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ABSTRACT:  One dimensional zinc oxide (1-D ZnO) array has been utilized for various 

application such as photocatalytic, solar cells, and light emitting diode. Low-temperature 

solution-based methods including hydrothermal, chemical bath deposition, and precipitation 

methods have been frequently employed for the growth of 1-D ZnO nanostructures. These 

methods are easy to handle, less expensive, and environmental friendly. However, the main 

drawback of solution-based methods is the long growth duration of ZnO nanostructures 

varying from 2 to 12 hours. Direct heating method enables ZnO nanostructures to grow 

rapidly (less than 1 hour) on a metal substrate by employing the Joule heating effect. Under 

direct heating condition, the effect of hydroxyl ion (OH-) on the formation of 1-D ZnO is 

crucial to investigate. In this work, ZnO submicron-rods were grown on kanthal wire with 

different OH- concentrations. The formation of ZnO submicron-rods was verified by FESEM, 

TEM and XRD analyses. At low OH- ion concentration, Zn(OH)2 precipitates were formed in 

the bulk solution. With the increase of OH- ion concentration, [Zn(OH)4]2- complexes were 

formed, which initiated the nucleation of ZnO on the kanthal wire surface. After direct heating 

for 10 minutes using 1.2M of OH- ion, ZnO submicron-rods were fully grown on the wire 

with an average diameter of 304 ± 78.6 nm. In conclusion, tailoring the OH- ion concentration 

eliminated the formation of Zn(OH)2 precipitates and increased the [Zn(OH)4]2- complexes 

which was favorable for the growth of 1-D ZnO in a controlled manner using direct heating 

method. 
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1. INTRODUCTION

One dimensional zinc oxide (1-D ZnO) array has been attracted much attention in advanced

applications including light-emitting devices [1], solar cells [2], gas sensors [3], and 

photocatalysis [4]. It is known that the optical and electrical properties of ZnO nanostructure 

are highly dependent on shape, size, and orientation [5]. ZnO arrays has been commonly 

synthesized by two-steps hydrothermal with long growth duration (3h to 12h) [6]. Developing 

a rapid and simple method has been attracted much attention for synthesizing 1-D ZnO arrays 

on supportive substrate. 
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Low-temperature (65 – 95℃) solution-based methods including hydrothermal [6], chemical 

bath deposition [7], or precipitation [8] methods were frequently employed for the growth of 

ZnO nanostructures. These methods are easy to handle, low temperature (60-100°C), less 

expensive, and environmental friendly. However, long growth duration and randomly 

orientation of ZnO crystal are the main drawback of solution-based methods. Direct heating 

method had been adapted for growing 1-D ZnO nanorods/nanowires on printed circuit board 

[9], and stainless steel mesh [10]. By employing the Joule heating effect, the substrate is 

directly heated when the current is passing through. Under direct heating condition, the effect 

of hydroxyl ions (OH-) on formation of 1-D ZnO nanostructures on the heated substrate is 

crucial to investigate. Thus, in this study, the structure and morphology of ZnO was examined 

to evaluate the role of hydroxyl ions on the growth of ZnO on kanthal wire. 

2. MATERIALS AND METHODS 

The materials used to synthesize ZnO were sourced from Merck including zinc acetate 

dehydrate (CAS-383058) and sodium hydroxide (CAS-1064981000). Kanthal wire (Vapour 

Tech, 20Ga, coil 30 feet) was used as a supportive substrate for the growth of ZnO. 

Direct heating method was used to synthesize ZnO on kanthal wire as reported in previous 

study [11]. Firstly, kantal wire was cut, coiled into a string and ultrasonic cleaned using ethanol 

and dried at 80℃. Secondly, solutions of 0.1M zinc acetate dehydrate and sodium hydroxide 

with various concentrations of 0.8M, 1M and 1.2M were prepared separately using distilled 

water. Zinc acetate dehydrate solution was added dropwise into sodium hydroxide under 

vigorous stirring for 15 min at room temperature. Both ends of the kanthal coil were connected 

with electrical power supply of 30W. The kanthal coil was dipped into the as-prepared 

precursor mixture. The coil was heated up when applying the power of 30W for 10min. The 

temperature of the wire was measured by a digital thermometer. After 10 min of direct heating, 

the coil was washed with distilled water and dried at 80℃. The as-synthesized samples were 

designated as ZnO/wire-0.8M, ZnO/wire-1M, and ZnO/wire-1.2M corresponding to the OH- 

concentration of 0.8M, 1M, and 1.2M, respectively. 

The structure and morphology of as-synthesized samples were analyzed using X-ray 

Diffraction (XRD, Bruker D8, accelerating voltage of 40kV, Cu Ka radiation k = 1.5406 Å) 

and Field Emission Scanning Electron Microscope (FESEM, Zeiss Supra 35VP, WD = 5mm, 

accelerating voltage of 10kV, and InLens detector), Transmission Electron Microscope (TEM, 

Tecnai G220 S-Twin, 200kV field emission gun) analyses, respectively. The average length 

and diameter of ZnO rods were measured from FESEM images using ImageJ software with the 

sample size of 10. 

3. RESULTS AND DISCUSSION 

Figure 1 shows XRD spectra of bare kanthal wire and as-synthesized ZnO/wire grown at 

various OH- concentration of 0.8M, 1M, and 1.2M. The bare kanthal wire had diffraction peaks 

of Aluminum Chromium (Al8Cr5, Hexagonal, ICDD. no. 98-000-0411) and Aluminum 

Chromium Iron (Al0.5Cr0.5Fe, Cubic, ICDD. no. 98-006-5697). After growing ZnO with OH- 

concentration of 0.8M and 1M (sample ZnO/wire-0.8M and ZnO/wire-1M) most of the 

diffraction peaks of bare kanthal wire were suppressed. Only main diffraction peaks of Al8Cr5 

(at 29.29° and 47.33°) and Al0.5Cr0.5Fe (at 44.85°, 65.02°, and 82.34°) were found at ZnO/wire-

1M sample. When OH- concentration was increased to 1.2M (sample ZnO/wire-1.2M) 

additional diffraction peaks at 34.4°, 36.6°, and 63.1° matched the crystallographic (002), (011) 

and (013) planes of ZnO hexagonal Wurtzite structure (ICDD no.: 98-010-5281), respectively. 

Similar diffraction patterns of ZnO was reported by Amin et al. [12], where ZnO nanorods 
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were grown on silicon substrate at 90°C for 5h using hydrothermal method. The 

crystallographic (002) plane had the strongest diffraction peak of ZnO/wire-1.2 sample, 

indicating that ZnO was preferably grown in [001] direction [13]. 

 

Figure 1. XRD spectra of bare kanthal wire and as-synthesized ZnO/wire grown at 

various OH- concentration of 0.8M, 1M, and 1.2M. 

The role of OH- ions on the growth of ZnO on kanthal wire was further investigated via 

morphology evolution using FESEM analysis as shown in Figure 2. After direct heating the 

wire at 30W for 10min the solution temperature was 73 ± 5°C. Figure 2a shows the morphology 

of ZnO/wire-0.8M sample, containing wo kinds of distinct products i.e., flower-like ZnO and 

octahedral Zn(OH)2. The average diameter and length of flower-like ZnO were 67.2 ± 4.8um 

and 619.4 ± 180.9nm, respectively. The average size of octahedral Zn(OH)2 particles was 2.7 

± 0.6µm which were aggregated from smaller microcrystals. Similar observation was found at 

the study of phase transformation of Zn(OH)2 to ZnO particles at 80°C for 2h using 

hydrothermal method [14]. When the OH- concentration increased to 1M (Figure 2b), more 

ZnO nucleus was started growing on kanthal wire. At OH- concentration of 1.2M, ZnO rod-

shaped was fully grown on the wire surface with average diameter of 304 ± 78.6nm as depicted 

in Figure 2c. The FESEM images ZnO/wire-1.2M are consistent with the XRD spectra in 

Figure 1, showing that ZnO sub-micron rods grew on kanthal wire along [001] (c-axis) 

direction. Figure 2d & 2e shows TEM images of ZnO/wire-1.2M. The lattice fringes of the 

ZnO rods were 0.26 nm which corresponds to the (002) plane of the wurtzite ZnO. Similar 

lattice fringes spacing of ZnO was observed in the study of  Hsu et al., in which ZnO nanorods 

were grown on stainless steel mesh by hydrothermal method [15]. 

Based on the XRD spectra, FESEM and TEM images, it can be concluded that the OH- ions 

play a major role for the growth of 1-D ZnO structure on kanthal wire. The OH- ions created 

the super-saturation of aqueous solution of zinc acetate and sodium hydroxide, which was the 

key driving force for the growth of ZnO during direct heating. At relatively low OH- 

concentration (0.8M), Zn(OH)2 precipitates were mainly formed in the solution rather than 

growing on the kanthal wire surface. With the increase of OH- concentration to 1.2M, Zn(OH)2 

precipitates were dissolved forming soluble [Zn(OH)4]
2- complexes which were favorable for 

the nucleation of ZnO during direct heating the wire [14]. It is well known that that the 

hexagonal wurtzite ZnO was the polar crystal; and polar face (002) with surface dipoles were 
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thermodynamically less stable [4]. Thus, [Zn(OH)4]
2- ions could be adsorbed on the positively 

charged (002) plane of ZnO, promoting the crystal growth on [001] direction for forming 1-D 

ZnO submicron rod shape. 

 

Figure 2. Morphology of ZnO/wires. a) – c) FESEM images of ZnO/wire samples 

synthesized at OH- concentrations of a) 0.8M, b) 1M, and c) 1.2M; and d) – e) 

TEM/HRTEM of ZnO/wire-1.2M 

4. CONCLUSION 

ZnO sub-micron rods with average diameter of 304 ± 78.6nm were fully grown on the 

kanthal wire by direct heating method with the control of OH- ions concentration. At low OH- 

concentration, Zn(OH)2 precipitates were formed in the solution rather than growing onto 

kanthal wire surface. With the increase of OH- concentration, the nucleation of ZnO nuclei 

from [Zn(OH)4]
2- complex was initiated on the kanthal wire surface under direct heating. 

Tailoring the OH- ion concentration eliminated the formation of Zn(OH)2 precipitates and 

increased the [Zn(OH)4]
2- complexes which was favorable for the growth of 1-D ZnO in a 

controlled manner using direct heating method. 
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