Structural and luminescent properties of ZnO flower-like
nanostructures synthesized using the chemical bath deposition
method
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Abstract. Crystalline zinc oxide (ZnO) flower-like nanostructures were synthesized by the
chemical bath deposition (CBD) method. The temperature of the bath was maintained at 80°C.
The effect of different mol% of zinc acetate and different synthesis time on the structure,
morphology and optical properties of nanostructures were obtained. The X-ray diffraction
(XRD) pattern for the ZnO flower-like nanostructures showed crystalline peaks corresponding
to a hexagonal wurtzite ZnO structures. There was no effect on the structure as the mol% of
zinc acetate and different synthesis time were varied, respectively. The estimated average
grain sizes were found to be 45 nm. It was found that the estimated grain sizes increases with
an increase in zinc mol% and synthesis time, respectively. Scanning electron microscopy
(SEM) observations showed the presence of flower-like aggregates. In the case where a higher
mol% of zinc acetate and reaction time was used in the preparation process, respectively, the
nanoflower-like structures were larger in size. The shape however did not change.
Transmission electron microscopy (TEM) micrographs of the ZnO powder revealed the
formation of ZnO flower-like nanostructures. Energy dispersive X-ray (EDS) analysis showed
all expected elements. The ZnO powder revealed good optical properties with high absorptions
properties in the UV region. The band gap energies increased slightly with an increase in the
molar concentration of the zinc acetate and again in synthesizing time. The estimated band
energy gaps are 3.24, 3.26 and 3.27 eV for sample synthesized for 10 minutes, 5 minutes and 1
minute, respectively which were lower than that of bulk ZnO (3.37eV). The luminescence
intensity was found to decrease with an increase in the zinc acetate mol% and synthesis time,
respectively. There was no effect on luminescence band. The photoluminescence
measurements reveal a strong emission peak at around 606 nm.

1. Introduction

Zinc oxide (ZnO) has been intensively studied in the past decade and it is a wide, direct band gap
(3.37 eV) semiconductor, which crystallizes in both the cubic and hexagonal form. It is commercially
used as a phosphor for cathode ray tubes in flat panel displays [1] and is widely used in photovoltaic
devices [2]. ZnO has attracted much attention because of different properties in nano forms in
comparison with those of the bulk materials. Size dependence on optical properties of nanocrystalline
semiconductors makes them an interesting candidate for phosphor applications [3]. Many methods
have been described in the literature for the production of ZnO nanostructures such as laser ablation
[4], sol-gel method [5], chemical vapor deposition [6], and combustion method [7]. Some of these
synthetic processes require long reaction time, high synthesis and annealing temperatures. To avoid
some of these challenges the chemical bath deposition (CBD) method was used, is a simple, cheap and



convenient process to prepare semiconducting materials. The more recent interest in all things ‘nano’
has provided a boost for CBD, since it is a low temperature, solution (almost always aqueous)
technique, crystal size is often very small and it gives better homogeneity. The aim of this paper was
to investigate the effect of different preparation parameters (e.g. Synthesis time and mol% of zinc
acetate) on the particle size of the ZnO.

2. Experimental
The ZnO powders were prepared by varying the molar concentrations of zinc acetate and holding the

amount of thiourea and ammonia constant in the precursor. Ammonia was used as a complexing agent.
The different molar concentrations of zinc acetate were dissolved in 60 mL of deionized water. 0.18 M
thiourea was dissolved in 500 mL of deionized water and 123.5 mL of ammonia were dissolved in 500
mL of deionized water. Then a magnetic stirrer was used to stir each of the mixtures for overnight at
room temperature to ensure homogenous distribution of the solution reagents. An equal volume ratio
(1:1:1) was considered for each solution in the following order: 60 mL quantity of zinc acetate was
first added to the beaker which was placed in the water bath, followed by addition of 60 mL of
thiourea solution and the mixture was stirred for 30 s, following that, 60 mL of ammonia solution was
then added slowly in the mixture, while continuously stirring for 5 min. Water bath was maintained to
be at a constant desired temperature of 80 °C. The precipitates were then left overnight and filtered
thereafter. After the precipitates were filtered and washed with 50 mL of ethanol. The obtained
particles were dried at ambient conditions for several days. After that the powders were ready to be
characterized. The particle size and morphology and the structural and luminescent properties of the
as-synthesized phosphors were examined by means of scanning electron microscopy (SEM), X-ray
diffraction (XRD), Uv-vis spectroscopy and Photoluminescence (PL).

3. Results and Discussion

3.1 Structural analysis and Composition analysis
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Figure 1. X-ray powder diffraction patterns for ZnO structures prepared at (a) different synthesizing
times but constant molar concentrations and (b) different molar concentrations of lead acetate at

constant synthesizing time.

Figure 1 (a) shows the XRD patterns of the ZnO nanostructures synthesised at constant mol% of zinc
acetate of 0.56M but for different synthesizing times. The average estimated values of the cell
constants of a and ¢ are 3.257 and 5.215 A, which matched perfectly with standard data available in



JCPDS card no. (36-1451, a = 3.24982 and c= 5.20661 A). The XRD results (broad peaks) indicate
that the ZnO nanostructures were composed of single hexagonal wurtzite nanocrystallites. No
structural dependence on the synthesis time and precursor concentration were observed, figure 1 (a)
and (b). The average size of the as-prepared crystals can be estimated from the Full Width Half
Maximum (FWHM) of the diffraction peaks using the Debye formula [8]. The average grain sizes was
estimated using the XRD spectra are found to be 48, 45 and 42 nm for particles synthesized for 10
minutes, 5 minutes and 1 minute, respectively. In Figure 2 the estimated average grain sizes are
plotted for the samples prepared at different molar concentrations of zinc acetate synthesized for 10
minutes and 5 minutes, respectively, it is clear that the estimated average grain size increases with an
increase in the zinc acetate concentration.
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Figure 2. The dependence of average grain sizes of the ZnO on the zinc acetate concentration for
different synthesis time.

3.2 Surface morphological analysis

Figure 3 (a) and (b) show SEM images of the as prepared ZnO nanostructures prepared at different
molar concentrations of zinc acetate but synthesized at constant time. The surface aspects of all the
SEM images are composed of flower-like structures. It is clear that the flower-like structures are
clustered with some surrounded by spherical nanoparticles. By comparing the SEM micrographs it is
clearly seen that by increasing the molar concentration of zinc acetate there is an increase in the grain
sizes.

The TEM micrograph of ZnO synthesized for 5 minutes using 0.56M zinc acetate is shown in figure
4(a). The presences of ZnO flower-like nanostructures are clearly visible in the TEM images. The
nanostructures are aggregated. The elemental composition of the ZnO samples were analysed using
EDS. From Figure 4 (b) the elemental analysis of the ZnO flower-like nanostructures suggests the
existence of Zn and O (from the cores and the outside shell) and C (from the C double sided tape).



Figure 3. SEM images of ZnO nanostructures for (a) 0.56M and (b) 0.86M zinc acetate
concentration synthesized at constant time.
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Figure 4. (a) and (b) representative TEM and EDS spectra of the ZnO nanoflower-like structures
prepared at different molar concentration of zinc acetate for a constant time of 5 min.

3.3 Optical properties

The absorption spectra exhibit a shoulder peaks at around 333 nm for sample synthesized for 1 minute
and 348 nm for samples synthesized for 5 and 10 minutes, respectively, which are attributed to the
exitonic absorption corresponding to 3.5 eV [9], figure 5. By increasing the synthesizing time the
absorption peak shoulders shift slightly to higher wavelengths. This shift from 333 to 348 nm may be
due to the particles sizes that were decreasing as the synthesizing time decreases [10]. The absorption
edges were not affected by the synthesizing time. This may be due to the morphology which was
homogeneous. The ZnO is a direct bandgap material. The energy band gaps of these materials were
estimated using the Tauc relation [11],

a=(hv-Eg)" 1)

where o is the absorption coefficient, hv is the photon energy, E, is the band gap n=2 for direct
transitions. The energy band gaps were measured with the help of absorption spectra plotting graphs of
(ahw)? versus hw, and the corresponding band gaps obtained from extrapolating the straight portion of
the graph on the hv axis at o= 0. All the calculated band gap energies were below the theoretical band
gap value of 3.37 eV.
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Figure 5. The absorbance spectra (a) and the band gap energy (b) of ZnO structures prepared at
different synthesizing times and at constant zinc acetate concentration.

This may be due to the particle sizes which are bigger than the exciton bohr radius of ZnO [12]. From
figure 5 (b) it is clear that the band gap energy of ZnO structures decreases slightly (band gap energy
do not change a lot) with an increase in synthesizing time. Even as the molar concentration of zinc
acetate increased the band gap energy slightly increased which is not shown here. This decrease in
band gap energy is in accordance with the particle size that is increasing as the synthesizing time
increased as confirmed by SEM and XRD results.

3.4 Photoluminescence

The photoluminescence (PL) measurement of the ZnO nanoflower-like structure was carried out at
room temperature with 325 nm excitation. Figure 6(a) shows strong and broad emission spectrums,
which are mainly located in the orange region with its maximum luminescence intensity at around 606
nm. It has been suggested that the orange band emission correspond to the oxygen interstitials,
showing excess of oxygen in the ZnO nanoflower-like [13]. Comparing the three patterns, the
maximum luminescence intensity is reached at the ZnO synthesized for 5 minutes, by increasing the
synthesizing time further the luminescence intensity decreases. Even as the molar concentration of
zinc acetate increases the luminescence intensity decreases as shown in figure 6(b). This decrease in
luminescence intensity may be due to the increase in particle size as confirmed by the XRD. There
was no shift in the luminescence band of ZnO flower-like nanostructures for samples prepared at
different synthesizing times and constant molar concentration of zinc acetate; this may be due to the
uniform particle sizes as observed with the SEM.
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Figure 6. The PL spectra of ZnO nanostructures, prepared at (a) different synthesizing times but
synthesized at constant molar concentration of zinc acetate and (b) fits to the 5 min sample
luminescence spectra of ZnO nanoflower-like prepared by the CBD method.

4. Conclusion

The ZnO nanostructures have been successfully synthesized by the chemical bath deposition technique
at 80°C. XRD showed that the structure of the material obtained is hexagonal wurtzite ZnO. UV
spectroscopy showed that the band gap energy of the ZnO nanoflower-like decreased with an increase
in the synthesizing time. PL showed that the emission intensity of the nanostructures depends on the
synthesizing time and the molar concentration of the zinc acetate.
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