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Abstract

Liquid electrolytes were prepared using PEG200
as host polymer and NH4SCN as ionic dopant with
different concentration. The prepared liquid electrolytes
were characterized by UV-VIS, FTIR, and ac impedance
spectroscopic  techniques. Transmittance of the
electrolytes can be controlled by ionic dopant especially at
UV wavelength region. Complex nature of liquid
electrolytes is confirmed by FTIR analysis. DC
conductivity of the liquid electrolyte is calculated as 0.32
mS/cm for 0.25g NH4SCN added system. It is also
observed that dc conductivity mechanism dominates for
all liquid electrolytes.
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1. Introduction

A number of batteries with H+, Li+ and Na+ ions were
developed. Many studies were reported on Li+ based
batteries because of the availability of good lithium ion
conductors and large electrochemical stability window [1-
4]. High cost and difficulty in handling lithium electrodes
are few problems associated with Li+ based batteries.
Proton batteries in spite of its low electrochemical stability
window can be considered as alternative to Li+ - based
batteries in view of its cost effectiveness [5]. Many
attempts have already been made to develop proton
batteries using liquid electrolytes as well as polymer
electrolytes because of its attractive features such as:

« Ease of fabrication

« Safe

% Less expensive

« Environmentally friendly

One of the important advantages of using liquid electrolyte
is higher electrode-electrolyte contact area than other
solid or polymer electrolytes. Liquid electrolyte also plays
the role of conducting proton ions through it and not
allowing electrons to flow. It is important to prepare the
electrolyte that shows higher ionic conductivity and good
electrochemical window. PEG is one of the polymers which
occur in liquid state at low molecular weight [6-8]. PEG200,
PEG400, PEG600 are appeared in liquid state. Ethylene
group cause the dissolution of salt and creates ions.

NH4SCN is a proton donor and supply NH4+ to the
electrolyte [9-12]. In the present work, it is proposed to
synthesis liquid electrolytes based on PEG200 and
NH4SCN with different ratio. These electrolytes will be
subjected to conductivity studies to find its suitability in
proton battery applications.

2. Experimental procedure
2.1. Materials and preparation of electrolytes
Liquid electrolytes were prepared basically using
solvent and solute. The Solvent host (Polyethylene Glycol
200) of 20 ml and salt (NH4SCN) with different
concentration were taken and mixed gently together using
the magnetic stirrer. The mixture was stirred continuously
using magnetic stirrer and made the mixture to be
homogenous Solution, by this process Liquid electrolyte is
formed. The following flowchart shows the preparation of
liquid electrolytes.
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Figure: 1 Flowchart for the Preparation of Liquid Electrolytes by
the solution method
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2.2 Nomenclature

Table 1. Details on weight of the salt and

nomenclature.
S.No | Solute Solvent Nomencl
-ature
PEG200
1 NH4SCN:0.05g NS0.05
(20ml)
PEG200
2 NH4SCN:0.1g NSO0.1
(20ml)
PEG200
3 NH4SCN:0.15g NS0.15
(20ml)
PEG200
4 NH4SCN:0.2g NS0.2
(20ml)
NH4SCN:0.25g | PEG200(20ml) | NSO0.25
6 NH4SCN - NS
7 - PEG200 PEG200

The nomenclature and weight of salt are given
in the above table.

2.3. Characterization techniques

FTIR spectra were recorded for the liquid electrolyte
using JASCO FTIR-4100 spectrometer in the wave number
range of 400 cm - 4000 cm-l. UV-Visible spectra were
recorded by using JASCO V-730 spectrophotometer in the
range of 190 nm - 900 nm at room temperature. The ac
impedance studies of the liquid electrolytes were carried
out by using electro chemical analyser model CH608E with
two probe method.

3. Result and Discussion

3.1 FTIR analysis of PEG 200 and NH4SCN liquid
electrolytes:

FTIR spectroscopic technique has been used to
analyse the interaction among ions in the liquid electrolyte
system. The figure 2 shows the FTIR spectra for the
samples PEGzo00, NS, NS 0.05, NS 0.1, NS 0.15, NS 0.2, and
NS 0.25. Various important vibrational band assignments
are given in the table 2.
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Figure: 2 FTIR spectra for PEG200 and NH4SCN
based liquid electrolytes

Table: 2 Few important vibrational bands of liquid

—— PEG200

complex
Wave Assignments
number
(cm™)
1400 NH Deformation
1625 SCN asymmetric stretching vibration
2069 SCN asymmetric stretching vibration
3140 N-H Stretching
3446 O-H Vibration

As the concentration of the salt in solution
increases, the shift in the vibrational bands are observed.
The band around 1400 cm-1land 2069 cm-1 are assigned
to deformation of NH bending and SCN asymmetric
stretching vibration respectively of pure NH4SCN. When
the salt concentration increases, these peaks are shifted to
lower wavenumber side due to the interaction of PEG200.
The band around 3446 cm-1 are ascribed to O-H stretching
vibration of pure poly ethylene glycol. This band gets
broadened on addition of salt. These changes in the wave
number upon addition of salt confirm the complex nature
of the liquid electrolytes.

3.2 UV-Vis analysis of PEG 200 and NH4SCN liquid
electrolytes:

The figure 3 shows that the transmittance peaks
for the pure PEG200 and different concentration of
NH4SCN in the range of 190 nm - 900 nm. Pure PEG shows
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absorption band at 205 nm and the absorbance of the
liquid electrolytes begins at 250 nm. Upon the addition of
salt concentration, new peak is found and this peak is
gradually shifted in the liquid electrolytes. It is further
observed that pure PEG200 shows 90% transmittance up
to 250 nm and maximum transmittance gets reduced at
lower wavenumber region on addition of salt. It is
confirmed that transmittance of pure PEG200 can be
controlled by the addition of salt at UV region.
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Figure: 3 Transmittance spectra of PEGzoo - NH4SCN
based liquid electrolytes
3.3. AC impedance analysis of PEG 200 and NH4SCN
liquid electrolytes:
According to Almond and West [13] the frequency
dependence of ac conductivity of polymer complex is
described by the following equation,

where A and n are material parameters, 0 <n < 1.
odcis the dc conductivity and w is angular frequency. The
variation of log oac with log w for the liquid electrolyte
system with different concentration of NH4SCN at room
temperature is shown in Figure 4. From the plot, it is
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Figure: 4 Conductance spectra of PEG200 - NH4SCN
based liquid

-electrolyte observed that the curve consists of three
different regions; the low frequency dispersion which is
followed by the medium frequency plateau and a spike at
high frequencies.
Table 3: DC conductivity of PEGzoo-NH4SCN
liquid electrolytes

Samples Dc conductivity
(mS/cm)
NS0.05 7.574x102
NS0.1 1.54.x101
NS0.15 2.47.x101
NS0.2 2.89 x101
NS0.25 3.21x101

The high frequency part of the curve corresponds
to bulk relaxation phenomena, whereas the plateau region
is connected with the dc conductivity (odc) of the liquid
electrolytes. The low frequency dispersion describes the
electrode - electrolyte interfacial phenomena or space
charge polarization.

As the frequency decreases, more and more
charge accumulation occurs at the electrode and
electrolyte interface, which leads to a decrease in number
of mobile ions and eventually to a drop in conductivity at
low frequency. In high frequency region, the mobility of
charge carriers is high and hence the conductivity
increases with frequency. DC conductivity is calculated by
extrapolating the dc plateau region to the y-axis. It is found
that the dc conductivity is greater for 0.25 g of NH4SCN in
liquid electrolyte and the dc conductivity of all electrolytes
is given in the table 3.
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Figure: 5 ac conductance spectra of NS0.05 and
NSO0.25 of liquid electrolytes
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Figure 5 shows the ac conductance spectre of
lower and higher concentration of NH4SCN in PEG2¢0. In
this figure clearly shows the three different region in ac
conductance spectra. Almond and West formalism can be
fitted in high frequency region and ‘n’ value can also be
extracted.

The complex dielectric permittivity ‘€* can be
calculated by

e*¥=¢g'+ig"

where €' is the real (relative permittivity or dielectric
constant) and €" is the imaginary (dielectric loss) parts of
the complex dielectric permittivity.

Figure: 6 Variation of dielectric loss for PEGzo0 -
NH4SCN liquid electrolytes

The dielectric permittivity analysis provides
information on the transport properties of ions in the
electrolyte. The real part of the permittivity measures the
alignment of dipoles and the imaginary part represents the
energy required to align the dipoles and to move ions.

Table: 4 Power law exponent value for PEG200 -NH4SCN
liquid electrolytes

Samples (n-1) value
NS0.05 -1
NS0.1 -0.99999
NS0.15 -0.99998
NS0.2 -0.99996
NS0.25 -0.99994

Figure 6 shows the variation of log €” with respect
to log w for NS0.00, NS0.05, NS0.1, NS0.15, NS0.2 and
NSO0.25 respectively. All spectra have been fitted by linear
straight line fit with regression of 0.999. The frequency

dependent dielectric losses (g") are proportional to w™lin
the frequency region studied and n’ is power law
exponent. The exponent, (n-1) tends towards “-1” as
shown in the table 4. It clearly shows that the dc
conductivity dominates in these types of liquid electrolytes
[13-17].

4., Conclusion

The liquid electrolytes have been prepared with
PEG 200 as host and NS4SCN as dopant with different
dopant concentration. From UV-VIS analysis, the
transmittance of PEGz00 can be controlled by addition of
salt especially at UV region. Complex nature of liquid
electrolytes are confirmed by FTIR analysis. The dc
conductivity of liquid electrolytes increases upon salt
concentration increases. From the dielectric spectra, it
clearly confirms that the dc conductivity dominates in
these types of liquid electrolytes.
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