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The optical and scintillation characteristics of polycrystalline organic scintillators based on p-terphenyl and trans-
stilbene, obtained by pressing grains or plates, were studied. The main drawback of polycrystalline organic scintillators
is low optical transmittance, which limits the use of thick detectors. A correlation between the optical and scintillation
characteristics was established. The scintillation and optical characteristics of polycrystalline samples obtained from
stilbene and p-terphenyl grains are almost the same. Polycrystalline samples made of trans-stilbene plates demonstrated
the best characteristics. Using plates as a material for creating polycrystalline samples is advantageous for trans-stilbene

and undesirable for p-terphenyl.
PACS: 32.50.+d; 42.70jk; 78.60b

INTRODUCTION

The priority scientific focus is the development of
cutting-edge scintillation materials and detectors based on
them to address a wide range of modern problems in
scintillation materials and devices. This includes the
development of detectors for high-energy physics
experiments and solutions to environmental radioecology
problems. Increasing the scintillator's light output
improves the detector's operational reliability. This is
particularly important for low-energy radiation detection
tasks, where the signal amplitude becomes comparable to
the equipment's noise pulse amplitude. However, a
significant disadvantage of organic polycrystalline
scintillators is that their scintillation characteristics
deteriorate significantly with increasing thickness [1].

Polycrystalline scintillators are promising materials for
solving a number of specific problems. However, their
disadvantage is that the optical characteristics deteriorate
significantly with increasing scintillator thickness. This
study examines the scintillation and optical properties of
polycrystals of stilbene and p-terphenyl of varying
thicknesses. Among all the materials used, stilbene plates
obtained by recrystallization from an organic solvent are
the best and most promising for producing polycrystals
with the best scintillation and optical characteristics.

While material for polycrystal production in grain form
is prevalent in most studies, material for polycrystal
production from plates has received very little attention.
The largest number of studies focuses on how grain size
affects the properties of polycrystalline scintillators. At the
same time, most studies focus on thin polycrystals with
thicknesses of no more than 5 mm. Notable works related
to the study of thicker polycrystals include [1, 2]. However,
these studies are limited to p-terphenyl grains. The work
aims to study and compare the scintillation and optical
properties of a series of polycrystals of various thicknesses
made from stilbene and p-terphenyl grains and plates.

1. RESULTS OF STUDIES

The material used to obtain grains of stilbene and p-
terphenyl was fragments of a single crystal grown by the
Bridgman method. The single crystal ingots were
cryogenically ground. The material for obtaining the
plates: stilbene powder was synthesized, and p-terphenyl
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powder was purchased from ACROS ORGANICS BVBA.
To obtain the material in plate form, stilbene and p-
terphenyl powders were recrystallized from 1,2-
dichloroethane.

For the research, four series of polycrystals with
diameters of D = 20 mm and thicknesses of 2, 3, 4, 5, 7,
and 10 mm were obtained, using p-terphenyl and stilbene
grains and plates as the pressing material (Fig. 1).
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Fig. 1. Images of p-terphenyl and stilbene polycrystals
with thicknesses of 2, 3, 4, 5, 7, and 10 mm
(from bottom to top):

a — p-terphenyl PC obtained from grains;

b — p-terphenyl PC obtained from plates;
¢ — stilbene PC obtained from grains;

d — PC of stilbene obtained from plates

Fig. 2 presents the results of optical transmission
measurements for samples p-terphenyl and stilbene
polycrystals made from grains and plates obtained from
different starting materials of 5 mm thickness.

Fig. 3 presents the results of comparing the optical
transmittance of different materials at 700 nm.
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Fig. 2. Optical transmittance values for p-terphenyl and
stilbene polycrystals made from grains and plates
obtained from different starting materials
of 5 mm thickness
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Fig. 3. Optical transmittance values at a wavelength of

700 nm for p-terphenyl and stilbene polycrystals made

from grains and plates of different thicknesses obtained
from different materials

Despite the apparent difference in transparency of the
cryogenically crushed grains of stilbene and p-terphenyl,
the optical transmittance values of the polycrystals
obtained from them are practically the same. The use of
plates obtained by recrystallization from 1,2-
dichloroethane as a starting material for obtaining
polycrystals is positive in the case of stilbene and negative
in the case of p-terphenyl. This is due to the thickness of
the plates obtained by recrystallization. As in the case of
studies of the influence of the size of the grains on the
optical properties of polycrystals, the maximum optical

transmittance values were observed for the material with a
greater thickness. The possibility of obtaining thicker
plates of stilbene, but not of p-terphenyl, is explained by
the different crystal structures. The production of thick
plates is characteristic of the herringbone crystal structure
of stilbene. In contrast, the n-folded crystal structure of p-
terphenyl makes it difficult to obtain thicker plates by
recrystallization from commonly available organic
solvents.

Among all the materials used, stilbene plates obtained
by recrystallization from an organic solvent are the best
and most promising for producing polycrystals with the
best scintillation and optical characteristics. Use of plates
obtained by recrystallization from 1,2-dichloroethane as a
starting material for obtaining polycrystals: positive in the
case of stilbene and negative in the case of p-terphenyl. The
scintillation and optical characteristics of stilbene and p-
terphenyl polycrystals obtained from grains as starting
material show no significant differences. For stilbene
polycrystals obtained from plates, it has been shown that
the light yield values relative to the reference stilbene
single crystal are over 60% when excited by alpha
particles. For polycrystals made from stilbene and p-
terphenyl grains, this value can reach 30%.

CONCLUSIONS

1. Use of plates obtained by recrystallization from 1,2-
dichloroethane as a starting material for obtaining poly-
crystals: positive in the case of stilbene and negative in the
case of p-terphenyl.

2. The scintillation and optical characteristics of stil-
bene and p-terphenyl polycrystals obtained using grains as
the starting material do not have significant differences.

3. Forstilbene polycrystals obtained from plates, it has
been shown that the light yield values relative to the refer-
ence stilbene single crystal are over 60% when excited by
alpha particles. For polycrystals made from stilbene and p-
terphenyl grains, this value can reach 30%.
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HOJIKPUCTAJIIYHI OPTAHIYHI CHUHTUJIATOPHU
3 IOKPAIIEHUMMU OIITUYHUMMHU BIIACTUBOCTAMU

LB. Jlazapes, A.1. Ilonynan, A.B. Kpeu, 1. ®. Xpomwk, €.B. Mapmunenxo, C.B. Maxoma, C.C. Minenko

JocniypkeHo ONTHYHI Ta CHMHTWISLIAHI XapaKTEPUCTHKU MOJIKPUCTAIIYHMX OPraHidYHUX CHUHTHISATOPIB Ha
OCHOBI P-Tep(deHiy Ta TpaHC-CTHILOEHY, OTPUMAHUX MPECyBaHHAM TrpaHys abo tracTiH. OCHOBHUM HEIOIKOM
MOJIKPUCTAIIYHAX OPTaHiYHUX CIUHTWIATOPIB € HHU3bKE ONTHYHE IPOIMYyCKAaHHS, IO OOMEXye BHKOPHCTaHHS
TOBCTHUX JICTEKTOpPiB. BCTaHOBIEHO KOPENAIil0 MDK ONTHYHMMH Ta CHUHTWIALIMHAMH XapaKTePHCTUKAMHU.
CUMHTHILIINHI Ta ONTHYHI XapaKTePHCTUKN MOJIKPHUCTANIYHUX 3pa3KiB, OTPUMAHHX 13 3€peH CTHILOEHYy Ta p-

TepdeHiTy, TPaKTUIHO OJHAKOBI.
MPOJEMOHCTPYBAIM HAWKpAIlli XapaKTCPUCTHKH.

TTonixpucramivni
BukopucTaHHs IUTACTHH SIK Marepiany Ui CTBOPCHHS

3pa3Kd, BWIOTOBJCHI 3 IIIACTHH TpPaHC-CTHIIBOEHY,

MOJIKPUCTAJIIYHUX 3Pa3KiB € BUTIAHUM ISl TPaHC-CTHIBOCHY Ta HeOaKaHUM JUts p-TepdeHity.
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