the impact of thickness on the structural, 

morphological and optical properties of Cu-TiO2 thin 

films have been investigated in detail. Copper doped 

Titanium dioxide thin films with different thickness 

(~1.89 to 2.44µm) were deposited on glass substrates 

by sol gel dip coating technique and were annealed 

at 500°C for 3 h. The annealed films were subjected 

to different characterization studies. The surface 

morphology and stoichiometry of the prepared films 

were characterized by Scanning Electron 

Microscopy (SEM) and Energy Dispersive X-ray 

spectroscopy (EDX) respectively. The 

microstructural parameters such as crystallite size, 

dislocation density and micro strain of deposited 

films demonstrate notable variations with increased 

film thickness. The optical absorption of Cu-TiO2 

thin films show shift towards long wavelength 

region depending upon thickness. The photocatalytic 

activity of the different layered thin films was also 

tested via the degradation of Methylene Blue (MB) 

and Methylene Orange (MO) dye solutions under 

visible irradiation. The threshold thickness for best 

catalytic efficiency was acquainted and reported. 

Keywords: Cu-TiO2 thin films, XRD, SEM,               

UV-Visible, Photocatalytic activity  

 

1. Introduction 

Due to the increase in the demand of thin films in 

diverse fields such as semiconductor device 

fabrication, optical coating, magnetic recording, 

photovoltaics and photocatalytic turn out thin film 

techniques as one of primary materials processing 

methods. The fundamental properties of thin films 

rely on deposition parameters such as film thickness, 

grain size and substrate quality. The transition metal 

oxide TiO2 semiconductor possesses a range of 

applications in various fields due to its exceptional 

properties such as nontoxicity, high catalytic activity, 

low cost, and long-term stability [1, 2]. TiO2 has 

been synthesized using numerous methods such as 

chemical vapor deposition (CVD), plasma, hydrothermal 

and sol-gel [3]. Among these methods, sol-gel is the 

simplest technique in which the different material 

parameters such as morphology, surface area, 

average crystallite size and phase structure can be 

controlled and extended in determining 

photocatalytic activity of TiO2 compound [4]. 

Pristine TiO2 has band gap energy of about 3.2eV. 

TiO2 photocatalyst stimulates production of highly 

oxidative hydroxyl radicals (OH) and Super-oxide 

radicals (O2-), resulting in the decomposition of any 

organic pollutants present in the environment 

through a natural occurring oxidation process. Thus, 

TiO2 have gained considerable attention as a self-

cleaning material for environmental purification and 

clean energy. The key factors governing the 

photocatalytic activity of TiO2 are lowering of band 

gap energy in visible region and prevention of 

electron hole recombination rate. One of the 

methods to improve photocatalytic activity of TiO2 

in the long wave length region is doping metal 

impurities in the TiO2 matrix or coupling low band 

gap semiconductor with TiO2 [5-7]. The integration 

of metal ions in TiO2 lattice bids a way to trap the 

charge carrier thus improving the efficiency of TiO2 

catalyst [8]. 
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In this work, efforts have been taken to prepare 

Cu doped TiO2 thin films of different thickness by 

sol-gel dip coating method and the influence of 

thickness on optical and catalytic properties of Cu-

TiO2 thin films was investigated effectively. 

 

Materials and methods  

2.1. Raw materials  

Titanium (IV) isoproxide (TTIP, 99.95 %, Fluka 

Sigma-Aldrich), and copper (II) nitrate trihydrate 

(Cu(NO3)2.3H2O) were used as raw materials to 

prepare Cu-TiO2 thin films. Ethanol (C2H5OH, 

99.9%, Merck Germany) was used as solvent in the 

preparation of samples.  

 

2.2. Thin films preparation 

Cu doped TiO2 thin films of various thicknesses 

(5, 7 & 9 dipping cycles) were prepared via sol-gel 

dip coating method. In the beginning 2.8 ml of 

Titanium (IV) isoproxide (TTIP) was mixed with 20 

ml of ethanol and the mixture was vigorously stirred 

at room temperature for 10 min. And then 0.6 ml of 

acetic acid was added drop by drop to this solution 

and the blend was stirred for another                10 

min. A suitable amount of copper (II) nitrate 

trihydrate was added into this solution slowly. 

Eventually, it was stirred at room temperature for 90 

min., until clear sol was formed. To fabricate 5 dip 

Cu-TiO2 thin films, the sol was deposited on glass 

substrates by five dipping with the drawing speed  of 

about 1.5 mm/s at room temperature and the process 

was repeated to obtain 7 & 9 dip thin film samples of 

different thickness. The coated specimens were 

calcined at the temperatures of 500°C for 3 h with a 

heating rate of 10°C/min. The thickness was 

measured by surface profile meter. The thickness of 

films of 5, 7 & 9 dip is about 1.89, 2.17 & 2.44 µm 

respectively. 

 

2.3. Characterization 

The crystallite size of the Cu-TiO2 thin films 

prepared with different Cu concentrations were 

estimated by X–Ray Diffraction method (XRD) using 

X’PERT PRO X–ray diffractometer which was 

operated at 40 KV and 30 mA with CuKα1 radiation 

of wavelength 1.5407Å. UV–visible spectra were 

recorded in the range of 300 – 800 nm using the 

Schimadzu 1800 UV–VIS–NIR spectrophotometer. 

The surface morphology observation and elemental 

were done by Carl Zeiss and Supra 55 respectively. 

The surface topology was studied using Atomic 

Force microscope (AFM) Nano surf Easy scan 2. The 

thickness of the film was measured using Mitutoyo 

Surfest SJ-301stylus profilometer. Photocatalytic activity 

of the prepared Cu-TiO2 thin films was studied by 

examining the degradation of aqueous solution of 

methylene blue (MB) under visible light irradiation 

using 500-W halogen lamp.  

 

3. Results and Discussion 

3.1. XRD Analysis 

The XRD patterns of Cu doped TiO2 thin films are 

shown in Figure1. It confirmed the presence of 

anatase phase of tetragonal structure with high 

intensity peak in (101) orientation. The other 

orientations observed at (210), (200) and (105) for all 

samples with low intensities, agree with JCPDS file 

no. 89-4203. Cu compound phase cannot be found in 

the XRD peaks due to small amount of Cu doping. 

The calculated micro structural parameters such as 

crystallite size, micro strain and dislocation density 

are tabulated in Table 1. The variation in dislocation 

density and micro strain with the thickness of films 

is shown in Figure 2. The reduction in FWHM 

reveals that the crystallization becomes more perfect 

when the thickness of film was increased by 

depositing more layers of                Cu-TiO2 on the 

substrate [9]. It was also noted that dislocation 

density ‘δ’ and micro strain (μ) decrease with 

increasing number of coatings as stress is liberated 

by minimized stacking fault [10]. 
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Figure 1. XRD patterns of Cu-TiO2 thin films for 

different number of coatings 

 

Figure 2. Variation of Dislocation density and 

Microstrain with different dipping cycles 

 

Table 1. Micro structural parameters of Cu-TiO2 

films deposited at different dipping cycles 

 

3.2. Surface morphology and Quantitative Analysis 

The surface morphology of deposited films was 

investigated by scanning electron microscope. Figure 

3a & 3b show the SEM images of Cu doped TiO2 thin 

films coated with 5 & 7 dip cycles. The images 

illustrate irregular flake like cracked morphology. 

During deposition, films undergo significant tensile 

stress which is relieved as cracks by annealing [11]. 

The surface cracks gradually rise with the increase in 

coating cycles. The EDAX picture shown in Figure 

3c depicts only characteristic peaks of Ti, O and Cu 

elements.  

 

 

Figure 3.  SEM images of the film deposited for 5 

coatings (a) and 7 coatings (b) of Cu-TiO2 thin films 

with EDAX spectrum (c) 

 

3.3. Surface topography 

Atomic force microscope was used to characterize 

the surface morphology and roughness of the 

deposited samples. The AFM image of Cu doped 

TiO2 (9 dip) is shown in Figure 4.  We can see 

dispersal of aggregated spherical grains of different 

sizes on the surface.  The surface roughness 

parameters values such as the root mean square 

roughness (Rq) and average roughness (Rave) are 

calculated as 11.26 nm and 8.567nm respectively. 

    

Figure 4. AFM (a) 2D and 5 (b) 3D image of Cu-TiO2 

thin films 
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3.4. Optical analysis 

The UV-Visible optical absorption spectra of the 

copper doped TiO2 thin films are shown in Figure 5. 

Depositing more layers of Cu-TiO2 films (5 to 9 

dipping) resulted in shifting the absorption edge 

towards the visible region up to 440nm. The shift in 

the absorption edge is attributed to change in the 

crystallite size and thin film density with various 

thickness [12]. Also, the absorption edge movement 

towards longer wavelengths represents a decrease in 

the bandgap of about ~0.35eV [13].  Thus, the 

addition of Cu-TiO2 layers on the substrate alter the 

optical responses of samples, causing a decrease in 

the bandgap energy and resulting in wide range 

absorbance of visible light, which can be used in 

photocatalytic application. 

 

 

Figure 5. Direct bandgap of Cu-TiO2 thin films (a) 

5dip (b) 7dip & (c) 9dip 

 

3.5. Photocatalytic activity 

3.5.1. Thickness effect on photocatalysis 

Photocatalytic activity of Cu doped TiO2 thin 

films was analysed by examining the degradation of 

methylene blue (MB) and methylene orange (MO) 

dye solutions. The thin films were soaked into dye 

solutions and kept under visible light for irradiation. 

After that the 5ml of the degradation solution was 

taken and subjected to Schimadzu-1800 UV-Vis 

spectrometer to measure the absorbance. 

To analyze the effect of thickness on catalytic 

performance, the thin films with different 

thicknesses were dipped into MB solution and kept 

under irradiation for 3hour.The absorbance spectra 

of degraded MB with Cu-TiO2 thin films of different 

thickness are shown in Figure 6a. The reduced band 

gap energy and increased surface roughness (act as 

reaction sites) play important role in determining 

catalytic efficiency [14, 15]. It was observed that the 

photocatalytic activity of Cu-TiO2 film was 

depending on the thickness. All the three films show 

degradation effect but the film with 5 coatings 

depicts the more enhanced catalytic activity than 

other films. The amount of photo generated electron 

hole pairs reaching the surface is abridged when 

thickness of the film increases above 1.89 µm. It was 

found that the thickness of Cu-TiO2 (5-dip) film is 

optimum for better photo catalytic efficiency.  The 

percentage of degradation of MB with the catalyst is 

shown in Figure 6b. The degradation effectiveness of 

samples decreases with the increase in thickness. 

The film with minimum thickness~1.89 µm shows 

the highest percentage of degradation about 80% 

than that of film prepared with the thickness of 2.44 

µm. 
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Figure  6 (a). Optical absorption spectra of 

degradation of MB dye thin films (b) Percentage of 

degradation of MB for different thickness of the 

films 

 

3.5.2. Time Effect on photocatalysis 

The degradation time effect on MB and MO dyes 

was examined by soaking Cu-TiO2 thin films in MB 

and MO solutions respectively for 1, 2,3 and 4hour 

under visible light. The changes in the concentration 

of dye solutions MB and MO as a function of time 

with Cu-TiO2 catalyst are shown in Figure 7(a & b). 

In photocatalytic activity, the degradation efficiency 

is more reliant on the illumination time.  If the 

illumination time is longer, the degradation will be 

higher. The degradation efficiency increases with 

increase time with Cu-TiO2 thin films. Figure 7c 

shows degradation percentage of MB & MO dye 

with the catalyst Cu-TiO2 (5dip).  It was seen that 

complete decomposition took place in MB solution 

after 240 minutes. Hence, the optimum illumination 

time for degradation of MB is 240 minutes. 

However, in MO solution, we could see still the 

presence of little dye after 240 minutes degradation. 

Thus, it is resolved is that Cu-TiO2 catalyst was more 

efficient for the degradation of MB. 

 

 

 
Figure 7 (a & b) . Optical absorption spectra of 

degradation of MO & MB dye thin films 

(b) Percentage of degradation of MO & MB for 

Cu-TiO2 films 

4. Conclusion 
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This work reveals dependences of structural, 

optical and degradation properties on the thickness 

of Cu-TiO2 films deposited onto glass substrates by 

dip coating technique. The thin films exhibited 

homogeneous surface grain aggregation, improvement 

in the optical activity and reduced bandgap energy.  

Degradation of MB dye solution under visible light 

rationalizes the dependence of thickness of Cu-TiO2 

thin films on the photocatalytic activity property. 

The film with ~1.8µm thickness (5-dip) show better 

degradation efficiency since only the excitons present 

in the surface region of few nm involves vigorously 

in photo catalytic reactions. Degradation time effect 

analysis shows that the film removes more MB 

molecules in short time. Hence it is proposed that 

Cu-TiO2 thin film (~1.89µm) can act as an excellent 

photocatalyst under visible-light excitations. 
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Abstract 

In this work, Poly (2,5-dimethoxyaniline) has 

been synthesized by oxidative polymerization using 

ammonium per sulfate as oxidant and protonated by 

camphor sulfonic acid. Protonated Poly (2,5-

dimethoxyaniline) was doped with TiO2 for different 

weight ratio and spin coat as thin film using m-

cresol as solvent. Tio2 doped Poly(2,5-

dimethoxyaniline) thin films were characterized 

using X-ray diffraction, UV-Vis spectrophotometer, 

Photoluminescence and Fourier transform infrared 

spectroscopy for the analysis of structural confirmation, 

band gap, electronic transition and chemical composition. 

SEM micrograph images of the film confirmed the 

rod like structure.  The band gap value and DC 

conductivity of the hybrid films found to be 

influenced by the ratio of TiO2 nanoparticles. 

Keywords: Camphor sulfonic acid, poly (2,5-

dimethoxyaniline), Tio2, hybrid thin film, 

photoluminence 

1. Introduction 

Tailoring organic and inorganic materials have 

potential applications as gas sensors [1], PV cells [2], 

DSSC [3], photo catalyst [4], electro chromic devices 

[5] etc. Organic conducting polymers are 

semiconductors and have conjugate molecular structure 

and possess delocalized π-electrons over the whole 

polymer chain. One of the well investigated conjugate 

polymer with environmental stability, low cost, 

controllable electrical property is Polyaniline[6]. 

Polyaniline (PANI) exist in three forms known as 

Leucoemeraldine base (fully reduced state), 

emeraldine base (50% oxidized state) and 

pernigraniline base (fully oxidized state). Emeraldine 

base (EB) with protic acid gets protonated by H+ ions 

forming the Emeraldine salt (ES) which is the 

conducting form of PANI [7]. Poly (2,5-dimethoxyaniline) 

(PDMA) which is a derivative of PANI with 

methoxy group (-OCH3 ) at ortho and meta position 

where it is acting as an electron donor 

substituents[8]. Though CdS, CuS, MnO2, ZnO are 

most studied inorganic semiconductors, among the list, 

selected is TiO2 due to nontoxic, high chemical and 

thermal stability, large band gap, and rapid 

recombination of photo generated electron hole pairs. 

Many studies on PANI/ TiO2  nano- composite 

have been reported so far but for the first time, 

studies on CSA protonated poly(2,5-dimethoxyaniline)/ 

TiO2  nano composite hybrid thin films have been 

reported in this work. 

 

2. Experimental 

2.1. Chemicals 

The chemicals monomer Dimethoxyaniline (DMA), 

(1s)-(+)-10 Camphorsulfonic acid were purchased 

from Sigma Aldrich. Ammonium persulfate, HCl 

(37%), m-cresol and diethyl ether were purchased 

from Merck. All chemicals were used without any 

further purification. 

2.2. Synthesis of Poly (2, 5-dimethoxyaniline) 

PDMA have been synthesized by oxidative 

polymerization by taking 1:1 molar ratio of DMA 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017              P a g e  | 239  

monomer and Ammonium peroxodisulfate (APS) as 

an oxidant. DMA dissolved in 1M HCl and stirred at 

a temperature of 0-5°C for half an hour. To this 

precooled solution an aqueous solution of APS in 1 

M HCl is added drop by drop until brown color 

monomer turns into green color solution of HCl 

doped Emeraldine Salt (ES) indicating the formation 

of polymer, PDMA. The solution was stirred for 

another 5 hours, then filtered using Whatman paper 

and washed with deionized water to remove the 

unreacted monomers. The filtered ES - PDMA was 

dried in open hot air condition for 2 hours. 

Emeraldine Base (EB) has been prepared by 

suspending a part of ES-PDMA in 1M NH4 OH 

solution. The solution was stirred for 3 hours., 

filtered and washed with diethyl ether to obtain EB 

form of PDMA. It was dried in open hot air 

condition for an hour to get deep blue color powder 

form of EB- PDMA. 

The protonated ES-PDMA obtained by treating 

EB–PDMA with CSA of same weight to maintain 

1:1 ratio.  

2.3. Synthesis of Poly (2,5-dimethoxyaniline) / TiO2 

hybrid thin film: 

ES –PDMA with different weight ratio of TiO2 

was dissolved in 2ml of m-cresol solvent with 

constant stirring for 30 mins. The viscous solution 

was spin coated under 1500 rpm for 60 sec to get 

thin film over precleaned fluorine doped tin oxide 

coated glass substrate and as well as on glass substrate. 

The thin films were dried under open air condition 

over a hot plate maintained at 60°C for 5hrs.The films 

were designated as CPT1, CPT2, CPT3 corresponding 

to weight ratio 1:0.5, 1:1, 1:2 respectively. 

 

2.4. Material characterization  

X-ray diffraction of the thin films were 

performed using XPERT-PRO Diffractometer with 

Cu Kα2 radiation. Scanning electron microscopic 

(SEM) of PDMA thin films were observed using 

ZEISS EVO 18. Fourier transform infrared (FTIR) 

spectra of the thin films were obtained by Perkin 

Elmer spectrum Rx1 spectrometer. UV-Vis spectra 

of the thin films were obtained using Lambda 365 

Perkin Elmer spectrophotometer. Photoluminence 

spectra of the thin films spectro-flurometer (Jobin 

Yvon_Flurolog- FL3-11). DC conductivity by two 

probe method for thin films were carried out  by 

Kiethley sourcemeter model 2450.The thickness of 

the films were measured using Gravimetric method. 

 

3. Results and Discussion 

3.1. X-ray diffraction 

The X-ray diffraction pattern of EB, ES, CPT1, 

CPT2, CPT3 are shown in Fig1. The small peaks 

around 2θ = 25°, 37°, 48° are assigned to (101), (004), 

(200), (105) planes of anatase phase of TiO2 [9]. Peaks 

observed at  2θ = 18° and 19° are due to CSA dopant in 

the hybrid films and it is well observed in the ES 

form of PDMA[10]. The peak at 2θ = 26° found to 

increase in intensity with increasing TiO2 ratio. 

High crystallinity observed for PDMA/ TiO2 hybrid 

films when compared with CSA doped PDMA which 

may be due to symmetric effect of polymer chain. 

The peak at 27° shows the characteristic distance 

between the ring planes of Benzene ring in adjacent 

chain and also the close contact interchain distance 

[11]. The peak at 2θ = 33° due to periodicity which 

is perpendicular to the polymer chain. The peaks 

showed minimum shift for different weight ratio of  

TiO2  that shows the impact of TiO2  in PDMA matrix 

[12]. Using Scherer equation the average crystallite 

size found to be ~29nm. 
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Figure 1. XRD pattern of Emeraldine base, Salt and 

CSA-PDMA/TiO2 (1:0.5,1:1,1:2) 

 

3.2. Surface morphology 

The SEM images of CSA protonated PDMA/ TiO2 

for the weight ratio 1:1, 1:2 are shown in figure 2(a) 

and 2 (b) respectively. The SEM images illustrates 

the morphological changes from plate structure for 

ratio1:0.5 to rod with the increase of the dopant 

concentration. The plate like structure may be due 

to agglomeration of polymer particles representing 

the amorphous nature of the material.  On doping 

with CSA the main chain of the polymer stretches 

due CSA - PDMA as well as CSA- m-cresol-PDMA 

bond. The CSA- PDMA bond is due to association of 

H+ with Nitrogen of PDMA and the second bond is 

formed due to π- π stacking interaction of m-cresol 

with PDMA and TiO2[13]. Owing to the 

linearization of main chain the rod like structure is 

observed representing the crystalline nature of the 

material figure 2(b) and (c). Beyond the limiting 

concentration of the dopant material become less 

crystalline may due to the predominant CSA-PDMA 

bonding disturbing the linear structure figure 2(d). 

 

Figure 2 (a). CSA-PDMA /TiO2 (1:1) 

 

Figure 2(b). CSA-PDMA /TiO2 (1:2) 

 

3.3. Optical characterization 

3.3.1. UV-Vis spectroscopy  

UV-Vis absorption spectra shown in Fig 2. A 

broad hump observed around 620nm shows the 

formation or existences of EB of PDMA[7]. A 

shoulder at 480nm and 900nm represents the CSA 

protonated ES form of PDMA [14]. For different 

weight ratio of TiO2   the absorbance of the films 

were found to be varied thereby indicating the 

influence of TiO2in PDMA matrix. The absorption 

edge at 406nm shows slight blue shift for the ratio 

1:2 due to redistribution of polar density in the Band 

gap of PDMA emeraldine due to the presence of 

TiO2 [1]  A broad hump around 480nm for all the 

hybrid film confirms the emeraldine phase of 

PDMA and due to π –π transition.[15] 
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To determine the optical band gap, the fundamental 

law, 

α =A (Eg- hν )n 

was followed, where α is the absorption coefficient, 

hν is the photon energy in eV, A is a proportionality 

constant and n = ½ for direct transition and n = 2 for 

indirect transition. By plotting (αhν)n versus hν for 

different values of n to get a linear graph from 

which  the optical band gap of the material was 

noted from the extrapolation of  the linear portion 

of the graph shown in fig 4. The optical band gap of 

EB, ES of PDMA and for different dopant level of 

TiO2 were determined as 4.03eV, 2.92eV, 2.34 eV and 

3.06 eV respectively. ES and 1:0.5 ratio film found to 

be of same band gap which may be due to weak 

interaction of TiO2 with PDMA. Band gap found to 

be decreased for the weight ratio 1:1 whencompared 

to CSA protonated PDMA thin film. 

 

Figure 3. Band gap of Emeraldine base, Salt and 

CSA-PDMA/TiO2(1:0.5,1:1,1:2) 

 

Figure  3(b). UV-Vis absorption spectra of 

Emeraldine base, Salt and CSA-PDMA/TiO2 (1:0.5, 

1:1, 1:2) 

 

3.3.2. Photoluminescence 

The Photoluminescence spectra for the samples 

CPT1, CPT2, CPT3 and CPT4 are shown in the 

figure 5. In the present work, all the samples were 

excited with the excitation wavelength of 300nm. 

CSA PDMA/ TiO2 films shows sharp and defined 

peak both in UV and visible region particularly at 

360nm and 496nm which are attributed to π  π* 

and polaron  π transition respectively [16]. A 

small peak observed around 410nm for all the 

samples with less intensity for EB and higher for 

higher dopant concentration may be due to 

protonation and TiO2 in the polymer matrix. The 

occurrence of these peaks marked an impression of 

semiconducting nature by Shimano et al. PDMA 

thin films with different concentration of TiO2 

showed enhanced PL spectra which may be due to 

regular alignment of Benzenoid and Quinoid units 

which prefers the exciton generation and the 

extension of delocalization length of an exciton [17]. 
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Figure 4. Photoluminescence spectra of Emeraldine 

base, Salt and CSA-PDMA /TiO2 (1:0.5, 1:1, 1:2) 

3.4. Functional group confirmation 

Figure 6 shows the FTIR spectrum of EB, ES and 

CSA–PDMA/TiO2 thin films for the wavelength range 

of 4000cm-1 to 400 cm-1. The absorption peaks at 1586 

cm-1, 1590 cm-1, 1555 cm-1 and 1531 cm-1, 1553 cm-1, 

1494 cm-1 are attributed to stretching modes of C=N, 

C=C for Quinoid and Benzoid rings [18]. The bands at 

1230 cm-1, 1202 cm-1, 1243 cm-1     and 951 cm-1, 974 

cm-1, 979 cm-1 are due to presence of –OCH3 group 

of DMA[19]. The peaks observed at 1293 cm-1, 1285 

cm-1   are due to C-N stretching [20]. All hybrid films 

showed peaks at 1079 cm-1 and 1769 cm-1 due to 

stretching vibration of sulfonic and carbonyl groups 

of CSA [21]. Presence of band around 600 cm-1 and 

strong vibration around lower wavenumber region 

confirms TiO2 anatase phase [16]. 

 

Figure  5. FTIR spectra of Emeraldine base, Salt and 

CSA-PDMA /TiO2   (1:0.5, 1:1, 1:2) 

 

3.5. DC conductivity 

Electrical conductivity of the pristine and doped 

PDMA thin film coated on a FTO substrate was 

measured at room temperature. The voltage, current 

and resistance of the thin films have been measured. 

The specific resistivity of the samples were calculated 

using the following equation, 

ρ = RA/L 

where R is the resistance of the thin film measured, 

A is the cross sectional area of the film and L is the 

thickness of the film. For all the films the thickness 

was maintained around 1µm. the DC electrical 

conductivity of the EB and CSA- PDMA/TiO2 are 

shown in the table 1. DC conductivity of CSA- 

PDMA/TiO2 hybrid thin film for the ratio 1:1 is 

found to be low when compared to other ratio. 

Table 1 

PDMA thin film 
DC conductivity 

S/cm 

EB 4.5 x 10-7 

1:0.5(TiO2) 1.4 x 10-7 

1:1(TiO2 ) 7.7 x 10-5 

1:2(TiO2 ) 3 x10-7 
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Conclusion 

For the first time, Camphor sulfonic acid 

protonated Poly (2,5-dimethoxyaniline)/TiO2   thin 

films were fabricated by spin coating technique. 

Poly (2, 5-dimethoxyaniline) has been synthesized 

by oxidative polymerization and doped with 

different weight ratio of TiO2 and principle 

investigation were carried out. From UV-Vis 

absorption spectra the optical band gap was 

calculated as 2.92eV, 2.34 eV and 3.06 eV for hybrid 

thin films. The crystalline nature of the CSA-PDMA 

/ TiO2   thin films were identified from their XRD 

pattern. The functional groups have been identified 

by FTIR spectrum. Semiconducting nature of the 

thin films were confirmed by the PL spectrum. The 

optimization of dopant level has been done by DC 

electrical conductivity. This material can be used as 

solar absorber in organic solar cells, thin film 

capacitor, electrodes in DSSC, gas sensors and 

exploring the right application may be the future 

work.  
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Abstract 

This work is mainly based on the fabrication 

and characterization of Dye Sensitized Solar Cell 

(DSSC) using organic dyes and to compare its 

efficiencies. DSSCs were made with glass plates 

coated with Titanium dioxide, Tartaric acid, dish 

washing liquid which is non -toxic and more 

efficient. Glass plates were coated with TiO2, 

dishwashing liquid and Tartaric acid mixture as 

different blocks or cells and were dried for 24 hrs. 

Organic dye was prepared from beet root, henna, 

opuntia stincta, lawsone inermics extract. The as 

prepared dyes were coated on the TiO2 coating and 

it is dried. Aluminium foil and copperwire were 

used as working electrodes and were mounted on 

each cell. The cells were connected in series. This 

is completely covered with another glass plate and 

it was clipped. The cell was kept on the terrace to 

have the optimum sunlight and its output voltages 

were measured and efficiencies were calculated 

and compared. 

Keywords: DSSC; glass plates; dyes, voltage 

 

Introduction 

The energy and fuel crisis is the major concern 

in the world today. The demand for energy is 

growing day by day and many countries around 

the world have no alternative to increase the 

energy sources. So there is an urgent need of 

sustainable energy resources, such as the solar 

energy, which is considered as an environmentally 

friend, novel alternative and promising candidate 

to address this problem. However, solar energy has 

a limited application that directly related to its 

high cost. In present time, technology of solar cells 

based on crystalline silicon is facing a problem of 

silicon-based raw materials. So, low cost 

alternatives and hence new types of low cost solar 

cells are the need of the hour today. 

In photoelectrochemical (PEC) solar cells, light 

energy may be converted into electrical and/or 

chemical energy. The efficiency of a solar cell 

device mainly depends upon its design and the 

properties of the photovoltaic materials included 

mainly on the light absorbers and their 

connections to the external circuit. 

In 1972, Honda and Fujishima managed to split 

water into hydrogen and oxygen by illuminating 

titanium dioxide semiconductor electrodes [i]. 

Since titanium dioxide absorbs light mainly in the 

ultraviolet (UV) wavelength region, the efficiency 

in converting light energy to chemical and 

electrical energy is low. In order to form an 

efficient solar energy converter the semiconductor 

should have an energy band gap optimized for the 

spectral distribution of solar radiation and also 
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exhibit chemical resistance against corrosion and 

dissolution. One way to increase the spectral 

response is to sensitize the semiconductor material 

with dye molecules. 

In 1991, Grätzel and O’Regan presented an 

efficient dye-sensitized PEC cell containing a 

highly porous nanocrystalline titanium dioxide 

electrode sensitized with a monolayer of a 

ruthenium complex [ii-iii]. By this invention, high 

light absorption was achieved in the visible part of 

the solar spectrum. Dye-sensitized solar cells 

(DSSCs), a new type of solar cells, have attracted 

considerable attention due to their environmental 

friendliness and low cost of production. A DSSC is 

composed of a nanocrystalline porous semiconductor 

electrode-absorbed dye, a counter electrode, and 

an electrolyte containing iodide and triiodide ions. 

In DSCs, the dye as a sensitizer plays a key role in 

absorbing sunlight and transforming solar energy 

into electric energy. Numerous metal complexes 

and organic dyes have been synthesized and utilized 

as sensitizer. 

Natural dyes can replace synthetic dyes since 

they can be easily extracted from fruits, vegetable 

and flowers with simple and direct chemical 

procedures, whereas the earlier normally requires 

many steps procedures, organic solvents and, 

purification procedures [iv-v]. The pigments are 

present in the different part of the plant including 

flowers petals, fruits, leaves, stems and roots. 

Here we have constructed the DSSC with TiO2, 

ZnS and with dyes from the fruit of Opuntia 

Stricta and the leaves from Lawsonia inermis 

(Henna). Tartaric acid and the dishwashing liquid 

are used as fixers. The output voltages were 

measured and compared. 

Opuntia Stricta 

Prickly pear is an edible cactus plant that grows 

in the arid and semi-arid regions of the world. 

Broad, leaves and sharp spines characterize the 

prickly pear cactus, and the colorful into edible 

bulb-shaped fruits. It is grown mostly as a fruit 

crop, the plant is valued for its large, sweet fruits 

called fugs or tunas. The fruits are rich in dyes. 

 

Figure 1. Opuntia stricta   Figure 2. Chemical 

formula 

Lawsonia inermis 

Figure 3 shows a schematic chemical structure 

of lawsone pigment in henna leaves. Henna's 

coloring properties are due to lawsone, (2-

hydroxy-1,4-naphthoquinone) [32], also known as 

hennotannic acid, C10H6O3, a burgundy organic 

compound that has an affinity for bonding with 

protein. Lawsone is primarily concentrated in the 

leaves. Fresh henna leaves will not stain color until 

the lawsone molecules are made available 

(released) from the leaves and they are smashed 

with a mildly acidic liquid. The lawsone will 

gradually migrate from the henna paste/solution 

into the outer layer of the skin and bind to the 

proteins in it known as keratin, creating a fast 

stain. Lawsone is a skin protective since it strongly 

absorbs UV light.  
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Figure  4. Chemical formula for Lawsonia inermis 

(Henna leaves) 

PREPARATION OF DYE 

The extract of the fruit Opuntia Stricta was 

taken in a beaker and it is stirred for one hour in 

the magnetic stirrer, and it is set for few minutes. 

The unwanted particles deposit at the bottom. It is 

filtered with filter paper. Then again it is stirred at 

a temperature of 70º C for one hour. After one 

hour, it is reduced to the room temperature and is 

washed with ethanol several times and was further 

used in the preparation of solar cells. The same 

procedure was followed to prepare the dye from 

Lawsonia inermis (Henna leaves). 

U-V-Characterization 

Ultra violet-visible characterization study was 

done for the as prepared dyes. It was observed that 

the absorption peaks occurred at 517nm, 381nm, 

269nm and 246nm for opuntia stricta and the 

absorption peaks at 335nm, 288nm for lawsonia 

inermis. It matches with the wavelength 

absorption of the red oxide dye. Hence, it confirms 

that it is best suitable for the solar cell application. 

     

Figure  4(i)                           Figure  4(ii) 

Figure  4. U-V Absorption spectra for (i) lawsonia 

inermis (ii) opuntia Stricta 

 

PREPARATION OF PASTE 

The paste to be coated was prepared as follows: 

20 gms of TiO2 was taken and it was mixed with 

20ml of distilled water and 20ml of Ethanol. 1.5 

gm of Tartaric acid was added to it. 5 drops of 

dishwashing liquid is added to mixture slowly and 

mixed well. This paste was used as a coating 

material for the solar cell.  

 

 

CONSTRUCTION OF SOLAR PANEL 

STEP: 1 

A Glass plate was taken and is rinsed with water 

to remove unnecessary greases. Then the glass 

plate was cleaned with ethyl alcohol. 30cm x 

22cm, 28cm x 20cm sizes of glass plates with 

0.5mm thickness were purchased and were used 

for the construction of solar cells. 

STEP: 2 

The glass plates were equally divided into 

separate cells using cellotapes as shown in Fig 5(i) 

STEP: 3 

Titanium dioxide mixtures were then spread on 

the surface of each block and was dried for few 

hours as shown in Fig 5(ii). 

STEP: 4 

Then the as prepared dyes were coated over the 

TiO2 mixtures and were dried for few hours. 

Several coatings of mixture were applied on the 

plates. Figure 5 (iii) shows the plate coated with 

dye from Opuntia Stricta and Lawsonia inermis 

STEP: 5 

After completely drying, the tapes were then 

removed carefully and are again dried for few 

hours. 
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STEP: 6 

To prepare the working electrodes, aluminium 

foil and copper wire were cut about half of the size 

of the block.  The aluminium foil and copper wire 

were mounted on each block layered with 

titanium dioxide mixture which will serve as the 

terminal point, where aluminium foil as the 

negative terminal and copper wire as the positive 

terminal as in Figure 5(iv) 

 

 

STEP: 7 

The connection of each block cell will be in 

series circuit which means the total voltage output 

is the sum of all the voltage on each block cell. 

STEP: 8 

Cover the prepared glass plate with another 

glass plate on same size and seal it with binding 

clips as in Figure  5(v) and now the cell is ready for 

use. 

      

Figure  5(i)     Figure  5(ii) 

     
Figure  5(iii) 

 

Figure  5(iv) 

 
Figure 5(v) 

 

 

EXPERIMENTAL OBSERVATIONS 

The prepared cells were kept on the terrace at 

9’0 clock everyday and the observations were 

made every one hour. The cells were placed 

inclined at an angle of 20º, facing east direction to 

receive optimum sunlight and were slowly moved 

to the direction of the sun. Output voltage was 

measured every one hour from 10.00 a.m. to 4.00 

p.m. and the intensity of the sun was also recorded 

with sun meter. It was observed that, the output 

voltage increases gradually with time, and then 

decreases. The maximum output voltage was 

recorded between 11.00 a.m. to 12.00 noon. 

Since the coated area of the cell is small, the 

output voltage measured was in millivolts, when 

the area of the cell is increased, the output voltage 

may increase. The observations were done from 

16th February, 2017 to 10th March, 2017 as we 

received high intensity of sun light during these 

periods. 

Observations  
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The cells were constructed with TiO2, ZnS, as 

coating materials and its output voltages were 

measured and compared. TiO2 was mixed with 

Tartaric acid, Dish washing liquid and was coated 

on the plate. Then the dye was coated on it and the 

output was measured 

Table 1 Output voltages for two different cells for 

the dye Lawsonia inermis 

Maximum intensity: 592w/m2 

Time 

(hour) 

Voltage (mV) 

TiO2 ZnS 

10.00a.m 419 372 

11.00a.m 507 419 

12.00a.m 514 440 

13.00p.m 521 475 

14.00p.m 478 463 

15.00p.m 462 353 

 

Table 2. Output voltages for two different cells for 

the dye Opuntia stricta 

Maximum intensity: 602w/m2 

Time 

(hour) 

Voltage (mV) 

TiO2 ZnS 

10.00a.m 419 372 

11.00a.m 507 419 

12.00a.m 514 440 

13.00p.m 521 475 

14.00p.m 478 463 

15.00p.m 462 353 

 

   
Figure 6 (i) Opuntia Stricta      Figure 6(ii) Lawsone inermis 

Max.intensity: 592W/m2        Max.intensity: 602W/m2 

 

Figure 7 comparison of the cells for the dyes 

From the observations, it was found that the 

cells coated with TiO2 have more output voltages 

than the ZnS coated cells. The cells coated with 

the dye Lawsonia inermis give better output than 

opuntia stricta.  

Conclusion 

A simple solar cell was constructed with 

ordinary glass plates, easily available dyes and TiO2 

and ZnS materials. A good voltage output was got 

for the Lawsonia inermis dye with TiO2 as the 

coating material. The main disadvantage is that the 

dyes easily evaporate. This must be reduced with 

further improvements. 
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Abstract 

Manganese dioxide is a low band gap, high 

optical constant semiconductor that exhibits 

ferroelectric properties. This material has in recent 

years had a variety of applications, particularly as 

an electrode, in electrochemical and electrochromic 

batteries, in fuel cells as well as in energy efficient 

device applications. Like most of the pure oxide 

crystals, undoped MnO2 is normally an electrical, 

insulator. Manganese dioxide is prepared by spray 

pyrolysis technique due to simple, inexpensive and 

reproducible property. Complementary investigation 

such as X-Ray Diffraction, SEM are used to study 

structural and morphology of MnO2 thin film 

Microstructural studies indicate that powders were 

crystalline in nature. It was found that grain size 

for the preferential orientation is in the order of 

nanometer. 

Keywords: Electrochemical, Morphology, XRD, 

Thin Film. 

 

1. Introduction 

Thin films have received intensive applications 

after Second World War due to various technological 

applications. The beginning of “Thin Film Science” 

can possibly be traced to the observations of Grove [1] 

who noted that metal film formed by sputtering of 

cathodes with high-energy positive ions. Rapid 

developments in thin film technology have been 

spurred by the growing importance of 

microelectronics. “A thin film may be scientifically 

defined as a solid material having one of its 

dimension in the order of few Å to micron formed 

by the process of condensation of atomic, molecular 

or ionic species either by physical or chemical and 

or electro chemical process on a solid support 

(substrate)” 

 

1.1. Aim of the work 

The aim of the present work is to prepare 

MnO2 thin film on glass substrate by spray 

pyrolysis method and to study its structural, optical 

and morphological properties. 

 

1.2. Need of Thin Films 

Different materials in the forms of thick or thin 

films, powder or pellet and gels are being prepared 

by many methods for various needs. Devices or 

components made in thin film form have advantages 

over the bulk materials because of  

1. Extreme compactness and corresponding 

reduction in size and weight. 

2. Superior performance and high reliability 

coupled with the low cost of production 

3. Low power consumption etc. 

Hence material in thin film forms are preferred 

much in the field of space science, solar energy 

utilization, high memory computer elements, 

sensors, micro batteries and hybrid circuits. Also 

transition from bulk to the thin film state may even 

cause a drastic change in its properties, arises 

because of their thickness, large surface to volume 

ratio, and preparative factors such as rate of 

deposition, substrate temperature, environmental 

conditions, residual gas pressure in the system, 

purity of the material to the deposited, inclusion of 

foreign matter, in homogeneity of the film, 

structural and compositional variations of films. 

 

1.3. Application of Thin Films 

Thin films are deposited onto bulk materials 

(called as substrate) to achieve properties unattainable 

or not easily attainable in the substrate alone. The 

following table divides the properties required into 

six basic categories and gives examples of typical 

application with each category. 

mailto:–%20ajeevaclement@gmail.com
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Examination of below table shows that the range 

of thin film applications is very broad in deed. 

Often, multiple properties are obtainable 

simultaneously. 

S. 

No. 

Thin Film 

property 
Typical application 

1. Optical 

Reflective /antireflective coating 

Interference filters 

Decoration (colour, luster) 

Memory disc (CDs) 

Wave guide 

2. 
 

Electrical 

Insulation 

Conduction 

Semiconductor devices 

Piezo electric devices 

3. Magnetic Memory disc 

4. Chemical 

Barriers to diffusion 

against oxidation or corrosion 

Gas / Liquid sensor 

5. Mechanical 

Tribological 

(wear resistant coatings) 

Hardness 

Adhesion 

Micro mechanics 

6. Thermal 
Barrier layers 

Heat sinks 

For, example Cr coating used on plastic parts for 

automobiles impart hardness, metallic cluster, and 

protection against ultraviolet light. The Cr coating 

on a plastic part achieves the functionality of the 

same part made from bulk metal, but at significant 

savings in cost and weight. 

 

2. Preparation Techniques 

Variety of thin film materials such as metals, 

semiconductors, insulators or dielectric etc, are 

prepared and for this purpose various preparative 

techniques have been developed [11-12]. Newer 

methods are also being evolved to improve the 

quality of the deposits with maximum reproducible 

properties. Any thin film deposition process 

involves three main steps. 

1. Production of the appropriate atomic, 

molecular, or ionic species 

2. Their transport to the substrate and  

3. Condensation on the substrate either 

directly or chemical and or electro 

chemical reaction to form a solid deposit. 

The techniques of thin film deposition can be 

classified as below. 

I. Vapour phase deposition 

II. Liquid phase / solution deposition 

 

2.1. Spray Pyrolysis Technique 

A large number of metallic salt solutions when 

sprayed onto a hot substrate decompose to yield 

oxide films. It was used as early as 1910 to obtain 

transparent oxide films. In 1960s Chamberlin et 

al.,extended the technique to produce sulphide and 

selenide films. The technique involves a thermally 

stimulated reaction between clusters of liquid / 

vapour atoms of different chemical species. Spray 

pyrolysis method lies some where in the regime 

between a thin film and a thick film technique, 

depending on the atom cluster size. The following 

are the physical, chemical aspects and growth 

kinetics of spray pyrolysis technique. 

 

2.1.1. Physical Aspects 

The spray pyrolysis technique involves different 

stages like spraying a solution, usually aqueous, 

containing soluble salts of the constituent atoms of 

the desired compound onto a substrate maintained 

at elevated temperatures. The sprayed droplet 

reaching the hot substrate surface undergoes 

pyrolytic (endothermic) decomposition and forms a 

single crystalline or a cluster of crystallites of the 

product.  The other volatile by-products and the 

excess solvent escape in the vapor phase. The 

substrate provides the thermal energy for the 

thermal decomposition and subsequent 

recombination of the constituent species followed 
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by sintering and recrystallization of the clusters of 

crystallites giving rise to a coherent film. 

2.1.2. Chemical Aspects 

The chemicals used for spray pyrolysis have to 

satisfy the following condition i) on thermal 

decomposition the chemicals in solution form must 

provide the species/complexes that will undergo a 

thermally activated chemical reaction to yield the 

desired thin film material and ii) the remainder of 

the constituents of the chemicals, including the 

carrier liquid should be volatile at the spray 

temperature.  For a given thin film materials, the 

above conditions can be met by a number of 

combinations of chemicals. However, different 

deposition parameters are required to obtain 

comparable quality films. 

 

2.2. Features of the Spray Pyrolysis Process 

2.2.1. Growth Rate 

The chemical nature, temperature of the substrate, 

and concentration of the spray solution, its additives, 

and the spray parameters largely determine the 

growth rate.  The growth rates can be as large as 

100 Å min-1 for oxide films and 50 Å min-1 for 

sulphide films. 

 

2.2.2. Substrate Effects 

In general the spray pyrolysis process affects the 

substrate surface.  When it is not desirable for the 

substrate to take part in the pyrolytic reactions, 

neutral substrates such as glass, quartz, ceramics or 

appropriate oxide/carbide coated substrates are 

employed.  In the case of certain oxide films on Si 

some desirable etching takes place during deposition.  

Metallic substrate have not been found suitable for 

this process. 

Generally, at lower substrate temperature foggy 

and diffusely scattering films are obtained. High 

substrate temperature yields thinner, continuous, 

hard and spectrally scattering films. Moreover, at 

higher temperatures, re-evaporation of anionic 

species may occur, leading to metal-rich deposits. 

 

2.2.3. Properties of Spray deposited films 

In general, spray deposited films are strongly 

adherent, mechanically hard, pinhole-free and stable 

with time and temperature.  The surface 

topography of the films is rough and the roughness 

depends on the spray conditions and the substrate 

temperature. The microstructure ranges from 

amorphous to microcrystalline depending on the 

droplet mobility and chemical reactivity of various 

constituents. 

 

2.2.4. Preparation of Manganese Dioxide Thin 

Films 

Manganese dioxide thin films have been deposited 

on glass substrate by spray pyrolysis technique 

using Analar grade salts. The salt used to prepare 

MnO2 films were: manganese acetate 

[Mn(CH3COO)2.4H2O], of 0.1M dissolved in 50ml 

of deionized water. A home made spraying system 

shown in figure (a) has been developed to obtain 

high quality thin films. It consists of i) spray gun ii) 

plate heater with thermostat and iii) glass chamber 

with exhaust system. Spray gun is made up of two 

co-axial glass nozzles of length 15cm.  

The solution was sprayed at an angle of 45˚ onto 

preheated glass substrate kept at a distance of 50cm 

from the spray gun. Prior to deposition, the 

substrate were chemically cleaned. Compressed dry 

air at a pressure of 2 kg/cm2 from an air compressor 

via an air filter-cum regulator was used as the 

carrier gas and spray rate of the solution was 

maintained at 3 ml/min. To avoid excessive cooling 

of substrates, successive spraying process was used 
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with time period of 15 seconds between successive 

bursts. Substrate temperature was controlled by a 

chrome-nickel thermocouple fed to a temperature 

controller with an accuracy of ±2˚C. The temperature 

on top side of the substrate is measured by placing 

thermocouple on a reference glass substrate kept 

nearer to the coating substrate so as to measure the 

exact temperature. 

 

Figure  1(a). Experimental setup of Spray Pyrolysis 

Unit 

3. Analysis Technique 

3.1. X-ray Diffraction Characterization 

English physicists Sir W.H. Bragg and his son Sir 

W.L. Bragg developed a relationship in 1913 to 

explain why the cleavage faces of crystals appear to 

reflect X-ray beams at certain angles of incidence. 

This observation is an example of X-ray wave 

interference commonly known as X-ray diffraction 

(XRD), and was direct evidence for the periodic 

atomic structure of crystals postulated for several 

centuries. The Braggs were awarded the Nobel 

Prize in physics in 1915 for their work in 

determining crystal structures beginning with 

NaCl, ZnS and diamond. Although Bragg's law was 

used to explain the interference pattern of X-rays 

scattered by crystals, diffraction has been 

developed to study the structure of all states of 

matter with any beam, e.g., ions, electrons, 

neutrons, and protons, with a wavelength similar to 

the distance between the atomic or molecular 

structures of interest.  

 

3.2. Optical absorption measurements 

The optical study of a solid concerns not only 

with the physical phenomena such as refraction, 

reflection, transmission, absorption, polarization 

and interference of light but also the interaction of 

photon energy with matter and the consequent 

changes in the electronic states. Absorption of light 

by different materials can induce various types of 

transitions such as band to band, between sub-bands, 

between impurity levels and bands, transitions of 

free carriers within a band and also resonance due 

to vibrational state of lattice and impurities. 

Absorption of light by an semiconductor or 

insulator takes place broadly by two process, 

namely, i) by raising the electrons from the valence 

band to conduction band ii) by exciting the lattice  

vibrations of  the material.  The later process 

provides information regarding the bond length of 

the lattice, the effective charge of the lattice atoms 

and the characteristic lattice vibration frequency.   

The optical method provides a very simple way 

of finding the band gap as compared to the method 

using thermal excitation, which is less reliable. 

 

3.3. Scanning Electron Microscope (SEM) studies 

This is one of the most useful and versatile 

instruments for the investigation of surface 

topography, grain size, microstructural feature, etc.  
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It provides a pictorial display of the surface layer 

with a high depth of focus greater than that 

possible in an electron microscope.  The principle 

involved in imaging is to make use of the scattered 

secondary electrons when a finely focused electron 

beam impinges on the surface of the film. The 

secondary electron are formed by the interaction of 

the primary electron beam with the loosely bound 

electrons of the surface atoms and their emission is 

very much sensitive to the incident beam direction 

and the topography of the surface atoms.  The more 

oblique is the surface, the greater will be the surface 

area from which secondary electron can emit. 

The surface morphology of the films is studied 

using HITACHI S-3000H model shown in fig (d). It 

consists of an electron source, a series of lens 

system to produce a finely focused electron beam 

on the film surface and two pairs of deflection coils 

at right angles to each other. The emitted 

secondary electrons are collected in a collector, 

which is amplified and then fed to a CRT. As the 

electron beam scans the film surface there will be a 

change in the secondary electron emission 

according to the surface texture.  The scanning 

picture observed on the CRT represents the image 

of the surface. 

 

4. Results and Discussion 

Large numbers of MnO2 thin films were 

prepared to optimize preparation conditions. The as 

grown films were subjected to study further 

characterization. Film thickness was estimated by 

weighing method and verified with cross sectional 

view of SEM image. To investigate the microstructural 

detail of the film, PANalytical X-ray diffractometer 

(Model D/MAX ULTIMA III) using Ni-filtered 

CuK X-radiation ( = 1.54056Å), was employed 

with generator setting of 30mA and 40kV. 

Continuous scanning was applied with a speed of 

10˚/min. A range of 2θ from 10˚ to 100˚ was 

scanned from a fixed slit type, so that all possible 

diffraction peaks could be detected. X-ray line 

broadening technique is adopted to determine 

microstructural details. Optical studies were carried 

out using Elico SL 159 spectrophotometer in the 

wavelength range 300 -1100nm. 

 

4.1. Structural Analysis 

Pos. 

[°2Th.] 

FWHM 

[°2Th.] 
h k l 

22.61 0.99 1 1 0 

37.12 0.84 2 0 1 

52.85 0.76 5 1 0 

63.17 0.72 5 1 1 

Figure 1(b) shows the XRD pattern of MnO2 

films prepared at 250oC on glass substrate. The 

precursor salt concentration is fixed to 0.05M. The 

film is of polycrystalline nature and peaks match 

with standard JCPDS card no. 2-2169. The planes 

are indexed to (110), (201), (510) and (511) with 

cubic crystal structure. XRD lines shows broadened 

in their shape when compared with standard 

JCPDS line. The prepared MnO2 film shows 

polycrystalline in nature, and hence large number 

of grains with various relative positions and 

orientations cause variations in the phase difference 

between the wave scattered by one grain and the 

others. On the other hand, lattice strain broadening 

is caused by varying displacement of the atoms 

with respect to their reference-lattice positions. A 

uniform compressive or tensile strain (macrostrain) 

results in peak shift [3] of X-ray diffraction lines, 

whereas a non-uniform of both tensile and 

compressive strain results in broadening of 

diffraction lines (microstrain). Thus grain size and 

microstrain effects are interconnected in the line 

broadening of peaks, which makes it difficult to 

separate. 
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θ rad β rad 

Interplana

r spacing 

(10
-10

m) 

d=nλ/2sinθ 

Microstrain 

(arb. Unit) 

S=d/(D*sqrt(12)) 

0.197209 0.008635 3.92 0.007 

0.323769 0.007327 2.42 0.003 

0.460969 0.006629 1.73 0.002 

0.550983 0.00628 1.47 0.001 
 

θ rad β rad 

Grain Size 

(nm) 
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15
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Figure 1(b). XRD pattern of spray deposited MnO2 

thin film 

It is observed that as deposition temperature 

increases grain size of preferential orientation peaks 

increases from 30 to 60nm due to coalescence of 

grains Also microstrain found to decreases from 

0.00034 to 0.00021 as deposition temperature 

increases. This is attributed due to decreases in 

defect and perfect crystalline nature. 

 

4.2. Optical and Morphology studies  

Figure 1(c) and (d) show the optical 

transmittance and surface morphology of the film. 

The smooth increase in optical transmittance 

indicates the good crystalline nature of the film. 

Also the morphology show well connected 

spherical shape grains.  

 

Figure 1(c). Optical transmittance of MnO2 films 

annealed at two different temperature (Blue line – 

350oC and Red line – 250oC) 

 

Figure 1(d).Surface morphology of spray deposited 

MnO2 thin film 

 

Conclusion 

MnO2 thin films were prepared by home built 

spray pyrolysis unit on glass substrate. 

Microstructural studies indicate that films were 

polycrystalline in nature. The preferential 

orientation is along (110) plane. X-ray line 

broadening technique is adopted to correct 

instrumental broadening effect. It was found that 

grain size for the preferential orientation is in the 

order of nanometer. Also X-ray pattern indicate a 

small shift in 2theta value as compared with 

standard value. This result is due to strain created 

between tin oxide nanoparticles during growth 

stages. Optical transparency found to be nearly 

75% in the entire visible region. Scanning electron 

micrograph confirms the presence of grains on the 
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surface with size of nanometer range. Further work 

has to done to still minimize the grain size either 

by chemical or physical route. 
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Abstract 

Facile and single step preparation of few layer 

graphene (FLG) by mechanical exploitation kitchen 

blender method. The obtained few layered graphene 

was characterized by FTIR, XRD, SEM, HR-TEM. 

The morphology images of SEM and HR-TEM was 

high-quality and defects free. The electrochemical 

measurements of cyclic voltammetry (CV) revealed 

that Electric double-layer capacitor (EDLC). The 

charge discharge measurements from specific 

capacitance was calculated (Csp) – 33 F/g at current 

density 1 A/g. The Electrochemical impedance 

spectroscopy (EIS) performed was charge transfer 

resistance (Rct) value for 8.57 ohm. Few layer 

graphene was obtained from simple kitchen method. 

This method active material for supercapacitors 

applications were observed in first time reported. The 

kitchen blender mechanical exfoliation techniques 

shows to great promising future industrial-scale 

synthesis of high-quality defect free graphene for 

energy storage device applications.  

Keywords: Graphene, kitchen blender method, 

Mechanical exfoliation, energy storage, 

Supercapacitors. 

 

1. Introduction 

The recent development of two-dimensional (2D) 

nature materials in interest of research society on this 

material is continuously growing materialistic world 

and recent innovation by micro mechanical 

exfoliation led to the synthesis of single layer 

graphene [1,2]. The advancing 2D carbon nano 

structured of graphene research field is majorly 

focused by the interest of society towards unique and 

amazing properties possesses by graphene. Due to the 

strong mechanical, electronics, electrochemical, 

physical properties of graphene, it has high potential 

for application as energy storage and conversion 

applications, electronic devices, and biological 

applications [2-6]. In the next decade, graphene will 

find commercial applications in many areas but 

researchers focus electrical energy storage 

applications as important, such as graphene based 

supercapacitor applications. Hence, large scale energy 

storage electrode active materials will require 

industrial scale production of defect free graphene in 

desired form bulk graphite to few layered graphene 

sheets. Widely, used as a synthesis of graphene as 

different methods Chemical oxidation [7], physical 

methods [8]. Among, these methods were producing 

shown to produce some defects, long time process, 

purification, low yield graphene. However, no 

scalable method exists to give large quantities of 

graphene that is also defect-free. At present, the 

mechanical exploitation or cleavage method has 

emerged to be a scalable route to cost wise graphene-

based few sheets in considerable quantities for 

industrializes production [9-11]. The large scale 

industrial production by kitchen mechanical exfoliation 

for Energy storage electrodes will almost certainly be 

require large quantities of graphene in the form of 

liquid suspensions. While, large scale exfoliated 

graphene were proved very useful in applications for 

energy storage device applications. 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017              P a g e  | 259  

In this paper, preparation of defects free graphene 

single step methods by kitchen mixer mechanical 

exfoliating tool can be used as for bulk graphite. The 

few layer graphene for economically commercial 

industrial scale production. In this method large-

scale production graphene used as supercapacitor 

application, first time reported. The FLG materials 

were characterized and electrochemical analysis 

supercapacitor applications in three electrode system.  

 

2. Experimental 

The few layered graphene (FLG) was synthesized by 

mechanical kitchen blender method. In detailed 

mechanically kitchen blender as new process of 

exfoliation of graphene by mixing in 5 litter large 

vessel 5 blade blender above mixed a co-mixing of 5 

gram graphite powder (purchased from three 

different suppliers, Aldrich) (7 – 20 µm) and home 

used soap liquid few drops in a mixing volume of 800 

ml with ultrapure water (Millipore). The5 liters 

mixture head vessel with speed increased gradually 

until the desired speed was reached 5000 rpm. The 

process will start switched on the mixer blender 

initial speed blade rotating 1000 rpm. The main 

controls of mixing/exfoliated parameters speed 1000 

rpm to maximum speed 5000rpm and whole 

exfoliation process time for 40 mints. The vessel 

inside solution volume has increased so original 

volume after every paused interval (3 mints). The 

resulting FLG liquid samples are through multiple 

filtrations with followed by centrifugation steps to 

obtain FLG dispersions with high pure water 

(Millipore). The resulting exfoliated large scale few 

layer graphene sheets powder of dried at 100 °C for 

12 h. The collected fine black colored powder few 

layer graphene by the kitchen blender will be further 

materials characterizations and electrochemical 

applications.  

2.1. Characterization 

The materials were characterized graphite and 

Few Layer Graphene (FLG), crystal structures and 

planes were determined by high angle X–ray 

diffraction (XRD) system using X'PERT-PRO model. 

Laser Raman spectroscopy was performed using 

Princeton instruments Acton (SP–2500) with 514.5 nm 

laser. The surface morphology of graphite and FLG of 

the samples were characterized by using scanning 

electron microscope (SEM) with VEGA–3 TESCAN 

instrument and high resolution transmission electron 

microscope (HR–TEM) with TECNAI, T–30, operated at 

250 KV. The Fourier transformation infrared 

spectroscopy (FT–IR) spectra were performed by 

using Model JEOL–234.  

 

3. Result and Discussion 

3.1. X-Ray Diffraction (XRD) 

The X–ray diffraction pattern of purified 

(MWCNTs) is shown in the Figure 2. The pattern 

shows the broad diffracted peaks appears at 2θ=25.9 

was assigned correspond to (002) plane. The 

diffraction peak corresponds to (002) plane and d-

spacing value 3.39 Å. From XRD pattern shows for 

MWCNTs the results reveals that the carbon 

nanotubes with hexagonal structure with carbon 

phase and diffraction patterns typically well 

graphitized. 

 

2.2. Electrochemical Measurements 

The working electrode was prepared by adding the 

FLG active materials, the total weight ratio of the 

Material (mass ratio 80:15:5) well mixed and the solid 

paste like mixture was casted by placing stainless 

steel (S.S) mesh as working electrode. Working, 

Reference & Counter electrodes were used 

corresponding to the (S.S) mesh, Ag/ AgCl & Pt wire, 

respectively with1 M H2SO4 aqueous solution was 
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used as the electrolyte. The capacitive performance 

was tested on a High Performance electrochemical 

workstation Autolab (PGSTAT-302N). Cyclic 

voltammetry (CV) and impedance and galvanostatic 

charge-discharge was carried out a by three-electrode 

system electrochemical setup. 

 

3. Results and discussion 

3.1. XRD and RAMAN 

 

Figure 1. the XRD patterns of FLG 

The X-ray diffraction (XRD) pattern Figure 1 

shows a single-phased graphite and Few Layer 

Graphene (FLG). From the X–ray diffraction pattern 

with different plane values graphite and few layer 

graphene diffracted peaks at 26º (d-spacing value 3.42 

Å) and 26.36º (d-spacing value 3.37Å) are assigned to 

the (002) planes, respectively. Compare to the 

graphite peak value, the FLG broad diffraction peak 

at 25.6º could be related to the (002) plane of the 

hexagonal structure.  

 

 

 

 

 

 

 

 

3.2. XRD and RAMAN 

 

Figure 2. Raman spectra of FLG 

As shown the Raman spectra in Figure 2, the 

Graphite and FLG were significant order and 

disorders can be characterized the intensity of the D 

band (1346 cm-1) relative to the G band (1578 cm-1). 

Compare to G band and D band slightly due to small 

disorder. Intensity of order/ disorder ID/IG = 0.17, its 

low disorder ratio less than 1, From Raman spectra 

2D (2723 cm-1) band indicating that clearly visible 

few layer graphene indicated and basal plane defects 

free are introduced during the kitchen blender-

assisted exfoliation. 

3.2. SEM and TEM 

 

Figure 3.(a) Graphite and (b) SEM images of FLG. 

(c and d) HR-TEM of FLG 
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The surface morphological images are analyzed by 

SEM and HR-TEM analysis and the images are 

presented in Figure 3. Figure 3(a) shows the SEM 

image of graphite bulk particles. Fig 3(b) clearly 

shows after exfoliations very fine few layer sheets. 

The HR-TEM images of Figure 3(c) and 3(d) shows 

demonstrated the free stacked few layer Graphene 

sheet and the thicknesses of the Graphene nano 

sheets are around 20 nm. These results revels that 

Few layers indicates (aero mark) that a particular in 

edges of the sheets with some layers are overlapped 

for the mechanical shear exfoliation of Graphene in 

graphite. Fig 3 (d) defect free surface area 

morphology and edges of the sheets few layer 

kitchen blender method from graphite source. 

 

3.3. FT-IR 

 

Figure 4. FT-IR spectra of FLG 

FTIR spectrum of FLG materials for Figure 4. From 

the FT-IR spectra was observed the presence of 

functional groups in which the main absorption band 

at different carbon functionalities. The important 

characteristic peaks at 1229 cm-1 and 1580 cm-1 can be 

assigned to C–C stretching and C=C (aromatics) of 

carbon majority functional groups. The FT-IR peaks 

at 2921 cm-1 are assigned to the C–H stretching 

vibrations. The broad and wide peak at 3412 cm-1 is 

assigned to the O-H group stretching vibrations is 

significantly low band width due to directly exfoliation 

from graphite. 

 

4. Electrochemical Measurements 

The electrochemical performance of the Few 

Layer Graphene (FLG) was investigated by Cyclic 

Volta Metry (CV) measurements using three 

electrode system in 1Mole H2SO4 aqueous electrolyte. 

Figure 5 (a) shows the Cyclic Volta Metry (CV) 

curves at different scan rates (100 mV/s and 50 – 30 

mV/s) in the potential range of -0.55 to 0.64 V vs. 

Ag/AgCl electrode.CV curves are observe that all 

represent similar shape with a pair rectangular shape, 

which can be attributed to the electrochemical double 

layer capacitor (EDLC) defect free surface FLG and in 

the interlayer structure pure carbon. 

 

Figure 5. (a) Electrochemical analysis of CV for FLG 

and  

(b) Impedance spectra of FLG 

To electrochemical impedance spectroscopy (EIS) 

measurements were employed FLG material was 

obtained Nyquist plots shown in Figure 5 (b). The 

semicircle in the high frequency region reflects the 

charge transfer resistance (Rct). It indicates that Rct 

at the electrode/electrolyte interface the charge 

transfer resistance decreases in FLG material. From 

Nyquist plots Rct – 8.57 ohm was determined from 

the intercept of the semicircle on the real part axis at 

high frequency region. From EIS analysis FLG 

materials is low Rct value, electrode is obviously 
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good conducting few layer materials that the energy 

storage applications.  

 

Figure 6. Charge–discharge curves atdifferent current 

densities 1-3 A/g. 

The electrochemical analysis of galvanostatic 

charge–discharge was measured for Few Layer 

Graphene (FLG) material. The Specific capacitance 

(Csp) was calculated using following the equation (Eq 

- (1).  

     -     Eq-(1)
I t

Csp
m V





 

where Eq. (1) Csp (F/g) is the specific capacitance 

single electrode, I (A) is discharge current, (s) Δt (s) is 

the discharge time, ΔV represents the potential 

window during charge - discharge, and m (g) is the 

mass of the active material. Figure 6 From charge-

discharge using Eq-(1) calculated the supercapacitors 

specific capacitances value 33.61 F/g, and 25.6 F/g 

and 20.28 F/g different current density values 1 A/g,  2 

A/g, 3 A/g respectively. The FLG materials with 

promise that the excellent achievements for future 

energy storage device applications. 

 

5. Conclusion 

A facile, economic and practical method we have 

successfully demonstrated a facile scalable technique 

for producing relatively high-quality few layer 

graphene by kitchen blender method. The large scale 

produced FLG nanosheets with little nanometer 

thickness production of few layer graphene in 

average from SEM and HR-TEM. The XRD and 

Raman analysis were observed good crystalline and 

defects free graphene. The FLG materials were good 

conductive and free of surface plane defects and any 

other further oxidation. This was achieved using high 

Shear cleavage-exfoliations in bulk graphite to 

graphene mechanical-exfoliation through kitchen 

blender method. As prepared few layer graphene was 

done first time used as a electrode materials for 

supercapacitors applications. From electrochemical 

studies measurements CV is Electric Double Layer 

Capacitor (EDLC) nature. The galvanostatic charge-

discharge was exhibited maximum specific 

capacitance Specific Capacitance of few layer 

graphene Amphere / gram(SCP) of FLG value of 33 

F/g was calculations for current density at 1 A/g. The 

kitchen blender can strongly reveals that industrial 

scale exfoliation production or future energy 

applications. 
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Abstract 

Earth abundant and non-toxic materials were 

chosen for the fabrication of thin film solar cell using 

simple and widely applicable deposition techniques. 

Cu2ZnSnS4 (CZTS) thin films was used as a p-type 

absorber layer in the device and TiO2 was used as the 

n-type layer. A p-n junction was formed with TiO2 

and CZTS layers prepared by sol-gel spin coating and 

spray pyrolysis technique respectively. The device was 

constructed on a FTO substrate and Al was used as the 

back electrode with the device structure 

Glass/FTO/TiO2/CZTS/Al. The structural, optical and 

optoelectronic response of the device was studied 

using Glancing Incidence angle X-ray Diffraction 

(GIXRD), UV-Visible spectrum and I-V 

measurements. The GIXRD analysis revealed the 

polycrystalline nature of the material and the 

structural formation of each layer. The fabricated 

device was analyzed to study with photocurrent 

response. The device showed an open circuit voltage 

(Voc) of 647 mV and a short circuit current density 

(Jsc) of 4.5 nA/cm2 upon illumination. The UV-Visible 

measurement after depositing each layer shows the 

variation in transmittance after each layer deposition. 

Keywords: Thin films, Cu2ZnSnS4, p-n junction, 

Photocurrent response. 

 

1. Introduction 

Cu2ZnSnS4 based thin film photovoltaic devices are 

widely studied in the recent years because of its 

abundant elemental availability, non-toxic nature and 

less processing cost [1]. The material possesses an 

optimum bandgap of 1.45 eV with a high absorption 

coefficient of 104 cm-1 which is suitable for p-type 

absorber layer in thin film solar cells [2]. In the same 

way TiO2 is an optimum material to act as an n-type 

layer which has a wide bandgap of             3.3 eV [3]. 

The studies of the p-n junction formation with 

these two materials are of wide interest in 

photovoltaic research due to its simple and easy 

preparation using chemical deposition techniques 

such as spray pyrolysis [4, 5], sol-gel [6], chemical 

bath deposition [7] and dip coating technique [8]. The 

photovoltaic device fabricated with this material has a 

high throughput and is an upcoming development in 

this field of research [9-12]. 

In this present work, the fabrication of cost 

efficient and eco-friendly thin film photovoltaic 

device is fabricated using versatile chemical deposition 

techniques with the superstrate device structure 

FTO/TiO2/CZTS/Al. 

 

2. Experimental Procedure 

The device was fabricated in a layer by layer 

manner with a superstrate structure. The first 

Glass/FTO was purchased from Sigma Aldrich with 

13Ω/cm2 resistance. The n-type TiO2 layer was 

deposited on top of FTO substrates using sol-gel spin 

coating technique. The sol-gel solution was prepared 

by taking Titanium tetra isopropoxide as precursor 

material for titanium in 10 ml of iso-propyl alcohol 

solvent. The gelation time took about 2 h. The sol-gel 

mailto:aleorajesh@gmail.com


 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017               P a g e  | 265  

solution was deposited at 4000 rpm for 30 s using spin 

coating technique and the coating was repeated again 

to improve the film thickness. The next p-type CZTS 

layer was deposited over the n-layer using chemical 

spray pyrolysis technique. The precursor solution was 

prepared with copper (II) chloride dihydrate 

(CuCl2.2H2O), Zinc (II) chloride dihydrate (ZnCl2.2H2O), 

Tin (II) chloride dihydrate (SnCl2.2H2O) and thiourea 

(CH4N2S) in 2-methoxyethanl solvent. The solution 

was sprayed at a substrate temperature of 350˚C with 

a constant pressure of 1.2 kg/cm2 and a continuous 

solution flow rate of 4 ml/min was maintained. The 

back electrode Aluminum was deposited using 

thermal evaporation. 

The fabricated device with the structure 

FTO/TiO2/CZTS/Al was characterized by Glancing 

Incidence X-ray diffraction (GIXRD, XPERT-PRO 

diffractometer) equipped with Cu-Kα ( = 1.54060 Å, 45 

kV, 40 mA with a step size of 0.02 degree and scan 

range from 10˚ to 90˚). The optical properties were 

studied using UV-Visible spectroscopy (Perkin Elmer 

Lambda 576) for a wavelength region of 300-1100 nm. 

The photocurrent measurement was carried out for the 

device using Keithley (source meter 2450) with a 

Xenon lamp illumination of 100 mW/cm2 with a voltage 

range from -1 V to 1 V. 

3. Results and Discussion 

 

Figure 1. GIXRD pattern of the multilayered device 

The GIXRD pattern of Figure 1 shows the structural 

formation of the multi-layered device. The major 

peaks at 2θ = 28.5˚ (112), 47.5˚ (220) and 56.3˚ (312) 

corresponds to the Cu2ZnSnS4 product formation with 

the kesterite phase and tetragonal crystal structure 

(JCPDS no. 26-0575) [13]. The 2θ peaks at 25.3˚, 25.7˚ 

and 36.2˚ corresponding to the planes (210), (111) and 

(102) respectively shows the Brookite phase formation of 

the TiO2 layer with orthorhombic crystal structure 

(JCPDS no.65-2448) [14]. The Al and FTO peaks are 

also present in the figure at              2θ = 38.2˚, 52.6˚, 

62.8˚, 65.4˚, 78.4˚ [15]. 

 

Figure 2. Transmittance spectrum of FTO and 

FTO/TiO2 layers 

 

Figure 2 shows the transmittance spectrum of FTO 

substrate and TiO2 deposited FTO substrate. The 

decrease in transmittance value from 80% to 75% for 

FTO to FTO/TiO2 is clearly observed from the graph. 

In the device the transmittance varies from the 

transparent conducting layer (FTO) to n-type window 

layer (TiO2) in this manner. The transmittance has to 

be more for the TCO and window layer in order for 

the photons to reach the absorber layer.  
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Figure 3. Absorbance spectrum of the device 

 

The absorbance spectrum of the device is shown in 

Figure 3. From the figure the multiple cut-off 

wavelengths of different layers can be observed. The 

cut-off wavelength around 360 nm, 409 nm and 860 

nm corresponds to FTO, TiO2 and CZTS layers 

respectively. The band gap values are calculated to be 

3.44 eV, 3.03 eV and 1.44 eV for FTO, TiO2 and CZTS 

layers respectively. The TCO and n-type layer has a 

wide bandgap while the absorber layer has a narrow 

bandgap. The bandgap values obtained are optimum 

values of the corresponding material. 

 

Figure 4. Photocurrent (I-V) response of the device 

 

The fabricated device photocurrent (I-V) response is 

shown in Figure 4. It shows a very less development of 

current. The short circuit current density (Jsc) is 

observed as 4.51 nA and the open circuit voltage (Voc) 

is measured to be 647 mV. The light current response 

alone is shown in the figure. The dark current 

response is not shown here which is of negligible 

order. 

4. Conclusions 

Superstrate structured heterojunction device was 

fabricated using non-vacuum based techniques such as 

spray pyrolysis and so-gel spin coating techniques. 

The deposited layers of TiO2 and CZTS materials are 

earth abundant and environment friendly. The 

structural formation of the device was confirmed from 

the GIXRD pattern. The optical response of each layer 

and the optical and opto-electric response of the 

device were studied. It showed a photovoltaic response 

in the fabricated device. 
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Abstract 

CuSbS2 nanoparticles with orthorhombic crystal 

phase and sphere like morphology were synthesized 

using solvothermal method. The obtained CuSbS2 

nanoparticles were characterized by means of 

suitable analytical technique such as X-ray powder 

diffraction (XRD), Dynamic light scattering (DLS), 

Field Emission Scanning Electron Microscope 

(FESEM), Photoluminescence spectroscopy (PL), 

Cyclic Voltammetry and Impedance spectroscopy 

respectively. The XRD results showed that the 

obtained sample as orthorhombic crystallinity with 

(310), (111), (410), (301), (620) and (521) planes of 

the CuSbS2 nanoparticles. The dynamic light 

scattering results provided a hydrodynamic average 

diameter of 7 nm and the morphological 

investigation given by the FESEM showed the 

uniform sphere like particles. PL shows that the 

emission is near IR region and the impedance 

analysis depicts a semicircular pattern with a 

diagonal line of 45˚ angle. These results indicate 

that CuSbS2 nanomaterials are a promising absorber 

material for photovoltaic application.  

Keywords: CuSbS2, Solvothermal, 

Nanomaterials, Photovoltaic. 

 

1. Introduction 

Ternary CuSbS2 is considered as one of the most 

suitable absorber material for solar cell applications 

owing to its abundance, less toxicity, large 

absorption coefficient of 104- 105 cm-1 in the visible 

region of the solar spectra, charge carrier 

concentration that can be tuned in wide range from 

1016 to 1020 cm-1 and  acting as a platinum-free 

potential counter electrode material for dye-

sensitized solar cells [1–5]. High optical absorption 

and optimum band gap energy in the range of             

1.4-1.6 eV are the most important parameters that 

are strongly influencing on the cell efficiency [6,7]. 

Besides, the maximum conversion efficiency 

achieved so far based on CuSbS2 phase is 3.1% [8]. 

Various deposition techniques such as, chemical 

vapor deposition [9], sputtering [10], thermal 

evaporation [3], spray pyrolysis [11], precursor-

based routes [12], solvothermal [13] and hot 

injection [6] methods have been carried out for 

fabrication of thin film photovoltaic cell. 

Recently, the development of simple and low cost 

methods such as solvothermal and drop casting are 

carried out for the synthesis and deposition of 

CuSbS2 nanomaterials. In this approach, ethylenediamine 

together with 0.5 g of PVP as surfactant for different 

reaction temperatures is analyzed. Herein, the work 

is carried out to synthesize CuSbS2 nanoparticles 

with the addition of 0.5 g of PVP along with other 

precursor and investigated the structural, 

morphological, optical and electrical properties. 

 

2. Experimental Procedure 

Synthesis of CuSbS2 nanoparticles were synthesized 

utilizing solvothermal method. In a typical reaction, 

2.5 mM copper (II) acetate monohydrate, 2.5 mM 

antimony (III) chloride and 7.5 mM thiourea were 
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dissolved in ethylenediamine under constant stirring 

for 30 min. Later 0.5 g Polyvinylpyrrolidone (PVP) 

was added to the above mixture, inorder to stabilize 

the growth and allow the formation of well defined 

structure. When the chemicals were completely 

dissolved, the precursor solution was transferred 

into a Teflon lined stainless steel autoclave, placed it 

in a hot air oven and maintained at 180˚C for 24 h. 

Once the reaction was over the oven was cooled 

down to reach the ambient temperature. The 

nanoparticles were collected using centrifuge at 

3000 rpm for 10 min. Centrifugation process was 

carried out several times using deionized water and 

ethanol inorder to obtain  final product. The 

obtained product was gray in color and kept for 

drying overnight.   

The synthesized CuSbS2 nanoparticles were 

characterized by powder X-ray diffraction (XRD, 

Rigaku) equipped with Cu-K  (=1.39220 Å, 40 kV, 

30 mA and step width 0.02 degree). The hydrodynamic 

size of the CuSbS2 nanoparticles was characterized 

using a Nano Plus Zeta / Nanoparticle analyzer 

instrument. The particle size and morphology of the 

sample were determined by field emission scanning 

electron microscope (FE-SEM, ZEISS at accelerating 

voltage 5 KV). To study the optical properties, the 

room temperature photoluminescence spectroscopy 

was taken with a Perkin Elmer (Model Lambda 45). 

The electrical characterizations such as Cyclic 

Voltammetry and Impedance of the CuSbS2 

nanoparticles were recorded using Princeton Applied 

Research. 

 

 

 

 

 

 

 

 

 

3. Results and Discussion 

 

Figure 1. XRD pattern of the synthesized CuSbS2 

Nanoparticle 

 

The XRD pattern of CuSbS2 nanoparticles that are 

shown in Fig. 1 shows the major peaks at 2 = 

23.58º, 28.44º, 28.72˚, 29.91˚, 48.23˚ and 49.78º that 

are attributed to the planes of (310), (111), (410), 

(301), (620) and (521). These planes are perfectly 

indexed as CuSbS2 nanoparticles with orthorhombic 

crystal structure which is matching well with that of 

the standard JCPDS, card no. 44-1417 [14]. The 

average crystallite size of CuSbS2 nanoparticles is 

determined using Debye-Scherrer formula and is 

found to be 7.2 nm. 
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Figure 2. The size distribution of CuSbS2 

nanoparticles using dynamic light scattering 

measurement 

 

Fig. 2 shows the size distribution of the synthesized 

CuSbS2 nanoparticles using dynamic light scattering 

measurement. Here the size distribution profile of 

small CuSbS2 nanoparticles in dispersion are carried 

out and the obtained result gives a hydrodynamic 

average diameter of 7 nm and a Polydispersity Index 

of 0.006. 

 

Figure 3. FESEM images of the synthesized CuSbS2 

Nanoparticles 

 

The surface morphology of the synthesized CuSbS2 

nanoparticles analyzed using the field emission 

scanning electron microscope and the images are 

shown in Fig. 3. From the images it is clear that the 

ethylenediamine together with PVP influences the 

final morphology of the particles and the obtained 

CuSbS2 nanoparticles are composed of a large 

number of homogenous and uniform spheres like 

particles. 

 

Figure 4. Photoluminescence spectra of the 

synthesized CuSbS2 nanoparticles 

 

The Photoluminescence spectra that are recorded 

with an excitation wavelength of 520 nm are as 

shown in Fig.4. The pattern in the PL spectra 

illustrates that the emission is near IR region with a 

band edge emission of 778 nm. 

The electrochemical behavior of the material is 

studied using the impedance analysis and Cyclic 

Voltammetry is shown in Fig.5. Here a small 

amount of tetrabutylammonium perchlorate is 

added as an electrolyte. The three electrodes used 

for the impedance analysis such as CuSbS2 as 

working electrode, Calomel the reference electrode 

and platinum as the counter electrode. The aim of 

impedance measurement is to understand the 

materials performance based on the transport 

resistance.  

The obtained Nyquist plot is shown in Fig. 5 (a) 

which depicts a semicircular pattern with a diagonal 

line of 45˚ angle. This semi circle arc is small 

suggesting the small value of charge transfer 

resistance of CuSbS2 nanoparticles based photo 

electrode and is found to be 5 K . The diagonal 

line of 45˚ angle shows the diffusion process of the 

material. Hence it can be concluded that the 

materials small charge transfer resistance and the 

long electron life time leads to have an excellent 

performance in solar cell applications [15]. To 
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understand the electrochemical reaction of the 

CuSbS2 nanoparticles cyclic Voltammetry analysis is 

carried out and the obtained pattern is shown in Fig. 

5(b). The peaks suggest that the ternary CuSbS2 

nanoparticles involve two electrochemical reactions 

that are having two electron transfer system. These 

peaks are at 1.25 V and -0.68 V. 

 

 

Figure 5. (a) Nyquist plot measured from 

Electrochemical Impedance Spectroscopy and 

(b) Cyclic Voltammetry profile of the obtained 

CuSbS2 nanoparticles 

4. Conclusions 

CuSbS2 nanoparticles were synthesized by facile 

solvothermal method. Here ethylenediamine and 

PVP played major role for the production of well 

defined sphere like CuSbS2 nanoparticle without 

agglomeration. The average crystallite size of the 

obtained CuSbS2 nanoparticle was found to be 7.2 

nm. The orthorhombic crystal structure of the 

synthesized nano powder was confirmed by XRD. 

From FESEM analysis it was clear that obtained 

CuSbS2 nanoparticles are homogenous sphere like 

particles and the DLS analysis gave the 

hydrodynamic average size of 7 nm. PL emission 

spectrum shows that the emission was near IR 

region. Electrical studies based on CV analysis 

revealed that the material was having two electron 

transfers. The above mentioned results highlight 

CuSbS2 nanoparticle are promising p-type absorber 

material for photovoltaic applications.  
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Abstract 

A versatile and cost effective spray pyrolysis 

technique was used to prepare the Zinc Oxide 

(ZnO) thin film on a glass substrate. The feature of 

the obtained film was characterized using Glancing 

incidence angle X-ray diffraction (GIXRD), 

Scanning Electron Microscope (SEM), UV-Visible 

Spectroscopy and Photoluminescence (PL). GIXRD 

confirmed that the structure of the ZnO film was 

polycrystalline having wurtzite structure. SEM 

image revealed root-like morphology on the surface 

of ZnO thin film and the shortest root diameter was 

about 91.2 nm. From UV-Visible spectrum an 

optical transmittance of about 85% in the visible 

region and direct optical band gap energy of 3.2 eV 

was calculated. The PL analysis showed that the 

film exhibited a strong emission peaks at violet and 

green region. From the characterized results, spray 

pyrolysis is the viable technique to deposit ZnO 

thin film on a glass substrate, which can be used as 

a transparent layer in thin film solar cells. 

Keywords: ZnO Thin Film, Spray Pyrolysis, 

Transparent layer, Solar Cell. 

 

1. Introduction 

Recently, Zinc oxide film has gained more 

attention due to its potential use in many 

applications such as transparent conductive 

electrode, solar cell, gas sensor, light emitting 

diodes, lasers and varistors  which attributed to its 

wide and direct band gap (3.37 eV) and a larger 

exciton binding energy (60 meV) [1]. In particular, 

ZnO is nontoxic and also provides good 

transparency, high electron mobility, chemical and 

thermal stability which perfectly matches the 

requirement of transparent contacts in photovoltaic 

cells [2]. ZnO thin films have been deposited by 

different deposition techniques like chemical 

vapour deposition (CVD) [3], magnetron sputtering [4], 

pulsed laser deposition (PLD) [5], electron beam 

evaporation (EBM) [6]. Most of these methods need 

high vacuum and high operating temperatures to 

work, which make them high cost techniques. 

Chemical based solution routes such as sol–gel [7], 

co-precipitation [8] and spray pyrolysis [9] can be 

considered as simple and economic methods 

involving low cost equipment and raw materials. 

Among these chemical based techniques, spray 

pyrolysis is a useful alternative to the traditional 

methods for obtaining pure ZnO thin films.  It is of 

particular interest because of simplicity, low cost of 

the source materials, producing high quality films 

and minimal waste production. The spray pyrolysis 

process allows the coating of large surface area and 

uniform deposition with very thin layers with 

specific composition, morphology, good adhesion 

between the deposited films [10].  

mailto:aleorajesh@gmail.com
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In the present work, ZnO thin film is prepared 

using the spray pyrolysis technique and show high 

optical transmittance in UV, VIS and IR regions 

which is suitable material for transparent layer on 

solar cell. The structural, morphological, optical 

properties of the deposited ZnO thin film is studied 

using Glancing incidence angle X-ray diffraction 

(GIXRD), scanning electron microscope (SEM), UV-

visible spectroscopy and fluorescence spectroscopy. 

 

2. Experimental Procedure 

Thin film of ZnO was deposited on a glass 

substrate by simple and economical spray pyrolysis 

technique. A solution of 0.1 M using zinc acetate 

dihydrate [Zn (CHCOO).2H2O] was used as a 

precursor prepared by dissolving in mixture of 

deionized water and isopropyl alcohol (2: 3) volume 

ratio. The film has been deposited on ultrasonically 

cleaned glass substrates kept at 450˚C. The nozzle 

was at a distance of 20 cm from the substrate during 

deposition. The solution flow rate was held 

4ml/min. Compressed air was used as a carrier gas. 

The pressure was maintained at                1.2 kg/cm2. 

This results in the formation of well adherent and 

uniform ZnO film. The as deposited film of ZnO 

was transparent with light whitish color. 

The crystal structure and phase identification of 

the prepared ZnO thin film was characterized using 

Glancing incidence X-ray diffractometer (XPERT 

PRO) at a scanning range of 20˚ to 80˚ with CuKα1 

source radiation (= 1.54051 Ǻ). The surface 

morphology of the thin film was examined using 

scanning electron microscope (SEM). The optical 

properties of the ZnO thin film were determined by 

UV-Visible spectrometer (Model-lambda) in the 

wavelength range of 300-1100 nm. The room 

temperature photoluminescence characteristic of 

ZnO film was investigated using Perkin Elmer 

(Model- Lambda 45).  

 

3. Results and Discussion 

The crystallinity, crystallographic orientation 

and phase evaluation of the ZnO thin film prepared 

at 450˚C is studied by Glancing incidence x-ray 

diffraction (GIXRD) is shown in Fig. 1. The diffraction 

peaks obtained between the 2θ ranges are from            

20˚ – 80˚. Seven diffraction peaks were observed at 

2θ = 31.9˚, 34.6˚, 36.5˚, 47.7˚, 56.9˚, 63.0˚, 69.5˚ 

which can be attributed to (100), (002), (101), (102), 

(110), (103) and (112) planes of ZnO thin film 

obtained by IPA solution. The sharp and narrow 

diffraction of the peaks demonstrated that all ZnO 

thin film is of good crystalline in quality and also 

found that, the films are polycrystalline with 

hexagonal wurtzite structure. Here the film exhibits 

highest peak at (101) plane with preferential 

orientation which is located at 2θ = 36.5˚. This can 

be due to the highest density of Zn atoms in this 

plane. The other small peaks which are shown in 

figure are due to the non-decomposed organic 

compounds or impurities in the solution used for 

deposition of the film. 

 

Figure 1. GIXRD pattern of ZnO thin film 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017            P a g e  | 275  

The crystallite size of the deposited film is 

calculated using the Scherer’s equation [11] 

D = 




cos

9.0
 

where D is the crystallite size, λ is the wavelength 

of the target CuKα1 (= 1.54051 Ǻ), β is the full-

width half maximum value and θ is the position of 

respective Bragg peaks. The crystallite size of ZnO 

is calculated along this plane, which gives the value 

of 10 nm. 

 

Figure 2. SEM image of ZnO thin film 

The surface morphology and size of the zinc 

oxide thin film using scanning electron microscope 

technique is shown in Fig 2. SEM micrograph 

reveals that the ZnO film exhibit root-like 

structure. The texture of the film is found to be 

crack free and having uniform morphology over the 

entire film. In ZnO image, the particles are linked 

to each other to make long structure of ZnO which 

is called root-like morphology [12]. The average 

diameter of the shorter root-like is about 91.2 nm.   

 

Figure 3.1. UV transmittance spectrum with tauc 

plot of      ZnO thin film (inset shows the band gap 

energy of the material) 

 

The optical transmission spectrum obtained in 

the wavelength range of 300 to 1200 for the 

deposited ZnO film is shown in the Fig 3.1. From 

UV–Visible spectrum it is clear that the film shows 

high transparency in the visible region with an 

average transmittance reaching up to 85%, which 

indicates the better crystal structure with less 

defects. A sharp ultraviolet cut-off at approximately 

333 nm is observed for the prepared film. The high 

transparency obtained for the ZnO film in the 

visible region shows its potential application in the 

solar device applications.  

The optical band gap energy is calculated using 

Tauc plot is shown as the inset in Fig 3.1. The direct 

band gap energy obtained from the extrapolation of 

the linear part of the curve in the plot of hν in eV 

versus (αhν)2 in (cm−1 eV)2. The absorption 

coefficient (α) of the deposited film is determined 

from the equation related to the photon energy is 

given by  

αhν = A ( hν – Eg)n 

where Eg is the energy band gap of the 

semiconductor, A is a constant, and n = ½ for direct 
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allowed transitions. The Tauc plot gives the direct 

band gap of the samples and calculated band gap is 

found to be 3.21 eV which is matching well with of 

the reported values.  

 

Figure  3.2. Photoluminescence spectrum of ZnO 

thin film 

The luminescence property of deposited thin 

films is studied using photoluminescence spectroscopy. 

The photoluminescence (PL) spectrum of prepared 

ZnO thin film is depicted in fig 3.2. The spectrum 

of ZnO film showed that the near band edge (NBE) 

emission is in the UV region and the deep-level 

emission (DLE) in the visible spectrum composed of 

green and red bands [13]. A low intensity with 

broad emission peaks centered at 397.3 nm in the 

UV region is attributed to the recombination of free 

excitons in the surfaces of ZnO particles. And also 

another low intensity with broad peak located at 

522.8 nm in the green emission region which is due 

to impurities and structural defects. A strong peak 

located at 601.2 nm, which is in red band emission 

that can be attributed to the presence of excess 

oxygen. 

 

 

 

4. Conclusions 

In this present work, the highly transparent ZnO 

thin film was prepared by spray pyrolysis technique. 

The GIXRD pattern showed that the deposited film 

had a polycrystalline hexagonal wurtzite structure 

with strong orientation along (101) plane with an 

average crystalline size was about 10 nm. The SEM 

image revealed that the ZnO film exhibited root-

like morphology with uniform distribution. The 

investigation from UV-Visible spectrum showed 

that the obtained film was highly transparent in the 

visible region with an average transmittance 

reaching upto 85% with the better crystalline 

nature with less defects. PL spectrum of the film 

showed emission in both UV and visible region. 

The simple and low-cost spray pyrolysis technique 

offers an attractive alternative to the PVD or CVD 

fabricated ZnO films. The above mentioned results 

showed that the deposited ZnO film with good 

crystallinity and high transparency is a promising 

n-type material for thin film solar cell. 
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Abstract 

This paper investigates electrical properties of 

sol-gel routed spin coated Molybdenum trioxide 

(MoO3) thin films. Prepared films were annealed at 

400 oC. The phase transformation from amorphous 

to α-orthorhombic phase with preferential 

orientation (0 2 2) has been found by XRD for the 

film annealed at 400 oC. The vibration modes of             

α-orthorhombic MoO3 have been examined by 

Raman spectrum. The predominant Raman’s band 

of α-orthorhombic MoO3 thin film has been found 

at the frequency range 1000–600 cm-1. Using           

UV-Vis spectrum the band gap of the film is found 

to be 3.3-3.8eV. The surface morphology of the 

MoO3 films has been examined by scanning 

electron microscope. The resistivity of the film 

found to be 1.4 x 10 7 Ωm. The AC conductivity 

measurement of MoO3 film has been carried out in 

the frequency range 10-106 Hz. The frequency 

dependence of the impedance has been plotted in 

the complex plane. The Variation of the 

capacitance and dielectric constant of MoO3 film 

with respect to temperature and frequency has 

been analyzed. Tunability of capacitance and figure 

of merit of the film are also determined. 

Keywords: Sol-gel, electrical conductivity, Dielectric 

constant, capacitance, tunability, Curie-

temperature, Figure of merit. 

 

Introduction 

In modern technological era, the need for new 

materials with good dielectric behavior has 

increased. The wide band gap transition metal 

oxides with notable dielectric behavior have 

attracted the researchers to fabricate the device 

with low leakage current level for their operations. 

The metal oxides exhibit different Optoelectronic 

properties such as electrochromic, photochromic, 

gas sensing and some of them exhibit high 

dielectric constant and low dielectric loss that 

make them a best alternative for conventional SiO2 

in the fabrication of DRAM and super capacitors. 

The molybdenum trioxide is one of the transition 

metal oxides which exhibit good dielectric 

behavior. Different deposition techniques such as 

chemical vapor deposition [1], electrode deposition 

[2], electron beam deposition [3],  sputtering [4] 

and spray pyrolysis [5] have been employed to 

produce MoO3 films. The sol-gel technique has 

been receiving considerable attention to prepare 

the high quality films at low cost with simpler 

deposition procedure [6]. In this present work, the 

sol-gel routed spin coating technique has been 

used for obtaining thin film with required 

thickness. Prepared films were annealed at 400o C. 

This work investigates the structural, optical and 

electrical properties of the molybdenum trioxide 

thin film. The novelty of the present work is to 

study the effect of temperature and concentration 

on the electrical properties of MoO3 thin film 

respectively. 

 

1. Materials and Method 

The precursor solution was prepared by mixing 

MoO3 powder (99.999%, SigmaAldrich) into excess 

H2O2 (30%, Sigma-Aldrich) and the solution was 

refluxed for 30 minutes at 60oC in air. The 

resulting yellow coloured solution was cooled to 

room temperature and left for gellation and during 

the gellation time the viscosity and concentration 

of the solution were adjusted by adding 

polyethylene glycol (average Mn 200, Sigma-

Aldrich) and 2-ethoxyethanol (Sigma-Aldrich). 

The solution with sufficient viscosity was spin-

coated on clean FTO substrates with a sheet 

resistance of 10Ω/square. The Film was coated as 
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multiple layers to obtain the required thickness. 

After each layer of coating the film was dried at 

100o C for about 5 minutes. The solution-processed 

films were annealed at 400o C for 2 hours by 

keeping the rate of temperature at 4oC per minute. 

The thickness of the film was measured by stylus 

profilometer (Mitutoyo, SJ-301). The X-ray 

diffraction for phase identification was performed 

using XPERT-PRO X-ray diffractometer with            

Cu-Kα (λ = 0.154nm) radiation source. The surface 

morphology of MoO3 film was examined by 

VEGA3 TESCAN scanning electron microscope. 

The optical characterization was done by Perkin 

Elmer Lambda - 35 UV-Visible spectrometer. The 

measurements of dielectric properties were carried 

out using a MIM structure. Capacitance vs Voltage, 

dielectric constant and dielectric loss 

measurements were carried out using Impedance 

analyzer (Princeton Applied Research, VersaSTAT 

MC) and LCRZ meter. Using the impedance data the 

Nyquist plot was plotted and the possible 

equivalent circuit has been identified. Using the 

temperature variable capacitance measurement set-

up the phase transition temperature of the MoO3 

has been determined. 

2. Structural parameters 

The XRD pattern of MoO3 thin film of thickness 

of 2.5 μm (Figure  1) exhibits amorphous nature for 

the film annealed below 250oC and crystalline 

nature for the film annealed at higher 

temperatures. The films annealed at 400oC exhibit α- 

orthorhombic phase with preferential orientation 

along (0 2 0) plane. The peak intensity increases 

with increase of concentration, due to the increase 

in grain size of the crystal lattice [7]. The various 

structural parameters like crystallite size (D), 

dislocation density (), strain (), and number of 

crystallites per unit area (N) of MoO3 film are 

calculated (Table 1). The crystallite size D is 

evaluated from Scherrer formula: 

0.94

cos
D



 
    ... (1)     

where  is full width at half maximum of XRD 

peak. The crystallite size increases with increase of 

concentration. According to the theory of 

kinematical scattering the narrow peak is due to 

larger crystallite size and fewer defects present in 

the crystals. In the present work, the sharp and 

higher peak of XRD confirm larger crystallite size 

and improvement in crystalline nature [8]. The 

dislocation density is evaluated from the relation [9]:  

2

1

D
      ... (2) 

The decrease of dislocation density with 

increase of concentration indicates the reduction 

of defects. The strain () and number of crystallites 

per unit area (N) of the film is calculated from the 

relations [9]: 

cos

4

 
     ... (3) 

3

t
N

D
    ... (4) 

where, t is thickness of the thin film. The 

reduction of strain with increase of concentration 

reveals the enhancement of crystalline nature. The 

number of crystal lattice per unit area decreases 

with increases of concentration due to increase of 

crystallite size. The surface morphology of the film 

has been investigated by SEM (Figure 2). It shows 

that the film is homogeneous and the grain 

boundaries are evenly distributed though out the 

sample.  

Table 1. Structural properties 

Concentration 

(mol) 

grain 

size (nm) 

Dislocation 

density(δ)(x 

10-18) 

strain 

(ε) 

Number of 

crystal lattice 

(N) x 1021) 

0.5 29 3.18 0.007 7.08 

1 34 2.49 0.005 4.36 

1.5 61 2.34 0.005 1.07 

2 74 1.9 0.003 1.91 
 

Crystallite size (D), Strain (), Dislocation Density (), 

Number of Crystallites per unit area(N). 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com - Volume 3, Issue 11, November-December-2017            P a g e  | 280  

 

Figure  1. XRD spectrum of MoO3 Thin film 

 
2A 

 
2B 

  
2C 

 

2D 

Figure  2: SEM images of MoO3 Thin film 

 

2.1. Micro Raman Studies 

A typical Raman spectrum of the MoO3 thin 

film is shown in (Figure 3). The vibration modes 

appearing in the frequency ranges of 1000–600 cm-1 

and 600–200 cm-1 correspond to the stretching and 

deformation modes respectively. The narrow band 

at 994 cm-1 is assignable to the anti symmetric 

νas(Mo=O)Ag stretching, in which the strong band 

at 830 cm-1 represents the symmetric νs(Mo–O3–

Mo)Ag  stretching. The weak and broad bands at 

666 and 470 cm-1 are ascribable to the anti 

symmetric νas(Mo–O2–Mo)B2g stretching and bending 

respectively. The bands at 377 and 364 cm-1 

correspond to the δ (O2=Mo=O2)B1g  scissor. The 

Raman band at 830 cm-1 reveals  the formation of α 

orthorhombic phase in MoO3 film at higher 

annealing temperature [10]. 

 

Figure  3. Raman Spectrum of MoO3 Thin film 

 

3. Optical Properties 

The optical transmission spectra of MoO3 films 

prepared at 4000C with various concentration 

exhibit good transparency at 570 nm (Figure 4). 

The film prepared at 0.5 mol exhibits maximum 

transparency of 80%. The transparency of the film 

decreases with increase of the concentration. The 

films prepared at 2 mol exhibits only 40% of 

transparency at 570 nm that might be due to the 

free carrier absorption and formation of micro 

crystallites leading to the scattering of light[11]. 

The higher transmittance in the higher wave 

length region indicates the reduction in optical 

band gap (Eg) with increase of the concentration. 
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From the transmission spectrum the absorption 

coefficient (α) is determined by the relation[12]. 
1

lnT
t

     ... (5) 

where t is thickness of the film and T is 

transmittance. The band gap of the film is 

determined from the relation [13]. 

   
1

n
gh A h E      ... (6) 

A is the energy dependent constant, Eg optical 

band gap energy of the material and n = ½, 2, 3/2 

and 3 corresponding to the allowed direct, allowed 

indirect, forbidden direct and forbidden indirect 

transitions respectively. The optical band gap 

depends upon the absorption coefficient (α). The 

MoO3 is found to be direct band gap material (n= 

1/2). The extrapolation of linear portion (α=0) 

gives the optical band gap energy of the film. 

Figure  5 shows the plot of (αh)2 vs h for MoO3 

at different concentration. It reveals that the 

optical band gap of the MoO3 film decreases with 

increase of the concentration that may be due to the 

formation of oxygen ion vacancies and the 

improvement of crystallinity in the film [11]. This 

inference is consistent with our XRD finding. The 

optical band gap value of MoO3 film prepared at 

0.5 mol, 1.5 mol and 2 mol are 3.8, 3.5and 3.3eV 

respectively.  

 

Figure  4. UV Transmittance spectrum of MoO3 Thin 

film 

 

Figure  5. The Band gap of MoO3 Thin film 

 

4. Electrical Properties 

The resistivity measurement of MoO3 film carried 

out by two-probe method, V-I plot of MoO3 

(Figure 6A) film with different concentration 

shows the increment in the conductivity with 

increase of concentration. The resistivity of the 

film found to be 1.4 x 107 Ωm for higher 

concentration. The measurements of dielectric 

properties were carried out using a MIM structure 

.The value of dielectric constant decreases with 

increase of frequency            (Figure  6B). It might 

be due to alignment of permanent dipoles along 

with the direction of electric field at lower 

frequency and it contributes to the total 

polarization of the dielectric material. On the 

other hand, at higher frequency as the field rapidly 

vary the dipole can no longer follow the field [14]. 

Hence their contribution to the polarization 

becomes negligible and it leads to increment in the 

dielectric loss and decrement in dielectric constant 

(Figure 8). The increment in the dielectric 

constant with increase of temperature is attributed 

to bulk effect of the system and also due to 

increase of energy absorption by the dielectric 

material [14] (Figure 7). 

Table 2. Electrical Properties 

Concentration 

(mol) 
(ρ) Ωm 

(ζ) x 10 
-8

 Ω
-1

 

m
-1 

0.5 3.7 x 10 
8
 2.6 

1 5.5 x 10 
7
 1.8 
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1.5 3.5x10 
7
 1.5 

2 1.4 x 10 
7
 1.3 

     

Resistivity (ρ) Ωm, conductivity (σ) x 10 -8 Ω-1 m-1 

 

Figure  6A. Resistivity measurement of MoO3 Thin 

film 

 

Figure  6B. Frequency dependent Dielectric 

constant of MoO3 Thin film 

 

Figure  7. Temperature dependent Dielectric 

constant of MoO3 Thin film 

 

Figure  8. Dielectric constant Vs Dielectric Loss 

 

Figure 9A & 9B shows that the variation of the 

capacitance and dielectric constant of the MoO3 

thin film with respect to temperature, it fits very 

well with curie–wiess law. At 260oC the capacitance 

and dielectric constant reach a maximum value 

which indicates the phase transition in the 

material [15]. This temperature is the transition 

temperature or Curie temperature (Tc), beyond 

which the material behaves as paraelectric. The 

above fact is supported by the XRD data. The XRD 

spectrum of the sample annealed above 250oC 

reveals the crystalline nature of MoO3 thin film. 

 

Figure  9A. Curie temperature 
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Figure 9B. Curie temperature 

The measurement of capacitance with respect to 

dc electric field was carried out at room 

temperature for 1 KHz and 100 KHz (Figure 10). 

The tunability and figure of merit were 

determined from the following relations [16]: 

max min

min

100
C C

Tunability
C


    ... (7)               

% Tunability
Figure of merit

% dielectric loss
 ... (8) 

where, Cmax is the capacitance value for zero bias 

fields. Cmin denotes the capacitance of applied field. 

The applied field is in the order of 106 V/m. The 

Tunability and FOM of the MoO3 film increase with 

increase of applied potential (Figure 11). The 

tunability of the dielectric properties of the 

material might be attributed to internal stress 

among the grains [17]. 

 

Figure 10. variation of capacitance and dielectric 

Loss with respect to Voltage 

 

Figure 11. Variation of tenability and figure of 

merit with respect to Voltage 

4.1. The impedance studies 

The impedance spectroscopy studies on MoO3 

thin film were carried out by using the complex 

impedance spectra. It can be fitted with a simple 

electrical model Rb (RgbCgb).where Rb and Rgb are 

bulk and grain boundary resistance respectively 

and Cgb is the capacitance across the grain boundary. 

The impedance of the film with resistance Rgb in 

parallel with a capacitance Cgb is given by the 

expression [18] 

1

1
gb

gb gb

z
R j C




  ... (9) 

where ω = 2πf. 

The above equation can be expressed as  

 
2

2'

''

2 2

gb gb gb

gb

Z R R
Z

   
     
    

 ... (10) 

where Z’gb and Z”gb are the real and imaginary 

components of the Zgb respectively. The 

corresponding plot of the real Zgb against the 

imaginary component of Zgb (Figure 12 Nyquist 

plot) is a semi circle of radius Rgb/2. The Rgb and Rb 

values derived from the intercept at low and high 

frequency impedance values respectively. The 

capacitance Cgb can be obtained from the 

maximum value of the reactance. A semicircle at 

high frequency indicates that the relaxation time 

of the bulk and the grain boundaries are closer to 
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each other [19]. In the mid frequency region linear 

progress of the diffusion characteristic of MoO3 is 

observed. At low frequency region, the capacitive 

behavior is observed which reveals the 

characteristic response of blocked diffusion. The 

impedance response of the grain dominates at high 

frequency and resistance of the grain Rg is deduced 

from the left intercept to real axis. The right 

intercept of the semicircular to real axis z’ at low 

frequency indicates the sum of resistance of grain 

Rg and grain boundaries Rgb. The intercept at the 

high frequency depicts the resistance of the grain 

only. The Figure  12(B) shows that the increment 

in the resistance of the bulk and grain boundaries 

have been observed, it might be due to increase of 

grain size by heat treatment. 

 

Figure 12 A. Nyquist plot of unannealed MoO3 

Thin film 

 

Figure12 B. Nyquist plot of annealed MoO3 Thin 

film 

 

 

 

Conclusion 

The effect of concentration and temperature on 

the Electrical properties of sol-gel routed spin 

coated Molybdenum trioxide (MoO3) thin film has 

been investigated. The phase transformation from 

amorphous to α-orthorhombic phase has been 

found by XRD for the film annealed at higher 

temperature. The Raman spectrum reveals that, 

the predominant Raman’s band of α-orthorhombic 

MoO3 thin film has been found at the frequency 

ranges of 1000–600 cm-1.  The band gap of the film 

is found to be 3.3-3.8eV. SEM image shows that 

the film is homogeneous and the grain boundaries 

are evenly distributed though out the sample. The 

impedance plot in the complex plane reveals 

semicircular arc. The system could be represented 

by an equivalent circuit of parallel resistance–

capacitance combination. The Variation of the 

capacitance and dielectric constant of MoO3 film 

with respect to temperature and frequency has 

been analyzed. Tunability and figure of merit of 

the film are also determined. The obtained data 

can be utilized for fabrication of dielectric devices. 
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Abstract 

Pure and Copper (Cu) doped tin oxide thin films 

have been deposited from tin chloride (SnCl2) as a  

precursor and Copper chloride (CuCl2 )for doping 

onto glass substrates by spray pyrolysis technique at 

the substrate temperature of 400°C. The doping 

concentration of Cu was varied from 2 to 5 wt.% 

while all other deposition parameters such as spray 

rate, carrier air gas pressure and distance between 

spray nozzle to substrate were kept constant. The 

structural properties and optical properties of the 

as-deposited thin films have been studied by X-ray 

diffraction (XRD) and UV visible spectroscopy. Also 

the chemical composition were analyzed by Fourier 

transform Infra-red Spectroscopy (FT-IR). The 

structural and optical studies were carried out on 

these films reveal their columnar and compact 

structure. 

Keywords: Spray pyrolysis, Tin oxide, SEM, 

EDX, Optical band gap 

 

1. Introduction 

TCOs belong to a unique class of semiconducting 

materials that exhibit high optical transparency in 

the visible range and good electrical conductivity, 

simultaneously. These materials are widely used in 

several devices such as thin film solar cells, touch 

screens, flat panel displays, sensors, low emissive 

windows and flexible transparent electronic 

components. The most common TCOs include tin 

oxide, zinc oxide, indium oxide, cadmium oxide, 

titanium di-oxide and the like. TCOs find potential 

applications in electro chromic windows and oxide 

based thin film transistors (TFTs). To enhance the 

transparent conducting properties of TCOs, they are 

generally doped with suitable anionic or cationic 

impurities. The Cu doped SnO2 thin films have been 

prepared by spray pyrolysis method and it was 

observed that the transmittance of the films was 

found to increase from 42% to 55 % on initial 

addition of Cu and then decreased for higher level 

of Cu doping [7]. To improve the quality of the 

films as well as the physical and chemical 

properties.  

Various methods such as sol gel spin coating, 

spray pyrolysis, electron beam evaporation; vapour 

deposition, pulsed laser deposition, chemical vapour 

deposition, molecular beam epitaxy, magnetron 

sputtering, reactive evaporation and thermal 

evaporation etc. have been used for the preparation 

of pure or doped thin films. Among them spray 

pyrolysis deposition (SPD) technique provides a 

simple route of synthesizing thin films because of 

its simplicity, low cost experimental set up from an 

economical point of view. In addition, this 

technique could be used for the production of large-

area thin film deposition without any high vacuum 

system. The main objective of this work is to 

prepare pure and Cu doped SnO2 thin films from 

SnCl2.2H2O precursor and to explore its structural 

and optical properties. In this paper we are 

reporting the effect of Cu doping on the structural 
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and optical properties of SnO2 films prepared by 

chemical spray pyrolysis technique (SPT). 

 

2. Experimental details 

2.2.1. Sample preparation 

By using absolute ethanol solvent, 0.1M tin 

chloride solution was prepared. And to dope copper 

chloride with prepared tin chloride solution, 

different atomic weight percentage was selected. 

The solution was stirred in magnetic stirrer for 20 

minutes before deposition. 

 

2.2.2 Spray pyrolysis technique 

The precursor solution was deposited by simple 

and modified chemical spray pyrolysis technique. 

Before deposition, the hot plate and the spray gun 

were cleaned by hydrochloric acid (conc.HCL) and 

distilled water. The substrate was placed at the 

middle of the furnace and spray gun was focused to 

the substrate in order to get a uniform, coating. The 

distance between the nozzle and the substrate is 30 

cm. The spray rate of 5ml/min was maintained 

constant by using compressed air as a carrier gas. 

The substrate temperature was kept constant at 

400˚C and it was maintained by using temperature 

controller. 

The substrate temperature was measured by 

using IR sensor. Now, the prepared precursor 

solution was deposited on the glass substrate for 

three minute continuously. Due to high temperature, 

the chloride and ethanol present in the precursor 

gets evaporated and oxidation takes place to gets a 

fine tin oxide thin film. The deposited tin oxide and 

copper doped tin oxide thin film where annealed at 

400°c for one hour in open air atmosphere. Due to 

annealing, the atoms present in the molecule are 

properly arranged to get a fine and uniformed thin 

film. 

 

2.2.3. Films deposition 

Figure 1 shows the schematic diagram of the 

spray pyrolysis set up. Tin chloride (SnCl2.2H2O) 

and Copper chloride [CuCl2] were used as source of 

Sn and Cu. In order to prepare precursor solution 

tin chloride (SnCl2.2H2O) was added with 50 ml of 

ethanol (CH3CH2OH). The amount of CuCl2 was 

added from 2–5 wt%. The precursor solution was 

deposited by simple and modified chemical spray 

pyrolysis technique. Before deposition, the hot plate 

and the spray gun were cleaned by hydrochloric 

acid (conc.HCL) and distilled water. The substrate 

was placed at the middle of the furnace and spray 

gun was focused to the substrate in order to get a 

uniform coating. The distance between the nozzle 

and the substrate is 30-35 cm. The spray rate of 

5ml/min was maintained constant by using 

compressed air as a carrier gas. The substrate 

temperature was kept constant at 400˚C and it was 

maintained by using temperature controller.  

The substrate temperature was measured by 

using IR sensor. Now, the prepared precursor 

solution was deposited on the glass substrate for 

three minute continuously. Due to high temperature, 

the chloride and ethanol present in the precursor 

gets evaporated and oxidation takes place to gets a 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017            P a g e  | 289  

fine tin oxide thin film. The deposited tin oxide and 

copper doped tin oxide thin film where annealed at 

400°C for one hour in open air atmosphere. Due to 

annealing, the atoms present in the molecule are 

properly arranged to get a fine and uniformed thin 

films. 

 

3. Result and Discussion 

3.1. Structural Analysis 

3.1.1. X-Ray Diffraction 

The XRD patterns of Pure and Cu doped SnO2 

films were shown in Figure 3.1. The films deposited 

showed five peak namely (110), (101), (200), (211) 

and (220). Since all the peaks are sharp it is evident 

that the films deposited are polycrystalline in 

nature and the positions of X-ray diffraction peaks 

fit well the tetragonal structure of SnO2.(JCPDS 

card:tin oxide, 41-1445) [30]. As seen from Figure 

3.1, the prepared orientations is (110) plane for 

Pure SnO2 film. The addition of Cu atoms do not 

affect the prepared orientation along (110) plane 

and crystal structure. The dopant does not form 

extra peaks in the XRD pattern of doped SnO2 films 

because dopant atoms incorporate homogeneously 

into the tin oxide matrix. In the present study, the 

most conspicuous feature observed in the XRD 

analysis of the films is orientation along the (110) 

plane. In literature published on SnO2 films doped 

with different atoms such as Al, Zn and Co 

exhibited similar behaviors [28-30]. This result is 

consistent with the analysis of microstructure of 

Pure SnO2 films prepared by spray pyrolysis from 

various solutions by Smith et al. [32]. 

From the diffraction pattern, the (h k l) values 

for each diffraction peak are indexed and the lattice 

parameters were calculated using ‘check cell’ 

software. Table 3.1 shows the calculated lattice 

constants of SnO2 films. It was seen that they match 

well with the standard JCPDS data card 41-1445. It 

was also observed that the Cu doping atoms did not 

change the lattice parameters. 

 

Table. 3.1. Lattice parameters and crystallite size 

values of SnO2 films prepared for various dopant 

atoms 

Doping Atoms a (Å) b (Å) c (Å) 

Pure 4.90 3.31 0.68 

Cu 4.92 3.32 0.68 

 

Figure 3.1. XRD spectrum of 0% (pure), 2% and 5% 

copper doped tin oxide thin films 

 

3.2. Evaluation of Optical Constants 

3.2.1. Fourier Transform Infrared Spectroscopy 

Fourier Transform Infrared Spectroscopy has 

been used to analyze the functional groups present 

in the compound and to confirm the molecular 

structure of the compound.  Functional groups with 

strong dipole interaction give rise to strong 

absorption in the IR region. In order to analyze 

qualitatively the presence of the functional in pure 

and copper doped SnO2 was recorded using 

spectrum RXI FTIR spectrometer in the range  400-

4000 cm-1. The resultant spectra were shown in 

Figure 3.2. 
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Figure 3.2. FTIR spectrum for pure and copper 

doped SnO2 thin films 

 

3.3. Optical Properties 

The optical measurements of tin oxide thin films 

are studied using LAMBDA 35 UV-Visible 

Spectrophotometer wavelengths range from 300 nm 

to 1100 nm are shown Figure 3.3.  

From this figure 3.3 the optical transmittance 

spectra of the SnO2 films for pure and copper doped 

atoms. The transmittances of pure and copper 

doped films were increased in an apparent way 

with wavelength of entire visible and near the IR 

region. The absorption coefficients (a) were 

determined by means of the optical transmittance 

spectra using the relation. The transmittance 

threshold shift towards the higher wave length 

region indicates the reduction in optical band gap 

(Eg). From the transmission spectrum the absorption 

coefficient (α) is determined by the relation 

1
lnT
t

   

where t is the thickness and T is the transmittance 

of the film at a particular wavelength. The optical 

band gap Eg of the film was calculated using the 

Tauc relation, which is given as

 ( )ngh A h E     

A is the energy dependent constant, Eg optical 

band gap energy of the material and n = 1/2, 2, 3/2, 3 

corresponding to the allowed direct, allowed 

indirect and forbidden direct and forbidden indirect 

transitions respectively. The optical band gap 

depends upon the absorption coefficient (α). The 

plot of (αh)2 versus h is shown in Figure 3.4. The 

optical band gap was obtained from extrapolating 

the linear portion of (αh)2 versus h plot to (αh)2 = 0 

as 3.4 eV for Pure and 2.9 eV for Cu doped SnO2 

thin films. 

 

Figure 3.3. Transmittance spectra of SnO2 films for 

pure and Cu doped thin films 

 

Figure 3.4 .The variation of (αhν)2 vs. hν for SnO2 

films for pure and Cu doped thin films 

4. Conclusion 

In the present work, an attempt is made to 

prepare pure and copper doped tin oxide thin films 

by Spray pyrolysis techniques utilizing an ethonalic 

solution containing SnCl2.2H2O and CuCl2. The low 

cost spray pyrolysis deposition (SPD) technique has 
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been used to obtain uniform conductive layers of 

pure and copper doped tin oxide thin films with 

good repeatability. The thickness of the synthesized 

films was found to be about 300 nm for 3 minutes 

deposition time. The average transmittance of 

copper doped tin oxide films in the visible region is 

higher than the tin oxide films and the higher 

transmittance is found at 2% copper doping and the 

lowest average transmittance at 5% of copper 

doping. The direct band gap of pure film is found to 

be 3.4eV and reduces to 2.9eV Cu doped SnO2 films. 

In X-ray diffraction analysis, SnO2:Cu films 

prepared at 400c with various copper doped 

concentrations are polycrystalline in nature. Since 

the tin oxide thin films are highly transparent, it 

can be widely used to make optoelectronic displays 

and photocell devices. 
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Abstract 

Theoretical and experimental FT-IR and FT-

Raman spectra characterization of 2(Z)-3-(3-

chloro-2,6-difluorophenyl)-1-(1H-imidazol-1-

yl)prop-2-en-1-one were recorded and calculated. 

The vibrational wavenumbers were computed 

using DFT quantum chemical calculations. The 

molecular geometry (bond length, bond angle) 

and vibrational frequencies of the title compounds 

have been calculated by using DFT/B3LYP 

method with                 6-311++G(d,p) basis set. 

The title compounds were screened in vitro for 

antimicrobial activity against three bacterial and 

three fungal strains. Molecular docking studies 

reveal that title compound play a vital role in 

bonding and results draw us to the concluded that 

title compound inhibit different antimicrobial 

proteins and that have good biological activities. 

Keywords: DFT; FTIR; FT-Raman; 

Antimicrobial; Molecular docking. 

 

1. Introduction 

The imidazole nucleus is well known to play an 

important role in living organisms since it is 

incorporated into the histidine molecule and 

many other important biological systems. 

Imidazole derivatives are the most used class of 

antifungal drugs [1], being active against 

pathogenic and nonpathogenic fungi [2]. 

Particularly, imidazole and its derivative of (Z)-3-(3-

chloro-2,6-difluorophenyl)-1-(1H-imidazol-1-

yl)prop-2-en-1-one have broadened scope in 

clinical medicines. Its molecular formula is 

C12H7ClF2N2O. Medicinal properties of imidazoles 

include anti-inflammatory, anticancer, 

anticoagulants, antifungal, antibacterial, 

antitubercular, antiviral, antimalarial and 

antidiabetic [3,4]. In the present work has been 

undertaken to give a complete description of the 

molecular geometry and molecular vibration of the 

3CDIPO. 

In the present work has been undertaken to 

give a complete description of the molecular 

geometry and molecular vibration of the 3CDIPO. 

FTIR and Raman spectra of (Z)-3-(3-chloro-2,6-

difluorophenyl)-1-(1H-imidazol-1-yl)prop-2-en-1-

one (3CDIPO) have been reported together with 

the assignments of the vibrational modes 

supported by PED. The agar diffusion methods 

were used to study the antimicrobial activity of 

the title compound against three bacteria 

(Moraxella, Enterobacter and Pseudomonas 

aeruginosa), and three fungi organisms (Candida 

albicans, A.niger and Trichophyton) and the title 

showed a broad spectrum of activities against the 

microbes. Due to the different potential biological 
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activity of the title compound, molecular docking 

of the title compound is also reported. 

 

2. Material and Methods 

2.1. Synthesis  

For the synthesis of ((Z)-3-(3-chloro-2,6-

difluorophenyl)-1-(1H-imidazol-1-yl)prop-2-en-

1-one (3CDIPO) compound, Equimolar quantity 

of 1-acetyl imidazole (0.01 mol) and 3-chloro-2,6-

diflurobenzaldehyde (0.01 mol) were dissolved in 

20 ml of ethanol in a 150 mL round bottomed 

flask. The reaction mixture was magnetically 

stirred for 3h in ice-cold condition, during stirring 

10 ml of 10% sodium hydroxide solution was 

added drop wise. A flocculants precipitate was 

formed. The precipitate was filtered and washed 

with cold water. The solid obtained was purified 

by column chromatography using silica gel 60-120 

mesh and n-hexane: acetone (7:3 v/v) as elevate. 

The reaction scheme is shown in Figure 1. 

 

Figure 1. The scheme of the synthesis of 3CDIPO 

 

2.2. Experimental details 

The FT-IR spectrum of the synthesis compound 

(Z)-3-(3-chloro-2,6-difluorophenyl)-1-(1H-

imidazol-1-yl)prop-2-en-1-one (3CDIPO) was 

recorded in the region 4000-450 cm-1 in 

evacuation mode using a KBr pellet technique 

with 1.0 cm-1 resolution on a PERKIN ELMER FT-

IR spectrophotometer. The FT-Raman spectrum of 

the 3CDIPO compound was recorded in the 

region 4000-100 cm-1 in a pure mode using Nd: 

YAG Laser excitation wavelength of Raman 100 

mW with 2 cm-1 resolution on a BRUCKER RFS 

27 at SAIF, IIT, Chennai, India. 

 

2.3. Computational details 

In this work, all the calculations were 

performed by using Gauss-View molecular 

visualization program [5] and Gaussian 09 W 

program package [6]. Molecular docking (ligand-

protein) simulations have been performed by 

using autoDock 4.2.6 software package. 

 

3. Results and discussion 

3.1. Geometrical structure analysis 

The optimized geometry is performed at 

B3LYP/6-311++G(d,p) basis set of 3CDIPO 

molecule with atom numbering scheme is shown 

in Figure 2. The theoretical results are compared 

with related molecule such as (Z)-3-(9-Anthryl)-

1-(4-chlorophenyl)-2-(4-nitro-1H-imidazol-1-

yl)prop-2-en-1-one [7]. The comparative 

optimized structural parameters such as bond 

length, bond angle along with its experimental 

data’s are presented in Table 1. This title molecule 

has ten C – C bond lengths, seven C – H bond 

lengths, five C – N bond lengths, two C – F bond 

lengths, one (C – O) bond length presented in title 

molecule and these values are listed in Table 1. 

From table 1 shows the calculated and 

experimental results are very good agreement. So 

the title molecule optimized successfully. 

 

Figure 2. The theoretical optimized geometric 

structure with atoms numbering of 3CDIPO 
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3.2. FT-IR and FT-Raman spectra 

The maximum number of potentially active 

observable fundamentals of a nonlinear molecule 

which contains N atoms is equal to (3N-6), apart 

from three translational and three rotational 

degrees of freedom. Hence, 3CDIPO molecule, 

that was planar, has 25 atoms with 69 normal 

modes of vibrations. The observed and simulated 

infrared and Raman spectra of 3CDIPO are shown 

in Figs. 3 and 4, respectively. The observed and 

scaled theoretical frequencies using DFT (B3LYP) 

method with PEDs are listed in Table 2. 

 

The C-C stretching vibrations are expected in 

the range from 1650 to 1100 cm-1 which are not 

significantly influenced by the nature of the 

substituents [8]. The C-C stretching vibrations of 

the 3CDIPO compound were observed from1670 

to 890 cm-1. In this present study, the C-C 

stretching vibrations are found at 1568(vs), 

1597(vs), 1444(vs), 1235(vs), 1162(vs), 1067(s), 

938(m) cm-1 in FT-IR and 1647(s), 1595(vs), 

1415(s), 1177(w), 1104(m), 973(w), 947(m), 905(m) 

cm-1 in FT-Raman respectively. The theoretical 

wavenumbers at 1697, 1583, 1443, 1411, 1239, 

1190, 1146, 1100, 1080, 989, 944 and 891 cm-1 are 

assigned as C-C stretching vibrations with PED 

contribution of 68, 46, 24, 63, 34, 24, 30, 25, 22, 

21, 25 and 36% respectively. 

 

 

 

 

 

 

 

 

 

Table 1. Optimized geometrical parameters of 

3CDIPO obtain by B3LYP/6-311++G(d,p) basis set 

Parameters Expa B3LYP/ Parameters Expa B3LYP 

Bond length(Å)  Bond angle(o)   

C1-N4 1.364 1.391 N4-C1-H5 123.9 122.6 

C1-H5 0.930 1.078 N4-C1-N8 112.2 111.9 

C1-N8 1.305 1.301 C1-N4-C3 106.9 106.0 

C2-C3 1.357 1.361 C1-N4-C9 128.0 129.7 

C2-H6 0.930 1.078 H5-C1-N8 127.9 125.5 

C2-N8 1.369 1.389 C1-N8-C2 106.9 105.6 

C3-N4 1.369 1.393 C3-C2-H6 127.9 128.0 

C3-H7 0.930 1.075 C3-C2-N8 112.8 110.9 

N4-C9 1.431 1.418 C2-C3-N4 104.2 105.6 

C9-C10 1.488 1.483 C2-C3-H7 127.9 133.4 

C9-O14 1.216 1.210 H6-C2-N8 123.9 121.1 

C10-C11 1.341 1.342 N4-C3-H7 123.9 120.9 

C10-H12 0.930 1.083 C3-N4-C9 125.0 124.3 

C11-H13 0.930 1.086 N4-C9-C10 116.1 115.6 

C11-C15 1.477 1.470 N4-C9-O14 118.1 119.9 

C15-C16 1.402 1.399 O14-C9-O14  124.4 

C15-C17 1.402 1.400 C9-O14-C11  125.4 

C16-C18 1.384 1.382 C9-C10-H12 115.3 116.9 

C16-F24  1.352 C11-C10-H12 119.7 117.5 

C17-C19 1.402 1.391 C10-C11-H13 115.3 116.6 

C17-F23  1.339 C10-C11-C15 129.4 129.4 

C18-C20 1.402 1.391 H13-C11-C15 115.3 114.1 

C18-H21 0.930 1.082 C11-C15-C16 119.6 119.6 

C19-C20 1.402 1.392 C11-C15-C17 123.4 124.4 

C19-Cl25  1.744 C16-C15-C17 117.3 115.9 

C20-H22 0.930 1.082 C15-C16-C18 123.5 123.6 

   C15-C16-F24  117.7 

   C15-C17-C19 122.4 122.1 

   C15-C17-F23  118.9 

   C18-C16-C24 118.8 118.7 

   C16-C18-C20 118.6 118.6 

   C16-C18-H21 119.8 119.8 

   C19-C17-F23  118.9 

   C17-C19-C20 119.6 119.6 

   C17-C19-CL25  119.8 

   C20-C18-H21 120.7 121.6 

   C18-C20-C19 120.4 120.2 

   C18-C20-H22 120.5 120.5 

   C20-C19-CL25  120.6 

   C19-C20-H22 119.3 119.3 

a Taken from Ref [13] 

In the heterocyclic compounds, the C-H 

stretching wavenumbers appear in the range 3000-

3100 cm-1 [9]. In this present study, the C-H 

stretching vibrations are observed at 3166, 3122, 

3090 and 3031 cm-1 by B3LYP/6-311++G(d,P) 

method show good agreements with experimental 

vibrations. The bands observed in the recorded 
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FT-Raman spectrum 3163(w), 3106(m), 3082(m) 

and 3034(w) cm-1. The PED corresponding to this 

pure mode of title molecule contributed 95, 94, 97 

and 92% is shown in Table 2. 

 

Figure 3. Experimental and theoretical FT-IR spectra of 3CDIPO 
  

Table 2. Calculated vibrational frequencies (cm-1) assignments of 3CDIPO based on B3LYP/6- 

311++G(d,p) basis set 

Mode 

no 

Experimental 

wave number (cm
-1

) 

Theoretical 

wave number (cm
-1

) IIR
 c
 IRAMAN

d
 Assignments (PED)

a,b
 

FTIR FT-Raman Unscaled Scaled 

69   3295 3166 1 7 CH(95) 

68   3259 3132 0 5 γ CH (96) 

67  3106(m) 3248 3122 1 13 γ CH (94) 

66  3082(m) 3215 3090 0 22 γ CH (97) 

65   3203 3078 0 6 γ CH (97) 

64   3186 3062 1 11 γ CH (91) 

63   3154 3031 0 7 γ CH (92) 

62 1668(vs) 1647(s) 1765 1697 49 9 γ CC (68) 

61   1678 1612 34 100  CC(40)+ β HCN (14) 

60 1597(vs) 1595(vs) 1647 1583 8 19 γ CC (46) 

59  1513(m) 1607 1544 2 3 β HCC (31) 

58   1564 1503 7 3 γ CC (60) 

57 1444(vs)  1502 1443 35 4 β HCN(14) +γ NC(31)  + γ CC (24) 

56   1493 1435 23 1 β HCC(26) 

55  1415(s) 1468 1411 23 8 γ CC (63) 

54 1365(vs) 1376(w) 1447 1390 26 3 β HCC(19)+ β HCN(10) 

53 1317(s)  1396 1342 11 1 β HCN(42) + γ NC (12) 

52   1324 1272 1 3 γ CC (61) 

51   1309 1258 5 6 γ NC (45) + β CNC(20) 

50   1300 1249 38 4 γ CC (36) 

49 1235(vs)  1289 1239 8 8 β HCN (12) + γ CC (34) 

48  1218(w) 1267 1217 1 3  

47   1256 1207 100 1 β HCN (15) + γ (13) 

46  1177(w) 1238 1190 11 0 γ CC(24) + β HCC (24) 

45 1162(vs)  1193 1146 4 2 β HCC (11) + γ CC (14) 

44  1104(m) 1145 1100 2 1 β HCC (20) + γ CC (10) 
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Mode 

no 

Experimental 

wave number (cm
-1

) 

Theoretical 

wave number (cm
-1

) IIR
 c
 IRAMAN

d
 Assignments (PED)

a,b
 

FTIR FT-Raman Unscaled Scaled 

43 1067(s)  1124 1080 4 1 γ NC (37) + γ CC (12) + βHCN (12) 

42   1096 1054 28 6 β HCN (36)+ γ CC (27) 

41  1021(w) 1052 1011 4 0 γ NC (30) 

40   1030 989 19 1 γ CC (21) 

39   1005 966 3 7 τ HCCN (38) 

38 938(m) 947(w) 983 944 33 1 γ CC (25)+ β HCN (12) 

37   948 911 0 0 τ HCCCI (68) +τ HCCF (15) 

36   927 891 12 1 γ CC (36) 

35   908 872 1 1 β HCN (63) 

34  855(w) 893 858 0 0 τ HCCH (90) 

33 816(vs)  851 817 9 1 γ CC (10) +β HCC (10) 

32   820 788 10 0 τ HCCC (70) 

31   813 782 10 0 τ HCNC (76) 

30   809 777 6 4  

29  745(w) 766 736 5 0 τ HCNC (53) 

28 718(m)  760 730 1 1 τ HCNC (21) 

27   718 690 4 1 γ CC (14) 

26  669(w) 690 663 2 0 τ HCCO (24) 

25 633(w) 633(w) 658 632 5 0 τ HCNC (49) 

24   624 600 4 1  

23   618 594 1 0 τ HCCC (28) 

22 586(w)  611 588 1 3 τ HCNC (11) 

21   588 565 3 0 γ CC (10) + τ HCCC (11)+ β HCC (10) 

20 508(w)  547 525 0 0 β HCC (25) 

19   518 498 1 1  

18   502 483 0 0 τ HCCC (10) +τ HCCO (18) 

17  437(w) 470 451 2 0 β HCC (39) 

16   400 384 0 3 τ HCCC (18) 

15  377(w) 381 366 1 1 β HCC (35) +τ HCCC (12) +γ CC (13) 

14  346(w) 349 335 0 0 β CNC (10) 

13   331 318 0 0 τ HCCF (51) 

12   304 292 4 0 β HCC (12) 

11   271 260 0 1 τ HCCC (19) 

10  205(w) 245 235 0 0 β CCC (35) 

9   201 193 0 0 τ HCNC (11) 

8   157 151 0 0 β HCC (10)+ τ HCNC (14) 

7   149 143 1 0 τ HCNC (54) 

6   124 119 0 0 τ HCCCI (64) 

5  107(w) 115 110 1 1 τ HCCN (11)+ τ HCCC (24) 

4  72(w) 82 79 0 0 τ HCCC (14) 

3   49 47 0 0 τ HCCN (11) +τ HCCC (22) 

2   38 37 0 1 β HCC (11) +τ HCCC (11) 

1   17 16 0 0 τ HCCN (30) 

aγ-stretching, β- bending , τ-torsion, vs-very strong, s- strong,   m-medium, w-weak, vw-very weak. 
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bscaling factor : 0.961 for B3LYP/6-311+G(d,p) 
cRelative absorption intensities normalized with highest peak absorption equal to 100. 
dRelative Raman intensities normalized to 100. 

 

 

Figure 4. Experimental and theoretical FT-Raman 

spectra of 3CDIPO 

 

3.3. Antimicrobial studies 

The title compound have been examined for 

in-vitro antibacterial activity against three bacterial 

strains such as, Moraxella, Enterobacter, Pseudomonas 

aeruginosa and three fungal strains such as, Candida 

albicans, A.niger and Trichophyton, which were 

selected for the present investigation by agar-disk 

diffusion method. Antimicrobial (antibacterial and 

antifungal) activity of DMSO extracts with different 

concentration (25, 50, 75 and 100 µl) inhibition 

Zone (mm) in agar well diffusion method is 

tabulated in Table 3. 

 

Figure 5. Antibacterial activity and antifungal 

activity of title molecule 

Title compound is more active Moraxella, 

Enterobacter, Pseudomonas aeruginosa, Candida 

albicans, A.niger and Trichophyton compared than 

standard drug. Together, these results indicate that 

3CDIPO shows broad-spectrum antimicrobial 

activity against. The activities of 3CDIPO against 

bacterial and fungal pathogens are shown in 

Figure5. 

 

Table 3. Antimicrobial activity of 3CDIPO 

Organism 

DMSO  Extract  added and Zone of 

inhibition (mm/ml) 

Control 25 µl 50 µl 75 µl 100 µl 

Moraxella 11 12 15 17 19 

Enterobacter 25 15 19 22 26 

Pseudomonas 

aeruginosa 
25 12 15 16 20 

Candida 

albicans 
13 13 15 18 20 

A.niger 20 12 15 18 25 

Trichophyton 10 12 15 20 24 
 

3.4. Molecular docking 

The molecular docking is used to predict the 

preferred binding orientation, binding energy and 

activity of molecules and their protein targets. The aim 

to investigate the binding mode, a molecular 

modeling study was performed and 3CDIPO was 

selected to be docked into the active site of three 

receptors 3F03, 4UM7 and 4HOE of antimicrobial 

proteins. 

The AutoDockTools graphical user interface [10] 

was used to remove the ligand and water molecules 

present in the target proteins. The first rank 

docking parameters such as binding energy, 

inhibition constant and intermolecular energy of 

the molecule with respect to the targeted proteins 

are listed in Table 4. The preferred binding 

orientation of the 3CDIPO ligand with respect to 

the target proteins are represented in Figs. 6-8. In 

Figure 6-8, the yellow line indicates the formation 

of intermolecular hydrogen bond between 3CDIPO 
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ligand and the proteins. These results indicate that 

the 3CDIPO ligand exhibits the lower binding 

energy and inhibition constant for the targeted 

protein associated with the 3F03 compared with the 

other targeted proteins associated with the 4UM7, 

4HOE. Among them, 3F03 exhibited the lowest free 

energy at -6.50 kcal/mol and most docked inhibitors 

interacted with the ligand within the 3F03 binding 

site. They exhibited up to two hydrogen bonds 

involving ARG 324 and ARG 324 with RMSD being 

8.79 Å. The docking simulation shows the best 

binding mode of the 3CDIPO into 3F03. These 

findings confirm that the 3CDIPO molecule can act 

as a good inhibitor against 3F03. 

 

Figure 6. Docking and Hydrogen bond interactions 

3CDIPO with 3F03 protein structure 

 

Figure 7. Docking and Hydrogen bond interactions 

3CDIPO with 4UM7 protein structure 

 

Figure 8. Docking and Hydrogen bond interactions 

3CDIPO with 4HOE protein structure 

 

Table 4. Hydrogen bonding and molecular docking 

with antimicrobial protein targets 

Protein 

(PDB 

ID) 

Bonded 
residues 

No. of 

hydrogen 

bond 

Bond 

distance 

(Å) 

Estimated 

Inhibition 
Constant 

(μm) 

Binding 

energy 

(kcal/mol) 

Reference 

RMSD 

(Å) 

3F03 
ARG 

324 
2 2.0 17.15 -6.50 8.79 

 
ARG 

324 
 1.8    

4UM7 ILE 141 1 2.0 245.72 -4.92 21.75 

4HOE 
GLY 
114 

1 2.1 17.20 -6.48 33.45 

 

4. Conclusion 

The investigation of the present work is illuminate 

the spectroscopic properties such as molecular 

parameters, frequency assignments and electronic 

transition and of title compound by using FTIR, FT-

Raman and tools derived from the density 

functional theory. Due to the lack of experimental 

information on the structural parameters available 

in the literature, the optimized geometric parameters 

(bond lengths and bond angles) was theoretically 

determined at B3LYP/6-311++G(d,p) level of theory 

and compared with the structurally similar 

compound. The vibrational FT-IR and FT-Raman 

spectra of the 3CDIPO were recorded and 

computed vibrational wavenumbers and their PED 

were calculated. 
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Abstract 

In the current scenario, electrolyte plays a 

crucial role in the fabrication of Dye-Sensitized 

Solar Cells (DSSCs). To advance the performance of 

DSSCs, it is essential to explore electrolyte with 

polymers. Polyvinyl alcohol (PVA) is non toxic, bio 

compatible, bio degradable, thermally and chemically 

stable water-soluble polymer with excellent 

mechanical strength and transparency, which is 

anticipated to be an excellent candidate in DSSCs. 

An attempt was made on Polymer based electrolyte 

with nano filler thin films which are prepared 

using dip coating technique. The properties of the 

prepared films are characterized by various 

experimental techniques such as FTIR, UV-Vis and 

Electro Chemical Impedance spectroscopy. The 

Fourier Transform Infrared (FTIR) analysis reveals 

the complexation of the polymer nanocomposite 

network and the UV–visible spectral study shows 

the optical band gap. Besides, the impedance 

analysis indicates high ionic conductivity which is 

due to ionic mobility and segment motion of 

polymer network. The outcome of the studies 

reveals the interaction of electrolyte with polymer 

and nano filler for Dye -Sensitized Solar Cells.  

Keywords: FTIR, UV-Visible, Impedance, conductivity, 

band gap. 

 

1. Introduction 

There is a sustained interest for clean/alternative 

energy strategies and for environmental remediation. 

Growing environmental concerns related to the 

extensive use of non-sustainable fossil fuels and a 

constantly increasing energy demand will force 

mankind, sooner or later to tap into clean and 

sustainable source of energy. Solar cell is expected 

to make a great contribution to both environmental 

treatment and renewable energy. Solar energy is 

widely considered to be future clean energy 

carriers in many applications such as 

environmentally friendly vehicles, domestic 

heating and stationary power generation [1-2]. 

Dye – Sensitized Solar Cells (DSSCs) have been 

under investigation for the past decade due to their 

attractive features such as high energy conversion 

efficiency and low production cost [3-4]. Polymers 

have played an integral role in the advancement of 

DSSCs. Regenerable redox couples (eg I-/I3-) are 

usually dissolved in an organic solvent, which 

results in high energy conversion efficiency but it 

has got some drawbacks such as leakage and 

evaporation of the solvent [5-6]. Therefore, several 

attempts have been made to substitute liquid 

electrolyte with solid or quasi-solid state 

electrolyte such as solid polymer electrolyte (SPEs) 

[7], Polymer gel electrolyte (PGEs) [8] and organic 

hole-transport materials [9]. 

Among them nanocomposite solid polymer 

electrolyte have achieved considerable attention 

because of their excellent properties such as easy 

fabrication, low cost and good stability. So they 

have obtained growing interest in solid state 

batteries, electrochromic devices and fundamental 

research of ion transport in disordered phases [10].  

 Polyvinyl alcohol (PVA) based polymer electrolytes 

also attracted much interest due to their good film 

forming capability, hydrogen bonding enhanced 
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mechanical strength, wide temperature window in 

which they are stable in gel phase and 

biodegradability. 

Recently, a new class of materials in which an 

inorganic/ceramic nanosized filler or high molecular 

weight organic filler was dispersed into the 

polymer electrolyte matrix as the third component, 

seems to be an attractive approach for the 

formation of nanocomposite polymer electrolyte. 

In the present study, the polymeric material 

used to prepare the nanocomposite thin film is 

Polyvinyl Alcohol (PVA), and the electrolyte 

material is Potasssium Iodide (KI) and Iodine (I2) 

and also the nanofiller is Zinc Oxide. 

In this study, we report on the preparation and 

characterization of PVA based electrolyte with 

nanofiller. Polymer nano composite electrolyte 

system composed of PVA as a host polymer, 

Potassium iodide and iodine as salt and nano sized 

ZnO as filler. The FTIR, UV and ionic conduction 

study for the polymer nanocomposite are 

investigated. 

2. Experimental 

2.1. Materials 

Poly (Vinyl Alcohol) PVA having molecular 

weight 1,20,000  and Potassium Iodide (KI), Iodine 

(I2) and Zinc Oxide (-30 nm) from sigma Aldrich 

were used. Dimethyl Sulfoxide (DMSO) of Purity> 

99% obtained from Merck is used as solvent. 

 

2.2. Preparation of Polymer Electrolyte films 

Polymer electrolyte solution containing of 0.5g 

of PVA was dissolved in Dimethyl Sulfoxide 

(DMSO). Different amount of KI (0.04, 0.06, 0.08. 

0.1g) were then added to the solution. The solution 

was then heated to 393K and maintained for 30 

minute until a viscous like solution was formed. 

The solution was allowed to cool down to 323K and 

some iodine (10% of weight) crystals were added 

with continuous stirring until a homogeneous 

polymer electrolyte was produced. It was then 

casted on FTO glass slides as thin films by using dip 

coating unit (Model: SPEKTRODIP Dip coater. The 

prepared thin films are stored safely in desiccators 

for further study. 

UV visible spectra (UV-Vis recording 

spectrophotometer Lambda 35) is taken. The 

transmission (T%) is measured in the spectral range 

250 to 1100 nm at room temperature. The 

thickness of the thin films are measured by a digital 

micrometer screw gauge. Electrochemical impedance 

spectroscopy (EIS) is done to determine the 

impedance of the electrolytes. 

 

3. Results and Discussion 

3.1. FTIR study of PVA, PVA /KI, PVA/KI/I2 and 

PVA/KI/I2/ZnO 

FTIR transmission spectra of Pure PVA (a) 

PVA/KI/I2 (b) PVA/KI/I2/ZnO (c) are shown in 

figure 1. 

Pure PVA  

The spectra of 0.5 g of PVA shows the broad 

band observed between 3500 and 3200 cm-1 refers 

to the intermolecular hydrogen bonding and O-H 

stretching vibration. The vibrational band between 

3000 cm-1 and 2888 cm-1 is associated with the C-H 

asymmetric stretching from alkyl groups and 

absorption peaks between 1700 cm-1 and 1690cm-1 

which is due to stretching of C-O from acetate 

group remaining in PVA [11-12]. 

Coates has mentioned in his paper that 

stretching hydroxyl (O-H) group occurs between 

the regions of 3570-3200 cm-1. Coates [13] and 

Awadia and Agarwal [14] have also mentioned that 

O-H stretching occurs at 3615-3050 cm-1. 

The Peak at 3402 cm-1 in pure PVA is ascribed to 

hydroxyl group (O-H) stretching and it is not due 

to absorbed solvent. The band corresponding to 

methylene (CH2) group asymmetric stretching and 

aliphatic C-H stretching vibration of pure PVA 

occurs at about 2997, 2913 cm-1 [15-18]. 

 

2.3. Characterization 

The FTIR (FTIR Spectrophotomer -Jasco 6300) is 

done for wavenumber range between 400 to 
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4000cm-1, to study the functional groups and the 

interaction between the polymer and electrolyte. 

 

PVA with KI & I2 

From the table 1 it is inferred that the O-H 

stretching vibration at 3402 cm-1 (28%) is shifted to 

3533 cm-1 (24%). For a change in amount of I2 from 

0.002g, 0.004g, 0.006g and 0.008g, the shift in 

vibrations are 3407, 3560, 3241 and 3509 cm-1 are 

shown in fig 1 b. These changes indicate that I2 can 

act as a secondary dopant on PVA, the maximum 

influence of I2 is observed at 0.006g of I2, the O-H 

peak intensity and position both being affected 

tremendously at this concentration. This effect 

begins at 0.004g of I2, as evident from large number 

of bands in the region 2596 cm-1 to 1911 cm-1 at this 

concentration. 

The C-C stretching vibration in PVA located at 

1577 cm-1 and 1578 cm-1 in PVA-KI mixtures are 

shifted to 1663, 1655, 1660 cm-1 on adding I2 (0.002, 

0.004, 0.006 & 0.008g). These changes are 

attributed to strong interaction of the secondary 

dopant I2 on PVA-KI doped polymer matrix. The 

changes in the C-C stretching & O-H in plane 

bending mode at 1430 cm-1 is shifted from 1436 cm-1 

to 1418, 1436, 1433 cm-1 as I2 concentration changes. 

The maximum effect of I2 on changing polymer 

configuration is evident at 0.004g of I2 & 0.006g of 

I2 as evident from the initial blue shift (18 cm-1 

with decreased intensity 27%) then red shift (18 

cm-1 with increased intensity 7%) then a blue shift               

93 cm-1 with increased intensity of 16%) as 

concentration of I2 changes from 0.002, 0.004, 

0.006, 0.008g. 

The C-O stretching vibration is affected by 

about 8 cm-1 with random changes in the intensity 

from 26% to 40%, 42% to 21% as I2 concentration 

increases uniformly by 0.002g. The bending 

vibrations in the region 950 cm-1 - 600 cm-1 appear 

to become broad with increased intensity. The C-I 

vibration expected at 550 cm-1 due to doping by I2 

is not separately found as a band. Hence I2 should 

be present in between the polymer chain 

converting the polymer to the expanded coil 

arrangement. KI & I2 may interact to produce I3- 

ions that may bind to O-H groups of polymer, 

favouring expanded coil networking of PVA-KI3 

skeleton. 

 

PVA-KI-I2-ZnO 

FTIR spectra of PVA-KI-I2 -ZnO is shown in 

figure 1c. The Spectra of Polymer electrolyte/ Zinc 

Oxide nanocomposite films clearly exhibit 

characteristics absorption peaks corresponding to 

only polymeric groups of Pure PVA with PVA-KI-I2. 

That is, the FTIR spectra of the nanocomposite 

films show no apparent change or shift in the 

characteristic peaks of PVA with the addition of 

ZnO nanoparticles.  The pure PVA, PVA-KI-I2 and 

PVA- KI-I2-ZnO nano composite films yielded the 

same FTIR spectra which means a poor chemical 

interaction between the polymer electrolyte and 

Zinc oxide occurred or the ZnO characteristics 

peaks is overlapped by the polymer electrolyte 

characteristic peaks (Table 1).  

ZnO nanoparticles are generally polar and thus 

strong self – interaction is induced between the 

nanoparticles. Such a scenario results in hard 

agglomerates [22]. The high polarity of ZnO 

nanoparticles impedes the chemical interaction 

between ZnO and the polymer matrix. This in turn 

causes no change or shift in the characteristic peak 

found in the FTIR analysis. The changes in the 

position, shape, intensity, formation of new peaks 

and disappearance of peak infers the interaction 

between PVA, KI, I2 and ZnO. Therefore it can be 

concluded that electrolyte is associated in the 

polymer matrix. IR spectra results prove that the 

complexation of PVA with KI &I2 are summarized 

in Table 1. 
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Figure 1a. FTIR spectra of PVA 
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Figure-1b. FTIR spectra of PVA/KI/I2 ACIC
St.Joseph's College ( Autonomous)
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Figure1.c. FTIR spectra of PVA/KI/I2/ZnO 

 

   Figure 2. UV-Visible spectra of PVA composite 

film 

 

3.2. Optical Properties 

The Optical Properties of Polymers can be suitably 

modified by the addition of dopants depending on 

their reactivity with the host matrix [23]. The 

optical absorption spectrum is an important tool to 

obtain optical band gap energy of crystalline and 

amorphous materials. The fundamental absorption 

which corresponds to the electron excitation from 

the valence band to the conduction band can be 

used to determine the nature and value of the 

optical band gap. The optical transmittance spectra 

of composite films of PVA-KI-I2-ZnO is shown in 

figure 2. 

It is inferred that the film possess transmittance 

of above 80% in the wavelength region λ > 400 nm 

and absorption edges lies in the ultraviolet region 

of the spectrum. The relation between the 

absorption coefficient (α) and incident photon 

energy (hν) can be written as [24, 25]. 

αhν = c (hν – E0)m --------(1) 

where c is a constant, E0 is the optical band gap of 

the material and the exponent m depends on the 

type of transition, m is an index which ban be 

assumed to have values of 1/2, 3/2, 2 and 3 

depending on the nature of the electronic 

transition responsible for absorption, m is equal to 

1/2 for allowed direct transitions, 3/2 for direct 

forbidden transitions, 2 for allowed indirect 

Spectrum Name: IR-9-

PA54g.sp  

4000.0 3600 320

0 
280

0 
2400 2000 1800 1600 1400 1200 1000 800 600 400.0 

0.0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100.0 

cm-1 

%
T

 

3930.03 

3856.08 

3805.88 

3434.29 

2997.66 

2912.98 

2593.20 
2453.16 

2336.51 

2266.95 

2223.06 
2095.69 

1993.24 

1909.75 

1658.91 

1435.40 
1411.06 

1313.38 

1029.15 

954.46 

901.41 

701.94 

670.04 

612.91 

Instrument Model: Arithmetic 

UV-Vis Spectrum 

Data Interval: 1.0000 nm 

Spectrum Name: PKIIZ-.SP  

Scan Speed: 480.00 nm/min 

 

190.0 300 400 500 600 700 800 900 1000 1100.0  

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100.0 

nm 

%T  

1082.5,94.500 

304.98,0.010574 

231.07,12.319 

226.14,13.379 



 

International Journal of 
Scientific Research in Science and Technology (IJSRST) 

Print ISSN : 2395-6011, Online ISSN : 2395-602X 
International Conference on Advanced Materials  

Held on 14, 15 December 2017, Organized by Department of Physics, 
St. Joseph’s College, Trichy, Tamilnadu, India 

 

 

Papers presented in ICAM-2017 Conference can be accessed from 

www.ijsrst.com- Volume 3, Issue 11, November-December-2017          P a g e  | 305 

transitions and 3 for forbidden indirect transitions. 

The indirect band gaps of films E0 can be obtained 

from equation (1) by extrapolating linear portion of 

(αhν) 1/2 to zero absorption in the (αhν)1/2 Vs hν 

plot  as shown in the figure 3. 

The addition of (KI & I2) & ZnO causes a 

decrease in E0 which may be explained on the basis 

of incorporation of amount of dopant forms charge 

transfer complexes (CTCS) in the host lattice, 

which enhance the lower energy transitions 

leading to the observed change in optical band gap. 

These CTCs increase the electrical conductivity by 

providing additional charges in the lattice and 

hence a decrease of band gap [26, 27]. The values of 

direct band gaps of   the composite films of PVA, 

KI, I2 and ZnO are around 3.33eV. 

Vibrational Peaks and assignments of (PVA)0.5g, (PVA)0.5g:(KI)0.06g, (PVA)0.5g:(KI)0.08g, (PVA)0.5g :(KI)0.08g : 

(I2)0.002g,  (PVA)0.5g: (KI)0.08g : (I2)0.004g, (PVA)0.5g: (KI)0.08g : (I2)0.006g,   (PVA)0.5g:  (KI)0.08g : (I2)0.008g , 

(PVA)0.5g:  (KI)0.08g : (I2)0.006g : (ZnO)0.004g 

  Vibrational Peaks of PVA + KI + I2  (cm
-1
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3928 

3407 

3927 

3560 

3241 

3928 

3755 

3509 

3434 

3763  

3928 

O-H stretching 

2997 

2913 

2999, 

2915 

2997 

2913 

2997 

2914 

2998 

2916 

2997 

2913 

2997 

2913 

2912 

2996 

C-H asymmetric stretching of 

CH2 

2593 2594 2594 2594 2596 ----- 2594  

C-H stretching 

2452 2332 
2452 

2321 
---- 

2452 

2315 
----- ----- 2593 

2222 2222 2222 ---- 2218 ----- ----- 
2313 

2452 

2097 2096 2096 2091 2096 ----- 2093 

2093 

2222 

2266 

1994, 

1910 
1992 

1993, 

1909 

1989, 

1908 

1991, 

1911 
1985 

1990 

1909 

1909 

1994 

--- --- 1727 1727 1725 --- ----- 1658 C-O stretching 

1577 1577 1578 1663 1665 1665 1660  
C=O stretching and 

C=C stretching 

1405 1403 1403 1436 1418 1436 1433 
1432 

1413 

O-H bending and C-H bending 

of CH2 

1315 1331 1323 1313 1315 1312 1313  
CH-OH bending and 

CH3 in plane deformation 

1258 1258 
1256, 

1117 
1251 ----- ----- ----- 

3434 

3763 

3928 

C-H wagging and C-O 

stretching 

--- 1119 1034 1033 1029 1037 1031  
C-C, C-O stretch and O-H 

bending 

1037 --- 955 953 952 953 952  
O-H out of plane bending and 

CH2 rocking vibrations 

954 955 831 ----- ----- ---- ----  
C-C stretching and CH2 

rocking 

830 830 758 786,702 ----- 791 ----  

O-H twisting 757 760 699 ----- 701 704 701  

700 699 655 ----- ---- --- ----  
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  Vibrational Peaks of PVA + KI + I2  (cm
-1

) 

Assignments Pure 

(PVA)0.5g 

(PVA)0.5g 

+ (KI)0.06g 

(PVA)0.5g 

:(KI)0.08g 

(PVA)0.5g 

:(KI)0.08g 

:(I2)0.002g 

(PVA)0.5g 

: (KI)0.08g 

: (I2)0.004g 

(PVA)0.5g 

: (KI)0.08g 

: (I2)0.006g 

(PVA)0.5g 

: (KI)0.08g 

: (I2)0.008g 

(PVA)0.5g 

: (KI) 0.08g 

: (I2)0.006g 

:(ZnO)0.004g 

----- 426 596 ----- ----- ----- ----- 607 C-I stretching 

 

1.5 2.0 2.5 3.0 3.5 4.0 4.5

1000

2000

3000

hv (eV)hv (eV)

PVA+KI+I2+ZnO

(αhν)1/2 eV 

 

Figure 3 . (hν)  vs (αhν)1/2 plots of  PVA composite 

film 

 

3.3. Conductivity studies 

The conductivities of the polymer complexes 

are calculated from the bulk resistance obtained 

by the intercepts of the typical impedance curves 

of (Nyquist Plot) for various films of PVA, 

PVA+KI+I2 and PVA+KI+I2+ZnO.  

The real and imaginary parts are taken along 

the x axes and y axes which is shown in figure 4 a, 

b, c respectively. Intercept of the curve on the real 

axis gives the bulk resistance (Rb) of the sample. 

The bulk conducties σ are calculated using the 

relation.  

σ = l / Rb A-----(1) 

where l is the thickness, Rb is bulk resistance and 

A is contact area of the electrolyte film during the 

experiment. 
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0
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Figure 4 a. Real and imaginary part impedance of 

pure PVA 
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Figure 4 b. Real and imaginary part impedance of 

PVA+KI  
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Figure 4 c. Real and imaginary part impedance of 

PVA+KI+I2 thin film 

 

The increase in ionic conductivity of polymer 

electrolyte is due to the reduction in the energy 

barrier, thereby facilitating the ionic transport. 

The ionic conductivity of about 0.4115 x10-3 S cm-1 

for pure polymer and    2.307x10-3 s cm-1 is 

observed for the composition of  PVA + KI + I2 + 

ZnO at 25∘C which is shown in the table 2. 

Table 2.Bulk resistance (Rb), Conductivity (σ), 

dielectric constant (ε) in the Polymer and Polymer 

nano composite thin films at 100 Hz 

Sample Rb 

σ x 

10-3 

(S cm-

1) 

ε 

PVA 27845.23 0.4115 3.7204 

PVA+KI 10682.94 1.0727 49.366 

PVA+KI+I2 5345.24 2.1439 116.4285 

PVA+KI+I2+ZnO 4966.659 2.3074 153.8322 

 

3.4. Dielectric Properties 

The study of dielectric relaxation in solid 

polymer electrolytes is a powerful approach for 

obtaining information about the characteristics of 

ionic and molecular interactions. The dielectric 

parameters associated with relaxation processes 

are of particular significance in ion conducting 

polymers where the dielectric constant plays a 

fundamental role which shows the ability of 

polymer material to dissolve salts. The dielectric 

constant is used as an indicator to show the 

increase in conductivity which is mainly due to an 

increase in the number density of mobile ions. The 

frequency-dependent conductivity and dielectric 

relaxation are both sensitive to the motion of 

charged species and dipoles of the polymer 

electrolytes.  

The complex dielectric constant of a system ε* is 

defined by  

 ε*= ε' - i ε"   ------(2) 

Real part of dielectric constant ε' of the material 

is expressed as ε' = cd/ εοA 

where c is the parallel capacitance, d is the 

thickness of the film, εο  is the permittivity of the 

free space and A is the area of the contact area of 

the film.  The variation of the real part of the 

dielectric constant ε' as a function of frequency for 

the Polymer nanocomposte thin film is shown in 

figure 5.The observed variation in ε' with 

frequency could be attributed to the formation of 

a space charge region at the electrode and 

electrolyte interface, which is known as the non –

Debye type of behaviour where the space charge 

region with respect to the frequency is explained 

the interaction of ion diffusion. The material 

electrode interface polarization of the composites 

masks the other relaxation processes at low 

frequencies. On the other hand, with increasing 

frequency there is no time for charge build-up at 

the interface because of the increasing rate of 

reversal of the electric field. Therefore, the 

polarization due to charge accumulation decreases 

which leads to the decreases in the value of ε'. 
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Figure 5. Log frequency Vs dielectric constant of 

PVA composite film 
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Conclusion 

The polymer electrolyte based on PVA, KI, I2 

and ZnO thin film is obtained using dip coating 

technique. FTIR spectra prove that the 

complexation of PVA with KI, I2 and Zno. The 

addition of I2 and ZnO to the PVA-KI polymer 

electrolytes has proved to be a convenient method 

to increase the ionic conductivites of the 

membranes at 2.307X10-3 S/cm at ambient 

temperature. The increase of degree of 

amorphousity in the polymeric material increases 

ε' values. The decrease in the optical band gap can 

be correlated to the formation of the charge 

transfer complexes within the polymer network 

on dispersing I2 in it. From a practical point of 

view, the polymer based electrolyte is a potential 

candidate for Dye sensitized solar cells. 
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Abstract 

The Laves phases structure AB2 type intermetallic 

compound HfTi2 is accomplished of storing hydrogen 

and its isotopes. The eigen values and eigen vectors 

of the host system are computed using a Born-von 

Karman formalism. The mean square displacements 

of hydrogen isotope and its surrounding host 

crystal atoms are computed using scattering matrix 

formalism and green function method. Diffusion 

parameters of hydrogen isotopes are estimated 

using reaction coordinate approach incorporating 

the scattering matrix formalism and green function 

technique. The theoretically calculated results are 

comparable with the existing experimental results.  

Keywords: HfTi2, eigen values, eigen vectors, 

mean square displacement, diffusion parameters, 

hydrogen isotopes, green function technique, 

scattering matrix formalism and reaction 

coordinates 

1. INTRODUCTION 

HfTi2 belongs to AB2 type intermetallic compound, 

which is capable of storing hydrogen and its isotopes 

in its interstitial positions. HfTi2 has Laves phase 

structure having AB2 type lattice in which A sub-

lattice is cubic whereas B sub-lattice is tetrahedral 

sharing one [1].  The quadruple defect formation as 

well as the vapour pressure as function of 

temperature have been described in terms of Ising 

model using the Bragg Williams approximation in 

Laves phases [2].  The location of hydrogen atoms 

in the compound HfTi2Hx is determined [3] and the 

hydrogen occupancies are two types with tetrahedral 

positions of 32e sites (AB2) and 96g sites (A2B2) in 

HfTi2. In this compound at x=4.0, the e site 

positions are 82.5% and g site positions are only 

5.83% occupied and at x=4.5, the e site position are 

67.5% and g site positions are only 15% are filled.  

Moreover, the hydrogen stabilized cubic Laves 

phases (λ phase) is observed at x=4.0. The hydrogen 

diffusion parameters in the hydrogen stabilized 

Laves phase compound C15 – HfTi2Hx have been 

estimated using a pulsed field gradient Nuclear 

Magnetic Resonance method [4].  Using pulsed 

field gradient NMR technique, two types of jump 

mechanism were observed in C15 – HfTi2Hx on 

different time scales: long range diffusion from e 

site to e site through intermediate g-site and a fast 

localized motion [5]. Using the effective pair 

potentials for Ti, Zr, Hf, V, Nb, Ta and their 

hydrides from the first principle by inverting the 

ab initio inverted pair potentials, the elastic 

constants, bulk modulus and thermal properties of 

these hydrides are estimated [6]. Through X-ray 

diffraction study, it is observed that there is 

formation of a single hydrogen stabilized λ-phase 

in HfTi2Hx at x=4.0 and 4.5 [7]. Though there are 
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few experimental studies dealing with the diffusion 

of hydrogen in this intermetallic compound, there 

are no theoretical studies except hydrogen diffusion 

in nanostructured HfTi2 using green’s function 

approach in this direction [8]. Hence, in this study, 

theoretically calculated values of defect modes, 

Debye Waller factor of host atoms surrounding 

hydrogen and the diffusion parameter of hydrogen 

isotopes are reported. 

2. METHOD OF CALCULATION 

The diffusion parameters of 1

1H , 2

1 H  and 3

1H  in 

this system are estimated using a green’s function 

approach considering scattering matrix formalism 

and reaction coordinate method. To calculate the 

green’s function values of the host material HfTi2, 

its complete phonon spectrum is needed. The 

phonon spectrum of HfTi2 is estimated using Born 

Von Karman formalism considering interaction up 

to six neighbors. 

The force constant parameters used for the 

estimation of phonon spectrum of HfTi2 are 

calculated using a Long-Range Empirical potential 

with parameters [9 & 10] and are arranged in table-1. 

Table 1. Force constant values in 104 dynes cm-2 
A11=-0.1868 A21, A31=4.5629 A23=-0.0672 A31 = 4.5629 A41, A61 4.535 A51 =4.535 

B11 = -0.1868 B21=-1.4109 B23=-0.093 B31 = -1.4109 B41,B61=4.535 B51 =4.535 

C11 = 0.1526 C21=0.5041 C23=-0.033 C31 = 0.5041 C41,C61=-0.991 C51 = -0.9918 

A12 =-0 .1239 D21=0.5041 D23 =0.0085 D31 = 0.5041 A42,A62=-0.088 A52 = -0.2193 

B12 = 0.1795 A22 = -0.6177 E23 = -0.0046 A32 = -6.177 B42,B62= -0.088 B52 =-0.01582 

A13 =-0.0026 B22= -0.1574 E33 = -0.0046 B32 = -0.1574 C42,C62=0.0343 C52 = 0.097 

B13 = -0.0026 C22= 0.1363 F23 = -0.0041 C32 = 0.1363 A43,A63=-0.099 D52 = 0.176 

C13 = 0.0005 D22=0.1363 B33 = -0.093 D32 = 0.1363 B43.B63=0.0381 A5 3 = -0.0992 

A33 = -0.0672 D43,D63  =0.0275 C33 = 0.033 D33 = 0.0085 C43,c63= 0.0153 B53 =0.0381 

 F33 = -0.0041  D53 = 0.0152  C53 = 0.0275 

In order to calculate the defect modes and amplitudes 

of vibration of host crystal atoms and the defects, 

which involved in the estimation of reaction 

coordinates, one has to calculate the green’s 

function values using the equation [11]. 
   

 
*
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| ' |' 1
: exp . ( ) ( ')

' qjk k

e k qj e k qjl l
G iq R l R l

k k N m m

 

 


 
     

 


 

... (1) 

where ωmaxis the maximum frequency among all 

normal modes of the crystal.  

The defect modes are estimated using the green’s 

function values by solving the secular equation, 

(2) = |I – g(l + aaT)| = 0  ... (2) 

where I, g, a, l and γ respectively are the unit, 

green’s function, change in dynamical, interaction of 

hydrogen with neighbors and interstitial green’s 

function matrices. The displacement of neighboring 

atoms to the hydrogen isotope is computed using 

the equation  

u1 = {I + g(l + aaT) [I – g(l + aaT)]-1 ... (3) 

where

1

2

: ( , ) exp .
2 k qj

l l
u qj e k qj iq r

k kNm
 



       
       

       

 

with qj and e(k, qj) as phonon frequencies and 

eigen vectors respectively. 

The displacement of hydrogen isotope is computed 

using the equation 

 = -aTu1   ... (4) 

In the jump process of hydrogen isotope, the 

jump is initiated as a result of fluctuation in the 

energy and momentum of the hydrogen isotope 

assisted by the phonon created by lattice 

vibrations.  The reaction coordinate is estimated using 

the equation  

 = 
1

.
'

d j

j

u x
m


 

 
 

   ... (5) 

where d  and 
ju  are displacements of diffusing 

atom and host atoms respectively. 

Using the reaction coordinate, the jump frequency 

is computed using the equation [12 & 13] 

=
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From this equation, 0 is identified as  
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Using the Golden rule 

 = 
0 exp a

B

E

k T

 
  

 
   ... (7) 

the activation energy Ea is calculated. 

The pre-exponential factor of diffusion constant D0 

is calculated using the formula  

D0 = 
2

2 10

6

l
m s


    ... (8) 

 

3. RESULTS AND DISCUSSION 

a) Eigen values and eigen vectors 

The computed force constant values have been 

substituted in the dynamical matrix to calculate eigen 

values and eigen vectors by diagonalising the 

dynamical matrix for 84 wave vector points obtained 

by uniformly dividing the Brillouin zone [14]. 

b) Mean Square Displacement 

The presence of interstitial hydrogen alters the 

displacement of nearby host atoms. The mean 

square displacement values for different temperatures 

are calculated and are compared with defect free 

situation as shown in fig. 1. It increases with 

temperature as expected. More over the MSD 

values of atoms surrounding 1

1H , 2

1 H  and 3

1H  

defects are decreased drastically.  This may be due 

to the creation of resonance modes. During the 

resonance nodes of vibration, the vibrational 

amplitude of hydrogen isotope is expected to be 

high with the expense of that of the surrounding 

atoms. 

 
Figure 1(a). Mean square displacement of atoms 

surrounding the H-defect 

 

 
Figure 1 (b). Mean square displacement of atoms 

surrounding the 1H2- defect 

 

Figure 1(c). Mean square displacement of atoms 

surrounding the 1H3 -defect 

 

c) Jump frequency values 

Using green’s function values and the change in 

dynamical matrix due to the presence of hydrogen 

and their isotopes (H, D and T) the jump frequency 

values were calculated using reaction coordinate 
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technique for different temperatures and these 

values are given in table 2. From this table, it is 

clear that jump frequency values increase with 

increase in temperature as expected. 

Table 2. Jump frequency values at different 

temperature 

Isotopes 
Temperature 

(K) 

Jump frequency 

 sec
-1 

1H
1
 

500 3.05E+11 

750 1.37E+12 

1000 2.93E+12 

1250 4.62E+12 

1H
2
 

500 2.83E+11 

750 1.31E+12 

1000 2.82E+12 

1250 4.48E+12 

1H
3
 

500 2.76E+11 

750 1.29E+12 

1000 2.79E+12 

1250 4.44E+12 

d) Diffusion parameters 

The ln versus reciprocal of temperature curve 

is as shown in fig. 2, which was found to be a 

straight line.  From the intercept and slope, the pre 

exponential value of jump frequency 0 and 

activation energy Ea values are determined. The D0 

value was calculated using the Eqn.  

D0 = 
2

0

6

l
            ... (4.1) 

 
Figure 2 (a). Logarithmic of Jump frequency vs. 1/T 

for 1H1 in HfTi2 

 
Figure 2 (b). Logarithmic of Jump frequency vs. 1/T 

for 1H2 in HfTi2 

 
Figure 2 (c). Logarithmic of Jump frequency vs. 1/T 

for 1H3 in HfTi2 

Our results are compared with that computed 

employing Quasielastic neutron scattering [3] and 

NMR studies [4] [5] in table 3. Our result is found 

to be comparable with the experimental results. 

Since the activation energy is very low of the order 

of 226 meV, there is no formation of permanent 

hydrides. As a consequence, it is easy to retrieve 

the hydrogen isotope back. Hence this system is a 

good candidate to store hydrogen and its isotopes. 
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Table 3. Experimental values of diffusion 

parameters of H in HfTi2 

 

Diffusing 

atom 

Pre-

exponential 

factor D0 

(10
-8

 m
2
 sec

-1
) 

Activation 

energy Ea 

(meV) 

Reference 

1H
1
 

6.7081 

226.4  

This study 1H
2
 230.1 

1H
3
 231.3 

1H
1
 6.291 195 [8] 

1H
1
 4.6 ± 1.6 230 ± 10 [3] 

1H
1
 1.2 ± 0.3 210 ± 10 [4] 

1H
1
 0.8 210 [5] 

A comparative study is made as shown in table 4. 

Last two columns show that, D1H2/D1H1 and 

D1H3/D1H1 values are found to be less than one as 

expected. This result is in support for the 

application towards isotope separation. 

Table 4. Comparative study 

Temp. 

(K) 
D1H

1
 D1H

2
 D1H

3
 

Ratio 

D1H
2/D1H

1 

Ratio 

D1H
3/D1H

1
 

500 9.96022E-31 4.21882E-31 3.42328E-31 0.42356704 0.343695221 

750 4.0524E-23 2.28557E-23 1.98836E-23 0.564003032 0.490661892 

1000 2.58484E-19 1.68227E-19 1.51538E-19 0.650820282 0.586255252 

1250 4.95755E-17 3.5159E-17 3.23398E-17 0.709200222 0.652333073 

 

4. CONCLUSION 

A Born-von Karman formalism has been used to 

work out the eigen values and eigen vectors of the 

cubic Laves phased compound HfTi2. The localized 

vibrational modes have been worked out with 

hydrogen atoms as an interstitial defect in this 

system. A green’s function technique and scattering 

matrix formalism are used to work out the MSD 

values of hydrogen isotopes (1H1, 1H2 and 1H3) and 

its neighbors at 500, 750, 1000 and 1250 K 

temperatures. A reaction coordinate technique has 

been used to work out the diffusion parameters of 

hydrogen isotopes (1H1, 1H2 and 1H3) in HfTi2. 

Estimated values are found to be in good agreement 

with the existing experimental results. 
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