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ABSTRACT

Thin Films of silver sulphide (Ag=S) have been successfully deposited onto FTO glass substrate
using electrodeposition method to investigate the effects of Ce doping on Ag2S films. Silver
trioxonitrate (V) and Sodium thiosulphate were the precursors used for silver and sulphur ions.
Depositions of thin films made from cerium-doped silver sulphide were conducted at room
temperature. Variations of percentage concentration of cerium dopant (2.5%, 5.0%, 7.5% and
10.0%) were considered in this paper. The optical properties of the thin films were characterized
using Uv-Vis spectrometry. Absorbance results confirm that increasing Ce concentration
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significantly boosts the absorbance of Ag:S thin films, with the Ce: 10.0% film being the most
effective in absorbing UV, visible, and near-infrared light, making it a promising material for
applications in photovoltaics and optical devices, increasing Ce concentration results in reduced
transmittance, making the films more absorptive, especially at higher concentrations, where Ce:
10.0% is the least transparent and most effective for applications requiring light absorption. Ce
doping slightly increases the reflectance of Ag:S films, with higher Ce concentrations leading to
higher reflectance, especially in the near-infrared region. This suggests that as Ce concentration
increases, the films reflect more light, potentially reducing their effectiveness for absorption-based
applications but increasing their suitability for applications where light reflection is desired. For
extinction coefficient, the results revealed that the undoped Ag-S film shows the highest extinction
coefficient, while doping with Ce generally reduces the extinction coefficient, with the 5.0% and
7.5% Ce-doped films exhibiting the lowest values. Other optical results were also presented.

Keywords: Silver sulphide; optical properties; optoelectronics; electrodeposition.

1. INTRODUCTION

Silver sulphide (Ag2S) is an important member of
the chalcogenides, which are compounds formed
with chalcogen elements (Group 16 elements in
the periodic table, such as sulphur, selenium and
tellurium) and metals. Silver sulphide is
considered a binary chalcogenide because it
consists of silver (Ag) and sulphur (S), a
chalcogen element. Silver sulphide has notable
properties that make it of interest in various
scientific and technological fields, including
electronics, materials science and chemistry.
Silver sulphide exits mainly in two crystalline
forms:-acanthite and argentite. Acanthite is
stable at lower temperatures, while argentite is
stable at higher temperatures. Silver sulphide is
a fascinating chalcogenide material with a
combination of useful electronic and structural
properties, making it valuable in both
researchand industrial applications. Cerium (Ce)
is commonly used as a dopant in various
materials to modify their optical, electrical and
catalytic properties. When cerium is introduced
into a host material, such as silver sulphide, it
can improve performance in specific applications.
However, to the best of our knowledge, there are
limited works that have been done in these
material combinations. Hence, in this paper we
report the influence of cerium (ce) doping on the
optical properties of silver sulphide (Ag2S) and
silver sulphide (Ce: Ag2S) thin films deposited by
electrodeposition method at different percentage
molar concentration [1].

2. METHODOLOGY

2.1 Electrodeposition of Silver Sulphide
(Ag2S) and Cerium Doped Silver
Sulphide(Ce: Ag,S) Thin Films

For electrodeposition of silver sulphide thin film
on FTO substrate, aqueous electrolytic bath

composed of 20 ml of 0.05M of silver trioxonitrate
(V) was used to dissolve 0.7 g of EDTA to form
complex solution. After stirring for 5 minutes, 20
ml of 0.05M of sodium thiosulphate was added to
the solution. The mixture was stirred for another
10 minute to totally dissolve the EDTA. The three
electrodes were immersed into the bath
containing the electrolytic solution and 1.5 volts
was allowed to pass through the setup for 120
seconds (2 minutes). After the allowed time, dark
film of Ag2S was found to be deposited on the
conductive surface of the FTO substrate. The
deposited AgzS thin film was heat-treated at
100 °C for 10 minute to remove water and
increase the crystallinity of the deposited thin
film. The mechanism of the formation of silver
sulphide and cerium doped silver sulphide is
shown in equation (1) and (2).

24g%Y +S* +e” — Ag,S (1)
2AgT + 5% + Ce*t +4e” — Ce:Ag,S  (2)

2.2 Optimization of Ce lon Concentration
for Ce: Ag,S Thin Films

For the deposition of Ce doped AgQg2S
thin  films, 005 M of cerium (IV)
tetraoxosulphatetetrahydrate was used. Similar
procedure used for deposition of silver
sulphidethin film was adopted but with addition of
different volume concentrations of 0.05 M of
cerium (V) tetraoxosulphatetetrahydrate as
shown in Table 1. Four samples with different
dopant volume concentrations of 1 ml, 2 ml, 3 ml
and 4 ml were fabricated.

2.3 Optical Characterization
The optical absorbance of the films deposited

was obtained using spectrophotometer (model:
756S UV — VIS). Other optical properties of the
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Table 1. Bath parameter for deposition of Ag.S and Ce doped Ag»S thin films

0.05 M of 0.05 M of 0.05 M of EDTA Applied Time
AgNO; Na»S203 CeS04-4H,0 Voltage
Vol. (ml) Vol. (ml) Vol. (ml) Conc. (9) (volts) (sec.)
20.00 20.00 - 0.70 1.50 120
20.00 20.00 1.00 0.70 1.50 120
20.00 20.00 2.00 0.70 1.50 120
20.00 20.00 3.00 0.70 1.50 120
20.00 20.00 4.00 0.70 1.50 120
flms such as transmittance, reflectance, Where c is the speed of light.
refractive index, extinction coefficient, real

dielectric constant, imaginary dielectric constant
and energy band gap were evaluated using the
formulae below;

Transmittance of the film was evaluated using

equation (3) given by Muomeliri et al. [1],
Lokhande et al. [2]
T=10"4 3)

Reflectance was obtained using the expression
in equation (4) as given by Ismail et al. [3],
Augustine et al. [4], Guneri [5].

R=1—|[T-exp exp(A)]% (4)

The absorption coefficient (o) was calculated
from the transmittance values using the equation
(5) as given by Murali and Aryasomayajula [6],
Sagadevan and Das [7], Bekkari et al. [8].

a=2(3). (5)

Where t is the thickness of the film obtained
using equation (3) above.

Extinction coefficient was obtained using
equation (6) as given by Abouda et al. [9], Tezel
et al. [10], Ongwen et al. [11].

_ a2
k= — (6)
Refractive indices of the films were calculated
using equation (7) as given by Ismail et al. [3],
Sreedev et al. [12], Guneri and Kariper [13].

1+R 4R
nm=1x + (1-R)2

Optical conductivity was estimated using
equation (8) as given by Kariper [14], Mahrov et
al. [15], Mushtaq et al. [16].

g, ==K, ®)

o am

The energy band gap was estimated using
Tauc’s model of equation (9) as given by Abouda
et al. [9], Ohwofosirai et al. [17], Tauc et al. [18]

(ahv)" = B(hv — Ej). 9)

Where S is a constant, n = 2 for direct band gap.
The energy band gaps of the films were obtained
by extrapolating the straight portion of the plot of
(ahv)? against the photon energy (hv) at
(ahv)? = 0.

3. RESULTS AND DISCUSSION

3.1 Optical Properties of Ag.S with
Variation of Percentage
Concentration of Cerium Dopant

Fig. 1 showed the plot of absorbance against
wavelength for silver sulphide and cerium doped
silver sulphide thin films deposited at different
concentration of cerium ion precursor. The
absorbance of Ag:S and Ce-doped silver
sulphide (Ce:Ag2S) thin films varies significantly
across different wavelengths, with Ce doping
consistently enhancing absorbance as the
concentration increases. The undoped Ag2S film
exhibits the lowest absorbance, with values of
30.12% at 365 nm, 28.95% at 400 nm, 24.45% at
700 nm, and 24.33% at 1100 nm, showing a
gradual decline with increasing wavelength. In
contrast, the Ce-doped films demonstrate higher
absorbance, starting with Ce: 2.5%, which shows
improved values of 32.38%, 31.53%, 27.58%,
and 29.06% at the respective wavelengths. The
Ce: 5.0% film further increases absorbance to
32.56%, 31.69%, 28.50%, and 29.57%,
particularly in the UV and visible regions. The
Ce: 7.5% film continues this trend with
absorbance values of 33.54%, 33.32%, 32.09%,
and 33.50%, indicating significant improvement
across the visible and near-infrared regions. The
Ce: 10.0% film exhibits the highest absorbance
values of 41.72%, 41.58%, 38.79%, and 39.10%,
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showing a substantial enhancement across the
entire spectrum. These results confirm that
increasing Ce concentration significantly boosts
the absorbance of Ag2S thin films, with the Ce:
10.0% film being the most effective in absorbing
UV, visible, and near-infrared light, making it a
strong candidate for applications in photovoltaics
and optical devices.

Fig. 2 showed the plot of transmittance against
wavelength for silver sulphide and cerium doped
silver sulphide thin films deposited at different
concentration of cerium ion precursor. The
transmittance of Ag2S and Ce-doped AgQ2S thin
films shows a clear decreasing trend as the
concentration of cerium increases across the UV,
visible, and near-infrared regions. The undoped
Ag:S film exhibits the highest transmittance, with
values of 49.99% at 365 nm, 51.34% at 400 nm,
56.94% at 700 nm, and 57.11% at 1100 nm,
indicating high transparency. In contrast, the Ce-
doped films progressively show reduced
transmittance as Ce concentration increases. For
Ce: 2.5%, transmittance decreases slightly to
47.45% at 365 nm, 48.38% at 400 nm, 52.99% at
700 nm, and 51.22% at 1100 nm. This trend
continues with Ce: 5.0%, with values of 47.25%,
48.21%, 51.88%, and 50.62%, showing more
light absorption. Ce: 7.5% shows a more
pronounced decrease, with transmittance of

46.19%, 46.43%, 47.76%, and 46.24%,
indicating significantly reduced transparency.
Finally, Ce: 10.0% exhibits the Ilowest

transmittance, with values of 38.26%, 38.39%,
40.94%, and 40.64%, demonstrating a
substantial reduction in light transmission and
increased absorption across all regions. The
increasing Ce concentration results in reduced
transmittance, making the films more absorptive,
especially at higher concentrations, where Ce:
10.0% is the least transparent and most effective
for applications requiring light absorption.

Fig. 3 showed the plot of reflectance against
wavelength for silver sulphide and cerium doped
silver sulphide thin films deposited at different
concentration of cerium ion precursor. The
reflectance data for undoped Ag2S and Ce-
doped Ag:S thin films, across the UV (365—-400
nm), visible (400-700 nm), and near-infrared
(700-1100 nm) regions, reveal subtle variations
with increasing Ce concentration. The undoped
Ag2S film shows the lowest reflectance values,
starting at 19.90% at 365 nm, 19.71% at 400 nm,
18.60% at 700 nm, and 18.56% at 1100 nm,
indicating relatively low light reflection. For Ce:
2.5%, the reflectance increases slightly across all

regions, with values of 20.17%, 20.09%, 19.43%,
and 19.72%, reflecting more light compared to
the undoped sample. The reflectance for Ce:
5.0%continues this trend, with values of 20.19%,
20.10%, 19.62%, and 19.81%, showing a
gradual increase in reflection. The Ce: 7.5% film
shows a further increase, especially in the visible
and near-infrared regions, with values of 20.26%,
20.25%, 20.15%, and 20.26%. Lastly, the Ce:
10.0% film exhibits the highest reflectance, with
values of 20.01%, 20.03%, 20.27%, and 20.26%,
showing a consistent increase across the
spectrum. From the results obtained, Ce doping
slightly increases the reflectance of Ag2S films,
with higher Ce concentrations leading to higher
reflectance, especially in the near-infrared
region. This suggests that as Ce concentration
increases, the films reflect more light, potentially
reducing their effectiveness for absorption-based
applications but increasing their suitability for
applications where light reflection is desired.

Fig. 4 showed the plot of extinction coefficient
against wavelength for silver sulphide and cerium
doped silver sulphide thin films deposited at
different concentration of cerium ion precursor.
The extinction coefficient values for Ag.S and
Ce-doped Ag2S thin films across different Ce
concentrations provide insight into how light is
absorbed by the material as it propagates
through it. For the undoped AgQ:S film, the
extinction coefficient starts at 1.83 x 10~! at 365
nm, increases to 1.93 x 107! at 400 nm, 2.85
x 1071 at 700 nm, and peaks at 4.46 x 107! at
1100 nm, indicating significant absorption,
particularly in the near-infrared region. For Ce:
2.5%, the extinction coefficient slightly
decreases, with values of 1.64 x 10! at 365
nm, 1.75 x 10~! at 400 nm, 2.68 x 10~ at 700
nm, and 4.44 x 10! at 1100 nm, suggesting
reduced absorption compared to the undoped
film. As the Ce concentration increases to Ce:
5.0%, the extinction coefficient further decreases,
with values of 1.24 x 107!, 1.32 x 1071, 2.08
x 1071, and 3.39 x 1071, reflecting even lower
absorption. For Ce: 7.5%, the extinction
coefficient remains relatively low, with values of
1.13 x 107 at 365 nm, 1.23 x 10~! at 400 nm,
2.08 x 107! at 700 nm, and 3.41 x 107! at 1100
nm, continuing the trend of reduced absorption.
Finally, for Ce: 10.0%, the extinction coefficient
increases slightly compared to the 7.5% film, with
values of 1.26 x 1071, 1.38 x 107!, 2.25 x
107!, and 3.57 x 107!, suggesting improved
absorption at higher Ce concentrations,
particularly in the near-infrared region. The
results revealed that the undoped Ag2S film
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shows the highest extinction coefficient,
while doping with Ce generally reduces the
extinction coefficient, with the 5.0% and 7.5%
Ce-doped films exhibiting the lowest values.
However, the 10.0% Ce-doped film shows a
slight increase, indicating that at higher Ce
concentrations, absorption properties improve
again.

Fig. 5 showed the plot of refractive index against
wavelength for silver sulphide and cerium doped
silver sulphide thin films deposited at different
concentration of cerium ion precursor. The
refractive index values for Ag2S and Ce-doped
Ag2S  thin  films across different Ce
concentrations demonstrate how light is slowed
down in these materials as it travels through
them. For the undoped Ag:S film, the refractive
index starts at 2.60 at 365 nm, decreases to 2.58
at 400 nm, 2.48 at 700 nm, and further drops to
2.42 at 1100 nm, indicating a decline in the
refractive index as the wavelength increases. For
Ce: 2.5%, the refractive index values slightly
increase compared to the undoped film, with
values of 2.62 at 365 nm, 2.61 at 400 nm, 2.54 at
700 nm, and 2.51 at 1100 nm, suggesting a more
stable refractive behavior across the spectrum.
The Ce: 5.0% film continues this increasing
trend, with values of 2.63, 2.62, 2.57, and 2.55,
indicating higher refractive indices across all
wavelengths, which implies improved light-matter
interaction. For Ce: 7.5%, the refractive index
values further increase to 2.63 at 365 nm, 2.63 at
400 nm, 2.61 at 700 nm, and 2.58 at 1100 nm,
highlighting the enhancing effect of higher Ce
doping levels on refractive properties. The Ce:
10.0% film shows similar values, with 2.61 at 365
nm, 2.61 at 400 nm, 2.62 at 700 nm, and 2.58 at
1100 nm, indicating that the refractive index

55

remains relatively high at higher Ce
concentrations. From the results, Ce doping
resulted in an increase in the refractive
index of Ag2S thin films, with the effect
becoming more pronounced at higher Ce
concentrations. This increase in refractive index
suggests that Ce-doped films exhibit improved
optical density, which could be beneficial for
applications that require higher refractive
materials, such as in photonic devices or optical
coatings.

Fig. 6 shows the plot of (ahv)?versus photon
energy for Ag2S and Ce-doped Ag:S thin films at
different Ce concentrations, from which the
energy band gaps were estimated by
extrapolating the linear portion of each graph
along the photon energy axis where
(ahv)? equals zero. For undoped Ag:S, the
energy band gap was determined to be 2.00 eV.
As the Ce concentration increased, the band gap
decreased, with Ce: 2.5%, 5.0%, 7.5%, and
10.0% showing band gaps of 1.90 eV, 1.80 eV,
1.70 eV, and 1.65 eV, respectively. This trend
indicates that Ce doping effectively reduces the
energy band gap of AgzS thin films, enhancing
their optical absorption capabilities and making
them more suitable for applications requiring
efficient light absorption, such as solar energy
harvesting and optoelectronic devices. The
obtained band gap of silver sulphide is within
band gap range of 2.10 to 2.2 eV reported by
Nwofe and Agbo [19] and 2.01 to 2.23 eV
obtained by Adelifard and Torkamani [20]. The
decrease in band gap consistent with previous
studies that have reported band gap narrowing
due to the introduction of impurity energy levels
within  the band  structure of doped
semiconductors [21,22].
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Fig. 1. Plot of absorbance against wavelength for cerium doped silver sulphide thin films
deposited at different concentration of cerium ion precursor

817



Okafor et al.; J. Mater. Sci. Res. Rev., vol. 7, no. 4, pp. 813-823, 2024, Article no.JMSRR.126775

70

— Agzs
—o—Ce: 2.5%
—4— Ce: 5.0%
—v— Ce: 7.5%
—¢— Ce: 10.0%

o]
o
1

[
o
)

Transmittance (%)

N
o
1

400 500 600 700 800 900 1000 1100
Wavelength (nm)
Fig. 2. Plot of transmittance against wavelength for cerium doped silver sulphide thin films
deposited at different concentration of cerium ion precursor
220

—=—Ag,S
18.04 ¢ Ce: 2.5%
—4&— Ce: 5.0%
1754~ Ce: 7.5%
—+— Ce: 10.0%

400 500 600 700 800 900 1000 1100
Wavelength (nm)
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Fig. 8. Plot of imaginary dielectric constant against wavelength for cerium doped silver
sulphide thin films deposited at different concentration of cerium ion precursor

Fig. 7 showed the plot of real dielectric constant
against wavelength for silver sulphide and cerium
doped silver sulphide thin films deposited at
different concentration of cerium ion precursor.
The real dielectric constant (g,) of AgzS and Ce-
doped AgzS thin films shows an overall increase
with increasing Ce concentration, indicating
enhanced optical energy storage capabilities. For
the undoped Ag:S, the real dielectric constant
starts at 6.70 at 365 nm and decreases gradually
to 5.64 at 1100 nm, suggesting reduced dielectric
properties at longer wavelengths. In contrast, the
Ce-doped films exhibit progressively higher
dielectric constants compared to the undoped
film, with Ce: 2.5%, 5.0%, 7.5%, and 10.0%
showing improvements across the wavelength
range, reaching up to 6.83, 6.88, 6.91, and 6.81
at 365 nm, respectively. The highest values are
observed for the Ce: 7.5% film, with a real
dielectric constant of 6.91 at 365 nm and 6.56 at
1100 nm, indicating that doping with Ce

enhances the dielectric properties, especially at
intermediate concentrations. The results suggest
that Ce doping effectively improves the dielectric
constant of Ag.S thin films, enhancing their
potential for use in electronic and optoelectronic
devices where higher dielectric properties are
advantageous.

Fig. 8 showed the plot of imaginary dielectric
against wavelength for silver sulphide and cerium
doped silver sulphide thin films deposited at
different concentration of cerium ion precursor.
The imaginary dielectric constant ;0f Ag2S and
Ce-doped Ag:2S thin films provides insight into
the material's optical loss properties. For the
undoped Ag2S film, the imaginary dielectric
constant starts at 0.95 at 365 nm, increases to
0.99 at 400 nm, further rises to 1.41 at 700 nm,
and reaches 2.15 at 1100 nm, indicating an
increasing trend in energy loss as the
wavelength increases. For Ce: 2.5%, the
imaginary dielectric constant is slightly lower
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across all wavelengths compared to the undoped
film, with values of 0.86, 0.91, 1.36, and 2.22 at
365 nm, 400 nm, 700 nm, and 1100 nm,
respectively, suggesting a moderate reduction in
energy dissipation. The Ce: 5.0% film shows a
further reduction in the imaginary dielectric
constant, with values of 0.65, 0.69, 1.07, and
1.73, indicating a significant reduction in energy
loss, especially at shorter wavelengths. For Ce:
7.5%, the imaginary dielectric constant values
are 0.60 at 365 nm, 0.65 at 400 nm, 1.08 at 700
nm, and 1.76 at 1100 nm, continuing the trend of
reduced energy dissipation compared to
undoped Ag.S. Finally, for Ce: 10.0%**, the
imaginary dielectric constant increases slightly,
with values of 0.66, 0.72, 1.18, and 1.84,
indicating a slight increase in energy loss at
higher Ce concentrations, particularly in the near-
infrared region. Ce doping of Ag2Sgenerally
reduces the imaginary dielectric constant of the
thin films, suggesting a decrease in energy
dissipation, with the lowest values observed for
the 5.0% and 7.5% Ce-doped films, which could
be beneficial for applications requiring minimal
energy loss, such as in optoelectronic devices
and solar cells.

Fig. 9 showed the plot of optical conductivity
against wavelength for silver sulphide and cerium
doped silver sulphide thin films deposited at
different concentration of cerium ion precursor.
The optical conductivity g, values forAg.S and
Ce-doped Ag@:S thin films show notable
variations across different Ce concentrations and
wavelength ranges, highlighting the effect of
cerium doping on the optical properties of these
films. For the undoped AgQ.S film, the optical
conductivity is highest, starting at 3.91 x 10%*s1
at 365 nm, decreasing to 3.73 x 10*s~1 at 400

4.0

nm, 3.03 x 10'*s~1 at 700 nm, and dropping to
2.92 x 10™s~1 at 1100 nm, indicating a general
decrease in optical conductivity with increasing
wavelength. For Ce: 2.5%, the optical
conductivity slightly decreases compared to the
undoped film, with values of 3.53 x 10*s~! at
365 nm, 3.43 x 10%s™! at 400 nm, 2.92
x 10%s~1 at 700 nm, and an increase to 3.02
x 10%s~! at 1100 nm, suggesting a moderate
enhancement of optical conductivity in the near-
infrared region. The Ce: 5.0% film shows a
significant reduction in optical conductivity, with
values of 2.67 x 10%s~' , 259 x 10%s~1 |
2.29x 10%s~!, and 2.35 x 10s~! at 365 nm,
400 nm, 700 nm, and 1100 nm, respectively,
indicating a reduction in optical response
possibly due to a decrease in free charge
carriers. For Ce: 7.5%, the optical conductivity
values further decrease to 2.45 x 10%%s71
243 x 10™s71 |, 2.32 x 10™s71 , and 2.40
x 10*s~1 | continuing the trend of reduced
optical response. However, for Ce: 10.0%, the
optical conductivity increases again to 2.71 x
10%s~1, 2.70x 10™s~1, 2.52x 10™s~!, and
2.51 x 10%s~1, particularly in the visible and
near-infrared regions, indicating a partial
recovery in optical properties. The results
revealed that the introduction of Ce doping
reduces the optical conductivity of Agz2S thin
films, with the highest reduction observed for the
5.0% and 7.5% concentrations, while a slight
recovery is noted at 10.0%. This trend suggests
that Ce doping influences the carrier
concentration thereby impacting the material's
ability to conduct optical energy, which could
affect their potential applications in optoelectronic
devices.

.
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—o—Ce: 2.5%
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Fig. 9. Plot of optical conductivity against wavelength for cerium doped silver sulphide thin
films deposited at different concentration of cerium ion precursor
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4. CONCLUSION

The results of the optical investigation of silver
sulphide and cerium doped silver sulphide thin
films with different percentage concentration of
cerium dopant showed the influence of cerium
dopant on the optical properties of the
electrodeposited thin films. Absorbance results
confirm that increasing Ce concentration
significantly boosts the absorbance of AgzS thin
films, with the Ce: 10.0% film being the most
effective in absorbing UV, visible, and near-
infrared light, making it a strong candidate for
applications in photovoltaics and optical devices.
Increasing Ce concentration results in reduced
transmittance, making the films more absorptive,
especially at higher concentrations, where Ce:
10.0% is the least transparent and most effective
for applications requiring light absorption. Ce
doping slightly increases the reflectance of Ag2S
films, with higher Ce concentrations leading to
higher reflectance, especially in the near-infrared
region. This suggests that as Ce concentration
increases, the films reflect more light, potentially
reducing their effectiveness for absorption-based
applications but increasing their suitability for
applications where light reflection is desired. For
extinction coefficient, the results revealed that
the undoped Ag.S film shows the highest
extinction coefficient, while doping with Ce
generally reduces the extinction coefficient, with
the 5.0% and 7.5% Ce-doped films exhibiting the
lowest values. However, the 10.0% Ce-doped
film shows a slight increase, indicating that at
higher Ce concentrations, absorption properties
improve again. Ce doping resulted in an increase
in the refractive index of AgzS thin films, with the
effect becoming more pronounced at higher Ce
concentrations. This increase in refractive index
suggests that Ce-doped films exhibit improved
optical density, which could be beneficial for
applications that require higher refractive
materials, such as in photonic devices or optical
coatings. Ce doping effectively reduces the
energy band gap of Ag2S thin films, enhancing
their optical absorption capabilities and making
them more suitable for applications requiring
efficient light absorption, such as solar energy
harvesting and optoelectronic devices. The
obtained band gap of silver sulphide is within
band gap range of 2.10 to 2.2 eV and 2.01 to
2.23 eV. The decrease in band gap consistent
with previous studies that have reported band
gap narrowing due to the introduction of impurity
energy levels within the band structure of doped
semiconductors. It could also be seen from the
result that Ce doping effectively improves the

dielectric constant of Agz2S thin films, enhancing
their potential for wuse in electronic and
optoelectronic devices where higher dielectric
properties are advantageous. Ce doping of Agz
Sgenerally reduces the imaginary dielectric
constant of the thin films, suggesting a decrease
in energy dissipation, with the lowest values
observed for the 5.0% and 7.5% Ce-doped films,
which could be beneficial for applications
requiring minimal energy loss, such as in
optoelectronic devices and solar cells. The
results revealed that the introduction of Ce
doping reduces the optical conductivity of Ag2S
thin films, with the highest reduction observed for
the 5.0% and 7.5% concentrations, while a slight
recovery is noted at 10.0%. This trend suggests
that Ce doping influences the carrier concentration
thereby impacting the material's ability to conduct
optical energy, which could affect their potential
applications in optoelectronic devices.
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