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Abstract

An heterogeneous conducting polymer composite, poly(3-hexylthiophene)/TiO, (P3HT/TiO,), was synthesized. The photocatalytic
activity of P3HT alone and the composite was investigated for the first time by degrading a common dye under UV exposure. It was
shown that the photocatalytic activity of the nanocomposites was higher compared to either the polymer or TiO, alone. A simple

mechanism was proposed to explain this observed synergetic effect.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Heterogeneous conducting polymer composites (organ-
ic/inorganic) have been attracting attention owing to their
applications in various fields [1-16] such as charge storage
materials, catalysts, solar cells [§—10], immunodiagnostic
assays and electrorheological ER fluids [16]. Several
composites of polyaniline (PANI), polypyrrole (Ppy),
polyphenylene vinylene (PPV) and polythiophene (PTh)
with inorganic materials such as LiMnO,, Pt, Cu, SiO,,
WO;, Ta,Os, MnO» have been studied in this context [17].
Conducting polymers have also been used as the support-
ing matrix in different composites for intercalation of
catalytically important nanoparticles so that catalytic
activity is retained in the composite [17].

Yet another important property of conducting polymer
nanocomposites is electrocatalysis. Dispersion of Pt
particles in PANI matrix has been shown to oxidize
methanol [18]. Athawale et al. [8] have described the
oxidation of methanol and formic acid by a series of
monometallic and bimetallic electrodes in which Pd, Cu,
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Pd/Cu, and Cu/Pd have been combined with PANI.
Recently, we reported that conjugated polymers exhibit
photocatalytic activity [19]. A study on the degradation of
various textile dyes under UV radiation in the presence of
the conjugated polymers such as poly(3-hexylthiophene)
(P3HT) and poly(2-methoxy-5-)2'-cthylhexyloxy)-1,4-phe-
nylene vinylene (MEH-PPV) showed higher activity in the
case of the polymers than Degussa (commercial titania).
Since both TiO, and the conducting polymers are
independently photocatalytic in nature, nanocomposites
of (P3HT) and (MEH-PPV) with TiO, are expected to
show higher degradation rates than the mere polymers. To
the best of our knowledge, there is only one report on the
photocatalytic activity of polymer nanocomposites [20] and
no reports on the use of P3HT as a nanocomposite
material. This article reports the preparation of P3HT/
TiO, nanocomposites in various ratios and photocatalytic
degradation studies.

2. Experimental

P3HT was synthesized by the reported procedure [21].
To chloroform solutions (15mL) of P3HT (0.005kg/m"),
SmL suspensions of Degussa P-25 titania in chloroform
were mixed in various mass percentages of 10%, 20%,
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30%, and 50%. The solutions were ultrasonicated for
about 30min and then the solvent was slowly evaporated
under vacuum. The resultant nanocomposites formed films
along the sides of the glass beakers. Then, aqueous
solutions of Orange G (10~* M), were added to each flask
and the flasks were subjected to UV radiation. The
materials were characterized by X-ray diffraction (XRD),
FTIR, SEM, and photoluminescence. The XRD patterns
were recorded on a Philips X’pert Pro Diffractometer with
CuKuo radiation in the 20 range from 20° to 80° with a
scanning rate of 1°/min. FT-IR studies were carried out
with Perkin-Elmer (FT-IR-Spectrum-1000) spectrometer in
the frequency range of 4004000 cm™" in the transmission
mode. Compositional analysis was done for all samples
with the help of energy-dispersive X-ray (EDX) micro-
analysis on a JEOL JSM-840 SEM/EDAX machine. The
photoluminescence measurements were performed in a
Iuminescence spectrophotometer (Perkin-Elmer 55) oper-
ated at room temperature. A high-pressure mercury vapor
lamp (125 W, Philips, India) was used for the degradation
reactions. The details of the photochemical reactor
employed in this study have been reported elsewhere [22].
The lamp radiated predominantly at 365 nm. The degrada-
tion reactions were performed in a photochemical reactor
with various initial concentrations with constant polymer
concentration of 0.005kg/m>. Samples were collected at
regular intervals for subsequent analysis. Control experi-
ments conducted without the catalyst under UV radiation
and with the catalyst without UV radiation did not show
any appreciable degradation indicating that both the
catalyst and UV radiation are required for the degradation
reactions. There was no reduction in the concentration of
the Orange G (OG) dye solution when a solution of 10™*M
was stirred with the catalysts for 12 h in dark. The reactions
were carried out at natural pH conditions and were
monitored by change in the UV-visible spectra.

3. Results and discussion

Powder XRD studies confirm the presence of TiO, in the
composites (Fig. 1). The highest intense peak at 5.38° is
representative of the polymer. The TiO, (Degussa, P-25)
contains anatase and rutile phases in a ratio of about 3:1.

SEM images of the P3HT/20%TiO, and P3HT/
50%TiO, nanocomposites are shown in Figs. 2a and b.
The TiO, particles are homogeneously dispersed into the
polymer folds. The particle size of TiO, in both the cases
was estimated to be in the range of approximately
30—40 nm, consistent with the size of Degussa P-25 particle
size of 27 nm. Point EDX analysis on several spots on the
TiO, particles confirmed the presence of titanium on the
polymer as confirmed by powder XRD. The TiO, particles
appear to be well dispersed on the polymer. The PL spectra
indicate quenching as the content of TiO, in the composites
increases (Fig. 3). The quenching is due to the presence and
distribution of titania in a polymer matrix because charge
transfer occurs from the polymer to titania.

P3HT/50% TiO,

P3HT/ 20% TiO,

Intensity (a. u.)

P3HT

Fig. 1. Powder X-ray patterns of the P3HT/TiO, composites.

The P3HT composites containing 10%, 30%, and 50%
of TiO, were investigated for their photocatalytic activity.
Photocatalytic degradation of a commonly used textile dye,
OG was performed in the photocatalytic reactor described
earlier. The decrease in concentration of OG at various
concentrations of TiO, in the nanocomposites with respect
to time is shown in Fig. 4. The degradation profiles indicate
higher degradation rates with an increase of the TiO,
content in the nanocomposites. The maximum rate was
observed for the P3HT/50%TiO, composite, among the
composites investigated.

Solid phase degradation of polymer substrate has been
reported to occur under UV radiation in the presence of
TiO,. Polymer matrices such as polystyrene [23] and
polyvinyl chloride [24] have been studied for degradation.
Interestingly, the P3HT matrix does not undergo degrada-
tion under UV radiation in the presence of TiO,
nanoparticles. The films were found to be quite stable to
2 h of exposure to UV radiation that was further confirmed
by no change in the UV-visible and IR spectra (Fig. 5)
before and after the degradation reactions. A comparison
of the degradation profiles with that of mere polymer and
TiO, independently indicates higher degradation rates for
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Fig. 2. SEM images of (a) P3HT/20%TiO, and (b) P3HT/50%TiO,.

200
P3HT/10 % TiO2
150
P3HT/30 % TiO,
3 100
50
0 — T 1 T 1 T T T T T T T T 1
400 450 500 550 600 650 700 750 800

A (nm)

Fig. 3. PL spectra of the P3HT/TiO, composites.

the composites (Fig. 4). The degradation rates remained
unaltered on repetition of the reactions in the same
volumetric flask indicating the stability of the material.
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Fig. 4. Photocatalytic degradation profiles of OG in the presence of
P3HT/TiO, nanocomposites.
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Fig. 5. IR spectra of the P3HT/TiO, composites before and after
photocatalytic degradation.

Chowdhury et al. [20] observed that the photocatalytic
activity of PANI itself was not significant. However, in an
earlier study [19], we observed that the degradation rate of
the polymer was greater than a mere suspension of TiO,
itself. Hence, a combination of the conducting polymer and
TiO, further enhances the degradation rate of the
conducting polymer. The mechanistic pathway for the
degradation reactions is via the formation of hydroxyl
radicals, as observed in our earlier studies [19]. The
degradation reactions occur primarily through the elec-
tron-mediated mechanism though the formation of “OH
radicals by the hole-mediated pathway remains unaffec-
ted.The increase in degradation rate with an increase in the
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Fig. 6. Scheme of the possible mechanism of enhancement of photo-
catalytic degradation rate in a conducting polymer nanocomposite.

TiO, content indicates a synergistic effect of both TiO, and
the polymer in the degradation reactions. The band gap of
P3HT (2.0-2.1eV) is much lower than that of TiO,
(3.2eV). On excitation, an electron from the conduction
band of TiO, may go up to the empty states in P3HT
(Fig. 6). This in turn enhances the oxidative property of
TiO, by making the valence band hole of TiO, stable. On
the other hand, P3HT may also absorb UV radiation
allowing an energy transfer to the TiO, nanoparticles
followed by the creation of the valence band hole and
conduction band electron.

The latter mechanism seems plausible owing to the lower
band gap of the polymer compared to that of TiO,, as
reported in the literature [9]. It can be inferred that a
combination of both TiO, and conducting polymers as in a
nanocomposite enhances the degradation rates owing to
the synergistic effect. This is based on the observation that
the degradation rates are higher in the presence of either
the polymer or TiO, independently. A charge transfer
could occur between the conjugated polymer into the
empty states of TiO,. The mechanism of degradation
however, is through the hydroxylated pathway. Further
experiments with visible light can be carried out to confirm
the mechanism.

Acknowledgments

The authors thank the Department of Science and
Technology, India, for financial support.

References

[1] Q.T. Vu, M. Pavlik, N. Hebestreit, U. Rammelt, W. Plieth, J. Pfleger,
Reactive Funct. Polym. 65 (2005) 69.

[2] S.-T. Hwang, Y.-B. Hahn, K.-S. Nahm, Y.-S. Lee, Colloids Surf. A
259 (2005) 63.

[3] L. Micaroni, C.N. Polo da Fonseca, F. Decker, M.-A. De Paoli, Sol.
Energy Mater. Sol. Cells 60 (2000) 27.

[4] Y. Ishikawa, Y. Matsumoto, Electrochim. Acta 46 (2001) 2819.

[5] V. Subramanian, E. Wolf, P.V. Kamat, J. Phys. Chem. B 105 (2001)
11439.

[6] J. Hamagami, T. Nakajima, K. Kanamura, T. Umegaki, Key Eng.
Mater. 216 (2002) 53.

[7] N. Hebestreit, J. Hofmann, U. Rammelt, W. Plieth, Electrochim.
Acta 48 (2003) 1779.

[8] H. Nguyen Cong, M. Dieng, C. Sene, P. Chartier, Sol. Energy Mater.
Sol. Cells 63 (2000) 23.

[9] A. Petrella, M. Tamborra, P.D. Cozzoli, M.L. Curri, M. Stricocoli,
P. Cosma, G.M. Farinola, F. Babudri, F. Naso, A. Agostiano, Thin
Solid Films 451 (2004) 64.

[10] M.K. Ram, N. Sarkar, P. Bertoncello, A. Sarkar, R. Narizzano,
C. Nicolini, Synth. Met. 122 (2001) 369.

[11] M.U. Jurczyk, A. Kumar, S. Srinivasan, E. Stefanakos, Int. J.
Hydrogen Energy 32 (2007) 1010.

[12] V. Aboutaneos, J.N. Barisci, L.A.P. Kane- Maguir, G.G. Wallace,
Synth. Met. 106 (1999) 89.

[13] L. Zhang, P. Liu, Z. Su, Polym. Degrad. Stab. 91 (2006) 2213.

[14] Y.-T. Lin, T.-W. Zeng, W.-Z. Lai, C.-W. Chen, Y.-Y. Lin,
Y .-S. Chang, W.-F. Su, Nanotechnology 17 (2006) 5781.

[15] W.U. Huynh, J.J. Dittmer, A.P. Alivisatos, Science 295 (2002) 2425.

[16] J.W. Kim, S.G. Kim, H.J. Choi, M.S. Jhon, Macromol. Rapid
Commun. 20 (1999) 450.

[17] R. Gangopadhyay, A. De, Chem. Mater. 12 (2000) 608.

[18] C.T. Hable, M.S. Wrighton, Langmuir 7 (1991) 1305.

[19] B. Muktha, G. Madras, T.N. Guru Row, U. Scherf, S. Patil, J. Phys.
Chem. B 111 (2007) 7994.

[20] D. Chowdhury, A. Paul, A. Chattopadhyay, Langmuir 21 (2005)
4123.

[21] R.D. McCullough, R.D. Lowe, M. Jayaraman, D.L. Anderson,
J. Org. Chem. 58 (1993) 904.

[22] G. Sivalingam, K. Nagaveni, M.S. Hegde, G. Madras, Appl. Catal. B
45 (2003) 23.

[23] L. Zan, L.H. Tian, Z.S. Liu, Z.H. Peng, Appl. Catal. A 264 (2004)
237.

[24] S. Cho, W. Choi, J. Photochem. PhotoBiol. A 143 (2001) 221.



	Synthesis and photocatalytic activity of poly(3-hexylthiophene)/TiO2 composites
	Introduction
	Experimental
	Results and discussion
	Acknowledgments
	References


