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ABSTRACT: Nanosized polypyrrole–polystyrene (PPy–
PS) composite particles were synthesized by the polymer-
ization of pyrrole on PS nanoparticles in the presence of
FeCl3. The PS nanoparticles were prepared from microemul-
sion polymerizations using the cationic nonpolymerizable
surfactant cetyltrimethylammonium bromide (CTAB), the
nonionic polymerizable surfactant �-methoxy[poly(ethylene
oxide)40]undecyl �-methacrylate (PEO–R–MA-40), or the
cationic polymerizable surfactant �-acryloyloxyundecyltri-
methylammonium bromide (AUTMAB). For the latexes sta-
bilized by CTAB, the resulting PPy–PS composite particles
exhibited relatively poor colloidal stability and the pressed
pellets exhibited relatively low electrical conductivities

(�10�7–10�3 S cm�1). However, for the latexes stabilized by
polymerizable surfactants, the resulting PPy–PS composite
particles exhibited relatively good colloidal stability and
relatively high conductivities (�10�5–10�1 S cm�1). The
effect of polymerizable surfactants on the colloidal stability
of composite particles and the conducting mechanism of the
composites are discussed. © 2003 Wiley Periodicals, Inc. J Appl
Polym Sci 91: 1360–1367, 2004

Key words: polystyrene nanoparticles; nonpolymerizable
surfactants; polymerizable surfactants; nanosized polypyrrole–
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INTRODUCTION

Relatively air-stable organic conducting polymers
such as polypyrrole (PPy), polyaniline (PANi), and
polythiophene (PTP) have received much attention in
recent years.1–6 These polymeric materials exhibit me-
talliclike conductivities. Due to the high degree of
conjugation for such conductivities, they are often
rather intractable in practice.

To improve the processibility of these materials,
some studies have been reported on the synthesis of
sterically stabilized dispersions of PPy particles with
submicrometer sizes.7–10 In these studies, the PPy
“core” is surrounded by an outer layer of an adsorbed,
solvated water-soluble polymer which acts as a steric
stabilizer. Suitable stabilizers include methyl cellulose,
poly(N-vinyl pyrrolidone), poly(vinyl acetate), poly-
(ethylene oxide), and poly(vinyl methyl ether).

Besides the preparation of conducting polymer-
coated inorganic particles,11 the chemical synthesis of
conducting polymer-coated polymer particles, where
the “core” is a nonconducting polymeric material, has
been reported by several groups.12–21 Yassar et al.12

reported the polymerization of pyrrole using the oxi-

dant FeCl3 in the presence of sulfonated polystyrene
(PS) latexes and PPy–PS composites were obtained.
Liu et al.13 coated carboxylated styrene–butadiene la-
texes with PPy using H2O—HBr—Fe3� oxidant sys-
tems. Both groups claimed that their composite parti-
cles were colloidally stable but no experimental evi-
dence was provided to support these claims. In 1995,
Wiersma et al.14 demonstrated that submicrometer-
sized latex particles sterically stabilized by an ad-
sorbed nonionic polymeric stabilizer, such as hy-
droxymethylcellulose or poly(ethylene oxide), can be
coated with PPy or PANi in aqueous media to form
conducting polymer composite latexes with good col-
loidal stability. The core–shell morphology of the
coated polymers was evidenced from transmission
electron microscopy (TEM) and also from both aque-
ous electrophoresis and dielectric measurements. Las-
celles and Armes15,16 reported that micrometer-sized,
poly(N-vinylpyrrolidone)-stabilized PS latex particles
can be coated with a PPy overlayer. The resulting
composites exhibited conductivities similar to those of
PPy bulk powder (�1 S cm�1) even at PPy loadings as
low as 5 wt %. In their other work,17,18 they coated
submicrometer-sized, stabilized with sodium dodecyl
sulfate (SDS) and poly(ethylene glycol) (PEG), PS latex
particles with PPy17 and described a detailed XPS
study of PPy-coated PS latex particles.18 However,
relatively low conductivities (�10�2 S cm�1) were ob-
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served for the composites at PPy loadings less than 20
wt %. Omastova et al.19�21 studied the synthesis of
PPy-coated poly(methyl methyacrylate) (PMMA) la-
texes of a size of about 100 nm. They found that a
network-like structure of PPy embedded in the insu-
lating polymer matrix was formed and the electrical
conductivity of compression-molded samples reached
values of between 1 � 10�9 and 0.1 S cm�1.

In this article, we report on a study of PPy deposi-
tion on nanosized PS latexes stabilized by the cationic
surfactant cetyltrimethylammonium bromide (CTAB),22

the nonionic polymerizable surfactant �-methoxy[poly-
(ethylene oxide)40]undecyl �-methacrylate (PEO–R–
MA-40),23 and the cationic polymerizable surfactant
�-acryloyloxyundecyltrimethylammonium bromide
(AUTMAB). The study employed FeCl3 as an oxidant
at room temperature.

EXPERIMENTAL

Materials

CTAB-stabilized PS latexes and PEO macromonomer-
stabilized PS latexes were prepared as described in
previous studies.22,23 Styrene (St) from Fluka (Buchs,
Switzerland) was distilled at 10 mmHg (26°C) to re-
move the inhibitor and stored at 4°C. AUTMAB was
synthesized as described in the literature.24 Ammo-
nium persulfate (APS), N,N,N�,N�-tetramethylethyl-
enediamine (TMEDA), and pyrrole from Aldrich (Mil-
waukee, WI) and anhydrous FeCl3 oxidant from Co-
mak Chemical Products (Singapore) were used
without further purification.

Preparation of PS latexes stabilized by AUTMAB

The PS latexes were prepared through an emulsion
polymerization process using St, AUTMAB, and wa-
ter. A typical turbid emulsion with a composition of
1.0 g of AUTMAB, 0.5 g of St, and 80.7 g of water was
added to a flask with stirring and nitrogen bubbling
for 10 min. A redox initiator consisting of 0.0464 g of
TMEDA and 0.0912 g of APS in 10 g of water was then
introduced into the emulsion. After about 15 min, 7.8 g
of St in an addition funnel was added dropwise to the
polymerizing emulsion during about 3 h at 28°C. Dur-
ing the monomer addition, nitrogen was continuously
bubbled into the system with stirring at about 400
rpm. After the completion of St addition, the polymer-
ization system was further stirred for another 2 h. The
obtained latexes were used directly for the particle-
size determination by TEM. Purified and dried sam-
ples were used for elemental analysis, X-ray photo-
electron spectroscopy (XPS), and Fourier transform
infrared spectroscopy (FTIR) measurements.

PPy deposition on PS latex particles

In a typical deposition experiment, 15 g of a latex
dispersion (0.8–4.8 wt % solid contents) with dis-
solved anhydrous FeCl3 of 0.07 g was loaded into a
two-neck 50-mL round-bottom flask with a rubber
septum. After degassing with nitrogen, a pyrrole
monomer of 10 �L was then added via a syringe. The
polymerization proceeded for 24 h at room tempera-
ture. During the polymerization, the stirring rate was
kept at 400 rpm. The resulting black PPy–PS compos-
ite dispersions were used directly for the morphology
determination by TEM. They were then purified by
repeated centrifugation/redispersion cycles, that is,
successive supernatants were decanted and replaced
with deionized water to remove the unreacted pyrrole
monomer and inorganic by-products (FeCl2 and HCl).
Purified and dried samples were used for elemental
analysis, XPS, FTIR, and conductivity measurements.

TEM

The determination of the particle size of PS latexes and
the morphology of PPy–PS composite particles were
carried out using a JEOL JEM-100CX electron micro-
scope. One drop of each latex was premixed with 1–5
drops of a solution containing 6 wt % SDS, to which a
drop of 2 wt % phosphotungstic acid (PTA) was then
added. After mixing thoroughly, a drop of this mix-
ture was put on a copper grid coated with a thin layer
of Formvar. The diameters of particles were measured
directly from each transmission electron micrograph
(TEM). The number-average diameter (Dn) and the
weight-average diameter (Dw) were calculated from
the simple equations25,26

Dn � � NiDi/� Ni (1)

Dw � � NiDi
4/� NiDi

3 (2)

At least 300 particles (N) were counted from more
than one micrograph for each calculation.

Elemental analysis

The relative amount (weight percent) of nitrogen in
the purified PS latex particles and PPy–PS composite
particles was determined on a Perkin–Elmer 2400 el-
emental analyzer. Samples for elemental analysis were
prepared by grinding them into a fine powder. The
PPy loadings of the composite particles were deter-
mined by comparing their nitrogen contents to those
of the corresponding original PS latex and conven-
tional PPy bulk powder (16.5 � 0.5%)16 synthesized in
the absence of any latex particles.
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Particle-surface analysis by XPS

The purified latex particles and composite particles
were further vacuum-dried for 2 days before they
were analyzed by XPS. The surface analysis of each
copolymer was carried out in a VG ESCALAB Mk II
spectrometer with a Mg K� X-ray source (1253.6 eV)
and with an energy analyzer set at a constant retarded
ratio (CRR) of 40. The X-ray source was run at a
reduced power of 120 W (12 kV and 10 mA). The
powder sample was mounted on the standard sample
studs using double-sided adhesive tape. The pressure
in the analysis chamber during the measurements was
maintained at or lower than 10�8 mbar. To compen-
sate for surface-charging effects, all binding energies
were referred to the C(1s) neutral carbon peak at 284.6
eV. The peak areas for the calculation of oxygen and
carbon compositions were corrected by experimen-
tally determined instrumental sensitivity factors. The
fraction of pyrrole on the surface of PS particles sta-
bilized by CTAB (FPy), the PEO macromonomer (FPy�),
and AUTMAB (FPy�) can be calculated from the fol-
lowing equations, respectively (see the Appendix for
the simple derivations):

FPy � 8ANfN/�ACfC � 4ANfN	 (3)

F�Py � 344ANfN/�43ACfC � 172ANfN � 88AOfO	 (4)

F �Py � �16ANfN � 8AOfO	/�2ACfC � 8ANfN � 13AOfO	 (5)

where AC, AN, and AO are the peak areas of carbon,
nitrogen, and oxygen in ae certain XPS spectrum, re-
spectively, and fC, fN, and fO refer to the instrumental
sensitivity factors of carbon, nitrogen, and oxygen,
which are 1, 0.5359, and 0.5978, respectively.

FTIR spectroscopy

The FTIR spectrum of each purified sample was re-
corded using a Bio-Rad FTS 165 FTIR spectrophotom-

eter; 16 scans were signal-averaged at a resolution of 1
cm�1. Samples were prepared by mixing with KBr and
pressing into a compact pellet.

Conductivity measurements on PPy–PS composites

Each of the purified PPy–PS composites was dried in
a vacuum oven at 50°C for 3 days. The conductivities
of the pressed pellets were determined using standard
four-point probe techniques at room temperature. The
conductivity (�) can be calculated using the following
equation:

� � ln 2I/��dV	 (6)

where I refers to the value of current; V, the value of
voltage; and d, the thickness of the sample pellet.

RESULTS AND DISCUSSION

Synthesis of PPy–PS composite particles

During the course of pyrrole polymerization, the sys-
tem changed from red–brown to gray–green and, fi-
nally, to black. Table I shows the concentration effect
of CTAB-stabilized PS latex on the characteristics of
the resulting PS–PPy composite dispersions. For a cer-
tain amount of latex (15 g), when the latex solid con-
tent was increased from 0.8 to 3.2 wt %, only unstable
PPy–PS composite dispersions were obtained, as 10
�L of pyrrole was polymerized in the presence of
0.07 g of FeCl3. At the same time, the PPy loading on
the latex particles was decreased from 7.5 to 1.8 wt %.
Stable composite latexes were only produced as the
latex solid content was increased to 4.8 wt % or above.
At this time, the PPy loading on the latex particles was
only 1.3 wt % or less. In addition, the surface coverage
of PPy decreased from 49 to 36% and the conductivi-
ties for the corresponding compressed pellets de-
creased significantly from about 1.0 � 10�3 to 1.3

TABLE I
Concentration Effect of CTAB-Stabilized PS Latex on Characteristics of PPy–PS Composite Latexes

System
Total

latex (g)
Solid content

(wt %)
FeCl3

(g) Pyrrole (�L)
PPy loadinga

(wt %)
PPy on

surfaceb (%)
Colloidal
stability

Conductivityc

(10�7 S cm�1)

1 15 0.8 0.07 10 7.5 49 Precipitate 10,000
2 15 1.2 0.07 10 5.1 47 Precipitate 5010
3 15 1.6 0.07 10 3.7 44 Precipitate 1260
4 15 3.2 0.07 10 1.8 39 Precipitate 50.1
5 15 4.8 0.07 10 1.3 36 Stable 1.3

Prepared from modified microemulsion polymerization of styrene.22 The PS/CTAB weight ratio was about 10.1:1, and the
particle size (Dw) was about 47.7 nm.

a Determined by comparing nitrogen contents to that of the corresponding original PS latex and that of PPy bulk power
(average nitrogen content of 16.5 � 0.5%).16

b Determined by XPS analysis.
c Determined by four-point probe technique.
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� 10�7 S cm�1. Figure 1(a) shows one TEM micro-
graph for sample 5 with 1.3 wt % PPy loading.

The concentration effect of the PEO macromono-
mer-stabilized PS latex on the characteristics of the
PPy–PS composite dispersions is shown in Table II.
Under the same polymerization conditions as in Table

I, stable PPy–PS composite latexes can be obtained as
the solid content of latex was increased to 1.6 wt % or
more, that is, the PPy loading on latex particles was
about 3.8 wt %. The PPy loading further decreased to
1.3 wt % as the latex solid content was increased to 4.8
wt %. On the other hand, the surface coverage of PPy
decreased from about 70 to 52%. The conductivities for
the corresponding pressed pellets also decreased sig-
nificantly from about 4.0 � 10�2 to 5.0 � 10�6 S cm�1.
Figure 1(b) shows one TEM micrograph for sample 3
with 3.8 wt % PPy loading. The core–shell morphol-
ogy of the PPy–PS composite particles can be observed
clearly.

Table III shows the concentration effect of the poly-
merizable cationic surfactant AUTMAB-stabilized PS
latexes on the characteristics of PPy–PS composite la-
texes. Stable PPy–PS composite latexes can be ob-
tained even at a low solid content of 0.8 wt %. At this
time, the PPy loading on the latex particles was about
7.6 wt %. When the solid content was increased from
0.8 to 4.8 wt %, the PPy loading decreased from 7.6 to
1.5 wt %, correspondingly. Their surface coverage of
PPy decreased from about 60 to 44% and their con-
ductivities decreased from 1.0 � 10�1 to 2.0 � 10�4 S
cm�1. The TEM micrograph for sample 1 with 7.6 wt
% PPy loading, shown in Figure 1(c), also exhibits a
clear core–shell morphology.

In the above three systems, the stable composite
latexes with different PPy loadings were obtained us-
ing different surfactants to stabilize the PS particle
surfaces. Since CTAB is only physically adsorbed onto
the surface of the particles, it may desorb during the
deposition of PPy on the particles. As a result, the
formed composite dispersions were not stable even at
1.8 wt % PPy loading as shown in Table I. However,
the PEO nonionic macromonomer was chemically
grafted onto the surface of the particles; it would not
desorb during the deposition of PPy on the particles.
Moreover, the hydrophilic long chains of the PEO
macromonomer which exerted steric stabilization on
the particles might not be covered by the coated PPy.
Thus, the resulting composite dispersions remained
with relatively good colloidal stability up 3.8 wt %
PPy loading as shown in Table II. Cationic AUTMAB
was also chemically bonded to the particle surface,
and its desorption from the particle surface would not
occur during the deposition of PPy. Moreover, the
cationic charges could provide composite particles
with charge-repulsion stabilization, which is more ef-
fective than by PEO steric stabilization. Thus, the com-
posite latexes were still stable at 7.6 wt % PPy loading
as shown in Table III.

XPS

An X-ray photoelectron spectrometer was used to an-
alyze the particle surface of the composites. For the

Figure 1 TEM micrographs of PPy–PS composite particles:
(a) 1.3 wt % PPy loading and stabilized by CTAB, (b) 3.8 wt
% PPy loading and stabilized by the PEO macromonomer,
and (c) 7.6 wt % PPy loading and stabilized by AUTMAB.

SYNTHESIS OF PPY–PS COMPOSITE PARTICLES 1363



PEO macromonomer-stabilized PPy–PS composite
particles, the presence of abundant carbon, oxygen,
and nitrogen on the particle surface of each sample is
revealed by three strong peaks: C(1s), O(1s), and N(1s),
as shown in Figure 2(a). As a comparison, the XPS
spectrum of the uncoated PEO macromonomer-stabi-
lized PS latex is shown in Figure 2(b), showing no
N(1s) peak at 401.7 eV. This clearly indicates that PPy
had been deposited onto the surface of the latex par-
ticles and the PEO long chains were not completely
covered by PPy. This can be used to explain why the
composite particles remained colloidally stable. On
the other hand, the XPS spectrum of uncoated AUT-
MAB-stabilized PS latex [Fig. 3(b)] also shows a weak
N(1s) peak at 404.5 eV arising from AUTMAB. The
peak intensity increased after PPy was coated on the
PS particles [Fig. 3(a)].

FTIR spectroscopy

Figure 4(a,b) shows FTIR spectra of the coated and
uncoated PEO macromonomer-stabilized PS latexes,
respectively. It was found that, for the coated latex
sample [Fig. 4(a)], the peaks at 3028 and 2923 cm�1,
caused by the stretching of aromatic C—H and CH2,
the peak at 1107 cm�1, due to the asymmetric stretch-
ing of C—O—C, and the peaks at 753 and 696 cm�1,
caused by the deformation of five adjacent hydrogen
atoms in the benzene ring from styrene, were all

weakened significantly as compared to those for the
uncoated latex sample [Fig. 4(b)]. This clearly indi-
cates that PPy had been deposited onto the surface of
the particles. The FTIR spectra of the coated and un-
coated AUTMAB-stabilized PS latex are shown in Fig-
ure 5(a,b), respectively. Similarly, in the spectrum of
coated AUTMAB-stabilized PS latex [Fig. 5(a)], the
intensities for peaks at 3028 and 2923 cm�1 caused by
the stretching of aromatic C—H and CH2 and for
peaks at 753 and 696 cm�1 caused by the deformation
of five adjacent hydrogen atoms in the benzene ring
from styrene were all decreased significantly as com-
pared to those for peaks in the spectrum of the un-
coated latex sample [Fig. 5(b)]. This also clearly im-
plies that PPy had been coated on the particle surface.

Conductivities

Figure 6 shows a plot of the conductivity against PPy
loading for different PPy–PS composites. The conduc-
tivities of the CTAB-stabilized PPy–PS composites
(PPy–PS–CTAB) were rather low. As shown in Table I,
for the stable composite latex of a PPy loading of 1.3
wt %, XPS analysis showed that the surface coverage
of PPy was only 36.2%. At this time, the conductivity
was only about 1.3 � 10�7 S cm�1. When the PPy
loading was increased to 7.5 wt %, the surface cover-
age of PPy increased only slightly to 48.6%. Thus, the
conductivity was only about 1.0 � 10�3 S cm�1. How-

TABLE II
Concentration Effect of PEO Macromonomer-Stabilized PS Latex on Characteristics of PPy–PS Composite Latexes

System
Total

latex (g)
Solid content

(wt %)
FeCl3

(g)
Pyrrole

(�L)
PPy loadinga

(wt %)
PPy on

surfaceb (%)
Colloidal
stability

Conductivityc

(10�7 S cm�1)

1 15 0.8 0.07 10 7.4 70 Precipitate 398,000
2 15 1.2 0.07 10 5.0 65 Precipitate 126,000
3 15 1.6 0.07 10 3.8 61 Stable 15,800
4 15 3.2 0.07 10 1.9 56 Stable 503
5 15 4.8 0.07 10 1.3 52 Stable 50

Prepared from modified microemulsion copolymerization of styrene and PEO–R–MA-40.23 The PS/PEO weight ratio was
about 8/1, and the particle size (Dw) was about 55.8 nm.

a–c See footnotes a–c to Table I.

TABLE III
Concentration Effect of AUTMAB-Stabilized PS Latex on Characteristics of PPy–PS Composite Latexes

System
Total

latex (g)
Solid content

(%)
FeCl3

(g)
Pyrrole

(�L)
PPy loadinga

(wt %)
PPy on

surfaceb (%)
Colloidal
stability

Conductivityc

(10�7 S cm�1)

1 15 0.8 0.07 10 7.6 60 Stable 1,000,000
2 15 1.2 0.07 10 5.2 55 Stable 501,000
3 15 1.6 0.07 10 3.9 50 Stable 126,000
4 15 3.2 0.07 10 2.0 47 Stable 7900
5 15 4.8 0.07 10 1.5 44 Stable 2000

Prepared from the present modified emulsion copolymerization of styrene and AUTMAB. The PS/AUTMAB weight ratio
was about 8/1, and the particle size (Dw) was about 51.3 nm.

a–c See footnotes a–c to Table I.

1364 XU ET AL.



ever, the PEO macromonomer-stabilized PPy–PS com-
posites (PPy–PS–PEO) exhibited relatively high elec-
trical conductivities (Table II). For a PPy loading of
only 1.3 wt %, the surface coverage of PPy was as high
as 52.3%. As a result, the conductivity attained was

about 5.0 � 10�6 S cm�1. The value of the conductivity
reached about 4.0 � 10�2 S cm�1 as the surface cov-
erage of PPy was further increased to about 70% with
increase of the PPy loading to 7.4 wt %. In addition,
when PS latexes stabilized by the polymerizable cat-

Figure 2 XPS spectra of (a) PPy–PS composite particles
stabilized by the PEO macromonomer (sample 3 with 3.8 wt
% PPy loading in Table II) and (b) PS particles stabilized by
the PEO macromonomer.

Figure 3 XPS spectra of (a) PPy–PS composite particles
stabilized by AUTMAB (sample 1 with 7.6 wt % PPy loading
in Table III) and (b) PS particles stabilized by AUTMAB.

Figure 4 FTIR spectra of (a) PPy–PS composite particles
stabilized by the PEO macromonomer (sample 3 with 3.8 wt
% PPy loading in Table II) and (b) PS particles stabilized by
the PEO macromonomer.

Figure 5 FTIR spectra of (a) PPy–PS composite particles
stabilized by AUTMAB (sample 1 with 7.6 wt % PPy loading
in Table III) and (b) PS particles stabilized by AUTMAB.
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ionic surfactant AUTMAB were coated with PPy
(PPy–PS–AUTMAB), the resulting composites showed
better electrical conductivities than those of PPy–PS–
PEO (Table III). Although the surface coverage of PPy
increased only from about 44 to 60% with increase of
the PPy loading from 1.5 to 7.6 wt %, the conductivity
increased sharply from about 2 � 10�4 to 1.0 � 10�1 S
cm�1.

Different conductivities for these three composite
particles may also be related to their composite struc-
tures. A TEM micrograph [Fig. 1(a)] showed that the
PPy–PS–CTAB composite particles did not possess the
expected core–shell morphology. Therefore, PPy may
deposit onto the latex particles or disperse in the aque-
ous phase as discrete smaller particles which may not
be able to be identified easily by the TEM technique.17

As a result, conducting PPy did not form a continuous
phase in the pressed pellets, resulting in low conduc-
tivities. On the other hand, TEM micrographs [Fig.
1(b,c)] showed that both PPy–PS–PEO and PPy–PS–
AUTMAB composite particles had core–shell mor-
phology. Thus, in the pressed pellets, the PPy layer
outside particles could form a continuous phase, re-
sulting in relatively high conductivities.

CONCLUSIONS

Conducting PPy was successfully deposited from
aqueous media onto nanosized latex particles stabi-
lized by a cationic nonpolymerizable surfactant CTAB,
a nonionic polymerizable surfactant PEO–R–MA-40,
and a cationic polymerizable surfactant AUTMAB. For
the latexes stabilized by CTAB, the resulting PPy–PS
composite particles exhibited relatively poor colloidal
stability and relatively low electrical conductivities
(�10�7 to10�3 S cm�1). However, for the latexes sta-
bilized by polymerizable surfactants, the resulting PP-

y–PS composite particles exhibited relatively good col-
loidal stability and relatively high conductivities
(�10�5 to 10�1 S cm�1). Relatively poor colloidal sta-
bility for the former may due to the desorption of
CTAB during the deposition of PPy, while relatively
good colloidal stability for the latter is attributed to
chemical binding of polymerizable surfactants to the
particle surfaces. On the other hand, the low conduc-
tivities for the former may be due to lower surface
coverage of PPy and the discrete PPy phase on the
particle surfaces, while higher conductivities for the
latter are attributed to higher surface coverage of PPy
and the “core–shell” morphology of PPy–PS compos-
ite particles.

APPENDIX

Assuming that the peak areas of carbon, nitrogen, and
oxygen for all XPS spectra are AC, AN, and AO, respec-
tively, and the instrumental sensitivity factors of car-
bon, nitrogen, and oxygen are fC, fN, and fO, respec-
tively,

(a) For the PS latex particles stabilized by CTAB,
there are only two components—St and Py—
present on the surface of a coated particle after
it is washed thoroughly. Since there is only one
nitrogen atom in Py, the relative molar number
of Py on the particle surface is

MPy � ANfN

In Py and St, there are four and eight carbon atoms,
respectively. Thus, the relative molar number of
St can be represented by

MSt � �ACfC � MPy 	 4	/8 � �ACfC � 4ANfN	/8

The total relative molar number of two components
on the particle surface can be represented by

MTotal � MPy � MSt � �ACfC � 4ANfN	/8

Therefore, the fraction of Py on the particle surface
can be estimated from the following equation:

FPy � MPy/MTotal � 8ANfN/�ACfC � 4ANfN	

(b) For the latex particles stabilized by the poly-
merizable PEO macromonomer, there are three
components—St, PEO, and Py—present on the
surface of a coated particle. Since there are 43
oxygen atoms in PEO, the respective relative
molar number of Py and PEO on the particle
surface is

Figure 6 Plot of log conductivity against PPy loading (wt
%) for PPy–PS composite particles stabilized by CTAB, the
PEO macromonomer, and AUTMAB, respectively.
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MPy � ANfN

MPEO � AOfO/43

In PEO, there are 96 carbon atoms. Thus, the rela-
tive molar number of St is

MSt � �ACfC � MPEO 	 96 � MPy 	 4	/8

� ACfC/8 � 12AOfO/43 � ANfN/2

The total relative molar number of all components
on the particle surface can be represented by

MTotal � MPy � MPEO � MSt � ACfC/8

� ANfN/2 � 11AOfO/43

Therefore, the fraction of Py on the particle surface
can be estimated from the following equation:

F�Py � MPy/MTotal � 344ANfN/�43ACfC

� 172ANfN � 88AOfO	

(c) For the latex particles stabilized by polymeriz-
able AUTMAB, there are three components—St,
AUTMAB, and Py—present on the surface of a
coated particle. Since there are two oxygen at-
oms in AUTMAB, the relative molar number of
AUTMAB on the particle surface is

MAUTMAB � AOfO/2

In AUTMAB, there is also one nitrogen atom. In
addition, AUTMAB contains 17 carbon atoms.
Thus, the respective relative molar numbers of
Py and St are

MPy � ANfN � MAUTMAB � ANfN � AOfO/2

MSt � �ACfC � MAUTMAB 	 17 � MPy 	 4	/

8 � ACfC/8 � ANfN/2 � 13AOfO/16

The total relative molar number of all components
on the particle surface can be represented by

MTotal � MPy � MAUTMAB � MSt

� ACfC/8 � ANfN/2 � 13AOfO/16

Therefore, the fraction of Py on the particle surface
can be estimated from the following equation:

F�Py � MPy/MTotal � �16ANfN � 8AOfO	/

�2ACfC � 8ANfN � 13AOfO	
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