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ABSTRACT

Tragacanth Gum is a natural gum that has been widely used in food, pharmaceutical, and cosmetic 
industries. The electrochemical properties of the gum have not been explored yet. Therefore, in the 
present work solid polymer electrolytes based on Gum Tragacanth (GT) and Lithium nitrate (LN) 
have been synthesized by solution casting method. The dissociation and complexation of the salt 
with the host polymer are confirmed using XRD and FTIR studies. Impedance analysis was carried 
out using electrochemical impedance spectroscopy (EIS) in the temperature range of 308–343 K. 
The highest ionic conductivity at room temperature is found to be 8.28 × 10−3 Scm−1. The 
temperature dependence of the system GT:LN was found to obey Arrhenius behavior. Dielectric 
studies were carried out using impedance spectroscopy in the frequency range 10 Hz-4 MHz. 
Transference number study showed that the main charge carriers were ions and electrochemical 
stability window for the highest conducting electrolyte was studied using Linear sweep voltam-
metry. Thermogravimetry studies showed that thes electrolytes are thermally stable.
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1. Introduction

Research toward solid state devices has grown to a larger 
extent in the past years due to the increasing demand 

toward smart energy storage devices. Solid polymer 
electrolytes (SPE) that play a vital role in electrochemical 
devices have an upper hand when compared to the 
liquid electrolytes, due to its flexibility, electrochemical 
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stability, safety and its ability to form proper electrode– 
electrolyte interface.[1] The use of biopolymers in solid 
polymer electrolytes has gained enormous significance 
with the hope of producing biodegradable and bio com-
pactible films to tackle the environmental crisis. Their 
abundance in nature, low cost, and nontoxic nature are 
added factors that make them more suitable to be used 
as SPE. Several biopolymer electrolytes such as cellulose 
acetate,[2] agar,[3] chitosan,[4] carrageenan[5] have been 
reported with good ionic conductivity that is suitable for 
electrochemical devices.

In this work, we use a new natural Gum-based poly-
mer, Tragacanth (GT) whose electrochemical studies 
have not been explored yet. Gum Tragacanth is one of 
the most widely used natural gum obtained from the 
stems and branches of Asiatic species of Astragalus.[6] 

Tragacanth is a highly branched, heterogenous, and 
anionic carbohydrate that consists of two major compo-
nents, a water swellable part – bassorin and a water- 
soluble part – Tragacanthin that forms a colloidal 
hydrosol. Tragacanthin is composed of tragacantic acid 
(ethanol-insoluble) which contains residues of 
D-galacturonic acid, D-xylose, L-fucose, and 
D-galactose and arabinogalactan (ethanol-soluble 
minor fraction) containing residues of L-arabinose, 
D-galactose, and D-galacturonic acid.[6–9] Tragacanth 
gum is used in pharmaceutical industry, food products, 
cosmetics, antimicrobial, and biomedical 
applications.[10]

There have been no reports on its electrochemical 
application and hence in our present work we aim to 
produce a solid biopolymer electrolyte based on traga-
canth gum as a host polymer.

Lithium salts are considered as good proton donors 
and SPE prepared using biopolymers and lithium salts 
have shown good ionic conductivity.[11–15] Lithium 
nitrate is selected as the lithium source for doping in 
gum tragacanth. In the present work, the structural, 
vibrational, mechanical and electrical properties of 
gum tragacanth doped with different concentration of 
LiNO3 have been presented.

2. Materials and methods

In our current study, films of Tragacanth gum-based 
polymer electrolytes were prepared using solution cast-
ing technique. Gum tragacanth (GT) and lithium nitrate 
(LN) salt were mixed in proper weight ratio as presented 
in Table 1. The solvent used here is distilled water. The 
solution mixtures were stirred continuously using 
a magnetic stirrer for 24 hours to get a clear homoge-
nous solution. The solutions were then poured into 
polypropylene petri dishes and were left to dry at 50°C 

until solid films were formed. A homogenous free- 
standing film is shown in Figure 1.

X-ray diffraction studies were carried out using 
Bruker D8 Advanced X-ray diffractometer with Cu Kα 
radiation. FTIR measurements were performed using 
SHMADZU IR Affinity-1. The ionic conductivity study 
of the polymer electrolytes has been carried out in the 
temperature range of 308–343 K over a frequency range 
of 10 Hz to 4 MHz using HIOKI 3536 LCR meter. 
Transference number was measured using Wagner’s 
polarization method. The electrochemical stability of 
the electrolyte was analyzed by linear sweep voltamme-
try using Biologic potentiostat VSP 300. The thermal 
stability of the samples was analyzed using thermogravi-
metric analysis using SDT Q600 V20.9 Build 20.

3. Results and discussion

3.1. XRD analysis

Figure 2(P) shows the X-ray diffraction pattern of pure 
GT. Previous reports have shown that the XRD pattern 
of pure gum tragacanth exhibits a broad hump in the 
range 2θ = 19⁰ and a sharp microcrystalline peak in the 
range 2θ = 28⁰ indicating the microcrystalline structure 
of GT, due to intra-hydrogen bonding.[10,16,17] In our 
present study, the microcrystalline peak is absent 
whereas the characteristic broad diffraction hump is 
observed at 2θ = 20⁰ which indicates the amorphous 
nature of the host polymer matrix. Figure 2(A-D) 
shows the diffraction pattern of the different salt com-
plexes of GT. As seen from the figure, the amorphous 
peak broadens with increasing salt concentration, thus 
proving that the addition of LiNO3 decreases the degree 
of crystallization.

The relative degree of crystallinity (χc) can be calcu-
lated from the following equation: 

χc ¼
Ac

At
� 100% (1) 

where Ac is the area under the crystalline peak and At is 
the total area under both the crystalline and amorphous 
peaks.

The χc values are tabulated in Table 2. The χc value 
obtained from the pure gum spectra is slightly lesser 
than the spectra with 0.1 g of salt. The slight increase in 
the crystallinity after the addition of salt may be due to 
the reordering/rearrangement of the polymer segment 
to incorporate the salt dopant. However the degree of 
crystallinity begins to decrease with the further addi-
tion of salt above 0.1 g. The film GT:LN-1 g:0.4 g shows 
the least crystallinity value of 25.23% making it with 
the highest amorphous nature. The increase in the 
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amorphousness as the salt content is raised, is directly 
proportional to the conductivity of the film. This is 
because the movement of the polymer chains is 
enhanced in the amorphous state as they are entangled 
and irregular with lower density and molecular pack-
ing. Contrarily the high density molecular packing of 
the polymer chains in the crystalline region does not 
aid in the mobility of the polymer chains.[18,19] Thus, 
the highest amorphous film having a high ionic diffu-
sivity produces the maximum ionic conductivity. The 
shift in the overall peak and the absence of diffraction 
peak pertaining to LiNO3 indicates that the salt is 
completely dissociated within the host polymer 
matrix.[20]

3.2. FTIR analysis

The interactions among atoms and ions in an electrolyte 
system can induce changes in the vibrational modes of 
the molecules, which can be analyzed using FTIR. 
Figure 3 shows the FTIR spectrum of pure GT and GT- 

LiNO3 complexes of various compositions in the range 
400–4000 cm−1. The major absorbance bands of gum 
tragacanth present in the spectrum were observed at 
3332, 2937, 1720, 1600, 1244, 1145, 1036, and 
988 cm−1. The stretching vibrations of the hydroxyl (- 
OH) groups appear as a broad band at 3332 cm−1 and 
shifts to larger wavenumber with the addition of 
salt.[10,21]

The absorption band at 2937 cm−1 corresponds to the 
asymmetrical stretching vibrations of the methylene 
(−CH2) group. The peak at 1720 cm−1 could be assigned 
to the carbonyl stretching vibrations in carboxylic acids 
(C = O stretching of −COOH) while the strong band at 
1600 cm−1 can be assigned to the characteristic asymme-
trical stretch of carboxylate anion form of 
D-galacturonic acid present in tragacanth gum (C = O 
stretching of −COO−). As the salt concentration 
increases these peaks shifts to 1727 and 1623 cm−1 for 
the highest conducting film.[16,17,20] The C–O stretching 
vibrations of polyols, ether, and alcoholic groups are 
observed at 1244, 1145, and 1036 cm−1.[21] The shift 
observed in the above peaks when compared to pure 
GT indicates the formation of complex polymer 
electrolyte.

The peaks ranging between 800 and 1200 cm−1 are 
known to be the fingerprint region of carbohydrates and 
can be attributed to C–O, C–C, ring structures, and 
deformation vibrations of CH2 groups.[16,17,22]

Table 1. List of samples and their compositions.

SAMPLE 
CODE GT LN

P 1 g -
A 1 g 0.1 g
B 1 g 0.2 g
C 1 g 0.3 g
D 1 g 0.4 g

Figure 1. Photograph of GT:LN-1 g:0.4 g SPE.
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A small peak observed at 1373 cm−1 for pure GT 
intensifies and shifts to a lower wavenumber of 
1336 cm−1 for the film with the maximum salt concen-
tration. This peak corresponds to the asymmetric 
stretching mode of NO3

− ions which was due to the 
addition of LiNO3. Thus, with the increase in LiNO3 

salt to the gum this strong peak broadens and intensifies 
hence proving the complexation of the salt with the host 
polymer matrix.[23,24]

Due to the high complexation of the nitrate ions with 
the polymer matrix the band in the region 1300– 
1500 cm−1 is deconvoluted to study the free ions and 
contact ions percentage in the films. Baseline correction 
was done prior to deconvolution. It can be seen from 
Figure 4 that the deconvolution of the band gives rise to 
three peaks, in which the peak in the region 
1350 − 1380 cm−1 corresponds to the free ions and the 
peaks around 1320–1340 cm−1 and 1410–1420 cm−1 are 
assigned to the contact ions.[25–27]

The free ions percentage can be calculated by the 
following equation and the values are tabulated in Table 3, 

Free ions % ¼
Af

Af þ Ac
� 100% (2) 

where Af and Ac correspond to the area under the free 
ion and contact ions peaks.

It can be observed that the fraction of free ion per-
centage gradually increases as the salt content increases. 
Hence, the ionic conductivity is increased with the addi-
tion of salt. Accordingly, the contact ions percentage 
also reaches a minimum with the addition of salt. The 
sample GT:LN- 0.1 g:0.4 g exhibits the highest free ions 
percentage and hence the maximum conductivity.

A correlation between the shift in frequency and force 
constant is established using the following 
equation:[28,29] 

�ν ¼
1

2πc

ffiffiffi

k

μ

s

(3) 

where is wavenumber in cm−1, c is the velocity of light 
(3 × 1010 cm/s), k is the force constant in cm−1 and μ is 
the reduced mass, which is given by the following 
expression, μ = M1M2/(M1 + M2) where M1 and M2 

are atomic weights of the two atoms, respectively.
The force constant values for NO3

− ions stretching 
are calculated from equation 3 and tabulated in Table 4. 
It can be noted from the table that the force constant 

Figure 2. Deconvoluted x-ray diffraction patterns for the different GT:LN polymer complexes.

Table 2. The degree of crystallinity from the deconvoluted XRD 
spectra.

Sample Degree of Crystallinity (%)

P 50.67
A 52.40
B 47.58
C 41.28
D 25.23
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values decrease with the addition of salt. This can be due 
to the interaction of the nitrate ions with the host poly-
mer matrix hence confirming the complexation of the 
salt.[30,31]

3.3. Conductivity studies

The AC impedance technique is the most eminent and 
effective tool for characterizing the electrical properties 

of the materials. The impedance spectra of GT:LN poly-
mer complex are shown in the Figure 5. Two well- 
defined regions are observed in the Figure. The high- 
frequency semi-circle is related to the ionic conduction 
due to the parallel combination of bulk resistance (Rb) 
and bulk capacitance and a low-frequency spur repre-
sents the formation of double-layer capacitance at the 
electrode/electrolyte interface due to diffusion.[32] The 
value of Rb is determined from the intercept of the 
semicircle and spur. The Rb value decreases with 

Figure 3. FTIR Spectra for the various GT:LN polymer electrolytes.
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increase in the salt concentration and this may be due to 
the increase in mobile charge carriers.[33] The ionic 
conductivity of the sample was calculated using the 
following formula: 

σ ¼
t

RbA
(4) 

where σ is the conductivity, t is the thickness of the electro-
lyte, Rb is the bulk resistance and A is the contact area of the 
electrodes. The room temperature ionic conductivities cal-
culated for all the prepared polymer electrolytes are tabu-
lated in Table 5. The highest conductivity is found to be 
8.28 × 10−3 Scm−1 for the ratio of GT:LN-1 g:0.4 g (sam-
ple D).

3.4. Temperature dependent ionic conductivity

The temperature-dependent conductivity for the GT: 
LN samples over the temperature range 308–343 K are 
shown in Figure 6. The conductivity of all samples 

increases linearly with increase in temperature which 
obeys Arrhenius relationship: 

σ ¼ Ae
�Ea

kT

� �

(5) 

where A is a constant that is proportional to the amount 
of charge carriers, Ea is the activation energy, k is the 
Boltzmann constant, and T is the temperature in kelvin. 
The increase in ionic conductivity with temperature can 
be described by free volume model[34] due to the 
increase in mobility of ions which leads to the increase 
in segmental motion of the polymer chain.

The increase in temperature produces high vibra-
tional energy in the polymer segments thus creating 
a hydrostatic pressure by the neighboring atoms.[35] By 
overcoming this hydrostatic pressure by the atoms, 
a small amount of space is developed around its own 
volume, and thus the segmental motion of the polymer 
chain and dissociation of the salt increases resulting in 
the decrease in bulk resistance (Rb) value.[36]

The activation energy is calculated for all the samples 
by linear fit of Arrhenius plot. The value of Ea decreases 
with increase in salt concentration. This may be due to 
the increase in amorphous nature of the polymer salt 
complex which enhances the ionic motion of charge 
carriers in the polymer electrolyte. For the highest con-
ductivity sample the value of Ea is found to be 0.21 eV.

Figure 4. Deconvoluted FTIR spectra in the region 1300–1500 cm−1.

Table 3. Free ions and contact ions percentage for the GT:LN 
system.

Sample Free ions (%) Contact ions (%)

A 14.19 85.80
B 29.68 70.31
C 34.34 65.65
D 35.48 64.51
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3.5. Conductance spectra

Figure 7 shows the variation of log σ as a function of 
frequency. It is observed from the figure that conduction 
spectra consist of two regions, low-frequency-dispersive 
region and intermediate-frequency-independent plateau 
region. The low-frequency-dispersive region is attribu-
ted to the space charge polarization at the blocking 
electrode.[37] The extrapolation of the frequency- 
independent plateau region to the log σ axis gives the 
dc conductivity of the polymer electrolyte.

It is observed from Figure 8 that the value of dc 
conductivity increases and activation energy decreases 
with the addition of salt.

3.6. Dielectric studies

The complex dielectric of a system is defined by 

ε� ¼ εr � jεi (6) 

where εr is the dielectric constant and εiis the dielectric 
loss. εr and εiwere calculated using the following 
equations: 

εr ¼
zi

ωc0 z2
r þ z2

i

� � (7) 

εi ¼
zr

ωC0 z2
r þ z2

i

� � (8) 

Here C0 ¼
ε0A

t and ω ¼ 2πf

where ε0 is the permittivity of the free space, f is the 
frequency, zi and zr are the imaginary and real part of 
impedance. The dielectric behavior of the polymer electro-
lyte is used to determine the polarization effects due to the 
blocking electrodes. εr is the measure of amount of charge 
stored in the material and εi is the measure of loss in energy 
due to the movement of ions when electric field 
reverses.[38] The variation of dielectric constant and dielec-
tric loss as a function of frequency is shown in Figures 9 
and 10. The relaxation peak observed around 4 KHz for 
sample D (GT:LN-1 g:0.4 g) in the dielectric constant curve 
is a fast relaxation process that can be attributed to the 
polymer segmental dielectric relaxation (α 
relaxation).[39,40] The broad nature of the peak may be 
due to the different mechanisms associated with local 
molecular motions.[41]

The graph of εi is similar to εr. When the polarity 
of AC signal is reversed, the movement of the ions 
decelerates, stops and it accelerates in the opposite 

Figure 5. Cole-Cole plots for the various GT:LN polymer electrolytes.

Table 4. FTIR mode of NO3
− ions stretching vibrations in GT:LN 

polymer complexes.

Sample

NO3
− ions stretching vibrations

Wavenumber/cm−1 Force constant/Ncm−1

P(pure) 1374 8.24
A 1370 8.21
B 1343 7.88
C 1337 7.81
D 1336 7.80
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direction. Therefore, energy loss is observed due to 
the dissipation of heat through internal friction.[42] 

The value of rises sharply at low frequency and 

decreases with increase in frequency. The high 
value of dielectric constant is due to the space 
charge polarization effects which may be attributed 
to the accumulation of charges at the electrode– 
electrolyte interface.[43] The decrease in value of at 
high frequency is due to the periodic reversal of the 
electric field occurs so fast such that charge carriers 
are hard to orient themselves in the direction of 
field.[44] The decrease in value of εi and εr confirms 
the non-Debye behavior of polymer electrolyte 
system.[45]

Table 5. Bulk resistance and ionic conductivity values for the 
various GT:LN polymer complexes.

Sample Bulk resistance Rb (Ω) Ionic conductivity σ (Scm−1)

P 1.06 x 106 2.10 x 10−8

A 9.76 x 103 1.89 x 10−6

B 3.93 x 102 5.69 x 10−5

C 14.10 1.03 x 10−3

D 1.755 8.28 x 10−3

Figure 6. Temperature dependent conductivity for the various GT:LN polymer electrolytes.

Figure 7. Conductance Spectra for the different GT:LN polymer electrolytes.
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3.7. Transference number measurement

The total ionic and electronic transference number of 
the polymer electrolyte GT:LN-1 g:0.4 g system was 
calculated using Wagner’s polarization technique.[46] 

On applying a dc potential of 1.5 V across the sample 
with blocking electrode the dc current is monitored as 
a function of time. The time dependence of dc polariza-
tion current at 303 K is shown in Figure 11.

The transference number were calculated using the 
following equation:

tion = (Ii–If)/Ii(9)
telec = If/Ii(10)
where Ii is the initial current and If is the final residual 

current. The total ionic transference number was found 
to be 0.989. This result suggests that the charge transport 
in the polymer electrolyte system is predominantly due 
to Li+ ions that are smaller in ionic size and a negligible 
contribution from the electrons to the total current.

3.8. Electrochemical stability

Electrochemical stability is an essential parameter that 
establishes the maximum potential limits possible for 
device application.[23] Electrochemical stability defines 
a reliable potential window for the polymer electrolyte 
which was studied by linear sweep voltammetry and the 
corresponding voltammogram is shown in Figure 12. 
The polymer electrolyte was sandwiched between stain-
less steel electrodes and a potential in the range 0–4 V 
was applied at a scan rate of 100 mV/s. It is evident from 
the figure that the current onset begins at 3.4 V. The 
onset of current is associated with the breakdown vol-
tage of the electrolyte.[47] The electrochemical potential 

of 3.4 V is suitable to be used in the application of 
lithium polymer battery.

3.9. Thermogravimetric analysis

Thermogravimetric analysis (TGA) is an effective tool 
to study the thermal stability of the polymer electro-
lytes. The samples were heated at the rate of 20°C/ 
min from 30°C to 600°C under constant nitrogen 
flow. The thermogram of pure GT and the complex 
of GT+LN (GT:LN-1 g:0.4 g) are shown in Figure 13. 
As seen from the figure the polymer electrolyte 
undergoes a three-step thermal degradation. The 
first-step weight loss occurs below 240°C which is 
due to the evaporation of the entrapped moisture 
within the films.[48] The actual degradation of the 
sample occurs around the second and third step at 
240°C and 300°C. These two-step weight losses can 
be due to the loss of the hydroxyl groups and carbon 
dioxide from the gum.[16,48] It can also be associated 
with the heterogenous nature of the gum consisting 
of the water soluble and insoluble fractions.[49] The 
residue at 600°C is about 36.4% and 38.4% for pure 
GT and GT+LN. The thermograms of pure GT and 
GT+LN are similar, with the thermal degradation 
occurring around the same temperature range mak-
ing it suitable for practical application.

4. Conclusion

A new solid polymer electrolyte based on Gum 
Tragacanth and Lithium Nitrate has been prepared and 
characterized by XRD, FTIR, Impedance spectroscopy 
and LSV. XRD and FTIR confirm the complexation of 

Figure 8. Ionic conductivity and activation energy for the different GT:LN polymer electrolytes.
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Figure 9. Dielectric constant for the different GT:LN polymer electrolytes.

Figure 10. Dielectric loss for the different GT:LN polymer electrolytes.
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the salt with the polymer matrix. The highest ionic 
conductivity of 8.28 × 10−3 Scm−1 was obtained for the 
composition GT:LN-1 g:0.4 g. The temperature- 

dependent conductivity exhibited Arrhenius behavior 
while the dielectric studies confirm the non-Debye beha-
vior of the electrolytes. The electrochemical stability of 

Figure 11. Polarization current verus time plot for the sample GT:LN-1 g:0.4 g.

Figure 12. Linear sweep voltammogram for the highest conducting film GT:LN-1 g:0.4 g.

POLYMER-PLASTICS TECHNOLOGY AND MATERIALS 11



3.4 V and thermal stability up to 240°C obtained from 
Linear sweep voltammetry and thermogravimetric ana-
lysis makes the polymer electrolyte suitable for practical 
applications.
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