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Abstract- Zinc oxide Nanocrystalline thin films were prepared 
by chemical bath deposition (CBD)  method using Zinc 
Acetate and Sodium Hydroxide as precursors and Ethylene 
Glycol as capping agent. The effect of different deposition 
times on the optical properties of the films was investigated. 
The band gap values were determined from optical absorption 
spectra. A decrease in band gap with increase in deposition 
time was observed. The Optical constants like Refractive 
Index, Extinction Coefficient, Optical Conductivity, Electrical 
Conductivity, Real and Imaginary Dielectric Constants were 
determined using absorbance and transmittance data. A rise 
and fall in the values of all the optical constants with 
wavelength is observed which can be related directly to the 
absorption of light .The structure, morphology & elemental 
composition of prepared zinc oxide nanocrystalline film were 
studied using XRD, FESEM & EDX spectra .FESEM images 
confirm  the hexagonal nanorod structure of ZnO.The X-Ray 
diffraction spectrum shows the hexagonal wurtzite structure 
with maximum intensity for the 100 plane. 
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I. INTRODUCTION 
 
 Nanomaterial science is  a wide and interdisciplinary 
area of research and development that has been growing very 
fast in the last few decades. Materials in the nanoscale show  
unique optical, magnetic and electrical properties. Zinc oxide 
(ZnO) nanoparticles  have their own importance because of its 
varied applications in  Solar cells,L.E.D’s, photocatalyst, 
protective coating, electrophotography, photoprinting, 
chemical sensor etc. It  is  enviroment friendly,easy to 
synthesize,has low resistivity and high transmittance in the 
visible solar region[1,2,3]. Zinc Oxide is an interesting 
material not only  because of its physical properties but also 
due to a wide variety of morphologies. Some of the ZnO 
nanostructures exhibit various shape such as nanotube, 
nanowire/nanorod, nanobelt , nanocomb ,nanoflower, 
nanosheet and tetrapod like structure[3].Due to their high 

catalytic activity, ZnO has a great advantage to be applied in 
catalytic reaction process[4]  
    

Many methods have been described in the literature 
for the production of ZnO nanostructures such as laser 
ablation [5], hydrothermal methods [6], electrochemical 
depositions [7], sol–gel method [8], chemical vapor deposition 
[9], thermal decomposition [10], and combustion method   
[11,12].recently, ZnO nanoparticles were prepared by 
ultrasound [13], microwave-assisted combustion method [14], 
two-step mechanochemical-thermal synthesis [15], 
anodization [16], co-precipitation [17], and electrophoretic 
deposition [18]. The chemical bath deposition method(CBD) 
is one of the most frequently utilised methods for the synthesis 
of ZnO nanoparticles because of its notable advantages such 
as its adaptability to large-scale production, low cost, and low 
synthesis temperature. In the present work, ZnO 
nanocrystalline films have been synthesized  by CBD method 
and the effect of deposition time on their optical properties 
have been investigated. The Structural and morphological 
properties of the films were studied using XRD, FESEM, and 
EDS techniques 
  

II. EXPERIMENTAL METHOD 
 

 2.1 Film Preparation:-   
 

Preparation by CBD method involves precipitation 
followed by condensation. The precipitates were prepared in 
200 ml beakers which were cleaned using HCl, acetone and 
distilled water. Thin films were deposited on microscopic 
glass slide  (75mm L × 25 mm wide), thickness 1 mm (±0.1 
mm).  The chemical bath solution was prepared by a solution 
of 1M Zinc Acetate and 0.5M of Sodium hydroxide added 
dropwise with continuous stirring for two hours. A white 
translucent sol is obtained which was filtered and washed with 
triple distilled water to get a white precipitate. Ethylene glycol 
was used as a capping agent to form ZnO Nanocrystalline thin 
film .The solution is stirred in magnetic stirrer for 1 hr and the 
deposition was made in static condition in the water bath at 
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temperature 600C for three different deposition times (3 hrs, 4 
hrs & 5 hrs) . At the end of the deposition, white coloured  
ZnO thin film was formed on the substrates with desired 
thickness, The films were adherent, homogeneous and without 
any powder precipitation. The substrates were removed from 
the chemical bath, rinsed thoroughly in distilled water and 
dried in the air at room temperature. 
 
2.2 Measuring Instruments :-  

 
The absorbance and transmittance measurements 

were done using Elico SL 210 UV–Vis Spectrophotometer. 
The XRD studies were carried out using PAN analytical 3 KW 
powder X-Ray diffractometer at NIT Raipur. FESEM and 
EDS studies were done using JSM 7610F Scanning Electron 
microscope at VNIT Nagpur. 
 

III. RESULTS AND DISCUSSION 
 

 3.1 XRD Studies: 
 
   The X Ray Diffractogram of the synthesized ZnO 
nanofilms presented in  fig (1)  confirms the hexagonal 
wurtzite structure with predominant orientation along the 100 
plane. The assignment of different peaks were made by 
comparison with JCPDS data(36-1451) and calculation of 
lattice constants which showed agreement with reported 
values .The corresponding data are presented in table 1.The 
average size of the nanoparticles has been calculated for the 
100 peak using the Debye-Scherrer formula. 

………………………….(1) 
   

Where, λ is the x-ray wavelength (1.504 nm), θ is the 
Bragg diffraction angle, and β is the full width at half 
maximum. The full width at half maximum was measured 
using Gaussian curve for the highest peak 100. The average 
size of nanoparticles was found to be 28.25 nm. 
 
Table 1 : XRD data of ZnO film deposited on glass substrate 

at  600C for 4 hrs 

 

 
Fig 1 :-X-Ray diffractogram of ZnO Nanocrystalline film 

prepared by CBD method 
 
3.2 FESEM and EDS Studies :- 
 

The FESEM image of the ZnO film prepared using 
CBD method with 4 hrs  deposition time(magnification-20K)  
is presented in fig 2(a). A homogenous cluster of hexagonal 
nanorods can be observed. 
   

EDS analysis is performed to confirm the atomic 
composition of constituents atoms and foreign impurity atoms. 
Fig.2(b) shows the EDS spectra of  ZnO film prepared using 
CBD method with 4 hrs  deposition time. Zn, O & small 
percentage of C has been detected from EDS analysis of the 
films. 
 

 
fig 2(a) FESEM image of ZnO Nanocrystalline thin film 
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           Fig 2(b) EDS Spectra of ZnO 
 
3.3 Absorbance Spectral Studies:-  

 
Fig 3 shows the Optical absorption Spectra of ZnO 

films prepared by CBD method  at three different deposition 
times. The Optical Absorption Coefficient α and band gap Eg 

(for direct band gap materials) are represented by the equation  
 

α=c(hυ-E g)1/2 /hυ -----(2) 
 
where, E g is the optical band gap and c is a constant. 

Thus a plot between (αhυ)2 vs hυ (Tauc’s plot) gives the band 
gap value Eg of the material. The values of band gap energy 
obtained from Tauc’s plot are presented in table 2 . 

 
Fig 3 Optical absorption Spectra of ZnO Nanocrystalline thin 
film with Ethylene Glycol as Capping agent (a) ZnO with 3 

hrs D.T. (b) ZnO with 4 hrs D.T. (c)ZnO with 5 hrs D.T. 
 

Table (2) Energy band gap of ZnO with different deposition 
time 

 
        
 3.4 Determination of Optical Constants :-  

 
The values of Refractive Index and Extinction 

Coefficient were calculated from Transmittance spectra. 
Refractive index (n) is a fundamental property of an optical 
material as it provide the information about the interaction of 
light and nanoparticle and hence is of importance to our health 
and environment [21].Evaluation of the refractive index of 
these materials is important for application in various 
integrated optical devices.  

 
In the present work the refractive indices were 

determined by Envelope method proposed by Swanepoel 
[22].For energies greater than band gap or for free carrier 
absorption at higher wavelength, the dispersion of n and k is 
not very large [23].Using the Envelope method, the refractive 
index of the film on a transparent substance can be evaluated 
from the transmittance spectra using the relation[24]  

 

……………………(3) 
where 

…………………….(4) 
 
and ns is the refractive index of the substrate (ns =1.52 for 
glass)  

 
The extinction coefficient  measures the fraction of 

light lost due to scattering and absorption per unit distance in 
the participating medium. ‘k’ can be calculated from the 
relation  

k=αλ∕4π --------------(5) 
 
where α is the absorption coefficient.  
 

Fig 4(a) shows variation of Refractive Index with 
wavelength of ZnO films prepared with  Ethylene glycol 
capped ZnO films. 
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Fig 4(a) Refractive index v/s wavelength of ZnO 

Nanocrystalline thin film (a)ZnO with 3 hrs D.T. (b) ZnO with 
4 hrs D.T. (c)ZnO with 5 hrs D.T. 

 
It can be observed from fig 4 (a) that the values of 

refractive index reaches a maximum value at around 400nm 
for films deposited with 3 hrs and 4 hrs deposition time and 
then decreases with increase in wavelength. However for film 
deposited with 5 hrs deposition time, the refractive index is 
high at around 300nm, reaches a low around 350nm and then 
increases. 

 
4(b) Extinction Coefficient v/s wavelength of ZnO 

Nanocrystalline thin film (a)ZnO with 3 hrs D.T. (b) ZnO with 
4 hrs D.T. (c)ZnO with 5 hrs D.T. 

 
Figures 4(b) show the variation of  Extinction  

Coefficient with wavelength which show a rise and fall which 
is directly related to the absorption of light. The values of 
extinction coefficient are lower(between 0.2 and 0.3) in the 
three cases at lower wavelengths while they increase upto 0.7 
at higher wavelength 
 
The optical Conductivity  was determined by the 
relation[25] 
 

……………….(6) 
 

The electrical Conductivity was determined by the relation[25] 
 

…………………….(7) 

The dielectric constant may be defined as a complex:- 
 

…………………………..……….…(8) 
Thus …………………………(9) 

…………………………………………..(10) 
 
Where  is the real dielectric constant and  is the imaginary 
dielectric constant 
 

Figures 4(c),4(d),4(e) &4 (f) show the variation of  
,  with wavelength. A similar rise and fall with 
wavelength is observed in all the cases. The values of  
,  at 380nm for the different films are summarized in 
table 3. 
  
 

 
fig 4 (c) Electrical Conductivity v/s Wavelength of ZnO 

Nanocrystalline film (a)ZnO with 3 hrs D.T. (b)ZnO with 4 
hrs D.T. (c)ZnO with 5 hrs D.T. 

 

 
4 (d) Optical Conductivity v/s wavelength of ZnO 

Nanocrystalline thin film (a)ZnO with 3 hrs D.T. (b)ZnO 
with 4 hrs D.T. (c)ZnO with 5 hrs D.T. 
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4(e) Real Part of Dielectric constant of ZnO Nanocrystalline 

thin film (a)ZnO with 3 hrs D.T. (b)ZnO with 4 hrs D.T. 
(c)ZnO with 5 hrs D.T. 

 

 
4(f) Imaginary part of Dielectric constants of ZnO 

nanocrystalline thin film  (a)ZnO with 3 hrs D.T. (b)ZnO 
with 4 hrs D.T. (c)ZnO with 5 hrs D.T. 

 
Table 3  Optical constants of ZnO Nanocrystalline thin film 

 
 

IV. CONCLUSION 
 

ZnO nanocrystalline films have been synthesized  by 
CBD method on glass substrate at 600C for three different 
deposition times.The effect of deposition time on the optical 
properties of the films were  investigated.The band gap values 
were in the range of 3.4 to 3.6 eV A decrease in band gap with 
increase in deposition time was observed. The values of 
Optical constants like Refractive Index, Extinction 
Coefficient, Optical Conductivity, Electrical Conductivity, 
Real and Imaginary Dielectric Constants showed a rise and 
fall  with wavelength which can be related directly to the 

absorption of light. Hexagonal nanorod structure of ZnO is 
observed from FESEM images. EDS studies show the 
presence of Zinc,Oxygen  and small percentage of Carbon The 
XRD studies confirm the hexagonal wurtzite structure with 
orientation towards 100 plane. 
 

V. ACKNOWLEDGEMENT 
 
We are extremely thankful to Dr. Suresh dua of 

Metallurgy department of NIT Raipur  for carrying out XRD 
studies . Sincere thanks are also due to Dr. Kavita of 
Metallurgy department,VNIT Nagpur for FESEM and EDS 
studies.             
 

REFERENCES 
 

[1] Chen S, Kumar RV, Gedanken A, Zaban A, 
Sonochemical Synthesis of crystalline nanoporous Zinc 
Oxide Spheres and their application in Dye Sensitized 
Solar Cells, Isr. J Chem., 41,51 (2001).  

[2] Swati S. kulkarni, Mahendra D. Shirsat, Optical and 
Structural Properties of Zinc Oxide Nanoparticles, 
International Journal of Advanced Research in Physical 
Science  2,1 (2015) 

[3] Tejendra Chandrakar,Sandhya Pillai,ZnO Nanoparticles: 
Synthesis Techniques, Properties and Applications , 
International Journal for Scientific Research & 
Development| Vol. 6, Issue 01, 2018 

[4] H. Yang, Wang J. and Ye Z. 2011, Layer structured ZnO 
nanowire arrays with dominant surface and acceptor 
related emissions, Materials Letters 65: 9:1351-1354. 

[5] Scarisoreanu, N, Metai, DG, Dinescu, G, Epurescu, G, 
Ghica, C, Nistor, LC, Dinescu, M: Properties of ZnO thin 
films prepared by radio-frequency plasma beam assisted 
laser ablation. Appl. Surf. Sci. 247, 518–525 (2005) 

[6] Ni, YH, Wei, XW, Hong, JM, Ye, Y: Hydrothermal 
synthesis and optical properties of ZnO nanorods. Mater. 
Sci. Eng., B, Solid State Mater. Adv. Technol 121, 42–47 
(2005) 

[7] Chang, S, Yoon, SO, Park, HJ, Sakai, A: Luminescence 
properties of Zn nanowires prepared by electrochemical 
etching. Mater. Lett. 53, 432–436 (2002)  

[8] Ristiac, M, Musiac, S, Ivanda, M, Popoviac, S: Sol–gel 
synthesis and characterization of nanocrystalline ZnO 
powders. J. Alloys Compd. 397, L1–L4 (2005) 

[9] Wu, JJ, Liu, SC: Low-temperature growth of well-aligned 
ZnO nanorods by chemical vapor deposition. Adv. Mater. 
14, 215–218 (2002) 

[10]  Wang, RC, Tsai, CC: Efficient synthesis of ZnO 
nanoparticles, nanowalls, and nanowires by thermal 
decomposition of zinc acetate at a low temperature. Appl. 
Phys. A. 94, 241–245 (2009) 



IJSART - Volume 4 Issue 6 – JUNE 2018                                                                                         ISSN [ONLINE]: 2395-1052 
 

Page | 810                                                                                                                                                                     www.ijsart.com 
 

[11]  Lamas, DG, Lascalea, GE, Walsoc, NE: Synthesis and 
characterization of nanocrystalline powders for partially 
stabilized zirconia ceramics. J. Eur. Ceram. Soc. 18, 
1217–1221 (1998) 

[12]  Badhuri, S, Badhuri, SB: Enhanced low temperature 
toughness of Al2O3-ZrO2 nano/nano composites. 
Nanostrct. Mater. 8, 755–763 (1997) 

[13] Khorsand, Z, Abid, A, Majid, WH, Wang, HZ, Yousefi, 
R, Golsheikh, M, Ren, ZF:Sonochemical synthesis of 
hierarchical ZnO nanostructures. Ultrasonic 
Sonochemistry 20, 395–400 (2013) 

[14]  Kooti, M, Nagdhi Sedish, A: Microwave-assisted 
combustion synthesis of ZnO nanoparticles. J. Chem 
(2013). doi:10.1155/2013/562028 

[15]  Rajesh, D, Vara Lakshmi, B, Sunandana, CS: Two-step 
synthesis and characterization of ZnO nanoparticles. 
Physica B-Cond. Mater. 407, 4537–4539 (2012) 

[16]  Shetty, A, Nanda, K: Synthesis of zinc oxide porous 
structures by anodisation with water as an electrolyte. 
Appl. Phys. A. 109, 151–157 (2012) 

[17]  Singh, O, Kohli, N, Singh, RC: Precursor controlled 
morphology of zinc oxide and its sensing behavior. Sens. 
Actuators B. 178, 149–154 (2013) 

[18] Vazquez, A, Lopez, IA, Gomez, I: Growth mechanism of 
one-dimensional zinc sulfide nanostructures through 
electrophoretic deposition. J. Mater. Sci 48, 2701–2704 
(2013) 

[19] Ayesha Naveed U Haq, Akhtar Nadhman, Ikram 
Ullah,Ghulam Mustafa,Masoom Yasinzai and Imran 
Khan, Synthesis Approaches of Zinc Oxide 
Nanoparticles:The Dilemma of Ecotoxicity, Hindawi 
Journal of Nanomaterials Volume 2017, Article ID 
8510342, 

[20] R.Swanepoel,” Determination of the thickness and optical 
constants of amorphous silicon J.phys.E,;Vol. 16,p-1214-
1222,1983.   

[21] Alaa A.Al. Jubory” Study on the Effect of Copper Doping 
on the Structural and Optical Properties of (Cd0.7Zn0.3)S 
NanocrystallineThin Films Prepared by Chemical Bath 
Deposition”, International Journal of Science and 
Technology,Vol.2, No.10,p-707-712, 2012 

[22] R.Swanepoel,” Determination of the thickness and optical 
constants of amorphous silicon J.phys.E,;Vol. 16,p-1214-
1222,1983 

[23] Manifacier J.C., Gasiot J. Fillard J.P.,”A simple method 
for the determination of the optical constants n, h and the 
thickness of a weakly absorbing thin film” J. Phys. E,; 
Vol.9,p-1002-1004,1976. 

[24] S. Ilican, M. Caglar, Y Caglar,”Determination of the 
thickness and optical constants of transparent indium-
doped ZnO thin films by the envelope method “,Mat.SC. 
Poland,Vol.25,No.3,p-651-655,2007 

[25] T. Arumanayagam, P. Murugakoothan,Journal of 
Minerals & Materials Characterization & Engineering, 
Vol. 10, No.13, pp.1225-1231    13) 


