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NiZnO films have been prepared on glass substrates by sol-gel spin coating method. Nickel (II) nitrate
hexahyrate and zinc acetate dihydrate were used as precursors. Surface morphology and crystalline
structure of the films were investigated by field emission scanning electron microscopy (FESEM) and X-
ray diffractometer, respectively. X-ray diffraction (XRD) patterns showed that the films are polycrystalline
nature. It was observed that crystal structure changed from wurtzite (ZnO) to cubic (NiO) structure. The
lattice constants crystallite size and preferred orientation were calculated from XRD data. The surface
morphology of the films changed with Ni concentration. The average transmittance of the ZnO film
decreased from 84% to 58% in the visible region. The absorption edge varied from 3.26 to 3.89 eV with
increasing Ni concentration.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Zinc oxide (ZnO) films have been widely studied because of their
specific electrical, optical and mechanical properties, low material
cost and low deposition temperature. They can be used in optoelec-
tronic devices and it is useful material for the optoelectronic devices
as transparent conducting oxide (TCO) [1]. Also, recently there is
growing interest in nickel oxide (NiO), which is a metal oxide mate-
rial, because of its applications in many areas. Catalytic, magnetic,
electrochromotic, optical and electrochemical properties are that
some great feature of NiO [2]. In the literature, the optical band
gaps of bulk NiO and bulk ZnO are 4.00 eV and 3.37 eV, respectively
[3-5]. Furthermore NiO films are suitable for magnetoresistance
sensors, chemical sensors [6,7], electrochromic devices [8] and
transparent p-type semiconducting layer, smart windows [9] and
dye sensitized photocathodes [10-12]. Some methods can be used
for the preparation of NiZnO films such as sputtering [13], evapora-
tion[14], electrodeposition [15], thermal decomposition [16], pulse
laser deposition (PLD) [17-19], spray pyrolysis [20], and sol-gel
techniques [21]. Among these methods, the sol-gel method is an
attractive one due to its simplicity, safety, non-vacuum system of
deposition, and inexpensive. Other advantages of this method are
that it can be adapted easily for production of large-area films, and
to get varying band gap materials during the deposition process.
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Although pure ZnO and NiO films have been studied by many
research groups, the NiZnO films have been rarely studied. Also in
these works about NiZnO, in general, small amounts of Ni were
incorporated to ZnO in the NiyZn;_,O structure and the physical
properties of these films were investigated depending on the small
x values [22,23]. In the NixZn;_,O structure, while x value varies
from O to 1, it is observed ZnO, NiO and related complex struc-
tures depending on the x value. The crystal structure changes from
wurtzite (ZnO) to cubic (NiO) structure. So, the determination of
the physical properties of the structural phase transition between
two different structures can be very useful. In our previous works,
the some physical properties of similar structures such as MgZnO
and CdZnO were reported [24-26].

Although ZnO and NiO films produced by the sol-gel spin coat-
ing method have been reported by many research groups, NiZnO
films have seldom been studied. According to our knowledge,
there are a little detailed works on NiZnO films obtained by the
sol-gel spin coating method [15,24]. In this work, NiZnO films were
prepared by sol-gel spin coating method. The structural, morpho-
logical and optical properties of these films prepared at different
solution ratios to get the transition from ZnO to NiO structure were
studied.

2. Experimental

A set of NiZnO films was prepared by sol-gel process using a spin coating tech-
nique onto glass substrates. The glass substrates were first cleaned by detergent,
and then in methanol and acetone each for 10 min. At last, the substrates were
rinsed with deionized water and dried with nitrogen. To obtain the sol, the precursor
zinc acetate dihydrate (Zn(CH3CO0O),-H,0, ZnAc) and nickel (II) nitrate hexahydrate
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Fig. 1. XRD patterns of the NiZnO films.

(Ni(NO3),-6H,0, NiN) were first dissolved into 2-methoxyethanol (C3HgO;) as a
solvent and by adding monoethanolamine (C;H7NO,-MEA), which acts as the sta-
bilizer. Molar ratio of MEA to ZnAc or NiN was maintained at 1:1. ZnAc and NiN of
0.5M were mixed together in different nominal solution volume ratios to obtain
Zn0, Ni(0.25)Zn(0.75)0, Ni(0.50)Zn(0.50)0, Ni(0.75)Zn(0.25)0, NiO films (named as
NZO01, NZ02, NZ03, NZO4, NZ05, respectively). The solutions were stirred at 60 °C.
The substrates were placed on the sample holder and were rotated at a speed of
3000 revolutions per min (rpm) for 30 s. Immediate drying after successive coating
was done at 300°C for 10 min. This process was repeated ten times. The films were
finally annealed at 500°C for 1h in air for crystallization and phase formation. The
obtained films have different colours, varying between colourless (transparent) for
the ZnO to brown for the NiO.

XRD experiments were performed in air with X-ray powder diffractometer
(BRUKER D8 Advance). The diffractometer reflection of all the films was taken at
room temperature. The films were mounted on rotating sample holders. A sealed
X-ray tube operated at 40 kV and 40 mA with CuKa radiation was used. All measure-
ments were performed in reflection geometry as coupled 6-2 0 scans (30° < 26 < 70°)
at a divergent slit of 0.5 mm width. Surface morphology was studied using Zeiss
Ultraplus FESEM. Optical transmittance measurements of the films were carried out
by double beam Shimadzu UV 2450 spectrometer with an integrating sphere in the
wavelength range 190-900 nm.

3. Results and discussions

The XRD patterns of the NiZnO films have been realized in
order to evaluate crystalline phase and crystallite orientation. Fig. 1
shows the XRD patterns of these films. The observed indexed peaks
in these XRD patterns are fully matched with the corresponding
hexagonal wurtzite structure ZnO (zincite, PDF number: 036-1451
[27]) and cubic structure NiO (bunsenite, PDF number: 047-1049
[28]). The XRD results indicate that all the films have the poly-
crystalline structure. As seen in Fig. 1, the NZO1 film has highly
oriented (002) peak. The other peaks in this film are corresponds
to the (100) and (101) peaks of the hexagonal wurtzite structure.
As seen from Fig. 1, 26 values of (002) peaks of NZO1, NZO2 and
NZO3 films increased with increasing nickel concentration. With
the increasing nickel concentration, it is clearly observed that the
peak intensities of ZnO structure decrease and new peaks which
belong to NiO structure begin to appear. In the NZO3 film, the
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Fig. 2. FESEM images of the NiZnO films.

peaks belong to both ZnO and NiO structures are shown. That is,
this complex structure includes both hexagonal and cubic struc-
tures. It is very interesting to note that the peaks belong to ZnO are
not observed in the NZO4 film although NiO peaks are little seen
in the NZO2 film. NZO5 film has an oriented (2 00) peak. The other
peaks in this film correspond to the (11 1) and (2 2 0) peaks of the
cubic structure. The miller indices (hkl), 26, d values of the all films
are given in Table 1.

The crystallite size of the NiZnO films was calculated by using
the well-known Scherrer’s equation [29]

ok
~ BcosB

where k is a constant (0.9), A is the wavelength of X-rays, § is the
full width-at-half-maximum (FWHM) and @ is the angle of diffrac-
tion. The crystallite size was calculated by resolving the highest
intensity peak belonging to the single phase. There are mixture
phases in some films. Therefore, the crystallite size values were
evaluated according to the highest peaks belonging to the ZnO and
the NiO phases in the NZO2 and NZO3 films. The crystallite sizes
and B values of the films are given in Table 1. As seen in this table,

(1)

Fig. 3. FESEM image of NZO5 film at 1 x 106 magnifications.
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Table 1
Structural parameters of the NiZnO films.

Film hkl 26 d(A) B D (nm)

NZO1 Zn0(100) 31.731 2.81771 - -
Zn0(002) 34.395 2.60530 0222 37
ZnO(101) 36.214 2.47853 - -
Zn0(110) 56.546 1.62623 - -
Zn0(103) 62.856 1.47729 - -
Zn0(200) 67.934 1.37870 - -

NZO02 Zn0 (100) 31.781 2.81341 - -
Zn0(002) 34.440 2.60201 0.288 29
Zn0(101) 36.266 2.47510 - -
NiO (200) 43.075 2.09827 0.302 31
Zn0(102) 47.618 1.35029 - -
Zn0(110) 56.618 1.62434 - -
NiO (220) 62.874 1.47690 - -
Zn0(112) 67.927 1.37882 - -

NzO03 Zn0(100) 31.782 2.81329 - -
Zn0(002) 34.460 2.60053 0305 27
ZnO(101) 36.241 2.47675 - -
NiO(111) 37.106 2.42097 0305 27
NiO (200) 43.111 2.09662 - -
Zn0(102) 47.501 1.35342 - -
Zn0(110) 56.763 1.62052 - -
NiO (220) 62.854 1.47734 - -

NZO4 NiO(111) 37.084 2.42231 0.327 25
NiO (200) 43.077 2.09817 - -
NiO (220) 62.569 1.48339 - -

NZO5 NiO (111) 37.261 241123 - -
NiO (200) 43.308 2.08754 0405 21
NiO (220) 62.868 1.47705 - -

the crystallite sizes decrease with increasing nickel molar concen-
tration and the largest crystallite size is observed in NZO1 film.
The ionic radius of Ni¢* (0.69 A) is smaller than Zn2* (0.74A) [30],
therefore, the substitution of Ni by Zn may reduce the crystallite
size.

The lattice parameters (apex and cpey) for hexagonal structure
were calculated using Eq. (2) for the NZO1, NZO2, and NZO3 films
[29]:

1 4 (hz +hl<+k2> 12

T3\ T g T )

hex Chex

The calculated apey and chex values are given in Table 2. Lattice
parameter (dq,) for cubic structure calculated using Eq. (3) for
NZ02, NZ03, NZ0O4 and NZO05 films [29]:

d — acub (3)
Vh2+k2 412

The calculated a.,, values are also given in Table 2. The lattice
parameters of the ZnO film were slightly decreased with increas-
ing Ni concentration. This decrease in the lattice parameters can
be expected when Zn2* ions are replaced by Ni2* ions because of
the smaller radius of NiZ* ions than Zn?* ions. Similar results were
reported by Park and Kim [21] and Thota et al. [23].

The surface morphology of NiZnO films has been studied by
FESEM. Fig. 2 shows the FESEM micrographs of all the films. As
seen from these micrographs, the crystallite size decreases with
increasing Ni concentration. This result is in good agreement with

Table 2

Lattice parameters of the NiZnO films.
Film ZnO (hexagonal) NiO (cubic)

Qhex (A) Chex (A) Acub (A)

NzO1 3.25361 5.21060 -
Nz02 3.24864 5.20402 4.19654
NZO3 3.24851 5.20106 4.19324
NZO4 - - 4.19556
NZO5 - - 4.17508
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Fig. 4. Optical transmittance spectra of the NiZnO films.

crystallite size values calculated from the XRD results. It is observed
that the surface morphology of the films changes depending on the
increase in Ni concentration. As the Ni content increases, together
with the decrease in the crystallite size was also observed the aggre-
gations on the surface. Although not seen in FESEM images, as the Ni
content increases, some fractures were easily seen with the naked
eye on the surface. Also, Fig. 3 shows the image of the NZO5 film
taken at very high magnification. In this image, cubic structures can
be easily seen.

Fig. 4 shows the optical transmittance spectra of the NiZnO films
in the range 200-800 nm. The average transmittance values of the
films are given in Fig. 4. It was observed that NZO1 film has an aver-
age transmittance about 84% in the visible region and the highest
average transmittance value belongs to this film. The colour of the
films changes from transparent to dark brown with the increasing
Ni concentration. So, the average transmittance of the NiZnO film
decreases from 84% to 58%. The absorption edge of the films varied
from 380 nm to 318 nm.
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Fig. 5. The plot of dT/dA versus photon energy of the NiZnO films.
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To determine the absorption band edge of the NiZnO films, we
computed the first derivative of optical transmittance and are pre-
sented in Fig. 5. The plots of dT/dA vs. photon energy give the
maximum peak position corresponding to the absorption band
edge. As seen in Fig. 5, the peak position of the curves shifts to
higher energies with Ni concentration. The absorption band values
are given in Fig. 5. This suggests that the absorption band edge shifts
from 3.26 eV to 3.89 eV with Nickel concentration.

4. Conclusions

The structural, morphological and optical properties of NiZnO
films deposited by sol-gel spin coating were investigated. X-ray
diffraction spectra indicated that the films are polycrystalline
nature. It was also shown from these spectra that the crystallite
structure changed from wurtzite to cubic. The structural parame-
ters of the films were determined by using XRD data. The surface
morphology was investigated by FESEM. The crystallite size values
of the NiZnO films varied from 37 to 21 nm with increasing Ni
concentration in solution. This decrease in the grain size was also
observed in the FESEM images. The absorption band edge of the
films shifted from 3.26 to 3.89 eV with increasing Ni concentration
in solution.
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