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Abstract 

Dual nanocomposites based on metal sulfide nanomaterials with a narrow band gap are favorable 

candidates for future optoelectronic applications and ionizing ray sensors. In this study, novel silver-

doped zinc sulfide/ cadmium sulfide (ZnS/CdS: Ag) nanocomposites were synthesized using the cost-

effective solvothermal approach. For the first time, the radiation sensitivity of the newly developed 

nanocomposite was assessed using a 241Am alpha source and ion beam-induced luminescence (IBIL) 

measurements. The ZnS/CdS: Ag nanocomposite demonstrated significant light emission in the blue-

green spectrum when measured at room temperature. When exposed to alpha irradiation, the ZnS/CdS: 

Ag nanocomposite film displayed exceptional sensitivity compared to pure ZnS or CdS films. The 

FESEM images revealed a uniform distribution of semi-spherical and rod-shaped nanoparticles, with 

an average particle size of 180 nm for both shapes. The results from XRD and EDX demonstrated 

distinct peaks corresponding to ZnS, CdS, and associated elements within the nanocomposite. The 

existence of several functional groups within the nanocomposite was confirmed through Fourier 

transform infrared spectroscopy. Evaluations revealed that the optical quality of the ZnS/CdS: Ag 

nanocomposite showed enhancement in comparison to pure ZnS and CdS. The results suggest that the 

ZnS/CdS: Ag nanocomposite film holds great promise for applications in optoelectronic devices and 

detection technologies. 
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1. INTRODUCTION 
 

Scintillators, materials capable of converting high-energy rays or particles into low-energy 

visible photons, play a crucial role in radiation detection. These materials are widely used in 

fields such as space exploration, non-intrusive security checks, and medical imaging, with 

significant advancements in recent years [1-6]. However, most commercial scintillators are in 

fragile crystal forms and require complex, time-consuming, and expensive preparation methods 

[3]. This limitation underscores the need for innovative approaches to produce highly 

luminescent materials in more practical forms. One promising alternative is the development 

of flexible scintillator nanocomposites made from luminescent nanopowders incorporated into 

polymeric matrices [7]. These nanocomposites, particularly those based on semiconductor 

materials, have the potential to improve the performance of optoelectronic devices, including 

scintillators, by offering enhanced optical properties and better charge separation. 

Nanostructures and nanocomposites based on semiconductors have a wide range of tunable 

optical characteristics, which are highly desirable in fields like photonics, energy conversion, 

sensing, and advanced optical materials [9-11]. The combination of semiconductors with 

compatible band energy levels enhances optical properties through more effective carrier 

separation and interfacial charge transfer efficiency [12]. These hybrid semiconductor systems 

often exhibit intriguing optical properties, leading to rapid advancements in the study of 

scintillation mechanisms and applications [4,5,13]. Among semiconductor nanomaterials, 

metal sulfides, such as zinc sulfide (ZnS) and cadmium sulfide (CdS), are of particular interest 

due to their unique electrical and optical characteristics. ZnS is a wide bandgap semiconductor 

that offers excellent optical properties, including high transparency in both visible and UV 

regions, strong luminescence, and large exciton binding energy [14-17]. CdS, in contrast, is 

known for its exceptional scintillation performance, with high stopping power, efficiency, and 

chemical stability, making it ideal for various technical applications [18,19]. When these two 

materials are combined, they form nanocomposites that enhance optical properties, such as 

luminescence and charge transfer, due to their complementary bandgap characteristics 

[5,17,21]. Furthermore, doping these materials with elements like silver can significantly 

modify their optical and electronic properties, improving their efficiency for optoelectronic 

applications. 

Recent advancements in optoelectronic devices have focused on the development of novel 

materials and enhanced optical properties to improve device performance. Key progress areas 

include luminescent materials, semiconductors with tailored bandgaps, and the integration of 

hybrid and doped systems for improved functionality [22]. Doping is a widely used technique 

in semiconductor material engineering, allowing for control over the material’s electronic 
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structure and enhancing its performance in various devices. By introducing silver nanoparticles 

as a dopant, ZnS/CdS nanocomposites can benefit from the unique electronic, catalytic, and 

optical properties of silver, further improving their scintillation and optoelectronic properties 

[23,24]. This approach facilitates the design of materials with optimized band energy levels, 

leading to improved charge separation, enhanced luminescence, and better overall performance 

in radiation detection and optoelectronic devices. 

Consequently, enhancing the optical properties of materials can be achieved through doping or 

the combination of dual oxide and sulfide semiconductors, leading to the creation of novel 

nanocomposites with appropriate band energy levels and distinct characteristics. A recent study 

highlights the strong UV photoluminescence emission of ZrO₂ nanostructures, which is 

indicative of their high purity and excellent crystallinity. These properties position ZrO₂ 

nanostructures as promising candidates for UV-based optoelectronic applications, 

demonstrating their potential in devices that rely on efficient UV light emission [25]. Another 

study successfully synthesized ZnO/CWO: Ce nanocomposites using a straightforward 

process, followed by an investigation into the optical response of the samples under ionizing 

radiation and UV light [4]. The findings revealed a notably enhanced optical response in the 

ZnO/CWO: Ce nanocomposite compared to both ZnO/CWO and the individual ZnO and CWO 

samples [5]. Additionally, it has been reported that a chitosan-based on a BaWO4 sensor that 

was fabricated exhibited a high degree of sensitivity and flexibility in response to laser, UV, 

proton, and alpha irradiation that can be a good candidate in optoelectronic applications [26]. 

Furthermore, in order to modify the optoelectronic properties of these mixed oxide materials, 

it is possible to introduce a variety of inorganic or organic components. For instance, the 

flexible nanocomposite can boost its photosensitivity through Förster resonance energy transfer 

(FRET) occurring between the polymer matrix and the nanostructured additives [27]. Another 

recent study found that flexible mixed oxide thin films, specifically ZnO(Ag)/PWO(Er) 

embedded in a polyvinyl alcohol matrix, exhibited high sensitivity to ionizing radiation.[28]. 

Moreover, a study on optoelectronic applications highlights the luminescence properties of 

cerium-doped zinc oxide/cadmium tungstate (ZnO/CdWO₄: Ce) nanocomposite particles. The 

findings indicate that these nanocomposites demonstrate enhanced luminescence and excellent 

thermal stability, positioning them as promising candidates for advanced optoelectronic 

devices [29]. 

In this study, the synthesis of ZnS/CdS: Ag flexible films utilizing a PVA matrix through a 

solvothermal chemical method. The potential for photonic applications was explored by 

examining the structural and optical properties of the materials under UV light, ion beam 

exposure, and alpha irradiation at room temperature. This work introduces an innovative 
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approach by creating flexible thin films composed of mixed sulfides within a PVA matrix, 

emphasizing customized band energy levels, cost-effective techniques, and the possibilities for 

enhancing smart textiles and sensor technologies. 

2. EXPERIMENTAL PROCEDURES 

2. 1. Material and Chemicals 

In this study, all materials and chemical reagents were used as obtained, with no further 

purification. The key reagents included zinc acetate dihydrate [Zn (CH₃CO₂)₂·2H₂O, Merck, 

99.9% purity], cadmium acetate dihydrate [Cd(CH₃COO)₂·2H₂O, Sigma-Aldrich, 99.9% 

purity], sodium sulfide [Na₂S·9H₂O, Sigma-Aldrich, 99.9% purity], silver nitrate [AgNO₃], and 

ethanol (99.9% purity). Deionized water was used consistently throughout all experimental 

procedures. 

2. 2. Synthesize of ZnS and CdS Nanoparticles 
 

In a typical procedure to synthesize zinc sulfide (ZnS) nanoparticles, zinc acetate and sodium 

sulfide were first dissolved in 50 ml of deionized water. Using a co-precipitation method, the 

sodium sulfide solution was carefully added drop by drop into the zinc acetate solution. The 

resulting mixture was then centrifuged three times to remove any impurities, and 

subsequently dried at 80°C for 24 hours. To complete the synthesis, the dried sample was 

heated to 800°C in a furnace for one hour, yielding ZnS powder. 

For cadmium sulfide (CdS) nanoparticles, a similar co-precipitation technique was used. 

Cadmium acetate dihydrate and sodium sulfide were dissolved separately in deionized water 

at an equal molar ratio. Next, the sodium sulfide solution was slowly introduced into the 

cadmium acetate solution, prompting the formation of a precipitate. This precipitate was 

thoroughly washed, centrifuged, and dried at 80°C for 24 hours. Finally, the sample was 

calcined at 600°C for two hours, resulting in the formation of CdS nanoparticles. 

 

2. 3. Synthesize of ZnS/CdS: Ag Dual Nanocomposite  
 

Solvothermal synthesis and sonication were used to produce Ag-doped ZnS/CdS 

nanocomposite. 20 ml of ethanol was mixed with ZnS and CdS at a molar ratio of 1:1. The 

resultant solution was dissolved with a magnetic stir and then located in an ultrasonic bath for 

15 min. Finally, the obtained mixture was transferred in a PTFE-lined autoclave and heated to 

110 °C. After 12 h, the resultant solution was centrifuged, washed, and dried in the oven. 

 

2. 4. Preparation of ZnS/CdS: Ag@PVA Flexible Nanocomposite Film 
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To analyze the alpha radiation response of our samples, we began by dissolving 2 gr of 

polyvinyl alcohol (PVA, Sigma-Aldrich) in 20 ml of deionized (DI) water, stirring it for three 

hours to ensure complete dissolution. Separately, 0.5 gr of ZnS/CdS: Ag powder were mixed 

with 5 ml of DI water and then gradually added to the PVA solution, which was continuously 

stirred for another three hours to achieve a uniform mixture. The resulting paste-like composite 

was then evenly spread onto a glass plate and left to air-dry at room temperature. After 24 

hours, the polymer composite sheets could be easily peeled off and trimmed into square film 

samples, yielding flexible nanocomposite films. Figure 1 provides a visual guide to the 

ZnS/CdS: Ag nanocomposite preparation process. 

 

2. 5. Characterization 
 

The crystalline structure and phase of the material were characterized using X-ray diffraction 

(XRD) on a Bruker D8-Advance system. To assess the materials' morphology and elemental 

composition, field emission scanning electron microscopy (FESEM, TESCAN) was applied. 

Functional groups and vibrational modes were analyzed via Fourier-transform infrared (FTIR) 

spectroscopy with a PerkinElmer instrument. For optical properties, UV-visible diffuse 

reflectance spectra were recorded using a Perkin-Elmer LS-5. Ion beam-induced luminescence 

(IBIL) measurements were conducted at room temperature with a 2.25 MeV proton beam at 4 

nA current. To evaluate the radiation response, flexible composite films were affixed to a 

photomultiplier (Model FEU_31, Russia) using optical grease, and count rates were recorded 

with a 241Am alpha source (activity 0.09 μci) and collimated rays. A preamplifier, an amplifier, 

a high voltage power supply, and a data acquisition system were all parts of the electronic 

devices used (MCA- P3100DP- Parto Negar Shahab Company -Radonik). 

 

 

 [
 D

O
I:

 1
0.

22
06

8/
ijm

se
.3

78
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 c
eh

sa
t.i

us
t.a

c.
ir

 o
n 

20
24

-1
2-

28
 ]

 

                             5 / 20

http://dx.doi.org/10.22068/ijmse.3784
http://cehsat.iust.ac.ir/ijmse/article-1-3784-en.html


 

6 
 

 
 

Figure 1. Experimental process 

 

 

3. Results and discussion 
 

3.1. XRD  

 
 

An X-ray diffraction analysis was performed to examine the crystalline structure of pure ZnS, 

CdS, and the ZnS/CdS: Ag nanocomposite. Figure 2 illustrates the XRD patterns for all the 

samples analyzed. The angles 2θ= 26.94°, 28.56°, and 31.55°, which are the most intense 

diffraction peaks, correspond to the lattice planes (100), (002), and (101). The lattice constants 

reveal a hexagonal structure, with values of a = 0.3821 nm and c = 0.6257 nm [30]. The 

standard data for the hexagonal structure of ZnS (JCPDS card no. 00-036-1450) was well-

matched by the ZnS peaks. In addition, the diffraction peaks of pure CdS can be exclusively 

indexed as the hexagonal of CdS, which is in excellent agreement with the reported data 

(JCPDS card no. 01-077-2306). The XRD pattern of the ZnS/CdS: Ag nanocomposite indicates 

the simultaneous presence of hexagonal ZnS and hexagonal CdS structures. In comparison to 

pure ZnS and CdS, the nanocomposite sample exhibited a slight shift in the diffraction peaks, 

indicating the possible incorporation of Zn ions into the CdS lattice as a crystalline defect or 

the formation of a new compound within the composite. The Scherrer formula (D=0.9λ/βcosθ) 
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is employed to estimate the average size of the nanocrystals, calculated from the three strongest 

peaks corresponding to the (101), (002), and (110) indices [31]. The average value of the 

crystallite size for ZnS/CdS: Ag nanoparticles was approximately 18.88 nm. The XRD patterns 

do not exhibit any additional peaks, indicating that there is no of a secondary phase in the 

ZnS/CdS: Ag nanocomposite. 

 

 

 
 

Figure 2. The X-ray diffraction pattern of the synthesized samples 

 

 

3.2. Functional Group Analysis 

 

The results of the FTIR investigation were presented in Figure 3, which aimed to investigate 

the bonding environments in the samples. The FTIR analysis revealed the different vibration 

modes of nanopowders. The frequencies of all vibrational bands that were analyzed are 

presented in Fig. 3. In the ZnS sample, the broad and strong band near 3450 cm-1 appears 

typically due to O–H stretching absorbed on the surface of water molecules. The existence of 

a band at around 2900 cm-1 suggests the symmetric and asymmetric (C-H) vibrations of the 

CH2 groups in acetate. In addition, the C=O stretching mode is indicated by a peak at 1637 cm-

1, which is present in the carboxylic group (-COOH) of zinc acetate. Frequency between 1140 

cm-1 and 1070 cm-1 correspond to vibration modes that are related to the stretching of the C–N 

bond. The ZnS band, which corresponds to zinc sulfide nanoparticles, is identified by the peak 
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at 624 cm-1. Furthermore, the synthesized CdS nanoparticles exhibit functional group peaks at 

3450, 1637, 1140, and 724 to 458 cm-1, which correspond to the O–H, C=O, C–N, and Cd–S 

stretching vibrations, respectively [33-36]. The FTIR results confirmed the successful 

formation of the ZnS/CdS: Ag nanocomposite, revealing the presence of functional groups 

such as O–H, C=O, C–N, Zn–S, and Cd–S. When ZnS and CdS were combined, the bands at 

3459 cm⁻¹ (corresponding to O–H stretching) and 1140 cm⁻¹ (corresponding to C–N stretching) 

exhibited a decrease in intensity. This reduction in intensity points to a composition or 

interaction between the zinc sulfide nanopowders and the cadmium sulfide nanopowders. On 

the other hand, the presence of silver dopant in the nanocomposite affects the bonds and leads 

to a change in absorption intensity. So, changes in the intensity of certain vibrating bands can 

be seen between the samples (Fig. 3). The absorption intensity of the peaks at 3450, 1637, 

1140, 624, and 458 cm-1 in the ZnS/CdS: Ag has changed relative to pure ZnS and CdS, and 

this decrease in the intensity of the peaks indicates the substitution of Ag+ ions in the composite 

network. As a result of the presence of impurities, the intensities of the bands changed with the 

addition of silver nanopowders, and no other absorption bands were observed in the composite 

sample [35]. 

 

 

 
 

Figure 3. FT-IR absorption spectra of the synthesized samples 
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3.3. Morphological Studies and Chemical Composition 

 

Energy-dispersive X-ray spectroscopy (EDX) and field emission scanning electron microscopy 

(FESEM) were utilized to examine the morphology and chemical composition of the ZnS and 

CdS nanoparticles, as well as the ZnS/CdS: Ag nanocomposite. As shown in Figure 4 (a, b, 

and c), the FESEM images reveal that the synthesized nanoparticles have distinct semi-

spherical and rod-like shapes. The semi-spherical ZnS/CdS: Ag nanoparticles have an average 

size of 180 nm, while the rod-shaped particles feature a hexagonal top with an average diameter 

of 250 nm. 
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Figure 4. FESEM images of (a) pure ZnS, (b) pure CdS, and (c) ZnS/CdS: Ag nanocomposite 

 

The chemical composition of the synthesized nanocomposite was further analyzed using 

energy-dispersive X-ray spectroscopy (EDX) and elemental mapping techniques. Figure 5 

shows the EDX spectrum of the nanocomposites, highlighting the peaks corresponding to the 

elements Zn, Cd, S, O, and Ag. Additionally, the elemental mapping color composition for the 

nanocomposites is presented in the same figure, demonstrating the presence and uniform 

distribution of Zn, Cd, S, O, and Ag throughout the doped nanocomposite. 

 

 

 

Figure 5. EDAX and Map elemental of the ZnS/CdS: Ag nanocomposite 
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3.4. UV–Vis Analysis 

 

UV-Vis absorption spectroscopy is a crucial technique for identifying the absorption bands and 

bandgap energies of nanoparticles, which are closely linked to their structural properties [31-

34]. As nanoparticle size decreases, their surface area increases, potentially enhancing their 

adsorption efficiency along with an increase in bandgap energy. For this study, the UV-Vis 

spectra of the synthesized ZnS, CdS, and ZnS/CdS: Ag nanoparticles were obtained by 

dispersing them in deionized water and subjecting the solutions to an ultrasonic bath for 20 

minutes to ensure thorough dispersion. Figure 6 (a, b, and c) compares the UV-Vis spectra of 

ZnS, CdS, and the ZnS/CdS: Ag nanocomposite, allowing for the determination of their 

absorption characteristics and bandgap energies. The absorption edges for ZnS, CdS, and 

ZnS/CdS: Ag were found to be approximately 240 nm, 230 nm, and 225 nm, respectively, as 

illustrated in Figure 6 (a, b, and c). 

The band gap energy of all samples can be examined through the UV–Vis spectra employing 

the Tauc relation [31], 

 

αhν=A(hν-Eg)
n (1) 

Where A is a proportionality constant, Eg is the energy in the bandgap, v is the frequency of 

the photon, α is the absorption coefficient, and n is the constant that determines the optic 

transmission. Two different kinds of transfer may be observed: direct transfers and indirect 

transfers. Indirect transfers were determined as 𝑛 =
1

2
 while direct transfers were determined 

as 𝑛 = 2. On the Taucs plot, the band energy is shown by the tangent line. The direct bandgap 

values of ZnS, CdS, and ZnS/CdS: Ag nanocomposite were equal to 5.5, 5.3, and 5.2 eV, 

respectively. Similar large bandgap values also were reported in Cu and Ni doping ZnS 

nanoparticles [38] 
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Figure 6. UV–Vis absorption spectra and the (αhν)2 versus hν curves for the optical band gap 

determination of (a) ZnS, (b) CdS, and (c) ZnS/CdS: Ag nanocomposite 

 

3.5. IBIL Spectra 

 

An important analytical technique is known as ion beam induced luminescence (IBIL) 

characterization. The information it offers refers to the impurities, defects, and chemical 

compounds that are present in the material[36, 37]. During irradiation, the target materials emit 

photons [4,5]. The responses of the produced samples to ionoluminescence were studied using 

focused proton beam irradiation (2.25 MeV), and results are shown in Figure 7. The pure ZnS 

sample demonstrated a weak peak between 580-610 nm, whereas the pure CdS sample showed 

an intense peak at around 570 nm under same irradiation situations. The ZnS/CdS: Ag 

nanocomposite exhibited the most strong emission peak at around 560 nm. As a result, the Ag-

doped ZnS/CdS: Ag nanocomposite exhibited the most intense strong emission peak. 
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Figure 7. IBIL spectrum of pure samples and Ag-doped ZnS/CdS nanocomposite 

 

3.6. Scintillation Properties 

 

Figure 8 presents the scintillation pulse height spectra for the PVA thin film as a baseline, along 

with the ZnS, CdS, and ZnS/CdS: Ag nanocomposites (composed of polymer and scintillation 

filler) under alpha irradiation. The count rate intensity for the Ag-doped ZnS/CdS 

nanocomposite films was significantly higher than that of the pure ZnS and CdS samples. This 

indicates that the ZnS/CdS: Ag filler plays a crucial role in the detection response and overall 

count rate. Incorporating ZnS and CdS nanoparticles into the hybrid film enhanced both the 

position and intensity of the central peak in the count rate. The observed interaction between 

the nanoparticles and alpha particles appears to boost the production of scintillation light in the 

Ag-doped ZnS/CdS nanocomposite. This finding suggests that the nanocomposite can 

effectively convert invisible ionizing radiation into visible photons, making it a promising 

candidate for radiation sensing in future optical and medical applications. The procedure for 

measuring alpha radiation detection was conducted according to the schematic setup shown in 

Figure 9. 
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Figure 8. Pulse height spectra of the pure ZnS, CdS, and Ag-doped ZnS/CdS nanocomposite 

 

The net counting rate and absolute efficiency of the produced composite films were 

determined. The calculation of the absolute counting efficiency (ε) for the samples was 

performed using equation (2) [1, 9]: 

 

ε =
𝑟𝑛𝑒𝑡

𝐴
                                                                                                                 (2) 

where A is the alpha source activity and rnet is the net counting rate. In our experiment, the 

activity of 241Am point source was reduced by half, taking into account the 2π geometry of the 

source. The absolute efficiency of ZnS, CdS, and ZnS/CdS: Ag were around 47 %, 59%, and 

88% respectively. 
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Figure 9. Brief schematic of scintillation of the flexible scintillator films and experimental set-up 

 

 

4. CONCLUSIONS 
 

In conclusion, this study introduces an innovative method for creating flexible thin films with 

a PVA matrix combined with sulfide semiconductors. It highlights the importance of 

customized band energy levels, affordable approaches, and the promising applications in 

intelligent textiles and sensor technologies for the future. A highly luminous ZnS/CdS: Ag 

nanocomposite was successfully synthesized using a simple chemical process. The 

combination of structured ZnS/CdS: Ag composite nanoparticles within a PVA matrix resulted 

in the production of a flexible and soft thin film. The results of XRD confirmed the presence 

of characteristic peaks corresponding to ZnS and CdS within the synthesized nanocomposite 

structure. The synthesized ZnS/CdS: Ag nanocomposite exhibited a range of shapes, such as 

cubic, rod-like, and semi-spherical, with an average diameter ranging from 180 to 250 nm. The 

ZnS/CdS: Ag nanocomposite demonstrated enhanced optical sensitivity relative to pure ZnS 

and CdS when exposed to ion beam and alpha irradiations, and also showed acceptable 

scintillation properties at room temperature. The results indicate that the ZnS/CdS: Ag 

nanocomposite film presents potential for various applications in optoelectronic devices. 
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