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Abstract: To date, no approaches have been reported to fabricate the ZnO nano-stripes arrays on zinc foil substrate.  In 

this method, zinc (Zn) foil was applied as substrates. The ZnO nano-stripes arrays on zinc foil substrate were prepared via 

photoelectrochemical (PEC) wet etching method without using templates and catalysts.  To prepare ZnO nano-stripes struc-

tures, the samples were dipped into a mixture of HNO3:Ethanol (1:5) with current densities of 127 mA/cm
2
, and subjected 

to external illumination from a 100W lamp. The constant etch time is 30 min. After etching, the surface morphology and 

the nano-stripes structure of the ZnO films were characterized by scanning electron microscope (SEM), energy dispersive 

X-ray analysis (EDX) and X-ray diffraction (XRD). XRD pattern confirmed that the hexagonal wurtzite structure of ZnO 

nano-stripes were of polycrystalline structure. The optical properties of the ZnO nano-stripes arrays were characterized by 

Raman and photoluminescence spectroscopies at room temperature (RT). Micro-Raman results showed that A1(LO) of hex-

agonal ZnO nano-stripes have been observed at 520 cm
-1

. PL spectrum peak is obvious at 368 cm
-1

 for ZnO film grown on 

zinc foil substrate.  The PL spectrum peak position in ZnO nano-stripe is blue-shifted with respect to that in unstrained ZnO 

bulk (381nm).  This can be clarified by the approximately smaller statistical area spreading of the nano-stripes.  Nano-

stripes ZnO can be used as a buffer or intermediate layer to lessen substrate-induced strain, similar to porous silicon.   
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1. Introduction 

A typical II-VI group compound semiconductor, ZnO is 

an essential technological element.  A various kinds of ZnO 

nanostructures for example nanowires, nanorings, nano-

bows, nanotubes, nanohelices, nanorods, nanobelts, and 

nanoflowers have been also described over the past few 

years [1-4]. Recently, one-dimensional (1-D) nanomaterials 

particularly oriented structures have received worldwide 

interests due to their outstanding properties, potential ap-

plications, and high surface area [5].  Given that ZnO pos-

sesses a wide direct band gap 3.37 eV at room temperature 

and large exciton binding energy of 60 meV, it has been the 

subject of abundance observation in reference to the utilize 

of nanostructures in the areas of electronics, electrode for 

dye-sensitized solar cells, gas sensors, biomedical science, 

green energy and photonics [6-10]. 

With lessen in size, novel electrical, chemical and optical 

properties are introduced, which are mainly conceived to be 

consequence of the surface and quantized energy (quantum 

confinement) influences. In the midst of these nanostruc-

tures, the nano-stripes have extraordinary optical, electric 

and magnetic characteristics, and they display promising 

applications in photocatalytic, chemical sensor, lumines-

cence and field emitter [11-13].  Consequently, much 

struggle has been produce to the synthesis and study of 

their characteristics. 

In this paper, we report the successful fabrication of ZnO 

nano-stripes by a simple photoelectrochemical (PEC) me-

thod. The crystalline structure, morphologies and optical 

properties of the ZnO nano-stripe were investigated.  

2. Experimental 

To prepare nano-stripes ZnO by photoelectrochemical 

(PEC) wet etching approach.  For the preparation of  ZnO 

nano-stripes arrays, an ordinary simple manner was as fol-

lows: A slice of zinc foil substrate (20 x 30 x 0.25 mm3), 

cleaned by absolute ethanol and followed by deionized 

water. 
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The PEC etching of zinc (Zn) foil samples were carried 

out in a conventional electrochemical cell at room tempera-

ture using an unstirred of mixture of HNO3:Ethanol (1:5) 

solution. Etching was also executed applying front-side 

illumination with the lamp and a standard electrochemical 

cell with a Pt counter electrode with external bias was ap-

plied between the sample and the cathode [14, 15]. The 

constant etch time is 30 min.   

Samples were chemically cleaned to clear away surface 

contaminants and oxides before any characterization. After 

etching, the samples were characterized by X-ray diffrac-

tion (XRD) measurements. The morphology and composi-

tion of the samples were examined by scanning electron 

microscopy (SEM) combined with energy dispersive X-ray 

analysis (EDX). 

All the optical measurements were studied at room tem-

perature (RT). Raman spectroscopy was conducted with a 

micro-Raman/photoluminescence (Jobin Yvon HR800UV) 

system, for example, an integrated confocal micro-

Photoluminescence spectrometer. A He-Cd laser (325 nm) 

was used as an excitation source for PL. Micro-Raman 

scattering experiments were investigated by using a Jobin 

Yvon HR 800 UV spectrometer system. The excitation light 

source was the 514.5 nm line of Argon (Ar) ion laser beam 

and the incident laser power of 20 mW was focused [14].  

Previously the ZnO spectrum was reported, the Raman 

spectroscope was calibrated and checked using a silicon 

substrate [16]. 

 
Fig. 1. The photoelectrochemical etching experimental set up used to 

generate ZnO nano-stripes arrays on zinc foil substrate. 

In this work, micro-Raman scattering experiments were 

carried out in the z(x, unpolarized) z  scattering configura-

tion [14]. Here, the Porto’s notation is used for scattering 

geometries with z parallel to wurtzite c axis, and (x, unpo-

larized) refers to the polarization of the incident and scat-

tered light [17]. Under this configuration, the allowed zone-

center phonon modes that can be detected for wurtzite 

structure layer will be A1(LO), and E2(high), unless there 

are some disoriented microstructures [18].  

3. Results and Discussion 

The morphology of a top-view ZnO nano-stripe arrays 

grown on a zinc foil substrate is shown in Figure 2.  Fig. 

2(b) shows a medium-magnification SEM image of the 

product. It can be seen from Fig. 2, that ZnO nano-stripe 

arrays are densely but not homogenously distributed. The 

geometrical shape of the nano-stripe is clearly shown in Fig. 

2(c) and (d). Figure 2c and d show the close-view SEM 

images of as synthesized ZnO nano-stripe structures. Fig-

ure 3 shows typical EDX results for the composition of the 

ZnO nano-stripe arrays grown on the zinc foil substrate. It 

discloses the presence of Zn and O as the only primary 

components, with a moderate oxygen defect (Zn/O atomic 

ratio = 1:1). 

 

 
Fig. 2. SEM images of ZnO nano-stripe arrays on zinc foil substrate with 

different magnification views: (a) 1,000, (b) 5,000, (c) 10, 000, and (d) 

25,000. 
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Fig. 3. The corresponding EDX pattern of the ZnO nano-stripe arrays on 

zinc foil substrate. 

Figure 4 shows an XRD pattern of the as-synthesized 

samples. The diffraction peaks can be recorded to wurtzite 

ZnO, exclude for those distinguished as Zn coming from 

the zinc (Zn) foil substrate. Prominently, when compared 

with the common diffraction form, the (002) diffraction 

peaks are improved and much stronger than the other peaks, 

symbolizing the highly preferential growth of the ZnO na-

no-stripes along their c-axis, perpendicular to the Zn foil 

substrate surface. 

 
Fig. 4. X-ray diffraction pattern of the ZnO nano-stripes on Zn foil. 

Figure 5 shows the Raman scattering spectrum of the 

ZnO nano-stripes. A strong peak appears at 438 cm-1 

which corresponds to the E2(H)  mode of wurtzite phase of 

ZnO, which is the intrinsic characteristic of the Raman-

active mode of wurtzite hexagonal ZnO [19], while the 530 

- 620 cm-1 peak is attributed to the presence of Zn intersti-

tials [20].  The A1(LO) Raman line-shape is very sensitive 

to lattice disorder in ZnO crystals, because the non-

stoichiometric defects will disrupt the long range ionic or-

dering [21].  The disorder will induce the phonon modes 

near the A1(LO) on the phonon dispersion curve to be Ra-

man active [22].  For ZnO nano-strikes, only the allowed 

Raman phonon modes of A1(LO) are clearly visible at  530 

cm-1 for growth on Zn foil. 

 

 
Fig. 5. Room temperature micro-Raman spectrum of ZnO nanostructures. 

Photoluminescence (PL) spectroscopy is an efficient me-

thod for evaluating the optical properties of semiconductor 

materials. Figure 6 shows a typical room-temperature PL 

spectrum of the ZnO nano-stripes arrays, with a dominant 

emission peak centered at 368 nm, which is corresponds to 

the ultraviolet (UV) emission of ZnO with a band gap of 

3.39 eV. Many researched have reported the optical proper-

ties of ZnO nanoctructures, Generally, the UV emission 

peak of ZnO is attributed to the near-bandedge (NBE) 

emission of wide-band-gap ZnO. 

 
Fig. 6. The PL spectra obtained from the surfaces of the ZnO nano-stripes. 

4. Conclusion 

Large-scale ZnO nano-stripe arrays have been success-

fully synthesized on zinc foil by a simple and low-cost me-

thod. We synthesized the ZnO nano-stripes without any 

catalysts or templates.  PL and Raman spectra show that 

these ZnO nano-stripess arrays have good optical properties.  

Room-temperature photoluminescence (PL) spectrum of 

nano-stripe arrays shows a strong emission band at about 

368 nm.  Furthermore, the novel ZnO nano-stripes reported 

here may have potential applications as functional blocks in 
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fabrication of optoelectronic nanodevices.  
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