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The work is devoted to the development of radiation-resistant polystyrene based plastic scin-
tillators, suitable for use in modern experiments in high-energy physics. The main attention
is paid to the search and synthesis of radiation-resistant activators, derivatives of 3-hydroxy-
flavone. In the work, a number of fluoro-, phenyl-, fluorophenyl- and fluoroalkyl derivatives of
3-hydroxyflavone were obtained. With the obtained activators, radiation-resistant plastic scintil-
lators were developed and their scintillation characteristics and radiation stability were investi-
gated. The light output half-attenuation dose of the created scintillators reaches 49 Mrad.
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Ioximui 3-rinpokcudraBoHy sSK aKTHBATOPH ILJIACTMACOBOTO CIHHTHJISTOPA.
O.B. €niceesa, /I.A. €nicees, 10.0. I'ypranenuro, I1.M. JKmypin, B.J]. Anexcees

PoGora mpucesiuena pospolIrl pamialifHOCTINKUX I1JIaCTMACOBUX CIIMHTUJIATOPIB Ha OCHOBI
TIOJTICTUPOJTY, TIPUIATHUX [JIST BUKOPUCTAHHS B CYYACHHUX €KCIIEpUMEHTaX 3 (DISMKU BUCOKHUX
enepriii. OcHOBHA yBara MPUILIAETHCA IIOIIYKY Ta CHHTE3y PamialllifHOCTIAKMX aKTHBATOPIB,
moxigHux 3-rigpokcudiaBoHy. ¥ poboTi orpuMmanHo pan dTop-, ¢eHlI-, dQropdeHis- Ta
dropankipHUX HOXIOHUX 3-TIAPOKCHQIIABOHY. 3 OTPUMAHMMM AKTHBATOPAMHU PO3PO0JIeH1
paIiamifHOCTIMKI IJIACTMACOB] CIIMHTUIATOPH TA JOCIIIKEHO X CITUHTUIAIIHHI XapaKTePUCTUKHT
1 pamaiiiiny crabirbHicTb. Jl03a MOSIOBUHHOIO 0CJIA0JIEHHS CBITJIOBOIO BUXOAY CTBOPEHUX
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CIIMHTHIIATOPIB mocsarae 49 Mpag.

1 Introduction

Plastic scintillators (PS) are widely used
in various fields of science and technology as
scintillation elements of ionizing radiation de-
tectors. PS are easy to manufacture, have high
sensitivity, high performance and relatively low
cost. However, with the development of acceler-
ator technology, the requirements for radiation
resistance of materials used in the creation of
various detectors are constantly increasing. In
modern physical experiments, such as ATLAS
[1], CMS [2] and LHCb [3], scintillators are
subjected to significant radiation loads, which
can reach tens of Mrad. At the same time, tra-
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ditional PS based on polystyrene and polyvin-
yltoluene exhibit a low level of radiation resis-
tance. In particular, for commercial SCSN-81T
(Kuraray, Japan) [4], BC-408 (Bicron, USA) [5]
and UPS-923A (Amcrys-H, Ukraine) [6] the
half-attenuation dose of the light output is only
1-5 Mrad. Therefore, various attempts are be-
ing made to increase the radiation resistance
of the PSs to adapt them to modern require-
ments.

Today, there are several ways to improve
the radiation resistance of PS. One of them is
the introduction of diffusion enhancers into the
PS composition, which contribute to increasing
the mobility of free radicals, which, in turn, ac-
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celerates their recombination and reduces dam-
age to the polymer base. However, this method
leads to a significant degradation of mechanical
properties and a decrease in the long-term sta-
bility of PS [7, 8].

Another way involves the use of more ra-
diation-resistant polymer bases, for example,
polysiloxanes [9 — 11]. However, the main dis-
advantage of polysiloxanes as a PS base is their
mechanical properties. Polymers based on poly-
siloxanes are jelly-like materials, which limits
the scope of their practical application [12].

Another way to increase the radiation resis-
tance of PS is to use luminescent additives with
a large Stokes shift. Defects of the PS’s vinyl-
aromatic polymer base, formed under the ac-
tion of ionizing radiation, have a wide absorp-
tion band, which extends from 280 nm to 520
nm [13, 14] (Fig. 1). The main luminescence
band of traditional activator molecules is usu-
ally located in the range of 330-370 nm, and of
shifter molecules — 390—430 nm. That is, the
absorption band of defects completely overlaps
the luminescence bands of both the activator
and the shifter, which leads to a significant
degradation of the scintillation properties of
PS. Luminescent additives with a large Stokes
shift allow to transfer the emission to a longer
wavelength range, bypassing the absorption
band of defects. Thus, their use allows to re-
duce the loss of excitation energy and increase
the radiation resistance of PS.

One of the most radiation-resistant lumines-
cent additives is considered to be 3-hydroxyfla-
vone (3-HF). Its absorption maximum is at 350
nm, and its luminescence maximum 1s at 530
nm, i.e. the Stokes shift is 180 nm. Such a large
Stokes shift allows to bypass most of the energy
traps formed as a result of irradiation. The use
of 3-HF as a PS activator allows to increase the
radiation resistance of the material to 7 Mrad
[156 — 17], however, in modern conditions this
is no longer enough. It should be noted that for
traditional PS an important factor in the deg-
radation of scintillation characteristics is the
formation of excitation energy traps as a result
of damage to the polymer base itself. But in the
case when it is possible to bypass these traps
due to a large Stokes shift, one of the important
factors becomes the radiation resistance of the
activating additives themselves. Therefore, it
is necessary to find ways to modify the activa-
tor molecules that will increase their radiation
resistance and, accordingly, lead to an increase
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Figure 1 — Transmission spectra of pure polysty-
rene before irradiation (A) and after irradiation
with doses of 1 Mrad (B), 5 Mrad (C), 10 Mrad
(D), 50 Mrad (E) and 100 Mrad (F) [14]

in the radiation resistance of the PS where they
will be used.

The work describes various 3-hydroxyfla-
vone derivatives that were used to create ra-
diation-resistant PS. The scintillation charac-
teristics of the resulting scintillators were in-
vestigated, and their radiation resistance was
determined.

2 Experimental

2.1 Synthesis of 3-hydroxyflavone de-
rivatives. 3-HF derivatives are obtained by
the interaction of equimolar amounts of the
corresponding 2-hydroxyacetophenone deriva-
tives and benzaldehyde in an alcoholic medium
in the presence of alkali with the separation of
chalcone and its subsequent oxidation with hy-
drogen peroxide according to the Algar-Flinn-
Oyamada reaction. The scheme and general-
ized methodology for the synthesis of 3-HF
derivatives of general formula VI are shown in
Fig. 2.

Chalcone (III). To a solution of 0.2 mol of
2-hydroxyacetophenone (I) and 48 g (0.86 mol)
of KOH in 300 ml of methanol at room temper-
ature and stirring, 0.22 mol of aldehyde (II) is
added. Stir for 22 h at room temperature, 8 h
at 40 °C and then another 18 h at room tem-
perature. Then pour onto the mixture 1 1 of cold
water and 100 ml of HCI (37 %). The resulting
precipitate of chalcone (III) is collected by fil-
tration, washed on the filter several times with
150 ml portions of hot water, squeezed thor-
oughly and dried at room temperature. The
technical product is a yellow-orange powder.
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Figure 2 — Scheme of synthesis of 3-HF derivatives

Purification is carried out by recrystallization
from benzene.

Derivative of 3-hydroxyflavone (IV). 0.1
mol of chalcone (ITI) is dissolved in a mixture
of 200 ml of dioxane, 200 ml of methanol and
17.4 g (0.31 mol) of KOH. The orange-red solu-
tion is cooled to 5-10 °C and, with stirring, a
mixture of 15 ml of H,O, (30%) and 15 ml of
methanol is slowly added dropwise. The reac-
tion mass is stirred for 0.5 h at a temperature
of 5-10 °C, after which the cooling is removed
and stirring is continued at room temperature.
After 1 h, another 4 ml of peroxide and 10 ml of
methanol are added to the mixture. Stirring is
carried out until the solution becomes clear and
the red hue disappears. Then the reaction mass
is poured into a mixture of 1 1 of cold water and
50 ml of HCI (37 %). The precipitate of 3-hy-
droxyflavone (IV) formed is filtered, washed on
the filter with water, thoroughly squeezed and
dried at room temperature. The technical prod-
uct is a finely dispersed powder of pale yellow
color.

The technical product is purified by double
chromatography on silica gel (eluent — cyclo-
hexane), followed by recrystallization from ben-
zene.

6-Fluoro-3-hydroxy-2-phenyl-4H-chro-
men-4-one or 6F-3HF (IV, R, = F; R,, Ry,
R,, Ry = H). Yield — 15.6 g (61 %), fine crystal-
line pale yellow powder, T = 169-170 °C.
Elemental analysis: calculated for C,;HgFO4
(%): C —70.31; H — 3.54; O — 18.43; found (%):
C - 70,35; H — 3,50; O — 18,44. 'H NMR (400
MHz, DMSO-dg) 6 9.04 (s, 1H), 7.98 (ddd, / =
7.4, 1.6, 0.8 Hz, 2H), 7.56 (dd, J = 8.0, 1.5 Hz,
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1H), 7.56-7.40 (m, 4H), 7.17 (ddd, J = 8.0, 7.5,
1.5 Hz, 1H).

2-(4-Fluorophenyl)-3-hydroxy-4H-chro-
men-4-one or 4F-3HF (IV, R, = F; R, R,,
R3, Ry = H). Yield — 15.4 g (60 %), fine crystal-
line pale yellow powder, T ., = 151-152 °C.
Elemental analysis: calculated for C,;HgFO4
(%): C—-"70.31; H-3.54; O —18.43; found (%): C
—70.28; H—3.57; 0 —18.25. 1TH NMR (400 MHz,
DMSO-d6) 6 9.33 (s, 1H), 8.22-8.14 (m, 2H),
8.04 (dd, J = 7.4, 1.5 Hz, 1H), 7.75 (ddd, J =
7.5, 1.5 Hz, 1H), 7.53-7.43 (m, 2H), 7.31-7.22
(m, 2H).

6-Fluoro-2-(4-fluorophenyl)-3-hydroxy-
4H-chromen-4-one or 6F4¢F-3HF, (IV, R,
R, =F; Ry, Ry, Ry = H). Yield — 17.4 g (64 %),
fine crystalline pale yellow powder, T . =
190-193 °C. Elemental analysis: calculated for
C,5HgF,04 (%): C —65.70; H - 2.94; O — 17.50;
found (%): C — 65.73; H — 3.00; O — 17.47. 'H
NMR (400 MHz, DMSO-dg) 6 9.04 (s, 1H), 8.21—
8.12 (m, 2H), 7.58 (dd, J = 8.0, 1.5 Hz, 1H), 7.45
(dd, J = 7.5, 5.0 Hz, 1H), 7.31-7.22 (m, 2H),
7.18 (ddd, J = 8.0, 7.5, 1.5 Hz, 1H).

2-([1,1’-Biphenyl]-4-yl)-3-hydroxy-4H-
chromen-4-one or 4'Ph-3-HF, (IV, R, = F;
R, =Ph; Ry, R3, Ry = H). Yield — 25.1 g (80
%), fine crystalline pale yellow powder, T, ; =
222-224 °C. Elemental analysis: calculated for
Cy1H14045 (%): C — 80.24; H — 4.49; O — 15.27;
found (%): C — 80.27; H — 4.50; O — 15.30. 'H
NMR (400 MHz, DMSO-dg) 6 9.35 (s, 1H), 8.03
(td, J=17.7,1.8,0.9 Hz, 1H), 7.80-7.71 (m, 3H),
7.71-7.60 (m, 4H), 7.52-7.42 (m, 4H), 7.41-7.33
(m, 1H).
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2-([1,1’-Biphenyl]-4-yl)-6-fluoro-3-hy-
droxy-4H-chromen-4-one or 6F4'Ph-3-HF,
IV, R, =Ph; R; Ry, Ry, R; = H). Yield — 19.3
g (59 %) fine crystalhne pale yellow powder,
T et = 232—234 °C. Elemental analysis: calcu-
lated for Cy,H;3FO4 (%): C—75.90; H—3.94; O
—14.4; found (%): C—75.40; H—-3.90; O — 14.35.
'H NMR (400 MHz, DMSO-dy) 6 9.21 (s, 1H),
7.76-7.59 (m, 6H), 7.59 (dd, J=8.0, 1.5 Hz, 1H),
7.52-7.34 (m, 4H), 7.20 (ddd, J=8.0, 7.5, 1.5 Hz,
1H).
6,8-Difluoro-2-(3,4-difluorophenyl)-
3-hydroxy-4H-chromen-4-one or 6,8DF-
3,4DF-3HF (IV, R, R, Ry R;=F; Ry = H).
Yield - 16.1 g (562 %), ﬁne crystalhne pale yellow
powder, T ;. =165-167 °C. Elemental analy-
sis: calculated for C,;HgF,04 (%): C —58.08; H
—1.95; 0 —15.47, found(%) C-58.12; H-1.91;
0O —15.55. 'H NMR (400 MHz, DMSO-d6) §9.15
(s, 1H), 7.82-7.78 (m, 1H), 7.58 (ddd, = 8.1,
5.0, 1.5 Hz, 1H), 7.39 (dd, J = 8.0, 1.5 Hz, 1H),
7.25 (ddd, J = 8.0, 7.5, 5.0 Hz, 1H), 7.04 (td, J =
8.0, 1.5 Hz, 1H).
6,7-Difluoro-2-(3,4-difluorophenyl)-
3-hydroxy-4H-chromen-4-one or 6,7DF-
3,4DF-3HF (IV, R, R, Ry Ry =F; Ry = H).
Yield—17.1 g (65 %), ﬁne crystalhne pale yellow
powder, T ;. =225-128 °C. Elemental analy-
sis: calculated for C,;HgF,04 (%): C —58.08; H
—1.95; 0 —15.47, found(%) C-58.02; H-1.95;
0 —15.49. 'H NMR (400 MHz, DMSO-d) 6 9.09
(s, 2H), 7.80 (ddd, J = 7.5, 5.0, 1.5 Hz, 2H), 7.72
(dd, J=8.1, 5.0 Hz, 2H), 7.57 (ddd, J = 8.1, 5.0,
1.5 Hz, 2H), 7.27 (ddd, J = 8.1, 7.5, 5.0 Hz, 2H),
7.17 (dd, J = 8.0, 5.0 Hz, 2H).
2-(4-(tert-Butyl)phenyl)-6-fluoro-3-hy-
droxy-4H-chromen-4-one or 6F-4TB-3HF
IV, R, = F; R, =tert-Bu; R,, R3, Ry = H).
Yield—15.2 g (46 %), fine crystalline pale yellow
powder, T ;. =212-215°C. Elemental analy-
sis: calculated for C,qH;,FO4 (%): C —73.06; H
—5.49; 0 —15,37; found (%): C—-72.86; H—5,47;
0 —15.24. 'H NMR (400 MHz, DMSO-d) 69.11
(s, 1H), 7.97-7.90 (m, 2H), 7.59 (dd, J = 8.0, 1.5
Hz, 1H), 7.48-7.39 (m, 1H), 7.43 — 7.36 (m, 2H),
7.24-7.15 (m, 1H), 1.36 (s, 9H).
2-(4-(tert-Butyl)phenyl)-6,8-difluoro-
3-hydroxy-4H-chromen-4-one or 6,8DF-
4'TB-3HF (IV, R, R; = F; R, = tert-Bu; R,,
R; = H). Yield — 12.9 g (39 %), fine crystalline,
almost colorless product, T, ;, =180-182°C.
Elemental analysis: calculated for C;qH;3F,04
(%): C —69.08; H — 4.88; O — 14.53; found (%):
C —69.09; H — 4.96; O — 14.49. 'H NMR (400
MHz, DMSO-d) 6 9.09 (s, 1H), 7.97-7.89 (m,
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2H), 7.46-7.36 (m, 3H), 7.04 (td, J = 8.0, 1.5 Hz,
1H), 1.36 (s, 9H).
2-(4-(tert-Butyl)phenyl)-6,7-difluoro-
3-hydroxy-4H-chromen-4-one or 6,7DF-
4'TB-3HF (IV, R, R, = F; R, = tert-Bu; R,
R; = H). Yield — 8.3 g (25%), fine crystalline,
almost colorless product, T, . = 270-272°C.
Elemental analysis: calculated for C;qH;;F404
(%): C —69.08; H — 4.88; O — 14.53; found (%):
C—-69.11; H — 4.91; O — 14.54. 'H NMR (400
MHz, DMSO-dy) 6 9.19 (s, 1H), 7.99-7.92 (m,
2H), 7.72 (dd, J = 7.9, 5.0 Hz, 1H), 7.45-7.38
(m, 2H), 7.15 (dd, J = 8.0, 5.0 Hz, 1H), 1.36 (s,
9H).
2-([1,1’-Biphenyl]-4-yl)-6,8-difluoro-3-
hydroxy-4H-chromen-4-one or 6,8DF-4'Ph-
3HF IV, R,, R; = F; R, = Ph; R,, R; = H).
Yield—15.1 g (43 %), fine crystalline pale yellow
powder, T ;. =208-210°C. Elemental analy-
sis: calculated for Cy;H,,F504 (%): C — 72.00;
H - 3.45; O — 13.70; found (%): C — 71.92; H
— 3.44; O — 13.68. 'H NMR (400 MHz, DMSO-
dg) 69.14 (s, 1H), 7.77 - 17.71 (m, 2H), 7.71-7.61
(m, 4H), 7.52-7.43 (m, 2H), 7.43-7.34 (m, 2H),
7.04 (td, J = 8.0, 1.5 Hz, 1H).
2-([1,1’-Biphenyl]-4-yl)-6,7-difluoro-3-
hydroxy-4H-chromen-4-one or 6,7DF-4'Ph-
3HF, (IV, R, R, = F; R, = Ph; R3, R; = H).
Yield—16.5 g (47 %), fine crystalline pale yellow
powder, T . =226-228 °C. Elemental analy-
sis: calculated for Cy;H,oF504 (%): C — 72.00;
H - 3.45; O — 13,70; found (%): C — 71,97; H
—3,39; O — 13,72. 'H NMR (400 MHz, DMSO-
dg) 6 9.26 (s, 1H), 7.80-7.59 (m, 7TH), 7.52-7.43
(m, 2H), 7.43-7.34 (m, 1H), 7.15 (dd, J = 8.0,
5.0 Hz, 1H).
6,8-Fluoro-2-(4-fluorophenyl)-3-hy-
droxy-4H-chromen-4-one or 6,8DF-4'F-
3HF. Yield — 14,0 g (48 %), fine crystalline pale
yellow powder, T ;. = 200-203 °C. Elemen-
tal analysis: calculated for C;;H,F;04 (%): C
-61.66; H - 2.41; O - 16.43; found (%):C - 61.75;
H-2.43;0-16.41 1H NMR (400 MHz, DMSO-
d6) 6 8.85 (s, 1H), 8.22 — 8.13 (m, 2H), 7.38 (dd,
J =8.0, 1.5 Hz, 1H), 7.35 — 7.26 (m, 2H), 7.04
(td, J = 8.0, 1.5 Hz, 1H).

2.2 Obtaining radiation-resistant PS
based on polystyrene, activated with 3-
hydroxyflavone and its derivatives. Glass
ampoules are filled with 1-3 wt. % 3-HF (or its
derivative) and poured with the appropriate
amount of styrene to a total solution mass of
5 g. The mixture is purged with argon for 10
min to remove dissolved oxygen, after which the
ampoules are hermetically sealed and placed in

Functional materials, 32, 4, 2025



0.V. Yelisieieva et al. /| 3-hydroxyflavone derivatives as activators ...

a heating cabinet at 145 °C. At this tempera-
ture, the samples are kept for 72 h. The process
is observed visually.

After holding, the temperature is reduced
to 90 °C at a rate of 5 °C/h, kept for 2 h, and
cooling is continued at the same rate to room
temperature.

After cooling, the ampoules are broken and
the blanks are separated from the glass. The
resulting blanks are subjected to mechanical
processing — milling, grinding, polishing. The
size of the finished PS samples: diameter 16
mm, height 10 mm.

2.3 Chemical structure confirmation. To
confirm the composition and structure of the
synthesized compounds, 1H NMR spectroscopy
and elemental analysis were used.

1H NMR spectra were recorded on a Varian
Mercury VX-400 (USA), operating frequency
400 MHz, solvent — deuterated dimethyl sulfox-
ide (DMSO-dy), internal standard — tetrameth-
ylsilane (TMS).

Elemental analysis was performed on an El-
ementar Vario L cube device (Germany).

2.4 Measurement of excitation and lu-
minescence spectra. Measurement of excita-
tion and luminescence spectra of the obtained
activators and PS samples was carried out at
room temperature on a Fluoromax-4 spectro-
fluorimeter (HORIBA, Joben Ivon Inc.). The
excitation and luminescence spectra of the ob-
tained activators were measured in toluene at
a concentration of 10 mol/l.

2.5 Measurement of light output. The
light output of the PS is measured on a scin-
tillation spectrometer made in the CAMAC
standard. The signal from the anode of the
Hamamatsu R1307 photomultiplier (PMT) is
fed directly to the input of the digital charge
converter QDC LeCroy 2249A. The PS samples
are placed directly on the surface of the PMT
photocathode, optical contact is provided using
an immersion liquid. Irradiation is carried out
with conversion electrons with an energy of 975
keV from a monoenergetic source of the radio-
nuclide 207Bi. The light output is determined
by the position of the maximum peak of the
amplitude scintillation spectrum. The relative
light output of the obtained samples is set ac-
cording to the light output of the standard plas-
tic scintillator UPS-923A [18].

2.6 Measurement of time characteris-
tics. Time characteristics were determined by
the method of correlation single-photon count-
ing [19] on a two-channel installation with two
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Hamamatsu 9800 PMTs in the “Start” and
“Stop” channels. A 99Sr electron source was
used to measure the time characteristics of
the PS. The Cherenkov radiation signal from a
sample made of polymethyl methacrylate was
used as a starting pulse.

2.7 Irradiation of samples. Irradiation of
PS samples was carried out on a LUE-40 linear
accelerator (electron energy — 41.2 MeV, dose
rate — 135+9 Gy/s [20]) and in the radiation
field of a 60Co source with a dose rate of 12 Gy/
h in air. Further in the work, in the case of ir-
radiation of PS samples at a linear accelerator,
the note (LUE-40) will be indicated along with
the irradiation dose, and in the case of irradia-
tion with a 0Co source, the note (69Co) will be
indicated along with the irradiation dose.

2.8 Determination of radiation resis-
tance. To characterize the radiation resistance
of a PS in the literature, the ratio of the light
output measured immediately after irradiation
of the PS (L) and the unirradiated PS (L), i.e.
L/Ly, is usually used. At the same time, differ-
ent authors use different radiation doses and
PS samples of different shapes. Therefore, for
a more correct comparison of the radiation re-
sistance values of the PS obtained by different
authors, it 1s more convenient to use the dose
of half attenuation of the light output (D,
Mrad), which does not depend on the radiation
dose and can be calculated if the value of L/L,,
and the radiation dose [21] are known. D9 is
the dose of ionizing radiation after irradiation
at which the value of the light output of the PS
decreases by 2 times:

L=1L,x exp(—aD), (1)

where L and L are the light output of the PS
sample before and after irradiation,

a is the degradation constant Mrad!, kGy1),

D is the irradiation dose (Mrad, kGy).

The value of the degradation constant a
is calculated by approximating experimental
data, based on formula 1:

a=In(L,/L)/D.

Since the dose of half attenuation of the
light output D), is determined at L/L; = 1/2,
the equation yields:

D, = (1n2)/a . 2)

It is the light output half attenuation dose
that is used in this work as a parameter char-
acterizing the radiation resistance of the mate-
rial.
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Figure 3 — Excitation (a) and luminescence (b) spectra of 3-HF molecules and its derivatives in toluene

solution (10" mol/l)

It should be noted that when irradiated in
the presence of oxygen, the polymer composi-
tion undergoes greater radiation damage than
in the absence of oxygen. At low irradiation in-
tensity (as in the case of 69Co), the PS undergo
greater damage than in the case of high-inten-
sity irradiation (as in the case of high-energy
electrons), since the same dose 1s accumulated
over a longer period of time during which the
oxygen contained in the air has time to diffuse
into the depth of the sample. Therefore, at the
same absorbed dose, the calculated value of
D,y will be higher under intense irradiation
than under low-intensity irradiation. Given
this, a correct comparison of the radiation re-
sistance of materials by the parameter D,/ can
only be made if the irradiation conditions of the
samples coincide; otherwise, it is necessary to
take into account the peculiarities of radiation
damage to the material under different types
and conditions of irradiation.

3 Results and discussion

In the works [14, 18, 22, 23], a study of PS
based on polystyrene was conducted, in which
3-HF was used both as a shifter and as an ac-
tivator. Two-component PS containing 3-HF
as an activator demonstrated higher radiation
resistance compared to three-component PS
containing 3-HF as a shifter and p-terphenyl
(p-TP) as an activator. That is, to eliminate the
influence of radiolysis products, 3-HF is better
used as an activator than as a shifter. Thus, the
use of 3-HF as an activator allows to increase
the radiation resistance of PS to 7 Mrad, but,
as already noted, in modern conditions this is
not enough.

As 1s known, radiation degradation of PS
is a long process that depends on a number of
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factors: the intensity of ionizing radiation, the
nature of the polymer matrix, the concentra-
tion of luminescent additives and the presence
of impurities. In the case when it is possible to
avoid these traps by using an activator with a
large Stokes shift, one of the important factors
affecting the radiation stability of PS is the ra-
diation stability of the activators themselves.
An effective method of increasing the light sta-
bility of organic dyes is the introduction of fluo-
rine atoms into their molecules [24, 25]. Given
that the nature of damage to organic molecules
under the action of light and under the action
of ionizing radiation is in many ways similar,
this approach was also applied to increase the
radiation resistance of 3-HF.

3.1 PC with 3-hydroxyflavone deriva-
tives containing one, two or four fluorine
atoms

Fluorine derivatives of 3-HF with differ-
ent numbers of fluorine atoms, both in the
chromene fragment and in the phenyl part of
the molecule, were synthesized. The structural
formulas, names and symbols of the obtained
compounds are presented in Table 1.

Fig. 3 shows the excitation (a) and lumines-
cence (b) spectra of the 3-HF molecule and its
fluorine derivatives in a toluene solution. It can
be seen from Fig. 3b that the replacement of
one or two hydrogen atoms by fluorine in the
3-HF molecule has practically no effect on the
nature of its luminescence spectra. The maxi-
mum of the luminescence spectrum begins to
shift somewhat to the long-wavelength region
only after the replacement of four hydrogen at-
oms by fluorine. Therefore, the position of the
main luminescence maximum in the region of
530 nm of fluoroderivatives of 3-HF, as in un-
substituted molecules, ensures a reduction in

Functional materials, 32, 4, 2025
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Table 1 — Symbols, formulas and names of fluorinated derivatives 3-HF

Symbol Structural formula Name
3-HF O ’ ] O 3-hydroxy-2-phenyl-4H-chromen-4-one
4'F-3HF O ’ \ O 2-(4-fluorophenyl)-3-hydroxy-4H-chromen-4-one
6F-3HF O ’ | O 6-fluoro-3-hydroxy-2-phenyl-4H-chromen-4-one
0 O 6-fluoro-2-(4-fluorophenyl)-
6F4'F-3HF
F O | on 3-hydroxy-4H-chromen-4-one
. o O 6,7-difluoro-2-(3,4-difluorophenyl)-
6,7DF-3/,4'DF-3HF ’
F O | on 3-hydroxy-4H-chromen-4-one
s O 6,8-difluoro-2-(3,4-difluorophenyl)-
6,8DF-3/,4'DF-3HF 98 ‘
F o 3-hydroxy-4H-chromen-4-one
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Figure 4 — Scintillation amplitude spectra of polystyrene-based PS containing 2 wt. % 3-HF and its fluoro
derivatives, before (a) and after (b) irradiation with a dose of 8 Mrad

excitation energy losses on traps formed during
irradiation of polystyrene.

Fluoro derivatives 3-HF were used as acti-
vators of polystyrene base PS. A series of PS
with 2 wt. % of the corresponding activator
was obtained. To determine the radiation re-
sistance of PS samples, their relative light out-
put before and after irradiation with a dose of
8 Mrad (LUE-40) was measured (Fig. 4). Table
5 presents the PS compositions, their light out-
put before and after irradiation with a dose of 8
Mrad, as well as the D5 values.

When analyzing the obtained light output
values, it 1s necessary to take into account the
fact that the maximum sensitivity of the used

Functional materials, 32, 4, 2025

PMT [26] is in the region of 420 nm, while the
maximum luminescence of 3-HF derivatives
lies in the range of 530—550 nm. In this wave-
length range, the sensitivity of the PMT is half
as low (Fig. 5), which is proportionally reflected
in the actually measured light output value.
The obtained data show that the new scin-
tillation compositions demonstrate higher ra-
diation resistance compared to PS, where un-
substituted 3-HF was used as an activator (Ta-
ble 2, 1214). Replacing hydrogen with fluorine
atoms in 3-HF molecules leads to an increase
in the radiation resistance of PS activated by
them. Depending on the position and number
of fluorine atoms in the 3-HF molecule, it was
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Table 2 — Composition of PS containing 3-HF and its fluoro derivatives, their relative light output (L)
before and after (L) irradiation with a dose of 8 Mrad (LUE-40), light output half attenuation dose

(Dy2)
Sample number Composition of polystyrenebased PS, wt.% Ly % L % D)5, Mrad
1214 2 3-HF 31.5 20.3 12.6
1272 2 4'F-3HF 30.6 20.9 14.5
1278 2 6F-3HF 31.5 21.4 14.3
1280 2 6F4'F-3HF 30.4 21.4 15.8
1301 2 6,7DF-3/,4DF-3HF 28.0 21.4 20.6
1309 2 6,8DF-3' 4DF-3HF 20.9 16.1 21.3
UPS-923A 2 p-TP + 0,02 POPOP 100
100 — 14
/- \,
\\ 0,36788
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<
& Thus, it is shown that the replacement of hy-
drogen with fluorine atoms in 3-HF molecules
00t L = - =5 P leads to an increase in the radiation resustanc.e
o M A of PS, where these compounds are used as acti-

Figure 5 — Sensitivity of the Hamamatsu R1307
PMT [27]

possible to achieve an increase in the radiation
resistance of the material in the range from
15% to 69% (from 12.6 Mrad to 21.3 Mrad).

A study of the time characteristics of PS
showed that they have almost the same scin-
tillation pulse rise time — 0.9 ns (Fig. 6). This
value is typical for PS on a polystyrene basis,
since it is mainly associated with the time of
charge absorption in the track created during
the flight of a high-energy particle. From Fig.
6 shows that the modification of the 3-HF mol-
ecule does not lead to a change in the scintilla-
tion pulse decay time, the value of which is 7.6
ns. It should be noted that the decay spectra
of the activator molecules did not change even
after irradiation with a dose of 8 Mrad - both
the exponential character and the numerical
value are preserved. This indicates the absence
of radiationless quenching of the luminescence
of the activator molecules in the traps formed
during irradiation.
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vators. Depending on the position and number
of fluorine atoms in the 3-HF molecule, it was
possible to achieve an increase in the radia-
tion stability of PS up to D/, = 21.3 Mrad [27
- 30].

3.2 PS with tert-butylfluoroderivatives
of 3-hydroxyflavone

It is known from previous studies that an in-
crease in the concentration of the activator can
lead to an increase in the radiation resistance
of PS [17]. Therefore, it is relevant to check the
possibility of increasing the radiation resistance
of PS activated by 3-HF by increasing its con-
centration. However, the solubility of 3-HF and
its derivatives in polystyrene usually does not
exceed 1.5-2 wt. % [31], which limits further
improvement of PS properties. To increase the
solubility of 3-HF fluoroderivatives, a tert-bu-
tyl group was introduced into their molecules.
Modification of activator molecules with a tert-
butyl group, as a rule, does not significantly af-
fect their spectral-luminescent characteristics
[32, 33].

Functional materials, 32, 4, 2025
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Table 3 — Symbols, structural formulas and names of tert-butyl fluoroderivatives 3-HF

Symbol Structural formula Name
3-HF 3-hydroxy-2-phenyl-4H-chromen-4-one
2-(4-(tert-butyl)phenyl)-6-fluoro-
6F-4'TB-3HF o vhphenyD

3-hydroxy-4H-chromen-4-one

6,8DF-4TB-3HF

2-(4-(tert-butyl)phenyl)-6,8-difluoro-
3-hydroxy-4H-chromen-4-one

6,7DF-4TB-3HF

2-(4-(tert-butyl)phenyl)-6,7-difluoro-
3-hydroxy-4H-chromen-4-one

1,24
a 7DF-4'TB-3HF
(a) F4'TB-3 &0 B-3H
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o
©
1

Intensity, a.u.
id
[-.]
1

o
'S
1

0,2+

0,0
280

T T
340 360
A, nm

T T T T
300 320 380 400

Intensity, a.u.

1,2 4 (b) 6,8DF-4'TB-3-HF 6,7DF-4'TB-3-HF
6F-4'TB-3-HF {

1,04 )

0,8+

0,6

0,4

0,2+

0,0

T T T T
560 580 600 620 640

A, nm

T T T T
480 500 520 540

Figure 7 — Excitation (a) and luminescence (b) spectrum of 6F-4'TB-3HF at a concentration of 0.01 wt. %

in polystyrene

Thus, fluoroderivatives of 3-HF were ob-
tained, containing a tert-butyl substituent in
position 4 of the phenyl fragment of the mol-
ecule. Table 3 presents the structural formu-
las, names and symbols of the obtained com-
pounds.

As expected, the introduction of a tert-butyl
group into molecules of 3-HF derivatives al-
lowed to increase their solubility in polystyrene
to 3 wt. %. This also did not cause a significant
change in their spectral-luminescent character-
istics. Thus, in the example of 6F-4'TB-3HF, it
can be seen that the luminescence spectrum is
practically identical to the luminescence spec-
trum of unsubstituted 3-HF (Fig. 7). This is also
true for other fluoro-tert-butyl derivatives.

The luminescence and excitation spectra
retained the specified form over the entire
available concentration range of 6F-4"TB-3HF,

Functional materials, 32, 4, 2025

6,7DF-4TB-3HF and 6,8DF-4TB-3HF mole-
cules in polystyrene. Neither broadening of the
luminescence band nor change in its position
were observed, indicating the absence of any
aggregation of these activators in polystyrene.

The scintillation pulse decay curve of PS
activated by 6F-4'TB-3HF is shown in Fig. 8.
For PS samples containing 6,7DF-4TB-3HF
and 6,8DF-4'TB-3HF, the decay curves have a
similar character, the scintillation pulse decay
constant for all PS was 6.53 ns. It should be
noted that the scintillation pulse decay curves
retained an identical character in the entire
investigated range of activator concentrations
in polystyrene (from 1 wt. % to 3 wt. %). This
behavior of the decay curves also indicates the

absence of luminescent aggregates of 6F-4"TB-
3HF, 6,7DF-4'TB-3HF and 6,8DF-4"TB-3HF.
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Figure 8 — Scintillation pulse decay curve of PS
with 2 wt. % 6F-4'TB-3HF (source — 99Sr)

The maximum luminescence of the 6F-4'TB-
3HF PS is located at a wavelength of 538 nm.
Considering the sensitivity of the PEP in this
range, we can say that the light output of the
new PS is at the level of the light output of the
standard PS.

For PS samples activated by 6F-4'TB-3HF
and 6,7DF-4'TB-3HF molecules, the maximum
light output was observed at an activator con-
centration of 2 wt. %. At higher activator con-
centrations, the relative light output of PS be-
gins to decrease, however, even at a content of
3 wt. %, the samples maintain the light output
at a level sufficient for practical application.

PS activated by 6,8DF-4TB-3HF dem-
onstrated a gradual increase in light output
with an increase in the activator content to 3
wt. %. The maximum light output was in the
sample with 2 wt. % 6,7DF-4'TB-3HF. At the
same time, it was almost 20 % higher than for
PS with 2 wt. % unsubstituted 3-HF (Fig. 9,
Table 3).

To determine the radiation stability of the
obtained PS, the relative light output was mea-
sured before and after irradiation with a dose
of 7 Mrad (69Co). Table 4 shows the composi-
tions of PS, their light output before and after
irradiation, and the parameter D ,.

As can be seen from Table 4, the radiation
resistance of PS activated by tert-butylfluoro
derivatives of 3-HF is about 7 Mrad. This value
is close to the radiation resistance of PS acti-
vated by unsubstituted 3-HF. That is, increas-
ing the concentration of activators did not lead
to an increase in the radiation resistance of PS.
The obtained data indicate that the expected
improvement in the radiation resistance of PS
with increasing activator concentration is not
universal. Probably, in this case, the radiation
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Figure 9 — Scintillation amplitude spectra of PS
with different concentrations of tert-butyl fluoro-
derivatives 3-HF (source 207Bi): (a) 6,8DF-4'TB-
3HF; (b) 6F-4'TB-3HF; (c) 6,7DF-4'TB-3HF

resistance depends on the properties and struc-
ture of the activator molecules themselves [34
— 36].

3.3 PS with fluoroderivatives of 4'-phe-
nyl-3-hydroxyflavone

Also in the framework of the search for ef-
fective activators with a large Stokes shift,
4’-phenyl-3-hydroxyflavone (4'Ph-3-HF) was
obtained and studied. In the work [37] it was
found that the addition of a phenyl substituent
at the 4’-position of the 3-HF molecule causes
bathochromic and bathoflor shifts of the ab-
sorption and luminescence spectra (Fig. 10),

Functional materials, 32, 4, 2025
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Table 4 — Composition of PS containing the obtained tert-butylfluoroderivatives 3-HF, their relative
light outputs before (L)) and after (L) irradiation with a dose of 7 Mrad (89Co), Dyjo

Sample number Composition of polystyrene based PS, wt. % Ly % L % 1\%%{;&
1794 2 3-HF 100 49 6.9
1795 1 6,8DF-4'TB -3HF 97 51 7.5
1796 2 6,8DF-4'TB -3HF 101 47 6.6
1797 3 6,8DF-4'TB -3HF 115 53 6.4
1798 1 6F-4'TB-3HF 110 54 6.9
1799 2 6F-4TB-3HF 110 43 5.4
1800 3 6F-4TB-3HF 103 46 6.1
1801 1 6,7DF-4'TB-3HF 101 49 7.0
1802 2 6,7DF-4'TB-3HF 120 58 6.7
1803 3 6,7DF-4'TB-3HF 112 53 6.4

Lmﬂx =365 UM N
1,0 (a) 1] o max >0 HM
81 0,8
:; 061 3 0,6
S =
5 £
£ 049 ] 0,4
0,21 0,2
0.0 T T T 1 )| T T T T T T 1
300 325 350 375 400 o0 500 525 550 575 600 625 650
A, nm A, nm

Figure 10 — Excitation (a) and luminescence (b) spectra of 4’/-phenyl-3-hydroxyflavone in toluene

(10°® mol/L)

which more than doubles the absorption inten-
sity, and also significantly increases the lumi-
nescence quantum yield [22]. The introduction
of 2 wt. % 4’Ph-3-HF into the PS composition
provides higher values of light output and radi-
ation resistance compared to unsubstituted 3-
HF and some of its derivatives. Also, as shown
earlier the introduction of fluorine atoms in po-
sitions 6, 7 and 8 of 3-HF molecules increases
the radiation resistance of PS, in which these
fluorine derivatives were used as the primary
luminescent additive. Taking into account
these data, it was assumed that the simulta-
neous introduction of a phenyl substituent and
fluorine atoms into the 3-HF molecule should
lead to an even greater increase in radiation
resistance. To test this assumption, a series of
4'Ph-3-HF fluorine derivatives containing dif-
ferent numbers of fluorine atoms in positions 6,
7, 8 of the chromene fragment of the molecule
was obtained (Table 5).

Functional materials, 32, 4, 2025

The introduction of one or two fluorine atoms
has practically no effect on the nature or posi-
tion of the excitation and luminescence maxi-
ma of the fluorine derivatives compared to un-
substituted 4’Ph-3HF (Fig. 11). The excitation
maxima of the obtained fluorine derivatives lie
in the region of 360 nm, and the luminescence
maxima remained in the region of 550 nm.

Fluorine derivatives 4'Ph-3HF were used to
obtain samples of radiation-resistant polysty-
rene based PSs. The activator concentration
was 1 wt. %. At higher concentrations, precipi-
tation of the additive is possible due to their
relatively low solubility in polystyrene. At low-
er concentrations of the additive, its amount is
not enough to effectively convert the excitation
energy of the polymer base into a scintillation
signal, which leads to a drop in light output
and a significant decrease in the efficiency of
the scintillator.
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Table 5 — Symbols, structural formulas and chemical names of the obtained fluoro-derivatives of

4'Ph-3-HF
Symbol Structural formula Name
2-([1,1-biphenyl]-4-yl)-3-hydroxy-4H-chromen-
4'Ph-3HF 4-one
6F-4/Ph-3HF 2-([1,1-biphenyl]-4-y1)-3-hydroxy-6-methyl-4H-

chromen-4-one

6,8DF-4'Ph-3HF

2-([1,1’-biphenyl]-4-y1)-6,8-difluoro-3-hydroxy-
4H-chromen-4-one

6,7DF-4'Ph-3HF

2-([1,1’-biphenyl]-4-yl1)-6,7-difluoro-3-hydroxy-
4H-chromen-4-one

The spectral-luminescent and scintillation
properties of the obtained PS were investigated,
and their radiation resistance was determined.

The relative light output of the obtained PS
was in the range from 22 % to 33 % of the light
output of the standard UPS-923A PS [18] (Fig.
12). The maximum light output at an additive
concentration of 1 wt. % was achieved for un-
substituted 4'Ph-3HF and was 33 %.

The maximum luminescence of PS with flu-
oroderivatives of 4Ph-3HF is located at a wave-
length of 550 nm. In this region, the sensitivity
of the R1307 PMT is almost three times lower
than in the region of 420 nm. Taking this into
account, we can say that the absolute light out-
put of the obtained PS is at the level of the light
output of the standard PS. In Table 8 presents
the compositions of PS, their relative light out-
put before (L) and after irradiation with a dose
of 15 Mrad (L) (LUE-40), and the calculated
value of the light output half attenuation dose
Dy

From the obtained data it is clear that the
new compositions of PS demonstrate higher ra-
diation resistance compared to PS, where un-
substituted 4'Ph-3HF was used as an activator
(Table 8). Replacing hydrogen with fluorine at-
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oms in 4’Ph-3HF molecules leads to an increase
in the radiation resistance of the plastic scin-
tillators activated by them. The introduction of
one fluorine atom leads to an increase in radia-
tion stability by only a few Mrad. In the case of
replacing two hydrogen atoms with fluorine in
the 6,7- or 6,8- position of the chromene frag-
ment of the 4Ph-3HF molecule, the radiation
resistance of PS increases by two times. For PS
with a content of 1 wt. % in the 6,8DF-4'Ph-
3HF molecule, D/, reaches 49 Mrad.
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Table 8 — Composition of PS containing 4’'Ph-3HF obtained by fluorine derivatives, their relative light
outputs before (L) and after (L) irradiation with a dose of 15 Mrad (LUE-40), D,

Sample number Composition of polystyrene based PS, wt.% Lo, % L’ % D9, Mrad
1214 2 3-HF 30.5 18.1 13.8
3001 1 4'Ph-3HF 33.2 21.2 23.3
3002 1 6F-4'Ph-3HF 30.0 20.3 26.3
3003 1 6,8DF-4'Ph-3HF 22.6 18.3 49.0
3004 1 6,7DF-4’'Ph-3HF 29.0 23.4 47.2

UPS-923A 2 p-TP + 0,02 POPOP 100
—— (1) 4-Ph-3-HF 12000
12000 + - - -(3) 6,8-DF-4'-Ph-3-HF —— (1) 4-Ph-3HF (b)
----- (2) 6-F-4'-Ph-3-HF o - - -(3) 6,8-DF-4"-Ph-3HF
10000 4 ----(4)6,7-DF4'Ph-3-HF | o\ - (2) 6-F-4'-Ph-3HF
----- (5) UPS 923A -~ - (4) 6,7-DF-4"-Ph-3HF
----- (5) UPS 923A
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3 5
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Figure 12 — Scintillation amplitude spectra of PS with fluorine derivatives of 4Ph-3HF before (a) and after

(b) irradiation with a dose of 15 Mrad

Thus, it was established that the replace-
ment of hydrogen with fluorine atoms in 4’Ph-
3HF molecules leads to an increase in the ra-
diation resistance of the PS activated by them.
Depending on the position and number of fluo-
rine atoms in the molecule, it was possible to
achieve an increase in the radiation resistance
of the material from 23 Mrad to 49 Mrad [38].

3.4 PS with a 3-hydroxyflavone deriva-
tive containing three fluorine atoms

As can be seen, our team investigated 3-hy-
droxyflavone derivatives containing one, two
or four fluorine atoms in different positions. It
was shown that with an increase in the amount
of fluorine in the 3-hydroxyflavone molecule,
the radiation resistance of PSs, where these
additives are used as activators, increases. To
complete the work, it is relevant to obtain a 3-
hydroxyflavone derivative with three fluorine
atoms, develop PSs using it and investigate its
radiation resistance. Thus, a derivative of 3-hy-
droxyflavone containing three fluorine atoms

Functional materials, 32, 4, 2025

Figure 13 — Structural formula of 6,8-fluoro-2-
(4-fluorophenyl)-3-hydroxy-4H-chromen-4-one
(6,8DF-4'F-3HF)

was synthesized — 6,8-fluoro-2-(4-fluorophe-
nyl)-3-hydroxy-4H-chromen-4-one (Fig. 13).
Fig. 14 shows the excitation and lumines-
cence spectra of the obtained derivative 6,8DF-
4'F-3HF. It can be seen that, as in the case of
replacing four hydrogen atoms with fluorine in
the 3-hydroxyflavone molecule [28-30], when
replacing three atoms, the luminescence max-
imum also shifts by 15 nm to the long-wave-
length region (Fig. 14 b). In this case, a signifi-
cant shift of the excitation maximum, almost
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Figure 14 — Excitation (a) and luminescence (b) spectra of 6.8DF-4'F-3HF in toluene (10® mol/l)
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Figure 15 — Scintillation pulse decay curve of PS
with 2 wt. % 6,8DF-4'F-3HF (source — ?0Sr)

by 40 nm, to the long-wavelength region is also
observed.

PS with 2 wt. % 6,8DF-4'F-3HF, a was ob-
tained, its time characteristics were investi-
gated, the relative light output was measured
before and after irradiation with a dose of 15
Mrad (LUE-40) and the value of the half-atten-
uation dose of the light output was calculated
(Fig. 16, Table 9).

Fig. 8 shows the scintillation pulse decay
curve of a PS with 2 wt. % 6.8DF-4'F-3HF. It
has a typical form for PS activated by 3-hy-
droxyflavone derivatives containing one, two or
four fluorine atoms in different positions, while
the scintillation pulse decay constant for the
obtained PS was 7.3 ns.

For a correct comparison of the radiation
stability of PS with 2 wt. % 6.8DF-4'F-3HF,
PS samples with 2 wt. % unsubstituted 3-HF
and its mono- and difluoro derivatives - 6F-3HF
and 6F4'F-3HF were also obtained. PS samples
were obtained and irradiated under the same
conditions.
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Figure 16 — Scintillation amplitude spectra of
PS with 2 wt. % 6,8DF-4'F-3HF before (a) and
after (b) irradiation with a dose of 15 Mrad

From Table 9 it is seen that PS with 6,8DF-
4'F-3HF, a derivative of 3-hydroxyflavone con-
taining three fluorine atoms, has higher radia-
tion stability compared to PS with unsubsti-
tuted 3-HF.

Therefore, the obtained data once again con-
firm that an increase in the number of fluorine
atoms in the 3-hydroxyflavone molecule leads
to an increase in the radiation stability of PS,
where these additives are used as activators.

4 Conclusions

The introduction of one or two fluorine at-
oms into any part of the 3-HF molecule has
practically no effect on its spectral and lumi-
nescent properties. The introduction of three
and four fluorine atoms into any part of the 3-
HF molecule causes bathochromic and batho-
floral shifts of the excitation and luminescence
spectra by 15-20 nm compared to unsubstitut-
ed 3-hydroxyflavone. The time characteristics
of PSs activated by fluoroderivatives of 3-HF
containing one to four fluorine atoms do not
change depending on the activator, while the

Functional materials, 32, 4, 2025
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Table 9 — Composition of PS containing 3-HF and its fluoro derivative, their relative light output (L)
before and after (L) irradiation with a dose of 15 Mrad (LUE-40), light output half attenuation dose

Dy)
Sample number Composition of polystyrene based PS, wt.% Lo, % L’ % D9, Mrad
1214 2 3-HF 30.5 18.1 13.8
1278 2 6F-3HF 34.7 20.7 20.0
1280 2 6F4'F-3HF 40 25.9 23.9
4000 2 6,8DF-4DF-3HF 21.1 16.4 40.6
UPS-923A 2 p-TP + 0,02 POPOP 100

scintillation pulse decay time for all PSs is 7.3
- 7.6 ns. The replacement of hydrogen with fluo-
rine atoms in 3-HF molecules leads to an in-
crease in the radiation resistance of PSs, where
these molecules are activators. Depending on
the position and number of fluorine atoms in
the 3-HF molecule, it was possible to achieve
an increase in the radiation resistance of the
material to 40.6 Mrad. Using fluoroderivatives
4'Ph-3HF, PS was obtained, the D, of which
reaches 49 Mrad.

Modification of fluoroderivatives of 3-HF
with a tert-butyl group increases their solubil-
ity in polystyrene. Increasing the activator con-
centration to 3 wt. % allowed obtaining PS with
a light output 20% higher than the light output
of PS activated by unsubstituted 3-HF. How-
ever, increasing the concentration of activators
did not lead to an increase in the radiation re-
sistance of PS. The obtained data indicate that
the expected improvement in the radiation re-
sistance of PS with an increase in the activator
concentration is not universal. Probably, in this
case, radiation resistance depends on the prop-
erties and structure of the activator molecules
themselves.

The obtained results demonstrate that fluo-
ro-, phenyl-, and fluorophenyl derivatives of 3-
hydroxyflavone are effective activators for the
creation of radiation-resistant PS.
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