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Abstract: This research paper explores a sustainable and environmentally friendly approach to synthesize
cadmium sulfide (CdS) nanoparticles utilizing a biogenic source such as Arjuna Bark as a capping reagent
through a green synthesis process. The research focuses on the role of bioelements in controlling the size,
morphology, and stability of the nanoparticles. Characterization techniques, including UV-visible spectroscopy,
XRD, FTIR, PL, and Raman spectroscopy, are used to explain the structural, optical and chemical properties
of the CdS nanoparticles synthesized through this green approach. The crystalline cubic phase of these newly
synthesized CdS NPs are identified by using Debye-Scherer’s equation, corresponding to (111), (220), (311)
planes respectively. It is found that the crystalline sizes vary with different mol%. The optical band gap
energies are estimated by deploying the Tauc plot, which decreases from 4.49 eV to 3.82 eV with different
doping concentrations, affirming the semiconducting nature of the synthesized samples. The density functional
theory (DFT) study supports the experimentally observed trend in band gap values and provides insight into
the electronic structure of the synthesized CdS nanoparticles. Furthermore, the paper delves into the potential
applications of these newly synthesized CdS nanoparticles, highlighting the eco-friendliness and biocompatibility
aspects of this green synthesis process.
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1 Introduction

In view of the amazing size-dependent fea-
tures that appear at the nanoscale and
the constantly growing range of real-world
applications that these materials permit,
nanoparticle engineering has quickly devel-
oped into a key component of contempo-
rary nanotechnology [1–3]. Cadmium sul-
phide (CdS), an II–VI semiconductor with
a direct band gap of ≈2.4 eV at room
temperature, is one of the many classes
of nanosystems currently being studied
[4]. It has emerged as a model mate-
rial because of its exceptional photocat-
alytic activity, high extinction coefficient,
excellent electron mobility, and easily ad-
justable quantum confinement effects [5–
7]. CdS has found prominent roles in next-

generation semiconductor components [8-
9], energy conversion and storage devices
[10-11], high efficiency solar cells [12–14],
light emitting and photodetector architec-
tures [15], and emerging biomedical are-
nas like targeted drug delivery, antimicro-
bial coatings, and theranostics [16–18] due
to its precise modulation of its optoelec-
tronic response by simply adjusting parti-
cle size. CdS is a desirable platform for
label-free biosensor development, enzyme
activity tests, and point-of-care diagnos-
tics due to its potent size-dependent fluo-
rescence and photostability [19–23]. While
many metallic nanoparticles have been in-
vestigated for similar applications [24–26],
chalcogenide nanocrystals like CdS, ZnS,
and PbS are often preferred for a number

https://doi.org/10.54280/jse.255108


Tudu P et al. 2025

of strong reasons [27–29]. Firstly, with-
out the requirement for intricate alloying,
their band gaps can be precisely adjusted
across the UV–NIR spectrum through sim-
ple adjustment of particle size or composi-
tion, allowing for application-specific op-
tical and electrical tailoring. Secondly,
in a broad variety of pH, temperature,
and ionic strength conditions, they pre-
serve crystallinity and functional perfor-
mance because to their exceptional envi-
ronmental and colloidal stability. Third,
chalcogenides exhibit high quantum yields,
and intrinsically strong photoluminescence
features essential for luminous labelling,
multiplexed imaging, and single particle
tracking. Furthermore, accessible bottom-
up synthesis strategies provide accurate
control over defect density, surface chem-
istry, and shape while still being afford-
able and compatible with green chemistry
approaches. Subsequently, compared to
many heavy metal substitutes, appropri-
ately capped CdS and related chalcogenide
nanocrystals show encouraging biocompat-
ibility and a lower ecological effect, in-
creasing their applicability in environmen-
tal and therapeutic applications. Chalco-
genide nanoparticles are a flexible, ever-
developing platform at the nexus of ma-
terials science, physics, chemistry, and
biotechnology because of these combined
characteristics. CdS and its congeners
are still at the forefront of nanoscience
research and application because of their
exceptional capacity to connect basic sci-
ence with real-world innovation. For their
specific benefits, cadmium sulphide (CdS)
nanoparticles are utilized more frequently
than zinc sulphide (ZnS) and lead sul-
phide (PbS) nanoparticles in some appli-
cations. ZnS is less helpful in several op-
toelectronic applications than CdS due to
its larger bandgap. Contrarily, CdS has
an adjustable bandgap, which makes it
very beneficial for solar cells and photode-
tectors [30]. Additionally, CdS nanopar-
ticles exhibit exceptional photocatalytic
properties, especially in the visible light
spectrum, which is advantageous for uses

including environmental remediation and
water purification [31]. Compared to CdS
nanoparticles, ZnS and PbS nanoparticles
can be more challenging to control in terms
of size and properties, and they may re-
quire more advanced methods. Addition-
ally, CdS nanoparticles exhibit excellent
photoluminescence, which makes them ad-
vantageous for fluorescent labelling and
light-emitting diodes (LEDs) [32].
Traditional methods for CdS nanoparti-
cle synthesis involve the use of hazardous
chemicals and toxic reagents which have
raised concerns regarding environmental
sustainability and human health. As a re-
sponse to these concerns, the concept of
green synthesis, utilizing eco-friendly and
biocompatible materials, has emerged as
a promising approach [33]. Green syn-
thesis techniques offer a sustainable alter-
native, minimizing toxic byproducts and
enhancing the safety profile of nanopar-
ticle production [34]. Indeed, many re-
searchers have successfully embraced this
green synthesis technique for CdS NPs
synthesis. Botanical products like plant
extracts, such as green tea [35], turmeric
[36], or aloe vera [37] also many fungi [38],
algae [39] and bacteria [40] have been used
to synthesize nanoparticles. But here in
this present work, we are using Arjuna
Bark (Terminalia Arjuna) as the capping
agent [41].
Arjuna, or Terminalia Arjuna has long
held a significant position in Ayurvedic
pharmacopoeia. Its bark has been used
for millennia as a cardiotonic, lowering
serum cholesterol, controlling hyperten-
sion, and treating a variety of cardiac
conditions [42]. Arjuna bark is prized
for its wide range of medicinal proper-
ties, which extend beyond cardiovascu-
lar support. These include strong anti-
inflammatory and antioxidant properties,
accelerated wound closure, altered diges-
tive function, alleviation of respiratory
conditions, and hepatic tissue protection.
Additionally, new research suggests that
it may have hypoglycemic effects, which
could be advantageous for those with di-
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abetes [43]. We used Arjuna bark ex-
tract as a natural “capping” and reduc-
ing agent for the environmentally friendly
manufacture of CdS nanoparticles in or-
der to take advantage of its many bene-
ficial qualities. In addition to removing
the requirement for hazardous surfactants,
using a plant-based capping reagent gives
the surface of the nanoparticles biocompat-
ible functional groups that could improve
biological interactions. As a result, the
key objective of this work is to synthesize
CdS nanoparticles using Arjuna bark ex-
tract. This study’s main objective is to
thoroughly characterize the structural, op-
tical, and antibacterial characteristics of
the resultant particles, including crystal-
lite size, band gap tuning, and photolumi-
nescence behavior, as well as to assess the
antibacterial efficacy. This work intends to
develop sustainable production pathways
and unlock multifunctional nanomaterials
for biomedical and environmental applica-
tions by fusing traditional botanical knowl-
edge with modern nanotechnology.

2 Sample preparation

2.1 Chemicals

The analytical grade Cd(NO3)2, 4H2O,
and Na2S were acquired from Loba Chemie
Pvt. Ltd. (India) and were utilized with-
out any additional purification. For cap-
ping and reducing purposes, the fresh bark
of Terminalia Arjuna was collected from
the garden of the Sainik School of Purulia
district.

2.2 Preparation of Arjuna bark ex-
tract

The collected Arjuna bark was thoroughly
washed with double distilled water to re-
move all the dirt particles. The bark was
dried and ground using a pounder to make
it finer. About 20 gm of this Arjuna bark
was mixed with 200 ml DI water and kept
at 60◦ in a heating mantle for an hour
with constant stirring. After cooling down

to room temperature, it was filtered using
Whatman filter paper. The clean Brown
extract of the Arjuna bark was stored in
the refrigerator.

2.3 Synthesis of CdS nanoparticles

The synthesis of nanocrystalline CdS sam-
ples via chemical precipitation was con-
ducted with different varying capping
reagent concentrations. Cadmium nitrate
Cd(NO3)2 and sodium sulfide (Na2S) were
used as the reactant materials and double
distilled water was used as the solvent and
Terminalia Arjuna bark extract was added
as the capping reagent. The different con-
centrations of Arjuna extract were used in
the different synthesized reactions. Five
CdS samples Pure CdS, CdS-A, CdS-B,
CdS-C and CdS-D were synthesized by us-
ing 0.00 ml, 5 ml, 10 ml, 15 ml, and 20 ml
of Arjuna extract respectively. Initially,
the 0.1 M Cd(NO3)2 and 0.1 M (Na2S)
dissolved in 100 ml double distilled water
separately with vigorous magnetic stirring.
The desired amount of Arjuna bark was
also dissolved in Cd(NO3)2 the solution,
and now this mixture was added to (Na2S)
solution, drop by drop with constant mag-
netic stirring. As soon as the reaction
kicked off, the solution turned from clear to
yellow. In the absence of light, the solution
was vigorously stirred at a temperature
range of 60-80◦ C for a duration of 19 hours
[44]. The formation of CdS nano-colloids
can be ascertained by the observation of
the final color. This served as an indicator
of the successful completion of the process.
The prepared nano-colloids were carefully
collected, washed thoroughly with water,
and then filtered using Whiteman filter pa-
per. This process ensures the highest level
of precision and accuracy in the prepara-
tion of our nano-colloids. Finally, the as-
sortments are dried in an open-air oven at
80◦ C and were ground into powder for fur-
ther experimentation.
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2.4 Characterization of CdS
nanoparticles

All of the samples were structurally an-
alyzed using XRD and an X-ray diffrac-
tometer (PROTO AXRD) that operated
with Cu-K radiation (0.154 nm). The data
was obtained at a scanning rate of 0.5◦
per second at 600 watts over the angu-
lar range of the Bragg angle (2θ), which
ranged from 20◦ to 70◦. JASCO spec-
troscopy (Model No: 4700) was been em-
ployed for Fourier Transmission Infrared
Spectroscopy (FTIR). For optical charac-
terization, the UV–Vis spectroscopic ap-
proach was used through a JASCO V-630
two-beam spectrophotometer in the range
of 350–580 nm at room temperature. In
addition, photoluminescence spectroscopy
(PL) was performed with an Agilent Cary
Eclipse fluorescence spectrometer to study
the PL spectra at excitation wavelengths
of 280 nm and 400 nm, with a 10 nm in-
terval. Raman spectroscopy observations
were performed using a Renishaw InVia
Raman microscope equipped with a solid-
state laser source with a laser power of 1%
of 50 mW and an excitation wavelength of
532 nm.

3 Results and discussion

3.1 Study of X-ray diffractograms
(XRD)

The X-ray diffraction spectrum of as-
prepared CdS samples is shown in Fig-

ure 1. The peak position of XRD pat-
terns were obtained at 2θ values of pure
CdS, CdS-A, CdS-B, CdS-C, CdS-D NPs
at 26.57◦, 43.78◦, and 51.92◦ which corre-
spond to (111), (220), and (311) planes,
respectively [44]. The data collected indi-
cate the presence of a cubic structure in all
the samples investigated (JCPDS no: 10-
0454) [44].
The crystallite size of CdS nanoparti-
cles was determined using the well-known
Debye-Scherer’s equation [45-46]

D =
0.94λ

β cos θ
(1)

where D is the crystallite size, λ is the
wavelength of Cu-Kα (0.154 nm), β rep-
resents the FWHM of the diffraction peak
in radians, and θ is the Bragg’s diffraction
angle. The estimated crystallite sizes are
4.35 nm, 4.47 nm, 4.48 nm, 4.63 nm and
4.75 nm for the synthesized pure CdS, and
CdS-A, CdS-B, CdS-C, CdS-D samples, re-
spectively. It has been noted that, the cal-
culated average crystallite size values are
increased from 4.35 to 4.75 nm. The pos-
sible reason for this increment of average
crystalline size may be attributed to the
introduction of Arjuna extract, which may
alter the nucleation and growth kinetics,
leading to increased crystalline size. Also,
it is noteworthy that the amount of doping
of bio extract increases the crystalline size.

3.2 FTIR analysis

A FTIR spectroscopy study was carried
out to determine the molecular structure
of synthesized compounds and identify the
functional groups present in them. Figure
2 shows the FTIR transmission spectra of
all synthesized samples in the range 500-
4000 cm−1. In all samples, spectral pro-
files were identical with minor band posi-
tion shifts.
The FTIR spectra of all synthesized CdS

NPs exhibit a band around 996-1222 cm−1

is attributed to the C-O stretching vibra-
tion, and 1369 cm−1 is assigned to the wag-
ging vibration of CH2. In the IR spec-
tra [47], the signature of =C=O func-
tional groups in carbonyls, carboxyls or
carboxylic anhydrides is evident at about
1742 cm−1 [48]. The observed band around
2362 cm−1 is assigned to the C-H stretch
[49]. Proteins can bind to CdS NPs ei-
ther through free amine groups or cysteine
residues present in the Arjuna extract [50].
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Figure 1: XRD patterns of all the synthesized CdS NPs.

Thus, the FTIR data analysis indicates the
formation of CdS nanoparticles and the
presence of protein molecules in the Arjuna

bark extract which creates the binding of
CdS NPs [50].

Figure 2: The FTIR spectra of CdS samples.

3.3 Raman analysis

The Raman spectra of room-temperature
CdS nanoparticles are depicted in Fig-
ure 3, providing important information on
their structural and vibrational character-

istics. Near 306 cm−1, a strong peak is
seen, corresponding to the CdS crystal lat-
tice’s first-order longitudinal optical (LO)
phonon mode. This Raman band’s clar-
ity and symmetry clearly show that the
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produced nanoparticles have a high de-
gree of crystallinity, few structural distor-
tions, and very little input from secondary
phases or impurities [51]. It may be men-
tioned that the first-order longitudinal op-
tical phonon vibration (1 LO) in the crys-
tal lattice provides information about lat-
tice dynamics, plasmon-phonon coupling
and structural quality. It’s interesting to

note that the LO phonon peak noticeably
shifts towards lower wavenumbers (red-
shift) in several CdS samples. This spec-
tral behaviour points to minor but note-
worthy changes in the nanoparticles’ lat-
tice dynamics. The phonon confinement
effect, which intensifies with decreasing
particle size, is responsible for such shifts.

Figure 3: Raman Spectra of studied samples.

Peak broadening or shifting results from
the relaxation of the Raman selection
rules caused by the spatial restriction of
phonons in nanoscale materials [52]. Fur-
thermore, our observations did not re-
veal the peaks that would be predicted in
hexagonal CdS, confirming that the CdS
microspheres have the zinc-blende cubic
structure. Additionally, Figure 3 demon-
strates that as the ratio of Arjuna extract
increases, the peak intensity decreases.
The larger grain size of CdS nanoparticle
is responsible for this declining intensity,
and these findings are in good agreement
with the XRD data.

3.4 Optical study

3.4.1 Study of absorbance spectra

By studying optically induced transitions
and determining the optical band gap en-
ergy of the materials under consideration,

optical absorption spectra are useful for
studying structural changes. The wave-
length dependence of absorption spectra
for five samples Pure CdS, CdS-A, CdS-
B, CdS-C, and CdS-D are presented in
Figure 4, which also shows the UV-visible
spectra of these samples. Figure 4 is
the UV–Visible absorbance spectra of pure
CdS nanoparticles and extract- mediated
CdS nanoparticles (CdS-A, CdS-B, CdS-
C, CdS-D) in the 200–600 nm wavelength
range. Pure CdS nanoparticles (black line)
have comparatively weak absorbance with-
out a clear excitonic peak, indicating larger
particle size and potential aggregation that
causes low optical activity. Conversely,
the capping by extracts of CdS materi-
als exhibits greatly increased absorbance
over the UV–visible range, which validates
the function of phytochemicals to enhance
nucleation, stability, and surface passiva-
tion. The extract-capped CdS samples

124 J. Sci. Enq., 2025, 5(1) https://doi.org/10.54280/jse.255108 ©2025 Sidho-Kanho-Birsha University

https://doi.org/10.54280/jse.255108


Tudu P et al. 2025

(CdS-A, CdS-B, CdS-C, and CdS-D) are
exhibited enhanced absorption peaks and
a noticeable blue-shift in the absorption
edge, which suggests that the phytochemi-
cals in the leaf extract have decreased par-
ticle size and improved surface passivation.
The blue-shift observed in the capped sam-
ples has been explained by the quantum
confinement effect, which increases the op-
tical band gap when the particle size grows
or decreases less than the exciton Bohr ra-
dius [53]. A blue-shift in absorption edge
is distinctly noted in extract-capped CdS
over pure CdS, establishing the quantum
confinement effect due to the decrease in

crystallite size. In this context it should be
mentioned that the quantum confinement
is known as the phenomenon that occurs
when the particle size becomes compara-
ble to or smaller than the exciton Bohr ra-
dius, leading to discrete energy levels and
size-dependent optical properties. These
findings indicate that biomolecule-assisted
synthesis not only enhances absorbance
properties but also improves the material’s
performance for optoelectronic and photo-
catalytic purposes by broadening the win-
dow of absorption and inhibiting recombi-
nation losses.

Figure 4: Absorbance spectra of CdS samples.

3.4.2 Study of energy bandgap

It is important to inspect the optical band
gap energy of a material to determine its
semiconducting properties. To estimate
the optical band gap energy of the sam-
ples under study, Tauc plot was used. Ac-

cording to Figure 5, the band gap energy
reduces from 4.49 eV to 3.82 eV as the dop-
ing concentration increases. Band gap val-
ues of CdS were reported in earlier studies
can be explained by changes in crystallite
size [54].
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Figure 5: Tauc Plot of synthesized bio-capped CdS nanoparticles.

3.5 Photoluminescence study

The as-synthesised CdS nanocrystals’
emissive behaviour was clarified using pho-
toluminescence (PL) spectroscopy. The
room temperature PL spectra, which span
the 425–600 nm range, are shown in Fig-
ure 6 under 400 nm excitation. Every
specimen has two prominent, sharply de-
fined bands that are centred at around 488
and 535 nm, respectively. Radiative re-
combination involving inherent lattice de-
fects, like sulphur vacancies or surface dan-
gling bonds, which introduce defect levels
slightly below the conduction band, is typi-
cally attributed with the higher energy fea-
ture at 488 nm (≈2.54 eV) [55].
Group II–VI semiconductors are known
for this defect-related emission, which fre-
quently acts as an optical fingerprint of
the surface chemistry and crystal qual-
ity. In contrast, band edge or ‘short life-
time’ excitonic emission is responsible for
the lower energy band around 483 nm,
which becomes more noticeable as parti-

cle size increases significantly. In contrast
to bulk CdS, quantum confinement effects
increase the degeneracy of the electronic
sub bands, hence expanding the effective
band gap and causing the emission to
shift slightly towards shorter wavelengths
(blue shift). From an application perspec-
tive, visible light optoelectronic technolo-
gies greatly benefit from the strong output
at (520-545 nm). In particular, size tun-
able CdS nanocrystals are attractive ac-
tive layers in light emitting diodes, laser
diodes, and photonic sensors where narrow
band, high intensity emission is required 
[56]. Furthermore, the coexistence of band
edge and defect state luminescence offers a
convenient platform for engineering broad
spectrum emitters through judicious sur-
face passivation or core shell construction.
Overall, the PL signatures confirm both
the nanoscale dimensions and the defect
state of the prepared CdS samples, vali-
dating their suitability for advanced opto-
electronic applications.
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Figure 6: Photoluminescence spectra of the studied sample.

Figure 7: DFT- calculated band structure (left) and total density of states (DOS, right) of CdS.

4 DFT study

To complement the experimental char-
acterization, density functional theory
(DFT) calculations were performed to in-
vestigate the electronic band structure and
density of states (DOS) of CdS. The com-
puted band structure along high symmetry
points (G–F–Q–Z–G) is shown in Figure

7. The results reveal a direct band gap
at the Γ-point, consistent with the known
semiconducting behavior of CdS. The cal-
culated band gap is approximately ∼2.2–
2.4 eV, which agrees well with the experi-
mentally obtained optical band gap values
(4.49-3.82 eV) from the Tauc plots (Fig-
ure 5). The slight underestimation of the
band gap is expected, as generalized gradi-
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ent approximation (GGA) functionals typ-
ically underestimate electronic band gaps.

5 Conclusion

The work describes the use of Arjuna bark
as a capping agent in the synthesis of
CdS nanoparticles utilizing a green chem-
ical technique. The cubic structure was
revealed by XRD measurements. Further-
more, the band gap of the synthesized CdS
NPs were estimated through UV-visible
spectra, and are found to decrease from
4.49 eV to 3.82 eV with different Arjuna
bark extract concentrations. The out-
comes of the DFT study agree with the ex-
perimentally obtained band gap values and
provide an understanding of the electronic
structure of the synthesized CdS nanopar-
ticles. The room temperature UV–Visible
absorption spectra reveal the particle size
dependent absorption edge. The XRD re-
sults indicate that the particles get larger
sizes on increasing capping reagent concen-
tration. On increasing the capping reagent
concentration, the 1LO peak position in
Raman spectra is slightly shifted towards
higher wavenumber as the particle size gets
larger and peak gets progressively broader.
PL study attributes a decrement of the
peak intensity due to interstitial sulphur
with increasing capping reagent concentra-
tion.
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