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ABSTRACT: A capacitively coupled parallel-plate reac-
tor has been used to deposit plasma-polymerized pyrrole
(PPPy), plasma-polymerized N,N,3,5-tetramethylaniline
(PPTMA), and plasma-polymerized pyrrole-N,N,3,5-tetra-
methylaniline (PPPy-PPTMA) bilayer thin films on to glass
substrates at room temperature. To deposit the bilayer
films, pyrrole monomer has been used as the mother ma-
terial and N,N,3,5-tetramethylaniline monomer has been
deposited in different deposition time ratios after the pyr-
role films were formed. Fourier transform infrared (FTIR)
and ultraviolet–visible (UV–vis) spectroscopy techniques
have been used to characterize the as-grown thin films of
about 500-nm thick. The structural analyses by FTIR spec-
troscopy have indicated that the monomer has undergone

the reorganization and the ring structure is retained dur-
ing the plasma polymerization. From the UV–vis absorp-
tion spectra, allowed direct transition (Eqd) and allowed
indirect transition (Eqi) energy gaps were determined. The
Eqd for PPPy, PPTMA, and PPPy-PPTMA bilayer films are
found to be 3.30, 2.85, and 3.65 eV respectively. On the
other hand, the Eqi for the same series are 2.25, 1.80, and
2.35 eV, respectively. From these results, it is seen that the
energy gaps of the PPPy-PPTMA bilayer films have been
increased compared with the PPPy and PPTMA films.
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INTRODUCTION

Plasma polymerization is a unique technique to fabri-
cate thin polymer films (100 Å to 1 lm) from a variety
of organic and organometallic starting materials.
Plasma-polymerized films are usually found to be
pinhole-free and highly crosslinked and therefore are
insoluble, thermally stable, chemically inert, and
mechanically tough. Furthermore, such films are of-
ten highly coherent and adherent to a variety of sub-
strates including conventional polymer, glass, and
metal surfaces. Because of these excellent properties,
they have been undertaken very actively in the last
few years for a variety of applications such as protec-
tive coatings, membranes, biomedical materials, elec-
tronic and optical devices, adhesion promoters, anti-
corrosive surfaces, humidity sensors, electrical
resistors, scratch resistant coatings, optical filters, pro-
tective coatings, chemical barrier coatings, etc. The

generation of multilayer/composite materials also
has a wide variety of applications, e.g., in biocompati-
ble materials, in the modification of surfaces, in pro-
tective coverings of metals, in the design of complex
materials, etc.1 Plasma polymerization is a versatile
technique for the deposition of thin films with func-
tional properties suitable for a wide range of modern
applications, because the molecular structures of the
films are different from starting materials, since they
are formed with fragmented molecules under ions
and electron collisions with high energy.2,3

Various properties of the polymers such as struc-
tural, physical, chemical, optical, and electrical prop-
erties have been investigated as appeared in litera-
tures. Yasuda et al.4 and Westwood5 investigated the
elemental compositions of plasma polymers pro-
duced from a variety of organic compounds using
various kinds of plasma reactors. They observed two
trends in the plasma polymers namely: (i) the defi-
ciency of hydrogen and halogens that are attached
to the carbon in the monomers and (ii) the incorpo-
ration of oxygen in the polymers even though the
monomers do not contain oxygen. Having these
observations, they concluded that the incorporation
of oxygen is a consequence of the post plasma reac-
tion of trapped free radicals with ambient oxygen.
Jesch et al.6 studied the Fourier transform infrared
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(FTIR) spectra of plasma polymers formed from pen-
tane, ethylene, butadiene, benzene, styrene, and
naphthalene. On the basis of the structures analyzed
by FTIR spectroscopy, they concluded that whether
the monomer was aromatic or olefinic or fully satu-
rated, the plasma polymer was highly branched and
crosslinked and contains identifiable saturation. Dif-
ferent properties of plasma polymerized and iodine-
doped polypyrrole have been investigated by Rajan
et al.7 A comparative study of the FTIR spectra of
the monomer and polymer pyrrole gives information
that the ring structure is retained during plasma po-
lymerization. Valaski et al.,8 Eufinger et al.,9 Kumar
et al.10 also did the detail study on the characteriza-
tion of polymerized pyrrole thin films. Bhuiyan
et al.11 calculated the optical band gaps of plasma-
polymerized acrylonitrilc thin films from absorption
edge maxima and found that the band gap was
modified on doping in contrast to the behavior of
inorganic semiconductors, where band gap remains
unaffected on doping. Xiao et al.12 investigated on
the preparation, characteristics, and different proper-
ties of plasma polymerized nitriles. In their study,
FTIR, UV–vis, X-ray photoelectron spectroscopy
(XPS), atomic force microcopy (AFM), and deposi-
tion rate characterization revealed that the plasma
synthesis conditions affected the chemical structure,
surface composition, morphology, and property of
the plasma deposited films. Akther and Bhuiyan13

did the FTIR and UV–vis spectroscopic investigation
of plasma-polymerized N,N,3,5-tetramethylaniline
(PPTMA) thin films. The structural analysis revealed
that PPTMA thin films are formed with certain
amount of conjugation that modifies on heat treat-
ment. From the UV–vis absorption spectra, allowed
direct transition (Eqd) and indirect transition (Eqi)
energy gap are determined and it is seen that while
Eqd increases a little, Eqi decreases, on heat treatment
of PPTMA. The calculated value of Tauc parameter
B for the entire sample indicates an increase in struc-
tural order/conjugation in PPTMA thin films on
heat treatment. It is then concluded that PPTMA
thin film with conjugation can be produced by
plasma polymerization and the structural order can
be improved by heat treatment. The allowed direct
and indirect transition energy gaps are also modified
when the samples are heat treated.

The electronic conductivity of bilayer aniline
(PAn)-pyrrole (Py) thin films have been studied by
Morales et al.1,14 The obtained results indicated that
the plasma technique was capable of forming chemi-
cally bonded layered polymers with several possible
combinations. They found that the synthesis of the
iodine-doped bilayer PAn-polymerized pyrrole (PPy)
polymers by plasma allows to controlling the thick-
ness of each layer, creating the possibility of having
thin films of different materials chemically bonded at

the interface by a complex mechanism of layers that
join and separate in several areas. With this tech-
nique, the studied polymers can be doped with
greater percentages of iodine, so that the polymers
have better electrical properties. Another characteris-
tic is that the films with PAn have lower thermal sta-
bility because PAn tends to release the iodine atoms
at a lower temperature than the PPy chains. Finally
they found that, the bilayer PAn-Py polymers had
greater electric conductivity at room temperature
than that shown by the separate homopolymers. Or-
ganic films were prepared by RF plasma chemical
vapor deposition (CVD) using naphthalene (named
naph), propane (prop), and naphthalene-mixed pro-
pane (naph-prop) by Tengku Nadzlin et al.15 From
their study on the optical and electrical properties of
the films, they found that all of the samples showed
broadband emission of photoluminescence. The aro-
matic and aliphatic rings found in FTIR transmission
for all samples showed that the samples contained
the original monomer. The conductivity of the sam-
ples showed that mixed film (naph-prop sample)
performed larger current flow than the single mono-
mer film (naph and prop samples) and showed
SCLC behavior for the conduction mechanism at the
higher voltage region. Plasma-deposited polymer
films were prepared by Swaraj et al.16 from organic
molecules. Aging effects of plasma-deposited organic
films after exposure to air were investigated using
near-edge X-ray absorption fine structure (NEXAFS)
and XPS in terms of changes in the oxygen or nitro-
gen concentration, changes in the content of unsatu-
rated or aromatic species, and changes in the concen-
tration of monomer functionality. In general, change
in content of unsaturated or aromatic species, change
in concentration of monomer functionality, and
change in the oxygen content was observed in the
plasma polymerized films on aging. The electrical
and optical properties of natural and synthetic mela-
nin were characterized using optical, electrical, and
photo electronic measurements by Ligonzo et al.17

The optical gap for synthetic melanin were estimated
by using Tauc’s method from absorption curves and
found to be 1.39 eV, while it was not possible to eval-
uate for natural melanin due to an exponential
behavior of absorption spectrum. Dark conductivity
and photo conductivity were characterized as a func-
tion of temperature and for different duration of
thermal treatments and it is found that both quanti-
ties are thermally activated and thermal treatments
play an important role as far as gap states are con-
cerned. It is also seen that the dark conductivity
increases after thermal treatments and also photocon-
ductivity improves especially in the UV spectral
range.

This article describes the preparation of plasma-
polymerized pyrrole-PPTMA (PPPy-PPTMA) bilayer
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thin films by plasma polymerization and discusses
the chemical structure investigated by FTIR spectros-
copy and optical properties of the thin films studied
by UV–vis spectroscopy. It is to be noted that deriv-
atives of PAn and Py are very well-known organic
materials. Different properties of plasma-polymer-
ized thin film of these organic materials have been
reported by many investigators. These two materials
are chosen to prepare and characterize the bilayer
thin film, because it is usually observed that the
bilayer and composite thin films give rise to differ-
ent properties than the films prepared with single
monomers. The results that are obtained for PPPy-
PPTMA bilayer thin films are compared with those
of the thin films prepared from component mono-
mers, i.e., PPPy and PPTMA thin films.

EXPERIMENTAL

Sample preparation

A capacitively coupled parallel-plate reactor has been
used to deposit PPPy, PPTMA, and PPPy-PPTMA
bilayer thin films on to glass substrates at room tem-
perature. To deposit the bilayer films, pyrrole mono-
mer has been used as the mother material and TMA
monomer has been deposited in different deposition
time ratio after the pyrrole films were formed.

The monomers pyrrole and the TMA were collected
from Aldrich-Chemie D-7924, Steinheim, Germany.
The monomer vapors were introduced to the reactor
through a flowmeter at the flow rate of about 20 cm3

(STP)/min into the glow discharge reactor. The glow
discharge system is a bell jar-type capacitively
coupled system and consists of two parallel plate elec-
trodes of stainless steel of diameter and thickness 0.09
and 0.001 m, respectively, and placed 0.035 m apart.
The glow discharge chamber was evacuated by a ro-
tary pump (Vacuubrand, Vacuubrand GMBH and Co,
97877 Wertheim, Germany) and plasma was gener-
ated around the substrates, which were kept on the
lower electrode, using a step-up transformer con-
nected to the electrodes with a power of about 30 W
at line frequency. Transparent light yellow-colored
PPPy, PPTMA, and PPPy-PTMA bilayer thin films of
different thickness were deposited onto the glass sub-
strates. The deposition parameters such as flow-rate,
deposition-time, power, and vacuum order were kept
almost same for all samples so that the comparison of
the results could be made for various plasma poly-
merized samples. The thicknesses of deposited films
were measured by a multiple-beam interferometric
technique.

Fourier transform infrared (FTIR) spectroscopy

For FTIR studies, the as-grown PPPy, PPTMA, and
PPPy-PPTMA bilayer thin film were scraped off

from the glass substrates in powder form and were
mixed with potassium bromide (KBr). This mixture
was then pelletized. These pellets of the mixture
were used to record the FTIR spectra at room tem-
perature using an FTIR spectrometer (Shimadzu -IR
470, Shimadzu Corp., Tokyo, Japan). All the spectra
were recorded in transmittance (%) mode in the
wavenumber region 4000–500 cm�1.

UV–vis spectroscopy

UV–vis spectra of as grown PPPy, PPTMA, and
PPPy-PPTMA thin films on glass substrates were
obtained in absorption mode with a spectrophotom-
eter Shimadzu UV-160A (Shimadzu Corp., Tokyo,
Japan) in the wavelength range 200–800 nm at room
temperature.

RESULTS AND DISCUSSION

FTIR spectroscopic analyses

Figure 1 represents the FTIR spectra of pyrrole
monomer and PPPy, and in Table I, the peak assign-
ments for the pyrrole monomer and peak assign-
ments for the PPPy thin films are shown. In the
FTIR spectrum of the monomer of pyrrole and PPPy
(Fig. 1), the absorption bands are found to be very
close to those reported previously.7,9,10 It is seen that
the FTIR spectrum of the PPPy is relatively compli-
cated than that of the pyrrole monomer. Both spectra
show a strong peak at about 3383 cm�1, which is
due to the NAH bond stretching vibration of pri-
mary and secondary amines and imines.9 The
absorption around 1650 cm�1 corresponds to the
amines in the pyrrole structure. At about 2923 cm�1,

Figure 1 The FTIR spectra of pyrrole monomer and
PPPy.
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there is a sharp peak in PPPy spectrum but not in
monomer spectrum. The peak is due to asymmetric
and symmetric CAH stretching vibration of satu-
rated hydrocarbon. Pyrrole has highly strained ring
so that the ring is easy to open under plasma poly-
merization. Therefore, the FTIR spectrum of PPPy is
very different to that of the monomer. In the molec-
ular structure of the pyrrole monomer, all the carbon
atoms are unsaturated. Thus, the peaks around 2900
cm�1 come from the plasma polymerization. There
is another special peak around 720 cm�1 appearing
in the spectrum of pyrrole monomer, but not in the
spectrum of PPPy. This peak usually belongs to
ACH2A unites. All of these differences indicated
that the monomer undergone the reorganization
during the plasma polymerization.

Figure 2 shows the FTIR spectra of TMA and
PPTMA and in Table I the peak assignments for
TMA and PPTMA are presented. In this spectrum,
the absorption bands at around 3435, 2935, 1850–
1603, 1570, 1472, and 1340 cm�1 in the wide absorp-
tion envelope resulting from the presence of NAH
stretching vibration, CAH stretching vibration, an
aromatic ring C¼¼C stretching vibration in benzenoid
and quinoid rings and CN stretching vibration,
respectively.13 The wide band around 1850–1603
cm�1 may also include the contribution due to C¼¼O
stretching vibration that is typical for plasma poly-
mers. The formation of carbonyl group is usually
attributed to the oxidation of the hydrocarbon part
of the PPTMA after exposure to air owing to oxygen
reactions with a radical species (dangling bonds)
trapped in the structure of the plasma polymer.
Crosslinking may also occur between different car-
bons of the chains due to the loss of hydrogen, par-
ticularly in the plasma-polymerized films because of
the impact of energetic particles within the plasma

during deposition. Here the PPTMA shows a widen-
ing of the band corresponding to the C¼¼C stretching
vibration of benzenoid and quinoid and slight
downshifting of CN stretching vibrations, probably
caused by crosslinking interactions intrinsically asso-
ciated with plasma polymers. The FTIR observations
reveal that the PPTMA contain an aromatic ring
structure with NC and CH side groups. From the
above discussion, it is understood that the PPTMA
film deposited by the plasma polymerization tech-
nique does not exactly resemble to that of the TMA
structure.

Figure 3 represents the FTIR spectra of the PPPy-
PPTMA bilayer thin films and in Table I the peak

TABLE I
Assignments of FTIR Absorption Peaks for Pyrrole, PPPy, TMA, PPTMA, and PPPy-PPTMA Bilayer Films

Vibrations

Wavenumber (cm�1)

Pyrrole PPPy TMA PPTMA PPPy-PPTMA

NAH stretching vibration of primary
and secondary amines

3383 3383 3475 3435 3385

Symmetric NAH stretching vibration – – 3340 – –
Asymmetric and symmetric CAH stretching

vibration of saturated hydrocarbon
– 2923 2935, 2793 2935 2924

AN¼¼C¼¼O – 2214 – – 2214
C¼¼O – – – 1850-1603 –
C¼¼C conjugated and C¼¼N conjugated stretch

and NAH deformation vibration
1674–1458 1652–1490 – – 1652-1458

C¼¼C stretching vibration – – 1680-1645 –
C¼¼C stretching vib. in benzenoid and quinoid – – 1595, 1484 1570, 1472 1610, 1508
Alkane CAH deformation 1384 – – – 1384
CAN stretching vibration 1047 1124 1351, 1307, 1223–1030 1340 1128
Tetrasubstituted benzene – – 814 - 776 – –
CAH out of plane bending 721 – – – –

Figure 2 The FTIR spectra of TMA monomer and
PPTMA.
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assignments for the Figure 3 is also given. For
comparative study, the FTIR spectra of PPPy
and PPTMA thin films are also presented in this
figure.

Comparison to FTIR spectra of PPPy and PPPy-
PPTMA bilayer films, it is seen that both the spectra
exhibit a broad band between 3300 and 3400 cm�1,
which is due to the NAH stretching vibration of pri-
mary and secondary amines and imines.9 In the
bilayer film, the relative intensity of this peak is
higher than that in the PPPy film. The bilayer film
has a relatively more intense peak at 2924 cm�1

compared with 2923 cm�1 of PPPy film and 2935
cm�1 of PPTMA films, which is due to the symmet-
ric and asymmetric CAH stretching vibration of sat-
urated hydrocarbons. As the peak around 2930
cm�1 can be attributed to the asymmetric CH2 vibra-
tion, it can be suggested that the bilayer film con-
tains more methylene groups than the other films.
In addition to this, the bilayer spectrum exhibits
peak at 1384 cm�1 which is due to the CAH defor-
mation of a CH3 group. This again shows that the
bilayer film contains more methylene groups than
the PPPy or PPTMA films. The absorption peak at
2214 cm�1 in both PPPy and PPPy-PPTMA films
suggests the introduction of AN¼¼C¼¼O group,18,19

which is very typical in plasma polymerization.4,5

The absorption at 1508 and 1610 cm�1 of bilayer
films can be assigned to the benzoid and quinoid
structures of the benzene rings in TMA. As
expected, they are found due to the presence of
TMA, because pyrrole does not contain any benzene
rings. This study, however, shows that the bilayer
films contain the characteristics of both the
monomer.

UV–vis spectroscopy

The UV–vis absorption spectra of as deposited
PPPy, PPTMA, and PPPy-PPTMA thin films have
been recorded at room temperature. In Figure 4, a
comparative study on the variation of absorption
(ABS) with wavelength, k, for as deposited PPPy,
PPTMA, and PPPy-PPTMA bilayer films of nearly
equal thickness (500 6 10) nm are presented. It is to
be noted that this sample of PPPy-PPTMA bilayer
thin film has been formed by depositing pyrrole
monomer for 40 min and then TMA monomers for
20 min. It is, however, observed in the UV–vis spec-
tra of Figure 4 that, the peak wavelength value,
kmax, for PPPy, PPTMA, and bilayer thin films are
300 nm, 380 nm and 300 nm, respectively, i.e., the
peak of PPPy and bilayer thin films are formed at
the same kmax value. However, the intensity of the
absorption (peak) of the bilayer film reduced to
almost half of the value that of the PPPy films, but
reached to very close to the intensity of the absorp-
tion of PPTMA.

The absorption coefficient, also called the optical
density, a was calculated from the absorbance data
of Figure 4 using the relation20:

a ¼ 2:303ðA=dÞ (1)

where A is the absorbance and d is the thickness of
the thin film.

The spectral dependence of a as a function of
energy hm is shown in Figure 5. It is observed that in
the low energy region the edges follow linear fall for
values of a below about 5000 cm�1 for all types of
samples. These falling edges may either be due to

Figure 3 The FTIR spectra of PPPy, PPTMA, and PPPy-
PPTMA bilayer thin film.

Figure 4 Variation of absorption (ABS) with wavelength,
k, for as grown (a) PPPy, (b) PPTMA, and (c) PPPy-
PPTMA bilayer thin films.
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lack of long-range order or due to the presence of
defects in the thin films.21

The extinction coefficient, K, can be computed
from the optical density a, by using the relation:

a ¼ 4pK
k

(2)

where k is the wavelength. The variation of K (or
variation of a) of thin films with the photon energy,
hm, has an important meaning. The increase of K
with the increase of hm indicates the probability of
raising the electron transfers across the mobility gap
with the photon energy. As the bilayer thin film has
less optical density while its components show a
higher extinction, therefore the probabilities of elec-
tron transfers across the mobility gap are higher for
PPPy and PPTMA thin films than that of the bilayer
films.

It could be noted that the absorption coefficient a
has been calculated from the experimental absorp-
tion data of the PPPy-PPTMA bilayer thin film and
found to be reduced than that of both the compo-
nent thin films, i.e., PPPy and PPTMA. The a, how-
ever, could also be calculated for an ideal bilayer
thin films from the absorption data of the compo-
nent films, by using the following equation:

a0 ¼ a1d1 þ a2d2

d1 þ d2
(3)

where ai and di are the absorption coefficient and
thickness of the components respectively, and a0 is
the absorption coefficient of the PPPy-PPTMA ideal
bilayer thin films which has been calculated from

the absorption data of the individual components by
using the Eq. (3). It should be noted that the rela-
tionship between components thickness has been
evaluated from Figure 4 with an approximation of
PPPy : PPTMA ¼ 0.6 : 0.4, with d ¼ 1 as the bilayer
thickness, as the bilayer film of Figure 4 was pre-
pared by depositing the PPPy and PPTMA thin films
with a deposition time ratio (40 þ 20 min). The theo-
retically calculated values of a0 for the ideal bilayer
thin films from the absorption data of the individual
components has been plotted in Figure 6 as a func-
tion of photon energy, hm, to compare with the a cal-
culated from experimental absorption data of real
PPPy-PPTMA bilayer thin films. The a0s for compo-
nent thin films (PPPy and PPTMA) are also shown
in the same figure for comparison.

It is seen from the Figure 6 that the theoretically
calculated values of the absorption coefficient a0 lie
in between the values of a of the two individual
components; whereas the experimental values of a
indicate an apparent reduction in absorption coeffi-
cient of the bilayer films with respect to that of its
components. The difference in Urbach tails of the
real and ideal bilayer thin films indicates different
activation energy in the real bilayer film (curve c)
than what would be expected from the ideal situa-
tion (curve d). Like any other ideal bilayer of two
materials without interface effect, where the physi-
cal properties of the bilayer usually lie in between
of those of the original materials, in the present
case the ideal PPPy-PPTMA bilayer films shows a
similar behavior. As both PPPy and PPTMA layers

Figure 5 Plots of absorption coefficient, a, as a function
of photon energy, hm, for as grown (a) PPPy, (b) PPTMA,
and (c) PPPy-PPTMA bilayer thin films

Figure 6 Plots of absorption coefficient, a, as a function
of photon energy, hm, for as grown (a) PPPy, (b) PPTMA,
(c) PPPy-PPTMA real bilayer thin films, and (d) PPPy-
PPTMA ideal bilayer thin films.
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in the bilayer thin film have the same structure as
in the component films, therefore the result, that
the theoretical values of absorption coefficient a0 of
the PPPy-PPTMA ideal bilayer films lies in
between those of the components, is not unex-
pected. However, when the absorption coefficient
is calculated from the absorption data of the com-
ponents, the interaction in the interface of the two
component thin films could not be considered. In
our study, as thin films of the components were
deposited one over the other to prepare the PPPy-

PPTMA bilayer thin films by using plasma poly-
merization technique, therefore the interaction in
the interface has occurred which may give rise to
a system with polymer–polymer complex interface
between the PPPy and PPTMA thin films. This
complex interface may not be homogeneous and
therefore, there are some possibilities of presence
of irregularities in the interface which may cause
more amorphous structure of the bilayer thin film.
It should be noted that in most inhomogeneous/
amorphous polymeric systems, the electronic con-
ductivity is affected by this interface. The cross-
linking between the interfaces should also be taken
into consideration in this system, which may cause
less absorption coefficient and consequently higher
optical band gaps.

One of the most significant optical parameters,
which is related to the electronic structure, is the op-
tical band gap. The optical band gap, Eopt, can be
calculated by Tauc relation22

ahm ¼ BðEopt � hmÞn (4)

where B is the Tauc parameter, n is the parameter
connected with distribution of the density of states,
and Eopt is the optical band gap obtained from the
extrapolation of the linear part of the curve.

To indicate the presence of direct and indirect
transitions in the materials, the curves in Figure 5
could be characterized by two different slopes. The
allowed direct transition energy gap can be eval-
uated from the plots of (ahm)2 as a function of hm
shown in Figure 7. The allowed indirect transition
energy gap can be evaluated from (ahm)1/2 versus hm
plots in Figure 8. Both the energy gaps are deter-
mined from the intercept of the extrapolation of the
curves to zero a in the photon energy axis. The val-
ues of allowed direct transition energy gap, Eqd, and
allowed indirect transition energy gap, Eqi, obtained
from the plots of Figure 7 and Figure 8 are docu-
mented in Table II.

From Table II it is seen that the energy gaps of the
PPPy-PPTMA bilayer films are increased compared
with those of the PPPy and PPTMA films.

Figure 7 (ahm)2 versus hm curves of (a) PPPy, (b) PPTMA,
(c) PPPy-PPTMA bilayer thin films.

Figure 8 (ahm)1/2 versus hm curves of (a) PPPy, (b)
PPTMA, (c) PPPy-PPTMA bilayer thin films.

TABLE II
Allowed Direct and Allowed Indirect Transition Energy
Gaps for PPPy, PPTMA, and PPPy-PPTMA Bilayer Thin

Films

Samples

Direct transition
energy gap,
Eqd (eV)

Indirect transition
energy gap,
Eqi (eV)

PPPy 3.30 2.25
PPTMA 2.85 1.80
PPPy-PPTMA bilayer 3.65 2.35
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The incorporation of oxygen in plasma polymer
as a contamination may be due to the reaction of
trapped free radicals with oxygen from the plasma
reactor even though the monomers do not contain
oxygen.4 The FTIR analyses of PPPy, PPTMA, and
PPPy-PPTMA films in this study have also indi-
cated the presence of oxygen by the appearance of
the absorption band at 2214, 1850–1603, and 2214
cm�1, respectively, Therefore, during the subse-
quent formation of the films by plasma polymer-
ization, there may be adsorbed and/or trapped ox-
ygen of the interface in between the PPPy and
PPTMA thin film layers. The oxidation of the
interface of the bilayer might affect the physical
properties of the bilayer thin films. The increase of
optical band gap may be due to this reason. Fur-
thermore, it is observed that the electrical resis-
tivity of the PPPy-PPTMA bilayer thin films is
higher than those of the individual component
thin films, which has been addressed in a separate
communication.

CONCLUSIONS

The PPPy, PPTMA, and PPPy-PPTMA bilayer thin
films were prepared using a capacitively coupled
parallel plate reactor. It is observed from FTIR analy-
ses that the pyrrole undergone reorganization in its
chemical structure during the plasma polymeriza-
tion. This technique yields PPTMA thin films with
conjugation. The study, however, shows that the
PPPy-PPTMA bilayer films contain, more or less, the
characteristics of both the monomer.

The energy gaps Eqd and Eqi were calculated from
UV–vis spectroscopic investigation and are found to
be 3.30 eV and 2.25 eV for as grown PPPy, 2.85 eV
and 1.80 eV for PPTMA and 3.65 eV and 2.35 eV for
PPPy-PPTMA bilayer thin films. It is seen that, both
the Eqd and the Eqi, are higher for PPPy-PPTMA
bilayer films than the PPPy and PPTMA. The higher
value of the optical band gap of the bilayer films
might result owing to the oxidation at the interface

of the PPPy-PPTMA bilayer during subsequent dep-
osition of the bilayer thin films.

The authors would like to acknowledge the help of BCSIR for
providing the laboratory facilities to record the UV–vis and
the FTIR spectra.
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