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The chemical bath deposition technique was successful in producing silver-doped ZnO thin 
films. On the glass substrates, pure and silver-doped ZnO thin films have been deposited. By 
using a variety of sophisticated techniques, including X-ray Diffraction (XRD), Field 
emission Scanning Electron Microscope (FESEM), UV-vis spectrophotometer, and 
photoluminescence (PL) spectroscopy, the generated pure and Ag-doped ZnO thin films were 
studied. According to X-ray analysis, Ag-doped ZnO crystallized as a hexagonal wurtzite 

structure with a preference for growth in the (002) planes, the pure and Ag-doped ZnO's 
hexagonal wurtzite structures provided evidence for the microparticles' luminescent 
characteristics. The analysis of the methylene blue degradation revealed that the best 
photocatalytic response was displayed by the doped ZnO thin film. All thin films' optical 
bandgaps were broad, and they generally decrease after more doping, it was possible to 
determine that the particles were elliptical and rod-shaped and that their diameters were on 

the order of micrometers. for both the doped and pure ZnO microparticles were seen to exist. 
The outcome shows that the produced microparticles' average grain diameter was determined 
to be (15,20.5,14.5) um, with noteworthy band gaps of 3.39,3.34 eV, and 3.08 eV, 
respectively. 
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ةالخلاص   

الترسيب بالحمام الكيميائي .  بالفضة  تشويبال قبل وبعد الرقيقة ZnOأغشية  تم تحضير   أغشية    بطريقة   ZnOتم ترسيب 
التقنيا   باستخدام مجموعةو.  قواعد زجاجيةعلى بالفضة  النقية والمشوبهالرقيقة  السينية   تمن  بما في ذلك حيود الأشعة 

(XRD( ومجهر المسح الإلكتروني ، )FESEM  ومقياس الطيف الضوئي بالأشعة المرئية وفوق البنفسجية ، والتحليل ، )
 نلاحظا لتحليل الأشعة السينية . وفق   فضةبالـ شوبةالرقيقة النقية والم  ZnO( ، تمت دراسة أغشية PLالطيفي الضوئي )

أ الموتبلور  ا افضلسداسي الأضلاع مع   wurtziteباعتباره هيكل  Ag-doped شوبكسيد الزنك  في    لاتجاهاتنمو 
  الطيف الضوئيدليلا  على خصائص      شوبةالسداسية النقية والم  Wurtzite(. في درجة حرارة الغرفة ، قدمت هياكل  002)

بعد   ZnO  الرقيق  غشاءلل كانتللجسيمات الدقيقة. أظهر تحليل تحلل الميثيلين الأزرق أن أفضل استجابة تحفيز ضوئي  
ا بعد    الطاقة. كانت جميع فجوات  التشويب بالفضة  التشويب بالفضةللأغشية الرقيقة واسعة ، وتقلصت عموم    ،زيادة نسبة 

  وأن أقطارها كانت في حدود  وكروية واعمدة الشكل  سيمات كانت بيضاويةتحديد أن الج  تمبمساعدة الصور المجهرية ، 
الحب  ن.  ميكرو  بضعة أن متوسط قطر  (  20.5,14.5 ,15,)  كان بحدودللجسيمات الدقيقة المنتجة  يباتأظهرت النتائج 

 فولت على التوالي.  3.08فولت ، و   3.3,3.18ميكرون ، مع فجوات نطاق ملحوظة تبلغ  
 

INTRODUCTION 

Zinc Oxide (ZnO) exhibits a wide band gap of 

3.37 eV and a significant exciton binding energy 

of 60 meV at ambient temperature  [1]. Because 

of good electrical optical, piezoelectric, non-

toxicity and excellent chemical stability 

properties, ZnO is gaining popularity. It is 

crucial to properly manage the size, 

microstructure, and form of ZnO since these 

factors greatly affect its capabilities when used 

http://creativecommons.org/licenses/by-nc/4.0/


Hussain et al. Evaluation of the effect of Ag- doping ZnO microstructure on optical and structural properties and application in photocatalytic properties 2023 

 

109 

as an optoelectronic material in solar cells 

[2][3], light-emitting diodes and photocatalysis, 

likewise gas sensors. Understanding the growth 

mechanism and morphological control of 

chemical bath deposition-fabricated ZnO 

nanostructures in detail is crucial for these 

applications. Chemical bath deposition (CBD) is 

particularly alluring because advantages over 

other thin film deposition processes, like its low 

cost, simplicity, low temperature, ease of 

coating of large surfaces and low evaporation 

temperature [4] Using hydrothermal synthesis at 

a low temperature (85 degrees), CBD was used 

to selectively produce ZnO nanorod arrays on a 

p-type GaN: Mg layer. Pure ZnO nanostructures 

exhibit weak optical properties due to point 

defects like interstitial Zn or oxygen vacancy, 

and thus cannot be used directly in the industry 

[5]. Doping ZnO with a useful element is thus a 

method for engineering optical and magnetic 

properties. Furthermore, n-type and p-type 

states are required for the fabrication of 

optoelectronic devices. Silver ions have two 

distinct properties that allow them to be used in 

substitution and interstitial locations, allowing 

them to act as acceptors in ZnO [6]. Previous 

research on Ag-doped ZnO researchers [7] 

suggested that substitutional sites were more 

energetically advantageous than interstitial sites. 

Most studies have focused on the influence of 

silver doping on photocatalytic activity. 

Effective metals and nonmetals doping of ZnO 

nanostructures has been widely used as an 

efficient method for photocatalytic activity 

under visible light. With this method, sunlight 

can be used as a low-cost, environmentally 

friendly energy source for photocatalytic 

reaction performance. The possibility of altering 

the electronic structure of ZnO to produce a 

change in the absorption edge has been 

investigated using both metals and nonmetals. 

The crystal structure, surface area, and pore [8] 

of ZnO can vary depending on the type of 

dopant used, its concentrations, and the 

conditions of manufacture [9][10]. The 

objective of the present research is to examine 

the optical, structural, surface morphology, and 

photocatalytic properties of pure and doped ZnO 

thin films produced via chemical bath 

deposition. The first sample is pure, the second 

sample contains 3% Ag-doped at consistent 

intervals of 30 minutes, and the third sample 

contains 5% Ag-doped at constant intervals of 

30 minutes. With the third sample now 

available, it is possible to compare its 

characteristics in this work. 

MATERIALS AND METHODS 

Experimental Procedure 
Glass (16mm 76mm) was cleaned using 

deionized water, acetone, detergent solution, 

and ethanol wash. The glass substrates were 

initially submerged in a 3mol/L sodium 

hydroxide solution for 3 hours, then washed 

with deionized water (DI), subjected to an 

ultrasonic cleaning procedure for 15 minutes, 

washed once more with DI and ultrasonically, 

and then dried in the air. The glasses were 

maintained in an SnCl/HCl mixture for at least 

an hour prior to the experiment in order to 

demonstrate hydrophilic characteristics. 0.03M 

of a [Zn (CH3COO) 2.2H2O] and 0.03M of 

methenamine (C6H12N4) were combined. For 

one hour at the necessary temperature (90 °C), 

In the aqueous solution, the pretreated glass 

substrates were placed. After the reaction, the 

glass substrates were taken out of the beaker and 

rinsed with deionized water. They were then 

allowed to dry in the air before being 

characterized or moving on to the next 

deposition stage. Then, different quantities of 

silver nitrate AgNO3 (x = 0.03 and 0.05, 

respectively) were utilized to prepare the doped 

samples. After deposition, the substrates were 

raised from the bath, washed with deionized 

water and dried outside, then put into an airtight 

plastic container for storage. The morphology of 

the films was examined using an X-ray 

diffractometer and Field emission scanning 

electron microscopy (FESEM, JSM-5600). The 

Cu, K X-ray source's emission had a wavelength 

of 1.54° A. Photoluminescence (PL, Hitachi-

S4160, Japan). 
 

Photocatalytic activity of pure ZnO and 

doped silver films  

The following method was used to assess the 

photocatalytic performance of the films as-

grown: exposure to sunlight. ZnO thin films 

were placed in the peaker's bottom with a 50 mL 
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solution of methylene blue with a 30-ppm 

concentration, and the mixture was agitated in 

the dark for half an hour to promote the 

adsorption/desorption equilibrium process. In 

the month of July, between the hours of 11:00am 

and 12:30pm, The photodegradation experiment 

was carried out in direct sunlight outside. A UV-

Vis spectrophotometer was used to measure the 

amount of MB dye in 5 mL of MB solution that 

was routinely at intervals of 30 minutes. The 

amount of MB dye was estimated based on how 

much of the samples' UV-Visible spectra were 

absorbed. Eq. 1 is used to determine the 

photocatalytic efficiency of as-synthesized 

films: Eq. (1) was used to determine the 

photodegradation efficiency of several Ag-

doped ZnO samples: 

 

Degradation efficiency % = 𝐶𝑜−𝐶𝑡 𝐶𝑜 × 100 (1) 

 

Here Co is the initial MO concentration (mg/L), 

and Ct shows the MO concentration (mg/L) after 

different intervals of UV light treatment. where 

η is the predicted photodegradation efficiency, 

Co is the MB dye's initial concentration, and C 

is the MB dye's solution concentration.  

RESULT AND DISCUSSION  

Structural Characteristics 

XRD Patterns of pristine and Ag-doped ZnO 

nanoparticles is shown in Figure 1. It is clearly 

seen that the peaks are stronger for pure and 

different doping concentrations of 3% and 5% 

respectively, A lower Ag-doped   was not used, 

as no change appeared on the all properties. It 

found that XRD peaks of ZnO (002), (110) were 

well matched with JCPDS 36-1451. We 

confirmed the hexagonal (wurtzite) crystal 

structure of the deposited films, in which two 

dominant peaks were observed at 2ϴ equal to 

the34.421(002) plane and (110) plane [14]. Ag-

doped samples expose some additional impurity 

peaks are presented 37.26, 45.3. The strongest 

peak shows that the preferential orientation is 

along the (111) and (102) planes. It is also seen 

that as the Ag-doping level increases the 

intensity of the peak gradually increase. The 

reason is that the crystallinity is increased with 

increasing Ag-doping concentration. The peak 

(002) differs slightly by varying the doping 

quantity. As a result of internal stress in the 

lattice caused by Ag ion doping in the ZnO 

microparticles, the X-ray diffraction peaks in 

Figure.1 have shifted. The rise in Ag content 

from 3% to 5% also suggests a persistent rise in 

the intensity of silver peaks. [11]. 

   

The Average Crystal Size (D)  

It is determined by the Debye-Scherrer formula 

by Eq. (2), and the results are shown in Table 1. 

D = 0.94 × λ/ β cos ө (2) 

where, λ is the X-wavelength, ө the diffraction 

angle, and  β is the FWHM. 

The dislocation density δ was measured by Eq. 

(3): 

δ =  1/ D2 (3) 
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Figure 1: XRD pattern of ZnO thin films for   pure, 3%,5% 
Ag-ZnO thin films. 
 

Table1: The common characteristics of pure and Ag-
doped ZnO thin films, such as their typical crystalline 
size, FWHW, dislocation density, and strain. 

No 
Sample 

ZnO 

D(nm) 

Avg 

FWHM 

Avg 
ε 𝛅 

1 Pure 293 0.421 24 2.5 

2 3% Ag 384 0.362 4.1 2 

3 5% Ag 617 0.321 5.3 1.5 

 

Optical Properties   

The UV-vis optical absorption spectrum of ZnO 

thin films before and after being doped with 

silver in the wavelength range of 300-850 nm 

has been investigated in Figure 2. These spectra 

revealed that as-deposited ZnO thin films have a 

high absorbance of visible light, indicating their 

properties as an absorbing material The energy 

gap change that is now available is mostly 
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represented by the UV-VIS absorption spectrum 

[12]. The wurtzite structure of ZnO may be 

connected to the significant UV absorption edge 

at 374 nm that was observed in pure ZnO thin 

films [13]. The absorption edge of the ZnO 

microparticles was shifted toward the main 

wavelength of 380,385nm by the addition of 

silver (red-shift). Doping caused variations in 

the absorption peaks, which revealed variations 

in the band structure. The altered energy gap 

was indicated by the shifting of the absorption 

edge.  
   

300 400 500 600 700 800 900

2.0

2.2

2.4

2.6

2.8

3.0

wavelength(nm)

A
bs

or
ba

nc
e(

a.
u)

 pure ZnO

 3%

 5%

 

Figure 2. (a) Absorbance as a function of wavelength for 

pure ZnO thin films and with 3%,5% Ag-ZnO thin films. 
 

Eq. (4) were used to estimate the absorption 

coefficient (𝛼) from the absorbance (A) and 

thickness (t) of ZnO films. [14]. 

𝛼 = 2.303*A/t (4) 

By drawing (αhν)2 versus energy, it was possible 

to determine the optical energy gap by Eq. (5). 
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Figure 3: (αhυ)2 with photon energy for silver sulphide 
thin films. 
 

Figure 3 shows the difference of (αhν)2 versus 

energy (hν). Table 2 shows the energy gap of all 

samples. Figure 3 and Table 2 show that all films 

energy gaps decreased with doping. It should be 

highlighted that the efficacy of using these 

materials in optoelectronic devices has grown as 

a result of the energy gap's reduction. [15]. 

 
Table 2: Energy band gap and crystal diameter of pure 

and Ag-doped ZnO microparticles. 

Crystal 
Diameter 

(um) 

Energy band 
gap 
(eV) 

Sample 
(ZnO) 

No 

11.8 3.39 pure 1. 

25.61 3.34 3% 2. 

31.78 3.08 5% 3. 

 

Compositional analysis and Surface 

Morphology  

The FE-SEM analysis can provide information 

such as shape and grain size. Figures 4(a)-(c) 

show FESEM images of ZnO for undoped and 

silver-doped ZnO microstructures. The particle 

sizes were clearly in the micrometer range, and 

the particle shapes were elliptical, quasi- 

spherical, or rod-shaped. It means that the 

particles are densely packed and randomly 

oriented. Figure 4 depicts the formation of 

elliptical and quasi-spherical microparticles 

with average diameters of 14-21um. Significant 

changes in the size of microparticles were 

observed using silver doping [16]. The non-

uniform distribution of silver microparticles on 

the ZnO microstructure can be attributed to Ag's 

site selection position on ZnO. As a result, silver 

microparticles may form metallic clusters or 

tend to form microparticle agglomeration at 

different sites of ZnO microparticles. 

Agglomeration of grains may be caused by high 

grain sizes. 
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Figure 4: FESEM image of ZnO thin films (a) pure. (b) 
3% Ag. (c) 5% Ag. 

 

Photoluminescence Results (PL) 

Because PL emission results from free carrier 

recombination, PL spectra can be used to 

determine the effectiveness of charge carrier 

immigration, transfer, and trapping as well as to 

comprehend what happens to electron-hole pairs 

in semiconductor particles. In Fig. 6, the PL 

spectra of pure, Ag-doped ZnO microparticles 

are displayed. Pure ZnO exhibits its luminous 

peak at 388 nm, and for Ag-doped ZnO at 410 

and 430 nm, there is a notable rise in 

luminescence intensity because of an increase in 

Ag concentration, which serves as effective 

luminescent centers. The PL results demonstrate 

that rare earth elements doped with Ag are the 

primary luminous component and can 

significantly increase the luminosity of Ag-

doped ZnO.  There is a faint ultraviolet (UV) 

emission for pure ZnO microparticles at 490 nm, 

which is related to near band-edge emission 

[11]. Two strong and one weak emission at 530 

nm and 410, 430 nm, respectively, were 

produced by the Ag-doped ZnO microparticles. 

Violet emission at 388nm was caused by a 

nihilation of excitation near the band edge of 

ZnO. The blue band emission at (410,430) nm 

was caused by surface defects in ZnO, like 

oxygen vacancies and zinc interstitials.  
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Figure 5: PL intensity for pure ZnO thin films and 3%,5% 
Ag-doped ZnO thin films. 
 

Photocatalytic Activity of Ag: ZnO 

The enhancement of the semiconductor 

materials' photocatalytic activity is attributed to 

a number of mechanisms. The mechanism of the 

photocatalytic processes is based on the electron 

transfer from the dye to CB of ZnO and the 

Fermi level of Ag, which also simultaneously 

makes electron transfer from CB of ZnO. 

Therefore, in the presence of both dye molecules 

and ZnO: Ag microparticles, active oxygen 

kinds are produced when CB electrons interact 

with the dissolved oxygen in the solution. The 

quantity of these active oxygen kinds rises with 

the amount of Ag, and they are in charge of the 

dye degradation. 

Figure 5 depicts the photocatalytic activity of 

ZnO thin films after and before silver doping 

(5). After doping, the ZnO thin films have 

greater MB adsorption ability than before 

doping. These findings can be attributed to the 

character of each film, which is determined by 

its surface area [17]. In general, visible light 

photocatalytic reactions require a narrowing of 

the ZnO band gap. ZnO doping can narrow the 

band gap in three ways: by bringing localized 

energy levels into the band gap, boosting the 

valence band maximum, and decreasing the 

conduction band minimum, [8]. Although metal 

doping does not change the ZnO host's 

conduction or valence band positions, it does 

produce new intra-band energy levels, which are 

required in some applications, like the 

production of highly oxidized holes. The UV-

VIS absorption spectra that shows the time-
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based development of photodegradation of MB 

dye is shown in Figure 6. 
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Figure 6: UV-VIS absorption spectra show the time-based 
development of photodegradation of MB dye. (a) pure 
ZnO thin films. (b) 3% Ag-ZnO thin films. (c)   5% Ag-

doped ZnO thin films. 

CONCLUSIONS 

Investigations have been done on how Ag 

affects the structure and optical characteristics 

of ZnO. The chemical bath deposition approach 

was used to create pure ZnO and ZnO with 

varying amounts of Ag (3% and 5%). All 

samples' crystallite sizes, which were calculated 

using Scherrer's equation, were in the 

micrometer range. A UV-visible 

spectrophotometer was used to analyze the 

samples' optical characteristics. Different 

impacts of Ag were seen on the structure, optical 

characteristics, and photocatalytic activities of 

ZnO. The typical grain sizes of pure and ZnO-

doped silver range from 293 nm to 617 nm, 

according to investigations using scanning 

electron microscopy, however, they are not very 

consistent. Pure ZnO had a 3.3 eV energy gap. 

Comparing the doped samples to pure ZnO, they 

showed better optical characteristics. 

Comparing Ag-ZnO to pure ZnO, a small 

reduction in the energy gap was seen. Pure ZnO 

and Ag-doped ZnO thin films had higher 

photocatalytic activity, which suggests 

improved MB adsorption. 
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