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Bandgap determination of chemically doped polyaniline materials from 
reflectance measurements 
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Spectroscopic techniques are very useful fo r characterizing semiconducting and conducting materials. The opt ical propert ies 
(speciall y re fl ection spectra) of polyaniline mix with metal Mn and Fe with different composition in bulk fo rm were studied. The 
refl ection spectra of these materials are recorded by a Hitachi spectro-photometer model (330), at room temperature, in the 
wavelength range 300-600 nm. From the analysis of re fl ection spectra, polyaniline mix with metal Mn and Fe have been found to 
have energy bandgap which decreases with increase of concentration of iron. An effort has also been made to study the structu re 
form ation using XRD techniques. 
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1 Introduction 

Conducting polymers have found applications not 
only due to thei r electrical and thermal properties, but 
a lso du e to th e ir inte res tin g o ptica l pro pe rti es. 
Conducting polymers in general and the polyaniline 
family of polymers in particular, have created intense 
sc ienti f ic and tec hn o log ica l in te res t. C ondu c tin g 
polymers have recently attracted a great deal of interest 
because of many applications in light-weight batteries, 
so la r ce ll s, e lec trochro mi c sw itc hin g, va ri abl e 
transmi ss ion window, sensors and nonlinear optical 
materials' 2 • In polyaniline, bas ic chain structure exists 
in three insulating states: (i) locoemeraldine base (LB) 
(ii ) emeraldine base (EB) and (iii ) pemigraniline base 
(PN) forms of polyaniline. The energy gaps in LB and 
EB ori g in a te fro m the electroni c struc ture of the 
backbone C

0
H

4 
units. The gaps in LB and EB rules out a 

bond alternati on defect description of the charge-states 
of polyaniline materials. Significant consequences of the 
ring-rotational degrees of freedom exist fo r the electronic 
structure and defect states of polyaniline3

-' . Chemical 
formul a ofPANI is [(-B-NH-B-NH-)y(-B-N=Q=N-),_J x. 
in which B and Q denote the C0H4 rings in the benzenoid 
and quinoid fo rms, respectively. When emeraldine base 
is equ ilibrated in a large excess of aqueou.s-acid solution, 

protonation occurs at imine repeat unit to produce 
emeraldine salt ofpolyaniline (PA-ES) believed to have 
the composition where A is the anion and consists of 
equal number of reduced [C,H.-NH-C,H.-NH] and [C,H

4
-

N=C,H.=N-] repeat units5 • The posi ti ve ly charged 
nitrogen portion is related to the doping level. In other 
words, protonation level of the blends plays an important 
role in thermal as we ll as optical conduction of these 
materials". 

+ + 

[(C, H4-NH-C,H4-N H)v -C, H4- ~ H- C,H4= ~ H)1_y]x 

A A 

2 Experimental Details 

Polya niline is u sua lly pre pared by red o x 
polymeriza ti o n o f a niline u s ing a mm o nium 
perdisulphate, (NH4) 2Sp ,, as on oxidant. Distilled an iline 
(0.02 M) is di ssolved in 300 ml of pre-cooled HCI ( 1.0 
M) solution, maintained at 0 .5 °C. A calculated amount 
of ammonium perdisulphate (0.05 M) dissolved in 200 
ml of HCI (I M), pre-cooled to 0-5 °C, is added to the 
above solution. The dark green precipitate (ppt) resulting 
from this reaction is washed with HC I ( 1.0 M ) until the 
green colour disappears. This ppt is fu rther extracted with 
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Fig. I -Reflection spectra of Sample S I to S3 

Tab le I - 28, d value and lattice parameters 

Sample Sl 
(Mn= 100%) 

Sample S2 
(Mn, Fe= 50%) 

Sample S3 
(Fe= 100%) 

for the samples 

28 d (A.) 

3 1.67 2.82 
36.04 2.48 
45.41 1.94 
56.39 1.63 
59.76 1.54 

3 1.62 2.82 
45 .36 1.99 

31.66 2.82 
45.39 2.00 
56.44 1.63 

(h,k,l) 

(2 0 0) 
(0 0 2) 
(2 2 0) 
(3 I I ) 
( I I 3) 

(2 0 0) 
(2 2 0) 

(2 0 0) 
(2 2 0) 
(3 I I ) 

tetra-hydrofuran and NMP (N-Methy l Pyrolidinone) 
solution by soxh let extraction and dried to yield the 
emeraldine salt. Emeraldine base can be obtained by 
heating the emeral<;line salt with ammonia solution. 
Simultaneous ly, separate salt so lution is prepared by 
dissolving the MX (M=Metal and X=Halide) in distilled 
water. The solution is then slowly added to the precooled 
polymer solution with constant stirring. 

Thi s composite is then dried in an oven, at high 
temperature, to get the conducting polymer in the powder 
form . The powder, so obtained, can be used for device 
fabrication . As a typical preparation, sampleS I (Mn= I 00 
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Fig. 2- XRD of the sampleS I (Mn = I 00%) 
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Fig. 3 - XRD of the sample S2 ( Mn, Fe = 50%) 

70 

%) was synthesized by treating the aqueous solution of 
ani line, hydrochloric ac id, and Mn taken according to 
the stoichiometry. The resulting solution was stirred 
thoroughly and added to solution of alkali. The 
prec ipitated composite was washed repeatedly with 
distilled water, ti ll the fi ltrate was free of alkali (pH=7 .5) 
and then dried in air. Simil arly, the samples S2-S3 
(Mn=50, 0 % and Fe = 50, I 00 %) were synthesized 
using the same procedure by varying the quantities of 
Mn and Fe according to the stoichiometry. Pellets of 
thickness 1 mm and diameter 12 mm were prepared from 
the powdered materials by a pressure of 4 .33x I 0' Pascal. 
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Fig. 4- XRD of the sample S3 (Fe= I 00%) 

3 Characterization of Sample 

The reflection spectra ofpolyaniline mix with metal 
Mn an d Fe in bulk form were taken by spectro­
photometer Hitachi model (330), at room temperature. 
In this model, the pri sm/grating double monochromatic 
system is used. The energy bandgap of these materials is 
determined by reflection spectra. Almost all the samples 
have direct bandgap. According to the Tauc re lation, the 
absorption coefficient a for direct bandgap material is 
given by7: 

ahv = A (hv- E~)" 

2a t =In ( R, .. x-R"' j R-R,,) 

". ( l ) 

". (2) 

where, R is the reflection for any intermediate energy 
photon (hv). Constant A, is different for diffe rent 
transitions, E~ the energy gap and t is the thickness of 
the sample. 

A graph is plotted between (ahv)2 or the square of 
h? In [R'""-R,j(R-R,,.,)], and ahv(as abscissa), a straight 
line is obtained . The extrapolation of the straight line to 
(ah?)z = 0 ax is gives the value of the bandgap of the 
sample. 

4 Results and Discussion 

Reflection spectra ofpolyaniline mi x with metal Mn 
and Fe with di fferent compositi on is shown in Fig. I . It 
is observed fro m Fig. I that, refl ection decreases with 
the decrease in wavelength . Sudden fall present at a 
particular wavelength , indicates the presence of optical 
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Fig. 5- Bandgap determination of Sample S I Mn ( I 00%) 

bandgap in these samples. 

XRD of samples as shown in Figs 2-4 have been 
used to characterize the samples . The X-ray diffraction 
pattern gives valuable information about the nature and 
structure of the samples . 

Sample containing Fe as dopant is polycrystalline. 
Peak position suggests that lattice structure may be cubic. 
Calculated value of lattice parameter a=S .64 A. In sample 
containing only Mn, XRD pattern suggests that, the 
lattice may be tetragonal. Calculated values of lattice 
parameters a= b = 5.64 A and c = 4.98 A. When we 
have Mn and Fe as doped metals, then aga in, it is cubic 
lattice. Table 1 gives the 2?, d value and lattice parameters 
for the samples. 

Tauc relat ion as given in Eq . (2) is used for the 
determination of energy bandgap in the polyaniline mix 
with metal Mn and Fe. Fig. 5 shows the representative 
curve between [h? In (R,,"-R"'jR-R,JF and h? for the 
determin atio n of band gap of sampl e S I . The 
extrapolation of straight line to [(ah?))l =0 gives the value 
of energy bandgap. From Fig. 5, the value of energy 
bandgap of sampleS I (Mn= I 00%) comes out to be 2.86 
e V. In the same manner, the value of energy bandgap of 
samples S2 (Mn,Fe=50%) and S3 (Fe= I 00%) comes out 
to be 2.79 and 2.77 eV, respectively. It is observed that, 
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energy bandgaps decrease suddenly, when metal Fe is 
doped in the matrix . This might be due to the fact that, 
Fe additive in increasing concentration produces some 
kind of structural change in the sample. XRD data 
suggests that, with only Mn as dopant, the structure has 
tetragonal lattice, whereas when Mn is replaced by Fe, 
the structure changes to cubic lattice. Therefore, energy 
bandgap suddenl y increases when only Mn is present. 

5 Conclusions 

Dec rease in th e band ga p with increase of 
concentration of Fe in polyaniline doped with Mn is 
suggestive of the fac t that, lattice structure changes from 
tetragonal to cubic . . 
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