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In this work, thin films of solid polymer electrolyte made of pure poly (ethylene oxide) doped with ce-

sium iodide (CsI) were prepared using casting method. The films contain different (CsI) concentrations: 

0 %, 1 %, 4 %, 8 %, 12 %, and 16 % by weight. The optical properties such as the absorption coefficient, en-

ergy gap, refractive index, extinction coefficient, and dielectric constants have been determined in the 

wavelength range (300 – 800) nm. The results obtained showed that the optical constants change with in-

crease of cesium iodide concentration. The absorption spectra of thin films at different CsI concentrations 

showed changes in the wavelength range. The optical dispersion parameters have been analyzed by the 

single oscillator model. The value of Eo and Ed were found and the other parameters have been determined 

by Wemple-DiDomenico method. 
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1. INTRODUCTION 

 

In recent years, optical properties of doped polymers 

thin films have been attracted considerable attention 

because of the range of technological applications that 

include solar cells, coatings, light emitting diodes, sen-

sors and electrochemical cells. The attention of re-

searchers has drawn to study effect of doping on the 

optical properties of solid polymer electrolytes be tai-

lored to a specific requirement by the addition of suita-

ble dopant substances. 

The optical researches provide important infor-

mations about the absorbance, transmittance, reflec-

tance, antireflection, and interference of the prepared 

polymeric thin films. Measurements and determination 

the optical absorption and especially the absorption 

edge present a useful method for the investigation of 

optically induced transition and for getting information 

about the band structure [1, 2]. 

Knowledge of optical constants of solid polymer elec-

trolytes (SPE) such as refractive index, optical gap and 

extinction coefficient is quite essential to examine mate-

rial’s potential opto-electronic applications. The optical 

properties of these materials can be tuned by controlling 

contents of the different concentrations [3]  

The physical characterization of thin films of poly-

mer electrolyte can be carried out using a variety of ana-

lytical technique, such as alternating current imped-

ance, ultraviolet spectroscopy, in addition to direct cur-

rent measurements. For example, Mohan et al [4] re-

ported about the ionic conductivity for some PEO/salt 

electrolyte. Musa et al [5] studied thickness effect on the 

optical constants of Poly Methyl Methacrylate (PMMA) 

doped by Cesium Iodide via spectrophotometeric                  

measurements and analyzed the optical parameters by 

the single oscillator model. Ritu Tomar et al [6] studied 

microstructure, ionic conductivity, structural and me-

chanical properties of the Polyvinyl- pyrrolidone (PVP) / 

Potassium iodide polymer composite. They found that 

the polymer conductivity of composite increases with 

the KI salt concentration where as tensile strength re-

duced. Manjeet Singh et al [7] reported new solid poly-

mer electrolyte films of poly vinylpyrrolidone (PVP) 

complexed with Potassium iodide (KI). They reported 

that complex impedance spectroscopy reveals enhance-

ment in electrical conductivity which reaches a maximi-

um at 30 wt % CsI concentration. Al-Faleh and Zihlif [8] 

studied the optical absorption and constants of poly 

(ethylene oxide) (PEO) doped with sodium iodide NaI. 

They reported that the optical energy gap and the basic 

optical constants, refractive index, and dielectric con-

stants of the PEO / NaI thin films have been affected by 

the NaI concentration. Recently, Al-Faleh et al. [9] re-

ported about the electrical and thermal characteriztion 

of doped PEO polymer with sodium iodide, and found 

both the AC electrical and thermal conductivities in-

crease with increasing temperature and NaI concentra-

tion. Also, they found that the percolation threshold of 

the AC conductivity occurs at about (1 wt. %) NaI dis-

persed in the PEO matrix. 

In the present study, thin films of PEO doped with 

cesium iodide were prepared with different concentra-

tions: 0 %, 1 %, 4 %, 8 %, 12 %, and 16 % by weight. Op-

tical and dielectric constants of those films will be de-

termined under different UV-radiation wavelengths and 

cesium iodide concentrations. 

 

2. EXPERIMENTAL WORK 
 

Casting method was used to prepare films of Poly 

(ethylene oxide) (PEO) with average molecular weight 

of 300,000 g/mol doped by dispersing particles of ce-

sium iodide (CsI) at different concentrations. Solution 

was prepared by dissolving the PEO resin in acetone, 

and CsI was mixed as a dopant. The solution was 

stirred, by using a magnetic stirrer for 24 hours until 

the polymer completely dissolved. Then the solution 

was poured into flat glass plate dishes. Homogeneous 

solid films of the average thickness 70 µm were ob-
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tained after drying in air for 48 hours at room tempera-

ture. The composite films were dried in an oven at 

42 °C for few days to remove any residual solvant. The 

optical absorption spectra of all films were recorded at 

room temperature, by UV-VIS (a Cary) spectrophotom-

eter in the wavelength range 300-800 nm. 

 

3. RESULTS AND DISCUSSION 
 

Using the UV-visible spectrophotometer, the optical 

absorbance (A) spectra of the PEO / CsI thin films were 

collected at room temperature and in the wavelength 

range of 300 nm to 800 nm. The absorption coefficient 

() was then calculated from the absorbance (A). After 

correction for reflection, () was calculated using the 

following relation: I = I0 exp( − x); Hence, 
 

 0( ) ( ) ( )
2.303 2.303

       
I

I
log A

x x
   , (1) 

 

where x is the thin film thickness, and I0 is incident 

intensity and I is transmitted intensity [10, 11]. The 

optical absorption spectra of all prepared films were 

recorded at room temperature, by UV-VIS (a Cary) 

spectrophotometer. The spectra in figure 1 show that 

increasing the CsI concentration, the absorbance de-

creases. The spectra also show that when the photon 

wavelength increases the absorbance decreases.  

The optical energy band gap of crystalline and 

amorphous materials can be found by using the optical 

absorption spectrum. The fundamental absorption, 

which corresponds to the electron excitation from the 

valance band to the conduction band, can be used to 

determine the nature and value of the optical band gap 

[12]. We used this spectral range to find the position of 

optical absorption edge, and the effect of concentration 

of CsI dopant on the absorption edge and the value of 

optical energy gap. 

From the linear part of the plots of (ħ)2 against 

(ħ) for the thin films, as shown in figure 2, the opti-

cal energy gap values have been determined according 

to Tauc formula [13]:  
 

    –
m

gE    ħ ħ  (2) 

 

where () is the absorption coefficient,  is an energy-

independent constant, Eg is the optical band gap, the 

exponent m depends on the type of transition, where it 

is equal to 1/2 for direct, allowed transition. From the 

intercepts of extrapolations to zero with the photon 

energy axis (ħ)2 → 0, the values of Eg were deter-

mined. From the results obtained it is seen that in-

creasing the concentration of CsI dispersed in the thin 

films leads to a decrease in the optical band gap value. 

The optical energy gap decreases from 2.13 eV (for pure 

PEO) to1.96 eV at 16 % CsI concentration. The ob-

served decrease in the energy band gap may be at-

tributed to an increase in structural disorder of the 

polymer films [14]. The decrease in optical band gap on 

doping may be explained on the basis of the fact incor-

poration of small amounts of dopants forms Charge 

Transfer Complexes (CTCs) in the host lattice in addi-

tion of creation of ionic pathways [15]. The variation of 

optical band gap on doping is explained on the basis of  

 
 

Fig. 1 – The optical absorption spectra of PEO/CsI thin films 
 

incorporation of charge transfer complexes (CTCs) by 

the dopants. The absorption studies on thin electrolyte 

films have led to a variety of interesting optical phe-

nomenon, which have thrown considerable light on the 

band structure of solids and phonic states. 
 

 
 

Fig. 2 – The plots of (ħ)2 against (ħ) 
 

 
 

Fig. 3 – represents the Urbach plots for the prepared compo-

site films 
 

From the plots of ln() against photon energy (ħ) 

for these films, the optical Absorption edge values 

ΔE (eV) have been determined according to Urbach 

formula [16]: 
 

    /oexp E    ħ  (3) 
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where o is a constant and ΔE is the energy gap tail 

interpreted as the width of the tails of localized states 

in the forbidden band gap. The extrapolated (ΔE) val-

ues listed in Table 1 were determined from the slope 

reciprocal of the linear part of each curve.  
 

 
 

Fig. 4 – The plots of ln() against photon energy (ħ) 
 

 
 

Fig. 5 –The variation of the refractive index (n) with UV-

wavelength 
 

The extinction coefficient (k) which is related to the 

absorption coefficient and the incident photon wave-

length by: 
 

 
4

k



 . (4) 

 

The variation of the extinction coefficient (k) for the 

PEO/CsI with UV-wavelength is shown in figures 4. It 

shows that the extinction coefficient (k) increases with 

increasing the wavelength. Fig. 5 – shows the variation 

of the refractive index (n), which can be obtained from 

the equation [17]: 

 

1/2

2

2

4 1

1(
 

1)

R R
n k

RR

  
    

  

 (5) 

 

where (R) is the reflectance. The figure shows that the 

refractive index decreases rapidly at low wavelength 

( 550 nm). 
 

 

On the other hand, when the refractive index and 

the extinction coefficient are known, the real and the 

imaginary parts of dielectric constants of the compo-

sites can be calculated. The real and the imaginary 

parts of complex dielectric constant are expressed as: 
 

  2 2` – ,  ``  2n k nk    (6) 
 

the real part is associated with the term that shows 

how much it will slow down the speed of light in the 

material. The imaginary part shows how a dielectric 

absorbs energy from an applied electric field due to 

dipole motion. The variations of the real and imaginary 

components of the complex permittivity of the compo-

sites with the UV-wavelength are shown in figures 6 

and 7, respectively [17]. The real and imaginary parts 

of the dielectric constant follow the same pattern 

curves but the values of the real part are higher than 

the values of the imaginary part [18]. 
 

 
 

Fig. 6 – The variations of the real part of the complex permit-

tivity with the UV-wavelength 
 

The observed values of the refractive index of the 

doped polymeric thin films can be fitted by the Wem-

ple–DiDomenico relationship [19]. The dispersion be-

havior below the interband absorption edge corre-

sponds to the fundamental electronic excitation spec-

trum. Thus, the refractive index is related to photon 
 

Table 1 – Optical values of PEO/CsI thin films 
 

Thin films 
Optical band 

gap Eg (eV) 

Optical Absorption 

Edge ΔE (eV) 

Single-oscillator en-

ergy parameter Eo 

Dispersion energy 

parameter  Ed 

Pure PEO 2.13 0.52 3.24 5.04 

1 wt.% CsI 2.11 0.69 3.27 6.23 

4 wt.%  CsI 2.08 0.91 3.29 9.96 

8 wt.%  CsI 2.06 1.37 3.31 15.76 

12 wt.% CsI 2.03 2.11 3.35 23.58 

16 wt.% CsI 1.96 2.86 3.42 31.09 
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Fig. 7 – The variations of the imaginary part of the complex 

permittivity with the UV-wavelength 
 

energy (ћ) through the relationship.  
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where E0 and Ed are the single-oscillator energy and 

the dispersion energy parameter, respectively. The pa-

rameter Ed, which is a measure of the intensity of the 

inter-band optical transition, does not depend signifi-

cantly on the band gap. The dispersion energy plays an 

important role in the researches of optical materials 

and it is a significant factor in optical communication 

and in designing devices for spectral dispersion. By 

plotting the values of (n2 – 1) – 1 vs. (ћ)2 for the 

PEO/CsI thin films, straight lines are obtained as 

shown in figure 8. E0 and Ed can be determined directly 

from the gradient, (n2-1)-1 and the intercepts (E0/Ed), 

on the vertical axis. E0 and Ed values are included in 

table 1 which shows that Ed and E0 values increase 

with increasing the dopant CsI concentration. 
 

 
 

Fig. 8 – Plot of (n2-1)-1 vs. (ћω) 2 for the PEO/CsI thin films 

 

4. CONCLUSIONS 
 

In this study, the optical properties of the PEO/CsI 

thin films were prepared by casting and studied in the 

UV-wavelength range of 300 – 800 nm. The optical re-

sults and the photon energy obtained are analyzed in 

terms of the absorption formula for non-crystalline ma-

terials. The optical absorption edge (∆E) increases with 

increasing CsI concentration, and the direct optical 

energy gaps show a decreasing trend with an increas-

ing the dopant (CsI) concentration. The decrease in 

optical gap on doping may be explained on the basis of 

the fact that the incorporation of small amount of do-

pant forms charge transfer complexes (CTCs) in the 

host lattice. In addition of the formation ionic pathways 

and connections during the charges transport. The re-

fractive index (n), real and imaginary parts of dielectric 

constants, and extinction coefficient were calculated. It 

was found that the refractive index and the dielectric 

constants increased with increase in the CsI concentra-

tions. The dispersion energy and single-oscillator ener-

gy parameters were determined for the PEO/CsI thin 

films. These values increase with increase in the CsI 

concentrations.

 

REFERENCES 
 

1. A. El-Khodary, Physica B 405, 3401 (2010). 

2. U. Devi, A.K. Sharma, V.V.R.N. Rao, Mater. Lett 56, 167 

(2002). 

3. M.A. Habeeb, B.H. Rabee, A. Hashim, Adv. Phys. Theor. 

Appl. 20, 141 (2013). 

4. V.M. Mohan, V. Raja, A.K. Sharma, V.V.R. Narasimha 

Rao, Ionics 12 No 3, 219 (2006).  

5. W.A Musa, T.K. Hamad, M.T Abdul Nabi, J. Al-Nahrain 

University (Science) 16 No 3, 119 (2013). 

6. R. Tomar, R.C. Sharma, Int. J. Sci. Res. Engin. Tech. 2 

No 5, 296 (2013). 

7. M. Singh, V.K. Singh, K. Surana, B. Bhattacharya, 

P.K. Singh, H.W. Rhee, J. Indust. Engin. Chem. 19, 819 

(2013). 

8. R.S. Al-Faleh, A.M. Zihlif, Physica B 406, 1919 (2011). 

9. R.S. Al-Faleh, A.M Zihlif, J. Thermoplast. Comp. Mater 27 

No 6, 816 (2014) . 

10. E.A. Davis, N.F. Mott, Philosophical Magazine 22, 903 

(1970).  

11. Y. Ramadin, M.Al-Haj Abdallah, M. Ahmad, A.M. Zihlif, 

S.K.J. Al-Ani, S.G.K. Al-Ani, Optical Mater. 5 No 1-2, 69 

(1996). 

12. M.K. El-Mansy, E.M. Sheha, K.R. Patel, G.D. Sharma, 

Optik 124, 1624 (2013). 

13. J. Tauc, Amorp. Liq. Semicond. Plenum (New York: 1974). 

14. Mohammed Al-Tweissi, I.O. Ayish, Y. Al-Ramadin, 

A.M. Zihlif, Z.M. Elimat, R.S. Al-Faleh, J. Nano- Electron. 

Phys. 10 No 2, 02006 (2018). 

15. S. Kramadhati, K. Thyagarajan, Int. J. Eng. Res. Dev 6 

No 8, 15 (2013). 

16. F. Urbach, Phys. Rev 92, 1324 (1953). 

17. F. Yakuphanoglu, S. Ilican, M. Caglar, Y. Caglar, J. Op-

toel. Adv. Mater. 9 No 7, 2180 (2007). 

18. S.R Elliot, Phys. Chem. Solids (John Wiley: New York: 

1998). 

19. S.H Wemple, M. Didomenico, Phys. Rev B3, 1338 (1971).

 

https://doi.org/10.1016/j.physb.2010.08.009
https://doi.org/10.1016/S0167-577X(02)00434-2
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjZvb3JrvndAhWrposKHaGcAIAQFjABegQIBxAC&url=https%3A%2F%2Fiiste.org%2FJournals%2Findex.php%2FAPTA%2Farticle%2FviewFile%2F6102%2F6238&usg=AOvVaw22LOK7jEmIitewQvSVoHDa
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwjZvb3JrvndAhWrposKHaGcAIAQFjABegQIBxAC&url=https%3A%2F%2Fiiste.org%2FJournals%2Findex.php%2FAPTA%2Farticle%2FviewFile%2F6102%2F6238&usg=AOvVaw22LOK7jEmIitewQvSVoHDa
http://link.springer.com/search?facet-author=%22V.+M.+Mohan%22
http://link.springer.com/search?facet-author=%22V.+Raja%22
http://link.springer.com/search?facet-author=%22A.+K.+Sharma%22
http://link.springer.com/search?facet-author=%22V.+V.+R.+Narasimha+Rao%22
http://link.springer.com/search?facet-author=%22V.+V.+R.+Narasimha+Rao%22
https://doi.org/10.1007/s11581-006-0035-1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjvqcecr_ndAhXGo4sKHZqkC9AQFjAAegQICBAC&url=http%3A%2F%2Fgesj.internet-academy.org.ge%2Fdownload.php%3Fid%3D2721.pdf%26t%3D1&usg=AOvVaw3c0YehwSRVMaW7_DYLvv5s
https://doi.org/10.1016/j.jiec.2012.10.023
https://doi.org/10.1016/j.physb.2011.01.076
https://doi.org/0.1177/0892705712456863
https://doi.org/0.1177/0892705712456863
https://doi.org/10.1080/14786437008221061
https://doi.org/10.1016/0925-3467(95)00033-X
https://doi.org/10.1016/j.ijleo.2012.05.009
https://doi.org/10.21272/jnep.10(2).02006
https://doi.org/10.21272/jnep.10(2).02006
http://www.ijerd.com/paper/vol6-issue8/C06081518.pdf
http://www.ijerd.com/paper/vol6-issue8/C06081518.pdf
https://doi.org/10.1103/PhysRev.92.1324
https://joam.inoe.ro/download.php?idu=792
https://joam.inoe.ro/download.php?idu=792
https://doi.org/10.1103/PhysRevB.3.1338

