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Abstract. In this work, the hydrothermally grown ZnO nanostructures were successfully
prepared on indium tin oxide glass using different aqueous solution molarities. The effect of
solution molarity on the structual and optical properties of ZnO nanostructures were studied by
X-ray diffraction and temperature-dependent photoluminescence (PL) measurements. The PL
intensity ratio of the ultraviolet emission to the visible emission is also calculated. It is found
that the crystal quality and the optical properties are improved by raising the solution molarity,
but too higher solution molarity should lead to the disorder of ZnO structures, and deteriorate
the crystal quality.

1. Introduction

Zinc oxide (ZnO) has been extensively investigated due to its unique properties, including wide direct
bandgap energy (3.36 eV), large exciton binding energy (60 meV), high piezoelectricity, high electron
mobility, and thermal stability. These characteristics make ZnO nanostructures interesting for
application in ultraviolet (UV) light emitters, optoelectronic devices, and chemical sensors as well as
acousto-optic, electro-optic, and piezoelectric material [1-3]. ZnO nanostructures with small
dimensions exhibit distinctive properties arising from their nanoscale size and shapes. The roles of the
nanostructure size, impurities, and morphology are very important to their applications. ZnO
nanostructures have been synthesized by different methods, including metal-organic chemical vapor
deposition (MOCVD) [4], physical vapor phase deposition [5], and the low temperature hydrothermal
method [6]. The hydrothermal method, which involves heterogeneous nucleation in super saturated
solutions for the growth of nanostructures on the surface, has been widely used to ZnO structures on
ZnO-seeded substrate. The advantages of this method include low-cost, low-temperature,
nanoelectronic compatible, and suitable for large area substrates. The properties of ZnO produced by
the hydrothermal method are dependent upon preparation parameters such as growth temperature,
solution molarity, and deposition time [7]. In this work, the hydrothermally grown ZnO nanostructures
were prepared with different aqueous solution molarities. Measurements of X-ray diffraction (XRD)
and temperature dependent photoluminescence (PL) were performed to examine the structural and
optical properties of the ZnO nanostructures.
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2. Experimenal

A thin film of zinc acetate (comprised of a solution containing zinc acetate dihydrate
Zn(CH;COO),2H,0) was spin coated onto an indium-tin-oxide (ITO) glass substrate and annealed at
300 °C in oxygen for 20 min. The hydrothermal method was used to grow ZnO nanostructures on ITO
glass using an aqueous solution of zinc nitrate dehydrate (Zn(NOs),) and hexamethylenetetramine
(HMTA) which were dissolved in 100 ml of deionized (DI) water. The molarities of solutions were set
to 10, 20, 30, 40, and 50 mM and the growth temperatures were set to 90 °C. The growth was carried
out for 3 hours after the temperature of the aqueous solution reached 90 °C. Finally, the sample was
taken out from the aqueous solution and immersed into DI water to remove any residue on the
substrate. After growth, the samples were characterized by HRXRD. Rocking curves of the (002)
reflection were produced using the Bede D1 system. The temperature dependent PL. measurements
were carried out by mounting the sample in a closed cycle helium cryostat where the temperature (7)
was varied from 10 to 300 K and using a He-Cd laser operating at a wavelength of 325 nm and the
average excitation intensity was 30 mW. The luminescence signal was dispersed through a 0.5 m
monochromator and detected using a silicon photodiode by standard lock-in amplification technique.

3. Results and discussion

Figure 1 shows the XRD patterns of the ZnO nanostructures with the solution molarities from 10 to 50
mM. The nanocrystalline quality could be analyzed using XRD measurements. It can be seen that the
detected diffraction peaks from the nanocrystallite responses have a wurtzite hexagonal ZnO structure
and the narrow broadenings indicate good crystallinity of the as-synthesized products. The distinct
diffraction of the ZnO can be indexed as corresponding to the crystal planes of ZnO (100), ZnO (002),
ZnO (101), ZnO (102), and ZnO (110), respectively. With increasing solution molarities, the intensity
of XRD peaks increases. However, the full width at half maximum (FWHM) of the XRD spectra
decreases as the solution molarity increases from 10 to 40 mM, and then increases as the solution
molarity further increases to 50 mM. The widest FWHMs of the XRD peaks in the highest-molarity
ZnO nanostructures imply that this sample has a lower crystalline quality than the other samples. With
high solution molarity during hydrothermal process, the growth rate may proceed too fast for regular
morphology and enhance the degree of the overall nanocrystallite size fluctuation, inducing broadened
FWHMs of XRD spectra [8].

1700 f10mM —
(=
1200 | 2.2
N —
700 S g ‘g_
200 X
= 1700 40 mM
S 1200
>
= 700} I I
g w
< 200 ’ -
£ 1700 |50 mM
1200
700
200 Figure 1. High-resolution X-ray diffraction

20 3'0 20 50 60 spectra for the hydrothermally grown ZnO
nanostructures with solution molarity 10,
20 (degree) 40 and 50 mM, respectively.



2nd International Conference on Energy Materials and Applications IOP Publishing
IOP Conf. Series: Materials Science and Engineering 222 (2017) 012007 doi:10.1088/1757-899X/222/1/012007

Figure 2 shows the PL spectra of the ZnO nanostructures synthesized using different solution
molarities at 7=300 K. The ZnO nanostructures exhibit weak emission in the ultraviolet (UV) region at
approximately ~3.2 eV (see inset of Figure 2) and a strong and broad yellow-orange emission peak at
~2.02 eV. The ultraviolet emission is attributed to free-exciton recombination corresponding to the
near-band-edge transition in ZnO [9]. The origin of the emission peak in the visible region is related to
the radial recombination of photon-generated holes with single ionized charge of the specific defects
such as O vacancies or Zn interstitials [10,11]. Moreover, increasing the solution molarity from 10 to
30 mM leads to a rising of the invisible emission peak intensity. We suppose that the increase in
emission intensity could be associated with the increasing concentration of the oxygen vacancies.
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Figure 2. Room-temperature PL spectra of ZnO nanostructures with solution molarities
from 10 to 50 mM. The inset shows the magnified UV emission spectral region.

More detailed data on the temperature dependence of the PL peak position and the PL linewidth
taken over a broader temperature range are plotted in Figure 3. Figure 3(a) demonstrates the
temperature dependent PL emission energy of ZnO sample with solution molarity 30 mM. It is
apparent from the plot that the visible yellow-orange emission peaks show anomalous temperature-
dependent behaviors, which differ remarkably from the monotonous band-gap shrinkage with
increasing temperature. This phenomena could be associated with the defect-related levels in the ZnO
nanostructures, and is attributed to the temperature related transitions between the conduction band,
shallow donors (such as intrinsic Zn;), and ionized oxygen vacancy levels [12]. The temperature-
dependent FWHMs of PL spectra measured from this sample are exhibited in Figure 3(b). As
temperature is increasing, the broadening of PL linewidth is obvious, resulting from the electron-
phonon scattering mechanism.

Figure 4 presented the PL intensity ratio of the emission in the UV region (/yy) to the emission in
the visible region (/,;). As comparing the optical properties of samples, the value of Iy)/I,;; of the ZnO
nanostructures is an important factor [13]. It can be seen that the ratio increases as the molarity
increases from 10 to 40 mM, and then decreases when the molarity further increases to 50 mM. It is
known that there are more defects that could act as nonradiative recombination centers and reduce
light emission on the surface compared to the internal parts of materials. The higher PL intensity ratio
means fewer structural defects in the samples. Therefore, the ZnO nanostructures with molarity 40
mM have a better relative crystalline quality. Too higher solution molarity leads to the disorder of
ZnO structures, and deteriorate the crystal quality.
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Figure 3. Temperature dependence of (a) peak position and (b) FWHM of PL spectra from the
ZnO nanostructures synthesized using solution molarity 30 mM.

—~ 014

Vi

o
-
N

o
-
o

PL Intensity Ratio (1, /1

0.08 A A A A A
10 20 30 40 50
Molarity (mM)

Figure 4. Variation of the PL intensity ratio of the emission in the UV region (Iyy) to the
emission in the visible region (/,;;) values with various solution molarities from 10 to 50 mM.

4. Conclusions

In this paper, the effects of solution molarity on hydrothermally grown ZnO nanostructures were
studied. The structural properties of the prepared ZnO nanostructures were determined by XRD
measurements, and the optical properties were investigated by the measurement of temperature
dependent PL spectra. It is found that the crystal quality and the optical properties are dependent on
the solution molarity during hydrothermal process. The intensity of XRD peaks increase and the PL
intensity ratio of the UV emission to the visible emission is also raised up with increasing solution
molarities. However, the FWHM of the XRD of the ZnO nanostructures become wider and the PL
emission intensity ratio (Iyy/1,;;) degrades with further increase of molarity. Therefore, the structural
and optical properties of ZnO nanostructures can be improved by optimizing of solution molarity.
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