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Comparative studies have been carried out of nonradiative energy transfer efficiency in
the scintillation compositions consisting of methyl methacrylate + f-naphthyl methacrylate
+ 1,4-bis(5-phenyl oxazolyl-2)benzene and of naphthalene and 1,4-bis(5-phenyl oxazolyl-
2)benzene solid solutions in poly(methyl methacrylate). It has been established by spectral
experiments that in the case of naphthalene chemical binding with the polymer the
emission intensity of 1,4-bis(5-phenyl oxazolyl-2)benzene increases more than twice when
the naphthalene content in the compositions rises as compared to the solid solutions.

IIpoBenensr cpaBHUTENbHBIE HCCIELOBAHUS d(PDEKTUBHOCTHA 6E3bI3IyUaTeILHOrO [IepeHoca
SHEPrUH B CHMHTUJLIAIVOHHBIX KOMIIOSHIMAX: MeTHJIMeTakpuiar + P-uadruiameraxpuiar +
1,4-6uc(5-hernnoxcasonmi-2)-6eH30J1 U TBepAble pacTBophl Hadranuua u 1,4-6uc(5-heHn-
oKcasosui-2)-6eH30Ja B moJuMeTHIMeTakpuiate. CIeKTpaJbHBIMU SKCIEPUMEHTAMH yCTa-
HOBJIEHO, UTO B CJydYae XUMUUECKOIl cBA3U Ha(TAJIUHA C IIOJUMEPOM IPUPOCT MHTEHCUBHOC-
Tu cBeueHuaA 1,4-6uc(b-heHnnorcasonni-2)-6eH30ja ¢ yBeJUUEHUEM COAEP:KAHUA Ha(TalmHa
B KOMHOBUIIMAX MIPOUCXOAUT 0ojiee UeM B JBa pasa OBICTpee IO CPABHEHUIO C TBEPABIMU
pacTBOpaMU.

Among optically transparent polymers,
poly(methyl methacrylate) (PMMA) is re-
markable for its high optical and physico-
mechanical characteristics and thus it is a
material of good promise as the polymer
matrix of plastic scintillators [1]. However,
PMMA does not contain conjugated double
bonds in the polymer chain; that is why
some aromatic or heteroaromatic molecules,
most often naphthalene as solid solution,
are added thereto as secondary luminophors
[2]. This way to introduce a chromophore
into the matrix yields to the chemical modi-
fication of macromolecules with chromo-
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phore groups in such important charac-
teristics as the “bleeding” resistance and
photochemical resistance [2]. As far as we
know, the polymers chemically modified
with chromophores are still insufficiently
studied from the viewpoint of their use as
the plastic scintillator matrices.

It is to believe that the method of a lu-
minophor additive introduction into plastic
scintillators influences the efficiency of
photophysical processes running therein
and, as a result, the scintillation efficiency.
In this work, we have studied the polymeric
scintillation compositions based on PMMA
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with chemically grafted chromophore. The
study was aimed at the efficiency estima-
tion of the non-radiative electron excitation
energy transfer from the secondary lumino-
phor additive to the luminophor and the
effect of the secondary luminophor additive
chemical binding with the polymer.

The experiments were carried out using
the compositions consisting of methyl
methacrylate (MMA) + B-naphthyl methacry-
late (NpMA) + 1,4-bis(5-phenyl oxazolyl-
2)benzene (POPOP). The compositions were
obtained by mass polymerization using the
two-stage temperature conditions (50°C for
24 h followed by additional polymerization
at 115°C). Azo-isobutyronitrile (0.06 mole %)
was used as the initiator. The MMA:NpMA
molar ratio values in the compositions were
99.9:0.1; 99.5:0.5; 96.0:4.0; 92.0:8.0;
88.0:12.0 and 85.0:15.0. POPOP was added
to the mixtures to be polymerized in an
amount of 0.4 wt. % . The synthesized sam-
ples were shaped as 1 mm thick polymeric
glasses. The absorption spectra were re-
corded using a Perkin-Elmer-544 spectrome-
ter and the fluorescence ones, on a SDL-2
(LOMO) spectrophotometer under frontal
sample excitation. The measurements were
done at room temperature. The concentra-
tion dependence of the energy transfer in
the scintillation compositions from naphtha-
lene fragments (donor) to POPOP (acceptor)
was determined as described in [3]. Within
that approach, the concentration depend-
ences were considered both in the stationary
fluorescence spectra and in the synchronous
scanning fluorescence spectra (SSF) of the
studied systems. The latter recording
method of the fluorescence spectra consists
in a simultaneous scanning by monochroma-
tors of excitation and recording (A... = A.,.

+ AL), thus allowing to identify individual
spectral centers in multicomponent mix-
tures [4, 5]. Each spectral center is re-
flected in such a spectrum as a single band.

As an example, Figs. 1a, 1b illustrate the
stationary fluorescence and SSF spectra for
the MMA (85 %) + NpMA (15 %) + POPOP
(0.4 %) composition. The spectra are seen
to be characterized by quantities Rf =
I,//I5f and R, = I,5/I,,%, where I,/ and 1,°
are intensities characterizing the energy ac-
ceptor emission bands in the stationary
fluorescence and SSF spectra, respectively,
I/ and I,® denote the respective intensities
for the energy donor. When the acceptor
concentration is constant, as is the case for
the samples studied here, the concentration
dependence of 1/R® is in proportion with
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Fig. 1. (a) Fluorescence spectra of POPOP
(0.4 wt %) solid solution in PMMA (I) and
85 % MMA + 15 % NpMA+0.4 % POPOP
polymer (2). %,,. = 280 nm. Curve 3 is the dif-
ference between spectra 2 and 1. (b) SSF spec-
trum of 85 % MMA + 15 % NpMA + 0.4 %
POPOP polymer obtained in the scanning mode
Kroe = Moxe T 10 nm. The wavelengths are indi-
cated according to the record scale. (c) Absorp-
tion spectrum of 99.9 % MMA + 0.1 % NpMA
copolymer (1); fluorescence (2, 3) and SSF (4, 5)
spectra of 99.9 % MMA + 0.1 % NpMA (2, 4)
u 99.5 % MMA + 0.5 % NpMA (3, 5). The
SSF spectra are obtained in the scanning mode
Koe = Moxe T 10 nm. The wavelengths are indi-
cated according to the record scale.

the concentration dependence of the donor
emission intensity, while the Rf/RS ratio
value characterizes the concentration de-
pendence of the acceptor emission intensity
[8]. Thus, when measuring the Rf/RS ratio
values for a series of samples, the gain in
the acceptor emission intensity is caused by
the energy transfer thereto from the donor.

The spectral investigations of systems
with high chromophore concentrations are
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always difficult due to the reabsorption and
other spectrum distortions. Moreover, the
chromophore aggregation in the ground
and/or excited state is possible in such sys-
tems, thus, the photophysical process image
becomes complicated. The spectral observa-
tions evidence that POPOP in the polymers
under study is in the molecular form. How-
ever, naphthalene in the scintillation compo-
sitions exhibits aggregation features in its
ground state. So, the fluorescence component
belonging to the secondary luminophor addi-
tive can be discriminated by subtracting the
POPOP fluorescence component from the
total polymer emission spectrum. In Fig. la,
curve I shows the fluorescence spectrum of
the POPOP solid solution in PMMA not modi-
fied by naphthalene fragments. The subtrac-
tion result of that spectrum from the spec-
trum 2 presenting the total polymer emission
is shown as the dependence 3 in Fig. 1la.

In the SSF spectrum of the polymer (Fig.
lc) the components of two spectral centers
are seen clearly, namely, the longer-wave-
length one belonging to POPOP. The second
component can be associated to the energy
donor having the fluorescence spectrum shown
as curve 3 in Fig. 1a. Obviously this band is
not the naphthalene monomer fluorescence but
most likely that of naphthalene dimers. The
monomer naphthalene emission is present in
the spectra considered as weak bands at their
short-wavelength edge (A = 220 to 230 nm).

Qualitatively, the spectra of Fig. la are
similar to each other for all the MMA +
NpMA + POPOP samples starting from the
minimum studied NpMA concentration
(4.0 mole %). The emission bands of
POPOP and aggregated naphthalene are pre-
dominant therein. The naphthalene mono-
mer components are seen in those spectra
only as weak bands in short-wavelength re-
gion. The naphthalene fragments begin ag-
gregate in the copolymers starting from low
NpMA concentrations. Fig. lc illustrates
the spectra for 99.9 % MMA + 0.1 %
NpMA and 99.5 % MMA + 0.5 % NpMA
demonstrating that fact. Although the ag-
gregate band is noticeable in the absorption
spectrum of the 99.9 % MMA + 0.1 %
NpMA copolymer (curve 1) as a "tail” in the
bathochromic region from the first vibra-
tional maximum (A = 832 nm) in the S; ab-
sorption band of naphthalene monomer, the
fluorescence spectrum of that copolymer
(curve 2) contains mainly the naphthalene
monomer component, what is confirmed also
by the single component in its SSF spectrum
(curve 4). The fluorescence spectra of
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Fig. 2. (a) Dependences of R/, R®, 1/RS and
R/R® for MMA + NpMA + 0.4 % POPOP
compositions as functions of NpMA unit con-
centration. (b) Concentration dependences of
Rf/R® for solid solution of naphthalene and
POPOP in PMMA [3] (I) and for MMA +
NpMA + 0.4 % POPOP copolymers (2).

99.9 % MMA + 0.1 % NpMA u 995 %
MMA + 0.5 % NpMA copolymers in Fig. le
are normalized in the short-wavelength re-
gion, and comparison thereof evidences the
arising emission components of naphthalene
aggregates as the NpMA concentration in-
creases (cf. spectra 2, 3 and 4, 5 in Fig. 1c¢).

In general, the chromophore aggregation
in polymers may take numerous forms
[6, 7]. It should be noted, however, that
only one type of naphthalene dimers arises
in the MMA-NpMA copolymers. Here, it is
valid to consider the dimers, since a chro-
mophore chemically grafted to a macro-
molecular chain is hardly able to form the
contacting sites consisting of three units or
more. The dimers seem to be formed be-
tween neighboring chromophores in the
blockcopolymerized NpMA regions.

Thus, it is not only monomer naphtha-
lene that acts as the electron excitation en-
ergy donor for POPOP in the MMA +
NpMA + POPOP scintillation compositions
but also its dimers that may be excited both
directly and due to the energy transfer
from the monomer. As the naphthalene con-
centration increases, its monomer compo-
nent in the emission spectra of the copoly-
mers weakens sharply and is almost absent
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already in the samples with 5 % NpMA con-
tent. That is why we have taken the intensity
values in the maxima of dimer components in
stationary spectra (A = 354 nm) and in SSF
ones (A = 343 nm) as the I/ and I,® values.
The I,f and I,5 intensities were measured
also in the band maxima of stationary POPOP
fluorescence (A = 417 nm) and its component

in the SSF ones (A = 398 nm). The results of
those measurements are presented in Fig. 2a
as the concentration dependences of Rf, RS,
1/R$ and Rf/RS.

As noted above, the Rf/RS dependence
characterizes the concentration dependence of
the energy acceptor (POPOP) emission inten-
sity. It is seen in Fig. 2a that, as the NpMA
fragment content in the copolymers increases,
the POPOP emission intensity rises almost
linearly up to NpMA concentration of
12.0 %. These data can be compared to the
similar results from [3] for PMMA + naph-
thalene + POPOP compositions where naph-
thalene was introduced into PMMA as a solid
solution. In Fig. 2b, the concentration de-
pendences of R/RS for such compositions are
shown by curve I. In the same Figure, the
Rf/R? values for the MMA + NpMA + POPOP
are plotted (curve 2) where the naphthalene
content is reduced to its mass concentrations
in the polymer mixture. The linear extrapola-
tion of the dependences 1 and 2 to zero naph-
thalene concentration is shown by dashed
lines in Fig. 2a. Both dependences are nor-
malized so that the extrapolation results in
Rf/R®S =1 at zero naphthalene content. In
other words, Fig. 2b shows the POPOP emis-
sion intensity (assumed to be 1 in naphtha-
lene-free samples) for naphthalene solid solu-
tions in PMMA and for the MMA-NpMA

copolymer as a function of the naphthalene
content. In both cases, the dependences
characterize the POPOP emission under ex-
citation at A, = 280 nm.

The dependences I and 2 in Fig. 2b evi-
dence that the electron excitation energy
transfer to POPOP is more intense in the
systems where naphthalene is chemically
grafted to the polymer. The gain in the
POPOP emission intensity in this case in-
creases more than twice dynamically than in
naphthalene solid solutions in PMMA. This
fact may be due to a more homogeneous and
ordered chromophore distribution over the co-
polymer matrix volume. Moreover, the naph-
thalene introduction into PMMA as a solid so-
lution favors formation of its aggregates and
microcrystals that fluoresce weakly but narrow
considerably the PMMA transparency window
in the region of up to 500 nm [8].
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0.A.Khakhel’,

Bnaue ¢gakTropa ximiuHOro 3B’a3ky aominodgopa
3 MOJIIMEepHOI0 MATPHUIEI0 HA iHTEHCHUBHICTHh CBITiHHA
CIMHTHIAIIMHOI KOMIIO3MI[ii HA OCHOBI1
NMOJiMeTHJIMETAKPUJIATY

A.A.Andonzapos, M.M.Bapawxkose, 1.C.Ipzibacsa,
0.A.Xaxenw, I0.E.Caxno

BukoHnaHo mTOpiBHAJNBHI mocaimKeHHA e(EeKTUBHOCTI 0e3BUIPOMiHIOBAJLHOTO IIepeHOCY
eHeprii y CHUHTUIANIAHUX KOMIO3UIiAX: MeTUJIMeTakpuaar + [-madruamerakpuiar + 1,4-
Oic(5-dheninorcasonin-2)-6enson Ta TBepAi posumHu Hadraminy ta 1,4-6ic(5-dhenimoxcasomi-
2)-6ensony y nomimeruamerakpuiaari. ClieKTpaJbHIMU €KCIIEPUMEHTAME BCTAHOBJIEHO, IO Y
BUIIAAKY XimiuHoro sB’sa3Ky Hadraniny 3 mouimepom mnpupict inreHcuBHOCTi cBiTimHs 1,4-
Oic(5-dheninorcasonin-2)-6ensony mpu 306impmienHi BmicTy mHadraniny y xommosunisax Bimly-
BaeThCs OLJBIN HiK yaBiul mIBmiIIe y IOPiBHSHHI 3 TBEPAUMHU PO3YMHAMIU.
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