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Abstract
The study involved the synthesis of Thioglycerol-capped undoped 

cadmium sulphide (CdS) and copper sulphide (Cu2S) nanoparticles, 
and Mn-doped diluted magnetic semiconductor (DMS) CdS and Cu2S 
nanoparticles using a room-temperature, non-aqueous chemical method. 
Undoped CdS and Cu2S thin films, Mn-doped CdS, and Cu2S thin films 
were fabricated on fluorine-doped tin oxide (FTO) glass substrates via 
dip coating, followed by annealing at 420°C in air for 20 minutes. The 
optical properties of CdS, Cu2S, CdS:Mn, and Cu2S:Mn nanoparticles 
were investigated using Ultraviolet-Visible (UV-Vis) absorption and 
photoluminescence (PL) spectroscopy. Energy Dispersive X-ray Analysis 
(EDAX) was employed to determine the chemical composition of undoped 
CdS and Cu2S and Mn-doped CdS and Cu2S thin films and the FTO glass 
substrates, with chemical composition percentages determined using 
mapping techniques. This study highlights the contrasting experimental 
outcomes of undoped and doped nanoparticles and thin films, emphasizing 
the advantages of doped materials in various applications over their 
undoped counterparts. Specifically, it aims to demonstrate the enhanced 
performance and suitability of doped materials in diverse settings.
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Introduction
CdS is a yellow, direct band gap semiconductor with a band gap of 

approximately 2.42 eV. CdS semiconductor has optoelectronic applications 
like solar cells (often used as a window layer or in heterojunctions with other 
materials), photodetectors, light-emitting diodes (LEDs), thermoelectric 
devices, display devices etc. and it is used as a pigment due to its good thermal 
stability, light and weather fastness, chemical resistance, and high opacity. 
CdS is an II-VI group n-type semiconductor, meaning it has an excess of 
electrons. CdS exists in two polymorphs: a more stable hexagonal wurtzite 
structure (greenockite) and a cubic zinc blende structure (hawleyite). CdS is 
highly photosensitive in the visible region, meaning its conductivity increases 
when exposed to light. It has a high mobility, a high absorption coefficient, a 
high refractive index, and high electrochemical stability. CdS is used in thin-
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film solar cells, often as a window layer. Its photosensitivity 
makes it suitable for use in photodetectors. CdS is used in 
photoconductive sensors. CdS finds applications in photonic 
devices. CdS was one of the first semiconductor materials 
used in thin-film transistors (TFTs). CdS luminesces under 
electron beam excitation and is used as a phosphor. CdS 
is used in photocatalysis, where it can be used to degrade 
organic dyes. CdS nanocomposites can be used for hydrogen 
production via water splitting. CdS can be used in core/shell 
CdSe/CdS quantum dots [1-7]. Cu2S is a I-VI group p-type 
semiconductor with an indirect band gap of 1.21 eV, making 
it a promising material for solar energy conversion, nanoscale 
sensors, and cathodes in lithium-ion batteries. Cu2S is a good 
material for solar energy absorbers due to its non-toxic, low-
cost nature, and suitable band gap. It is used as the absorber 
of visible light. It is suitable for potential applications in solar 
cells (often used as an absorber layer or in heterojunctions 
with other materials), photodetectors, thermoelectric devices, 
display devices, photocatalyst, biosensors, gas sensors, field 
emission devices, and nano switches. Cu2S can form in 
cubic or tetragonal structures depending on the preparation 
method. Various methods can be used to synthesize Cu2S 
nanostructures, including nanolithography, template-directed 
synthesis, vapour-phase methods, and solvothermal methods. 
The advantages of Cu2S semiconductor material are: i) High 
elemental earth abundance:- Cu and S are readily available, 
ii) Nontoxicity:-  Cu2S is a non-toxic material, iii) Suitable
optical properties:- Cu2S has a high absorption coefficient of
over 104 cm-1 iv) Low cost, and v) Ideal band gap for solar
energy absorption [1, 3, 8-15].

Undoped CdS and Cu2S nanoparticles can be synthesized 
via various chemical and physical methods, including sol-
gel, chemical bath deposition, microwave-assisted synthesis, 
and hydrothermal, among others [14]. The chemical 
methods like sol-gel method, chemical bath deposition, 
aqueous precipitation, microwave-assisted synthesis, 
and solvothermal method were used for the synthesis of 
undoped CdS nanoparticles. The sol-gel method involves 
using precursors like cadmium acetate and thioacetamide 
to form a sol and then a gel, which can then be processed 
to obtain CdS nanoparticles. The chemical bath deposition 
technique involves reacting cadmium and sulfur precursors in 
a solution, resulting in the precipitation of CdS nanoparticles. 
The aqueous precipitation method utilizes cadmium nitrate 
and sodium sulfide precursors to produce a yellow CdS 
precipitate. The microwave-assisted synthesis method uses 
microwave irradiation to facilitate the reaction of precursors 
in aqueous solutions, leading to the formation of CdS 
nanoparticles. The solvothermal method involves reacting 
precursors in a closed vessel under high temperature and 
pressure to control the morphology and size of the CdS 
nanoparticles. The physical methods like laser ablation, and 
hydrothermal method were used to synthesize the undoped 

CdS nanoparticles. The hydrothermal method involves 
reacting precursors in a sealed vessel under high temperature 
and pressure, which can control the morphology and size of 
the CdS nanoparticles. The laser ablation method uses laser 
energy to ablate a target material (e.g, CdS) and deposit the 
resulting nanoparticles onto a substrate. The other methods 
like template-based method, micelles, sonochemical and 
arrested precipitation in homogeneous solution were also 
used for the synthesis of undoped CdS nanoparticles [1-3, 
15-20]. The undoped Cu2S nanoparticles were synthesized
using the chemical methods like wet chemical method, and
microwave-assisted synthesis. The wet chemical method
involves reacting copper and sulfur precursors in solution,
leading to the formation of Cu2S nanoparticles. Similar to
CdS, the microwave-assisted synthesis method can be used
for Cu2S synthesis, with precursors like copper acetate
and sodium sulfide. The undoped Cu2S nanoparticles were
also synthesized using the physical methods like thermal
treatment, electrochemical synthesis and deposition and
sputtering techniques. Decomposition of Cu precursors at
high temperatures (calcination or pyrolysis) can also be used
to generate Cu2S nanoparticles. The electrochemical synthesis 
method involves controlling the rate of reduction of Cu species 
to produce Cu and Cu2S nanoparticles. The deposition and
sputtering techniques provide more size-selective synthesis
of Cu and Cu-based nanoparticles [1, 2, 8, 23]. Undoped CdS
and Cu2S thin films can be prepared using the dip coating
method, a simple and cost-effective technique that involves
immersing a substrate into a solution and withdrawing it at a
controlled rate. The dip coating method involves immersing
a substrate into a solution containing the precursor materials
(e.g, cadmium chloride and thiourea for CdS, copper acetate
and thiourea for Cu2S) and then withdrawing it at a controlled
rate. The solution is typically dissolved in a solvent like
methanol. The deposited thin films are then typically heat-
treated (annealed) in air to improve their structural and optical 
properties. Dip coating is a relatively simple and inexpensive
method compared to other thin-film deposition techniques. It
is suitable for depositing thin films on large area substrates.
The process is relatively easy to control and reproduce. CdS
is a semiconductor material with a wide range of applications, 
including solar cells and optoelectronic devices. Cu2S is
another semiconductor material that can be used in solar cells
and other applications. The properties of the prepared thin
films are typically characterized using techniques like XRD,
SEM, and UV-Vis absorption spectroscopy. CdS and Cu2S
thin films are used as absorber layers in thin-film solar cells.
They can also be used in other optoelectronic devices, such
as photodetectors and light-emitting diodes [1-3, 8, 24, 25].
Mn-doped CdS and Cu2S nanoparticles are semiconductor
nanoparticles with potential applications in various fields,
including photocatalysis and luminescence, with Mn doping
enhancing their properties. Mn-doped CdS nanoparticles can
be synthesized via methods like co-precipitation, chemical
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precipitation, and green capping with starch. XRD studies 
reveal a cubic phase structure for CdS nanoparticles, with 
Mn doping potentially influencing the morphology and size. 
Mn doping modifies the luminescent, optical, and electronic 
properties of CdS, potentially leading to a decrease in band 
gap energy. Mn-doped CdS exhibits interesting luminescent 
properties, with the luminescence intensity being influenced 
by Mn concentration and synthesis conditions. Mn doping 
can enhance the photoconductivity of CdS, making it suitable 
for applications in optoelectronic devices. Mn doping can 
change the morphology of CdS nanoparticles from spherical 
to scale-like structures. The dielectric properties and AC 
conductivity of CdS are affected by Mn doping, which can 
be investigated over a wide frequency range and temperature 
range. Mn doping can also modify the ferromagnetic 
properties of CdS. Mn-doped CdS nanoparticles are used 
in photocatalytic applications, such as hydrogen production 
and dye degradation. They are used in luminescent materials 
for applications in displays, sensors, and bioimaging [26-
34]. Mn-doped Cu2S nanoparticles can be synthesized 
using wet chemical routes. XRD studies reveal a hexagonal 
crystal structure for Cu2S nanoparticles. Cu2S nanoparticles 
exhibit optical properties that can be tuned by controlling 
their size and morphology. Cu2S nanoparticles can be used 
in photocatalytic applications, such as hydrogen production 
and dye degradation. Cu2S nanoparticles have potential 
applications in energy storage devices [35-37].

Mn-doped CdS and Cu2S thin films prepared by the 
dip coating method exhibit potential for optoelectronic 
applications, with studies exploring their structural, optical, 
and electrical properties, and the effects of Mn doping on 
CdS. Mn-doped CdS thin films can be prepared using the dip 
coating method, where the substrate is immersed in a solution 
containing cadmium and sulphur precursors, along with Mn 
dopant. Mn doping can modify the structural, optical, and 
electrical properties of CdS films. These films are explored for 
applications in optoelectronic devices, solar cells, and other 
areas. Techniques like XRD, SEM, and UV-Vis absorption 
spectroscopy are used to characterize the films. Mn-doped Cu2S 
thin films can also be prepared using the dip coating method, 
involving immersion of the substrate in a solution containing 
copper and sulphur precursors. Cu2S films are explored for 
applications in solar cells and other optoelectronic devices. 
Similar to CdS, characterization techniques like XRD, SEM, 
and UV-Vis absorption spectroscopy are used to study the 
films [1-3, 8, 35, 38-40]. Several methods can be used to 
prepare CdS and Cu2S thin films and also Mn-doped CdS and 
Cu2S thin films, including dip coating, spray pyrolysis, spin 
coating, chemical bath deposition, and successive ionic layer 
adsorption and reaction (SILAR). While dip coating offers 
advantages like simplicity, low cost, and ease of film thickness 
control, other methods like spray pyrolysis, spin coating, 
SILAR, and chemical bath deposition may be preferred for 

specific applications. Dip coating is a relatively simple and 
cost-effective method, requiring less specialized equipment 
than other techniques. Film thickness can be easily controlled 
by adjusting parameters like dip time, concentration, and 
draw speed. Dip coating can be adapted to produce films 
with specific nanostructures, such as nanoparticles or 
nanorod arrays, by using appropriate precursor solutions. 
The best method for preparing CdS and Cu2S thin films and 
also Mn-doped CdS and Cu2S thin films depends on the 
specific application requirements, such as film thickness, 
uniformity, composition, and desired nanostructures. Dip 
coating offers simplicity and cost-effectiveness, while other 
methods like spray pyrolysis, spin coating, CBD, and SILAR 
may be more suitable for specific applications [1-3, 8, 35, 
41-45]. In the present paper, the undoped and Mn-doped
CdS and Cu2S nanoparticles were synthesized using the wet
chemical method at room temperature. These nanoparticles
were characterized by UV-Vis absorption spectroscopy and
PL spectroscopy. Then the undoped and Mn-doped CdS
and Cu2S thin films were deposited on FTO glass slides by
the dip coating method. The thin films, after being heat-
treated in air at 420°C for 20 minutes, were analyzed using
EDAX to determine their elemental composition. This study
contrasts the experimental and characterization outcomes
of undoped and Mn-doped CdS and Cu2S nanoparticles
and thin films, highlighting the advantages of Mn doping in
these materials. Specifically, it demonstrates how Mn doping
alters the properties of both the nanoparticles and thin films,
showcasing potential improvements in performance.

Experimental
Thioglycerol capped undoped and Mn-doped CdS and 

Cu2S nanoparticles were prepared by the wet chemical 
synthesis at room temperature in our previous study [1, 
2, 8, 26, 35]. These nanoparticles were analyzed by UV-
Vis absorption spectroscopy and PL spectroscopy. The 
Analytical Reagent (A.R.) grade chemicals like cadmium 
acetate, thioglycerol and sodium sulphide were used for the 
synthesis of undoped CdS nanoparticles and the chemicals 
like cadmium acetate, manganese chloride, thioglycerol and 
sodium sulphide were used for the synthesis of Mn-doped 
CdS nanoparticles. Ethanol was used as the solvent in the 
synthesis of undoped and Mn-doped CdS nanoparticles. The 
undoped CdS nanoparticles were synthesized by varying the 
thioglycerol concentration and by keeping the molarities of 
cadmium acetate and sodium sulphide constant. The Mn-
doped CdS nanoparticles were synthesized by changing the 
concentration of manganese chloride and by keeping the 
molarities of cadmium acetate, thioglycerol and sodium 
sulphide constant. Similar to CdS, the undoped Cu2S 
nanoparticles were prepared by varying the thioglycerol 
concentration and by keeping the molarities of cuprous 
chloride and sodium sulphide constant. The Mn-doped Cu2S 
nanoparticles were synthesized by changing the concentration 
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of manganese chloride and by keeping the molarities of 
cuprous chloride, thioglycerol and sodium sulphide constant 
[1, 2, 8, 26, 35]. A CdS thin film approximately 280 nm in 
thickness was prepared on the FTO glass slide by the dip 
coating method with 2300 dip times. Similarly, a Cu2S thin 
film approximately 26 μm in thickness was created on the 
FTO glass slide by the dip coating method with 4600 dip 
times. The dip coating deposited Mn-doped CdS thin film 
approximately 325 nm thick was prepared on the FTO glass 
slide with 2600 dip times. Similarly, the dip coating deposited 
Mn-doped Cu2S thin film approximately 30 μm thick was 
prepared on the FTO glass slide with 5300 dip times. Mn 
doping in CdS and Cu2S nanoparticles and thin films offers 
several advantages, primarily related to manipulating their 
optical and electronic properties, and potentially improving 
their performance in solar cells and other applications. 
Specifically, Mn doping can modify the optical band gap, 
enhance light absorption in the visible spectrum, and 
potentially improve charge transport. Mn doping can lead to 
a reduction in the optical band gap, which means the material 
can absorb light with longer wavelengths (towards the red end 
of the spectrum), according to one study. This is beneficial 
for solar cells as it allows them to capture more of the solar 
spectrum. By controlling the Mn doping concentration, the 
optical band gap can be tuned, potentially allowing for light 
response across a wider range of the visible spectrum. Mn 
doping can introduce new optical transitions that allow the 
materials to absorb visible light more efficiently, as noted 
in one study. This increased light absorption is particularly 
important for applications like quantum dot-sensitized solar 
cells (QDSSCs), where Mn doping can improve the efficiency 
of light energy conversion. Mn doping can potentially 
alter the electrical conductivity of the material, potentially 
leading to faster electron or hole transfer, according to one 
study. In devices like solar cells, this can mean faster charge 
separation and transport, leading to improved efficiency. 
Mn doping can also introduce spintronic properties, where 
the spin of electrons becomes relevant, which could lead to 
new applications in spintronics. Mn doping can introduce 
magnetic moments, which can be used to manipulate the 
material’s magnetic properties. Mn doping offers a versatile 
way to tailor the optical and electronic properties of CdS and 
Cu2S, making them potentially more suitable for applications 
in solar cells, optoelectronics, and potentially spintronics [26, 
35, 46].       

Results and Discussion
The absorbance spectrum, depicting the absorbance as 

a function of wavelength, is provided in Figure 1. The UV-
Vis absorption spectrum of CdS nanoparticles exhibits a 
significant absorption peak in the ultraviolet wavelengths, 
while exhibiting minimal to no absorption in the  near-
infrared wavelengths. The CdS film's high transparency in the 

visible spectrum makes it a suitable window layer, allowing 
light to efficiently reach the absorber layer in optoelectronic 
devices [47]. The UV-Vis spectrum was collected over the 
250-800 nm wavelength range. The CdS sample used in this
study was prepared as a suspension of CdS nanoparticles in
double distilled water, serving as the reference solution [1,
2]. The thioglycerol concentration in CdS sample was 1.904
M. This CdS sample exhibits a UV-Vis absorption peak at
296 nm, corresponding to an energy gap of approximately
4.19 eV. The particle size in this sample was found to be 4.60
nm. The optical absorption spectrum of CdS nanoparticles
exhibits a blue shift compared to bulk CdS, which has a band
gap of 2.42 eV and an absorption peak at 513 nm, due to
quantum confinement effects [1-3].

The absorbance curve for Mn-doped CdS nanoparticles, 
displaying its variation with wavelength, is shown in Figure 
2. The analysis was performed across the UV-Vis spectral
range, specifically from 250 to 800 nm. A suspension of
CdS:Mn nanoparticles in double distilled water was used
as the reference solution in this case [26]. The thioglycerol
concentration in CdS:Mn sample was 1.904 M. The molarity
of manganese chloride in this sample is 0.065 M. A prominent 
UV-Vis absorption peak, centered at 316 nm (energy gap ~
3.93 eV), was detected in the Mn doped CdS sample. This
peak signifies a significant absorption of ultraviolet and
visible light by the material. The blue shift in the Mn-doped
CdS nanoparticle absorption spectrum is a consequence of
size quantization, causing a shift in energy levels due to the
nanoscale dimensions of the material [26]. Based on the
analysis, the particle size in CdS:Mn sample is estimated
to be 4.79 nm. Analysis of Figure 1 and Figure 2 reveals a
clear trend of increasing CdS:Mn nanoparticle size when
thioglycerol concentration is held constant.

The larger size of CdS:Mn nanoparticles, as indicated 
by their UV-Vis absorption spectrum, is due to the quantum 
size effect and the influence of Mn doping on nanoparticle 
growth. Mn doping can alter the growth mechanism, 
leading to larger particle sizes compared to undoped CdS 
nanoparticles (Figure 1). Mn doping can alter the growth 
kinetics of CdS nanoparticles. For instance, manganese ions 
can act as nucleation sites or influence the rate of CdS growth, 
potentially leading to larger particles compared to undoped 
CdS. The band gap of CdS nanoparticles also increases with 
decreasing size. Mn doping further enhances this quantum size 
effect, leading to a larger band gap in CdS:Mn nanoparticles 
compared to undoped ones. The blue shift in the absorption 
edge of CdS:Mn nanoparticles, compared to undoped ones, is 
a clear indication that the size of the doped nanoparticles is 
larger. This blue shift suggests that the doped nanoparticles 
have a larger energy gap, indicating a larger average particle 
size, as shown in Figure 2. CdS:Mn nanoparticles offer several 
advantages over undoped CdS nanoparticles, particularly 
due to their larger particle size and enhanced photocatalytic 
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activity. These advantages stem from the ability of Mn 
doping to alter the optical and structural properties of CdS, 
leading to improved performance in various applications like 
photocatalysis and solar cells.  Mn doping can create new 
energy levels within the CdS bandgap, facilitating electron-
hole separation and enhancing photocatalytic activity. Mn 
doping can improve the stability of CdS nanoparticles, making 
them more resistant to degradation under light exposure. 
The larger particle size and altered optical properties of 
Mn-doped CdS can lead to increased absorption of visible 
light, expanding the range of light that can be utilized for 
photocatalytic processes. Mn doping allows for the tuning 
of optical properties, such as the band gap and absorption 
spectra, which can be beneficial for specific applications, 
as shown in a study on CdS:Mn quantum dots in solar cells. 
Mn doping can improve the performance of CdS-based solar 
cells by increasing the efficiency of charge separation and 
transfer. The synthesis of Mn-doped CdS can lead to different 
morphologies (e.g, scale-like, needle-like) and particle sizes, 
which can be beneficial for specific applications, as discussed 
in a study on CdS:Mn thin films [1, 2, 26, 48-55]. Mn-doped 
CdS nanoparticles offer several advantages over undoped 
CdS nanoparticles, including enhanced stability, improved 
photoluminescence, and the potential for tunable optical 
properties. These improvements are particularly valuable in 
applications like solar cells, photocatalysis, and optoelectronic 
devices. Mn doping can increase the stability and resistance 
of CdS nanoparticles to photodegradation, leading to longer-
lasting and more durable devices. Mn doping can alter the 
photoluminescence (PL) properties of CdS nanoparticles, 
potentially leading to changes in emission color and intensity. 
In some cases, Mn doping can even result in a dual-color 
emission, where the host CdS material emits blue light and the 
Mn dopant emits red light. Mn doping can modify the band 
gap of CdS nanoparticles, affecting their optical absorption 
and emission wavelengths. This tunability can be useful for 
designing devices that operate at specific wavelengths or 
have enhanced sensitivity to certain light sources. Mn doping 
can enhance the photocatalytic activity of CdS nanoparticles, 
making them more effective at breaking down pollutants and 
other substances under light irradiation. The combination 
of enhanced stability, improved PL, and tunable optical 
properties makes CdS:Mn nanoparticles attractive for a wide 
range of applications, including: Solar cells: Mn doping can 
improve the efficiency of CdS-based solar cells by enhancing 
light absorption and electron transfer. Photocatalysis: Mn 
doping can improve the photocatalytic activity of CdS 
nanoparticles, making them more effective at breaking down 
pollutants. Optoelectronic devices: Mn doping can lead to 
changes in the optical properties of CdS nanoparticles, which 
can be used to create new types of sensors, LEDs, and other 
optoelectronic devices. Bioimaging and drug delivery: The 
photoluminescence of CdS:Mn nanoparticles can be used for 
bioimaging and targeted drug delivery [1, 2, 19, 26, 34, 48, 
49, 56-58]. 

Figure 3 displays the absorbance spectrum of room-
temperature Cu2S nanoparticles. The optical behavior of 
Cu2S nanoparticles was characterized through absorbance 
data spanning 370-1200 nm. The thioglycerol concentration 
in Cu2S sample is 0.952 M. UV-Vis absorption of Cu2S 
nanoparticles was measured with double distilled water as the 
reference [1, 8]. Figure 3 reveals an absorption peak at 460 
nm, corresponding to an energy gap of approximately 2.70 
eV, and thus occurring within the shorter wavelength region 
of the spectrum. Cu2S, with a narrow band gap of ~1.21 eV 
at room temperature, exhibits a shift in its absorption peak 
towards shorter wavelengths as the energy gap increases, as 
shown in Figure 3. The particle size measurement for Cu2S 
sample yielded a value of 8.59 nm.

Employing UV-Vis absorption spectroscopy, the optical 
absorption characteristics of Mn-doped Cu2S nanoparticles 
were analyzed. The UV-Vis absorption data for the Mn-
doped Cu2S nanoparticles, recorded across the 350-1200 
nm range, are visualized in Figure 4. The thioglycerol 
concentration in Mn doped Cu2S sample is 0.952 M. The 
molarity of manganese chloride in this sample is 0.035 M. 
UV-Vis absorption spectroscopy was employed to study 
the Mn-doped Cu2S nanoparticles, using double distilled 
water as a reference [35]. The absorption peak at 500 nm in 
Mn-doped CdS indicates that the material strongly absorbs 
light at this wavelength, corresponding to an energy gap 
of approximately 2.48 eV. The bulk Cu2S material absorbs 
light at 1026 nm and has a band gap of 1.21 eV. When Mn 
is doped into Cu2S nanoparticles, the UV-Vis absorption 
spectrum shifts towards shorter wavelengths (blue shift) as 
the band gap increases from 1.21 eV to 2.48 eV. This blue 
shift is also accompanied by a decrease in the size of the Cu2S 
nanoparticles as the energy gap increases [35]. The particle 
size in Cu2S:Mn sample was found to be 10.07 nm.

In UV-Vis absorption spectra, Mn doping leads to a red 
shift and broadening of the absorption band compared to 
undoped Cu2S, indicating larger particle sizes in Mn-doped 
nanoparticles. This is because doping alters the electronic 
structure and optical properties, leading to the formation of 
new energy levels and absorption bands within the band gap. 
Mn-doped Cu2S offers advantages in various applications 
like optoelectronic devices, photocatalysis, and spintronics, 
due to enhanced light absorption, improved charge transport, 
and potential for new functionalities. UV-Vis spectroscopy 
measures the absorption of light by a material at different 
wavelengths. The position and shape of absorption bands 
can provide information about the electronic structure and 
particle size of the material. Larger nanoparticles generally 
exhibit red-shifted and broader absorption bands compared 
to smaller ones. When Mn is doped into Cu2S, it introduces 
new electronic states within the band gap, which leads to new 
absorption bands at lower wavelengths (red shift) and broader 
absorption bands. This indicates an increase in the effective 
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particle size. The red shift and broadening of the absorption 
bands mean that Mn-doped Cu2S nanoparticles can absorb 
light in a wider range of the visible spectrum. Mn doping can 
alter the electrical conductivity and charge transport properties 
of Cu2S, making it useful for applications like thermoelectric 
devices and solar cells. The introduction of Mn can lead to 
new functionalities, such as magnetism and luminescence, 
making Mn-doped Cu2S suitable for spintronics and 
optoelectronic applications. Mn-doped Cu2S can be used as 
a light absorber or active layer in solar cells, LEDs, and other 
optoelectronic devices. The enhanced light absorption and 
improved charge transport properties can make Mn-doped 
Cu2S a more efficient photocatalyst for reactions like water 
splitting or air purification. Mn's magnetic properties can be 
used to create new spin-dependent devices and functionalities 
in spintronic applications [1, 8, 35, 59-63]. The PL spectrum 
obtained from CdS nanoparticles at room temperature is 
visualized in Figure 5. Nanoparticles exhibited a significantly 
higher quantum luminescence efficiency than their bulk 
counterparts, as evidenced by the room temperature emission 
and excitation spectra [1, 64]. In the CdS sample, the light 
used to excite the material had wavelengths between 318 and 
343 nm, and the emitted light had wavelengths ranging from 
343 to 700 nm. The CdS particles were excited at 328 nm and 
the emission is located at 469 nm (energy gap  2.65 eV). 
From Figure 5, it is clearly observed that the PL spectrum of 
CdS nanoparticles exhibits a blue shift [1, 64], meaning the 
emission peak is observed at shorter wavelength compared to 
the bulk CdS material.

The PL spectrum of Mn-doped CdS nanoparticles 
measured at room temperature is depicted in Figure 6. The 
appropriate filters were used to record the PL spectrum of 
CdS:Mn sample from 560 to 626 nm in excitation mode and 
626 to 840 nm in emission mode. The photoluminescence 
spectrum in Figure 6 reveals a peak at 631 nm (energy gap 
~ 1.97 eV), characteristic of the Mn-doped CdS sample. The 
observed red shift [26] in the PL spectrum of the CdS:Mn 
sample is apparent in Figure 6.

CdS:Mn nanoparticles exhibit a red shift in their PL 
spectrum, while undoped CdS nanoparticles show a blue shift. 
This difference stems from the introduction of manganese 
ions into the CdS lattice, which alter the energy levels and 
transitions involved in PL emission. CdS:Mn nanoparticles 
offer enhanced performance in applications like photocatalysis 
and optoelectronics compared to their undoped counterparts. 
Mn²⁺ ions introduce new energy levels within the band gap of 
CdS, which can interact with the existing CdS energy levels. 
This interaction, particularly the splitting of Mn²⁺ energy 
levels, influences the energy of emitted photons and leads to 
a shift towards lower energy (red shift).

When CdS nanoparticles are excited, the energy can be 
transferred to the Mn²⁺ ions. The subsequent emission from 

Mn²⁺ ions results in a characteristic red emission.  Doping 
with Mn can enhance the PL intensity and efficiency of CdS 
nanoparticles, making them suitable for various applications. 
In the case of undoped CdS nanoparticles, the quantum 
confinement effect, where the size of the nanoparticle plays 
a role in its electronic properties, can lead to a blue shift. 
Smaller nanoparticles have higher energy levels and emit 
photons at shorter wavelengths (blue region). Defect states 
within the CdS lattice can also contribute to emission, and 
these defects may have different energy levels compared 
to the ideal band gap, leading to shifts in the PL spectrum. 
CdS:Mn nanoparticles can exhibit improved photocatalytic 
activity, including better visible light absorption and charge 
separation compared to undoped CdS. Mn doping can lead 
to changes in the optical and electronic properties of CdS, 
making them suitable for applications like solar cells, LEDs, 
and photodetectors. The emission characteristics of Mn-
doped CdS can be tailored by adjusting the Mn concentration, 
providing flexibility in their application. Mn doping can 
enhance the stability of CdS nanoparticles in various 
environments, making them more durable for long-term use 
[1, 2, 26, 35, 48, 52, 56, 65, 66].  

Figure 7 shows the photoluminescence characteristics 
of Cu2S nanoparticles measured under room temperature 
conditions. Photoluminescence spectra were collected across 
a range of 348 to 360 nm in the excitation domain and 360 to 
750 nm in the emission domain. Spectral filtering was applied 
to isolate the desired emission wavelengths. In Cu2S sample, 
the excitation wavelength of 348 nm was used exciting the 
Cu2S particles and the maximum intensity of the emission 
peak was observed at 469 nm (energy gap  2.65 eV). The 
PL emission spectrum of Cu2S nanoparticles, displayed in 
Figure 7, exhibits a blue shift.

The photoluminescence emission spectrum of Mn doped 
Cu2S nanoparticles, obtained at room temperature, is depicted 
in Figure 8. This PL spectrum was acquired with excitation 
ranging from 342 to 367 nm and emission spanning 367 to 
750 nm, employing suitable optical filters. The Cu2S:Mn 
nanoparticles were excited at 352 nm and the PL peak was 
observed at 471 nm (energy gap ~ 2.63 eV). Analysis of the 
PL emission spectrum of Cu2S:Mn nanocrystals in Figure 8 
reveals the presence of a blue shift.

Both undoped and Cu2S:Mn nanoparticles exhibit a blue 
shift in their PL spectra, but Mn doping offers advantages 
in applications. The blue shift in both cases is primarily due 
to quantum confinement effects caused by the small size of 
the nanoparticles. Mn doping introduces localized energy 
levels within the band gap of Cu2S, leading to a distinct 
emission peak from the Mn2+ ion. This allows for a tunable 
emission spectrum and enhanced PL intensity in Mn-doped 
samples, making them more versatile for applications 
like optoelectronics and photocatalysis.  The blue shift in 
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undoped Cu2S nanoparticles is a consequence of quantum 
confinement. As the size of the nanoparticles decreases, the 
energy levels of the electrons and holes become quantized, 
leading to an increase in the bandgap energy and a shift 
towards shorter wavelengths (blue) in the PL spectrum. 
While quantum confinement still plays a role, the presence of 
Mn2+ ions introduces localized energy levels within the Cu2S 
band gap. These Mn2+ levels can absorb light energy and emit 
light at specific wavelengths, contributing to the observed 
PL spectrum. The blue shift in this case can be attributed 
to a combination of the quantum confinement effect and the 
energy levels associated with the Mn dopant. Mn doping 
allows for control over the emission wavelength, as the PL 
spectrum is influenced by both the quantum confinement of 
Cu2S and the emission from the Mn2+ ions. The Mn2+ ions 
can act as efficient light emitters, leading to increased PL 
intensity in Mn-doped samples compared to undoped Cu2S 
The unique PL properties of Mn-doped Cu2S make them 
suitable for various applications, such as: Photocatalysis: 
The enhanced PL and tunable emission can improve the 
photocatalytic efficiency of Cu2S.  Optoelectronics: The 
controllable emission spectrum allows for use in light-emitting 
devices and other optoelectronic applications.  Biomedical 
Applications: The PL properties can be used for bioimaging 
and other biomedical applications.  In summary, while both 
undoped and Cu2S:Mn nanoparticles exhibit a blue shift due 
to quantum confinement, Mn doping introduces localized 
energy levels that enhance PL intensity and enable a wider 
range of applications [1, 8, 35, 59, 60, 62, 63, 67].  

The sample's elemental composition was investigated 
using a combination of EDAX and elemental mapping 
techniques [1, 2]. The EDAX data for the dip-coated CdS thin 
film is presented in Figure 9. The atomic percentages of S, 
O, Pb, Cd, C, Pt, Sn, Na, and other elements in CdS sample, 
as determined by stoichiometric analysis, are summarized in 
Table 1. The presence of other elements like carbon, oxygen, 
and tin is a characteristic of the FTO glass substrate. Table 
1 provides the data needed to calculate the Cd:S ratio in the 
dip-coated CdS thin film. For the CdS sample, the Cd:S ratio 
is 1.02, indicating a minor deviation from the stoichiometric 
value of 1. The Cd:S ratio exhibits a substantial increase as 
the dip time lengthens, resulting in a Cd-rich CdS phase and 
a thin film that is nearly ideally stoichiometric. The ratio of 
cadmium (Cd) to sulfur (S) in the CdS sample increases with 
a longer dip time. This means that for longer dip times, the 
CdS sample has more cadmium relative to sulfur.

The EDAX spectrum, obtained from the Mn-doped CdS 
thin film deposited via dip coating, is visualized in Figure 10. 
Table 2 shows the stoichiometric atomic percentages of O, 
Cd, Cl, Mn, S, Na, C, and other elements in CdS:Mn sample. 
FTO glass substrate is composed of tin oxide, fluorine, and 
other elements like carbon and oxygen. For calculating the 

Cd:S ratio in the dip-coated CdS:Mn thin film, the data from 
Table 2 is essential. Analysis of the CdS:Mn sample reveals a 
cadmium to sulfur ratio of 1.00. The result demonstrates that 
the Cd and S atoms are present in a 1:1 ratio, resulting in a 
perfect stoichiometry within the CdS thin film.

Mn-doped CdS thin films offer several advantages over 
undoped CdS thin films in various applications, primarily 
due to the ability to tailor their properties by controlling the 
doping concentration and achieving perfect stoichiometry. 
This allows for precise modulation of electrical, optical, and 
structural characteristics, leading to improved performance in 
devices like solar cells and other optoelectronic applications. 
Mn doping can modify the electrical conductivity, band gap 
energy, and optical absorption of CdS, enabling optimization 
for specific applications. In solar cells, for example, Mn doping 
can improve charge transport and reduce recombination, 
leading to higher efficiency and power output. Mn-doped 
CdS can be used in various optoelectronic devices, including 
photodetectors, sensors, and LEDs, due to its tunable 

optical and electronic properties. Achieving a perfect 
or near-perfect stoichiometry (the correct ratio of Cd and S 
atoms) is crucial for the material's performance. Mn doping 
can help maintain or restore stoichiometry, especially when 
dealing with non-stoichiometric conditions in the original 
CdS film. This ensures consistent and reliable performance 
of the material. By incorporating Mn, it can help to reduce 
the number of defects in the CdS lattice, improving its overall 
quality and stability. Mn doping can enhance the photocatalytic 
activity of CdS, making it more efficient at degrading 
pollutants in wastewater or other applications. Mn doping 
offers a precise way to manipulate the electrical, optical, and 
structural properties of CdS, allowing for optimization for 
specific applications. In solar cells, for example, Mn doping 
can significantly improve charge separation and transport, 
leading to higher efficiency compared to undoped CdS. By 
reducing defects and controlling stoichiometry, Mn doping 
can improve the overall performance and stability of CdS thin 
films in various applications. The tunable properties of Mn-
doped CdS make it suitable for a wide range of optoelectronic 
devices and other applications [1, 2, 26, 49, 68-70]. 

Figure 11 illustrates the EDAX analysis of the Cu2S thin 
film fabricated via the dip coating technique. Stoichiometric 
atomic percentages for the elements Cu, C, O, Na, Pt, S, 
and others present in Cu2S sample are presented in Table 
3. FTO glass substrate contains carbon, and oxygen, as key
components. Table 3 contains the information necessary to
determine the Cu:S stoichiometry of the dip-coated Cu2S
thin film. For the Mn-doped Cu2S sample, the molar ratio
of cadmium to sulfur is 2.02.  With longer dip times, the
Cu:S ratio increases, indicating a Cu-rich Cu2S composition,
suggesting the Cu2S thin film stoichiometry is close to the
theoretical Cu2S composition.
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EDAX characterization of the dip-coated Mn-doped 
Cu2S thin film is shown in Figure 12. Table 4 contains 
the atomic percentage composition of Cu2S:Mn sample, 
including C, Cu, Mn, S, Cl, Pt, O, and other elements. FTO 
glass substrate is a transparent conductive oxide made of tin 
oxide (SnO2), fluorine (F), and possibly other elements like 
carbon and oxygen. FTO glass is as a transparent conductive 
oxide (TCO) substrate composed of fluorine-doped tin 
oxide (SnO2:F). This clarifies the material's composition 
and purpose as a conductive material that allows light to 
pass through.  This transparent conductive oxide serves 
as a substrate, often used in optoelectronic devices like 
solar cells and displays. Using the data presented in Table 
4, the Cu:S ratio of the dip-coated Cu2S:Mn thin film can 
be derived. The Mn-doped Cu2S sample's stoichiometry 
indicates a 2.00 Cu:S ratio. The analysis indicates that the 
Cu:S ratio is perfectly balanced, confirming a stoichiometric 
composition of the Cu2S:Mn thin film.

Mn-doped Cu2S thin films offer advantages over undoped 
Cu2S films, especially when perfect stoichiometry is crucial. 
Mn doping can enhance the thermoelectric properties of 
Cu2S by increasing the Se doping concentration limit. 
This improved Se doping helps to optimize the carrier 
concentration and adjust the electronic structure, leading 
to enhanced electrical conductivity and a lower lattice 
thermal conductivity. In essence, Mn doping fine-tunes the 
material's properties for improved performance in various 
applications. Mn doping can significantly increase the figure 
of merit (ZT) of Cu2S, a key indicator of thermoelectric 
performance. By increasing the Se doping concentration 
limit, Mn doping helps to optimize the material's electronic 
and thermal properties, leading to higher power generation 
efficiency. The increased Se doping due to Mn doping 
enhances the weighted mobility and electrical conductivity 
of Cu2S, making it a more efficient material for applications 
requiring electrical conductivity. Mn doping introduces 
lattice distortions and scatterers, which help to reduce the 
lattice thermal conductivity of Cu2S. This is beneficial 
in applications where high thermal conductivity can be 
detrimental, such as thermoelectric devices. Mn doping 
allows for a more precise control of the stoichiometry of Cu2S 
thin films, ensuring the material has the desired composition 
for specific applications. The improved thermoelectric and 
electrical properties of Mn-doped Cu2S make it a promising 
material for various applications, including thermoelectric 
generators, solar cells, and sensors. In summary, Mn 
doping provides a way to tailor the properties of Cu2S thin 
films for specific applications, particularly those where 
thermoelectric performance and precise stoichiometry are 
important. By increasing the Se doping concentration and 
improving the electronic and thermal properties, Mn doping 

makes Cu2S a more versatile and efficient material for various 
technologies [1, 8, 35, 71-75]. 

Mn-doped CdS and Cu₂S nanoparticles and thin films 
are preferred over their undoped counterparts in many 
applications because doping with Mn enhances their optical 
and magnetic properties, leading to improved performance 
in areas like solar cells, luminescence, and magnetism. 
Specifically, Mn doping introduces magnetic moments, 
creating diluted magnetic semiconductors (DMS) with 
potential for enhanced magnetic and luminescent properties. 
Mn doping alters the electronic structure of CdS and Cu₂S, 
leading to changes in their optical absorption and emission 
behavior. For example, in CdS, Mn doping introduces new 
luminescence peaks, potentially enhancing light emission. 
CdS:Mn nanoparticles exhibit ferromagnetism at room 
temperature, a feature not present in undoped CdS. This opens 
up possibilities for applications in spintronics and magnetic 
devices. Mn doping can increase the quantum efficiency of 
luminescence, meaning the nanoparticles emit more light 
for a given amount of excitation. The concentration of Mn 
dopant can be controlled, allowing for fine-tuning of the 
optical and magnetic properties of the resulting material. 
CdS:Mn nanoparticles have been explored as sensitizers in 
solar cells, leading to improved power conversion efficiency 
due to the increased absorption of light and enhanced 
electron transfer.  In summary, Mn doping introduces 
desirable properties, including enhanced optical properties, 
ferromagnetism, and increased luminescence efficiency, 
making Mn-doped CdS and Cu₂S nanoparticles and thin films 
more attractive for various applications compared to their 
undoped counterparts [1, 2, 8, 26, 35, 51, 54, 76]. 

Figure 1: UV-Vis absorption spectrum of CdS nanoparticles.
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Figure 2: UV-Vis absorption spectrum of CdS:Mn nanoparticles.

Figure 3: UV-Vis absorption spectrum of Cu2S nanoparticles

Figure 5: Photoluminescence spectrum of CdS nanoparticles.

Figure 6: Photoluminescence spectrum of CdS:Mn nanoparticles.

Figure 7: Photoluminescence spectrum of Cu2S nanoparticles.Figure 4: UV-Vis absorption spectrum of Cu2S:Mn nanoparticles.
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Figure 8: Photoluminescence spectrum of Cu2S:Mn nanoparticles.

Figure 12: EDAX spectrum of Cu2S:Mn thin film.

Figure 9: EDAX spectrum of CdS thin film.

Figure 10: EDAX spectrum of CdS:Mn thin film.

Figure 11: EDAX spectrum of Cu2S thin film.

Element At. No. Netto. Mass [%] Mass Norm [%] Atom [%] abs. error [%]
(1 sigma)

rel. error [%]
(1 sigma

Sulphur 16 3737 6.11 4.46 31.61 1.03 16.95

Oxygen 8 3622 6.06 4.43 13.09 1.03 17.06

Lead 82 4169 7.65 5.60 3.36 0.32 4.15

Cadmium 48 37576 76.19 55.72 32.34 2.59 3.40

Carbon 6 8358 20.91 15.29 8.26 0.78 3.72

Platinum 78 24058 0.00 0.00 0.00 0.00 1.78

Tin 50 10979 15.75 11.52 4.03 0.64 4.10

Sodium 11 4496 4.07 2.98 7.30 0.21 5.17

Sum 136.74 100.00 100.00

Table 1: EDAX of CdS thin film.
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Conclusion
A room-temperature, non-aqueous chemical method 

was employed to synthesize Thioglycerol-capped CdS and 
Cu2S nanoparticles and Mn-doped DMS CdS and Cu2S 
nanoparticles. Thin films of CdS, Cu2S, Mn-doped CdS, and 
Cu2S thin films were prepared on FTO glass substrates by dip 
coating and then subjected to a 20-minute heat treatment at 
420°C in air. Undoped and doped nanoparticles and thin 
films underwent comprehensive analysis using different 
techniques to assess their properties. This research explores 
the differences in experimental results between undoped and 
doped nanoparticles and thin films, showcasing the benefits 
of doped materials for various applications compared to their 
undoped versions.
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