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Cadmium sulfide (CdS) nanoparticles doped with copper (Cd:-xCu.S) 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 1s 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 (Cu?*) has attracted consider-
able interest as a dopant because its ionic radius (0.57 A)
is comparable to that of Cd2* (0.95 A), 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 Cdi-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)z2-2H20),
copper chloride dihydrate (CuCl2-2H20), thiourea
CS(NHz2)2, and sodium sulphide (NazS) 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)2-2H20) 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(NHg)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 (NagS) 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:

Cd?* +S%~ > 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
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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(CHsCOO)z2-2H20)
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 (CuClz-2H20) was
added to the cadmium precursor solution to achieve the
desired dopant concentration. For 1 mol % Cu doping,
0.017 g of CuClz2-2H20 was added, whereas for 3 mol %
Cu doping, 0.051 g of CuCl22H20 was introduced into
the reaction mixture. The resulting mixed Cd2*/Cu?* 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:

Cd?* 4 Cu?* 4+ 2~ - 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). CuKa
radiation with a wavelength of 1.5406 A was used for the
analysis.

The diffraction patterns were recorded in the 26
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
Cd:1-»CusS nanoparticles with doping concentrations
x=0%, 1%, and 3 %. The prominent peaks at 26 = 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 Cd?* ions by smaller
Cu?* ions. The diffraction angle (26) and full width at half
maximum (f) were extracted from the XRD data. Using
these, the interplanar spacing (d), lattice parameter (a), av-
erage crystallite size (D), dislocation density (6), and mi-
crostrain (&) were calculated along the (002) plane. The cor-
responding values for Cdi-CusS
(x=0, 0.01, and 0.03) are summarized in Table 1.

g —ds
= —— CdS:Cu@1%
—— CdS:Cu@3%

110)
(112)

Intensity (a.u.)

T T T T T T T T T T v T ¥ T e
10 20 30 40 50 60 70 80 90
20 (Degree)

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]:

092
" Beos @

where 1 =1.5406 A, pis the FWHM (in radians), and 6 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 Cu?* ions
at Cd?* 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
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Sample 26 (°) FWHM D (nm) 6 (x10-2 | £(x10-3) | a(nm) ¢ (nm) V (nm3)
B (rad) nm ~2)

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 (J)
Dislocation density (6), representing the extent of lat-
tice defects, was calculated using [17]:

1
0=z
The dislocation density increases slightly with Cu
doping due to reduced crystallite size and dopant incor-
poration. Substitution of Cu?* 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 6 confirms successful
Cu incorporation and associated microstructural modifi-
cations.

Microstrain (&)
Microstrain (&), representing internal lattice distor-
tion, was calculated from XRD broadening using [18]:

£ = b
4tan 6

The microstrain increases from 2.24 x 10-3 (pure
CdS) to 2.89 x 103 (CdS:Cu@3 %), indicating increased
internal strain due to Cu incorporation. Substitution of
Cu?* at Cd?* 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 ¢ 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 ¢ = 0.4105 nm
(pure CdS) to a = 0.2511 nm and ¢ = 0.4101 nm
(CdS:Cu@3 %). This contraction arises from substitution
of smaller Cu?* ions (0.73 A) in place of larger Cd%* ions
(0.97 A), 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
= akc

The volume decreases slightly from ~ 0.0224 nm?
(pure CdS) to ~0.0223 nm3 (CdS:Cu@3 %), consistent
with lattice contraction due to Cu substitution. The
smaller ionic radius of Cu?* 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.

——Cds
—— CdS:Cu@l1%
—— CdS:Cu@3%

Absorbance (a.u.)

r T r T v T v T v T .
200 300 400 500 600 700 800
Wavelength (nm)

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]:

(ahv)? = A(hv — Eg)

Here, a represents the absorption coefficient of the
material. hv denotes the photon energy. A is a propor-
tionality constant related to the transition probability.
E; corresponds to the optical band gap energy of the
semiconductor.

The band gap values were determined from the Tauc
plots. Plots of (ahv)? versus photon energy (hv) 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).

——CdS (E, =2.08¢V)
—— CdS:Cu@1% (E, = 2.15¢V)
—— CdS:Cu@3% (E, = 2.160V)

(otlw)2 (a.u.)

T T T T T
1.5 2.0 2.5 3.0
Energy (ev)

Fig. 4 — Tauc plots (ahv)? versus (hv)

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

JJ. NANO- ELECTRON. PHYS. 18, 04028 (2026)

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. 5¢), 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 - xCusS nanoparticles were successfully synthe-
sized via chemical co-precipitation, exhibiting a hexago-
nal CdS structure without any detectable impurity
phases, confirming effective Cu?* incorporation into the
lattice. XRD analysis revealed a systematic reduction in
crystallite size along with peak shifts, indicating lattice
contraction induced by substitution of Cd?* with smaller
Cu?* 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 Cd:-xCusS a promising candidate for
optoelectronic and energy-related applications.

DATA AVAILABILITY STATEMENT

The data sets generated and thereafter analyzed
would be available from the corresponding author upon
reasonable request.

CONFLICT OF INTEREST

The authors declare no competing interests.

FUNDING

This research work is not funded by any agency.

AUTHORSHIP CONTRIBUTION STATEMENT

Sikandar Kumar: Writing — review & editing, Writ-
ing — original draft, Methodology, Investigation, Formal
analysis, Supervision, Conceptualization, Project ad-
ministration, Funding acquisition. J.P. Sharma: Writ-
ing — review & editing, Supervision, Conceptualization,
Project administration. Formal analysis.

04028-6



TUNING STRUCTURAL AND OPTICAL PROPERTIES OF CU-DOPED CDS...

10.
11.
12.

13.

REFERENCES

Maria C. Tamargo, II-VI Semiconductor Materials and
their Applications Vol. 12 (CRC Press: 2002).

Ravi V. Ingle, et al., Mater. Sci. Eng.: B 294, 116487 (2023)
https://doi.org/10.1016/j.mseb.2023.116487.

K. Senthil, D. Mangalaraj, Sa K. Narayandass, Appl. Sur-
face Sci. 169, 476 (2001) https://doi.org/10.1016/S0169-
4332(00)00732-17.

Taoufik Chargui, et al., Opt. Mater. 140, 113849 (2023)
https://doi.org/10.1016/j.0ptmat.2023.113849.

Jianbin Mao, Weiming Xu, Soonmin Seo, J. Mater. Chem.
A 12 No 35, 23218 (2024)
https://doi.org/10.1039/d4ta03496a.

Rakesh K. Sonker, et al., Mater. Chem. Phys. 239, 121975
(2020) https://doi.org/10.1016/j.matchemphys.2019.121975.
Nafiseh Memarian, et al., Materials 10 No 7, 773 (2017)
https://doi.org/10.3390/ma10070773.

Hiroshi Uda, et al., Sol. Energy Mater. Sol. C. 75 No 1-2,
219 (2003) https://doi.org/10.1016/S0927-0248(02)00163-0.
Yuexiang Li, et al., J. Phys. Chem. C 113 No 21, 9352 (2009)
https://doi.org/10.1021/jp901505j.

B. Srinivasa Rao, et al., Chalcogenide Lett. 8 No 3, 177
(2011) https://chalcogen.ro/177_Srinivasa-Rao.pdf.

M. Thambidurai, et al., J. Mater. Sci. 45 No 12, 3254 (2010)
https://doi.org/10.1007/s10853-010-4333-7.

Rohit Singh, Bonamali Pal, Mater. Res. Bull. 48 No 4, 1403
(2013) https://doi.org/10.1016/j.materresbull.2012.12.027.
Kadhim R. Gbashi, et al., Appl. Phys. A 126 No 8, 628
(2020) https://doi.org/10.1007/s00339-020-03801-1.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

JJ. NANO- ELECTRON. PHYS. 18, 04028 (2026)

Ankit Goyal, et al., J. Nano- Electron. Phys. 3 No 1, 254
(2011) https://jnep.sumdu.edu.ua/en/component/con-
tent/full_article/168.

L.Q. Qian, et al., J. Alloy. Compd. 477 No 1-2, 888 (2009)
https://doi.org/10.1016/;j.jallcom.2008.11.007.
Prashanta Patra, et al., Mater. Today: Proc.
https://doi.org/10.1016/j.matpr.2023.07.018.
Prashanta Patra, et al., J. Crystal Growth 583, 126542
(2022) https://doi.org/10.1016/j.jerysgro.2022.126542.

L.H. Qian, et al., Acta Materialia 50 No 13, 3425 (2002)
https://doi.org/10.1016/S1359-6454(02)00155-6.
Fatma Gode, Optik 197, 163217
https://doi.org/10.1016/5.ij1€0.2019.163217.

A. Mukherjee, et al., Mater. Chem. Phys. 184, 101 (2016)
https://doi.org/10.1016/j.matchemphys.2016.09.030.
Kang’ethe Michael Ngahu, Optical and electrical analysis
of Cd;-.Fe.S/CuS pn junction for solar cell application.
Diss. School of Pure and Applied Sciences of Kenyatta Uni-
versity (2016).

(2023)

(2019)

. Mohamed Shaban, Mona Mustafa, A.M. El Sayed, Mater.

Sci. Semicond. Proc. 56,
https://doi.org/10.1016/j.mssp.2016.09.006.
Atefeh Nazari Setayesh, Sahar Moradi, Hasan Sedghi,
J. Nanopart. Res. 25 No 1, 4 (2023)
https://doi.org/10.1007/s11051-022-05653-7.

K.P. Tiwary, et al., Mater. Today: Proc. 18, 1380 (2019)
https://doi.org/10.1016/j.matpr.2019.06.604.

329 (2016)

HanamrTyBaHHA CTPYKTYPHUX TA ONTUYHUX BJIACTUBOCTEeN HaHOYacTuHOK CdS, rerosanmnx
Migao, 3a JOMOMOIOI0 iHKeHepil KOHTPOJILOBAHOI 3a00POHEHO01 30HU

Sikandar Kumar

,J.P. Sharma

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

Hamouactuaku cynbdiny kaamio (CdS), serosami mimmo (Cdi -.CusS), cuHTE30BaHI METOIOM XIMIYHOTO
CITLTBHOTO OCAPKEHHS JIJIS JOC/IPKeHHS BILTUBY BEJIIOUeHHs Cu Ha CTPYKTYPHI Ta OIITMYHI BJIACTHUBOCTI, 3
0COOJTMBUM AKITEHTOM Ha MOIYJIAINIO0 IIUPUHH 3a00poHeHo01 30un. Penrrenisebka mudpariris (XRD) migrsep-
mrye popMyBaHHA 0aHOGASHOI FeKCaroHaJIbHOI KpucTaidHoi crpykrypu CdS 6e3 Oyab-AKHUX BUABJIEHUX BTO-
pUHHMX (a3, 10 CBIAYUTE IIpo yemirHe BEaoveHHs Cu B Kpucrasivyay pernriTky. Crocrepiraerbes mocTymoBe
3MEHIIIeHHA PO3MIpy KPHUCTAJIITIB Bif 3,73 HM 10 2,89 HM 31 30LtbieHHEAM KoHIeHTpalil Cu. Hesnaume ame-
HIEHHA IapaMeTpPiB PelIiTKHA Ta 00'eMy eJleMeHTapHOI KOMIPKH JOJATKOBO IIIATBEPAMKY€E 3aMIIeHHs 10HIB

Cd?* BimHOCHO MeHImMHU loHaMu Cu?*.

TlospoBa emicitiHa ckaHyo4da esiekTpoHHAa Mikpockomia (FESEM) BusaBiisge HAaHOCTPYKTYPOBAHI YACTHHKN
3 IIOMIPHOIO arJIoMeparielo, ToAl Ak BRIodYeHHsa Cu moKpaIliye oJHOPIIHICTh pO3MIPY YaCTUHOK. KHepreTuxo-
nucrepcifianit pertresisesruit anamia (EDAX) mingrsepmxye HasBHIicTh estemeHTiB Cd, S Ta Cu 1 He moka3ye
03HAK JOMIMIKOBUX (a3, 1o marsepprye yemimsae BriroodeHHss Cu B pemritky CdS. OnTmgHi BiracTrBoCTI J10-
CIPRYIOTECS 3a gorromMoroo Y O-BUanMOI CIIEKTPOCKOITI, SIKa IIOKAa3ye IIPOrPeCyIoUunii 3CyB Kpalo IOTINHAHHSI
JI0 CHHBOTO KOJIBbOpy 31 30imbnrerusm Bmicty Cu. Onruuna 3abopoHena 3oma 30uthIyerhes 3 2,08 eB s
qgmcroro CdS mo 2,15 eB Ta 2,16 eB mys kommoswurrii, serosanmx Cu. Ile posmupents 3a60poHeH0i 30HU TI0-
SICHIOETBCSI KOMOIHOBAHMM BILJIMBOM KBAHTOBOIO OOMEKEeHHs, I0 BUHWKAE BHACIIIOK 3MEHIIEHHS PO3MIipy
KPHCTAJIITIB Ta CIIOTBOPEHHS PEINTKH, IoB'a3aHoro i3 samineruam Cu. 111 peaysibpraté 1eMOHCTPYIOTH, IO
neryBanus Cu 3abesnedye epeKTUBHMAN X1 0 HAJAIITYBAHHSA CTPYKTYPHUX TA ONTUYHUX BJIACTHBOCTEH
"arouactTuHoK CdS, migkpecsonyu IXHINM HOTEHIHA IS OIITOEJIEKTPOHHUX Ta (POTOKATATITUIHUX 3aCTOCY-

BaHBb.

Kmiouosi cnosa: Hanouactuaru CdS, smerosani Cu, Inmxenepia saboponenoi 3onu, KBanToBe 00MeEKEHH,
Ximiune cmiBocasrenus, Omruyni Biactusocri, Perrrenisesra nudpariiis (XRD), Enexrpomaruitaa crany-
1oua mikpockomis (FESEM), Exexrpomaruitaa mexommoauiia (EDAX), @orokarasia.
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