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In this study, the effects of Na doped on the structure, morphology, and optical properties of the ZnO films deposited on
glass substrate were investigated. The films were synthesized on glass substrates via a simple chemical method. Undoped
and Na-doped ZnO films were obtained from an aqueous solution of the Zinc nitrate hexahydrate (Zn(NOs)2:6H20),
Sodium Nitrate (NaNOs) and hexamethylenetetramine-HMT (CsH12N4). Characterization of the films was examined using
a Scanning electron microscope (SEM) and X-ray diffractometer (XRD), Ultraviolet-Visible spectrophotometer (UV-Vis)
and X-Ray Photoelectron (XPS). The structure, morphology, and optical properties of the films were presented. The
wurtzite ZnO films showed rod arrays morphology. The optical band gap increased with the doping of Na metal. The
result shows that Na addition affected the properties of the ZnO films.
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1. INTRODUCTION

Nanostructures such as rods [1], tetrapods [2] needles
[3], tubes [4], belts [5] and wires [6] are among the most
promising nanostructures because of their unique properties
in various device applications.

1D nanostructured ZnO semiconductors with wide-
bandgap are important components in optoelectronic and
electronic devices such as solar cells [7, 8].

There are several methods to synthesize ZnO
nanostructures, such as sol-gel [9], sputtering [10], ALD
[11], chemical vapor deposition [12] and solvo-
hydrothermal [13] methods. However, most of the
techniques involve rigid conditions for instance high
temperature, long reaction time [8].

The Chemical Bath Deposition (CBD), which is a
simple and effective method for the synthesis of ZnO thin
films, is based on the controlled chemical reaction in
solution which leads to the formation of the films [14, 15].

One of the best ways to improve the physical properties
of ZnO nanostructures is to doping [16].

Properties of the ZnO such as electrical conductivity,
transmittance can be changed by the doping of ZnO and
Alkali metals are better dopants than group-V elements
because of shallowness of the acceptor level [16, 17].

In this study, the effect of Na addition on structural,
optical and morphological properties of the ZnO films was
investigated. The films are obtained by a simple, quick, one-
step chemical method in a convection oven.

2. EXPERIMENTAL DETAILS

The chemical method was used for synthesizing
undoped and Na doped ZnO films. In the CBD method, the
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deposition parameters such as pH of the bath, temperature
of the bath, concentration of the bath, strongly affect
morphological, optical, structural properties of the ZnO film
and deposition process occurs [15-18]. The deposition
reactions of undoped ZnO films synthesized with the
method are given as follows:

Zn (NOs); — Zn?* + 2NOg'; (1)
(CH2)6N4 + 6H20 — 6HCHO + 4NH3; (2)
NH; + H,0 — NH.*" +OH'; (3)
Zn?* + 4ANH; — Zn [(NHs)4] #*; (4)
2H,0 —H30* + OH; (®)
Zn?* + 20H — Zn (OH);; (6)
Zn (OH) 2 — Zn0O + H,0. @)

The films were synthesized on unseeded glass
substrates. The glasses were cleaned with Acetone (15 min),
2-Propanol (15 min), deionized water (15 min) in an
ultrasonic cleaner. The clean substrates were dried in an air
oven at 70—80 °C. Zn(NOs),-6H,0, NaNOs, and CgH12N4
(HMT) were used for preparing the bath solution. NaNOs
was doped as a 10 % mole of Zn(NOs),.6H,O precursor.
The substrates were dipped in the bath. The reaction was
achieved at 100 °C in 4 hours in a convection oven. After
the deposition process, the samples were annealed at 400 °C
for 2 hours.

The properties of the ZnO arrays were analyzed by
means of Panalytical Empyrean Model X-ray
diffractometer, FEG Quanta 450 Scanning Electron
Microscope, TETRA T80+ Uv/Vis Spectrophotometer and
Specs-Flex model X-Ray Photoelectron Spectrometer.



3. RESULTS AND DISCUSSION

The X-ray diffraction pattern, which gives information
about the crystal structure of the material, exhibits some
changes such as intensity, diffraction angle due to the
doping of a different ion to the structure or due to the
replacement of the present ion (Zn?*) with a foreign ion
having a different ionic radius. Any doping element replaces
the present ion (Zn?*) or selects crystal defect points. As a
result, any X-ray diffraction peak intensity of the film
belonging to orientation may increase or decrease. In
addition, a slight shift in the XRD peak position (at the
diffraction angle) may occur with doping ion in the
structure. As is known from Bragg's law, the X-ray
diffraction angle is directly proportional to the d lattice
parameter. The intensity of each peak gives information
about the structure of the lattice. It is possible to change the
d and a, c lattice parameters directly proportional to the
change in ionic radius with doping material in the structure.
An increase in the ionic radius may result in an increase in
the lattice parameters. The ionic radius is the radius of the
ion in the ionic crystal structure. ZnO is a compound with
11-VI group coordination and its ionic radius is 0.60 A,
however, this value is 0.99 A for the Na* ion to replace the
Zn%" ion [19]. The XRD patterns of the samples are shown
in Fig. 1.
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Fig. 1. XRD patterns of the ZnO films

Crystal structure of the films is in good agreement with
the wurtzite ZnO crystal system (JCPDS No. 36-1451) [20].
The peak of ZnO films along (002) plane indicates
maximum intensity. The maximum peak intensity of Na-
doped ZnO film decreased compared to ZnO film and a
small amount of shift occurred in the maximum peak
position. Table 1 shows the D crystal grain size and the
lattice parameters for the (002) plane. The particle size was
calculated with the Scherer equation which is given as
follows:

092
- B cosB

where A is the X-ray wavelength; k is the constant (0.9); @ is
the Bragg angle and £ is the full width at half maximum

@
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[14]. The grain size (D) decreased and the lattice parameters
(c, d) increased slightly due to the increase in ionic radius
with Na-addition. The lattice constants for the wurtzite ZnO
were calculated by Eq. 2 [21]:

1 [4 % h2+hk+k2] n 12 )
d? 3 a? c? @
Table 1. Lattice parameters and crystal grain size of the ZnO films
Sample a, A ¢, A |d-spacing, A|D, nm
Zn0O 3.2050 | 5.1380 2.5690 110
10 % Na doped ZnO | 3.2048 | 5.1385 2.5692 96

SEM images of the ZnO are shown in Fig. 2.

\

Fig. 2. SEM images of: a—un-doped; b—Na doped ZnO film

XPS spectra of the ZnO films are given in Fig. 3. The
profile of peaks was taken as the Gaussian function. Binding
energies of Zn 2pi, 2ps2 O 1s were observed at 1019 eV,
1042 eV, 529.1 eV respectively. The 1019 eV, 1042 eV
peaks of the Zn 2py», 2ps» spectrum can be attributed to
metallic Zn and 529.1 eV peak of the O1s spectrum can be
attributed to the Zn—O bonds [24]. The photoemission peak
located at around 1068.8 eV for Na 1s shows the doping of
Na impurities in the atomic structure of ZnO. Therefore, the
XPS results confirm that the Na element substituting for Zn
[25]. The low binding energy component centered at
529.5 eV may be attributed to the oxygen atoms position of
Na20.

UV/Vis absorption spectra of the ZnO films are shown
in Fig. 4. Both of the films showed strong absorption in the
UV region. However, Na-doped ZnO films showed
enhancement of absorption spectra in the visible region.
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Fig. 3. a—survey XPS spectra of ZnO films; high-resolution XPS
spectra of: b—Zn 2p; c—Na 1s, d—O 1s of the ZnO films
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Fig. 4. UV-Vis absorption spectra of the ZnO films

The enhanced absorption is attributed to the interaction
and the transfer of electrons between the Na and ZnO and
the Surface Plasmon Resonance (SPR) absorption of Na
ions [26]. Fig. 5 shows the energy bandgap of the ZnO films
estimated by the extrapolation of the linear part of the (ahv)?
versus hv plots. From the optical absorption spectra it was
possible to determine the value of the energy gap (Eg) using
Tauc Equation [27];

ahv = A(hv — Eg)n ©)]

Eqg. 3 shows o absorption coefficient, E4 optical band
gap, A constant and n = % for the allowed direct band, n = 2
or the allowed indirect band [28].

The energy band gap of ZnO film is obtained as
~3.25eV. The Na-doped ZnO film showed an increase in
the gap to around 3.34 eV. The increase in the bandgap is
explained with the Moss-Burstein shift due to the increasing
Fermi level in the conduction band [29].
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Fig. 5. The (ahv)? versus hv curves for the optical band gap
determination of the ZnO films

4. CONCLUSIONS

In this study, ZnO and Na-doped ZnO films were
successfully prepared by a simple and fast one-step
chemical method. XRD results showed that the ZnO films
have a wurtzite phase with the maximum peak of (002)
orientation.

The crystal grain size of the films was found as 110 and
96 nm respectively for undoped and Na-doped ZnO.
Crystallite size decreased with Na addition. The average
diameter of the rods decreased with Na doping. The
absorbance increased with doping Na metal. The optical
band gap values of the films were found around 3.25 and
3.34 eV respectively for undoped and Na-doped ZnO.
Consequently, Na has successfully doped to the ZnO
structure with a simple chemical method in a convection
oven and its optical bandgap value widened with Na doping.
So the Na doped ZnO rod arrays can exhibit higher
performance than undoped ZnO rod arrays in many
potential applications with widening bandgap.
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