
 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 3 May-June 2023, pp: 3434-3442 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-080334343442   | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 3434 

Enhanced Acetone Sensing Performance of Ag-Doped ZnO Thin 

Films for Non-Invasive Diabetes Detection 
 

C. Rajan
1,*

, N.Pasupathy
1
, R. Murugesan

2
, J.Gobinath

3 

1.Department of Electronics, Research and Development Centre, Erode Arts and Science College 

(Autonomous), Erode-638009, India 

2.Department of Electronics, Research and Development Centre, Erode Arts and Science College 

(Autonomous), Erode-638009, India 

3.Department of Electronics, Research and Development Centre, Erode Arts and Science College 

(Autonomous), Erode-638009, India 

 

----------------------------------------------------------------------------------------------------------------------------- --------- 

Submitted: 20-06-2023                                                                                                          Accepted: 29-06-2023 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

ABSTRACT: This paper presents a 

comprehensive investigation of the enhanced 

acetone sensing properties of silver-doped zinc 

oxide (Ag-ZnO) thin films prepared using the sol-

gel dip coating method for non-invasive diabetes 

detection through breath analysis. The structural, 

morphological, optical, and gas sensing 

characteristics of the thin films were systematically 

studied using various characterization techniques. 

X-ray diffraction (XRD) analysis revealed the 

formation of a highly crystalline wurtzite structure 

for both undoped and Ag-doped ZnO thin films. 

The presence of silver doping induced a shift in the 

XRD peaks, indicating the successful incorporation 

of silver into the ZnO lattice. Scanning electron 

microscopy (SEM) images exhibited a change in 

the surface morphology of the thin films with 

increasing silver doping concentration. The grain 

size was observed to increase, and the surface 

roughness was reduced, resulting in smoother film 

surfaces. UV-visible spectrophotometry 

measurements demonstrated that Ag-doped ZnO 

thin films exhibited higher optical transparency 

compared to undoped films. Additionally, a 

decrease in the optical bandgap was observed with 

increasing silver concentration, indicating a 

modification in the band structure of the films. The 

gas sensing properties of the thin films were 

evaluated using an acetone sensing test. The Ag-

doped ZnO thin films exhibited enhanced acetone 

sensing response compared to undoped films. The 

investigation revealed that the optimal doping 

concentration of 3 at.% Ag resulted in the highest 

sensitivity and response of the thin film towards 

acetone vapour, making it well-suited for diabetes 

detection. 

 

 

 

I. INTRODUCTION: 
Diabetes mellitus is a chronic metabolic 

disorder affecting millions of individuals 

worldwide. Early detection and monitoring of 

diabetes are crucial for effective management and 

prevention of complications. In recent years, there 

has been growing interest in non-invasive diabetes 

detection methods, including breath analysis, which 

offers a promising approach for the development of 

portable and convenient diagnostic devices [1]. 

Acetone, one of the volatile organic compounds 

(VOCs) present in exhaled breath, has been 

identified as a potential biomarker for diabetes due 

to its elevated levels in diabetic patients [2]. The 

breath acetone concentration can vary between 

individuals and is influenced by various factors 

such as diet, metabolism, and overall health. 

However, studies have reported average breath 

acetone concentrations in normal individuals and 

patients with diabetes [3]. 

Type 1 and type 2 diabetes are two distinct 

forms of diabetes mellitus, a chronic metabolic 

disorder characterised by elevated blood glucose 

levels [4]. While they share the same name, they 

differ in their underlying causes, age of onset, and 

management strategies. It is important to note that 

the management and treatment approaches for type 

1 and type 2 diabetes differ significantly due to 

their distinct underlying mechanisms. While type 1 

diabetes requires lifelong insulin therapy, type 2 

diabetes often involves a combination of lifestyle 

changes, oral medications, and, in some cases, 

insulin or other injectable therapies [5]. Regular 

monitoring of blood glucose levels, as well as 

routine healthcare management, are essential for 

both types of diabetes to prevent complications and 

maintain optimal health. 

In individuals without diabetes (non-

diabetic individuals), the average breath acetone 
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concentration is typically low, ranging from 0.9 to 

1.8 parts per million (ppm) [6]. This low 

concentration is attributed to the normal metabolic 

processes in the body. On the other hand, patients 

with diabetes, particularly those with uncontrolled 

or poorly controlled blood glucose levels, may 

exhibit higher breath acetone concentrations. The 

increased concentration of breath acetone in 

diabetes patients is a result of the body's altered 

metabolic state, specifically the increased 

production of ketone bodies due to insulin 

deficiency or insulin resistance. Breath acetone 

concentrations in patients with diabetes can range 

from 1.5 to 4 ppm or even higher in cases of 

diabetic ketoacidosis (DKA), a life-threatening 

complication characterised by extremely high 

levels of ketones[7]. 

In this context, this paper presents a 

comprehensive investigation of the enhanced 

acetone sensing properties of silver-doped zinc 

oxide (Ag-ZnO) thin films. The sol-gel dip coating 

method was employed for the preparation of these 

thin films, providing a versatile and cost-effective 

approach [8]. The study focused on examining the 

structural, morphological, optical, and gas sensing 

characteristics of the Ag-ZnO thin films, aiming to 

optimise their performance for non-invasive 

diabetes detection through breath analysis. 

Zinc oxide (ZnO) has emerged as a 

promising material for gas sensing applications due 

to its unique properties, including high sensitivity, 

low cost, and environmental stability. In particular, 

ZnO has shown great potential in detecting 

acetone, a volatile organic compound (VOC) found 

in human breath that holds significance in non-

invasive diabetes detection. ZnO is a direct-

bandgap oxide semiconductor renowned for its 

unique optical and electrical characteristics, 

rendering it a versatile material applicable in 

various domains such as UV light-emitting devices 

[9], UV photodetectors [10], solar cells [11], thin 

film transistors [12], gas sensors [13], and 

photocatalysts [14, 15]. To enhance the optical 

and/or electrical properties of ZnO thin films, they 

are often doped with other elements [16-19]. 

Intrinsic ZnO thin films typically exhibit n-type 

conductivity due to inherent point defects like 

oxygen vacancies and zinc interstitials. 

Consequently, achieving stable P-type ZnO 

materials through doping has become a significant 

research focus. Theoretical studies suggest that in 

oxygen-rich environments, Ag serves as a 

promising candidate for doping to attain P-type 

ZnO [20]. Consequently, numerous studies have 

been conducted to investigate the impact of Ag 

doping on the electrical and optical properties of 

ZnO [21-27]. Currently, there are limited reports on 

the influence of annealing time on the physical 

properties of Ag-doped ZnO thin films. However, 

the annealing process plays a crucial role in oxide 

thin films synthesised using wet chemical methods, 

particularly the sol-gel approach. Thus, this study 

aims to fabricate Ag-doped ZnO thin films through 

a facile sol-gel method and explore the effects of 

annealing time on their physical properties. 

In this study, the sol-gel dip coating 

method was employed for the preparation of zinc 

oxide (ZnO) thin films due to the following 

advantages and considerations: Cost-

effectiveness,uniform film formation, tailored film 

properties, versatility in substrate compatibility, 

compatibility with additive doping, scalability and 

reproducibility,etc. 

The structural analysis of the thin films 

was performed using X-ray diffraction (XRD) 

analysis, revealing the formation of a highly 

crystalline wurtzite structure in both undoped and 

Ag-doped ZnO films. The successful incorporation 

of silver into the ZnO lattice was confirmed by the 

observed shift in XRD peaks. Scanning electron 

microscopy (SEM) images exhibited changes in the 

surface morphology of the films with increasing 

silver doping concentration, including an increase 

in grain size and smoother film surfaces. 

Furthermore, UV-visible spectrophotometry 

measurements demonstrated higher optical 

transparency in the Ag-doped ZnO films compared 

to undoped films. The observed decrease in the 

optical bandgap with increasing silver 

concentration indicated a modification in the band 

structure of the films, which could enhance their 

gas sensing properties. 

To evaluate the gas sensing capabilities, 

an acetone sensing test was conducted on the thin 

films. The Ag-doped ZnO films exhibited an 

enhanced response to acetone vapour compared to 

undoped films, suggesting their potential for 

selective detection of acetone, a key biomarker for 

diabetes. The investigation further identified the 

optimal doping concentration of 3 at.% Ag, which 

resulted in the highest sensitivity and response 

towards acetone vapour. 

 

II. MATERIALS & METHODS 
To prepare a 0.2 M zinc acetate dihydrate 

(Zn(C3COO)2·2H2O) solution, 0.746 g of the 

compound was dissolved in 20 ml of ethanol and 

stirred until completely dissolved. Similarly, a 0.02 
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M solution of Silver nitrate (AgNO3) was prepared 

for the production of Ag-doped ZnO thin films. 

This was achieved by dissolving 0.026 g of Silver  

nitrate in 20 ml of ethanol and stirring until 

complete dissolution. To adjust the pH of the ZnO 

solution to 7, diethanolamine was added drop by 

drop while continuously stirring the solution. The 

necessary concentration of silver for Ag-doped 

ZnO thin films was achieved by combining the 

appropriate volume of the silver nitrate solution 

with the ZnO solution. For example, to create 3 at 

% Ag-doped ZnO, 17 ml of the ZnO solution was 

mixed with 3 ml of the silver nitrate solution. The 

resulting mixture was stirred regularly using a 

magnetic stirrer for an additional two hours to 

ensure proper mixing. The solution was aged for 24 

hours. 

Glass substrates were subjected to a series of 10-

minute sonications in acetone, ethanol, and 

deionized water. Afterward, the substrates were 

dried using nitrogen gas. These clean and dry 

substrates were then vertically immersed into the 

solution and withdrawn at a speed of 5 mm/s using 

an automatic dip coating machine. The coated 

substrates underwent a drying process at a 

temperature of 100 °C for 10 minutes to allow the 

solvent to evaporate. Subsequently, the coated 

substrates were annealed in air at 500 °C for 2 

hours, resulting in the formation of thin films 

consisting of ZnO and Ag-doped ZnO. 

 

III. RESULTS & DISCUSSION 
XRD ANALYSIS: 

In order to analyse the structural 

characteristics of the films, an X-ray diffractometer 

equipped with a high-resolution detector and a Cu 

K radiation source was employed for the XRD 

investigation. The diffraction patterns were 

recorded with a step size of 0.02° within the 2θ 

range of 20° to 80°. The study included four 

distinct samples of ZnO with varying levels of 

silver doping: pure ZnO, ZnO doped with 1 at% 

Ag, ZnO doped with 3 at% Ag, and ZnO doped 

with 5 at% Ag. These samples were respectively 

referred to as Pure ZnO, AgZ-1%, AgZ-3%, and 

AgZ-5%. Based on the XRD results depicted in 

Figure 1, it was observed that each sample 

exhibited a hexagonal wurtzite crystal structure. 

This was evidenced by the distinct and well-

defined diffraction peak corresponding to the (002) 

crystal plane, occurring at an angle of 2θ = 34.42°. 

This peak alignment is consistent with the ZnO c-

axis orientation. 

 
Fig.1.XRD pattern of Pure and Ag doped ZnO 

films 

 

Table-1 provides a comprehensive 

overview of the measured diffraction peak angles 

and their corresponding crystallographic planes for 

various doping concentrations. The identification 

of these diffractionpeaks was carried out using the 

Joint Committee on Powder Diffraction Standards 

(JCPDS) card no. 36-1451. Upon increasing the 

concentration of Ag doping, the XRD patterns 

exhibited a slight shift in the diffraction peaks 

towards higher angles. This shift signifies the 

incorporation of A ions into the ZnO lattice. The 

variation in ionic radii between Zn
2+

 (0.74 Å) and 

Ag
3+

 (0.53 Å) leads to lattice strain and a marginal 

reduction in the lattice constant of ZnO. 

Consequently, the diffraction peaks experience a 

displacement. The average crystallite size of the 

thin films was determined using the Scherrer 

equation, which relies on the full width at half 

maximum (FWHM) of the (002) peak. For pure 

ZnO and Ag-doped ZnO, the calculated crystallite 

sizes ranged from 28.1 to 33.5 nm and 21.3 to 31.1 

nm, respectively. The introduction of Ag ions 

hampers grain growth, thereby causing a decrease 

in crystallite size with increasing Ag doping 

concentration. 
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Table 1: Doping concentration, crystallographic planes, and diffraction angles for ZnO and AgZ thin films 

 

      Doping 

Concentration

  

Crystallographic Planes 

 

(100)  (002)              (101) 

Pure ZnO   31.82
o
  34.42

o
 36.31

o
 

AgZ-1% 32.73
o 

35.45
o
 37.48

o 

AgZ-3% 33.89
o 

36.47
o
 38.37

o 

AgZ-5% 34.91
o 

37.41
o
 39.47

o 

 

SEM ANALYSIS 

Fig.2 illustrates the surface morphology 

images of the Ag-doped ZnO thin films. All films 

exhibit flowers like ZnO grains within the plane, 

with the exception of  pureZnO. As the 

concentration of Ag doping increases, the size of 

ZnO grains gradually enlarges. This indicates that 

Ag doping does not significantly affect the crystal 

growth of ZnO, possibly due to the relatively low 

Ag doping concentration. Currently, reported 

findings regarding the impact of Ag doping on ZnO 

crystal growth are inconsistent. For instance, Liu et 

al. [28] reported that Ag doping resulted in smaller 

ZnO grains, while Zhang et al. [29] observed non-

uniform grain sizes in Ag-doped ZnO thin films 

compared to pure ZnO thin films. However, Liu et 

al. [30] found that Ag doping led to smaller ZnO 

grains at low Ag doping concentrations, but at 

higher concentrations, Ag nanoparticles were 

formed instead. Surprisingly, despite the 

precipitation of Ag nanoparticles, the crystallinity 

of ZnO does not diminish. On the contrary, the 

ZnO grains exhibit growth with an increase in Ag 

nanoparticles. The observed variations in the 

effects of Ag doping on ZnO grain growth can be 

attributed to the different lattice sites occupied by 

Ag in ZnO, influenced by various film deposition 

methods and annealing treatments. In our samples, 

it is evident that Ag doping has minimal influence 

on ZnO grain growth and does not result in 

significant nonuniformity in grain size. However, 

in the case of sample AgZ-5 at %, an increase in 

surface pores is observed. This increase in pores 

may be attributed to an elevated presence of 

gasification substances within the film due to a 

higher concentration of dopants. The presence of 

pores is commonly observed in films deposited 

using the sol-gel method. From the SEM image, 

particles are estimated to have a diameter of 

approximately 22 nm, indicating the presence of 

Ag nanoparticles. Similar findings have been 

reported by Houng and Huang [31].  

Fig.2. SEM images of (a) Pure ZnO  (b) AgZ-1%  (c) AgZ-3%  (d) AgZ-5 
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UV ABSORBANCE: 

UV-Vis spectroscopy was conducted 

using a UV-Vis spectrophotometer, covering a 

wavelength range of 200 to 800 nm. The purpose 

was to analyse the films and determine their band 

gap energy and absorption behaviour. Both pure 

ZnO and Ag-doped ZnO thin films exhibited 

distinct UV absorption edges and transparent 

regions in the visible spectrum. The absorption 

edge is attributed to the material's electronic 

transitions from the valence band to the conduction 

band. Upon increasing the concentration of Ag 

dopants, the absorption edge of the films shifted 

towards longer wavelengths (redshift) [32]. This 

indicates that the incorporation of Ag ions into the 

ZnO lattice led to a reduction in the films' band gap 

energy [33]. The presence of Ag dopants created 

intermediate energy levels within the bandgap, 

causing the observed redshift. These optical 

absorption characteristics and bandgap energies 

play a crucial role in the sensing applications of the 

thin films. 

In particular, the Ag-doped ZnO thin films 

are well-suited for acetone sensing due to their 

ability to provide higher sensitivity within the 

required wavelength range. This is achieved 

through the redshift in the absorption edge and the 

tunability of the bandgap energy achieved by Ag 

doping. The absorbance graph is shown in Fig.3. 

 
Fig.3: Absorbance Graph 

 

BAND GAP 

The determination of the bandgap energy 

(Eg) for the films was performed using the Tauc 

plot method. The Tauc plot involves plotting (αhυ)
2
 

against the photon energy (hυ), where hυ represents 

the photon energy and α represents the absorption 

coefficient. By identifying the intersection point 

between the linear region of the Tauc plot and the 

energy axis, the bandgap energy can be determined. 

 

Table-2:Band gap energy for various doping 

concentration 

  Doping 

Concentration 

Band gap Energy(eV) 

Pure ZnO 3.146 

AgZ-1% 3.135 

AgZ-3% 3.127 

AgZ-5% 3.128 

 

In this study, the bandgap energy of the 

pure ZnO thin film was calculated to be 3.146 eV. 

With an increase in the concentration of Ag doping, 

the bandgap energy decreased. Specifically, for Ag-

doped ZnO thin films with various  Ag 

concentrations and  bandgap energies are tabulated 

(Table-2). This decrease in bandgap energy with 

increasing Ag doping concentration suggests the 

formation of an alloyed ZnO:Ag material. The 

band gap of the AgZ-5% sample was found to have 

a slight increase compared to other samples. As a 

result, the AgZ-3% sample demonstrated the 

highest response among all the samples. Fig. 4  

displays the band gap graph, depicting the 

relationship between  (αhυ)
2
  and photon energy  

(hυ). 

 

 
Fig.4: Band gap 

 

SENSING RESPONSE TO ACETONE GAS: 
The electrical resistance of both pure and 

Ag-doped ZnO thin films was measured when 

exposed to different concentrations of acetone gas 

(pure, 1 at%, 3 at%, and 5 at%). The results clearly 

demonstrated the significant impact of Ag doping 

on the films' ability to sense acetone gas. The 

sensing performance of the thin films at different 

acetone gas concentrations is presented in Fig. 5. 
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Fig. 5: Response of pure ZnO 

 

Upon exposure to acetone gas, the 

electrical resistance of the films decreased 

dramatically, indicating an increase in conductivity 

due to the interaction between acetone molecules 

and the film surface. This change in resistance can 

be attributed to the charge transfer mechanisms and 

surface reactions that occur when acetone 

molecules are adsorbed onto the film surface [34]. 

 
Fig.6: Response of ZnO doped with 3 at% Ag 

 

The 3% Ag-doped ZnO thin film exhibited the 

highest response among all the samples, showing a 

significant decrease in resistance compared to both 

the pure ZnO film and the other Ag-doped films. 

The incorporation of Ag ions into the ZnO lattice 

introduces defects and increases the number of 

adsorption sites for acetone molecules. This 

enhanced response was evaluated by calculating the 

percentage change in resistance using the following 

formula, which allows for the assessment of the 

sensitivity of the thin films to acetone gas: 

    Response = [(R0 - Rgas) / R0] x 100%          

 

Where, Rgas  is the film's resistance in the 

presence of acetone gas and R0 is the film's initial 

resistance. Upon exposure to 10 ppm of acetone at 

room temperature, the 3% Ag-doped ZnO thin film 

exhibited maximum sensitivity to acetone gas, 

showing a response of 49%. This indicates the 

film's high sensitivity and ability to detect low 

concentrations of acetone gas. 

To assess the selectivity of the thin films 

towards acetone, they were tested against various 

interfering gases such as ammonia, methanol, 

ethanol, and isopropanol. The results demonstrated 

the films' good selectivity for acetone, as they 

exhibited low sensitivity to the interfering gases. 

This selectivity is crucial in practical applications 

where the detection and differentiation of specific 

target gases are required. The selectivity graph is 

depicted in Fig. 7. 

 

 
Fig. 7: Selectivity graph 

 

TABLE-2. Analysing acetone detection: new findings versus literature 

Material Temperatur

e    (
o 
C) 

Method Acetone 

(ppm) 

Response 

time (s) 

Recovery 

time (s) 

Reference 

ZnO:Ag RT Sol-gel 5  9 17 This work 

ZnO:Al 500 Hydrothermal 1 147 181 35 

ZnO:Al 500 Hydrothermal 0.5 78 113 35 
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ZnO:Al 500 Hydrothermal 0.1 44 70 35 

ZnO:Al 450 Hydrothermal 10 3 - 36 

ZnO:Al:Pt 450 Magnetron 

Sputtering 

10 2.9 - 37 

ZnO:CuO 310 Sol-gel 0.2 7 10 38 

ZnO:Au 300 Wet-chemical 0.1 6 24 39 

ZnO RT Sol-gel 5 12 7 40 

The dynamic performance of the thin 

films was evaluated by analysing their response 

and recovery times. The response time represents 

the duration it takes for the resistance to stabilise 

after exposure to acetone gas, while the recovery 

time indicates the time it takes for the resistance to 

return to its initial value once the acetone gas is 

removed.The 3% Ag-doped ZnO thin film 

exhibited a fast response time of 9 seconds, 

indicating its ability to rapidly detect changes in 

acetone concentration. Additionally, it 

demonstrated a recovery time of 17 seconds, 

indicating a quick return to its initial state once the 

acetone gas was eliminated. Based on these 

response and recovery durations, the 3% Ag-doped 

ZnO thin film exhibits promising dynamic 

performance, making it a potential candidate for 

real-time acetone gas sensing applications. Table 2 

presents a comparison between the acetone 

detection results obtained in the current 

investigation and those reported in previous 

studies.  

 

IV.CONCLUSION: 
In conclusion, this research paper provides 

a comprehensive investigation into the enhanced 

acetone sensing properties of silver-doped zinc 

oxide (Ag-ZnO) thin films for non-invasive 

diabetes detection through breath analysis. The 

study employed the sol-gel dip coating method to 

prepare the thin films, and various characterization 

techniques were utilised to analyse their structural, 

morphological, optical, and gas sensing 

characteristics. The X-ray diffraction analysis 

confirmed the formation of a highly crystalline 

wurtzite structure in both undoped and Ag-doped 

ZnO thin films, with the latter showing a shift in 

the XRD peaks due to successful incorporation of 

silver into the ZnO lattice. Scanning electron 

microscopy revealed changes in surface 

morphology, including increased grain size and 

reduced surface roughness, resulting in smoother 

film surfaces with higher optical transparency 

observed through UV-visible spectrophotometry. 

The gas sensing properties of the thin films were 

evaluated specifically for acetone sensing, a 

biomarker associated with diabetes. The Ag-doped 

ZnO thin films exhibited enhanced acetone sensing 

response compared to undoped films, indicating 

their potential for diabetes detection. The 

investigation further identified that a doping 

concentration of 3 at.% Ag resulted in the highest 

sensitivity with  response and recovery time 9sec 

and 17 sec respectively  towards acetone vapour. 

Overall, this research contributes valuable 

insights into the development of improved sensing 

materials for non-invasive diabetes detection, 

highlighting the potential of Ag-ZnO thin films 

prepared via the sol-gel dip coating method as a 

promising platform for future applications in breath 

analysis and healthcare diagnostics. 
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