Received: December 9, 2018

Revised: December 25, 2018 Thai J. Nanosci. Nanotechnol. Volume 3. Issue 2. (2018)
Accepted: December 30,2018

Temperature Dependent Photoluminescence Study on ZnO
Nanostructures

Krisana Chongsri!'*, Amara Kiewrugsa', Kanuengnit Chuienkha? Theerayut Junkhiew?,
Taweesub Juepanit* and Apichart Sungthong!

' Department of Applied Physics, Faculty of Science and Technology, Rajabhat Rajanagarindra University,
Chachoengsao 24000, Thailand

? Occupational Health and Safety Program, Faculty of Science and Technology, Rajabhat Rajanagarindra University,
Chachoengsao 24000, Thailand

? Information Technology Program, Faculty of Science and Technology, Rajabhat Rajanagarindra University,
Chachoengsao 24000, Thailand

* Chemistry Program, Faculty of Science and Technology, Rajabhat Rajanagarindra University, Chachoengsao
24000, Thailand

Abstract

In this paper, we studied the temperature dependent optical properties of ZnO
nanostructures grown by hydrothermal process. The temperature dependent optical properties
are significant feature for near band edge and deep-level emission mechanisms of ZnO
nanostructures. Good ZnO nanostructures can result to donor bound exciton (D °X) peak that
can be measured by low temperature photoluminescence spectrum. Moreover, the
morphologies and structural properties of ZnO nanostructures were investigated by X-ray
diffraction (XRD) and Field emission scanning electron microscope (FE-SEM), respectively.
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1. Introduction

Zinc Oxide (ZnO) is a wide band gap material (Eg) ~ 3.2-3.4 eV at 300 K with large exciton
binding energy (~60 meV) and typical n-type semiconductor [1]. ZnO has many advantages
over other materials such as low cost, high stability and efficient excitonic emission.
Nanostructures can be typically obtained by various growth techniques such as sol—gel process
[2], hydrothermal process [3], radio frequency magnetron sputtering [4] and co-precipitation
process [5]. Hydrothermal technique is one of dominating and effective processes due to their
low temperature processing and ease of equipment set-up [6]. Nanoelectronics-based devices
have been extensively studied in one-dimensional (1D) nanostructures because desirous shape
and size of nanomaterials with exceptional properties can lead to their many appropriate
applications. Therefore, 1D Zinc oxide (ZnO nanostructures) can be used for many
applications such as UV detector devices [7], ultraviolet light-emitting devices [8] and
transparent conductive oxide [9]. In this work, the formation of ZnO nanostructures grown
by hydrothermal process is verified by photoluminescence spectroscopy. Photoluminescence
measurement was conducted at various temperatures from 25K to 285K in order to investigate
the important temperature-dependent parameters of this structure.

2. Experimental details

ZnO nanostructures grown on ZnO seeding layers were synthesized by hydrothermal
process. The ZnO seeding layer was deposited by dip-coating technique. The precursor
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Fig. 1. X-ray diffraction pattern of ZnO nanostructures grown on ZnO seeding layer.
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Fig. 2. FE-SEM micrograph of ZnO nanorods grown on ZnO seeding layer.

solution was then dip-coated onto cleaned glass substrates and annealed for 15 min at 100°C
on a hot-plate and repeated forl0 times. Finally, the coated films were annealed in a furnace
at 500°C for 2 h to form ZnO seeding layer. The ZnO nanostructures were synthesized by
hydrothermal process. The solution for the synthesis of ZnO nanostructures was prepared by
100 mL of 0.05 M zinc nitrate hexahydrate (Zn(NOs)2:6H20 and hexamethylenetetramine
(HMTA) into 50 mL deionized water. The ZnO-seeded substrates dipped into the prepared
solution and loaded in a Teflon autoclave for the hydrothermal reaction operating at 90°C for
2 h. Finally, the obtained white solid product was separated from the solution by sonication,
washed with distilled water, and dried at 100°C for 24 h. The crystal structures and
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morphologies of all samples were observed by XRD (Bruker D8 discover diffractometer) and
FE-SEM (Hitachi S-4700), respectively. The optical properties were investigated by
Photoluminescence spectroscopy (set up at Shizuoka university).

3. Results and discussion

Figure 1 shows the X-ray diffraction patterns of ZnO nanostructures growth on ZnO seed
layer. The clearly seen diffraction peaks positioned at 26=31.77°, 34.42°, 36.25°, 47.54° and
56.60° are assigned to (100), (002), (101), (102) and (110) orientation planes of ZnO with
hexagonal wurtzite structure, respectively (JCPDS card No. 36-1451). Fig. 2 illustrates the
FE-SEM images of ZnO nanorods showing that hexagonal nanorods are well-grown on seed
layers. The sample has hexagonal shape with the rod’s diameter size in the range of 50-150
nm.

Figure 3 shows photoluminescence spectra of ZnO nanorods grown on ZnO seed layer
measured as a function of temperature ranging from 25 K to 285K. It can be observed that all
PL spectra obtained have similar features including three sharp UV emission bands (360-400
nm) and a broad yellow-orange emission band (500-700 nm; at 285 K). The temperature
dependent energy gap of semiconductor material is typically expressed in term of empirical
relations proposed by many analytical models. It is clearly seen in fig. 3 that there is significant
red-shift of major peak of UV-emission with increasing temperature. The relationship of
major PL peak position with respect to temperature can be explained by the Vashni empirical
model explained by the following equation.

T2
Eg(T)zEg(OK)—aﬁ_’_T (1)

When Eg(T) is the energy gap at temperature 7, « and [ are parameters to fit the
experimental data (referred to as Vashni thermal coefficients) [10].
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Fig. 3. PL spectra of the ZnO nanorods at 25 K to 285 K.
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Fig. 4. Temperature dependent PL spectra of ZnO nanorods with curve fitting of three sharp
UV emission bands ~368 nm, ~375 nm and ~382 nm.
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Figure 4 shows temperature dependent PL spectra of ZnO nanorods with curve fitting of
three sharp UV emission bands ~368 nm, ~375 nm and ~382 nm based on Vashni model. It is
found that the best fitting process is exhibited in figure 4 (~375). It can be seen the fitting
curve is in good agreement with the exciton of bound shallow neutral donor (D°X) at ~375
nm. Furthermore, the broadening of this near band edge emission with increasing operating
temperature is also noticed that may due to the natural temperature-induced broadening
mechanism in semiconductor. Moreover, the first peak with shortest wavelength of ~368 nm
is correlated to free exciton emission (FX). Third peak situated at ~382 nm with broad
shoulder can be attributed to the donor to bound exciton emission. At 285 K shows yellow-
orange emission band (500-700 nm) of ZnO nanorods. The intensity of yellow-orange
emission component increases when the high temperature, indicating that the yellow-orange
emission is closely associated with the electron-phonon interaction and thermal expansion of
the lattice, which inhibits the UV emission [11-12].

4. Conclusion

The ZnO nanostructures was successfully grown by hydrothermal process. The results of
Temperature Dependent Photoluminescence (25 K to 285 K) of the ZnO nanostructures are
composed of UV emission bands and yellow-orange emission band. The three sharp UV
emission bands spectra qualitatively suggest the existence of the ZnO structures. All results
indicated that the band gap energy of ZnO nanorods are assumed to be dependent to
temperature and good morphologies which produces a high uniform and highest density
growth of ZnO nanostructures confirm by XRD and FE-SEM, respectively.
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