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ABSTRACT Polymer electrolytes films based on polyvinyl alcohol (PVA) with different concentrations of Sodium thiosul-
phate penthydrate Na2S2O3.5H2O, were prepared by solution cast technique. The optical properties in the IR 

and UV-visible region of PVA polymer containing 0%, 2%, 4%, 6%, and 8% by weight Na2S2O3.5H2O are investigated. The 
optical absorption of the prepared films increases with increasing concentration of Na2S2O3.5H2O in UV region (190–280 
nm). The optical results obtained were analyzed in terms of the absorption formula for non crystalline materials. The optical 
band energy gap (Eg) have been obtained from direct allowed transitions in k-space at room temperature. The width of the 
tail of localized states in the band gap Eu was evaluated using the Urbach-edges method. It was found that both Eg and Eu, 
decrease as Na2S2O3.5H2O concentration increases in the polymer matrix. The optical conductance and band-gap indi-
cated that the films are almost transmitting within the visible range. The single oscillator expression has been used to obtain 
the information about disorder degree. The real and imaginary parts of dielectric constant of the doped films increases with 
increasing Na2S2O3.5H2O concentration in the absorption edge  (235-250) nm. The TGA and DTGA spectrum shows the 
thermal stability of polymer composite the increase with increasing Na2S2O3.5H2O content.

Introduction
In the recent years, studies on the solid polymer electrolytes 
have attracted much attention in view of their application 
in electronic and optical devices as well as for fundamental 
knowledge [1]. Solid polymer electrolytes have many advan-
tages, such as no leakage, volumetric stability, ease of fabri-
cation of thin films of desired size, and wide electrochemi-
cal stability windows [2]. Many studies have been made to 
enhance the room temperature ionic conductivities of poly-
mer electrolytes [3]. The conduction in Polymer electrolytes 
takes place through two distinct events: the first is due to 
the charge migration of ions between the coordinate sites 
of the host polymer and the second is associated with the 
polymeric chain segmental motion [4]. The ionic conductivity 
of Polymer electrolytes is strongly affected by the degree of 
crystallinity, simultaneous cation and anion motions and the 
ion pair formation [5].

One of the important classes of polymer electrolytes is polar 
polymer, like polyvinyl alcohol (PVA) which is semi-crystalline 
polymer and has very important applications due to the role 
of OH group and hydrogen bonds [6]. 

In the present study polyvinyl alcohol (PVA) is incorporated 
that acts as host material. The concentration of the doping 
namely Sodium thiosulphate penthydrate (Na2S2O3.5H2O) 
was varied in order to investigate the influence of doping 
compositions on structure, and optical properties of the 
composite polymer electrolytes, to better understanding the 
change in energy band diagram and other optical param-
eters.

Experimental
Two grams of polyvinyl alcohol (PVA) with MW = 7000, was 
dissolved completely in 40 ml distilled water under constant 
stirring. The mixture heated at 90 oC for 1 h and was left 
to cool down to room temperature. Extra pure Sodium thio-
sulphate penthydrate (Na2S2O3.5H2O) provided by Merck 
company with M=248.18 gm/mol, were used as a doping in 
the mixture and stirred further for 10 min. Different amounts 
of salt (2, 4, 6, and 8 %) were added as stated above, the 
complete dissolution was obtained using a magnetic stirrer 
at temperature 60 oC for 10 min, these homogeneous solu-

tions were spread on a glass Petri dish and let to dry slowly 
at room temperature for 120 h, in a dust free chamber, after 
this time, the films were ready to cut into suit- able pieces for 
characterization. The thickness of the films was in the range 
of (0.21 - 0.25) mm, it was determined using micrometer at 
different places in each film and an average was taken.

Results and discussion
FTIR spectra of pure PVA and doped with Na2S2O3.5H2O salt 
range from (2, 4, 6, and 8 %) are shown in Fig. 1. The more 
relevant feature in the IR spectrum for all spectra, is the pres-
ence of a broad band at 3800–3200 cm-1 which arises from 
O–H groups in several different H-bounding configurations 
of PVA [7, 8]. Several bands were observed at 2940–2820 
cm-1 due to CH2 group vibration [9]. The characteristic ab-
sorption bands of PVA which are 1763, 1420, 1128, 917 and 
820 cm-1 were observed for all spectra with some shifts due 
to the doping with Na+1. These bands are assigned to C-O, 
C–H band of CH2 group, (CH–OH), C–O and CH rocking of 
PVA respectively [10]. The absorption band at 640 cm-1 indi-
cates the presence of hydroxyl group [11]. Further, the vibra-
tion peaks found in the range 2230-1950 cm-1 for doped 
polymer can be attributed to (M–O) where M is‚ Na+1 which 
indicated that the doping was complexes with polymer ma-
trix [12].

Fig.1. FTIR spectra of PVA composite and that doped with 
filler (2, 4, 6, and 8 % of Na2S2O3.5H2O).

Pure PVA2% Na2S2O34% Na2S2O36% Na2S2O3
8% Na2S2O3
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The UV–VIS spectra of the sample under investigation were 
recorded, the spectra of pure PVA and that doped with dif-
ferent Sodium thiosulphate penthydrate salt concentrations 
(2, 4, 6, and 8 %) is shown in Fig. 2. The optical absorption of 
the prepared films decreases with increasing concentration 
of the Na2S2O3.5H2O in UV region (190–340 nm). The inten-
sity of the bands increases with increasing the Na2S2O3.5H2O 
contents providing an evidence for the incorporation of 
Na+1 into PVA matrix where as their positions are slightly 
shifted to higher wave length (red shift).

Fig.2. The absorption spectra in the UV–VIS region for 
films of pure PVA and that doped with (2, 4, 6, and 8) % 
of Na2S2O3.5H2O.

The absorption coefficient  can be determined as a function 
of frequency using the formula[13]:

α(v)=A/d×2.303                                         (1)

where  is the absorbance at frequency  and  is the thickness 
of the sample. The optical band gap for an direct allowed 
transition can be determined by using the relation [14]. 

Eg=hv-(αhv/β)2                                          (2)

where β is a constant.

The energy band gap is calculated in the range near the 
absorption edge, as indicated in Table I. Fig. 3 illustrates 
the plots between  and  for pure PVA and that treated with 
Na2S2O3.5H2O near the absorption edge produce a linear fit 
over a wider range of . This linearity indicates the existence 
of direct allowed transitions. The extrapolation of linear de-
pendence to the abscissa yields the corresponding forbid-
den band width . It is clear that  decreases with increasing 
Na2S2O3.5H2O content. The variation of the calculated val-
ues of optical energy gaps may reflect the role of the dop-
ing in modifying the electronic structure of the PVA matrix 
due to appearance of various Polaroid and defect levels 
[15]. The decrease in optical energy gap  on doping may be 
explained on the basis of the fact that the incorporation of 
small amounts of dopant forms charge transfer complexes in 
the host matrix [16, 17]. These charge transfer complexes in-
crease the conductivity by providing additional charges, this 
results in a decrease of the optical energy gap.

Fig.3. The plots of  versus  for films of pure PVA and that 
doped with different Na2S2O3.5H2O.

The optical absorption coefficient  near the band edge for 
many amorphous and crystalline materials obeys an empirical 
relation given by Urbach [18]

α(v)=αo  exp(hv/Eu )                                          (3)

where  is a constant and is Urbach energy related to width 
of the band tails of localized states in the normally forbidden 
band gap that associated with the amorphous nature of the 
material. it should be mentioned that this equation is appli-
cable only in the low absorption region (.[15]

The tail of localized state of the films was calculated from 
the slope of the Urbach plot, in which the natural logarithm 
of absorption coefficient  is plotted as a function of photon 
energy . The band tails of the localized state of the samples 
are tabulated in Table I.

Table I. The variation of energy band gap , tale of local-
ized state, and constants (β,α0) versus Na2S2O3.5H2O con-
centration.

Na2S2O3.5H2O % Eg(eV) Eu(eV) β(cm-1

eV1/2×103
α0

0% 6.2148 0.47687 4.9543 8.1417
2% 5.5511 0.38008 4.5573 13.8877
4% 5.4074 0.34293 4.0452 18.4673
6% 5.1282 0.29146 3.8623 30.9075
8% 5.0740 0.26610 3.5645 42.8626

The absorption coefficient , and the refractive index , were 
used to obtain the optical conductivity , using the relation 
[19],

σ=αnc/4π                                          (4)

where  is the velocity of light in the space.

Fig.4 shows the variation of optical conductivity with the in-
cident photon energy. The optical conductivity is constant 
up to 4.5 eV of photon energy after that it increases with 
increase in photon energy. The increased optical conductivity 
at high photon energies is due to high absorbance of film in 
that region. The optical conductance spectra indicated that 
the films are transmittance within the visible range.

Fig.4. Optical conductivity of PVA:Na2S2O3.5H2O electro-
lytes films.

The dispersion data of the refractive index can be calculated 
by single-oscillator model. Which developed by Wemple and 
Didomenico [20]:

where  is the average values of the single oscillator energy, 
and  is the dispersion energy, which measures the average 
strength of inter band transitions [21]. 

According to equation (5), plotting  versus  near the absorp-
tion edge, as shown in Fig.5, allows one to determine the 
oscillating parameters  and , by fitting a linear function to 
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the data, the slope of the line represented , and  determined 
from intercept on the vertical axis. The values obtained for 
the oscillating parameters are listed in Table II.

Fig.5. Plots of  verse  for different Na2S2O3.5H2O concen-
tration.

The single-oscillator energy  and dispersion energy  are re-
lated to the optical energy band gap, they are decreases as 
Na2S2O3.5H2O concentration increase. Since the dispersion 
energy , measures the average strength of inter-band optical 
transitions [22], we expect the decrease of bound strength 
by increasing the Na2S2O3.5H2O concentration, which lead 
to increases in degree of disorder. 

Based on single-oscillator model the moment of optical spec-
tra  and  can be determined from the following relations [21]:

The obtained  and  are both increases as Na2S2O3.5H2O con-
centration increased as shown in Table II. The optical mo-
ments are related to the macroscopic quantities like dielec-
tric constants, effective number of valence electrons in the 
investigated material [21, 23].

Table II. The Wemple-Didomenico oscillating parameters.

Na2S2O3.5H2O % Ed (eV) Eo (eV) M-1(eV)2 M-3(eV)2

0 1.2251 5.9149 0.2071 0.0059
2 1.4767 5.5508 0.2660 0.0086
4 1.5305 5.3997 0.2834 0.0097
6 1.6711 5.2957 0.3156 0.0113
8 1.6664 5.2641 0.3166 0.0114
The complex dielectric constant can be obtained theoreti-
cally, since it was related to the absorption coefficient. The 
real part  and the imaginary part  of the dielectric constant, 
was obtained using relation [24]:

where  is the refractive index of the films and  is the extinction 
coefficient, they can be calculated by [24]:

where  is reflectivity, and  is the wavelength of the incident 
light. The imaginary part of dielectric constant, represents 
loss factor or energy absorbed.

Fig.6(a,b) illustrate the variation of real part and imaginary 
part of the dielectric constant as a function of Na2S2O3.5H2O 
concentration for different frequency, near absorption edge 
region. The real and imaginary part of the dielectric constant 
increases slowly with salt concentration,  while they decrease 
with increase  of wavelength, and they are almost constant in 
the visible region.

Fig.6. (a) Real part and (b) Imaginary part of dielectric con-
stant as a function of Na2S2O3.5H2O concentration.

Thermal Gravimetric Analysis (TGA) and Derivative Thermal 
Gravimetric Analysis (DTGA) of PVA: Na2S2O3.5H2O polymer 
electrolyte films, are shown in Fig.(7) and Fig.(8) respectively. 
The TGA and DTGA curves have been summarized in Table 
III, which is divided to two main temperature regions and the 
final decomposition process represented by the percentage 
of ash left. The temperature at which weight loss is reaching 
70% is also tabulated.

Fig.7. Weight loss from Thermal Gravimetric Analysis TGA 
curves of PVA: Na2S2O3.5H2O polymer electrolyte films.

Fig.8. Derivative Thermal Gravimetric Analysis DTGA 
curves of PVA: Na2S2O3.5H2O polymer electrolyte films.

The gradual decrease in the % of Wt loss with the increase 
of Na2S2O3 contents, for both temperature regions (230-380 
and 380-520 oC) indicate there is an increase in the thermal 
stability of the polymer.

The lower values of percentage mass loss in the first decom-
position step may be due to splitting or volatilization of small 
molecule, and/or the evaporation of residual absorbed water 
which indicate the presence of physical transition [25]. The 
latter process in TGA curves covers a temperature range 
(380-520 oC), as physical transition and the thermal degra-
dation of the samples. Therefore the higher values of mass 
loss in second decomposition step indicate the existence of 
chemical degradation process resulting from bond scission in 
the polymeric backbone. The increase in T70 oC and Ash % 
with the increasing of % Na2S2O3 also indicates the increase 
in the thermal stability of the polymer films by addition of 
Na2S2O3.

Table III: TGA and DTGA data for PVA: Na2S2O3 electrolyte 
polymer films.

Polymer film Temp. 
range

Mass 
loss %

DTG 
peak  
oC

T70 oC Ash %

Pure PVA
230-380
380-520

71.1
21.25

308
447

345 1.98
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2% Na2S2O3

230-380
380-520

60
20.5

280
438

429 13.7

4% Na2S2O3

230-380
380-520

58.4
19.6

274
436

436 11.04

6% Na2S2O3

230-380
380-520

56.0
19.6

268
441

451 14.5

8% Na2S2O3

230-380
380-520

56.4
18.0

270
450

454 16.2

T70 oC  Temperature corresponding to 70% weight loss

Conclusions
The polymer electrolyte films of PVA:Na2S2O3.5H2O are pre-
pared by solution caste technique. The IR spectra showed 
vibration peaks in the range 2230-1950 cm-1 which indi-

cated that the doping was complexed with polymer matrix. 
The IR-UV–VIS spectra provide evidence for the formation 
of polymer composite. The optical behavior of the samples 
shows that the films almost transmitting in the visible region. 
The Na2S2O3.5H2O content caused increase in the absorb-
ance at the near infrared domain. The real and imaginary 
parts of dielectric constants are investigated near absorption 
edge region. Information about disorder degree and opti-
cal band gap of the films has been obtained from Wemple-
DiDomenico model. The results have shown that the single 
oscillator energy  and the dispersion energy , of the sam-
ples are dependent on the Na2S2O3.5H2O concentrations. 
The TGA and DTGA spectrum analysis shows the addition 
of Na2S2O3.5H2O to PVA films increase the thermal stability 
of the polymer.
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