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Abstract

PVC undergoes a high degree of dehydrochlorination when exposed to energetic photons. The released HCI (acid), however,
can be trapped if a suitable trapping material (base) is also enclosed within the solid matrix as a result of formation an acid-base
adduct. Color changes or electrical conductivity changes can easily be obtained if suitable acid-base indicators or conducting
polymers in their basic (nonconducting) form are enclosed in the matrix as trapping materials. We used bromcresol green and
polyaniline for inducing color and electrical conductivity changes, respectively, within the PVC matrix as a result of exposure
to UV light at 254 nm. Both changes can to some extent be reversed by further exposure of the filmyapbdld. The color
and electrical conductivity changes and their reversibility were followed by using UV-Vis, IR and XPS spectroscopic
techniques.© 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction base incorporated within the matrix to induce elec-
trical and/or optical changes. Recently Ogura et. al.
PVC is one of the most widely used thermoplastics converted PVC to an electrically conductive structure
which undergoes a high degree of dehydrochlorina- by casting it onto an electrochemically prepared poly-
tion (loss of HCI) when exposed to heat, energetic pyrrole film and later illuminating by UV light [4]. In
particles,y-rays, electrons or UV light [1]. This limits  our previous study we were able to prepare a polyani-
its use for radiation processes and decreases theline/polyvinylychloride (PVC/PANI) composite in its
service time of outdoor materials [2]. The mechanism, basic (nonconducting) form and converted it into its
various factors affecting the dehydrochlorination and acidic (conducting) one by exposureyerays or UV
especially the means to reduce it has been extensivelylight [5]. In this contribution we report on the spectro-
investigated [3]. scopic characterization of the changes responsible for
It is also possible to benefit from this dehydrochlor- the electrical conductivity increase in these PANI/
ination by trapping the evolved HCI with a suitable PVC composite films. The second part of our contri-
bution concentrates on the spectroscopic characteriza-
Trresponding author. Tel.: 90 312 2664946; fax: 90 312 tion of the optical (CO!OI‘) Char.]ges upon UV exposure
2664579, of the films of polyvinylchloride—bromcresol green
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Fig. 1. Part of the UV-Vis—NIR spectra of PVC/PANI of ca. 405 400 205 200 195

15um thick composite films in the acidic (conducting) form, L
basic (nonconducting) form before and after UV irradiation and Blndlng Energy (eV)

after exposure to Nvapor.
P kvap Fig. 2. N1s and CI2p regions of the XPS spectra of of cauib

thick composite films in the acidic (conducting) form, basic

2. Experimental (nonconducting) form before and after UV irradiation.

The PVC/PANI composites were prepared by was used to record XPS spectra. The chamber pres-
dissolving aniline together with the commercially sure was kept under % 10~° T during experiments.
available polyvinylchloride in THF and cast into The dosage of the X-rays were kept low (12 kV,
films by evaporation of the solvent. These films 5 mA) to prevent radiation damages.
were later oxidised by (NB,S,Og in acidic aqueous
solutions according to the well established methods
[6]. Reduction was achieved by treating films with 3. Results and discussion
aqueous solutions of NJ@H or NaOH. The PVC/

BG blends were prepared by dissolving bromcresol 3.1. PVC/PANI films

green and PVC (1:10w/w) in THF and casting it

on quartz windows. Both the PVC/PANI and PVC/ Electrical conductivity of PVC/PANI films
BG films were exposed to low pressure Hg light prepared in the nonconducting form increased more
source (UVP R-52G modeh = 254 nm, 4.9 eV) than 3 orders of magnitude (from less than 48/cm

for varying duration. to ca. 10°S/cm) when exposed t°Co y-rays

FTIR and UV-Vis spectra were recorded with a (200 kGy) or 254 nm UV radiation.

Bomem MB102 and a Varian Cary 5E spectrometer  Fig. 1 displays the UV-Vis—NIR spectra of the
respectively. A Kratos ES 300 electron spectrometer films when prepared in acidic (conducting), basic
equipped with a Mglk X-ray source at 1253.6 eV (nonconducting) forms. The strong polaron band
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Fig. 3. Visible spectra of films of PVC, BG (bromcresol green) and PVC/BG before and after 5 and 10 min. UV exposure.

starting around 600 nm in acidic form is the spectro- by basic form of polyaniline in the matrix and the
scopic fingerprint of the electrical conductivity which  conductivity is increased as a result of the increased
is very weak and blue shifted in the basic form [7]. charge carrier concentration. As the PANI must be
When these nonconducting (basic) films are exposedincorporated into the PVC matrix, it is difficult to
to UV radiation the polaron band starts to develop and obtain very high conductivities in the ranges®0
red shifts which can be further reversed by exposure to 10° S/cm which is typical for conducting polymers.
NH; vapors as shown in the figure. Despite this fact, these may be used for on/off
In Fig. 2 part of the XPS spectra of the acidic and devices under irradiation environments, radiographic
the basic films as well as the basic film after UV imaging/lithography or radiation monitoring.
exposure are shown. Both the N1s and Cl 2p regions
consists of multiplets. In the acidic film a relatively
strong -N"-component is present. Similarly in the CI  3.2. PVC/BG films
2p region in addition to the organic Cl peaks assigned
to CI™ are present [8]. These features confirm the  The Vis spectra of PVC only, BG only and PVC/
presence of the charged species which are responsibleBG blend films are given in Fig. 3 in their unirradiated
for the electrical conductivity within the matrix. The forms and after 5 and 10 min of irradiation. PVC has
intensity of both the -N-and CI is very small in the no absorbance in the visible region. BG has a faint
basic films which increase after irradiation confirming yellow color and which itself is sensitive to UV. It
again the radiation induced increase in the concentra- slightly changes its color under UV exposure.
tion of charge carriers, hence the electrical conduc- However, PVC is totally unaffected from UV irradia-
tivity. tion within the same exposure duration. The spectrum
The FTIR spectra (not shown) also verify the of the PVC/BG film is strongly affected by UV. The
increase in the electrical conductivity, as the free color change of the dye, as a result of the change in the
carrier absorption band starting around 1600¢&m  pH of the matrix, seems to be catalysed within the
develops upon irradiation. Further, carbonyl bands PVC matrix. This can best be explained as the result
(1700-1800 cm?) appear and spectral features of formation of an acid-base adduct between the
around 1640-400 cifchange, which can be attrib-  radiatively created HCI and the dye as it is well
uted to the increase in electrical conductivity because established that dehydrochlorination is also acid
of irradiation. catalysed [4]. The possibility of these composite
From all these spectroscopic methods it can be films for radiation sensing or lithographic applications
clearly stated that the in-situ created HCI is captured is promising.
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4. Conclusions
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