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Abstract

The optical properties of poly(phenylenevinylene) (PPV)ATi@nocomposites, prepared from mixtures of PPV precursor and titanium
butoxide ethanol solution in a sol—gel process, are investigated by UV-VIS, FT-IR, PL spectroscopy and TEM. The TEM images showed
that the TiQ nano-aggregates took the form of a sphere and finally ellipsoid with an alignment, as the content iotiié@sed. FT-IR
spectra indicated that the titanium butoxide hydrolyzed to form Ti organic compound, which can result in the alignment structyre of TiO
nanoparticles; at the same time, PPV in Tifatrix had therans-PPV configuration. PL spectra revealed that the light emission of the PPV/
TiO, nanocomposites was from PPV, and the relative intensity of the vibrant components changed with the formation efatignment
structure. These phenomena suggest that thg mi@rix can form confined environments to control PPV molecular aggregate states and
further effect the optical property of PP@ 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction microenvironment of inorganic matrix upon the optical
property of PPV. In our work, a series of PPV/TLi@ano-

Conjugated polymers are showing real promise in optic- composites are prepared in a sol—gel process. The relation-
electronic applications [1], in particular, poprphenylene- ship between the confined environments of Jiatrix and
vinylene) (PPV) and its derivatives can be used as the photo-optical property of PPV are investigated by ultraviolet—
active layers in light emitting diodes (LED) [2-5], lasers visible (UV-VIS), FT-IR and photoluminescence (PL)
[6—8] and photovoltaic cells [9]. These optical quality flms spectroscopy, and transmission electron microscopy (TEM).
can be cast from solution using common organic solvents,
and benefit from the processability of polymers. The optical
and electronic properties of PPV, however, still have to be
improved. A feasible way to improve is to combine PPV
with inorganic nanopatrticles, for example, the incorporation
of CdSe nanopatrticles into PPV was used to make blue light
emitters [10]. In addition, the PPV/CdSe nanocomposite
showed the feature of enhanced luminescence [11]. More
recently, it has been seen that Fi@anoparticles blend with
PPV could result in improving photovoltaic efficiency [12].
Therefore, it has been of considerable interest to study
the effects of inorganic nanoparticles on the optical and
electronic properties of PPV.

Generally it has been thought that these nanopatrticles ca
act as charge carriers or electro-optically active centers to
impact on the optical and electronic properties of PPV
[13]. Yet, very little is known about the effect of the

2. Experimental
2.1. The preparation of PPV/Tihanocomposite

The precursor polymer to the PPV (Fig. 1) is prepared
following the standard polyelectrolyte route [14], using-
dichlorop-xylene and tetrahydrothiophene as the starting
reactants. Polymerization is carried out in methanol, with
tetrabutylammonium hydroxide as a base catalyst. At the
end of the polymerization, the reaction was quenched by
neutralizing the basic reaction mixture with dilute HCl(aq)
(0.5 M), to a pH of~4-6. The precursor polymer solution
hus prepared was purified by dialysis (molecular weight
cut-off (MWCO) of 3000) against methanol over a period
of three days, with a daily change of fresh solvent. The
obtained polymer is a colorless, viscous solution.

The sol solution of Titanium oxide was prepared by react-
* Corresponding author. Fax:86-10-682-753-47. ing Titanium butoxide (TBT) in ethanol with the required
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Fig. 1. Synthetic pathways to PPV.

solution was mixed with the PPV precursor, as listed in
Table 1. After vigorous stirring, the solution was spin-
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ascribed to the PPV, while the darker regions indicated, TiO
particles. When the Ti©content was 10%, the Tilhano-
particles, whose size was 10 nm, aggregated to form the
densely packed regions of the TiQarticles, which were
surrounded by the regions of polymers being free from,TiO
particles. As the Ti@content increased, the size of the JiO
particle domains became large, and the Jljf@rticles took

the form of spheres. When the Ti©ontent was up to 50%,
the TiG, particles aggregated in ellipsoid with alignment
structure.

3.2. FT-IR spectra

The chemical structures of PPV and all PPV/Ti@ano-

coated onto the quartz glass and then heat-treated acomposite films were characterized with a FT-IR spectro-

20C°C in a stream of argon. Schematic diagram for the
formation of the PPV/Ti@ nanocomposite films from the
PPV precursor polymer and Tj@ol solution was given in
Fig. 2.

2.2. Measurements

The thickness of the PPV film and the PPV/}i@ano-
composite films (80—100 nm) is determined with an Alpha-
step200. UV-VIS absorption spectra of the PPV film and
the PPV/TIQ nanocomposite films are measured using a
Hitachi U-2001 spectra. A PERKIN ELMER LS50B spec-
trum is used to obtain PL spectra of the PPV film and the
PPVITIO, nanocomposite films. The morphologies of the
composite films are observed by using JEM-100CX TEM.

3. Results

3.1. TEM

Fig. 3 showed TEM images of PPV/Tj@anocomposites
with different content of TiQ@ The brighter contrast can be

Table 1
The composition of PPV/Ti©

Sample PPV precursor weight ratio (%)  Ti®@eight ratio (%)
PPV 100 0
PPVITIO-A 91 9
PPVITIO-B 70 30
PPVITIO-C 60 40
PPVITIO-D 50 50

film fabrication
precursor polymer PPV =~ ——

+ TiO, sol

scopy as shown in Fig. 4. The band near 963 tmas due

to C—H out-of-plane bending of thieans configuration of

the vinylene group. The band near 3024 ¢rwas assigned

to thetransvinylene C—H stretching mode. The bands near
831 and 1515 cm* were assigned tp-phenylene C—H out-
of-plane bending and C—C ring stretching, respectively. The
above bands are the characteristic absorption of PPV, and
shown in the spectra of both the PPV film and PPV/ATiO
nanocomposite films. In PPV/Ti®anocomposite films, the
band at 3450 cAt was corresponded to the O—H stretching
mode of Ti—OH; the bands near 1623 chand 1105 cm*

was assigned to the Ti—O and Ti—O-C stretching mode.
This indicated that TBT hydrolyzed to form Ti organic
compound, which can result in the alignment structure of
TiO, particles [15]. However, no absorption in the FT-IR
spectra was observed in the vicinity of 630 chrorre-
sponding to theciss=CH bending mode, which showed that
the composite systems did not change the nature of the
elimination reaction, which yieldettansPPV exclusively
[16].

3.3. UV-VIS spectra

UV-VIS spectra of PPV and PPV/T{hanocomposites
were depicted in Fig. 5. The rise of-n" absorption of PPV
was at 510 nm, while the band-gap onset of Ji@s about
370 nm, and a peak occurred at 300 nm. The absorption of
PPV in the composites was unperturbed by the presence of
the TiO, nanoparticles, displaying the same-* absorp-
tion as for PPV alone. For higher weight fractions of ZiO
the peaks were due to the-n" absorption of PPV and the
band-gap onset of Ti)merge into a broad absorption band
dominated by the Ti@absorption. The absorption spectra

precursor polymer PPV/TiO, nanocomposite film

l thermal conversion

(converted)PPV/TiO, nanocomposite film

Fig. 2. Schematic diagram showing the steps involved in the formation of PPyfiEi@composite film from PPV precursor and T&dl.
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Fig. 3. TEM of PPV/TiQ nanocomposites: (a) PPV/Ti@,; (b) PPV/TiO-
C; and (c) PPVITi@D.

were the sum of the absorption spectra of the two com-
ponents individually, indicating that no ground-state
charge-transfer or significant electronic interaction occurred

between PPV and Tinanoparticles. d
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3.4. Photoluminescence spectra
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The PL spectra have been normalized to the same maxi-
Wavelength(nm)

mum value for better comparison and both showed three

Fig. 4. FT-IR absorption spectra of PPV and PPV/Jii®nocomposites: (a)

discemible peaks. The_ thin dashed curve shows thre_eFig. 5. UV-VIS absorption spectra of PPV and PPV/Jifanocomposites:
Gaussians whose sum is fit to the PPV PL. The overall fit (a) ppv; (b) PPVITI®A; (c) PPVITIOrB; (d) PPV/TIO-C; and () PPV/

is indistinguishable from the data on the scale of the figure; TiO,-D.
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Fig. 6. (A) Photoluminescence spectra of PPV and PP\4/M@hocomposites: (a) PPV; (b) PPV/EiA; (c) PPVITIO-B; (d) PPVITIO-C; and (e) PPV/TiQ
D. The small dashed curves show Gaussian fits to the three visible peaks of the PPV PL; fit parameters for the film PL are summarized in Table 2. (B) The

effect of TiO, content on the PL intensity ratio of peak 1 (515 nm) to peak 2 (549 nm).

the Gaussian fit parameters for all of the PL spectra shownwas from PPV. The incorporation of Tihanoparticles

in Fig. 6A are summarized in Table 2. to PPV could change the relative intensity of the vibrant
For the PPV PL, it was known that PPV film emitted components in the PL of PPV.

in yellow-green at 540 nm with vibrant side bands at

510 and 570 nm, which assigned to 0-1, 0-0, 0-2

transition, respectively [16]. The PPV/Tihanocompo-

sites had same features as the pure PPV film, except the o ) )
It is well known that the titanium oxide nanoparticles are

relative intensity of the vibrant components. As shown ; i . .
in Fig. 6B, the 0-0 (510 nm) peak enhanced and the obtained by the TBT hydrolytic polycondensation reactions,

o which can be written as the following equations [15]:

4. Discussion

0-1 (540 nm) peak reduced with the increase of ;Ti
content. Because the Tihanoparticles had no PL in  nTj(OBu), + (4n + X — Y)H0 = TinOpan-xryy2)(OH)x
our experimental condition, the phenomenon suggested

that the light emission of the PPV/TiGhanocomposites X (OBu), + (4n — y)Bu(OH) QD
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Table 2 considered that electron transfer happened at the interface
Fit parameters (each PL spectrumiis fiftd , & expl—2(x — M)/o®Dto  petween PPV and Tighanoparticles. In our work, the more
';icg”éaA“md PL spectra of the PPV/Fi@anocomposite films presented in o 0y aple possibility to account for the structural effects
: was that the excitons formed in the PPV of the composite
TiO, Peak 1 Peak 2 Peak 3 had different configurational coordinate displacements and
content associated emission spectra with the increase of the TiO
(wi%%) content. It is known that the relative intensities of the vibronic
0 A1 =515 A, =548 \s=584 components are determinated by the configurational coordi-
0,=232 0,=28.3 03="59.6 nate displacemenfQ). As AQ decreases, the position of the
a,=0.35 8=0.70 3;=0.40 peak in the vibronic spectrum will shift to lower vibrational
10 A,=515 A, =548 As=584 state; wherdQ =~ 0, only the 0—0 transition will be dominated
g1=28.0 g,=28.0 o3=068.1 [18]. In our work, the TiQ nanoparticles aggregated in align-
8,=0.65 a,=0.66 8;=0.42 ment configuration with the increase of the Jintent. The
30 A1 =515 Ay =548 A3=584 confined environments of TiOmatrix generate a potential
71=126.9 0,=128.9 3=168.0 barrier against PPV molecular torsion and facilitate planariza-
3,=0.70 a=0.63 8;=0.44 tion. In this condition, the configurational coordinate displace-
40 A,=515 A, =548 A3 =584 ment AQ) reduced. Thus the 0—-0 (510 nm) peak relative
0,=26.8 g,=28.1 a3=70.0 intensity of the composite film increased, while the 0—1
8,=0.80 8= 0.64 a;=0.43 (540 nm) peak relative intensity reduced.
50 A1=515 A, =548 A3= 584
g1=252 0,=28.3 g3=72.0
a,=0.86 a,=0.67 a;=0.42 5. Conclusions

PPV has been incorporated into Bi@anoparticles by
TinOtzn- s yy21(OH)(OBU), — NTiO, + xH,0 + yBU(OH) empl'oying a .sol—gel.process. The copfined envirpnment
of TiO, matrix can influence the optical properties of
@ PPV. When the Ti@content increases, the elliptical TiO
nanoparticles form alignment structure. The Ti@atrix
can generate a potential barrier against PPV molecular
torsion and facilitate planarization, which can reduce the

wheren was the number of titanium ions polymerized in
a given condensation, andandy were the numbers of
OH and OBu groups in the molecule. The titanium oxide ) ) . .
nanoparticles were coated with the Ti organic product configurational coordinate displacement) of PPV mol-
Ti,Opn-ryya(OHK(OBU), which consisted of groups, e_cules, and lead to a change in the relative intensity of
such as Ti—OH, Ti—O, Ti—O—C, as shown in the FT-IR w_brant components in PPV PL spectra. The study also
spectra. In this case, the morphologies of titanium oxides 9/V€S @ new way to control the aggregate states of PPV
were related with the conformation of the Ti organic product and modulate the optical property of PPV by incorporating

TiOpnayy2(OHXOBU),. As reported, the Ti organic TiO, nanoparticles with different contents.

product, TiOpn-x+yy2)(OH)(OBu), were more extended,
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