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Abstract

Photocatalytic ZnO thin films have been deposited onto glass substrate by spray py-
rolysis technique. The sprayed solution consists of 0.1 M of zinc acetate dihydrate
dissolved in double distilled water and sprays onto ultrasonically cleaned glass sub-
strates maintained at 350°C, through an air-atomizing nozzle. The X-ray diffraction
(XRD), scanning electron microscopy (SEM), EDX and UV-VIS spectrophotometer
were applied to describe the structural, morphological, compositional and optical
properties of ZnO catalyst. XRD analysis confirms that the films were found to be
single phase hexagonal wurtzite structure. The SEM micrograph of the films is
shown highly uniform, crack free and found to be fiber like structures. The optical
transmittance spectra of the ZnO thin films were found to be transparent to visible
light and the average optical transmittance was greater than 85%. The direct optical
band gap energy values of the films shift towards the lower energy as a consequence
of the thermal annealing. The Urbach energy of the films was found to increase with
annealing temperature. The refractive index of the films was calculated and the re-
fractive index dispersion curve of the films obeys the single oscillator model. The
values of oscillatory energy E,, dispersion energy E;, and static dielectric constant &,
for the ZnO thin films were determined. The films were evaluated for their ability to
degrade methylene blue. The Langmuir-Hinshelwood kinetic model was used to in-
terpret quantitatively the observed kinetic experimental result. The photocatalytic
activity of ZnO thin films was enhanced by annealing temperature.
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1. Introduction

Zinc oxide (ZnO) is an n-type semiconductor, has a hexagonal wurtzite structure, and
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has been extensively studied in recent years owing to its technical importance. ZnO is
widely used as a functional material because it has a direct band gap of 3.37 eV, high
electron mobility, and large exciton binding energy (~60 meV) at room temperature
[1]. It has excellent chemical and thermal stability, low cost, richly abundant, environ-
ment-friendly, non-toxic nature, strong oxidizing power, high photosensitivity, and
high resistance to radiation damage. ZnO has now received increasing attention and
recognized as a promising material because of its vast potential in many scientific and
industrial areas as a micro-electronic and opto-electronic devices such as light emitting
diodes [2], thin film transistors [3] [4], Varistors [5], solar cells [6] [7] [8], gas sensors
[9] [10] [11] [12], and photocatalyst [13] [14]. And also, it has other applications, such
as piezoelectric devices, spin based electronics or spintronics, luminescent materials,
and transparent conductors [6] [8] [15] [16]. Till now ZnO thin films have been synthe-
sized by various techniques including sol-gel spin coating method [4], low pressure
chemical vapor deposition (LPCVD) [7] [8], Chemical Both Deposition (CBD) [12],
spray-pyrolysis [13] [14], thermal evaporation [17], pulsed laser deposition (PLD) [18],
metal organic chemical vapor deposition (MOCVD) [19], sputtering [20], molecular
beam epitaxy [21], and Hydrothermal Technique [15], etc. Spray pyrolysis is widely
used because of its simplicity, commercial viability, and potential for cost-effective mass
production. The spray-pyrolysis technique has been successfully applied to synthesize
ZnO thin films and analyzed their growing characteristics, atomic composition, surface
morphology, microstructure and optical properties. Spray pyrolysis method is especial-
ly efficient in producing thin films, transparent, multi-component oxide layers of many
compositions on various substrates, including glass. There are many factors affecting
the physical properties of ZnO thin films, including ZnO solution concentration, sol-
vent, substrate temperature, post deposition annealing, annealing atmosphere and film
thickness. The novel results derived from this situation have encouraged the research-
ers to increase their interest in the field of chemically sprayed ZnO thin films. This is
the reason why we focus our attention mainly on the contributions on chemically
sprayed ZnO thin films.

In this article, our interest is focused on adsorption and photocatalytic ability for or-
ganic dye over ZnO catalyst in aqueous solution. We aim to synthesize promising ZnO
nanofibers that behave as an efficient photocatalyst by low cost spray pyrolysis tech-
nique and effects are being made to characterize the ZnO nanofibers using structurally,

morphologically and studied its photocatalytic activity.

2. Experimental Details

2.1. Materials and Chemicals

Zinc acetate dihydrate [Zn(CH,COO),-2H,0, Himedia, 99.5%], double distilled water,
methylene blue (MB), Glass micro slide substrates with dimensions 75 mm X 25 mm x
1.2 mm (Blue star, Polar Industrial Corporation, India) were applied for deposition of
ZnO thin films by simple spray pyrolysis technique at a substrate temperature of
350°C.
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2.2. Synthesis of ZnO Thin Films

The ZnO thin films were deposited on glass substrates at a substrate temperature of
350°C by spray pyrolysis deposition technique. The ZnO precursor solution was pre-
pared by dissolving 0.1 M of zinc acetate dihydrate [Zn(CH,COO),-2H,0, Himedia,
99.5%] in 25 ml deionized water. Before deposition the glass substrates were cleaned
with detergent solution, diluted HCI and deionized water. Further, ultrasonic cleaning
was carried out for 30 min in an ultrasonic bath and then rinsed in acetone for 10 min.
Then the ultrasonically cleaned substrates were placed on a sample holder facing the
air-atomizing nozzle at a fixed distance of 28 cm in the chamber. Compressed air was
used as the carrier gas at the pressure of 2 bar. The prepared solution was sprayed (3
ml/min) onto the clean glass substrates. During spray pyrolysis, a precursor solution
was sprayed as fine droplets on to a heated substrate. When the droplets reach the
heated substrate, they spread out and undergo pyrolytic decomposition. Finally, the
solid compounds react to become a new chemical compound. The possible chemical
reaction that takes place on the heated substrate to produce ZnO thin film may be as
follows [22] [23].

Zn(CH,C00), -2H,0—*-7Zn0 +CO, T+ CH,COCH, T + Steam T

( film on ]
substrate
The deposited films were annealed at 450°C for 1 hr in the muffle furnace using a

ramp-rate of 10°C per minute.

2.3. Characterization

The structural properties and phase identification of the films were done by using X-ray
diffractometer with CuK, radiation (1 = 1.5406 A) (Panalytical Xpert pro) for the 26
range from 20° to 80° at room temperature. The surface morphology was studied with a
scanning electron microscope (ZEISS, EVO-18). Stoichiometry of the film estimated
using EDX. The UV-visible optical transmission and absorption spectra of ZnO thin
films were recorded by UV-VIS spectrophotometer (UV-3092). The photocatalytic ac-
tivity was evaluated by the degradation of MB under visible light irradiation and optical
absorption spectrum of MB solution was measured using a UV-Vis spectrophotometer.
The thickness of the film was measured by weight difference method using the relation
t= Am/(g x A). Where, Am is the mass difference measured using micro balance Ze.
mass of the substrate measured after deposition and before deposition. It is taken in
grams. “A” is the surface area of the film in cm® and g is the density of deposited ma-
terial (density of ZnO = 5.61 gm/cm?). The film thickness was found to be around 1.5

pm.

3. Results and Discussion

3.1. Structural Properties of the ZnO Thin Films

Figure 1, shows the phase identification and crystal structure of the ZnO thin films of

the as prepared and annealed at 450°C for 1 hr. These films are found to be polycrystal-
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Figure 1. XRD patterns of the ZnO thin films.

line in nature and exhibit single phase hexagonal wurtzite structure. The observed XRD
patters are compared with standard JCPDS data file (File Nos. 890510). The observed
20 values are in good agreement with the standard ones, and having a hexagonal wurt-
zite structure with lattice constants a = 3.248 A and ¢ = 5.205 A. It is clearly seen from
the figure that the crystallinity of ZnO film increases with the annealing temperature.
The films showed several diffraction peaks at 26 = 31.808°, 34.435°, 36.250°, 47.538",
56.602°, 62.795°, 67.945°, and 69.120° having the inter planar spacing of 2.813 A, 2.605
A,2.478 A, 1.626 A, 1.480 A, 1.379 A, 1.358 A and 1.358 A with orientation of (100),
(002), (101), (102), (110), (103), (112), and (201) planes respectively. The ZnO thin
films exhibit three prominent peaks of (100), (002), and (101) plane orientations.
Again, some low intensity peaks corresponding to the orientations of (102), (110),
(103), (112), and (201) are also present. The annealing temperature plays an important
role on the surface reactions and species mobility. The lattice constants “a” and “c” of
the hexagonal wurtzite structure of ZnO films can be calculated and was found to be a
= b=3.252 A and c=5.204 A by using the given below relation [24].

1 _i(h2+hk+k2j 5

— +— 1
dl‘?kl 3 2 2 ( )

a c

The crystallite size has been evaluated from peak profile using full width at half
maximum (FWHM) of the corresponding diffraction peak using Debye-Scherrer’s
formula [25].

D 0.9 2
pcosé

where “& is the Bragg diffraction angle, £ is the FWHM (taken in radians) of the (002)
plane orientation diffraction peak and A is the wavelength of the incident X-ray (1 =
0.15406 nm). The lattice strain (&) and dislocation densities (J) were calculated using

the relation given below [25].
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g:ﬂczse 3)
1
52? (4)

The dislocation density (), defined as the length of dislocation lines per unit volume
of the crystal and it gives more information about the crystal structure. Better the crys-
tallization smaller will be the dislocation density. The crystallite size found to increase
with increase in annealing temperature, whereas the strain and dislocation density are
found to decrease.

The preferential growth orientation was determined using a texture coefficient
TC AL]). This factor can be calculated using the following relation [26].

— I(hkl)/(lshkl)
M0t 1 (hkl)/(1hkI)
where TC(AKLJ) is texture coefficient, [(Akl) is the measured XRD intensity of a plane
(hkl) obtained from the films, [(Ak]) is the standard intensity of the plane (Ak/)) taken

from the JCPDS data, and n is the number of diffraction peaks considered. The varia-

(5

tions of texture coefficient calculated for the three main diffraction peaks ((100), (002)
and (101)) of wurtzite ZnO, are listed in Table 1. The texture coefficient for the (002)
orientation has been found to increase from 1.476 to 1.622 with annealing temperature.
The value of the texture coefficient indicates a sample with randomly oriented crystal-
lite presents TC(A, & /) = 1, while the larger value, the larger abundance of crystallites
oriented at the (Ak/) direction. Thus, in the present investigation, with increase in an-

nealing temperature, the crystallinity along (002) plane improves.

3.2. Surface Morphology and Composition Analysis of Zno Thin Films

Figure 2, shows the surface morphology of as deposited and annealed ZnO thin films.
SEM micrographs reveals that the thin films were found to be crack free, having uni-
form texture the substrate and the films were found to be nano fiber like structure. The
average diameter of the fibers for the as deposited and annealed at 450°C was found to
be approximately 390 nm, and 400 nm respectively. Ilican et a/ (2006) also reported the
indium-doped zinc oxide nanofibers with uniform diameter of 200 nm [26]. In our in-
vestigation the average diameter of the fibers increases with annealing temperature, this

is probably due to agglomeration during annealing process, and producing thicker

Table 1. Microstructural parameters of ZnO thin film.

Crystallite Lattice Dislocation
TC TC FWHM i . .
Sample TC (100) (002) (101) (8 (deg) size (D) strain € density (J) x
& (nm) (10) 107 (nm)~?
A
s 0.968 1.476 0.556 0.5377 15.46 2.24 4.184
prepared
Annealed
. 0.855 1.622 0.524 0.3418 24.23 1.42 1.691
at 450°C

TC is the texture coefficient; FWHM is the full width at half maximum.
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diameter of fibers. Similarly it has been observed that the annealing temperature has
profound influence on the diameter of the nano fibres [27]. Stoichiometry and Compo-
sitional analysis of ZnO thin film was carried out by the energy dispersive X-ray spec-
trometer (EDX) shown in Figure 3. The EDX analysis confirmed the presence of Zn
and O elements in the ZnO film.

3.3. Optical Studies

The optical properties of bulk materials and thin films that are very important for op-
toelectronic applications, the properties include absorbance (A), transmittance (7), and
reflectance (R), which characterize the interaction of incident radiation with a particu-
lar coating of material. These properties are also related to intrinsic properties of films

such as coefficient of absorption (a), extinction coefficient (%), refractive index (n),

pm EHT = 10.00kV  Signal A=SE1  Date:18 Jan 2014 [JB98 PHYSICS EHT = 10.00kV  Signal A=<SE1  Date:18 Jan 2014 ESPHYSICS
WD =140mm Mag=8.00 KX  Time: 18:24:35 ou F—  wD=95mm Mag=10.00KX Time: 18:01:18 ou

Figure 2. SEM images of ZnO thin films: (a) as deposited, (b) annealed at 450°C.

Spectrurn 1

Element ‘Weight% | Atomic%
oK 126.19 59.18
ZnL 7381 40.82
Totals  100.00  |100.00

D 2 4 6 8 10 12 14 16 18 20
Full Scale 99 cts Cursor: 0.000 keV

Figure 3. EDX analysis of ZnO thin film annealed at 450°C.
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band gap energy and optical conductivity. In the present investigation, we calculated
the absorbance and transmittance as a function of the wave length at room tempera-
ture. From the above parameters the reflectance of the films can be estimated using the

following relation [28].

A+T+R=1 (6)

The optical transmittance and absorbance of ZnO films of as prepared and annealed
at different temperatures shown in Figure 4(a) and Figure 4(b). Absorption spectrum
indicates that the absorption of light in visible region is very low and greater in the UV
region. Absorption spectra of ZnO thin film shows that the absorption edge is slightly

moved towards longer wavelength side (red shift) with increase in annealing temperature

100
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Figure 4. (a) Optical transmittance spectra of ZnO thin films, (b) Optical absorption spectra of
ZnO thin films.
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due to the change in band gap of ZnO thin film due to change in crystallite size. ZnO
film exhibits high transmittance (>85%) in the visible region, the transmission of ZnO
film is high over large wavelengths. This suggests that the produced film indicates a
good optical quality due to the low scattering/ absorption losses. In nanocrystalline
semiconductors, the following equation has been obtained to relate the absorption
coefficient to incident photon energy h$. The absorption coefficient a(l) has been
calculated using Lambert’s law [29] [30]

In(LT)

a(2) == )

where ¢ is the thickness of film. The extinction coefficient can be obtained from the

Ao
relation k = an where A is the wavelength of the incident radiation impinging on
T

the film. The extinction coefficient as a function of wavelength and it is observed that
the excitation coefficient decreases with the increase of annealing temperature. This
behavior of the absorption coefficient a(/I) and the extinction coefficient (%) is simi-
lar to the optical absorption behavior. The Optical energy gap E, and absorption coeffi-
cient a(/i) are related by the equation [29] [30]

a(A)hg=B(h9-E,) (8)

where h$ is the photon energy, (x(/l) is the absorption coefficient, Z is the optical
band gap and Bis the slope of the tauc edge, called the band tailing parameter and the
exponent “7” depends on the type of optical transition, which is 1/2 for direct allowed
transition and 2 for indirect allowed transition. Whether the film has direct or indirect
band gaps will be determined from the linearity of the plots of ((){h&‘)2 versus (h9)
and (05h19)1/2 versus (h9) respectively. Figure 5, shows the tauc plots of ZnO thin
films. The band gap values have been calculated by extrapolating the straight line por-
tion of the curve of (0(h3)2 against (hJ) to meet the x-axis. The band gap of the
ZnO film was obtained as a direct band gap by the optical method, which was described
above. Table 2 gives the values of Z, of the ZnO thin films of as deposited and annealed
at different temperatures. The band gap energy of the films was found to decreases with
increase of annealing temperature. The change in the values of band gap energy may
attribute to a decrease of the optical band gap due to interatomic distances with in-
creasing annealing temperature on ZnO film [20]. The tail of the absorption edge is
exponential, it indicates the presence of localized states in the band gap energy. The
absorption edge gives a measure of the band gap energy and the exponential depen-
dence of absorption coefficient &(4) on photon energy near the band edge for many
materials. This dependence is given by Urbach F., 1953 [31].

a(d)=a, exp(gj 9)

u
where a, is a constant and E| is Urbach energy, which is the width of the tail of the lo-

calized states corresponding to the optical transition between localized states adjacent

to the valence band and extended state in the conduction band which is lying above the
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Figure 5. Plots of (a/v)* versus photon energy (4v) of ZnO thin films.

Table 2. Optical parameters of the ZnO thin film.

S, X
E, E, E, E, M A °
Sample ¢ ! °. E/E, 7 M, NSRS ° n, 0%
(eV) (meV) (eV) (eV) (eV) (nm) (m)”?
A
s 3.31 75.75 6.62 2.00 12.49 1.887 0.043 2.89 269 1.69 2.57
prepared
Annealed
. 3.26 95.27 6.04 1.85 12.38 2.05 0.056 3.05 323 1.75 1.96
at 450°C

E, is the band gap energy, E, is the urbach energy, £, is the oscillatory energy, E, is the dispersion energy, M., and

M ; are the moments; ¢, is the static dielectric constant, 4, is the oscillator wavelength, S, is the oscillator length

s

strength.

mobility edge. The plot of Ina vs. photon energy (hg) plots for ZnO thin films of is
shown in Figure 6. The values of E,, were obtained by taking the reciprocal of the slope
of the linear region of the plots of Ina versus (hJ) and are listed in Table 2. In our
observation, the increase in Urbach energy may be attributed to the increase of thermal
induced structural disorder of the film within this temperature range.

Figure 7, shows the plot of refractive index (1) versus wavelength (nm) of ZnO thin
films and it indicates that the refractive index decreases with increase in wavelength.

Refractive index of the films was calculated from the following relation [32].

1+R  [[1+RY /.,
n:ﬁ+\/(ﬁ) —(k +1) (10)

where R is reflectance and k is extinction coefficient. The refractive index dispersion of
the ZnO films studied can be fitted by the single-oscillator model (described by Wem-

ple and DiDomenico, 1971). The dispersion plays an important role in the research of
optical materials, because it is a significant factor in optical communication and in de-

signing devices for spectral dispersion. The result of refractive index dispersion below
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the inter band absorption edge corresponds to the fundamental electronic excitation
spectrum, according to the Wemple-DiDomenico single oscillator model, the refractive
index is related to photon energy through the relationship [33] [34].
E.E,

(11)

where E, and E, are single-oscillator parameters. Values of £, and E, can be deter-
mined from the slope (I/E, E,) and intercept (E,/Ey) on vertical axis of the curves
of (i = 1) vs. (h3)2 by fitting a linear function to the smaller energy data shown

11.0

| —®—As prepared

10.54 —e—annealed at 450°C

10.04

©
3
1

Ina (cm™)

8.0+

7.5 — 1 r 1 rr T+ 1 - 1 ' T * T *r T * 1
318 320 322 324 326 328 330 332 334 336
Photon energy (eV)

Figure 6. Plots of Ina versus photon energy (/v) of ZnO thin films.
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2.6+

Refractive index (n)
N N
N >
1 1

g
o
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1.6 v T v T ¥ T Y T v T ¥ T T T
300 400 500 600 700 800 900 1000
Wavelength (nm)

Figure 7. The refractive index plots of ZnO thin films.
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In Figure 8 and they are given in Table 2. The oscillator energy E, is average excita-
tion energy for electronic transitions. The dispersion energy E, which is measure of
the average strength of inter band optical transitions or the oscillator strength are single
oscillator parameters. We found that the E, values of the deposited film is related
empirically to the lowest direct band gap by E, ~2E;. E, values decreased with an
increase in annealing temperature. According to the single-oscillator model, the single
oscillator parameters E; and E; are related to the imaginary part of the complex di-
electric constant. The static (zero frequency) refractive index n(0)=(1+E,/E, )]/2
and the static dielectric constant (85 =n’ (0)) were calculated using Equation (11).
The calculated values of the oscillator energies (EO), the dispersion energies (Ed ) ,
and g for the ZnO thin film are summarized in Table 2. The refractive index is
represented by a single Sellmeier oscillator at low energies and the refractive index was
also analyzed to determine the long wavelength refractive index (n, ), average inter

band oscillator wavelength (4

(o]

) and the average oscillator length strength (S,) pa-
rameters, for the ZnO thin films. These parameters can be determined by using the fol-

lowing equation [35].

(12)

2 2
(noo —1) :1_(£J
CERAY
where (n,),and A, values were calculated from intercept and the slope of the linear
region of the plots of (n2 —1)7l Vs (/1)_2 and are given in Table 2.

(nz—l):M

2
2 2
A

Rearranging of Equation (12), gives [36]

(13)

0.50
0.48]
0.46]
0.44]

1_
0.42]
0.40]
0.38]
2.0.36 g,
I 0.34- 5

o
c 4

~0.32]
0.30-]
0.28]
0.26
0.24 “ons,
0.224 o,
0.20—. e
0.18 . r . r . r

4 5 6 7
(hvy(eVy

—=— as prepared
+— annealed at 450°C

Figure 8. The plots of (n2 —1)71 versus (Av)? ZnO thin films.
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where
s, =(n? —1)//13 (14)

The S, values for ZnO films were obtained using above equation and are given in
Table 2. The M_, and M_; moments of the imaginary part of the optical spectrum can
be obtained from the relations [33]:

EOZ — m—l ,EdZ — mi
3 -3

(15)

The M_, and M_, moments were calculated using Equation (15) and the obtained
values are given in Table 2. The M_, and M_, moments changed due to the formation
coordination of complex. It is found that M, and M_, values increase with increase in

annealing temperature.

3.4. Evaluation of Photocatalytic Activity

Figure 9(a), shows optical absorption spectrum of MB solution, before and after de-
gradation under ZnO thin films. It revealed that the absorbance intensity of MB de-
creases obviously under visible light irradiation, which indicates that MB has been
photodegraded. However, without light illumination, in the presence of ZnO film, and
illumination in the absence of ZnO film does not result in the photocatalytic degrada-
tion of MB solution. A 200 W tungsten filament bulb was used as a light soure. The
standard solution of methylene blue with the concentration of 1 x 10 M was used as a
model pollutant organic dye to determine the photocatalytic efficiency of the prepared
photocatalist. Photodegradation experiment was carried out by the ZnO film immersed
into 15 ml of MB solution and it was stirred in the dark in order to reach adsorption
desorption equilibrium between MB and dissolved oxygen before irradiation and the
beaker was kept in a chamber under visible light irradiation for different exposition
times. Optical absorption spectrum of MB solution was measured using a UV-Vis
spectrophotometer. The degradation efficiency was calculated using the following equ-
ation [37]

degradation (%) = Cf’c_c x100 = A’A_) A x100 (16)

o]

where C, and C represent the initial concentration, after the adsorption-desorption
equilibrium and at the reaction time (#) concentration of MB solution, respectively. A4,
represents the initial absorbance, and A represents the changed absorbance of the MB
solution at the characteristic absorption wavelength of 666 nm. The performance of
degradation of as deposited and annealed ZnO films were reached to 90% and 93% af-
ter 240 min respectively. The highest catalytic activity was obtained by annealed ZnO
catalyst due to the lower band gap energy. In addition, the relationship between the ir-
radiation time and degradation reaction rate obeys the first-order reaction kinetic
model, which could be well explained in terms of the Langmuir-Hinshelwood mechan-

ism [37]. The kinetics can be expressed as
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In(cgj :—k;lep (17)

(o]

where C and C,, represent changed concentration and initial concentration of MB,

K, and Zis the apparent rate kinetic constant and irradiation time, respectively. The

C
plot of —In (C—J versus irradiation time (#) for ZnO is shown in Figure 9(b).

0
Obtained kinetic plots are linear, which confirms that the photodegradation reaction of
MB on ZnO is well fitted to the pseudo-first order reaction kinetics. The photocatalytic

reaction rate constant (kapp) value for catalyst was estimated from the slop of this

0.25
—— Omin
——  30min

0.20+ ——  60min
= ——— 120min
E —— 180min
80 154 —— 240min
C
[}
2
o
172
Ke)
<0.10-

0.05-

0.00 v T T T g T T

400 500 600 700 800
Wavelength (nm)
3.0
= As prepared
e Annealed at 450°C

2.5

2.0
20
O1.54

c
T

L)

1.0

0.5 .

0.0 T T T T

- -

2 3
Irradiation time (hours)

Figure 9. (a) Absorption spectra of MB catalyzed at room temperature in the presence of ZnO
film annealed at 450°C, (b). The first order kinetics of the degradation of Methylene Blue dye

with irradiation time.
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linear plots and it were found to 0.0097 min™" and 0.0111 min" for as deposited and
annealed films respectively. It is clear that the catalytic activity higher for annealed
ZnO. Therefore, the ZnO nanofibers with a low band gap can significantly increase the
catalytic activity. However, the kinetic constant of the catalyst become smaller with
greater band gap, because the opacity and light scattering of the ZnO nanofibers de-
crease the absorption of incident light and decrease catalytic active sites.

4. Conclusion

Visible light responsive zinc oxide films were deposited on glass substrate at a temper-
ature of 350°C by chemical spray pyrolysis technique. The first order kinetic rate con-
stant has been determined from the MB degradation measurement. ZnO film exhibits
high catalytic activity for lower band gap energy. The lattice constants of hexagonal
wurtzite structure ZnO films were calculated as 3.252 A and 5.204 A. Crystallite size has
been found increase from 15 nm to 24 nm with annealing temperature. The SEM im-
ages of the films shown nano fiber like structure morphology and the average diameter
of the fibers were ~390 nm and ~400 nm as deposited and annealed at 450°C respec-
tively. The films exhibit low absorbance in the visible/near infrared (NIR) region from
~390 nm to 1000 nm. The direct optical band gap is 3.31 eV for deposited and 3.26 eV
for annealed films. The oscillator energy (£,), and the dispersion energy (£, of the
ZnO thin films were determined. The values of oscillator energy (£,) decrease, and the
M_, and M_, optical moments increase with increasing annealing temperature. The
long wavelength refractive index n,, average inter band oscillator wavelength (4,)
and the average oscillator length strength (S,) parameters are found to be function of
annealing temperature. The optical constants (refractive index n, extinction coefficient
k, band gap energy and dielectric constant) of the as-deposited and annealed films were
analyzed from the transmittance and reflectance spectra. Based on the observed data
ZnO thin films are found to be a promising candidate for opto-electronic device and

potential applications in the field of environmental remediation and photocatalysis.
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