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Influence of Lithium Sulfide Weight
Ratio on Optical and Electrical
Properties of Blend Solid
Electrolytes Based on
Chitosan/Polyvinylpyrrolidone

The most popular electrochemical energy storage technology in the future will be solid-
state lithium batteries, which have a high energy density, a small size, can work in a
wide range of temperatures, and are easy to picaresque to produce biocompatible

chitosan/polyvinylpyrrolidone (CS:PVP) polymer blends at a constant weight ratio of
50:50 with different lithium sulfide proportions. The synthesized samples were tested
using FTIR, UV-visible, and alternating current conductivity. FTIR showed two peaks,
confirming chitosan and PVP. Adding lithium and sulfide ions changed the polymer
matrix hydrogen bonding network. The material's electrical structure changed when
lithium sulfide content increased because UV-visible spectroscopy showed the optical
bandgap narrowed. Lithium sulfide salt improved electronics, especially ionic
conductivity. Highest ionic conductivity (2.9x1073 S/cm) was achieved at 37.5 wt.%
lithium sulfide concentration at ambient temperature, highlighting its potential in

advanced solid-state battery technologies.
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1. Introduction

Over the past two decades, the increasing demand
for portable communications gadgets, laptops, and
hybrid electric cars has triggered a paradigm change in
lithium battery development [1]. Due to its numerous
advantages, high energy density, extended cycle life,
and memory effect. Since they were first sold in 1991,
the density of energy stored in lithium-ion batteries
(LIBs) increased significantly. Researchers and
developers are creating better active electrode
materials, more efficient electrolytes, and the best ways
to build cells [2]. The electrolytes employed in
conventional lithium-ion batteries are organic liquids
characterized by high ionic conductivity; the efficiency
of lithium-ion batteries is influenced by their
flammable characteristics, posing a significant safety
risk. The increased safety, ease of manufacturing, and
superior flexibility of solid polymer electrolytes have
made them a popular replacement for liquid
electrolytes [3]. Consumer electronics have shifted
their focus to lithium-ion batteries (LIBs) because of
their superior performance and remarkable cost-
effectiveness. The electrolyte, cathode, anode, and
separator are the four primary parts of a conventional
lithium-ion battery. Among the many essential
components of a LIB, the electrolyte has a significant
impact on the safety, capacity, and operational aspects
of the cycle [4]. In the past three decades, considerable
attention has been directed into polymer electrolytes
and their potential application in rechargeable lithium-
ion batteries [5]. Chitosan is characterized by its linear
polysaccharide structure and is a widely used natural
polymer. Chitosan, a derivative of chitin with a high
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concentration of N-acetyl, is another remarkable
discovery. The industrial and biological applications of
chitosan have led to its recent extensive utilization.
Physicochemical changes, such as mechanochemical
disorganization, plasma treatment for amorphization,
and copolymerization, can make properties of chitosan
very different [6]. A highly effective method for
obtaining novel materials for film production is
blending [7]. The decisive factor for the choice was the
excellent optical, mechanical, and electrical properties
of polyvinyl pyrrolidone (PVP). PVP is compatible
with various materials and quickly produces films with
a high specific surface area. Organic solvents and
distilled water are optimal ideal for dissolving PVP.
Low scattering loss improves the optical application
possibilities and leads to better dispersion and surface
formation [8]. The electrochemistry community has
long been interested in Li/S technology [9]. Li-S
batteries (LSBs) offer advantages compared to Li-ion
batteries (LIBs), but also present unique challenges.
Other important features include lifespan, Coulomb
efficiency (CE), and self-discharge, which is a new
enable era in electric car technology and energy storage
on the grid [10]. The aim of the work investigates how
lithium sulfide concentration weight ratio on optical
and ionic conductivity.

2. Experimental Part

Chitosan (Cs) with medium molecular weight (75-
85% deacetylate), chemical formula (C2H4O)s, the
exporter's laboratory compounds were supplied by
Alpha Chemika India and used to produce an extra
specially purified product, with a degree of
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deacetylation of 86%. Polyvinylpyrrolidone (PVP)
(MW 40.000, purity>99%) was supplied by Sigma
Aldrich Cchemicals Ltd., India. Lithium sulfide (Li,S)
has a molecular weight of 45.95, a specific heat of
938°C, a boiling point of 1372°C, and a powdery
appearance, was supplied by Sigma Aldrich. lodine (1)
of molecular weight 253.81 g/mol was supplied by
BDH Limited Poole England.

The solution casting method used to fabricate the
samples was tabulated in table (1). A fixed ratio
(CS:PVP) of 50:50 was used, and the amounts of Li,S
were 7.5, 15, 22.5, 30, 37.5 %, and I, with a salt content
of 10 wt.%. The first step was to dissolve 0.5 g of CS
in 40 mL of distilled water containing 1% acetic acid.
The mixture was brought to 50 °C and continuously
stirred using a magnetic stirrer for approximately 5
hours. In comparison, 0.5 g of PVP polymer was
dissolved in 5 mL of distilled water containing 1%
acetic acid. The PVP solution was added to the CS
solution and continuously stirred for 2 hours until a
homogeneous agqueous solution was obtained. The next
step was to dissolve Li,S and I, in 5 mL of dimethyl
sulfoxide (DMSO) in a glass vessel. The mixture was
stirred continuously for 15 min using a magnetic stirrer.
The synthesized mixture (Li,S:I,) was gradually added
to the polymer blend and stirred continuously for at
least 10 hours. Films containing different amounts of
Li,S and I, salts were prepared using the same
methods. Finally, the solution mixture was applied to
several dry plastic Petri dishes and evaporated to form
a dry, solid film.

3. Results and Discussion

Fourier-transform infrared (FTIR) spectroscopy is a
crucial tool in modern analytical chemistry and is
widely used to examine various vehicles by elucidating
their complex chemical structures and functional
groups. This is highly beneficial for understanding the
complex chemical composition, bond configurations
and structural properties of materials. The
understanding and manipulating the materials
underlying modern technologies and industries depend
significantly on FTIR. All aspects have been carried out
with great attention to detail, from polymer
characterization to material composition analysis to
monitor the quality control process [11]. The FTIR
result of polymer blends (CS:PVP) was obtained, as
shown in Fig. (1) and table (2). The presence of
hydroxyl groups (‘OH), likely produced from chitosan,
is demonstrated by the prominent peak at 3261.63 cm™.
The C=0 stretching vibration of PVP, peaking at
1647.21 cm?, identifies one of the related functional
groups [12]. This bond links the symmetrical stretching
vibrations of CH to the peaks at 2926.01 and 2856.58
cm?, respectively [13]. The deformation mode of the
C-H symmetric group is responsible for the sharp peaks
at 1371.39 and 1421.54 cm™, while C-O stretching
vibration in chitosan is responsible for the broad peaks
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at 1056.99 and 1018.41 cm™*. The C=0O-NH group was
associated with a high absorption at 1560.41 cm™ [14].
The peaks at 948.98 and 839.03 cm! are in agreement
to the stretching of C-O and the rocking of CHy,
respectively [15]. The separate peaks indicate that the
chitosan and PVP molecules have interacted and
formed a combination.

pure blends (CS: PVP)
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Fig. (1) FTIR spectrum of pure blends (CS:PVP)

Table (2) Bands type and energies for pure blends (CS:PVP)
with different ratio of Li,S

BandType | CS:PVP__ | CSIPVPILIS
oH 326163 341972
2926.01
CH 2856.58
=0 164721 166843
C=O-NH 1560 41 ;
CH | 948.98-839.03 :
CHz - 131352

Figure (2) shows the FTIR spectrum of samples B1,
B2, B3, B4, and B5 containing a mixture of CS:PVP
with different weight percentages of Li,S. The
stretching vibration of the hydroxyl bond accounts for
the broad band observed at around 3419.72 cm™. The
increased intensity of these peaks due to the addition of
PVP and further deepening by Li,S suggests
interactions between Li* ions and the hydroxyl groups
of the carbonyl groups of PVP [16]. The characterized
swath of chitosan suggests that hydrogen bonds may
exist between PVP and CS., which is located at 1668.43
cm®, The peak 1668.43 cm™ is indicative of the
elongation of the carbonyl set C=0. Additionally, with
regard to the CH alteration phases of the CH, group are
the peaks at 1313.52 cm™ [17].

The analysis of the significance of optical
characteristics in the visible and ultraviolet spectra,
including band gap energy (Eg) and polymer
composites, is facilitated by UV-visible spectroscopy.
and other optical features can be easily determined
from UV-visible spectroscopic measurements in the
range 200-1100 nm [18]. The UV/visible spectroscopy
has emerged as a significant tool for estimating

PRINTED IN IRAQ 281



fﬁ' N rraq Journal of

IRAQI JOURNAL OF APPLIED PHYSICS

polymers' optical gap energy. An association between
the optical absorption edge and the optical gap energy
may be established using Tauc's equation (Eq. 1). By
extrapolating the spectrum and identifying its
intersection with the abscissa, we can determine the
optical gap energy (Eg). Tauc's equation, essential for
this analysis, is provided as [19]

ochv = A(hv — Eg)2 ()]
where h is Planck's constant, v is the photon's
frequency, a is the absorption coefficient, and A is a
proportionality constant [20]
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Fig. (2) FTIR spectra of pure blends (CS:PVP) with different
ratio of Li,S

Due to reach saturation. The Eg4 values for A0-A5
with and without wt.% Li,S are display in Fig. (3) and
table (3). The optical energy gap values are contingent
upon the weight percentage of Li,S, which leads to a
decrease in the optical energy gap with an increased
Li2S weight ratio. A smaller bandgap is the outcome of
an increase in the shift of the conduction and valence
bands and an improvement in carrier-carrier interaction
brought about by a high concentration of carriers in
these bands.

Table (3) Variation of energy gap of Cs:PVP blends with and
without different concentrations of Li,S

Assignment | Eg4(eV)
B0 34
B1 3.1
B2 25
B3 244
B4 2.38
B5 2.03

By analyzing Nyquist plots, one can identify and
connect the analogous circuit elements in a way that
follows the Nyquist form. As a result, obtaining the AC
curve is the first and foremost step in evaluating surface
characteristics. The electrical circuit simulation is
subsequently used for this purpose (see Fig. 4) [21]. As
expected, the system with the lowest Rb concentration
maximizes the AC ionic conductivity. As the salt
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content in the solution increases, the bulk resistance
diminishes, and the ionic conductivity enhances. The
higher concentration of mobile ions (cation and anion)
in the solid electrolytes and the higher rate at which
salts break apart improve the conductivity. The AC
conductivity has been calculated for all electrolyte
systems using the following equation:

l
o= oS 2
where [, Ry, and S are thickness of film, the resistance
of sample, and the mean area of the electrodes [22] as

display in Fig. (4) and table (4)
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Fig. (3) Relationship between (¢hv)? and photon energy (hv) for
Cs:PVP mixtures with different weight ratios of Li,S

Table (4) The ionic conductivity of samples with and without
Li,O at room temperature

Samples | R»(Q) | Conductivity (S/cm)
BO 2560000 0.7x10%
B1 500 6.9x10+
B2 310 1.12x104
B3 100 3.49x104
B4 50 6.9x10+4
B5 12 2.9x108

The ionic conductivity of the polymers as a function
of temperature and Li.S wt.% is shown in Fig. (5),
which describes the increasing ionic conductivity with
increasing Li,S content, reaching a high value at 37.5
wt.%. The ionic conductivity values of the electrolyte
B5 (2.9 x 1072 S.cm™) at 25 °C. The ions move from a
location to another by orbiting the specific oxygen sites
of the polymer. At elevated salt concentrations,
conductivity saturation can occur due to ion-ion
interactions [23]. As the concentration of Li,S
increases, the cluster enlarges, resulting in the
significant increase in conductivity, which shows that
the ionic conductivity increases when the concentration
reaches 37.5% [24].

The study of the interactions between polymer
plasticizers and their constitution and ionic mobility is
facilitated by dielectric relaxation. Dielectric qualities
can be described in various methods, including the
terahertz material, relative permittivity, loss tangent,
dielectric constant, microwave reflection coefficient,
and split post-dielectric resonance technique [25]. The
fundamental explanation for the relationship between
applied electric field frequency and dielectric constant

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

Iraqi Journal of
Applied Physics

AP

Vol. 21, No. 2, April-June 2025, pp. 280-285

is the impact of field frequency on material polarization
[26].
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Fig (4) Nyquist plots for pure mixtures and pure mixtures
containing different weight percentages of Li,S

Figure (6) illustrates the relationship between the
frequency of the mixed compounds and the true
dielectric constant. It demonstrates that the true
dielectric constant decreases as the frequency
increases; this decrease in the dielectric constant at
higher frequencies results from the dielectric dispersion
increase. This phenomenon can be attributed to the
behavior of polar materials, which initially have high
real dielectric values. This can be explained by the fact
that dipoles cannot respond to rapid field changes at
higher frequencies, in addition to the presence of
polarization effects. At higher frequencies, the electric
field also experiences rapid periodic reversals due to
the absence of excess ion diffusion in the field's
direction. Consequently, the dielectric of all samples
decreases as the frequency increases [27].
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4. Conclusion

There is a significant demand for battery
technologies that are characterized by substantial
capacities and high energy densities, driven by the
increasing prevalence of electric cars and large-scale
energy storage systems. A mixture of CS:PVP with
certain ratios was fabricated using a solution casting
technique with the addition of different weight percent
of Li,S. A significant interaction between the polymer
(CS:PVP) and Li,S was revealed, which causes slight
changes in the position of the stretching modes,
indicating its effect on the interactions with
electrolytes. The energy gap decreased as the
proportion of Li,S salt increased. It was observed that
the ionic conductivity increases with increasing salt
concentration of Li,S and the electrolyte B5 contains
37.5% of Li,S owned highest ionic conductivity
2.9x10% S/cm. The dielectric constant decreases with
increasing frequency for all samples, this behavior
being due to the dissociation of ions.
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Table (1) Composition of electrolytes system

Samples Chitosan Ace.tic Polyvinylpyrrolidone :&T;:;?gl Lithiu.m Sulfide lodine (I2) g:l‘fl:)t(?gcle
(CS) Acid (PVP) (DMSO) (Li2S) % (9) (DMSO)
BO 0.5 40 ml 05 5ml 0 0.0000 5ml
B1 0.5 40 ml 05 5ml 75 0.0414 5ml
B2 05 40 ml 0.5 5ml 15 0.0829 5ml
B3 0.5 40 ml 05 5ml 225 0.1243 5ml
B4 0.5 40 ml 05 5ml 30 0.1657 5ml
B5 0.5 40 ml 0.5 5ml 375 0.2071 5ml
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