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New fluorine-derivatives of 3-hydroxyflavone (3HF) are synthesized. Their spectral
luminescent properties are investigated. A range of plastic scintillators (PS), which con-
tain fluorine-derivatives of 3-hydroxyflavone as the activation dopant, is obtained. Influ-
ence of replace of hydrogen atoms with fluorine atoms in 3-HF molecules on the PS
radiation hardness is studies.
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CunresupoBaubl QroprpousBogusie 3-rugpoxkcudaasona (3HF). WccmenoBannr ux croexr-
PaJbHO-JTIOMHUHECIIeHTHBIE cBOMcTBa. IloiyueH pAK MOJUCTUPOJBHBIX MJIACTMACCOBBIX CI[WH-
TUJIIATOPOB, COMEPIKAIUX B KauecTBe AKTUBUPYIOIeN M06aBKU (BDTOPIPOU3BOAHBIE 3-THUJ-
poxcudasona. MsyuyeHo BamaHMUE 3aMeHBLI Bogopoga atomamu ¢gropa B monexyaax 3HF ma
pazuanuouuyio croiikocrs IIC.

IlipBumennsa pagiamiiHol CTIHKOCTI MOJICTHPOJBHHX IJIACTMACOBUX CUMHTHIATOPIB 3
dropnoxinaumu 3J-rinporcudaasony. O.A.I'ypranenrxo, II.M.JEmypin, B.M.Ilepeumak,
H.A€anicees, O.B.€aiceeaa.

CunresoBano dropruoxigui 3-rizpokcudmasony (3HF). Hocmimkeno ix crnekTpaiabHO-
JoMiHecIleHTHI BaacTuBOCTi. OTPUMaHO HUB3KY TMOJICTUPOIBHUX IIACTMACOBUX CITMHTUJISA-
TOPiB, IO MiCTATH B AKOCTI aKTUBYIOUOi 106aBKu (propmoxiaui 3-rixporcudmasony. Busueno

BILUIMB 3aMiHM BOAHIO aroMamu (propy y moaexkynax 3HF ma pamiarmifiny crifikicts IIC.

1. Introduction

Development of experimental technies in
the high-energy physics causes increase of re-
quirements to the detector scintillation mate-
rials resistance to the high irradiation doses.

At this time on the Large Hadron Col-
lider (CERN, Switzerland) at collision of
two proton beams, the energy of 15.4 TeV
(15.4-1012 ¢V) originates at the integral lu-
minosity 1.7-103% em 2¢™1 [1]. Wherein the
total radiation dose, accumulated by the near-
est to the beam axis PS, can reach 10 Mrad
for 10 years of detector operation [2].
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After planned upgrade in 2016-2018 years,
the energy of protons in the LHC beam will
double, and the luminosity will increase by
the order of magnitude [3]. Accordingly,
the total irradiation dose, cbtained by the
installed detectors, will growth by the
order. However, traditional commercially
available PS usually do not meet new re-
quirements of the radiation hardness. The
light yield half attenuation doses (D1/2) of
commercial PS SCSN-81T, BC-408 and
UPS923A are within limits 1-2 Mrad,
D1/2 of radiation hard PS UPS-98RH —
5.1 Mrad [4].
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Fig. 1. Structural formula of 3-hydroxy-2-
phenyl-4H-chromen-4-one (3HF) molecule.

One of the causes of PS light yield de-
crease under high-energy particles irradia-
tion is associated with transfer of localized
excitation energy to the hydrogen atom,
what leads to it’s separation from macro-
molecule with the formation of a radical.
The last is able to form new chemical com-
positions, which able to absorb optical ra-
diation. Experiments show, that under
high-energy irradiation in PS polystyrene
base absorption centers, which effectively
absorb within the diapason from 300 to
480 nm, are formed [5].

Since the main absorption and lumines-
cent bands of PS activation dopants are lo-
cated in this diapason, generation of such
absorbing centers under irradiation leads to
significant degradation of the PS scintilla-
tion parameters. Thus, one of the ways of
radiation hardness increase in plastic scin-
tillator is connected with shift of the acti-
vator molecule main luminescence band to
more long-wave diapason, where scintilla-
tion signal absorption will be insignificant.
Actually, in our work [6] it was shown, that
use of 3-hydroxyflavone (3HF) as an activa-
tor (Fig. 1), with the located in range of
530 nm luminescent maximum, allows to in-
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crease the radiation hardness of plastic
scintillator several times.

However, as a result of irradiation, not
only the optical parameters of the plastic
scintillator polymeric base degrade, but also
a large extent the activator molecules de-
struction occurs. Thus, it is needed to find
ways of activator molecules modification, in-
creasing their radiation stability. And one of
the ways can be replacement of hydrogen
atoms in 3HF molecules with fluorine atoms.

Thus, the goal of this work is study of
influence of replacement of hydrogen atoms
in 8HF molecules with fluorine on the radia-
tion hardness of polystyrene based plastic
scintillators activated with modified 3HF
molecules.

2. Experimental

Fluorine derivatives of 3-hydroxyflavone
were obtained by the Algar-Flynn-Oyamada
reaction by oxidation of o-hydroxyphenyl-
styrylketones to flavones with hydrogen
peroxide [7]. For this, equimolecular
amounts of corresponding fluorinated ben-
zaldehydes and o-hydroxyacetophenones
were dissolved in ethanol and mixed with
aqueous sodium hydroxide solution. Ob-
tained chalcone was oxidized with 30 % hy-
drogen peroxide in alkaline medium with
subsequent neutralization by dilute mineral
acid. Obtained fluorine derivatives of 3-hy-
droxyflavone were purified by chromatogra-
phy on silica gel.

As a result, the range of 3-hydroflavones
with a different number of fluorine atoms
was synthesized. Structural formulas, de-
nominations and numeric conventions
(codes) of obtained substances are presented
in Table 1.
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Fig. 2. Excitation spectra (a) and luminescence (b) of 3HF molecules and its derivatives in toluene

solution (the concentration 107 mol/1).
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Table 1. Codes, structural formulas and denominations of 8HF fluorine derivatives

Code Structural formula

Name of fluorine derivatives 3HF

1214
o}

3-hydroxy-2-phenyl-4H-chromen-4-one

1272 F
O
OH

O

2-(4-fluorophenyl)-3-hydroxy-4H-chromen-4-one

1278
(0]
OH

_"

6-fluoro-3-hydroxy-2-phenyl-4H -chromen-4-one

1280 F
(0]
OH

'n

6-fluoro-2-(4-fluorophenyl)-3-hydroxy-4 H-chromen-4-one

1301 O ’
.
OH

m bl
o

2-(3,4-difluorophenyl)-6,7-difluoro-3-hydroxy-4 H -chromen-4-one

1309 F O ’
0.
LT
F OH

2-(3,4-difluorophenyl)-6,8-difluoro-3-hydroxy-4 H -chromen-4-one

The synthesized 3HF fluorine derivatives
were used as activation dopant of plastic
scintillator polystyrene base. The PS sam-
ples were obtained by bulk polymerization.
For this fluorescent dopants in amount of
2.0 wt.% were placed in glass vials and dis-
solved in appropriate amount of styrene.
The reaction mass was purged with argon
for 15 min and polymerized at the tempera-
ture of 150°C for 3 days. From obtained
bars, samples were cut with the shape of
cylinders of 16 mm diameter and of 10 mm
height, and then polished to optical grade.

The spectral luminescent properties of the
samples were measured on a spectrofluorime-
ter Horiba Jobin Yvon Fluoromax-4.

To measure the light output, the PS sam-
ples were mounted on a photomultiplier
through immersion fluid and irradiated by
monoenergetic conversion electrons of a ra-
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diation source Bi-207. The light output was
determined by position of the peak maxi-
mum of electrons with energy of 975 keV.

The time characteristics were determined
by the delayed coincidence method with
two-channel system with two PMT
Hamamatsu 9800 with Start and Stop chan-
nels. To measure the time characteristics of
the PS used an electron source Sr-90. As a
start pulse, a Cerenkov radiation signal
from a pure polymethylmethacrylate sample
was used.

To determine the radiation hardness, the
PS samples were placed in air medium into
radiation field of a Co-60 source with the
dose rate of 50 rad/min and were irradiated
to the obtained dose of 8 Mrad. Measure-
ments of the light output of the samples
were performed right away after the irra-
diation.
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Fig. 3. Energy spectra of the polystyrene scintillation compositions,

Irradiation dose = 8 Mrad
1000 A
= 800
g.
£ 600
=
c
€ 400
[«]
o
200 1
0 T T T T T =
50 100 150 200 250 300
b) Channel number

containing 2 wt.% 3HF fluo-

rine-derivatives, before (a) and after (b) irradiation.

3. Results and discussion

Molecules of 3HF have the large Stocks
shift due to proton transfer in excited state.
The absorption band maximum of 3HF is
located in region of 360 nm, at the same
time the luminescence band has the maxi-
mum at 530 nm. In Fig. 2 the excitation (a)
and luminescence (b) spectra of 3HF mole-
cules and its derivatives in toluene solution.

In the 3HF fluorine derivatives excita-
tion spectra, growth of the short-wave-
length excitation band intensity relatively
to the initial 3HF specter (Fig. 3a).

In Fig. 3b it is seen, that substitution of
one or two hydrogen atoms by fluorine into
8HF molecule practically doesn’t affect
character of its luminescent spectrum. The
luminescent spectrum maximum begins to
shift somewhat into the long-wavelength re-
gion only after substitution of four hydro-
gen atoms with fluorine.

Thus, location of the 3HF fluorine de-
rivatives main luminescent maximum in the
region of 530 nm, as in initial molecules,
provides decrease of loses through capture
on traps, generated at irradiation of poly-
styrene.
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Fig. 4. The kinetic specters of the polysty-

rene compositions, containing 3HF fluorine-
derivatives.

For determination of the radiation hard-
ness of the obtained PS, their light yield
measurement was performed before and
after irradiation with the dose of 8 Mrad
(Fig. 3).

In Table 2 PS compositions, their light
yield before (L) and after (L) irradiation
with the dose of 8 Mrad, and also light
yields ratio (L/Lg), which characterizes de-
gree of irradiation influence on the PS scin-
tillation characteristics. The light yield half

Table 2. The scintillation characteristics of the polystyrene PS, containing 2 wt.% 3HF deriva-
tives, before and after irradiation with the dose of 8 Mrad

Composition PS Ly, ch No. L,ch No. L/L, D1/2, Mrad Radiation
hardness, %

2 wt % (1214) + PS 315 203 0.64 12.6 100.0

2 wt % (1272) + PS 306 209 0.68 14.5 115.0

2 wt % (1278) + PS 315 214 0.68 14.3 113.5

2 wt % (1280) + PS 304 214 0.7 15.8 1254

2 wt % (1301) + PS 280 214 0.76 20.6 163.5

2 wt % (1309) + PS 209 161 0.77 21.3 169.0
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attenuation dose was used as the criterion
of radiation hardness. The light yield half
attenuation dose values (D;,5) were ob-
tained by extrapolation of present data.

It is seen in the obtained data, the new
scintillation compositions demonstrate the
higher radiation hardness relatively to plas-
tic scintillators, in which content initial
3-hydroxyflavone (1214) as activator. Re-
placement of hydrogen with fluorine atoms
leads to increase of the radiation hardness
of activated with them plastic scintillators.
Depending on position and quantity of fluo-
rine atoms in the 3HF molecule, we man-
aged to increase the radiation hardness in
the range from 15 to 69 %.

In addition, investigation of the tempo-
ral characteristics of the obtained scintilla-
tors was performed. It has been shown, that
they have the practically equal scintillation
pulse rise times, which amount 0.9 ns
(Fig. 5). Such value is typical for polysty-
rene-based plastic scintillators, because it
basically connected with the time of recom-
bination of charges in the track, created
while high-energy particle flight. More de-
tail measurements of the temporal charac-
teristics are presented in our work [8].

It is seen in Fig. 4, modification of 3-hy-
droxyflavone molecule doesn’t lead to
change of the scintillation pulse decay time,
which is equal to 7.6 ns. It is necessary to
notice, that the decay time do not take
change after irradiation with the dose of
8 Mrad. They still have the exponential
character and the decay time does not
change. This means, that after irradiation,
nonradiative quenching of activator mole-
cules luminescence does not occur.

4. Conclusions

As a result of the performed investiga-
tions it was shown, that modification of
3-hydroxyflavone molecules by input fluo-
rine atoms leads to the next effects:

Substitution of one or two hydrogen
atoms by fluorine in any part of the 3HF
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molecule practically does not affect the na-
ture of the luminescence spectra. The lumi-
nescence maximum begins to shift to the
long-wavelength region by 5-10 nm only
after the replacement of four hydrogen
atoms by fluorine. In the excitation spectra
of all fluorine derivatives, an increase in
the intensity of the short-wave band is ob-
served.

The temporal characteristics of the plas-
tic scintillators don’t undergo changes,
wherein the scintillation pulse decay time
for all compounds is equal to 7.6 nm.

Replacement of hydrogen with fluorine
atoms in molecules of 3-hydroxyflavone
leads to increase of the radiation hardness
of plastic scintillators, activated with them.
Depending on position and quantity of fluo-
rine atoms in 3HF molecule, we managed to
achieve increase of the plastic scintillator
radiation hardness in the range from 15
to 69 % relatively to PS, containing initial
3-hydroxyflavone. This result allows to sig-
nificantly increase the exploitation time of
PS in radiation load conditions.
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