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Abstract  
Solid biopolymer electrolyte (SPE) film based on 

biopolymer Tamarind Seed Polysaccharide (TSP) 

doped with sodium nitrate (NaNO3) is developed by 

solution cast technique. The optical properties have 

been carried out by UV-visible optical Absorption 

spectroscopy in the wavelength range of 200-800 nm. 

From this, the optical absorption, optical transmission, 

optical absorption coefficient, refractive index spectra, 

extinction coefficient spectra, direct energy bandgap, 

indirect energy bandgap, optical absorption edge, 

estimated bandgap studies are obtained.  

 

The transmittance wavelength is approximately 200nm. 

The calculated optical band gap changes from 5.01eV 

to 4.65eV. The optical bandgap indicated that the films 

are nearly transmitting within the visible range. The 

direct, indirect and absorption edge for pure TSP is 

high and by increasing salt concentration of NaNO3, 

the above parameters are observed to decrease 

gradually. For the concentration of 70% TSP: 30% 

NaNO3 low value of direct and indirect energy 

bandgap is obtained. 
 

Keywords: Optical properties, TSP, NaNO3, optical 

absorption, absorption coefficient, direct and indirect band 

gap. 

 

Introduction 
Basically, material research aims to prepare a new material 

with properties for an application to understand the 

chemical, physical and optical behavior that determines 

these properties1. One method to modify the property of a 

material is doping the biopolymers with a different 

concentration level of dopant2. Biopolymer electrolytes are 

generally studied for fundamental reasons and practical 

applications as well. The biopolymer-based electrolytes not 

only merge the advantageous properties of biopolymers and 

dopant but also show many new properties3. The properties 

of a biopolymer may be improved and controlled 

substantially by adding suitable dopants4.  

 

Tamarind seed polysaccharide (TSP), which is made from 

tamarind seeds, is very easily degradable by biological 

organisms and it is completely soluble in inorganic liquids 

such as water and ammonia etc5. TSP is a natural 

biopolymer that has been used during the 20th century 

worldwide6. The change in properties due to doping depends 

upon the chemical nature of the dopant and the kind of 

interaction between the biopolymer and the dopant7,8,9. 

Tamarind seed polysaccharide is a natural type of 

polysaccharide obtained from the seeds of Tamarinds 

Indica, which performs the role of additive, thickener, 

binder and viscosity enhancer in food and cosmetic 

industries. TSP contains monomers of glucose, xylose 

sugars and galactose present in a molar ratio of 3:1:210.  

 

It is soluble in inorganic liquids and is insoluble in organic 

solvents. It has been used in the commercial, industrial, 

medical, food sectors and has been used to prepare so many 

products like packing materials that are regularly in contact 

with food11. TSP is the most biodegradable material 

imitation of natural biopolymers used in textile sizing and 

paper coating12,13. This biopolymer is widely used by 

mixing with other polymers and many chemical components 

for various industrial applications to enhance the optical, 

electrical and mechanical properties of the membrane 

because of its compatible structure14.  

 

In this work, the optical properties of TSP polymer doped 

with several concentrations of NaNO3 are studied. In the 

present work, optical absorption, optical transition and 

optical parameters are relatively influenced by processing 

conditions. There has been no work found using TSP as a 

host polymer with sodium nitrate conducting the electrolyte 
15,16. In this paper, TSP polymer electrolytes doped with 

NaNO3 has been investigated. The structure of the TSP 

biopolymer is given in fig.1. 

 

Material and Methods 
Tamarind Seed Polysaccharide (TSP) purchased from TCI 

chemicals, based biopolymer electrolyte films doped with 

pure sodium nitrate (NaNO3) were made in various ratios 

(90:10) (80:20), (70:30) and (60:40) by solution casting 

method as double distilled water (H2O) as a solvent.  

 

Various concentrations of TSP and NaNO3 are mixed with 

double distilled water. The mixture of these solutions was 

stirred for 12 hours by keeping the temperature at 600C. 

Then the homogeneous solution obtained is poured into 

polypropylene dishes and kept in a vacuum chamber at 

600C. Water in that homogeneous solution was evaporated 

slowly at that temperature under the vacuum drying 

process, after 24 hours partial transparent film was 

developed. The biopolymer electrolyte films were taken 

from the dishes and then placed in a vacuum desiccator 

until further tests. The dried bio-polymer films were 
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characterized by the JASCO V-670 UV-VIS-NIR 

Spectrophotometer. The effect of the salt in the solid 

biopolymer electrolyte was observed from the UV-visible 

studies. It was studied the optical characterizations at room 

temperature by utilizing a UV-Visible spectrometer. 

 

Results and Discussion 
Absorption and absorption coefficient studies: UV 

spectrum was obtained from the spectrometer under room 

temperature. UV Spectrometer was used to calculate the 

absorption spectra of the given sample in the wavelength 

range of 200-900 nm17. The optical absorption study was 

utilized to investigate the optically induced transition and 

structure of the sample. The spectrum of optical absorption 

takes place in the range of 250-330 nm. The absorption 

spectra of pure and doped NaNO3 of Polymer electrolytes 

were shown in fig.2. In biopolymers, several electronic 

transitions may be occurred18. The optical absorption 

spectra can show sharp increase absorption at a wavelength 

near to absorption edge for onset optical absorption. The 

absorption energy is corresponding to this establishes the 

optical energy bandgap of the material. Structural and 

optical band gaps are determining with optical absorption 

studies. Generally, for pure biopolymers no absorption is 

there but by increasing doping content the absorption is to 

be increasing gradually. 

 

In each figure for pure TSP polymer the optical absorption 

is very less, by increasing the salt NaNO3 concentration 

absorption is increased gradually and for TSP 70%: NaNO3 

30% concentration high absorption arrived at the 

wavelength 290 nm then after again optical absorption is 

rise down19. In the proposed electrolyte at this 

concentration, the change in the band structure and 

absorption coefficient is high. The absorption can be 

calculated by its absorption coefficient (α), this is called a 

fraction of power of absorption of unit length of the 

material. The absorption coefficient can be calculated by 

using the given formula17. 

 

α = (2.3032/d) × A                                                                                             

 

where A is optical absorption data obtained from the 

spectrometer, d is the thickness of the pure and doped 

concentration film 18.  

 

Fig. 3 represents the optical absorption coefficient versus the 

energy of photon for pure TSP and NaNO3 doped 

concentrations. It is cleared that the absorption edge is high 

for pure TSP film and it will be decreasing by increasing 

doping concentration of salt. Finally, for TSP70%: NaNO3 

30% concentration the absorption edge is minimum and it is 

shifted towards higher energy above this concentration. The 

photon energy range is lying from 4.9eV to 4.6eV represents 

a decrease of the bandgap of the doped samples20. 

 

Transmittance: Transmission spectra of pure polymer TSP 

with different concentrations of NaNO3 were measured in 

the wavelength range (200–800 nm) and are shown in fig.4. 

It is seen that pure TSP has a high optical transmission which 

decreases by increasing the doped concentration NaNO3
20. 

This effect is due to the structural change in TSP as a result 

of inter and intra-molecular interactions between TSP 

polymer chain segments and dopant content NaNO3. 

 

The interactions of cations (Na+) and anions (NO3
-) of salt 

with electropositive & negative constituents of polar 

molecules of the TSP matrix takes place21. A small 

transmission band is noticed at about 259 nm. For pure 

sample the transmittance is very high, by increasing the salt 

concentration transmittance is decreases gradually and for 

70%TSP: 30% NaNO3 value is very low, from that again its 

value is rising.  This band seems to disappear by irradiation 

which can be attributed to the interaction between ‘Na’ ions 

and the biopolymer chains.  

 

The ratio of radiant power transmitted (𝑃) by a sample to the 

radiant power incident (𝑃0) on the sample is called the 

transmittance 𝑇. 

 

But, 𝑃 =𝑃0T  

𝑇=𝑒𝛼𝑡

  

Where ‘𝛼’ is the optical absorption coefficient and ‘𝑡’ is the 

thickness of the sample. Transmission can be calculated 

from the measured optical absorbance. The transmission 

spectrum samples from 200-350 nm are shown in fig.4. The 

reflectance of the film was calculated from optical 

absorption data ‘A’ and optical transmission ‘T’ using the 

given relation 

 

R= 1-(T+A) 

 

Refractive Index: The properties of the optical refractive 

index and optical excitation coefficient can produce an 

optical constant of the material22. Exact optoelectronics 

applications are related to the produced optical properties 

such as atomic structure, electronic bond structure and 

electrical properties.  

 

Fig. 5 shows the refractive index for pure TSP and different 

NaNO3 doped concentrations of TSP. The refractive index 

was calculated from reflectance R and its excitation 

coefficient K23.The relation between refractive index and 

reflectance is given here at a normal incident of light through 

the sample. The refractive index is the basic optical property 

of the material which indicates dispersion at all wavelengths. 

The most probable refractive index can connect to the 

electronic polarization. The optical refractive index of a 

material indicates the molecular and electronic polarization 

of the electromagnetic field of light. 

 

In the graph, the refractive index is very low and constant for 

all given samples at lower energy up to 3.5eV, the refractive 

index was increased by increasing photon energy. From 5eV 

incident photon energy the refractive index value rapidly 
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increases for all films. From 5.3 eV again films follow the 

constant and high refractive index. In these electrolyte films, 

by increasing the doping concentration the optical refractive 

index is increased up to 70%TSP: 30% NaNO3 and showing 

high value. The reason is due to electronic and molecular 

polarization will be more, dispersion is also very high value 

and optical wavelength is lower value.  

 

The equation for reflectance relation is: 

 

R= [(n-1)2+K2] / [(n+1)2+K2] 

 

Above equation can be written as: 

 

n = (1+√R) /(1-√R) 

 

where ‘R’ is reflectance, ‘K’ is an extinction coefficient and 

‘n’ is a refractive index of the sample material. 

 

Fig. 6 shows the plots between conductance and photon 

energy. The conductivity of the sample is depending upon 

the refractive index and its dispersion nature of the sample. 

If the moment and rotation of the particles are more 

consequently material dispersion will be increased, which 

tends to increase the conductivity of the material. In this 

work, the conductivity of pure TSP is very less, by 

increasing the dopant concentration to pure TSP then the 

conductivity is increased gradually and finally 70% TSP: 

30% NaNO3 has shown the highest value24. Optical 

conductance can be obtained from the refractive index, 

absorption coefficient and velocity of the light passing 

through the pure and several doped concentration samples of 

the material.  Optical conductance is to be found by using 

the relation. 

 

σ = αnc / 4π 

 

where ‘α’ is the absorption coefficient, ‘n’ is a refractive 

index of the sample, ‘c’ is the velocity of the light. 

 

Extinction Coefficient: The extinction coefficient (K) is an 

imaginary part of the optical refractive index was calculated 

for all pure and doped samples. In given fig. 7 extinction 

coefficient spectra versus wavelength behaviour is 

represented, it is seen that the extinction coefficient for pure 

TSP and several NaNO3 doped concentrations of TSP25. The 

deviation of extinction coefficient value with wavelength 

shows such interaction between medium and photon energy. 

When the incident light is scattering through the specific 

medium then the fraction of electromagnetic energy loss 

occurs is known as the extinction coefficient.  

 

As shown in the figure, the extinction coefficient was 

increased by increasing wavelength and by increasing 

dopant concentration. The extinction coefficient value is 

increasing up to 70%TSP: 30% NaNO3 represents high 

value, again by increasing salt dopant concentration it will 

start to decrease. We can determine the extinction coefficient 

by the formula. 

 

K= αλ / 4π   

 

where ‘λ’ represents the wavelength of the incident light, ‘α’ 

is an absorption coefficient. From this extinction coefficient, 

the real and imaginary complex parts of dielectric constant 

values can be determined.  

 

Energy Band Gap: The data regarding the band structure of 

solids is calculated from the optical absorption study. 

Mainly, the direct band and indirect bandgap are dividing 

insulators and semiconductor materials into two major parts. 

In direct band, the conduction and valence band are both 

situated at the same zero crystal momentum26. In an indirect 

band, the conduction band does not agree to zero crystal 

momentum. In an indirect bandgap from the valence band to 

conduction band should always be linked with a phonon of 

the crystal momentum27.  

 

Davis and Shalliday describe that both indirect and direct 

energy bandgap has occurred near the fundamental band 

edge and this can be explained by plotting(αhυ)1/2 and (αhυ)2 

as a function of photon energy. The transmission, 

absorption, absorption edge and electron transition from 

valance band to the conduction band, can be determined by 

(hυ) photon energy28. 

 

The absorption bandgap can determine from the graph of 

(αhυ) versus the photon energy (hυ) which is shown in fig.8. 

The energy band gap also can be determined from (αhυ)x 

versus (hυ).  It is determined from a linear portion of the 

curve to cut ‘hυ’ at the x-axis as shown in figs. 9,10,11. The 

value of energy band gaps is shown in table 1. The bandgap 

values obtained from fig.9 and fig.10 are plots for allowed 

indirect transition (x = 2/3) and forbidden indirect transition 

(x = 1/2). From fig.11, the direct energy bandgap (x = 2) is 

obtained. The results indicate that the electronic transition is 

direct in the present doped samples, is called as optical 

bandgap. 

 

In this present research work, a bandgap of 5.01eV is 

obtained for pure TSP. UV-visible data gave information on 

the optical energy bandgap. Between (𝛼h𝑣)2 versus h𝑣 gives 

the value of the direct bandgap29. From the UV-visible 

spectra, optical absorption decreases by an increase in 

wavelength.  

 

The absorption edge is obtained from the plot of hυ versus 

α. Absorption edge, absorption bandgap, direct bandgap, 

indirect allowed and forbidden gaps are decreased by 

increasing the doping concentrations are shown in table.1. 

70%TSP: 30% NaNO3concentration film exhibited a 

minimum value for all band gaps, from this ratio above 

mentioned band gaps are increased by increasing the salt 

concentrations29. The energy band gaps are increased in the 

same above parameters. 
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Table 1 

Absorption edge, Optical refractive index, Forbidden and allowed indirect energy bandgap, direct energy bandgap 

for pure TSP and TSP: NaNO3 doped Films 
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1 100% TSP: 0% NaNO3 4.98 4.91 4.87 4.83 5.01 0.82 

2 90% TSP: 10% NaNO3 4.85 4.84 4.71 4.71 4.95 0.87 

3 80% TSP: 20% NaNO3 4.79 4.75 4.56 4.64 4.84 1.41 

4 70% TSP: 30% NaNO3 4.65 4.64 4.33 4.47 4.65 2.02 

5 60% TSP: 40% NaNO3 4.72 4.7 4.47 5.59 4.74 1.49 

 

 
Fig. 1: Molecular structure for Tamarind Seed Polysaccharide (TSP) 

 

 
Fig. 2: Optical absorption as a function of wavelength for pure TSP and TSP: NaNO3 doped electrolytes. 
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Fig. 3: Optical absorption coefficient as a function of photon energy for pure TSP and TSP: NaNO3 doped films 

 

 
Fig. 4: Optical transmission as a function of wavelength for pure TSP and TSP: NaNO3 doped films 

 

 
Fig. 5: Optical refractive index as a function of photon energy for pure TSP and TSP: NaNO3 doped films 
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Fig. 6:  Optical conductance as a function of photon energy for pure TSP and TSP: NaNO3 doped films 

 

 
Fig. 7: Extinction coefficient as a function of wavelength for pure TSP and TSP: NaNO3 doped films 

 

 
Fig. 8: Plots of (αhν) versus (hν) for pure TSP and TSP: NaNO3 doped Films 
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Fig. 9: Plots of (αhν)1/2 versus (hν) for pure TSP and TSP: NaNO3 doped Films 

 

 
Fig. 10: Plots of (αhν)2/3 versus (hν) for pure TSP and TSP: NaNO3 doped Films 

 

 
Fig. 11: Plots of (αhν)2 versus (hν) for pure TSP and TSP: NaNO3 doped Films 
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Conclusion 
In this research work, the solid biopolymer electrolyte (SPE) 

films are prepared with different concentrations of TSP: 

NaNO3 (100:0, 90:10, 80:20, 70:30, 60:40 wt.%) using 

solution casting technique. The study and analysis of optical 

parameters for doped NaNO3 based on TSP have been 

observed and the properties of the film are explained. It is 

observed that the optical refractive index is increased by 

increasing the doping content of NaNO3 into the pure 

biopolymer TSP. The optical refractive index is changing the 

conductance of the material and the density of TSP 

electrolyte is increased with the increase of dopant 

concentration NaNO3. It is observed that the optical 

conductivity is decreased by decreasing photon energy and 

it gets finally constant. This suggested that the decrease in 

the optical conductivity is related to reduce of photon 

energy. The decreasing energy bandgap (Eg)by doping TSP 

with different wt% NaNO3 is observed.  

 

Finally, it is observed that by increasing the salt NaNO3 

content to biopolymer TSP then the optical conductance, 

absorption edge, indirect and direct band gaps are decreased 

and the refractive index is increased up to 70% TSP: 30% 

NaNO3 films. 
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