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Blends of the water-soluble self-acid-doped conducting polyanilines, sulfonic acid ring-substituted 
polyaniline (SPAN) and poly(aniline-co-N-propanesulfonic acid aniline) (PAPSAH), each with poly(viny1 
alcohol) (PVA) were prepared and characterized by X-ray diffraction, X-ray photoelectron spectroscopy, 
electronic spectroscopy, infra-red spectroscopy, thermogravimentric analysis, conductivity measurements, 
atomic force microscopy, and scanning tunnelling microscopy. It was found that the incorporation of PVA 
has no effect on the doping levels of SPAN and PAPSAH in the blends. This is due to the higher basicity of 
the -N= than -OH, causing a more favourable interaction of the -SOsH group with -N=. The strong 
interaction of these polyanilines with PVA through hydrogen bonding between hydroxyl groups (of PVA) 
and amine and positively charged amine and imine sites (of SPAN and PAPSAH) leads to a decrease in 
hydrogen bonding among PVA subchains and to a partial miscibility. As the PVA content is higher than 
70%, interconnected regions of PVA-rich phase and of SPAN-rich phase are formed such that the dilution 
effect of PVA on the conductivity is not large. Although SPAN has a much higher thermal undoping 
temperature (190°C) than PAPSAH (1 lOC), it reduces to 110°C in the blends due to the occurrence of 
dehydration at this temperature, while for the blend of PAPSAH with PVA, its thermal undoping 
temperature remains unchanged. 0 1997 Elsevier Science Ltd. 

(Keywords: polyauiline; self-acid-doped polymer; water-soluble polymer) 

INTRODUCTION 

Polyaniline (PAn) is the conjugated conducting polymer 
that can be doped either 'by protonation with a protonic 
acid or charge-transfer with an oxidation agent14. Its 
electronic and optical properties can be controlled 
reversibly by varying the doping leve12. PAn can be 
used as an electrode material for organic batteries5’6, in 
microelectronics7-9, as electrochemical chromic material 
for displays”‘“, and as antistatic coating and electro- 
magnetic shielding mat8eria112’13 Owing to its good 
environmental stability in doped and neutral states14J5, 
PAn is currently considered to have high potentiality 
toward practical applications. 

In many cases, for polyanilines, being soluble and 
processable is sometimes more important than being 
highly conductive. In the past few years, much progress 
has been made to improve both aspects through: 
polymerization of ring- or N-substituted aniline deriva- 
tives16-23; copolymerization of aniline with a suitable 
substituted aniline2429; post-treatment of polyaniline 

*To whom correspondence should be addressed 

with sulfonation on the aromatic ringssOJ1, with an 
incorporation of alkylsulfonic acid32-34 or alky135 pend- 
ant groups on the nitrogen atoms, and with use of 
functional dopants36; control of molecular weight37; 
microemulsion polymerization of aniline3*; and polym- 
erization of aniline monomers on a template such as a 
polymeric acid3942. 

Among these areas of progress, the approach of 
post-treatment of emeraldine base form of PAn by the 
sulfonation and incorporation of alkylsulfonic acid 
pendant groups on the nitrogen atoms is more attractive, 
as this eliminates the use of external dopants whose 
stabilities have always been a problem associated with 
many practical applications of the material. Very 
recently, the aqueous solutions of self-acid-doped poly- 
anilines were successfully prepared by us33134243 and their 
free-standing films can be obtained by casting directly 
from their aqueous solutions, giving conductivities of 
1 x lop2 and 3 x 10e2 S cm-’ for sulfonic acid ring- 
substituted polyaniline (SPAN) and poly(aniline-co-l\r- 
propanesulfonic acid aniline) (PAPSAH), respectively. 
However, the films are brittle, which limits them from 
practical applications. One approach for improving their 
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mechanical properties is to blend them with conventional 
polymers that possess good mechanical properties. In 
this work, the self-acid-doped polyanilines, SPAN and 
PAPSAH, were blended with the water soluble polymer, 
poly(viny1 alcohol) (PVA), in water for improving their 
processability and flexibility. Compatibilities and rela- 
tionships between structures and properties of the blends 
are explored. 

EXPERIMENTAL 
Syntheses of polymers and preparation of polyblends 

The emeraldine base form of PAn was synthesized by 
use of the chemical oxidation method similar to that of 
Chiang and MacDiarmid*. It was then converted to 
SPAN by sulfonation of the emeraldine base as described 
by Yue and coworkers30,31, and to PAPSAH by reaction 
with NaH and then propanesultone as reported in our 
previous works33)34. In order to prepare the aqueous 
solutions of SPAN and PAPSAH, a two-step pro- 
cedure33>34143 for post treatment was performed. SPAN 
(or PAPSAH) was first dissolved in a NaOH aqueous 
solution and then purified to remove excess NaOH by 
dialysis with a semi-permeable membrane in deionized 
water. The SPANNa (or PAPSANa) aqueous solution so 
obtained was then converted to SPAN (or PAPSAH) by 
exchanging Na+ for H+ using H+-type ion-exchange 
resin to give a stable SPAN (or PAPSAH) aqueous 
solution. 

The blends of SPANjPVA and PAPSAH/PVA with 
various compositions were prepared by mixing various 
amounts of PVA with SPAN and PAPSAH in water, 
respectively, according to the following procedure. First 
PVA was fully dissolved in water at 80°C and then cooled 
to room temperature. Next, various amounts of the PVA 
aqueous solution were added to each of the SPAN and 
PAPSAH aqueous solutions, and stirred until each 
solution was homogeneous. The solutions were coated 
on glass plates or cast in Teflon moulds to give thin films, 
which were then subjected to dynamic vacuum at 90°C 
for removing residual water. For convenience, the 
SPANjPVA blends, which contain 10, 30, 50, 70, and 
90wt% of PVA, are designated as S9V1, S7V3, S5V5, 
S3V7, and SlV9, respectively; the PAPSAHjPVA 
blends, which contain 40, 50, 70 and 90 wt% of PVA, 
are designated as P6V4, P5V5, P3V7, and P9V1, 
respectively. 

For preparations of PVA films, the fully dissolved 
PVA aqueous solution was cooled from 80°C to room 
temperature, and then cast into films using the same 
procedures as for the blends. 

Characterizations 
X-ray photoelectron spectroscopy (X.P.S.), infra-red 

spectrophotometry (ir.), u.v.-vis-n.i.r. spectrophoto- 
metry, thermogravimetric analysis (t.g.a.), and con- 
ductivity measurement, as well as sample preparations 
and measurement conditions, were described in detail in 
our previous works34>43. 

X-ray diffraction (X.r.d.) were measured using a 
Rigaku Model D/Max-2B diffractometer at room 
temperature. The D X-ray beam was nickel-filtered 
Cu-K, (X = 1.54 A) radiation from a sealed tube 
operated at 30 kV and 20mA. Diffraction intensity 
data from 5 to 35” (28) were obtained at a scan rate of 
l”min-‘. 
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Atomic force microscopy (AFM) and scanning tun- 
nelling microscopy (STM) scans were both performed 
using a Nanoscope III instrument from Digital Instru- 
ments. For the AFM technique, a very sharp probe on a 
flexible cantilever contacted the sample surface to sense 
the topography of the sample, and an optical head was 
used to sense the cantilever deflection by sensing the 
change in position of a laser beam which was reflected off 
the back of the cantilever. The scan speeds were kept to 
less than 4.1 Hz per line for a 512 x 5 12 data array. The 
STM experiments were performed in air using mechani- 
cally prepared Pt/Ir (SO/20 by weight) tips. The STM was 
run in a constant-current mode with a bias voltage of 
500mV and a tunnelling current of 200 pA, at a scan 
speed of less than 4.1 Hz per line for a 512 x 5 12 data 
array. The polymer aqueous solutions were coated on a 
highly ordered pyrolytic graphite (HOPG) substrate, and 
then dried by evaporation of water at room temperature, 
followed by a further drying under dynamic vacuum. 
The so-obtained films on HOPG surface were scanned by 
STM and then AFM immediately in air. All images 
obtained for this paper are real-time photographs taken 
directly from the computer screen. 

RESULTS AND DISCUSSION 
Electrical conductivities, molecular interactions and 
morphological structures of SPAN/PVA and PAPSAH/ 
PVA blends 

The results of conductivity measurement on the 
SPANjPVA and PAPSAHjPVA blends at room tem- 
perature are listed in Tables I and 2, respectively. The 
conductivities of the SPAN and PAPSAH at room 
temperature are about lo-* S cm-‘. When blended with 
30-40 wt% PVA, their conductivities drop only slightly 
by one order. As PVA content increases to 50-70 wt% 
and 90 wt%, they drop by two and three orders, 
respectively. These results indicate that the incorporation 
of PVA into the two self-acid-doped PAns provides an 
insignificant dilution effect on conductivity. They also 
reflect that an undoping due to the presence of PVA does 
not occur, and that the PAns must form a continuous 
network in the blends at the high PVA content (70- 
90 wt%). Detailed descriptions on these two inferences 
are given below. 

X.r.d. patterns of the PVA film, SPANjPVA blend 
films, and SPAN powder are shown in Figure 1; and 
those of PAPSAHjPVA blend films and PAPSAH 
powder in Figure 2. For SPAN powder, the X.r.d. 

Table 1 Conductivities at room temperature and maximum con- 
ductivities of SPAN and SPANjPVA blends from conductivity 
measurementsa at various temperatures. 

Composition 
SPANjPVA 

Sample (wt ratio) oar (Scm-‘)b T,,, (,C)’ a,,, (Scm-‘)d 

SPAN 10/o 1 x 10-2 190 9 x 10-l 
SW3 713 4 x 10-s _ _ 

s5v5 515 6 x 1O-4 115 2 x 10-s 
s3v7 317 2 x 10-4 110 1 x 10-s 
SlV9 119 5 X 10-S _ _ 

’ Using the four-probe method 
b The conductivity at room temperature before heating scan 
‘The temperature at which the conductivity reach a maximum 
d The maximum conductivity 
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Table 2 Conductivities at room temperature and maximum conductivities of PAPSAH and PAPSAH/PVA blends from conductivity measurements’ 
at various temperatures. 

Sample 

PAPSAH 
P6V4 

P5V5 
P3V7 
PlV9 

Composition 
PAPSAH/PVA 
(wt ratio) 

10/o 
6/4 

515 
31’1 
l/!, 

bRT (Scm-‘)b T,,, (“C)’ ummax (Scm-‘)d 

3 x 10-2 110 9 x 10-2 
1 x 10-3 _ _ 

9 x 10-4 100 4 x 10-3 
3 x 10-4 110 1 x 10-3 
8 x lo-’ _ _ 

’ Using the four-probe method 
b The conductivity at room temperature before heating scan 
’ The temperature at which the conductivity reach a maximum 
d The maximum conductivity 

pattern exhibits a broad amorphous diffraction peak at 
about 21”. For PVA, a sharp diffraction peak at 
20 = 19.5” is observed, reflecting a high degree of 
crystallinity, which is due to the occurrence of strong 
inter- and intra-molecular hydrogen bonding”. After 
blending of PVA with SP.4N, no new crystalline form is 
generated and the PVA crystalline characteristic still 
retains. However, as 10% by weight of PVA is 
incorporated (SlV9, curve b) the peak intensity at 
19.5” decreases remarkably to such an extent that the 
crystalline portion of PVA in the blend (the area above 
the dash line) is only about one third that of the pure 
PVA, much lower than the content of PVA, 90 wt%. 
Although the blends are of two-phase structure, strong 
interactions between the two components must occur. 
For the PAPSAHjPVA blends, similar results are also 
observed. 

X.p.s. N(ls) spectrum of the blend of SPAN with 
PVA, S5V5 film is shown in Figure 3~. As for that of 
SPAN43, it can be deconvoluted into three component 
peaks, centered at 401.8 & 0.1 eV with a FWHM of 
1.9 eV, at 400.2 f 0.1 eV with a FWHM of 1.9 eV, and at 
399.3 f 0.1 eV with a FWHM of 1.6eV. The area 
fractions of these three peaks are 0.23, 0.29, and 0.48, 
respectively. The peak (centered at 400.2 f 0.1 eV is 
attributed to the radical cation nitrogen34, which is 
29% of the total nitrogen atoms, implying that the 
SPAN in S5V5 blend has nearly the same fraction of 
radical cation nitrogen (or same doping level) as in the 
SPAN (30%)43. For the blend of PAPSAH with 
PVA, P5V5 film, its X.p.s. N(ls) spectrum is shown in 
Figure 3b. After a deconvolution, the spectrum gives 
three component peaks at 401.8 f 0.1 eV with a FWHM 
of 2.0eV (iminium ions, 17% of the total area), 
400.2 f 0.1 eV with a FWHM of 1.5 eV (radical cation 
nitrogen, 33%), and 399.3 f 0.1 eV with a FWHM of 
1.5 eV (uncharged amine nitrogen, 50%), implying that 
P5V5 has a doping level of 0.33, the same as that of 
PAPSAH34. These results indicate that the incorporation 
of PVA into the SPAN and PAPSAH has no effect on 
their doping levels. The reason is that the basicity of the 
-N= unit is higher than that of the -OH= group, which 
leads to a more favourable interaction of the acid group, 
-S03H, with the -N= unit. 

U.v.-vis spectra of SF’AN and the blend S5V5 are 
shown in Figure 4a. Both systems have the same 
absorption peaks at 313 nm (r-r* transition45), 380- 
420 nm (polaron band46), and 580 nm (exciton transition 
of the quinoid rings47). While the absorption peak at 

5 10 15 20 25 30 35 

Figure 1 X.r.d. patterns of (a) PVA, (b) SlV9, (c) S3V7, (d) S5V5, and 
(e) SPAN 

880nm (polaron band46) for SPAN is broader than 
that for S5V5. These results would indicate that 
although the doping level has not been changed 
after the blending as determined by X.p.s. above, 
the polarons in the SPAN of the blends are more 
localized than those in the pure SPAN. Similar results 
for PAPSAH and its blend with PVA, P5V5, are also 
observed (see Figure 4b). 

1.r. spectra of PVA, SPAN and S5V5 are shown in 
Figure 5 (curves a, b and c). The absorption band at 
1577 cm-’ of SPAN (C=C ring stretching of IP’+, where 
IP’+ is the radical cation of imino-l,4-phenylene)48)49 
shifts by 7cm-’ to 1584 cm-’ after the blending, which 
is due to the decrease of polaron delocalization as 
described in the u.v.-vis section. The band at 1143 cm-’ 
of PVA, assigned to C-O stretching5’, shifts by 4cm-’ to 
1147 cm-’ and the Caromatic-N stretching at 1301 cm-’ 
of SPAN shifts by 2 cm-’ to 1303 cm-‘, which are due 
to the formation of hydrogen bonding between 
hydroxyl groups of (PVA) and amine and positively 
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28 (Degrees) 

Figure 2 X-ray diffraction patterns of (a) PVA, (b) PlV9, (c) P3V7, (d) 
PW5, and (e) PAPSAH 

charged amine and imine sites (of SPAN) as shown AFM and STM were used to investigate the morpho- 
below: logical structure of SPAN/PVA blends. Figures 6a-6f 

II 1 s 1 I I I I I I 
405 403 401 399 397 395 

Binding Energy (ev) 

Figure 3 N(h) X.p.s. core-level spectra of (a) SW5 and (b) P5V5 

The formation of hydrogen bonding between the two 
components would cause a decrease in crystallinity of 
PVA in the blends as was already confirmed in the results 
of X.r.d. above. For the blend of PAPSAH with PVA, 
P5V5, similar results as for the blend of SPAN with PVA 
are found. The absorption band of the C=C ring 
stretching of IP’+ shifts from 1572 cm-’ by 9 cm-’ to 
1581 cm-’ after the blending due to the decrease of 
polaron delocalization. The C-O stretching shifts from 
1143 cm-’ by 12 cm-’ to 1155 cm-’ and the Caromatic-N 
stretching at 13 15 cm-’ increases by 3 cm-’ as compared 
to that of PAPSAH at 1312 cm-’ (Figure 5e) due to the 
formation of hydrogen bonding between the hydroxyl 
groups (of PVA) and amine and positively charged 
amine and imine sites (of PAPSAH), as shown below: 

(where R’=-(CHzh-) 

show the AFM images of the SPAN and SPANjPVA 
blends films coated on HOPG substrates from their 
aqueous solutions. As can be seen, the surface morphol- 
ogy of SPAN is different from those of SPANjPVA 
blends. The SPAN exhibits an aggregated granules 
morphology, while the films of the SPAN/PVA blends 
all have a much smoother surface morphology, in which 
no significant difference in morphology due to composi- 
tion variation can be observed. Figures 7a-7f show the 
STM images of the above samples. The STM image of 
SPAN (Figure 7~2) is similar to, but sharper in contrast 
than, its AFM image (Figure 6~). The STM images of 
S9Vl (10 wt% PVA) and S7V3 (30 wt% PVA) (Figures 
7b and 7c) are similar to their corresponding AFM 
images (Figures 6b and 6~). As the PVA content increases 
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Figure 4 U.v.-vis spectra of (a) SPAN, -, and SSV5, - - 
solid films; (b) PAPSAH, --, and P5V5, - - - - -, solid films 
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Figure 5 1.r. spectra of (a) PVA, (b) SPAN, (c) S5V5, (d) S5V5 after 
thermal treatment by heating at 150°C for 1 h under dynamic vacuum; 
(e) P5V5, and (f) P5V5 after thermal treatment by heating at 150°C for 
1 h under dynamic vacuum 

to 50 wt% (SSVS) (Figure 74, the contrast of the bright 
and dark regions becomes sharper; the bright region is 
referred to as the SPAN-rich phase (having a higher 
conductivity) and the dark region as the PVA-rich phase 
(having a lower conductivity). Both the dark region and 
the bright region (size about 5pm) are composed of 
several granular aggregates of size about 0.5-l pm, and 

the white regions start to form a continuous network. 
The extent of phase separation becomes more obvious in 
the blends with PVA higher than 70 wt% (S3V7 and 
SlV9) (Figures 7e and 7f ). Even though the PVA is the 
major component in S3V7 and SlV9, the SPAN or 
SPAN-rich phase (the bright region) still forms a 
continuous network. A similar result has been observed 
by Yang et aL5’ in the blend of camphor sulfonic acid 
doped PAn (CSA-PAn) with poly(methy1 methacrylate) 
(PMMA), even though the blend contains only 2 wt% 
CSA-PAn. This is probably the reason why the PVA 
dilution effect on conductivity is insignificant as such the 
conductivity only drops by a factor of lo* to lo3 as the 
PVA content is 90 wt% (Table I ). These results indicate 
that PVA and SPAN in the blends of SPAN/PVA are 
partially miscible, and binodal type phase separation 
exists in the blends with PVA lower than 50 wt% and 
spinodal decomposition occurs with PVA higher than 
70 wt%. As PVA content is minor (lower than 50 wt%) it 
disperses in SPAN matrix fairly well. As PVA is the 
major component (higher than 50 wt%), interconnected 
regions of PVA-rich phase and of SPAN-rich phase are 
formed. The same situation was also found in the case of 
PAPSAH/PVA blends (Figures 8 and 9). 

Thermal e#ect on the structures and electrical con- 
ductivities of SPANIPVA and PAPSAHIPVA blends 

The results of the t.g.a. measurements for PVA, 
SPAN, S5V5, PAPSAH, and P5V5 are shown in Figure 
IO. For the PVA film (curve (a)), no appreciable weight 
loss is observed at temperatures below 200°C. For the 
SPAN film (curve (b)), the weight loss due to the 
elimination of sulfonic acid groups43 starts at about 
180°C (majority weight loss at 275°C). For the blend 
S5V5 (curve (c)), a two-stage weight loss is exhibited. The 
first stage starts at about 110°C which is lower than 
those of pure PVA and SPAN and results from acid- 
catalysed dehydration of PVA and a condensation 
reaction between -OH and a proton (of -SO,H), as 
revealed below, while the starting temperature for the 
elimination of sulfonic acid groups remains the same as 
in SPAN film. For the PAPSAH film, the weight loss 
starts at about 110°C (majority weight loss at 22O”Q 
while for P5V5 blend (curve (e)), the weight loss 
temperature starts at about 110°C (majority weight loss 
at 175”Q which is similar to that of PAPSAH (curve 
(d )). 

For an understanding of the effects of thermal 
treatment on the electronic structures of SPAN and 
PAPSAH in S5V5 and P5V5 blends, solid films of the 
blends coated on glass plates were heated at 80, 120, and 
150°C for 1 h, and then their u.v.-vis spectra at room 
temperature were recorded as shown in Figure I I. As can 
be observed for both cases, the absorption intensity of 
the polaron band transition at 880-9 10 nm decreases and 
the absorption due to exciton transition of the quinoid 
rings at about 580-590 nm increases. This implies that a 
permanent partial thermal undoping occurs, and the 
conductivity will decrease, as will be described later. 

The i.r. spectrum of the blend S5V5 after thermal 
treatment at 150°C for 1 h (Figure 5d ) shows that the 
absorption intensities at 3422 (-OH stretching) and 
1147 cm-’ (C-O stretching) are reduced and the band at 
1173cm-‘, assigned to S=O stretching, shifts to 
1176 cm-‘, indicating the occurrence of condensation 
reactions of -OH groups with the protons of -S03H 
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b 

Figure 6 AFM images of (a) SPAN, (b) S9V1, (c) S7V3, (d) S5V5, (e) S3V7, and (f ) SlV9 on HOPG substrates 
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Figul tin lued 
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a 

b 

Fi$ :ure 7 STM images of (a) SPAN, (b) S9V1, (c) S7V3, (d) S5V5, (e) S3V7, and (f ) SlV9 on HOPG substrates 
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Figul re 7 CO Intin ued 
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Figure 8 AFM images t sf (a) P9V1, (b) PWS, and (c) PlV9 on HOPG substrates 
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Figure 9 STM images of (a) P9V1, (b) P5V5, and (c) PlV9 on HOPG substrates 
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Figure 10 T.g.a. curves of (a) PVA, (b) SPAN, (c) S5V5, (d) PAPSAH, 
and (e) P5V5 

groups (which lead to a crosslinked structure) and 
acid-catalysed dehydration of PVA as in the case of 
HBF,-doped PAn/PVA composite15. Also the 1584 
(C=C ring stretching of IP+‘) and 1482cm-’ (C=C 
stretching of benzenoid ring49) bands shift to 1590 and 
1504cm-i, respectively, and the absorption intensity 
ratio of the former to the latter is reduced after the 
heating, indicating the occurrence of the crosslinking 
reaction through a conversion of quinoid rings to 
benzoid rings52. For the blend of PAPSAH and PW5, 
similar results were observed. After thermal treatment at 
150°C for 1 h, its i.r. spectrum (Figure 5s) shows that the 
absorption intensities at 3410 cm-’ (-OH stretching) and 
1155 cm-i (C-O stretching) are reduced and the band at 
1173 cm-’ (S=O stretching) shifts to 1180 cm-‘. The 
1581 and 1492 cm-’ bands shift to 1586 and 1498 cm-‘, 
respectively, and the absorption intensity ratio of the 
former to the latter is reduced after the heating. 
Therefore the S5V5 and P5V5 blends were thermally 
undoped, accompanying a loss of majority of the 
polarons after the thermal treatment, which is consist- 
ent with the results of the u.v.-vis measurements above, 

280 460 660 660 1060 1260 1460 

_I 

300 500 700 900 1100 1300 1500 
Wavelength (nm) 

Figure 11 U.v.-vis spectra at room temperature of (A) (a) S5V5 blend 
film and that after heating at 80°C (indistinguishable) and at (b) 120°C 
and (c) 150°C; (B) (a) PSV5 blend film and that after heating at 80°C 
(indistinguishable) and at (b) 120°C and (c) 150°C 

and the concomitant loss of conductivity as discussed 
later. 

The temperature dependence of the conductivities of 
the SPAN/PVA blends, S5V5 and S3V7, was measured 
as shown in Figure 12, and the characteristic results 
are listed in Table 1, including conductivity at room 
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Figure 12 Conductivity vs temperature of (a) SW5 and (b) S3V7 
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Figure 13 Conductivity vs temperature of (a) PSVS and (b) P3V7 

temperature, the tempera’ture at which the conductivity 
reaches a maximum, and maximum conductivity. For 
S5V5 blend (Figure 12a), the conductivity increases with 
temperature from 0 to 115°C (the maximum 
2.2 x lop3 Scm-‘) and decreases from 115 to 190°C. 
That conductivity drops above 115°C can be attributed 
to the occurrence of thermal undoping, as revealed in the 
u.v.-vis, i.r., and t.g.a. sections above. Similar results 
were also observed for S3V7 blend (Figure 12b), while the 
conductivity reaches a maximum (1.2 x 10e3 S cm-‘) at 
110°C. As can be seen, the thermal undoping tempera- 
ture of the SPAN/PVA bliends are much lower than that 
of SPAN (190”C)43. This can be attributed to the 
occurrence of dehydration of the PVA catalysed by the 
sulfonic acid group in SPAN and the condensation 
reaction between the -OH: group and proton as revealed 
in the t.g.a. and i.r. section above. For the PAPSAH/ 
PVA blends, the temperature dependence of the con- 
ductivity was measured a:s shown in Figure 13, and the 
characteristic results are listed in Table 2. As shown in 
Figure 13, the conductivities of P5V5 and P3V7 increase 
with temperature from 0 to lOO-110°C (the maxima, 
4 x 1O-3 and 1 x 10e3 S cm-’ respectively) and then 
decrease until 150°C. The occurrence of conductivity 
maxima at lOO-110°C is nearly the same as that of 
PAPSAH. Thus the drop of conductivity above lOO- 
110°C of P5V5 and P3V’7 blends can be attributed to 
the occurrence of thermal undoping with a loss of the 
polarons of the PAPSAH in the blends, as revealed in the 
u.v.-vis, i.r. and t.g.a. sections above. 

CONCLUSION 

The incorporation of the water soluble polymer PVA 
into the water soluble self..acid-doped conducting PAns, 
SPAN and PAPSAH, has no effect on their doping 
levels. This can be attributed to the higher basicity of the 

-N= unit than -OH, causing a more favourable 
interaction of the -S03H group with -N=. The strong 
interaction of these PAns with PVA through hydrogen 
bonding between hydroxyl groups (of PVA) and amine 
and positively charged amine and imine sites (of SPAN 
and PAPSAH) leads to a partial miscibility. As the PVA 
content is minor (lower than 50 wt%) it disperses in the 
SPAN matrix fairly well. As PVA is the major 
component (higher than 70 wt%), interconnected regions 
of PVA-rich phase and of SPAN-rich phase are formed, 
such that the dilution effect of PVA on the conductivity is 
not large. Although SPAN has a higher thermal 
undoping temperature at 19O”C, it drops to 110°C after 
blending with PVA due to the occurrence of dehydration 
at this temperature. For PAPSAH, its thermal undoping 
temperature (1lO’C) remains nearly unchanged after 
blending with PVA. 
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