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New compositions of radiation-hard plastic scintillators (PS) with content of 3-hydroxy-
flavone (3HF) derivatives are proposed. It is shown, that the new PS based on polystyrene
with these dopants have both the higher radiation hardness and the higher light output,

than PS with original 3HF.
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IIpepyosxensl HOBBIE COCTABBI PAAUAIMOHHO-CTOMKHX IIJIACTMACCOBBLIX CIUHTHUJJIATOPOB
(IIC) ¢ comepxanuem mpousBoxHbIX 3-rugporcudaasona (3HF). Iloxasano, uro noesie IIC Ha
OCHOBE IIOJMCTUPOJA ¢ VKA3AHHBIMU J00aBKaMU MMEIOT He TOJbKO 0oJjiee BHICOKYIO paluary-
OHHYIO CTOMKOCTb, HO M 0oJiee BBICOKHII cBeToBO# BuIXOH, ueM IIC ¢ mcxomupim SHF.

Pagianmiiino criiiki maacrmacosi cumaTHAATOPU 3 noximmmmu 3-rigpoxcidiaasomy.
IO AT'ypranenrxo, II.M.Mmypin, B.M.JIebedes, B.M.Ilepeiimar.

3anponoHoBaHo HOBi cruagm pagiamiiino-crilikux miaacrmacoBux cuumHTHIATOPiB (IIC) 3
BMicTom moximuux 3-rigpoxcudaasony (3HF). IToxkasano, mo Hosi IIC Ha ocHOBi moaicrupo-
Jy i3 3as3HAUYEHMMU JOMIiIIKaMM MAIOTh He TiJIbKK OiJbII BHUCOKY papgiaiiiiny crilikicrs, aie
i 6inpin Bucokwmit ceirmoBuii Buxix, uixk IIC s mepsicuum 3HF.

1. Introduction

Plastic scintillators (PS) are widely used
for manufacturing of detecting devices in
high-energy physies experiments. The parti-
cle physics development is provided both by
studied particles energy increase, and by ac-
celerated particles beam luminosity in-
crease. At the present time energy of
15.4 TeV (15.4-1012 eV) releases as a re-
sults of collision of two protons on colliding
beams of the Large Hadron Collider LHC
(CERN, Switzerland) at the integral lumi-
nosity of 1.7-103% ecm=2s7! [1]. At these con-
ditions the total radiation effect on the clos-
est to the beam axis PS can reach of
10 Mrad for 10 years of detector operation
[2]. After planned upgrade in 2016-2018
years the LHC beam protons energy will
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double, and the luminosity will increase on
the order [3]. Accordingly, the total dose of
irradiation on the mounted particle detec-
tors will increase on the order too.
However, widely used detecting devices,
mounted on the beams of the collider LHC,
commercial PS do not meet new require-
ments of the radiation hardness. The doses
of the light output of half-reducing (D1/2)
of commercial PS SCSN-81T, BC-408 and
UPS923A are in limits of 1-2 Mrad, and of
radiation-hard UPS-98RH — 5.1 Mrad [4].
The main cause of the light output re-
ducing under irradiation influence is forma-
tion of different radiolysis products, which
effectively absorb the light in wavelength
range from 300 to 400 nm, i.e. in the field
of emission of the majority of luminescent
dopants (LD), used for activation of a poly-
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Compound
code Structural formula Compound name
(dopant) H DB H
0 ‘ 3-Hydroxy-2-phenyl-4H- chromen -4-
1214 ‘
one (3-hydroxyflavone or 3HF)
OH
0
© O 2-(2,4-Dimethylphenyl)-8- hydroxy -
1227 |
4H- chromen -4- one
OH
3- Hydroxy -2-(2-( trifluoromethyl)
1229
phenyl)-4H- chromen -4- one
2-([1,1’-Biphenyl]-4-yl)-3- hydroxy -
1231
4H- chromen -4- one

mer base of PS [5]. Therefore, one of the
ways of the PS radiation hardness increas-
ing is applying LD, the emission spectrum
of which must be in more long-wave range,
out of the absorption band of the radiolysis
products. The most effective way of imple-
menting this idea is use of phosphors with
the large Stokes shift. One of such phos-
phors is 3-hydroxyflavone (3HF), which was
used for obtaining the radiation-hard PS in
the work [6]. PS with binary composition
(activator and polymer base) have shown
better radiation hardness relatively to PS
with ternary composition (activator, shifter,
polymer base). I.e. 3HF is better to use as
an activator to remove the influence of ra-
diolysis products in the transmission of ra-
diation to a spectrum shifting dopant. How-
ever, 3HF is not an effective activator, be-

Functional materials, 23, 1, 2016

cause of its absorption band maximum is at
wavelength of 360 nm and just partially
overlaps with the emission band of polystyrene
matrix with the maximum at 280 nm. This
fact and the little quantum yield of 3HF
(about 40 %) lead to reducing the quantum
yield of the PS with 38HF relatively to the PS
with conventional ternary composition.

In the present work investigations of bi-
nary and ternary scintillation systems on
polystyrene base with different derivatives
of 3HF were performed with the purpose to
increase the light yield and the radiation
hardness of obtained compounds.

2. Experimental

Modification of 38HF molecules was per-
formed in the following way. All 3HF de-
rivatives were synthesized by the Algar-
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Fig. 1. Excitation spectra of luminescence
band 530 nm of 3HF molecules and its derivatives
in toluene with concentration of 107® mol/liter.

Flynn-Oyamada reaction by oxidation of
o-hydroxyphenylstyrylketones to flavones
with hydrogen peroxide through produced
dihydroflavanols [7]. For this, equimolar
amounts of o-hydroxyacetophenone and dif-
ferent benzaldehyde derivatives were dis-
solved in ethanol and while mixing aqueous
sodium hydroxide solution was added. Ob-
tained chalcone was subjected to oxidation
with 30 % hydrogen peroxide for several
hours, then neutralized with diluted min-
eral acid, filtered, washed with water and
dried. Obtained derivatives of 3-hydroxyfla-
vone was purified by recrystallization from
methylene chloride and hexane.

Table 1 shows the compounds that have
been used by us as fluorescent dopants in
manufacture of the PS, as well as abbrevia-
tions (codes) of these substances.

For production of the PS with different
compositions, fluorescent dopants were
placed in glass vials and dissolved in sty-
rene at 80°C, purged with argon for 15 min
and polymerized by thermal radical polym-
erization at temperature of 150°C for
5 days. From obtained bar the samples were
cut with the shape of cylinders of 16 mm
diameter and of 10 mm height, and then
polished to optical purity. Compositions of
manufactured PS are shown in Table 1.

To measure the light output, the PS sam-
ples were mounted on a photomultiplier
through immersion fluid and excited by
monoenergetic conversion electrons of a ra-
diation source Bi-207. The light output was
determined by position of the peak maxi-
mum of electrons with energy of 975 keV.
To measure the time characteristics of the
PS it was used an electron source Sr-90.
Time characteristics were determined by the
delayed coincidence method with a two-
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Fig. 2. Luminescence spectra of 3HF (1214)
and its derivatives (1227, 1229, 1231).
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Fig. 3. Pulse height distributions of Bi-207

source, measured with PS, contained 3HF or

its derivatives.

channel system of two PMT Hamamatsu
9800 with Start and Stop channels. As a
start pulse the Cerenkov radiation signal
from a pure polymethylmethacrylate sample
was used.

To determine radiation hardness, the PS
samples were placed in air medium into ra-
diation field of a C0-60 source with the dose
rate of 50 rad/min and were irradiated with
dose of 3.3 Mrad. Measurements of the
light output of the samples were performed
right away after the irradiation.

3. Results and discussion

Molecules of 3HF have the unique lumi-
nescent property — presence of the large
Stocks shift due to transfer of a proton in
excited state. The absorption band maxi-
mum of 3HF is located in region of 350 nm,
at the same time the luminescence band has
the maximum at 530 nm. By attaching dif-
ferent substituents to the 3HF molecule,
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Table 2. Compositions of the PS and their light output before (L0) and after irradiation with dose
of 3.3 Mrad (L), and the ratio of the light outputs of irradiated to unirradiated PS (L/L0)

PS sample Polysterene PS compound Light yield Light yield after L/LO,
number before irradiation with Yo
irradiation, (LO) | dose 3.3 Mrad (L)
1 2% 1214 (3HF) 64 49
2 2% 1227 47 29
3 2% 1229 40 29
4 2% 1231 68 55
5 2 % p-TP + 0.05 1214 56 38 68
6 2 % p-TP + 0.05 % 1227 56 27 48
7 2 % p-TP + 0.05 % 1229 56 39 69
8 2 % p-TP + 0.05 % 1231 85 63 74
UPS923A | Standard 2 % p-TP + 0.05 % POPOP 100 47 47

one can modify its spectrum luminescent
properties.

As already mentioned, 3HF derivatives
can be used in composition of PS or as an
activator, and for this the main excitation
band must coincide with polystyrene lumi-
nescence band (280 nm), or as an shifter, in
this case their excitation band must coin-
cide with the luminescence band maximum
of the activator. Traditionally, molecules of
paraterphenyl (p-TP) with the maximum
emission of 360 nm is used as activators of
the PS. Fig. 1 shows excitation spectra of
obtained 3HF derivatives. Measurements
were carried out in toluene solution at a
concentration of 107° mol/liter and at ob-
servation wavelength of 530 nm, corre-
sponding to the luminescent band of the
studied compounds. As can be seen from
Fig. 1, by modifying the 3HF molecules one
can change the width of the excitation band
of the narrow peak (compound 1229) to a
significant broadening of its (compound
1231). The maxima of the luminescence
bands do not vary more than 20 nm.

The excitation spectra show that mole-
cules of compound 1231 have the widest
excitation band, which is the best suited for
use as activator in the PS composition,
based on polystyrene.

Fig. 2 shows the luminescence spectra
(1214) of 3HF and its derivatives 1227,
1229, 1231. It can be seen that the lumines-
cence band of 3HF (compound 1214) when is
modified, does not change significantly,
only 1231 derivative has the band maximum
which not significantly, on 10 nm, shifted
to the red range of luminescence.

In Fig. 8 the pulse height distributions
of Bi-207 source are shown, which measured
with the PS, contained 3HF or its deriva-
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tives (Table 1, PS 1-4). Fig. 8 and Table 1
show that the PS with various 3HF deriva-
tives exhibit significantly different light
output.

As can be seen from Fig. 3, the highest
light output is inherent in the PS with acti-
vator 1231 (Table 2 PS 4), i.e. ~10 %
larger than that of the PS with unmodified
3HF. This result is somewhat predictable,
since 1231 derivative has the widest excita-
tion spectrum (Fig. 1).

Measured temporal luminescent spectra
of the PS with 3HF (1214) and its deriva-
tives (1227, 1229, 1231) activators show,
that all scintillation compositions have
practically similar rise times of intensity of
a scintillation flash from level of 0.1 to
level of 0.9, equal to 0.9 ns, that is usual
for the PS on the basis of polystyrene [8].
As a result of the exponential fit of the
kinetic curves obtained we can see that
decay time of scintillation flash of all PS is
also close to 5.6, 4.8, 5.8 and 4.9 ns for the
PS activators 1214, 1217.1219 and 1231,
respectively. From these measurements, it
can be concluded that the modification of
3HF molecules does not lead to a noticeable
change in the kinetic parameters.

In Table 2 compositions of the studied PS
and their light output before (L0O) and after
irradiation with dose of 3.3 Mrad (L) are
shown. Also the ratio of the light outputs
after to before irradiation (L/LO) is shown,
which characterizes the PS light output
change as a result of radiation influence
with dose of 3.8 Mrad. The light output was
measured immediately after required radia-
tion dose was collected.

From the Table 2 data, it is seen that the
new scintillators with binary compositions
exhibit the better radiation hardness com-
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pared to the PS with ternary compositions
and the standard plastic scintillator
UPS923A. Therefore, PS No. 4, containing
2 % of 3HF derivative (1231) has the
higher values of the light output and the
radiation hardness, than the PS with 3HF
and its other derivatives.

4. Conclusions

Thus, as a result of conducted investiga-
tions it was shown that:

— use of 3HF derivatives allows to in-
crease the parameters of PS;

— for improvement of the PS properties
it is better to use molecules of 3HF deriva-
tives as activator, than as shifter;

— wuse of 2-([1,1-biphenyl]-4-yl)-3-hy-
droxy-4H-chromen-4-one molecules as acti-
vator allows to obtain the PS with the high-
est light output and radiation hardness.
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