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Abstract

Conjugated polymers in the form of thin films play an important role in the field of materials science due to their interesting properties. Polym
thin films find extensive applications in the fabrication of devices, such as light emitting devices, rechargeable batteries, super capacitors,
are used as intermetallic dielectrics and EMI shieldings. Polymer thin films prepared by plasma-polymerization are highly cross-linked, pinhc
free, and their permittivity lie in the ultra low-regime. Electronic and photonic applications of plasma-polymerized thin films attracted the
attention of various researchers. Modification of polymer thin films by swift heavy ions is well established and ion irradiation of polymers ca
induce irreversible changes in their structural, electrical, and optical properties. Polyaniline and polyfurfural thin films prepared by RF plasn
polymerization were irradiated with 92 MeV silicon ions for various fluencesflD'ions cnr?, 1 x 102ions cnt?, and 1x 10" ions cnm2.

FTIR have been recorded on the pristine and silicon ion irradiated polymer thin films for structural evaluation. Photoluminescence (PL) spec
were recorded for RF plasma-polymerized thin film samples before and after irradiation. In this paper the effect of swift heavy ions on the structu
and photoluminescence spectra of plasma-polymerized thin films are investigated.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction polyfurfural thin films by using aniline and furfural as precur-
sor solutions, respectively. It is also known that for modifying
Conducting polymers play an important role in the field of the electrical or optical properties of these films they are doped
material science because of their excellent electrical, opticalyith iodine, acid groups, etc. Doping of these films modifies the
and optoelectronic properties. Polymers can be synthesized lefectrical and optical properti§¢g]. Apart from adding dopants,
chemical, electrochemical, or plasma methidg2], and ineach irradiation of polymer thin films with swift heavy ions also
case, the composition, morphology, and physical properties ahodifies their various properti¢8,9]. The swift heavy ions on
the resulting polymer are strongly dependent on the detaileHombardment results in the breakage of covalent bonds, promo-
reaction conditions. Plasma-polymerization is a novel techtion of cross-linkages, formation of carbon clusters, liberation of
nique for preparing conducting/conjugated polymer thin filmsvolatile species, and in some cases, formation of new chemical
[3-5]. The composition of plasma-polymerized films can bebonds[10].
tailored with appropriate processing conditions like monomer In this paper, the effect of swift heavy ions on the struc-
flow rate, pressure in the chamber, deposition time, and powetural and photoluminescence spectra of plasma-polymerized
The resulting polymer thin film properties are often unique andhin films are investigated. Their properties are compared with
unobtainable by other polymerization techniques. RF plasmathat of the pristine sample.
polymerization[6] is employed for preparing polyaniline and

2. Experiment
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elsewherd6]. In brief, it consists of a long glass tube of length
50 cm and of diameter around 8 cm with provisions for pass-
ing monomer vapour, dopants, and for evacuation. Chemically
and ultrasonically cleaned glass substrates with precoated meta
electrode was placed inside the glass tube exactly under the spac:
separated by the aluminium foil electrodes, which are capaci-
tively coupled and wrapped around the glass tube separated by ¢
distance of 5 cm. The chamber was evacuated and the monome
(anilineffurfural) was passed into the chamber. Glow discharge
was obtained in between the electrodes by applying a high fre-
quency (7-13MHz) and a current in the range of 60—80 mA.
Polyaniline and polyfurfural thin films were coated under opti-
mum conditions. The thickness of the film was measured by
employing a homemade device based on Tolansky'’s interfero-
metric method. The details of this method are cited elsewhere
[11].

Polymer thin films of area 1cm 1cm were exposed to
92 MeV Siions in the material science irradiation facility of the
Nuclear Science Centre, New Delhi. The ion beam current was
~3 pnA (particle nano ampere). The irradiation was carried out
atroom temperature and under high vacuum. The irradiation flu-
ence was in the range from %Gons cnm?2 to 10t3ions cnm?,
which depends on the time of irradiation and the incident ion
current.

The BRUKER EQUINOX 55 FTIR Spectrometer was used
for taking IR spectra of monomer, polymer and irradiated poly-
mer thin film samples in the range of 4000—400¢mPho-
toluminescence (PL) spectra were recorded for RF plasma-
polymerized thin film samples before and after irradiation by
using He Cd laser [442 nm] and CCD array.

3. Results and discussion
3.1. Structural studies

3.1.1. Polyaniline

The FTIR spectra of pristine and irradiated polyaniline are
as shown inFig. 1, respectively. The peaks at 1656Th
and 1423 cm?! correspond to the retention of aromatic rings
of polyaniline. The peak at 3207 cth shows the vibration
of NH group[12]. The peaks at 2883 cmh and 2834 cm?
are indicative of the CH stretch in polyaniline. The peak
at 1059cm? is due to CH in plane deformation and CN
stretching is observed at 971t/ Substituted benzene ring is
also detected from the peaks 783¢hand 676 cml. Based
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on the above findings from the FTIR spectra, it is assumed Fig

here that hydrogen abstraction is a possibility during plasma-
polymerization.
FTIR spectrum of irradiated polyaniline also shows broad
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. 1. FTIR spectrum of pristine and SHI irradiated polyaniline thin films.

peaks. It is observed that there is an intense shift in NH and CHL3] for film bombarded with fluence of ¢ 10 ions cnt? and
stretching bands with respect to the pristine polyaniline sam1 x 10*3ions cnt?, respectively. This peak corresponds te@

ple. This indicates that the swift heavy ion irradiation disturbsgroup and the intensity of the peak increases with increase of
the polymer chain. Also, there is no shift in peaks correspondtluence. This infers that higher fluence play a significant role
ing to the aromatic ring, which is an indirect evidence to thein modification of these particular thin films. By comparing the
fact that the swift heavy ion irradiation does not affect all theFTIR spectra of pristine and irradiated polyaniline, it is clear
aromatic rings_ However' apart from the fundamental Spectréhat the structure of SHI irradiated polyaniline is different from
bands, the bands at 2132cfand 2183cm? are observed Pristine.
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Fig. 2. FTIR spectrum of pristine and SHI irradiated polyfurfural thin films.

3.1.2. Polyfurfural
FTIR spectra of pristine and SHI irradiated polyfurfural are

u)
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PL Intensity (a.u)
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recorded Fig. 2). The band assignments are compared with thejj,s.

standard monomer furfural values. The peaks at 933'cand
808 cnt L in pristine polyfurfural are due to the retention of five-

peaks at 1159 cmt and 1033 cm? are indicative of GO—C
at 2938 cm! corresponds to the CH stret§t?]. C=0 stretch

and G=C stretch are observed at 1666chand 1411 cm?,
respectively.

FTIR spectrum of SHI irradiated polyfurfural thin films are
membered ring in the polyfurfural after polymerization too. Theshown inFig. 2 From the spectrum it is observed that the ion
bombardment results in the cleavage of the ring of furfural and
asymmetric and symmetric stretch of polyfurfural. The pealeading to a carbonized structure with the elimination of carbon
dioxide. The intensity and position of the key bands also changes
due to ion irradiation. The FTIR spectrum of the irradiated
thin films is very broad and without much significant features.
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Fig. 3. Photoluminescence spectrum of polyaniline pristine and irradiated thin
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similar but the peak intensity varied slowly with the ion fluence.
The peak intensities are compared for different ion fluences.
FromFig. 3 it is clearly seen that the intensity of the incident
] beam decreases with increase of ion fluences.
8000 FTIR spectra indicate that the pristine polyaniline retains the
benzene ring and the ring is not opened up. But after irradiation,
6000+ the ring is opened up because of high-energy ions, which induce
structural changes. The rearrangement of bonds as well as the
increase of conjugation in the polymer leads the decrease of PL
intensity with increase of ion fluence. However, at lower fluence
the variation of PL intensity is low, due to the less conjugation,
0Ll :/ , . . whereas at higher fluence the intensity is decreases more with
400 500 600 700 800 respectto pristine. This could be due to opening of more benzene
Wavelength (nm) rings at higher fluence. This is in conformity with FTIR results.
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] 3.2.2. Polyfurfural
10000 Photoluminescence studies on pristine and irradiated poly-
1 furfural were conductedrig. 4 shows the photoluminescence
80005 response of the polyfurfural samples.
Polyfurfural pristine and irradiated samples exhibited a broad
] photoluminescence peak centred on 605 nm. It is interesting to
40004 note that the peak intensity of the photoluminescence spectrum
: decreases with increase of ion fluence. This is because of the
A0 / change in structure. It is clear from tliég. 4 that there is a
] e Ty decrease in the luminescence intensity. This is primarily caused
0qd—e” . i i . . . . . . .
400 <00 00 200 200 by absorption of the light in the irradiated polyfurfural thin film
also. The fact that we can still observe luminescence on the
irradiated thin film demonstrates that the irradiation alter the
optical activity of the material.
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10000+ 4. Conclusion
R Polyaniline and polyfurfural thin films synthesized by
employing RF plasma-polymerization are irradiated success-
] fully with swift heavy silicon ions at different fluences. FTIR
4000 spectral results are compared with the standard data and is cor-
] related with the PL studies.

2000+ In general, the effect of irradiation in photoluminescence can
—d__ be viewed in two ways:

6000+
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400 ' S(I)U ' 6()I(] r 7:Tm I S(IJU
Wavelength (nm) (1) the restructuring of the surface chemical species because
of the energy deposited through electronic loss during the
process of irradiation;
(2) formation of radiation induced defects leading to non-
radiative recombination centres.

Fig. 4. Photoluminescence spectrum of polyfurfural pristine and irradiated thin
films.

This observation also points to the formation of carbonized
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