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Zinc oxide microrods were grown on Zn foils by a simple hydrothermal method. The XRD
and SEM experimental results revealed the dense microrod-like wurtzite ZnO structure
grown on Zn foils. The photoluminescence (PL) spectra at room temperature were
measured. ZnO microrods exhibit photoluminescence broad emission at 500-650 nm
using an excitation wavelength of 215 nm. By Gaussian analysis, the emission shows a
maximum intensity at about 540 nm and a shoulder peak at around 570 nm which
correspond to interstitial oxygen [O;] and oxygen vacancies [Vo'], respectively.
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1. Introduction

Wurtzite ZnO with space group P6smc or Cg* is an important 11-VI semiconductor
material with wide direct band gap of 3.37 eV and large exciton binding energy of 60 meV at room
temperature [1, 2]. It is an excellent electronic and photonic material due to its unique
piezoelectric, pyroelectric, catalytic and photocatalytic properties. It has potential application in
many fields such chemical and gas sensors, spin functional devices, UV-light emitters, light
emitting diodes (LEDs), laser light source and nanosensors in harsh surroundings [1-4]. ZnO
arrays or films, as an important family of ZnO nanomaterials, have been an active research field as
early as the 1960s because of their applications as sensors, transducers and catalysts [1]. In the past
decade, various chemical and physical techniques have been employed to synthesize ZnO
nanomaterials on substrate such as hydrothermal [1, 2, 5], chemical bath deposition [6], radio
frequency magnetron sputtering [7], pulsed laser deposition [8] and chemical vapor deposition
(CVD) [9].

For the present research, thin film of ZnO microrods were hydrothermally grown on Zn
foils in aqueous solutions of Zn(NOz), 6H,0 without any template adding at the pH of 8 and 9
adjusted by NH,OH. The morphology, crystalline structure and optical properties of the as-
prepared ZnO samples were also investigated and discussed in this report.
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2. Experiment

All chemicals of this experiment were analytical grade and used without further
purification. For the typical experimental procedure, the 15x15x0.25 mm Zn foils as substrates
and Zn source were carefully ultrasonically cleaned by deionized water and alcohol. Each foil was
put in solutions at the pH of 8 and 9 with pH adjusted by concentrated NH,OH solution as OH"
source. The solutions were transferred into Teflon-lined stainless steel autoclaves with 30 ml
capacity. The Teflon-lined stainless steel autoclaves were tightly closed, heated at 120 °C for 12 h
in an electric oven and cooled to room temperature. The foils were thoroughly rinsed by deionized
water several times and ethanol, and dried in an electric oven at 70 °C under atmospheric
environment inside for further characterization.

The products were characterized by X-ray diffraction (XRD) obtained on a Philips X Pert
MPD X-ray diffractometer with Cu-K, radiation. Scanning electron microscopic (SEM) analysis
was conducted on a JEOL JSM 6335F scanning electron microscope operating at 35.0 kV. The
photoluminescence properties were studied by a Perkin Elmer LS 50B fluorescence
spectrophotometer using a Xe lamp with an excitation wavelength of 215 nm.

3. Results and discussion

Phase and structure of the as-prepared samples have been investigated by X-ray diffraction
as shown in Fig. 1. XRD patterns show the peaks at diffraction angle of 26 = 31.77, 34.45, 36.30,
39.03, 43.26, 47.53, 54.33 and 56.60 deg in the 26 range of 20-60 deg. They can be indexed to the
(100), (002), (101), (102) and (110) planes at 26 = 31.77, 34.45, 36.30, 47.53 and 56.60 deg of
wurtzite hexagonal chinese white ZnO structure comparing with the database of JCPDS No. 36-
1451 [10]. Other diffraction peaks can be indexed to the (100) (101) and (102) planes at
260 = 39.03, 43.26 and 54.33 deg of hexagonal Zn structure comparing to the database of JCPDS
No. 04-0831 [10]. There was no detection of other characteristic peaks of impurities in the XRD
patterns. All diffraction peaks of the chinese white ZnO samples are strong and narrow which
indicate the presence of well-defined crystalline of the as-prepared ZnO samples. The (002) strong
diffraction peak is higher than that of the JCPDS database, suggesting the main preferred growth
orientation of the chinese white ZnO rods along the [001] direction or ¢ axis [11, 12].
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Fig. 1 XRD patterns of ZnO hydrothermally prepared in the solutions
with the pH of 8 and 9.
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The morphologies and microstructures of the as-grown samples were characterized by FE-
SEM. The morphologies of ZnO grown on Zn foils in the solutions with two different pH values
by the hydrothermal method are shown in Fig. 2. They are clearly seen that hexagonal ZnO
microrods were prepared in the solutions with the pH of 8 and 9. They always grow along the c
axis which has the lowest energy of hexagonal crystalline structure [13]. The direct observation on
the evolution of morphologies and microstructures are in agreement with the above analysis based
on the XRD patterns. Clearly, these ZnO microrods are 500 nm long with the diameters in the
range of 50-140 nm.

A 100 nm

Fig. 2 SEM images of ZnO hydrothermally prepared in the solutions
with the pH of (a, b) 8 and (c, d) 9 at two magnifications

Basing on the above discussion, the growth of ZnO structure can be proposed as follows:
Zn+2H,0+20H  — Zn(OH),* + H, 1)
Zn(OH),/* - ZnO + H,0 + 20H" (2)

The formation of Zn(OH),* ions from Zn?* and OH" ions under hydrothermal reaction is a
key role in the formation of hexagonal wurtzite ZnO microrods in the same way as the previous
reports. The primary ZnO molecules begin to nucleate on Zn foils because the dissolution of Zn
atoms into the solutions can cause a concentration gradient of Zn®* ions normal to the Zn foils. The
intrinsic electric field of the polar ZnO lattice is responsible for further growth of the ZnO crystals.
The ZnO crystal lattice can be described as alternating planes, composed of Zn?* and O*~ which
are stacked along the c-axis. The oppositely charged ions produced positively charged surface on
the (0001) plane and negatively charged surface on the other, resulting in polarization along the c-
axis. The preferred c-axis orientation of ZnO microstructure is driven by electrostatic interaction
between the polar charge to minimize surface energy. Finally, the ZnO microrods were grown on
Zn substrates [14-16].
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Fig. 3 PL spectra of (a) ZnO prepared by the 120 °C and 12 h hydrothermal reaction in
the solutions with the pH of 8 and 9 and (b) Gaussian analysis of ZnO hydrothermally
prepared in the solution with the pH of 8

The room-temperature photoluminescence spectra of the as-prepared ZnO samples are
shown in Fig. 3. They were obtained by using an excitation wavelength of 215 nm. The samples
exhibit very broad emission bands extending approximately from 500 to 650 nm. According to the
Gaussian analysis, they present two green emission peaks at maximum intensity of about 540 nm
(2.30 eV) and a shoulder peak at around 570 nm (2.18 eV). A number of different hypotheses have
been proposed for green emission, such as singly ionized oxygen vacancy, doubly charged oxygen
vacancy, oxygen antisite and surface defects. Green emission is commonly attributed to the singly
ionized oxygen vacancy and is easily influenced by surface modification [13]. The green band at
540 nm and 570 nm are related to interstitial oxygen [O;] and oxygen vacancies [Vo'],
respectively [17, 18].

4. Conclusions

The dense prism ZnO microrods were prepared on Zn foils by the hydrothermal method in
the solutions with the pH of 8 and 9, adjusted by NH,OH. XRD patterns and SEM images revealed
the presence of wurtzite hexagonal prism ZnO microrods grown along the [001] direction. Room
temperature PL spectra using excitation at 215 nm shows a maximum intensity at about 540 nm
(2.30 eV) and a shoulder peak at around 570 nm (2.18 eV). The green band at 540 nm and 570 nm
were caused by the interstitial oxygen [O; ] and oxygen vacancies [Vo'], respectively.
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