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Abstract.  Films of Cobalt Chloride Doped Polyvinylalcohol – Polyvinylpyrrolidone blend were prepared by solution 

casting method, in the doping range 0 wt% up to 42 wt%. These films were characterized by XRD, UV-Visible 

spectrometry, FTIR, thermal analysis and electrical measurements. The films were semi-crystalline, with an average 

crystallite size of few nanometers. The optical band gap due to indirect allowed transitions (in k-space) decreases from 4.6 

eV for 1.5 wt% doping level to 4.0 eV at 35 wt% doping level. In addition, absorption peaks were observed at 2.3 eV, 3.0 eV 

and 1.7 eV, which indicate that doping results in formation of allowed energy bands within the forbidden gap. The Urbach 

energy, which measures the width of band tails within the forbidden gap, is found to significantly decrease with increase in 

doping level. DC electrical measurements show a good fit for 3-D Variable Range Hopping model of conductivity. The 

temperature variation of electrical resistivity obeys the Arrhenius relation, from which the activation energy obtained is 

found to decrease from 4.1 eV for 1.5 wt% doping level to 3.1eV for 19 wt% doping level.  

Keywords: Doping, polymer blend, Cobalt chloride, Activation Energy, Optical Band gap 

PACS: 61.25.hk, 78.40.-q, 61.43.-j, 72.80.Ng, 78.20.Ci  

INTRODUCTION 

Polyvinylalcohol (PVA) is a polymeric 

material which is of significant interest due to its ease 

of processability and potential applications. PVA 

doped with different redox agents like iodine, ferric 

chloride have been studied, and these samples show 

significant modification of structural, optical and 

electrical properties [1-5]. The miscible blend of PVA 

with polyvinylpyrrolidone (PVP) has also been studied 

by researchers [6]. Cobalt chloride (CoCl2) has a 

potential to significantly modify the dielectric and 

optical properties of a material [7]. The structural 

properties of the PVA-PVP blend are expected to 

change on incorporation of CoCl2. Usually, at low 

concentrations of CoCl2, it is expected that there is 

molecular level distribution of dopant in the host 

polymeric matrix (PVA-PVP blend). The increase in 

CoCl2 concentration to moderate levels is expected to 

result in cluster formation and molecular aggregation 

of the dopant. At higher levels of doping, the material 

is expected to undergo a phase separation into a 

polymer rich region and a cobalt chloride rich region.  
This paper presents the details of preparation, 

characterization, electrical and optical investigations 

on cobalt chloride doped polyvinylalcohol (PVA) – 

polyvinylpyrrolidone (PVP) blend. It is found that 

cobalt chloride (CoCl2) is a promising dopant material 

for modifying the optical properties, causing major 

modifications in the band structure of the polymeric 

blend. After preparation of cobalt chloride doped blend 

of polyvinyl alcohol (PVA) and polyvinylpyrrolidone 

(PVP) and its characterization, the quantitative 

analysis of the optical spectra revealed significant 

changes like energy levels incorporated into the band 

gap of PVA-PVP blend. Electrical properties revealed 

interesting variation of the activation energy with 

dopant level. The Mott’s Variable Hopping model in 

three dimensions was able to fit with the data on the 

temperature variation of electrical conductivity in this 

sample.  

 

EXPERIMENTAL 

The films of PVA-PVP-CoCl2 blend were 

prepared by solution casting method. Films having 

different concentrations (doping levels) of CoCl2 were 

prepared. A standard 1M doping solution of cobalt 

chloride in distilled water was prepared, and different 

volumes of this solution were added to two grams 
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each, of an aqueous solution of PVA and PVP  which 

was prepared earlier, and the same was stirred 

magnetically, and later placed in an air cooled 

temperature controlled oven, maintained at 40 degree 

Celsius. The films were slowly dried on flat glass 

petri-dishes, and were later peeled off. Since the films 

were highly hygroscopic, they were stored in a 

dessicator. The powder XRD spectra were recorded 

using Rigaku X-ray Spectrometer. The samples 

prepared were semi-crystalline in nature, with an 

average crystallite size of a few nanometers.  

A Hitachi U 3310 UV-Visible spectrometer 

was used in the wavelength range 200-1000 nm for 

obtaining the Optical absorption (UV-Visible) spectra. 

The spectra were recorded at room temperature, using 

dry films, removed from the dessicator just before 

exposure to light in the spectro-photometer. The 

spectra were analyzed to extract optical parameters 

like activation energy, optical band gap and Urbach 

energy. The energy width of tails of localized states in 

the forbidden band gap (Eu) was evaluated using the 

Urbach edges method and the activation energy (Ea) 

was calculated from the wavelength (λg) corresponding 

to the absorption band edge. It was observed that the 

absorption coefficient is a function of photon energy, 

and obeys Mott-Davis model [8].  

An arrangement for temperature variation 

(PID Controlled oven/ furnace) of polymer samples 

has been used with a temperature controller accurate to 

one degree celsius for the study of temperature 

variation of electrical conductivity, using two-probe 

method.  

 

 

RESULTS AND DISCUSSION 

It was observed (from UV-Visible spectra) 

that the absorption edge gives a good fit for both 

indirect allowed transitions and direct allowed 

transitions in k-space. According to Mott and Davis 

[8], one can obtain the optical band gap Eg of materials 

from the application of equation (1). 
m

gEhB )(h )( −= νννα  (1) 

    

 In equation (1), B is the disorder parameter, 

and Eg is the optical energy band gap. The value of m 

is 1/2, 3/2, 2 and 1/3 for direct allowed transition, 

direct forbidden transition, indirect allowed transition 

and indirect forbidden transition, respectively.  

The activation energy for optical transitions 

reduced from 4.6 eV at 1.5 wt% doping level (DL) to 

4.0 eV at 42 wt% doping level. The absorption 

intensity at these intermediate energies also increases 

with concentration of CoCl2 in PVA-PVP blend. The 

optical band gap for indirect allowed transitions in k-

space, decreases from 4.6 eV for 1.5 wt% doping level 

to 4.0 eV at 35 wt% doping level. In addition, 

absorption peaks were observed at 2.3 eV, 3.0 eV and 

1.7 eV, which indicate that doping results in formation 

of allowed energy bands within the forbidden gap.   

The optical band gap due to direct allowed transitions 

reduces from 4.8 eV at 1.5 wt% doping level to 4.4 eV 

at 42 wt% doping level.  The optical band gap at 42 

wt% doping concentration for indirect and direct 

allowed transitions due to the absorption band created 

in the forbidden gap by the doping process is 1.64 eV 

and 1.68 eV respectively. The Urbach energy which is 

the width of band tails in the forbidden gap, is found to 

decrease significantly with increase in doping level of 

cobalt chloride in PVA-PVP blend films. It is 0.87 eV 

at 1.5 wt% doping level, 0.12 eV at 4.3 wt% doping 

level and becomes negligible at 42 wt% doping level, 

suggesting an increase in degree of structural order in 

the CoCl2 doped PVA-PVP blend, when the 

concentration of CoCl2 is increased.  

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
0

10

20

30

40

 iat1

 iat2

 iat4

 iat7

[ α
 h

 ν
 ]1

/2
  (

e
V
 c

m
-1

)1
/2

Energy of the incident photon hν (eV)

 
FIGURE 1.  Determination of the optical band gap due to 

indirect allowed transitions, for PVA-PVP-CoCl2 blend 

films. Note the absorbance bands at lower energies also 

(between 1.7 and 2.6 eV). Legend: iat1 = 5.6 wt%, iat2 = 

10.6 wt%, iat4 = 19 wt% and iat7 =29 wt%. 

 

In CoCl2 doped PVA-PVP polymeric blend 

sample, there was found to be a negative temperature 

coefficient of electrical resistivity (ρ). In fact, there is 

an exponential drop in electrical resistivity with 

absolute temperature (T), which can be explained with 

the help of the Arrhenius relation (equation (2)). In 

equation (2), kB is the Boltzmann constant (1.38 × 10
-

23
 J K

-1
). 
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From the data of variation of electrical resistivity with 

temperature, using equation (2), the energy gap for 

charge mobility (Activation energy Ea) can be 

determined.  The results are presented in table (1).  

Note that this activation energy decreases from a high 

of 4.1 eV for 1.5 wt% doping level to a low value of 

3.1eV for 19 wt% of CoCl2 in PVA-PVP blend. 

 

 TABLE 1. The variation of activation energy with 

respect to CoCl2 doping level in PVA-PVP blend. This 

information is extracted from temperature variation of 

electrical resistivity using Arrhenius equation. 

Doping Level 

 (wt%) 

Activation Energy 

(eV) 

1.5 4.1 

3 3.8 

8 

15 

19 

23 

35 

3.6 

3.4 

3.1 

3.4 

3.2 

 

It is also observed that, in these polymeric 

samples, the Variable Range Hopping model is valid 

to explain the temperature variation of electrical 

conductivity. When the graph of when ln (σT
2
) is 

plotted versus (1/T)
1/4

 is plotted for different doping 

levels of CoCl2 in PVA-PVP blend films [where σ is 

the electrical conductivity (σ = ρ
-1

)], a good straight 

line fit is observed, implying that the Variable Range 

Hopping (VRH) model in three dimensions is valid 

model for the mechanism of electrical conduction in 

these films. 

 

CONCLUSIONS 

Cobalt Chloride doped PVA-PVP blend films were 

prepared by solution casting technique and 

characterized. They showed semi-crystalline nature, 

with an average crystallite size of a few nanometers. 

The UV-Visible spectra of these PVA-PVP-CoCl2 

films were recorded in the wave length range from 200 

nm up to 1000 nm. The nature of optical transitions 

were found to be of indirect allowed type (best fit), 

although the fit of the absorption edge data for direct 

allowed transitions was also good. The optical spectra 

obtained were analyzed quantitatively. The optical 

band gap reduces from 4.6 eV for 1.5 wt% doping 

level to 4.0 eV at 42 wt% doping level. Addition 

absorption peaks were also observed at lower 

activation energies 2.3 eV, 3.0 eV and 1.7 eV, which 

indicate the formation of allowed energy bands within 

the forbidden gap, due to doping. The Urbach energy, 

which measures the width of band tails within the 

forbidden gap, is found to significantly decrease with 

increase in doping level, from 0.87 eV at 1.5 wt% 

doping level to 0.12 eV at 4.3 wt% doping level. This 

indicates an increased degree of order in the sample, 

on increase in concentration of cobalt chloride. The 

temperature variation of electrical resistivity obeys the 

Arrhenius relation, from which the activation energy 

obtained is found to decrease from 4.1 eV for 1.5 wt% 

doping level to 3.1eV for 19 wt% doping level.  
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