
JOURNAL OF NANO- AND ELECTRONIC PHYSICS ЖУРНАЛ НАНО- ТА ЕЛЕКТРОННОЇ ФІЗИКИ 

Vol. 18 No 4, 04028(7pp) (2026) Том 18 № 4, 04028(7cc) (2026) 

 

 

ISSN: 2077-6772; e-ISSN: 2306-4277/2026/18(4)04028(7) 04028-1 https://jnep.sumdu.edu.ua 
 

 © 2026 The Author(s). Journal of Nano- and Electronic Physics published by Sumy State University. This article is 

distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.  
 

Cite this article as: S. Kumar et al., J. Nano- Electron. Phys. 18 No 4, 04028 (2026) https://doi.org/10.21272/jnep.18(4).04028 
 

REGULAR ARTICLE  
 

Tuning Structural and Optical Properties of Cu-Doped CdS Nanoparticles via Controlled 

Bandgap Engineering 
 

Sikandar Kumar , J.P. Sharma*   
 

University Department of Physics, Dr. Shyama Prasad Mukharjee University, Ranchi-834001, India 

 
(Received 05 May 2026; revised manuscript received 18 August 2026; published online 21 August 2026) 

 
Cadmium sulfide (CdS) nanoparticles doped with copper (Cd1 – xCuxS) are synthesized using a chemical 

co-precipitation method to investigate the effect of Cu incorporation on the structural and optical properties, 

with particular emphasis on bandgap modulation. X-ray diffraction (XRD) analysis confirms the formation 

of a single-phase hexagonal CdS crystal structure without any detectable secondary phases, indicating the 

successful incorporation of Cu into the host lattice. A gradual reduction in crystallite size from 3.73 nm to 

2.89 nm is observed with increasing Cu concentration. A slight decrease in the lattice parameters and unit 

cell volume further supports the substitution of Cd2+ ions by the relatively smaller Cu2+ ions. 

Field Emission Scanning Electron Microscopy (FESEM) reveals nanostructured particles with moderate 

agglomeration, while Cu incorporation improves particle size uniformity. Energy Dispersive X-ray Analysis 

(EDAX) confirms the presence of Cd, S, and Cu elements and shows no evidence of impurity phases, verifying 

the successful incorporation of Cu into the CdS lattice. The optical properties are examined using UV-Visible 

spectroscopy, which shows a progressive blue shift in the absorption edge with increasing Cu content. The 

optical bandgap increases from 2.08 eV for pristine CdS to 2.15 eV and 2.16 eV for the Cu-doped composi-

tions. This bandgap widening is attributed to the combined influence of quantum confinement arising from 

the reduced crystallite size and lattice distortion associated with Cu substitution. These findings demon-

strate that Cu doping provides an effective approach for tuning the structural and optical properties of CdS 

nanoparticles, highlighting their potential for optoelectronic and photocatalytic applications. 
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1. INTRODUCTION 
 

II-VI group semiconductors are important materials 

in modern materials science. They possess versatile 

structural, electronic, and optical properties. These 

properties make them useful for many technological ap-

plications. They are widely used in photocatalysis and 

light-emitting diodes. They also find applications in sen-

sors and solar cells [1]. They are also used in biomedical 

imaging technologies. Cadmium sulfide (CdS) is an im-

portant II-VI semiconductor material [2]. It has a direct 

band gap and strong absorption in the visible region. 

CdS also exhibits high photosensitivity. It is a widely 

studied n-type semiconductor. The band gap of CdS is 

about 2.42 eV at room temperature [3]. CdS is commonly 

used as a window material in heterojunction solar cells 

[4]. It is also applied in photodetectors and optoelec-

tronic devices. CdS exists in cubic (zinc blende) and hex-

agonal (wurtzite) crystal structures [5]. These struc-

tures provide different optical and electronic properties. 

CdS nanoparticles can be synthesized using several 

techniques. Common methods include sol-gel, thermal 

evaporation, and chemical vapor deposition[6-8]. Hydro-

thermal and co-precipitation methods are also widely 

used [9, 10]. Among these, chemical co-precipitation is 
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simple and cost-effective. It can be performed at room 

temperature. This method can produce relatively uni-

form nanoparticles. It also allows control over particle 

size and morphology. These factors strongly influence 

the quantum confinement effect. When the particle size 

approaches the Bohr exciton radius of CdS (~ 2.9 nm), 

quantum confinement occurs [11]. This effect modifies 

the electronic structure of the nanoparticles. As a result, 

the band gap becomes wider. The optical absorption edge 

shifts toward shorter wavelengths. This shift is com-

monly known as a blue shift. Nanocrystals also possess 

a high surface-to-volume ratio [12]. Surface states there-

fore play a significant role in their properties. These sur-

face states strongly influence the optical emission be-

havior. Doping with transition metal ions is an effective 

way to modify CdS properties. It helps tailor the physi-

cal and optical characteristics of the material. Doping 

can alter the electronic band structure. It may also in-

troduce localized energy states. These changes can en-

hance luminescence efficiency. They can also improve 

photoconductivity and magnetic behavior. Among the 

transition metals, copper (Cu2+) has attracted consider-

able interest as a dopant because its ionic radius (0.57 Å) 

is comparable to that of Cd2+ (0.95 Å), enabling substitu-

tional incorporation into the CdS lattice [13]. 
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Incorporation of Cu is reported to introduce acceptor lev-

els within the band gap, which enhances optical absorp-

tion and can produce defect-related visible emissions, 

making Cu-doped CdS a promising material for optoe-

lectronic and photovoltaic devices. This work reported 

the synthesis of Cd1 – xCuxS (x = 0.01 and 0.03 nanopar-

ticles at room temperature using the chemical co-precip-

itation method. The structural, morphological, and opti-

cal properties of the samples were systematically inves-

tigated using XRD, FESEM, EDAX and UV-Visible spec-

troscopy which explore the effect of Cu doping on the 

crystallite size, morphology, and band gap of CdS nano-

particles for optoelectronic applications. 

 

2. MATERIALS AND METHOD 
 

2.1 Materials 
 

Cadmium acetate dihydrate (Cd(CH3COO)22H2O), 

copper chloride dihydrate (CuCl22H2O), thiourea 

CS(NH2)2, and sodium sulphide (Na2S) were used as pre-

cursor chemicals for the synthesis of CdS and Cu-doped 

CdS nanoparticles. All reagents were of analytical grade 

and were used without further purification. Distilled 

water was used as the solvent for preparing all aqueous 

solutions, while ethanol and distilled water were used 

for washing the synthesized precipitates. 
 

2.2 Methodology 
 

2.2.1 Synthesis of CdS Nanoparticles 
 

CdS nanoparticles were synthesized via a chemical co-

precipitation method. In this process, 2.66 g of cadmium ac-

etate dihydrate (Cd(CH3COO)22H2O) was dissolved in 100 

mL of distilled water under continuous magnetic stirring to 

obtain a 0.1 M cadmium precursor solution. The solution 

was stirred for approximately 20 minutes to ensure com-

plete dissolution of the precursor. Subsequently, 1.52 g of 

thiourea, CS(NH2)2 was added gradually to the cadmium 

acetate solution under constant stirring to facilitate the for-

mation of a homogeneous reaction mixture. After complete 

mixing, an aqueous solution containing 0.78 g of sodium 

sulphide (Na2S) dissolved in distilled water was added 

dropwise into the reaction system (Fig. 1). 

The introduction of sulphide ions initiated the co-pre-

cipitation reaction between cadmium and sulphide ions 

[14]. This reaction produced a yellow precipitate of CdS 

nanoparticles according to: 
 

Cd2+ + S2− → CdS ↓ 
 

The reaction mixture was continuously stirred using 

a magnetic stirrer. Stirring was maintained for 2 hours 

at room temperature. This ensured complete precipita-

tion and proper growth of the nanoparticles. The ob-

tained precipitate was separated by centrifugation at 

5000 rpm for 10 min, followed by repeated washing with 

distilled water and ethanol to remove residual ions and 

impurities. Finally, the purified precipitate was dried in 

a hot air oven at 70 °C for 6 h to obtain CdS nanopowder. 

 

2.2.2 Synthesis of Cu-Doped CdS Nanoparticles 
 

Cu-doped CdS nanoparticles with different copper 

concentrations (1 % and 3 %) were synthesized using the  

same chemical co-precipitation method employed for the 

preparation of pure CdS, with the incorporation of cop-

per ions as dopant precursors [15]. In this process, 2.66 g 

of cadmium acetate dihydrate (Cd(CH3COO)22H2O) 

was dissolved in 100 mL of distilled water under contin-

uous magnetic stirring to obtain a 0.1 M cadmium pre-

cursor solution. After complete dissolution, a calculated 

amount of copper chloride dihydrate (CuCl22H2O) was 

added to the cadmium precursor solution to achieve the 

desired dopant concentration. For 1 mol % Cu doping, 

0.017 g of CuCl2·2H2O was added, whereas for 3 mol % 

Cu doping, 0.051 g of CuCl2·2H2O was introduced into 

the reaction mixture. The resulting mixed Cd2+/Cu2+ pre-

cursor solution was stirred for approximately 

20 minutes to ensure homogeneous distribution of cop-

per ions in the solution. 

Following this, 1.52 g of thiourea CS(NH2)2 was grad-

ually added to the mixed precursor solution under con-

tinuous stirring to form a homogeneous reaction me-

dium. Subsequently, an aqueous solution of 0.78 g so-

dium sulphide (Na2S) dissolved in distilled water was 

added dropwise into the reaction mixture. The introduc-

tion of sulphide ions initiated the co-precipitation reac-

tion between cadmium, copper, and sulphide ions, lead-

ing to the formation of Cu-doped CdS nanoparticles ac-

cording to the reaction: 
 

Cd2+ + Cu2+ + S2− → Cu: CdS 
 

During the reaction, a yellowish to orange precipi-

tate was formed, indicating the successful incorporation 

of copper ions into the CdS lattice. The reaction mixture 

was continuously stirred using a magnetic stirrer. Stir-

ring was maintained for 2 hours at room temperature. 

This ensured complete nucleation and growth of the 

doped nanoparticles. 

The resulting precipitate was separated by centrifu-

gation at 5000 rpm for 10 minutes. It was washed sev-

eral times with distilled water and ethanol. This step re-

moved residual impurities and unreacted precursors. 

The purified precipitate was then dried in a hot air oven. 

Drying was carried out at 70 °C for 6 hours. Finally, 1 % 

and 3 % Cu-doped CdS nanopowders were obtained. 

 

2.3 Characterization Techniques 
 

The prepared samples were used for further charac-

terization studies. Structural, morphological, and opti-

cal properties were investigated. The crystalline struc-

ture was examined using X-ray diffraction (XRD). CuKα 

radiation with a wavelength of 1.5406 Å was used for the 

analysis. 

The diffraction patterns were recorded in the 2θ 

range of 20°-80° at an accelerating voltage of 40 kV, a 

tube current of 20 mA, and a scanning rate of 0.02°/s. 

The average crystallite size of the nanoparticles was es-

timated using the Debye-Scherrer equation. 

The surface morphology of the synthesized nanopar-

ticles was examined using a Field Emission Scanning 

Electron Microscopy (FESEM) and Energy Dispersive  

X-ray Spectroscopy (EDAX). FESEM provided infor-

mation on particle size, shape, and agglomeration, while 

EDAX confirmed the elemental composition and success-

ful incorporation of copper into the CdS lattice. 
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Fig. 1 – Schematic diagram of synthesis process 
 

The optical absorption of pure CdS and Cu-doped CdS 

(Cd1 – xCuxS) nanoparticles were recorded using a UV-Visi-

ble spectrophotometer (Hitachi U3900, equipped with Var-

ian Cary 50 software) in the wavelength range of 200-800 

nm. The optical band gap values were calculated from 

Tauc’s plots derived from the absorption spectra. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Structural Properties 
 

Fig. 2 shows the X-ray diffraction (XRD) patterns of 

Cd1 – xCuxS nanoparticles with doping concentrations 

x = 0 %, 1 %, and 3 %. The prominent peaks at 2θ = 26.74°, 

29.42°, 31.77°, 37.58°, 44.24°, and 52.27° correspond to the 

(002), (101), (102), (110), and (112) planes, respectively, and 

are consistent with the standard cubic CdS phase (JCPDS 

Card No. 10-0454) 5]. The peak broadening confirms the 

nanocrystalline nature of the samples. In both pure and 

Cu-doped CdS, the (002) reflection is the most intense, in-

dicating a preferred orientation along this plane. No addi-

tional peaks corresponding to copper or secondary phases 

are observed, confirming the successful incorporation of Cu 

ions into the CdS lattice without impurity phase formation. 

A slight shift of the (002) peak toward higher angles is evi-

dent and becomes more pronounced with increasing Cu 

concentration, indicating lattice distortion. This distortion 

arises from the substitution of larger Cd2+ ions by smaller 

Cu2+ ions. The diffraction angle (2θ) and full width at half 

maximum () were extracted from the XRD data. Using 

these, the interplanar spacing (d), lattice parameter (a), av-

erage crystallite size (D), dislocation density (), and mi-

crostrain () were calculated along the (002) plane. The cor-

responding values for Cd1 – xCuxS  

(x = 0, 0.01, and 0.03) are summarized in Table 1. 

 
 

Fig. 2 – The X-ray diffraction (XRD) patterns of Cu:CdS at var-

ious concentrations 
 

Crystallite Size (D) 

The average crystallite size (D) was estimated from 

XRD peak broadening using the Debye-Scherrer equation 

[16]: 
 

𝐷 =
0.9𝜆

𝛽cos 𝜃
 

 

where  = 1.5406 Å,  is the FWHM (in radians), and θ is 

the Bragg angle. The crystallite size decreases from ~ 3.73 

nm for pure CdS to ~ 2.89 nm for CdS:Cu@3 %, indicating 

that Cu incorporation suppresses crystal growth. This re-

duction is attributed to substitution of smaller Cu2+ ions 

at Cd2+ sites, which introduces lattice strain, structural 

distortion, and defect centers. These defects hinder crys-

tallite growth and increase grain boundaries, leading to 

smaller crystallites with higher defect density. 
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Table 1 – XRD parameters of CdS:Cu corresponding to (002) plane 

 

Sample 2θ (°) FWHM 

  (rad) 

D (nm)  ( 10 – 2 

nm – 2) 

 ( 10 – 3) a (nm) c (nm) V (nm3) 

CdS 26.74219 2.16147 3.7347 0.2140 2.2418 0.2513 0.4105 0.0224 

CdS:Cu@1 % 26.74853 2.74748 2.9381 0.1325 2.8503 0.2512 0.4103 0.0224 

CdS:Cu@3 % 26.76108 2.78918 2.8941 0.1285 2.8950 0.2511 0.4101 0.0223 
 

The reduced size enhances surface-to-volume ratio, im-

proving surface reactivity, optical response, and photo-

catalytic performance, confirming the strong influence 

of Cu doping on microstructural evolution. 

 

Dislocation Density () 

Dislocation density (), representing the extent of lat-

tice defects, was calculated using [17]: 
 

𝛿 =
1

𝐷2 

 

The dislocation density increases slightly with Cu 

doping due to reduced crystallite size and dopant incor-

poration. Substitution of Cu2+ at Cd2+ sites introduces 

lattice strain and disturbs periodic atomic arrangement, 

generating defects such as dislocations and vacancies. 

Since  is inversely proportional to crystallite size, its 

increase reflects enhanced defect density and lattice im-

perfections. These defects act as stress centers, influenc-

ing charge carrier mobility, optical absorption, and pho-

tocatalytic activity. The increase in δ confirms successful 

Cu incorporation and associated microstructural modifi-

cations. 

 

Microstrain () 

Microstrain (), representing internal lattice distor-

tion, was calculated from XRD broadening using [18]: 
 

𝜀 =
𝛽

4tan 𝜃
 

 

The microstrain increases from 2.24  10 – 3 (pure 

CdS) to 2.89  10 – 3 (CdS:Cu@3 %), indicating increased 

internal strain due to Cu incorporation. Substitution of 

Cu2+ at Cd2+ sites introduces local distortions arising 

from differences in ionic size, electronic configuration, 

and bonding characteristics. These distortions generate 

strain fields and promote defect formation, including 

dislocations and point defects. The increase in ε is con-

sistent with reduced crystallite size and higher disloca-

tion density, confirming enhanced lattice disorder. Such 

strain affects electronic structure, band behavior, and 

charge carrier dynamics, thereby influencing optical and 

photocatalytic properties. 

 

Lattice Parameters (a and c) 

Lattice parameters were calculated assuming hexag-

onal CdS structure [19]. A slight decrease is observed 

with Cu doping: from a = 0.2513 nm and c = 0.4105 nm 

(pure CdS) to a = 0.2511 nm and c = 0.4101 nm 

(CdS:Cu@3 %). This contraction arises from substitution 

of smaller Cu2+ ions (0.73 Å) in place of larger Cd2+ ions 

(0.97 Å), leading to reduced interatomic spacing. The re-

sulting lattice distortion agrees with increased mi-

crostrain and dislocation density, confirming substitu-

tional incorporation of Cu without secondary phases. 

These structural changes influence electronic band 

structure, defect density, and carrier transport [20]. 

 

Unit Cell Volume (V) 

The unit cell volume for hexagonal CdS was calcu-

lated using: 
 

𝑉 =
√3

2
𝑎2𝑐 

 

The volume decreases slightly from ~ 0.0224 nm3 

(pure CdS) to ~ 0.0223 nm3 (CdS:Cu@3 %), consistent 

with lattice contraction due to Cu substitution. The 

smaller ionic radius of Cu2+ reduces interatomic spacing, 

leading to a decrease in lattice parameters and unit cell 

volume. This observation aligns with XRD results, in-

cluding reduced crystallite size, increased microstrain, 

and higher dislocation density. The contraction confirms 

successful Cu incorporation and dopant-induced struc-

tural modification, which in turn affects electronic struc-

ture, defect formation, and functional properties. 

 

3.2 Optical Properties of CdS and Cu–Doped CdS 

Nanostructures 
 

3.2.1 UV-Visible Absorption Analysis 
 

The optical absorption spectra of pure CdS and Cu-

doped CdS (CdS:Cu@1% and CdS:Cu@3 %) are presented 

in Fig. 3, recorded in the wavelength range of 200-800 nm. 

The study aims to examine the effect of Cu incorporation 

on the optical behavior of CdS nanostructures. All samples 

exhibit strong absorption in the ultraviolet region, which 

gradually decreases toward the visible region. 
 

 
 

Fig. 3 – Optical absorption spectra 
 

Pure CdS shows a sharp absorption edge around  

590-600 nm, corresponding to its intrinsic band gap tran-

sition. Upon Cu doping, a slight blue shift in the 
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absorption edge is observed, indicating modification of 

the electronic structure due to dopant incorporation. This 

shift can be attributed to size reduction and dopant-in-

duced changes in the band structure. 

A slight decrease in absorption intensity is also ob-

served for the doped samples compared to pure CdS. This 

behavior is associated with reduced crystallite size and in-

creased lattice defects, which influence optical transitions. 

The incorporation of Cu ions introduces localized defect 

states and lattice distortions in the CdS structure, thereby 

altering the overall optical absorption characteristics. 

 

3.2.2 Optical Band Gap Determination 
 

The band gap value was obtained from the extrapo-

lation of the Tauc plot [21]: 
 

 (hν)2 = A(hν − Eg)  
 

Here,  represents the absorption coefficient of the 

material. hν denotes the photon energy. A is a propor-

tionality constant related to the transition probability. 

Eg corresponds to the optical band gap energy of the 

semiconductor. 

The band gap values were determined from the Tauc 

plots. Plots of (hν)2 versus photon energy (hν) were con-

structed. The linear region of the plot was extrapolated. 

The intersection with the energy axis gives the band gap 

value. The corresponding plots are shown in Fig. (4). 
 

 
 

Fig. 4 – Tauc plots (hν)2 versus (hν) 
 

The optical band gap values increase gradually with 

Cu doping. Pure CdS shows a band gap of 2.08 eV. For 

CdS:Cu@1 %, the band gap increases to 2.15 eV. For 

CdS:Cu@3 %, it further increases to 2.16 eV. This trend 

indicates modification of the electronic structure. Cu in-

corporation slightly widens the band gap of CdS. 

The results show that the band gap slightly increases 

with Cu concentration. This behavior can be explained 

by the quantum confinement effect. XRD results show a 

reduction in crystallite size. Smaller particles cause 

stronger confinement of charge carriers. This confine-

ment leads to an increase in band gap energy. The incor-

poration of Cu ions introduces defect states in the CdS 

lattice.It also modifies the electronic band structure of 

the material. These changes contribute to the observed 

shift in band gap. The slight band gap widening indi-

cates the effect of Cu doping. Thus, Cu incorporation al-

ters the electronic properties of CdS nanostructures. 

The combined UV-Vis and Tauc plot analysis con-

firms that Cu doping affects the optical properties of 

CdS nanoparticles. A blue shift of the absorption edge 

and increased band gap were observed. These changes 

indicate modification of the crystal and electronic struc-

tures by Cu ions. The results are consistent with XRD 

findings, including reduced crystallite size, increased 

micro strain, and higher dislocation density. 

These modifications in optical properties are benefi-

cial for photo catalysis, optoelectronics, and photodetec-

tors. They can improve light absorption in the material. 

They also enhance charge carrier dynamics, boosting de-

vice performance. 

 

3.3 Elemental and Morphological Studies 
 

3.3.1 Morphological Analysis 
 

The surface morphology of pure and Cu-doped CdS was 

examined using FESEM. Micrographs for pure CdS, 

CdS:Cu@1 %, and CdS:Cu@3 % are shown in Fig. 5(a-c). 

These images reveal the shape, size, and distribution of the 

nanoparticles. The FESEM image of pure CdS (Fig. 5a) 

shows densely packed nanostructured particles. The parti-

cles are irregular in shape and exhibit slight agglomera-

tion. Such agglomeration is typical for semiconductor na-

noparticles due to high surface energy. The microstructure 

reveals granular and clustered nanocrystals. This indicates 

a high nucleation rate during the synthesis process. For the 

CdS:Cu@1 % sample (Fig. 5b), the morphology shows more 

compact and aggregated nanostructures. The particles ex-

hibit a slightly rougher surface and increased clustering 

compared to pure CdS. These changes are attributed to the 

incorporation of Cu ions into the CdS lattice. Cu doping in-

fluences the crystal growth mechanism. It also affects par-

ticle aggregation and nucleation behavior during synthesis. 

For the CdS:Cu@3 % sample (Fig. 5c), the FESEM image 

shows finer particles with a more uniform distribution. 

Higher Cu concentration appears to suppress excessive 

grain growth. This results in smaller and more densely dis-

tributed nanoparticles. These observations are consistent 

with XRD results showing reduced crystallite size. FESEM 

analysis confirms that Cu doping influences surface mor-

phology and particle size distribution of CdS nanostruc-

tures. The similar results also found by Shaban, Mohamed 

et al. [22]. 

 

3.3.2 Elemental Analysis (EDAX) 
 

The elemental composition of the samples was ana-

lyzed using EDAX, with spectra shown in Fig. 5(d-f). The 

EDAX spectrum of pure CdS (Fig. 5d) displays prominent 

peaks for cadmium (Cd) and sulfur (S). This confirms the 

formation of CdS nanoparticles. No additional peaks are 

observed, indicating high purity of the synthesized mate-

rial. For the Cu-doped samples (Fig. 5e and 5f), EDAX 

shows peaks for Cd and S, as well as additional peaks for 

Cu. The presence of Cu peaks confirms successful incor-

poration of Cu ions into the CdS lattice. The intensity of 

the Cu peaks increases slightly with higher dopant con-

centration. This trend indicates controlled and effective 

doping of Cu in the CdS nanostructures. 
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Fig. 5 – (a-c) FESEM micrographs and (d-f) EDAX spectra 
 

The EDAX spectra show no significant impurity 

peaks, indicating high chemical purity of the CdS:Cu 

nanostructures. Similar work also has been reported by 

Nazari Setayesh, and Tiwary K.P., et al. [23, 24]. Com-

bined FESEM and EDAX analyses confirm the formation 

of nanostructured CdS. They also verify successful incor-

poration of Cu ions and Cu doping modifies the surface 

morphology of the nanoparticles. 

 

4. CONCLUSION 
 

Cd1 – xCuxS nanoparticles were successfully synthe-

sized via chemical co-precipitation, exhibiting a hexago-

nal CdS structure without any detectable impurity 

phases, confirming effective Cu2+ incorporation into the 

lattice. XRD analysis revealed a systematic reduction in 

crystallite size along with peak shifts, indicating lattice 

contraction induced by substitution of Cd2+ with smaller 

Cu2+ ions. The increase in microstrain and dislocation 

density further suggests enhanced structural disorder 

upon doping. FESEM observations supported the XRD 

results, showing reduced particle size and improved uni-

formity with increasing Cu content, reflecting the influ-

ence of Cu on nucleation and growth kinetics. EDAX 

analysis confirmed the elemental composition and high 

chemical purity of the samples. Optical studies demon-

strated a slight band gap widening with Cu incorpora-

tion, primarily attributed to quantum confinement 

effects and dopant-induced modifications in the elec-

tronic structure. Overall, Cu doping effectively tailors 

both the structural and optical properties of CdS nano-

particles, making Cd1 – xCuxS a promising candidate for 

optoelectronic and energy-related applications. 
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Налаштування структурних та оптичних властивостей наночастинок CdS, легованих 

міддю, за допомогою інженерії контрольованої забороненої зони 
 

Sikandar Kumar , J.P. Sharma  
 

University Department of Physics, Dr. Shyama Prasad Mukharjee University, Ranchi-834001, India 

 
Наночастинки сульфіду кадмію (CdS), леговані міддю (Cd1 – xCuxS), синтезовані методом хімічного 

спільного осадження для дослідження впливу включення Cu на структурні та оптичні властивості, з 

особливим акцентом на модуляцію ширини забороненої зони. Рентгенівська дифракція (XRD) підтвер-

джує формування однофазної гексагональної кристалічної структури CdS без будь-яких виявлених вто-

ринних фаз, що свідчить про успішне включення Cu в кристалічну решітку. Спостерігається поступове 

зменшення розміру кристалітів від 3,73 нм до 2,89 нм зі збільшенням концентрації Cu. Незначне зме-

ншення параметрів решітки та об'єму елементарної комірки додатково підтверджує заміщення іонів 

Cd2+ відносно меншими іонами Cu2+. 

Польова емісійна скануюча електронна мікроскопія (FESEM) виявляє наноструктуровані частинки 

з помірною агломерацією, тоді як включення Cu покращує однорідність розміру частинок. Енергетико-

дисперсійний рентгенівський аналіз (EDAX) підтверджує наявність елементів Cd, S та Cu і не показує 

ознак домішкових фаз, що підтверджує успішне включення Cu в решітку CdS. Оптичні властивості до-

сліджуються за допомогою УФ-видимої спектроскопії, яка показує прогресуючий зсув краю поглинання 

до синього кольору зі збільшенням вмісту Cu. Оптична заборонена зона збільшується з 2,08 еВ для 

чистого CdS до 2,15 еВ та 2,16 еВ для композицій, легованих Cu. Це розширення забороненої зони по-

яснюється комбінованим впливом квантового обмеження, що виникає внаслідок зменшення розміру 

кристалітів та спотворення решітки, пов'язаного із заміщенням Cu. Ці результати демонструють, що 

легування Cu забезпечує ефективний підхід до налаштування структурних та оптичних властивостей 

наночастинок CdS, підкреслюючи їхній потенціал для оптоелектронних та фотокаталітичних застосу-

вань. 
 

Ключові слова: Наночастинки CdS, леговані Cu, Інженерія забороненої зони, Квантове обмеження, 

Хімічне співосадження, Оптичні властивості, Рентгенівська дифракція (XRD), Електромагнітна скану-

юча мікроскопія (FESEM), Електромагнітна декомпозиція (EDAX), Фотокаталіз. 
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