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a b s t r a c t
Polypyrrole/xanthan gum nanocomposite was synthesized by oxidative polymerization of pyrrole in
presence of xanthan gum. The atomic force microscopy (AFM) and Fourier transform infrared (FT-IR) measurements conﬁrm the morphology and structure of synthesized nanocomposite. The nanocomposites
particles size were obtained from 58 to 98 nm. Also, the surface roughness parameters measured using
tapping mode method showed the surface roughness of polypyrrole based nanocomposite extremely
affected by xanthan gum. Thermogravimetric analyzer (TGA) curves revealed that xanthan gum can
decrease the weight loss of nanocomposite and increase the thermal stability of synthesized nanocomposite as the remained ash amount is improved from 5 to 28%. Also it is found that xanthan gum could
enhance the electrical conductivity up to 0.904 S/cm.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Composites of carbohydrates and conducting polymers have
been a subject of comprehensive research because of showing good
biocompatible and physiochemical properties [1,2]. Various substances have been used to form composite from carbohydrates
and conducting polymers such as chitosan-polyaniline and carboxymethyl cellulose-polypyrrole [3–6]. One of the well known
natural sourced water soluble carbohydrates is xanthan gum that
is prepared by Xanthomonas campestris. Xanthan gum (XG) is a
hetero-polysaccharide with repeated pentasaccharide units consists of two molecular structures of glucose, mannose and one unit
of glucuronic acid [7,8]. The presences of organic acids in xanthan gum structure make an anionic polysaccharide sort. Also,
interaction of xanthan gum with other polymer molecules may
generate a complex structure of them [9]. Biocompatibility and
water solubility of xanthan gum introduce it a suitable material for many applications such as food industries, cosmetics and
petroleum industries as an emulsiﬁer, stabilizer and viscose agent
[10]. However, xanthan gum has limited physiochemical properties
like electrical conductivity and thermal stability [9,11]. Polypyrrole (PPy) is a most noted conducting polymer that was considered
intensively due to its unique physical properties [12,13]. The electrical conductivity, ion exchange capacity, hydrophobic character
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and adsorption ability of molecular and macromolecular species
cause polypyrrole to use for various purposes; coatings, protein
carriers, supercapacitance, gas sensors, etc. [14–17]. On the other
hand, two facts that restrict the applications of polypyrole are insolubility of it in common solvents and its limited biocompatibility
[18–20]. Production and characterization of polypyrrole nanocomposite have been investigated in other literatures but the synthesis
and physical properties of polypyrrole–xanthan gum nanocomposite has not been studied yet [21]. In this study, polypyrrole–xanthan
gum nanocomposite was prepared in the aqueous solution using
APS (ammonium peroxydisulfate) as an oxidant. The morphology
and structure of produced nanocomposite were analyzed by atomic
force microscopy (AFM) and Fourier transform infrared (FT-IR)
respectively. In addition, electrical conductivity and thermal stability of synthesized nanocomposite were considered for different
composition.

2. Experimental
2.1. Instruments and materials
The atomic force microscopy (AFM) (Nanosurf scanning probeoptical microscope, EasyScan II, Swiss), the Fourier transform
infrared (FT-IR) spectrometer spectra in the range 500–4000 cm−1
(Shimadzu model 4100, Japan), A standard four-probe method
using a Keithley 196 System DMM Digital Multi-meter and an
Advantest R1642 programmable dc voltage/current generator as
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Table 1
Preparation conditions, conductivity and particle size of synthesized nanocomposites.
Nanocomposite No.

XG (g)

Pyrrole (mol)

Oxidant (APS) (mol)

Pure PPy
1
2
3
4
5
Pure XG

–
1
2
3
4
5
–

0.2
0.2
0.2
0.2
0.2
0.2
–

0.25
0.25
0.25
0.25
0.25
0.25
–

the current Source and thermo gravimetric analyzer (TGA) (Perkin
Elmer model 4000, USA) were employed.
In this work pyrrole, distilled under reduced pressure prior
to use, ammonium peroxydisulfate (APS (NH4 )2 S2 O8 ), hydrochloric acid (Merck, Germany), deionized water and xanthan gum
(Mw = 2 × 106 ) were used.
2.2. Synthesis of polypyrrole
Polypyyrole was synthesized using classical oxidative polymerization of pyrrole dissolved in aqueous HCl (1 M) in the presence
of ammonium peroxydisulfate (APS) as the oxidant at ice temperature. Based on literature 0.2 mol of pyrrole was dissolved in 1000 ml
of aqueous solution of HCl (1 M) and 0.25 mol ammonium peroxydisulfate was dissolved in 1000 ml HCl (1 M) separately. [21,22].

Average particle size (nm)
120
98
80
71
65
58
43

Conductivity (S/cm)
0.537
0.680
0.904
0.710
0.092
0.025
0.008

2.3. Synthesis of polypyrrole–xanthan gum nanocomposite
The same procedure was used as polypyrrole, however the
oxidant solution was prepared in presence of xanthan gum. Ammonium peroxydisulfate and xanthan gum was dissolved in 1000 ml
HCl (1 M). The prepared mixture of xanthan gum and oxidant was
added slowly to the acidic pyrrole solution at ice temperature and
was stirred for an hour to reaction was accomplished. The fabricated nanocomposite was separated and puriﬁed as mentioned for
polymerization of pyrrole. Five experiments with various amount
of xanthan gum were conducted to produce the polypyrrole based
nanocomposite that related details are given in Table 1.

3. Results and discussion
As mentioned above, nanocomposites were synthesized by various amount of xanthan gum that all details are given in Table 1. The
electrical conductivity of PPy/XG nanocomposites using a standard
four-probe method was considered. The results show that conductivity of synthesized nanocomposites was increased by increasing
in amount of xanthan gum up to 0.904 S/cm with 2 g of xanthan
gum. The increasing of polypyyrole based nanocomposite conductivity could be illustrated by carboxylate ion of xanthan gum.
Carboxyl group presents in d-glucuronic acid and d-mannose unit
which exist in side chain of xanthan gum that presence of lone
pair electrons at oxygen atoms in carboxylic group probably can
improve the electron mobility. However, by more increasing in
amount of xanthan gum than 2 g conductivity of nanocomposites

Fig. 1. FT-IR spectra of PPy (a), XG (b), nanocomposite No. 1 (c), No. 2 (d) and No. 3
(e).

Fig. 2. The structural representation of the synthesized nanocomposite.
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Table 2
FT-IR spectra of pure PPy, pure XG, nanocomposite No. 1, No. 2, and No. 3.
FT-IR spectra
COO−
Pure XG
Pure PPy
1
2
3

1615
–
1600
1610
1617

1476
–
1465
1470
1477

C C

N H

C O

C O

C N

C H

O H

C H

C H

–
1546
1539
1553
1576

–
3425
3422
3439
3407

1568
–
1560
1570
1565

1406
–
1400
1403
1408

–
1470
1463
1452
1475

–
1176
1170
1164
1182

1023
–
1030
1020
1024

1417
–
1425
1420
1416

–
1045
1049
1037
1052

was decreased to reach the electrical conductivity of pure xanthan
gum.
FT-IR analyses were conducted to consider the chemical structure of substances. Fig. 1 shows the FT-IR spectrums of pure
polypyrrole, xanthan gum and their composites. The x-axis represents wavelength (cm−1 ) and y-axis display the light transmittance
through the samples. For polypyyrole sample the peaks at 1546,
1470, 1176, 1045 and 3425 cm−1 can be observed that the band
at 1546 is assigned to the pyrrole rings. The peaks at these bands
indicate that the fabrication of polypyyrole was carried out [1–5].
In the case of xanthan gum FT-IR analysis two characteristic peaks
were observed. One of them appears at 1615 cm−1 and the other at
1476 cm−1 which are attributed to COO− groups. Additional bands
of xanthan gum appear at 1417, 1023 cm−1 and 1568 cm−1 due to
C H, O H and C O bonds respectively [7]. The FT-IR spectra of
nanocomposites reveal that all of the characteristic peaks of both
xanthan gum and polypyyrole exist in the synthesized nanocomposites structure as the proposed structure is shown in Fig. 2. For
example the synthesized nanocomposite No. 2 have characteristic
bands at 1610, 1553, 3439, 1403, 1452, 1164, 1420 and 1020 cm−1
which are attributed to COO− groups in xanthan gum, pyrrole rings,
N H group of polypyrrole, C O in xanthan gum, C N band of
polypyrrole, C H band of polypyrrole, C H of xanthan gum and
O H band of xanthan gum structure respectively. All the characteristic peaks are reported in Table 2.
AFM imaging technique was employed in order to examine the
surface morphology and roughness of PPy, XG and the fabricated
nanocomposite. Fig. 3 shows the surfaces image of PPy, XG and
synthesized nanocomposite in a scan size of 10 m × 10 m. The
surface roughness parameters of the materials which are expressed
in terms of the mean roughness (Sa), the root mean square of the Z
data (Sq) and the mean difference between the ﬁve highest peaks
and lowest valleys (Sz) were calculated from AFM images using
tapping mode method via Nanosurf EasyScan software at a scan
area of 10 m × 10 m that given in Table 3. As can be seen from
the AFM images and reported parameters in Table 3 the surface
roughness of nanocomposite is more than XG and less than pure
PPy that it is probably due to the effect of XG on the structure
of PPy. The obtained surface roughness parameters Sa, Sq and Sz
of produced nanocamposite are 3467.1 pm, 4.78 nm and 69.53 nm
respectively that reveal the surface of synthesized nanocomposite
is more smooth than polypyrrole. The synthesized nanocomposites particle sizes measured by AFM device obtained from 58 to
98 nm that indicate xanthan gum decrease the average particle size
of nanocomposite.

Fig. 4 illustrates the results of thermogravimetric analysis of the
PPy, XG and synthesized nanocomposites that done in the temperature range 0–800 ◦ C. The thermogram of pure polypyyrole has
three-step weight loss. The initial weight loss is due to the removal
of adsorbed moisture. The small next weight loss can be observed
attributed to loss volatile material. A third step shows a massive
weight loss that it is owing to the degradation of the polymer chain.
The thermogravimetric study of xanthan gum shows single step
decomposition following on the small initial weight loss due to
the removal of moisture. As seen the xanthan gum thermogram
degradation temperature was found to be 280 ◦ C. Weight loss continues to 50% then decreases as a char yield of 32% was achieved at
800 ◦ C. In case of polypyyrole/xanthan gum nanocomposites, three
steps weight loss can be seen. The ﬁrst and second steps of weight
loss were observed as polypyrrole thermogram due to removal of
moisture and volatile materials. The third step weight loss which
attributed to polymer chain decomposition begins in temperature
higher than what was in xanthan gum thermal degradation. By
comparing the thermograms of synthesized nanocomposites and
pure polypyrrole one fact can be understand. It is the main effect
of xanthan gum on thermal stability of produced nanocomposites
that a remained ash amount is improved from 5 to 28%.
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Table 3
Surface roughness parameters of pure XG, pure PPy and PPy/XG nanocomposite No.
2.

Nanocomposite No.1

0

Roughness parameters

Pure XG
Pure PPy
Nanocomposite No. 2

Nanocomposite No.2

Sa (pm)

Sq (nm)

Sz (nm)

1716.8
4703.4
3467.1

2.15
7.37
4.78

55.24
81.02
69.53

0
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Fig. 4. TGA thermograms of pure PPy, pure XG, nanocomposite Nos. 1, 2 and 3.
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Fig. 3. AFM images of XG (a), PPy (b) and PPy/XG composite No. 2 (c) (image size = 10 m × 10 m).

4. Conclusions
In this work ﬁve runs by different amount of xanthan gum
were performed to produce the nanocomposites of polypyrrole
and xanthan gum by oxidative polymerization. Results showed
that xanthan gum could enhance the electrical conductivity of
polypyyrole from 0.537 S/cm (without xanthan gum) to 0.904 S/cm
(with 2 g xanthan gum). However, the electrical conductivity of
nanocomposite was decreased by increasing in amount of it more
than 2 g. The morphology and chemical structure of synthesized
nanocomposite were considered by AFM and FT-IR analyses. The
AFM images of nanocomposites revealed that surface roughness
of polypyyrole was intensively altered in presence of xanthan gum.
The TGA analyses indicated that the thermal stability of synthesized
nanocomposites was enhanced as a remained ash of substances was
incremented by increasing in amount of xanthan gum.
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