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Abstract 

Al doped ZnO (AZO) nanostructures were produced by using an electrochemical 

process. The growth structures were then characterized structurally, optically, 

photoluminescence and Fourier transform infrared (FTIR) spectroscopy. The X-ray 

diffraction (XRD) studies assessed that AZO nanostructures has been successfully 

grown. The scanning electron microscope (SEM) image revealed the morphology with 

nearly uniform grains. The photoluminance (PL) spectrum shows that the ultraviolet 

emission band between 384 and 537 nm occurs the strong and broad green emission. 

The UV-vis has a strong absorption below 350 nm and performs transparent mode in 

the visible range. FTIR spectrum also attributes the transmittance light in visible 

range is higher than the near infrared range. It has been summarized that AZO 

nanostructure has been successfully grown by an electrochemical route.  
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coating 
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1. Introduction 

Nanostructure materials are attracted more attention for its potential applications in different fields like 

as electronic, optical, photovoltaic and medical science. They contain high level surface areas that are 

able to enter easily in human cells, enhance reactivity and affect different types of microbiological 

systems [1-3]. Therefore, their applications have gradually expanded in various sectors [4-9]. 

Literature reports have been proved that the zinc oxide (ZnO) as a transparent conducting oxide (TCO) 

material having a wide band gap (3.3eV) [10]. It has been used as a transparent conductive window layer 

for solar cell and other electronic device fabrication [11-13]. Nowadays, all researchers reach to improve 

its TCO properties by doping other metal material with them [14-18]. The most significant implement 

in developing is the doping ZnO based materials in electronic, optoelectronic and photovoltaic 

applications. Their TCO properties are improved by doping other metals such as Al, Cu, Ni, Ag, Co 

with ZnO. Al is the most useful doping material that its price is minimum cost and contain little ionic 

radius. AZO nanostructures are used in transparent conductive window material for photovoltaic 

applications. The electrical conductivity and charge carriers of them are improved by substitution of 

Zn2+ ions with Al3+ in ZnO structure. 

The synthesizing of highly crystalline AZO nanostructures has consistently been a challenge. Recently, 

AZO nanostructure materials can be developed by several routes such as hydrothermal, sol–gel, water-

based wet chemical, thermal decomposition, and electrochemical [19-23]. The electrochemical route 

among them is a highly efficient process to produce of metal nanostructures. 

In this paper, an AZO was developed via the one-step electrochemical route. The homogeneity of the 

crystals and crystal growth was properly maintained by this route no further thermal treatment of the 

product. However, the AZO nanostructures could be directly obtained at room temperature. The 

influences of the AZO were analyzed by performing structurally, optically and other spectroscopy 

investigations. 

2. Experimental Methods 

At room temperature AZO nanostructures were developed by a simple electrochemical process. The 

acetonitrile and tetra hydro furan (THF) were mixed in the ratio of 4:1 as a solvent for electrolytic bath. 

In this process, Al doped Zn and platinum (Pt) sheet (10 mm × 10 mm) used as a anode and a cathode, 

respectively. The white AZO nanostructures were produced and it separated by centrifugation. The 

collected samples were washed several times by ethanol and distill water to reduce the byproducts. In 

our previous report [24, 25] this procedure were discussed in details. 

3. Results and Discussion 

The structural properties of nanostructures including crystalline size can be obtained from an XRD 

spectrum. The XRD spectrum of the electrochemically developed AZO nanostructures is shown in Fig. 

1. 

The sample showed the hexagonal in structure to correspondence with the other researcher’s report [26, 

27]. The spectrum exhibited the diffraction peaks of zinc oxide and ZnAl2O4. Moreover, the result 

attributing to a low quantity of Al was substituted in Zn sites of the structure. The expected diffraction 

peaks were (100), (002), (101), (102), (110) and (103) for these AZO nanostructures [28]. In Fig. 1, 

(101), (102) and (103) peak results were presented. These were observed by using ASTM data sheet 

(JCP22CA 23-1490, 36-1451). The intensity and position of (101) peak was a good agreement with 

expected peak. Therefore, the (101) peak was prominent peak and other researchers also obtained (101) 

peak of higher intensity [29]. The crystalline dimension of the AZO structures was calculated by using 

the Scherrer formula [30] for the (101) peak: 
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d=k/cos                                                                        (1) 

where, the crystalline shape 

factor value k is 0.827 for the 

AZO nanostructure, the 

wavelength value  is 0.154 nm 

(CuKα radiation), β is the selected 

diffraction peak (half intensity 

width in degrees) and the Bragg 

angle is β. Using equation 1, the 

mean crystalline dimension of 

the AZO nanostructure was 

calculated to be ~ 25 nm, which 

was conformed the other 

researcher finding [31]. The 

result implied that the AZO 

nanostructures were successfully 

developed. 

 

The SEM image of AZO nanostructures is shown in Fig. 2. It reveals that the prepared sample is uniform 

grains with rough homogeneity in the structures. It also reveals the distribution of AZO nanostructures 

with their size and shape on its surface, which differs from that of ZnO nanostructures. This might be 

attributing to the influence of Aluminum (Al) doping in zinc oxide. 

The PL spectrum recorded for AZO nanostructure is given in Fig. 3. It exhibits the two emission peaks 

that the strong and weak emission peak was observed at 384 and 537 nm, respectively; which were 

assigned due to the ultraviolet to near band-edge emission. The strong and weak peaks are developed 

may be attributed to the high crystallinity which conform the Al concentrations. 

 

 
350 375 400 425 450 475 500 525 550 575 600 625

0

400

800

1200

1600

2000

2400

 

 

P
L

 I
n

te
n

s
it

y
 (

a
.u

.)

Wavelength (nm)

~384 nm

~537 nm

 

Fig. 2. SEM images of Al doped ZnO 

nanoparticles. 

Fig. 3. Photoluminescence spectrum of Al doped ZnO 

nanoparticles. 

 

In the ultraviolet emission and near infrared band, a strong & broad green emission and a transition from 

conduction to valence band occurred around at 384 and 537 nm, respectively. 

 
Fig. 1. X-ray diffraction patterns of Al doped ZnO nanoparticles. 
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The UV-vis absorption spectrum of AZO nanostructures is shown in Fig. 4. It was clearly seen that the 

strong ultraviolet emission was observed around at 300 to 350 nm, which indicated that the absorption 

band edge was slightly shifted from lower wavelength to higher wavelength region compere to the ZnO, 

which may be due to the doping of Al could influence the ultraviolet peak position of ZnO 

nanostructures. Further, from the absorption spectrum the calculated band gap was found to be ~3.38 

eV. The increase of the band gap of the ZnO was the indication for the introducing of Al inside the ZnO 

structure. The crystalline quality decrease, the grains grew more easily, the stresses generated and TCO 

properties were improved by a large amount of Al doping in ZnO that resulted in lattice disorder. 
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Fig. 4. Absorbance spectrum of Al doped ZnO 

nanoparticles. 

Fig. 5. FTIR spectrum of Al doped ZnO 

nanoparticles. 

 

The sample had a strong absorption below 350 nm and performs in more transparent in the visible range. 

Doping of Al ions in the tetrahedral wurtzite structure was confirmed by the optical spectroscopy. The 

spectrum was also similar to the other researcher reports [32]. 

In order to analyze the presence of functional groups in molecules, the FTIR spectrum was used. Dopants 

presence was also supported by using the spectrum. Fig. 5 shows the FTIR spectrum recorded in the 

range of 500 to 4000 cm-1 of AZO nanostructures. 

The FTIR spectrum was consisted of different absorption bands around its range. Their three strong 

absorption peaks were exhibited at 550, 1483 and 3552 cm-1 that attributed to some doping of Al in ZnO 

structure. The peak appeared at 550 cm-1 show the existence of Zn-O stretching vibration. The best 

electrical conductivity possess with the AZO structures in the optimal infrared region. Therefore, the 

transparent coatings were produced by incorporation of AZO nanostructures. The light transmittance in 

near infrared region was lower than the visible region that it could be meeting the luminosity inside its 

buildings. The results were reasonably well to other literature report [33]. 

4. Conclusion 

AZO nanostructures were grown by electrochemical process in the present work and characterized by 

structurally, optically to assess the quality of nanostructures. From these studies, it was assessed that 

AZO nanostructures was successfully synthesized and hexagonal in structure. SEM image showed that 

there was a rough surface in the structures. Additionally, a PL spectrum showed the ultraviolet emission 

band around 384 and 537 nm that strong and broad green emission band occurs. The UV-vis had a strong 

absorption below 350 nm and performs in a more transparent in the visible range. A FTIR spectrum 

attributed the transmittance of light in near infrared region was lower than the invisible region.   
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