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The study of optical properties of methyl methacrylate and 4-vinylbiphenyl copolymers
in a solid amorphous solution of the polymer has made it possible to establish the
non-excimer nature of energy traps in the polymer chain. These traps are related to
formation of collective states including the macromolecule chromophore groups. The short-
ening of the trapping state decay time in the 4-vinylbiphenyl homopolymer comparing to

the copolymer is observed.

HccanegoBanue OonTHUYECKUX CBOIMCTB COIIOJMMEPOB METUJIMETAKPHJATA C BUHHUJIAUDEHU-
JIOM B TBEPAOM aMOP(MHOM pacTBOPE IIOJUMEPA IO3BOJUJIO YCTAHOBUTL HEOKCHUMEPHYIO IIPH-
pony JIOBYIIIEK DHEPIUU B IIOJIUMEPHOU menu. [[aHHBIE JIOBYIIKH CBSA3aHBLI C BOBMOYKHOCTBLIO
CO3aHMUsSA KOJUIEKTHUBHBIX COCTOAHUMN XPOMOMOPHBIMHU I'PYHIIAMU MAaKPOMOJIEKYJbI. ¥ CTAHOB-
JIEHO YKOPOUYeHHEe BPEMEHU BaTyXaHUS JIOMUHECIEHIINU JIOBYIIEUHBIX COCTOSHUI IIPU IIepe-
XO0/le OT COIIOJIMMEPa K IOMOIOJHMEPY BUHUJIAU(DEHUIA.

1. Introduction

Much attention has been paid and still is
paid to the problem of energy migration in
organic macromolecules carrying chromo-
phore groups in a side chain [1-3]. The in-
terest in that problem is defined by the pos-
sibility to make use of the energy migration
along chromophore units of a macromole-
cule for energy transfer to some reaction
centers (the so-called antenna effect) [4].
The main problem in designing of macro-
molecule providing an efficient energy
transfer along the chain is connected with
self-organizing energy traps appearing in
the macromolecule chromophore subsystem.
Excimer or exciplex formations (EF) are
most often regarded as such traps. They
occur when two chromophore, one of which
is excited, are placed in a close proximity
[6—9]. Such formations are observed practi-
cally in all macromolecules containing aro-
matic chromophore groups. Some authors
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[3, 4] even proposed a way to minimize the
amount of such EF traps by providing the
alternative systems. It is to note that trans-
port properties of polymer molecules were
mostly studied in solutions of macromole-
cules. But as far as EF depend on mutual
arrangement of chromophore pendant
groups, their properties must depend on the
polymer matrix state. So in polystyrene so-
lution, we can observe not only phenyl chro-
mophore peak (279 nm) but also EF peak
(330 nm) [14]. On the contrary, in polysty-
rene films, the only single EF peak at
330 nm is observed [9]. Therefore, to real-
ize the antenna effect in solid polymer, it is
important to know the type of traps
therein. While this problem is more or less
satisfactory studied for polystyrene macro-
molecules, it is essentially not investigated
for molecules with more complex chromo-
phore structure. The main purpose of the
present work is to study the peculiarities of
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trap states in a solid solution of methyl
methacrylate (MMA) and 4-vinylbiphenyl.

2. Experimental

The starting materials for samples prepa-
ration were commercially available 4-vinyl-
biphenyl and methyl methacrylate (Aldrich).
The products obtained were purified by re
crystallization from benzene followed by
chromatography on silica gel. T,, = 153°C.
The steady-state spectra of absorption and
emission were studied at room temperature
by means of Fluoro-Max-4 (HORIBA Jobin
Ivon Inc.) spectrofluorometer. The decay ki-
netics was measured by Combined Steady
State and Lifetime Spectrometer FLS-920
(Edinburgh Instruments). The excitation
source was a nanosecond flash lamp with
the 1 ns pulse width and 40 kHz repetition
rate.

3. Resultls and discussion

The luminescence of 4-polyvinylbiphenyl
chromophore moieties is most similar to lu-
minescence of izopropylbenzene, which thus
was taken as the model compound. Its opti-
cal properties can be characterized first of
all by positions of absorption spectrum
maximum (279 nm), luminescence spectrum
maxima (309 and 317 nm), and the excited
state lifetime of 13.7 ns (in hexane solu-
tion) [14].

The 4-vinylbiphenyl luminescence spec-
trum maximum is known to be somewhat
shifted to the long-wave region as compared
to that of izopropylbenzene and located at
321 and 834 nm [11]. In measured
MMA+4VBPH luminescence spectra (Fig. 1),
the peak caused by the chromophore embed-
ded in the polymer chain (317 nm) and dou-
ble peak at 383 and 401 nm wavelengths
are pronounced. The same peaks (but a
broad one instead of double) are also ob-
served in vinylbiphenyl solutions [10, 11].
Those are usually explained by the EF pres-
ence in the chain. It is to note that the
presence of such EF is unexpected because
biphenyl molecules are weakly aggregating
and the EF are essentially unobservable in
biphenyl solution.

The excimers are known to have no ab-
sorption band. So if the double peak ob-
served in the luminescence spectrum is
caused by EF, then in excitation spectrum
one must observe only peaks of excimer
"constituents” (single chromophore moie-
ties) at 279 nm. But as it seen in Fig. 2, the
maximum of copolymer excitation is at
388 nm wavelength which differs consider-
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Fig. 1. Luminescence spectra of methyl-
metacrylate copolymer with 1 % and 10 %
4-vinylbiphenyl.
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Fig. 2. Excitation spectrum of PMMA + 1 wt. %

4-vinylbiphenyl. Observation wavelength
450 nm.
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Fig. 3. Luminescence decay of methyl
metacrylate and 4-vinylbiphenyl copolymer at
320 nm wavelength.

ably from the expected position. Therefore,
the conclusion can be made that the lumi-
nescence centers related to the long-wave
spectral band cannot be the excimer forma-
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Fig. 4. Luminescence spectrum of P4VBPH

homopolymer film.

tions. The energy levels of that center exist
also in the ground (unexcited) state.

The luminescence decay times of vinyl-
biphenyl measured at 320 nm and 400 nm
wavelengths under excitation by a pulse
285 nm light source appeared to be the
same and equal to 10.7 ns (Fig. 8). The ob-
served coincidence of luminescence times at
different wavelengths shows a close relation
of long-wave luminescence centers with the
copolymer chromophore groups rather than
a presence of luminescent impurity mole-
cules. Note that the decay time did not
changed with vinylbiphenyl concentration
up to 10 wt % . When the content of vinyl-
biphenyl in MMA+4VBPH copolymer is in-
creased, there is a gradual decreasing of the
spectrum short-wave part. The luminescence
of PAVBPH homopolymer consists essen-
tially of the long-wave part only (Fig. 4).
As it seen in the Figure, in the lumines-
cence spectra of both the P4AVBPH homopo-
lymer and the copolymer, a weak short-wave
peak related to chromophore moiety lumi-
nescence can be allocated. The peak of long-
way luminescence is shifted towards the red
region nearly by 10 nm as compared to the
copolymer.

To eliminate the influence of lumines-
cence of non-polymerized aggregates of
vinylbiphenyl molecules, the polymer was
dissolved in toluene and then reprecipitated
in tetrahydrofuran. After repeated dissolu-
tion and precipitation, the obtained polymer
was precipitated onto a quartz substrate. It
was found that in the luminescence spec-
trum of the sample obtained in such a way,
the peak of chromophore luminescence at
320 nm wavelength is totally absent
(Fig. 5).

If the origin of observed luminescence is
connected with mutual stacking of chromo-
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Fig. 5. Luminescence and excitation spectra
of P4VBPH homopolymer film.
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Fig. 6. Absorption spectrum of P4VBPH ho-
mopolymer film.

phore groups in polybiphenyl macromole-
cules, then the absence of specific peak at
320 nm may be caused by a higher ordering
degree in precipitated polybiphenyl films. In
this case, the excitation spectrum (Fig. 5)
and absorption spectrum (Fig. 6) of ob-
tained films have the specific maximum at
350 nm. Note that the intensity of that ab-
sorption peak is much lower than that of
chromophore groups.

The luminescence decay curves for
P4VBPH homopolymer are presented in
Fig. 7. As is seen comparing Fig. 7 and Fig.
3, the lifetime is decreased from 10 ns for
copolymer to 1 ns for homopolymer. The
lifetime of precipitated sample is somewhat
lesser comparing to bulk polyvinylbiphenyl
sample.

The observed luminescence properties of
MMA+4VBPH copolymers can be satisfactory
described by the formation model of exciton-
like collective states states which are usually
observed in molecular crystals. These proper-
ties are most pronounced in .J-aggregates
[12]. The spatial arrangement rigidity of the
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Fig. 7. Luminescence curves of

P4VBPH homopolymer.

decay

chromophores in MMA+4VBPH and
P4VBPH macromolecules may result in
their flattening. It is to note that the angle
between the phenyl planes in biphenyl mole-
cule is 85°, which in turn must increase the
intermolecular chromophore interaction.
This interaction can cause a lowering of
ground state energy which is actually ob-
served in MMA+VBPH copolymers. But in
the copolymer, there is a high probability
do not have the same chromophores in a
close proximity. Therefore, in the copoly-
mer luminescence spectrum, we observe
peaks of single biphenyl moieties at 817 nm
besides the peak of bonded interchromo-
phore group (the maximum of vinylbiphenyl
luminescence is at 335 nm). When concen-
tration of chromophore groups is increased,
the formation of collective states including
a larger number of chromophores becomes
possible. The energy of these states is low-
ered, which is observed in luminescence
spectra. Indeed, the observed spectrum of
homopolymer luminescence is shifted into
the red region nearly by 10 nm.

The second manifestation of excited
states grouping is their lifetime decrease. It
is known that the luminescence time of col-
lective states must decrease in proportion to
the number of coherently bound molecules.
The main factor affecting this effect in
polymer systems is the topological and dy-
namical disorder factor [13]. This factor
causes a dephasing of collective states
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which affects their lifetimes. Therefore, it
can be said that the limiting lifetimes of
collective formations are changed between
19/N, in MMA+4VBPH and 13 in P4VBPH
homopolymer.

4. Conclusion

The study of optical properties of
MMA+4VBPH copolymer solid solutions and
P4VBPH homopolymer has allowed us to es-
tablish the influence of the macromolecule
phase composition on the Iluminescence
properties. The observed collective states in
polyvinylbiphenyl which include several
chromophore moeities of the macromolecule
can effectively collect the excitation energy
of chromophore groups and reemit it in
410 nm region which is traditionally used
for optical radiation registration by PMT.
The possible ordering of macromolecule
chromophore groups can significantly de-
crease the lifetime of excited states without
significant loss of energy. The search for
systems with ordered chromophore moieties
in a macromolecule is the way to obtain the
fast luminescence systems required to de-
tect the high-energy particles.
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IIpupoma meHTpiB 3aXONMJEHHS e€Heprii
B amopdHOMY OicdeHiABMicHOMY moJimMepi

0.D.Adadypos, O.1.Bedpuk, O.C.Benvmoina,
IH.M.2Kmypin, B.M.J/le6edes, B./].Tuyvran

HocaigKeHHA ONTHUYHUX BJACTHUBOCTEIl CIiBIIOJiMepiB MeTuiameTakpuiaaty 3 BiHiabGidewni-
JIOM y TBepAOMYy aMOP(MHOMY PO3UHMHI II0JiMepy J03BOJIMIO BCTAHOBUTHA HEEKCHUMEPHY IIPHUPO-
Iy macTok eHeprii y mosimepromy Jgamimiory. Ili macTku moB’si3aHi 8 MOMKJIMBICTIO CTBOPEHHS
KOJIEKTUBHHUX CTaHIiB XPOMOMOPHUMH IPyIaMH MaKPOMOJIEKYJIUW. BCTAaHOBIEHO CKOPOUYEHHS
yacy 3aTyxaHHs JIOMiHecieHIii npum mepexomi Bix crmiBmosimepy g0 romormosimepy
BiHinOi(eniny.
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