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Abstract 
Non-doped ZnO/TiO2 and Silver (Ag) doped ZnO/TiO2 nanostructures thin film were successfully synthesized on glass substrate by us-
ing sol-gel spin coating technique for deposition of TiO2 seed layer and solution immersion method for growth of Ag-doped ZnO/TiO2 
nanostructure. Different atomic percentage (at%) which is 0.5, 1.0, 1.5, 2.0 and 2.5 at% of Ag doped were added in 0.4 M of Zn2+ solu-
tion. The EDX result revealed that the sample was composed of Zn, O and Ag elements which confirmed the existence of Ag element in 

the sample. The XRD spectra shows that the intensity of the (002) peak of 0.5 at % Ag-doped ZnO/TiO2 was the highest compared to 
other samples and all the samples revealed polycrystalline structure belonging to the ZnO hexagonal wurtzite type. The UV-vis absorb-
ance also indicates that 0.5 at% Ag-doped ZnO/TiO2 has the highest absorbance and non-doped ZnO/TiO2 displayed the lowest absorb-
ance compared to the other sample. Thus, 0.5 at% of Ag-doped ZnO/TiO2 is the best candidate for optical application due to the higher 
intensity and greater absorbance. 
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1. Introduction 

Zinc oxide (ZnO) is a recognized II-VI semiconducting material 
with direct band gap energy (3.37 eV) and large exciton binding 
energy (60 meV) and it has attracted considerable interest in the 
research community. Although ZnO had been considered for re-
search in the past decades and due to brand new elementary physi-

cal properties and applications of nano-device, the renewed inter-
ests are focused on the low-dimensional nanostructures, such as 
nanoparticles, nanorods, nanowires and nanotubes. ZnO also have 
their own benefits such as inexpensive material, non–toxicity, 
chemical stability, high transparency in the visible and near infra-
red spectral region [1]. Due to the physical and optical properties 
of ZnO, it offers many application in optoelectronic devices such 
as light emitting diodes (LEDs), UV detectors, and semiconductor 

laser [2]. 

TiO2 is a suitable candidate to introduce to the ZnO matrices as 

TiO2  can act as a catalytic promoter during the involved reaction 
in a chemical process [3]. In order to overcome the interfacial 
layer mismatch between the substrate and ZnO, TiO2 is used as a 
seed layer where it will act as nucleation site and assist the process 
of epitaxial growth on the seed layer coated glass substrate [4]. It 
can significantly modify the optical and physical properties of thin 
film. TiO2 have also been used in variety of application nowadays 
due to its’ excellent properties such as high chemical stability, 
good semiconductor properties, and strong oxidized ability [5]. 

TiO2  has been used in wide range of application such as chemical 
sensors, solar cells, for hydrogen gas evolution, as a pigment self-
cleaning surfaces and environment purification application [6]. 

Doped ZnO with an appropriate foreign element will creates the 
formation of acceptor or donor levels in the forbidden band gap 
which has the tendency to altering the optical and electrical prop-
erties of ZnO [7]. There are various dopant in Group-IB (copper, 
silver and gold) among possible acceptor dopant that can be doped 

with ZnO samples and silver (Ag) have been reported as the best 
candidate to use as a dopant element in ZnO due to its properties 
which is larger ionic size, high solubility, larger and minimum 
orbital energy [8]. Ag can also act as the acceptor in ZnO which 
can be used in the places of substitution and interstitial [9]. Ac-
cording to previous literature [10], the incorporation of Ag in ZnO 
lattice reduced donor density which indicates that Ag could be an 
effective acceptor in ZnO.  

In the case of sensing properties, ZnO is regarded as one of the 
most important materials for this device because of its unique 
characteristics such as high saturation drift velocity, strong radia-
tion hardness, ease of manufacturing and low cost [11]. However, 
pure ZnO materials typically exhibit a relatively poor sensing 
performance due to the fast recombination rate of photoexcited 
electron–hole pairs [12, 13]. In order to handle the issues and im-
prove the sensing properties of ZnO materials, doping processes 

have been applied to tailor certain properties of ZnO [14, 15]. 
Many researchers have focussed research efforts to improve the 
cell efficiency by optical absorption. For example, Ko and Yu [16] 
synthesized Ag-doped ZnO nanorod arrays and found that Ag 
incorporation can greatly increase the optical absorption.  
In this work, the various atomic percentage (at%) of Ag-doped 
ZnO have been synthesized by using solution immersion method 
for the growth of Ag-doped ZnO and spin coating technique for 

TiO2 seed layer. The effect of various atomic percentage of Ag-
doped ZnO were characterized by XRD, EDX and UV-Vis.  
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2. Experimental 

2.1. Preparation of Substrate 

Substrate which is the glass microscope slide was cut by using a 
diamond cutter and cleaned ultrasonically by using 3 type of solu-
tion which was ethanol, acetone and deionized (DI) water and 
dried by using argon gas. 

2.2. Preparation of TiO2 Seed layer 

Titanium (IV) butoxide was used as the starting material for 

preparation of TiO2. Under constant stirring, titanium (IV) butox-
ide was dissolved in ethanol, glacial acetic acid (to speed up 
chemical reaction) and Triton-x-100 (helps to decrease the surface 
tension of the solution). The mixture was heated at 60° C for 2 
hours and allowed to age for 24 hours with continuous stirring. 
The deposition of seven layers of TiO2 on the glass substrate were 
performed by using spin coating technique and followed by drying 
process at 120°C. To achieve crystallization, the TiO2 seed layers 

were annealed in Pro-Therm furnace, at 450 °C for an hour. Fig. 1 
shows the schematic diagram of spin coating technique. 
 

 
Fig. 1: Schematic diagram of spin coating technique 

2.3. Preparation of Zn
2+

 solution with addition of Ag-

doped 

0.04 M of zinc nitrate hexahydrate (Zn(NO3)2.6H2O) and hexame-
thylene tetraamine, (HMTA) (C6H12N4) and silver nitrate (AgNO3 

(0.5at%)) were used to prepare the starting solution. Each com-
pound was prepared by weighing the powder and then dissolved in 
DI water. These prepared solutions were mixed together and 
heated at 60 °C for 1 hour and went through aging process for 24 
hours with continuous stirring, at room temperature. The prepara-
tion of doped Zn2+ solution with addition of Ag-doped was re-
peated to other atomic percentage which is 1.0, 1.5, 2.0 and 2.5 
at%. 

Solution immersion method was used to fabricate Ag-doped ZnO 
on TiO2 seed layer. The TiO2 seed layer thin film substrate was 
suspended in reaction vessels which contain prepared Zn2+ solu-
tion. The growth of Ag-doped ZnO took place by immersion in 
water bath for 4 hours at 90 °C. After the deposition process, the 
substrate was taken out and rinsed with DI water for several times 
followed by annealing process at 500 °C for 1 hour. Fig. 2 shows 
the schematic diagram of solution immersion method. 

 

 
Fig. 2: Schematic diagram of solution immersion method 

2.4. Characterization of sample 

The effect of different atomic percentage of Ag-doped ZnO/TiO2 
to structural was carried out using X-ray diffractometry XRD 

(PANalytical X‘Pert PRO model, 6000 with CuKα radiation oper-
ated at 30 kV and 20 Ma, λ=1.5406 Å). The optical analyses of the 
samples were observed by UV-Vis Spectrophotometer (VARIAN 
5000) where the UV–vis absorption spectrum was recorded in the 
range of 300–800 nm. The EDX analysis (Carl Zeiss Supra 40 VP) 
was used to confirm the elemental composition of the sample. 

3. Result and Discussion 

3.1. X-Ray Diffraction (XRD) 

The crystal structure of non-doped ZnO/TiO2 and Ag-doped 

ZnO/TiO2 thin film were explored using measured XRD patterns, 
as shown in Fig. 3. The XRD pattern indicates all films (except 
peaks showed by star (*) symbol) revealed polycrystalline with a 
structure that belongs to the ZnO hexagonal wurtzite type. It 
shows a distinct peak at 34.42 which corresponds to (002) Miller 
indices, as well as peaks at 31.77 and 36.25, corresponding to 
(100) and (101) Miller indices, respectively (JCPDS 00-036-
1451). Moreover, the small peak that showed by star symbol (*) of 

(101) plane observed at 25.35 is owing to presence of TiO2 
anatase (JCPDS 00-004-0477). 
 

 
Fig. 3: XRD pattern of non-doped and Ag-doped ZnO/TiO2 

 
XRD spectra reveals that the addition diffraction peak shown at 
38.06 could be attributed for face cubic structure of metallic Ag 

(**) with space group Pn-3m (No. 224) (JCPDS 00-041-1104) for 
0.5at% Ag-doped ZnO nanostructure. Appearance of Ag peaks in 
the XRD diffraction pattern clearly confirmed the formation of 
crystalline silver in the ZnO nanorod [17]. However, the absences 
of Ag peak were observed for Ag doping amounts that higher than 
0.5 at%, this is due to the low solubility of Ag in ZnO [18]. High 
amount of Ag+ that caused the agglomeration cannot incoorperate 
well in ZnO lattice or interstitial site. Thus, this phenomenon 
maybe contributes to the absence of Ag peak in XRD pattern. 

Besides, the result shows that all the ZnO/TiO2 thin film have 
(002) Miller indices at 34.33 as preferred orientation. The inten-
sity of the (002) peak at 34.42 of 0.5at% Ag-doped ZnO/TiO2 has 
the highest intensity compared to non-doped and the other doped 
samples, displaying that at 0.5at% of Ag-doped improves the crys-
tallinity of the fabricated ZnO/TiO2 nanorods. The crystallite size 
of the non-doped and doped samples were calculated from the 
Scherrer's formula [19]. Table 1 shows the crystallite size for 

non-doped ZnO/TiO2 and Ag-doped ZnO/TiO2 

 

   
     

     
                                                                                (1) 
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Table 1: Crystallite size for non-doped ZnO/TiO2 and Ag-doped 

ZnO/TiO2. 

Samples Crystallite size (nm) 

Non-doped ZnO/TiO2 30.4 

0.5 at% Ag:ZnO/TiO2 60.4 

1.0 at% Ag:ZnO/TiO2 58.0 

1.5 at% Ag:ZnO/TiO2 51.5 

2.0 at% Ag:ZnO/TiO2 60.7 

2.5 at% Ag:ZnO/TiO2 63.5 

 
where D is the crystallite size,   is the wavelength of Cu Kα 

(1.5406 Å),   is the peak width at FWHM in radians and   is peak 

position. The crystallite size at (002) plane is found to be 30.4nm 
for non-doped ZnO/TiO2 and for 0.5, 1.0, 1.5, 2.0, 2.5 at% Ag 

doped ZnO/TiO2, the crystallite size was 60.4, 58.0, 51.5, 60.7 and 
63.5 nm respectively. The crystallite size is found to increase with 
Ag dopant. This might be due to the difference ionic radius be-
tween Ag+ ion (0.129nm) and Zn2+ ion (0.088nm) which lead to 
segregation of Ag at the region of grain boundary of ZnO [18]. 

3.2. Ultraviolet-Visible Spectrophotometry (UV – Vis) 

The UV – vis absorbance spectra in the 300 – 800 nm waveband 

of the synthesis non-doped ZnO/TiO2 and 0.5, 1.0, 1.5, 2.0 and 2.5 
at% doped ZnO/TiO2 sample are depicted in Fig. 4.  
 

 
Fig. 4: UV-Vis absorption spectra of non-doped and Ag-doped ZnO/TiO2 

 
All the samples show strong absorption at 375 nm in UV region 

and low absorbance value in visible region which indicates the 
sample has good transparency in visible region. This result dis-
played that there is no obvious distinctness of absorbance proper-
ties between the samples. In this result, Fig.4 shows that 0.5 at% 
Ag: ZnO/TiO2 has the highest absorbance and non-doped 
ZnO/TiO2 indicates the lowest absorbance compared to the other 
samples. The strong absorption in the UV region shows that the 
absorption band of ZnO nanorod was attributed to the intrinsic 
transition between valence band (VB) and conduction band (CB) 

[20]. 
The slope of absorbance spectra is corresponding to the band gap 
for non-doped and Ag-doped ZnO/TiO2. By using energy-
wavelength relationship equation [21], the band gap value for each 
sample has been directly calculated.  
 
E = hf = hc/λ = 1240 eV nm / λ                                                 (2)  

 

 

 

 

 

 

Fig. 5: UV–Vis absorption spectra of the sample (a) non-doped, (b) 0.5 at% 
(c) 1.0 at% (d) 1.5 at% (e) 2.0 at% (f) 2.5 at% Ag:ZnO/TiO2.  
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The band gap value for each sample was calculated by using en-
ergy-wavelength relationship E=hc/λ. In this relation, E is energy, 
h is Plank’s constant which is 6.62606957 × 10-34 J.s, f is fre-
quency, c is velocity of light which is 2.99792458 × 108 m/s and λ 
is the value of incident wavelength which found from cross link at 
the edge slope of absorbance spectra as shown in Fig.5 and the 
energy band gap of the samples according to the edge of absorb-
ance were tabulated in Table 2. 

 
Table 2: Energy band gap of the samples according to the edge of absorb-

ance. 

Samples 
Edge of  

Absorbance (nm) 
Energy band gap (eV) 

Non-doped ZnO/TiO2 370 3.342 

0.5 at% Ag:ZnO/TiO2 389 3.181 

1.0 at% Ag:ZnO/TiO2 391 3.171 

1.5 at% Ag:ZnO/TiO2 391 3.171 

2.0 at% Ag:ZnO/TiO2 389 3.181 

2.5 at% Ag:ZnO/TiO2 393 3.151 

 
Optical energy band gap for Ag-doped ZnO/TiO2 are 3.181, 3.171, 
3.171, 3.181 and 3.151 eV which smaller than the energy band 
gap of non-doped ZnO/TiO2. Decreasing in the energy band gap is 

may be due to the existence of p-type conductivity in the Ag-
doped ZnO/TiO2 [22]. Formation of p-type in the substance is may 
be due to the impurity band in energy gap that provided by Ag 
doping in ZnO/ TiO2 [22]. The reduction of energy band gap of the 
samples led to improve the proficiency in the use of these material 
in optoelectronic devices [23].  

3.3. Energy Dispersive X-ray (EDX) 

 

 
Fig.6: EDX spectra of the (a) non-doped ZnO/TiO2 and (b) Ag-doped 

ZnO/TiO2  

 
In order to investigate the elemental composition of the sample, 
EDX analysis was used. The elemental composition of non-doped 
and Ag-doped ZnO/TiO2 sample confirmed the present of ZnO, Ti 

and O element as shown in Fig.6. EDX spectrum of Ag-doped 
ZnO/TiO2 clearly reveals the existence of Ag element (~2.17 at%) 
in the sample. 

4. Conclusion  

Non-doped ZnO/TiO2 and 0.5, 1.0, 1.5, 2.0, 2,5 at% Ag-doped 

ZnO/TiO2 were successfully characterized by using XRD, EDX 
and UV Vis. The crystallite size of Ag-doped samples was larger 
than non-doped sample and increase in Ag content does not 

change the wurtzite hexagonal structure of ZnO. As the concentra-
tion of Ag content were varied, the growth of 0.5 at% of Ag-doped 
ZnO/TiO2 shows a very good potential to produce a good optical 
property due to the high absorption in UV region. 
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