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Abstract:

The optical transmission and absorption spectra in (UV-VIS) have been recorded in the wavelength range 400-
1000 nm for different compositions of polyaniline doped PVAc-PVC polymer composites. The optical parameters
such as absorption coefficient (o), optical energy gap (E,,,), refractive index (ny), optical dielectric constant (),
measure of extent band tailing ( nB)']:AE, constant B and ratio of carrier concentration to the effective mass
(N/m*) have been evaluated. The effects of composition of polymer blend on these parameters have been
discussed and the nonlinear behavior for all the parameters are investigated. The X-ray diffractogram of all the
polymer composites are homogenous and are of single phase. Infrared spectroscopy has been used for the
identification of polymer structure.
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Introduction:

Polymer composites have steadily gained growing importance during the past decade. A good
amount of work has been reported on the conduction mechanism in polymeric materials. Deshmukh
et al' (2005) reported electrical conduction in semiconducting PVC-PMMA thin film. Electrical
properties congitute one of the most convenient and sensitive method for studying the polymer
structure.”

Refractive index is an important optical parameter for the design of prisms, windows and
optical fibers.*The study of optical absorption spectra in solids provides essential information about the
band structure and the energy gap in the crystalline and non crystalline materials. Analysis of the
absorption spectra in the lower energy part gives information about atomic vibrations while the higher
energy part ofthe spectrum gives knowledge about the electronic state inthe atom.”

In recent years there has been increasing interest in the size dependent electrical and optical
properties of semiconductors.’ Innano-crystallites, the electrons confined in a narrow potential will
exhibit extra-ordinary characteristics in the optical and electrical properties’ When the width of such
confining potential is very small i.e. of the order of few hundred angstroms quantum size effect arises’

During the last five years, the research on the growth of nano particles Pbs films has increased,
for its technological applications in photo resistance, diode lasers, decorative coatings and
optoelectronic devices (Wang er aff. Optical properties of polyaniline doped PVC-PMMA thin films
have been investigated” The effect of doping percentage of polyaniline on the optical parameters has
been discussed and nonlinear behavior for all parameters has been investigated. Also Burghate et al'’
has studied the optical properties of PVC-PMMA polymer blends. Berman er al'' reported structural
and optical parameters of chemically prepared CdS non crystalline thin films. Optical Band gap in
polyaniline doped PVC-PS bend have been investigated by Joshil.” The effect of doping percentage of
polyaniline on these parameters have been discussed and non-linear behavior for all parameters have
been investigated. PVC as proton donar and PVAc as a proton acceptor. T ager, have been selected for
the present work. PVC-PVAc polymer composites doped with polyaniline (P ANI) have been prepared
for the study of optical parameters and Characterization.
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Experimental details:
2.1 Preparation of samples:

The polyvinylchloride (PVC) of standard grade product supplied by Polychem Industries,
Mumbai and (PVAc) of standard grade were used for the study. The two polymers PVC (1.2g) and
PVAc (0.3g) were taken in the ratio of 4:1 by weight and PANI of different weights 0.003g, 0.006g,
0.009g, 0.012g and 0.015g i.e. 0.2%, 0.4%, 0.6%, 0.8% and 1.0% respectively. The 1.2g PVC in 15ml
of tetrahydorfuran (THF), 0.3G PVAc in 10 ml of tetrahydorfuran and PANI in 5ml of THF were
dissolved separately. After allowing them to dissolve completely, all the three solutions were mixed
together. The solution was heated at 60°C for two hours to allow polymers to dissolve completely to
yield clear solution. A glass plate (15cm x 15cm) thoroughly cleaned with hot water and then with
acetone was used as a substrate. To achieve perfect leveling and uniformity in the thickness of the film,
a pool of mercury was used in the plastic tray in which the glass plate was freely suspended. The
solution was poured on the glass plate and allowed to spread uniformly in all directions on the
substrate. The whole assembly was placed in a dust free chamber maintained at constant temperature
(40°C). In this way the film was prepared by isothermal evaporation technique.'“The film was subjected
to 12 hrs heating at constant temperature 50°C and kept for another 12 hrs at room temperature to
remove the traces of solvent. Finally, the film was removed from the glass plate. It was cut into small
pieces of suitable size, which were washed with ethyl alcohol to remove the surface impurities. The X-
ray powder diffractogram (XRD) of all the polymer composites sample is recorded by using a Philips
(Holland) automated X-ray diffractometer at (RSIC-Nagpur). The XRD of only one sample is shown in
fig . The main aim of the XRD study was to know the amorphousness of the sample. The absence of
peak in the X-ray spectra confirmed the amorphous nature of the sample.

2.2 Thickness Measurements:

For measuring the thickness, micrometer screw gauge, ’with least count 0.001cm (10um) was
used. But for greater accuracy and resolution, a compound microscope in conjunction with an
acculometer, which gives least count 13 and 3.3 um at the magnification 1:10 and 1:100, respectively
was used. A small section of the sample was taken and mounted vertically to get a clear section view of
the thickness. The film used for the present study is ofthickness 60um.

2.3 Theory:

The absorbance A and transmittance t of samples were measured by means of CARY 2390
double beam automatic scanning spectrophotometer (at Regional Sophisticated Instrumentation Centre,
Chennai) in the spectral range 400 — 1000nm at normal incidence. The spectral dependence of both A
and t on doping percentage of PANI thin film is shown in fig?2.

The optical absorption coefficient, a (v), at a given frequency (v) is given by :
4n6min(hU_Eopt)r

q(v) = ... (1)

C npAE hv
where o, 1S the extrapolated dc-conductivity at 7=0, ny is the refractive index, C is the velocity of

light, AE is a measure of the extent of band tailing, hv is the photon energy, Eqpis the optical gap,

1. . . ..
r=-isa number which characterized the transition process, and

476 mi
= —0 — Constant
CnpAE

The reflectance was calculated wing the
t=(1- R)?exp(-A)....Q2)
Where R is the reflectance, t isthe transmittance and A is the absorbance. The relation between
optical dielectric constant ¢ and the square of wavelength A*is given by

1+\/§2
1-+R
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g, =S Nj2 3

nC2 m*

whereeq, is the infinitely high frequency dielectric constant, e isthe electronic charge and — s the ratio

of carrier concentration tothe effective mass.

Results and Discussion:

The results regarding the various optical parameters obtained for different samples are listed in
Table. The plots of (a/v)’as a function of hv. The observed behaviour suggests

Sample | Optical | Dielectric | Refractive | Constant | Ratioof carrier |  (n Bi"

energy | constant index 8 concentrationto [ (cm? eV")

gap atinfinite n, {cmeV) the effective

(B JeV | frequency mass

- (e'=) (Nfm") {em)
PP 280 70.0 7.30 19.0x 10* 466107 72x107
PP2 283 823 8.05 508 x 104 57x10% 244x107
PP3 264 200 286 476x10* 127102 7.35x 107
PP4 265 847 797 100 x10* 8.56x 10" 1.25x 107
PPs 265 1.8 313 125x 104 254 x10¢ 2.56 x 107

{ahe)? ereP-ev? x 104

forbidden direct transition for amorphous material. The values of optical energy gap E,, obtained from
the extrapolation of the linear region and constant B from the slopes ofthe curves shown in fig.

The values obtained for E,, are found to increase with percentage of PANI. The similar behaviour was
observed by Burghate et al, (1995). The optical energy gap, E,, is found to be increase with increasing
PANI%. The calculated values of (n0B)aAE, which is a measure of the extent of band tailing for the
five different percentage of PANI samples are found to be nonlinear. Similar observations were found
in Ge,,Teg., Se, thin films investigated by Shokr (1992).

The dielectric constant £'versus A plots shown in Fig. 4 are linear. Verifying equ. 3, values of &
determined from the extrapolation of these plots to X = 0 and values of N/m* ratio of carrier
concentration to effective mass are listed in T able as a function of film composition. The compositional
dependence of the refractive index and dielectric constant is observed to be nonlinear for all samples
such a nonlinear behavior is observed for amorphous materials as reported by Shoker (1992). The
value of refractive index n, we calculated from optical dielectric constant, &’ for all wave length A%.
These values are foundto be more or less same throughout the wavelength range (400 nm to 1000 nm).
Therefore average value 01 n, are reported in this wavelength region. The average value of refractive
index n, shows dependence on polyaniline (P ANI) percentage.

The variation of (nOB)'l:AE the width of the tail of localized state with the normal forbidden
gap and E,,, against PANI% is shown in fig 5. The optical energy gap, E, is found to be increase with
increasing PANI% and (nyB)" is observed to be nonlinear with PANI %. The decreasing trend of the
band tailing energy suggested that the presence of sharp localized states in the band gap. The ratio of
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carrier concentration to the effective mass N/m* has been calculated from the plots. £ versus A” fig. The
value of N/m* for different samples are found to be of the order of 10* ¢cm® which are in agreement
with the values reported by other workers (Shokr 1992;Burghateet al 1995;Sawarkar 2002).

It is not possible to calculate the degree of tailing of band edges without a detailed knowledge
of the fluctuation potential. It is clear, however that the larger the fluctuation, the larger is the tailing.
Thus the effective band gap becomes narrow in the disorder lattice. Tailing may extend deep in the
forbidden zone and may execs result in the overlapping of the conduction and valence bands. The
localization of discussed on the basis of speculative criterion, suggested that the localized and non-
localized states are separated by a critical electron energy at which the electron mean free path and the
electron wavelengh as comparable.

Conclusions:

The optical gap (E,,,) is found to be increase with increasing PANI % and (nyB) is observedto
be nonlinear with PANI %. The refractive index (n,) calculated in the region 400 nm to 1000 nm is
foundto be nonlinear with increasing content of P ANI.

The ratio of carrier concentration to the effective mass (N/m*) is found to be of the order of
10*' (cm™). The linearity of the graph indicated the direct allowed transition Fig -—-

References:

Ferraro J R &Walkar A J.Chem Phys. 42 (1965) 1273.

Kryezewski M, Poly Sci. Poly. Symp (USA) 50 (1975) 359

Mead CA JAppl. Phys. USA 33 (1961) 646

Radhakrishan S Proceedings of national conference on recent trends in composites I (Amravati
Shri Shivaji Science College) (2001).

5. Mishra V &Nath R Indian J. Pure Appl. Phys. 35 (1999) 514

6. Chakraborly SC, Patil NB, Das SK &Basu S Indian J. Pure Appl. Phys. 29 (1991) 478.

7

8

e S

Sangawar VS Ph. D. Thesis (Amravati University, India) (1995)
. Belsare NG &Deogaonkar VS Indian J. Pure. Appl. Phys. 36 (1998) 280

9. Fukada E ProgPolym. Sci Jpn 2 (1971) 329

10. Mefee J H, Borgonan T G & Crane GR Ferroelectric 3 (1972) 305.

11. Kepler RG, Graeber EJ & Beeson PM Bulletin APS series 11 (1975)20 P350

12. Burghate DK, Deshmukh SH, Akhare VP, Laxmi Joshi &Deogaonkar VS Indian J. Phys 78A
(2004) 3, 331-335.

13. Deshmukh SH, Burghate DK, Deogaonkar&DeshmukhPT Indian J Phys 79 (2005) 11, 1263-1267

14. Segal E, Haba Y, Narkis M, Siegmann A, Journal of Applied Polymer Science 79 (2001) 760-766

15. Yingfeng Yu, XinhuiZhong, WenjunGanColloid PolymSci 287 (2009) 487-493

16. Keton JE (ed) Organic Semiconducting Polymers (New York : Marcel Dekker) (1968) P267.

17. PavanKhare& Shrivastav AP Indian J. Pure Appl. Phys. 29 (1991) 140

18. Parak NC &Garg TC Indian J. Pure Appl Phys 25 (1987) 110

19. Schottky W Z Phys 15 (1914) 872

20. FrenkelJ Phys.Rev 54 (1938) 647

21. Fowler RH &Nordhein L Proc. Soc (London) A119 (1928) 173

22. Rose A PhysRev 97 (1959) 1538

23. Hasoon Salah Abdulla* and Abdullah Ibrahim Abboblnt. J. Electrochem. Sci., 7 (2012) 10666 -
10678

24. Narayan A & Sing HP Indian J Pure Appl Phys. 25(1983) 30

25. Bahri R &Sood BR Thin Solid film 100 (1983) L5

26. Mehendri PC, Agrawal JP & Jain K Indian J Pure Appl Phys 34 (1996) 100

27. Sangawar VS & Adgaonkar CS Indian J Pure Appl. Phys. 34 (1996) 101

30

“. A bi-annual Peer Reviewed Joumal
ShriShivgji Education Society Anravati’s
¥ Science College, Congress Nagar, Nagpur440012(M.S.) India.




