The Interaction Between Conjugated Polymer

and Fullerenes

MIN ZHENG, FENGLIAN BAIl, FENGYING LI, YULIANG LI, DAOBEN ZHU

Institute of Chemistry, Laboratory of Organic Solids, Chinese Academy of Sciences, P.O. Box 2709, Group 108,

Beijing 100080, People’s Republic of China

Received 14 August 1997; accepted 4 November 1997

ABSTRACT: The fluorescence of Poly(2-methoxy,5-(2'-ethylhexloxy)-p-phenylene-vi-
nylene) (MEH-PPV) quenched by fullerenes was examined, and the results indicate
that this quenching is not dynamic. Strong interaction in the excited state between
them may be caused by the photoinduced charge transfer and 7= conjugated system
interaction. More direct and convincing evidence of the charge transfer complex are
presented. © 1998 John Wiley & Sons, Inc. J Appl Polym Sci 70: 599-603, 1998
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INTRODUCTION

Recently, conducting polymers have received
much attention due to their rich photophysics and
potential applications, such as nonlinear optical
and light-emitting devices.'”* Among these con-
jugated polymers, the class of substituted poly-
phenylene-vinylenes are known to exhibit rela-
tively strong photoluminescence (PL). MEH-PPV
especially has been proven to be a very interest-
ing material because of its high PL efficiency and
its solubility in common organic solvents. The
photoconductivity and fluorescence of MEH-
PPV film doped with Cg4, have already been re-
ported.>® The study of the mechanism of the in-
teraction between MEH-PPV and fullerenes is
helpful to understand the optical property of ME-
H-PPV. So far, there is not any report on the
interaction of fullerenes and MEH-PPV diluted
solutions by fluorescence spectrophotometry. The
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fluorescence quenching technique is an effective
method for the study of the mechanism of molec-
ular interaction, energy transfer, or charge trans-
fer.

In this article the fluorescence quenching of
MEH-PPV by Cg, and its derivatives were exam-
ined, and the results showed that strong interac-
tion exists between MEH-PPV and Cg,. More di-
rect and convincing evidence of the photoinduced
charge transfer complex formation in the excited
state between MEH-PPV and 1,2-(1',1',2',2'-
Tetracyanomethanoxymethano)-Cg, (TCM-Cyg,) were
presented.

EXPERIMENTAL

Materials

MEH-PPV (Scheme 1) was synthesized in this
laboratory according to the reported method” and
characterized by elemental analysis, IR, NMR,
etc. The molecular weight (GPC vs. polystyrene)
is about 200,000. The preparation method of Cg,
and its derivative TCM-Cg, (Scheme 1) was de-
scribed in elsewhere.®

599



600 ZHENG ET AL.

G
H;CO no

MEH-PPV TCM-Cq,

Scheme 1 The chemical structure of MEH-PPV and
TCM—Cego.

MEH-PPV was dissolved in benzene, and the
concentration of this solution was 7.5 X 10 °M.
Then the solution was diluted with benzene con-
taining different contents of Cg,. The final concen-
tration of MEH-PPV was 2.5 X 10 °M with dif-
ferent amounts of Cg,, which were indicated in
the text. The mixed solution was stirred for about
10 min then stood by for fluorescence measure-
ment.

INSTRUMENTATION

The UV-visible absorption spectra were taken on
an Hitachi 340 UV-VIS spectrometer. The steady-
state PL emission and excitation spectra were
obtained on an Hitachi MPF-4 fluorescence spec-
trophotometer. The fluorescence lifetimes of
MEH-PPV were recorded on an Horiba NAES-
1100ns spectrometer with an excitation wave-
length of 490 nm. All the spectra were obtained at
room temperature.

RESULTS AND DISCUSSIONS

Figure 1 shows the comparison of UV-VIS spectra
of Cgp and MEH-PPV solution in benzene with
and without Cg, solution. The concentration of
MEH-PPV and Cg4, are 1.3 X 107°M and 2.3
X 10~ *M, respectively.

From Figure 1 one can see that although the
intensity of every peak of mixed solution (c) is
slightly higher than the sum of the intensity of
the corresponding peak of MEH-PPV (a) and Cg,
(b), the absorption spectrum of the mixed solution
(c) is almost overlapped on both spectra. The new
absorption band of the charge transfer complex of
MEH-PPV and Cg4, was not observed directly in
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Figure1l UV spectra of Cg, (2.3 X 10~*M) and MEH-
PPV (1.3 X 10~°M) solution in benzene. (a) MEH-PPV
solution without Cgo; (b) Cgo; (¢) MEH-PPV solution
with Cg,.

the ground state in our experiment. This may be
due to the low concentration and the small value
of the molar extinction coefficient of the charge
transfer complex. Further study is being car-
ried out.

Figure 2 shows the excitation and emission
spectra of MEH-PPV in benzene solution with
the concentration of 1.3 X 10 °M. The peak of
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Figure 2 The excitation (a) and emission (b) spectra
of MEH-PPV solution in benzene (1.3 X 107°M).
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Figure 3 The fluorescence of MEH-PPV solution (2.5
X 107°M) quenched by Cg, solution in benzene. The
concentration of Cg, is 0. 0M; 1. 0.69 X 10~ *M; 2. 1.38
X 107*M; 3. 2.07 X 107*M; 4. 2.76 X 10~ *M; 5. 3.45
X 107*M; 6. 4.6 X 10 *M.

emission is at about 560 nm, with a shoulder at
about 600 nm.

The fluorescence of MEH-PPV can be quenched
by Cgo. Keeping the concentration of MEH-PPV
unchanged, the concentrations of Cg4, are increased
gradually. The quenched fluorescence are shown in
Figure 3.

Due to the competition absorption of Cg, at the
excitation and emission wavelength of MEH-
PPV, an equation to calibrate the fluorescence
intensity to be used is shown below:
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where F,,, is the experimental fluorescence inten-
sity; F' is the fluorescence intensity after calibra-

tion; C, ¢, and C,, &, are the concentration and
molar extinction coefficients of MEH-PPV and
Cgo at excitation wavelength (A, = 490 nm), re-
spectively, while C5 and &5 are the concentration
and molar extinction coefficient of C4, at emission
wavelength of MEH-PPV (A,,, = 560 nm). [ is the
thickness of the cell. The intensity of fluorescence
was quenched remarkably after Cg, was added.
The quenching follows Stern-Volmer equation:

FyF =1+ Kq[Q] (2)
Ksy =K, X 14 (3)

where F| is the fluorescent intensity of MEH-
PPV without addition of Cgy; F is the fluorescent
intensity with addition of Cg; [@] is the concen-
tration of Cgg; K, is the quenching constant; K, is
the bimolecular quenching constant; and 7, is the
lifetime of fluorescent agent without Cg,.

Figure 4 demonstrates the dependence of cali-
brated Fy/F' on the concentration of Cgy,.

The quenching constant (Kgy,) of Cg, is very large
(2.5 X 103M 1), suggesting that strong interaction
between MEH-PPV and Cg, happens in the excited
state. This can be explained by two reasons. On one
hand, both MEH-PPV and Cg, have a large m-con-
jugated system in which 7= interaction may
change the configuration of MEH-PPV.® On the
other hand, the photo-induced charge transfer from
excited MEH-PPV to Cg4, was rapid. Upon this
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Figure 4 The dependence of F,/F' on the concentra-
tion of Cg.
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Figure 5 The UV-VIS spectra of Cg4, (solid) and
TCM-Cyg, (dashed) concentration: 1 X 10~ °M.

charge transfer the conjugated polymer system may
be dramatically modified and distorted because of
the strong electron—lattice interaction in the one-
dimensional system.'? In this system, the process of
charge transfer from the 7* band of the photo-ex-
cited MEH-PPV to Cg4, competes with the radiative
emission of MEH-PPV.!! The fluorescence lifetimes
of MEH-PPV solution in benzene before and after
adding Cg, were determined, and the results show
that they are independent of the concentration of
Ceo- This implies that no dynamic quenching hap-
pened. The bimolecular quenching constant (K,) of
Cgp is 6.6 X 10™2M s~

To verify this interpretation, we also mea-
sured the fluorescent quenching of TCM-Cg,
(Scheme 1) to MEH-PPV. TCM-Cg, has four
symmetric strong acceptor groups —C=N. The
electron-accept ability of TCM-Cg, is much
stronger than that of Cg4,. Figure 5 shows the
UV-VIS spectra of Cgz, and TCM-Cg,. The con-
centrations of Cgy and TCM—-Cg, in benzene are
1 X 107 5M. The UV-VIS spectra of cyanated Cg,
changes little except the reduced molar extinc-
tion coefficient from wavelength 500 nm to 700
nm, which is due to the change of the conjuga-
tion system.

With the same experimental condition as Cgy,
the fluorescent quenching of TCM-Cg, was con-
sistent with Cg,. However, the quenching ability
of TCM—Cg, is much stronger than that of Cg.
Its Kgy and K, are 1.8 X 10*M ' and 4.7
X 103M 1571, respectively, and they are larger
than that of C4, by almost one order of magnitude
due to its stronger ability of accepting electron.

The results above clearly show that the strong
interaction between TCM—Cg, and MEH-PPV ex-

ists in the excited states because TCM-Cg, has
similar 7-system structure with Cg, and also has
more strong electron-accept ability. With the
increase of the concentration of TCM-Cg,, the
photo-induced charge transfer complex could be
observed. This can be seen from Figure 6. Nor-
malized, the intensity of peak 485 nm, the inten-
sity of peak 520 nm, obviously increases when
TCM-Cg, was added to MEH-PPV. Peak 520 nm
partly belongs to the photo-induced charge trans-
fer complex. This is the direct evidence of the
charge transfer complex. However, this phenom-
enon has not been found in the UV-VIS spectrum
of the mixed solution of MEH-PPV and TCM—-Cy,
and it is still simply overlapped in the concentra-
tion we used.

CONCLUSION

In summary, the fluorescence of MEH-PPV in
solution can be quenched by fullerenes, and this
quenching is not dynamic. When MEH-PPV is in
the excited state, a strong interaction happens by
photo-induced charge transfer. This was verified
by the difference of quenching constants of Cg,
and TCM-Cg,. The formation of charge transfer
complex may distort the conjugation system of
polymer in the excited state, but in the ground
state further study of this work is still being car-
ried on.
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Figure 6 The normalized PL excitation spectra of
MEH-PPV solution (2.0 X 10~°M) (a) without TCM-
Ceo (solid), (b) with TCM—Cyg,, (0.87 X 10~ *M) (dashed).
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