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Optical transmission was measured for pellets made of polycrystalline powders of
stilbene and p-terphenyl subject to pressure compaction at temperatures close to the
melting point. As compared with similar samples obtained by compaction at room tempera-
ture, the transparence was substantially higher, with this difference being more pro-
nounced at higher treatment temperatures and smaller grain size of the initial powder;
also, the effect observed was noticeably stronger for ¢rans-stilbene than for p-terphenyl.
The obtained results can be explained in terms of local melting and liquid crystalline
ordering of the molecules in outer layers of neighboring grains, resulting in more uniform
structuring. Since the measured transparence of the samples showed good correlation with
the luminescence light yield for short-range alpha-radiation, this approach can also be used
as a method for express analysis of the pellet quality in experimental optimization of
preparation conditions of polycrystalline organic scintillators.

WccaemoBaHo omnTudyecKoe IPOIIyCKaHME O00PAasIOB IOJUKPUCTAIINYECKHUX IIOPOIIKOB
cTuiab0eHa n-repdeHmnsa, IOABEPIKEHHBIX IIPECCOBAHHUIO IIPH TeMIeparypax, OJIM3KHUX K
TOUKe IIaBjeHusi. [l0 CPaBHEHMIO C aHAJOTMYHLIMU OOpa3IaMH, 3alIPEeCCOBAHHBIMU IIPU
KOMHATHOM TeMIeparype, IIPOIyCKAaHNe 3HAUWTEJIbHO YBEINUNBAJIOCH, IIPUUYEM 9TO PABIHUNE
BO3PACTAJIO C IOBLIIIEHNEM TE€MIIEPATyPhbl 1 yMEHbIIEHHEeM pasdMepoB 3epeH. [[aHHbINH shdeKT
ObL 3aMeTHO 0oJiee BBIPAXKEH IJA MPAHC-CTUJIBOEHA 110 CPaBHEHUIO ¢ n-tepdenusom. IToxy-
YeHHBbIe Pe3yJbTaThl MHTEPIPETUPYIOTCS B TEPMHUHAX JIOKAJIBHOI'O ILJIABJIEHUSA U KUAKOKPIC-
TAJJIIMYECKOr0 YIIOPSAJLOUYECHUS] MOJIEKYJ BO BHEIIHMX CJIOSX COCeTHMX 3epeH. IIoCKOJMBbKY IIpo-
3pavYHOCTh 00PA3II0B XOPOIIIO KOPPEIUPYET CO CBETOBLIXOAOM JIIOMUHECIEHIIAN IJIsi KOPOTKOIIPO-
0exHOro asb(a-U3IyYeHUs, MAHHBIA IIOAXOJ MOYKHO MKCIIOJIb30BATh [JIsI JKCIIPECC-aHAIM3a
KauecTBa IIPECCOBAHHBLIX O0PABI[0B IIOJIUKPUCTAINUYECKUX OPraHUYECKUX CIMHTHJLISTOPOB.
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Organic polyecrystalline scintillators ob-
tained by pressure compaction of powder of
an appropriate substance (e.g., stilbene,
p-terphenyl, anthracene, etec.) are new prom-
ising materials that could be useful in many
application fields [1-3]. In detection of
short-range radiation, optical transparence
of the scintillation material is expected to
be among the major factors affecting the
light output — the initial radiation (e.g.,
alpha-particles) is absorbed in the surface-
adjacent layer, while the emerging scintilla-
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tions are recorded after passing through all
the material thickness. In this relationship,
the objective of this work was to study the
effects of various parameters of the pres-
sure compaction process (temperature, ap-
plied pressure, grain size of the powder
used) upon optical transparence of the ob-
tained polycrystalline samples.

To prepare polycrystalline samples of
stilbene and p-terphenyl, melt-grown single
crystal ingots of these substances were
ground to powder under a liquid nitrogen
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Fig. 1. Optical transmission of the pressure-
compacted p-terphenyl samples (without the
integrating sphere).
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Fig. 3. Optical transmission of the pressure-
compacted stilbene samples (without the inte-
grating sphere).

layer. The obtained grains were dried and
sorted out into fractions with linear dimen-
sions of grains d < 0.5 mm, 0.5...1 mm,
and 1...2 mm, using the appropriate sieves.
Powders of each fraction were subject to
thermal treatment in a rigid mould with
simultaneous application of hydrostatic
pressure P 300 MPa. The obtained pressure-
compacted samples were cylinder-shaped,
30 mm in diameter and 2 mm thick.
Optical transmission of the pressure-com-
pacted stilbene and p-terphenyl samples was
measured using a Hitachi 830 spectro-
photometer. The measurements were carried
out by two different methods — with and
without the integrating sphere. The results
obtained are shown in Fig. 1-4 as function
of the relative compaction temperature
tred = Teomn/Tm» where T, is the melting
point (8397 K for stilbene and 487 K for
p-terphenyl), t¢,,; — reduced temperature.
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Fig. 2. Optical transmission of the pressure-
compacted p-terphenyl samples (with the inte-
grating sphere).
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Fig. 4. Optical transmission of the pressure-
compacted stilbene samples (with the inte-
grating sphere).

Without the integrating sphere, the meas-
ured transmission values are very small —
on its way through a polycrystalline sample,
only a small fraction of the incident light
goes out along the same direction because of
scattering on grain boundaries. With the
integrating sphere, most of the scattered
light is collected back into a beam that
reaches the PMT of the spectrophotometer.
It is interesting to note that qualitative
character of the results is essentially the
same in both cases.

The measured transmittance increased by
up to 2—3 times when the compaction tem-
peratures rose from the room temperature
to the region close to the melting point.
(The limiting conditions can be designed, in
technology terms, as "cold” and "hot" pres-
sure compaction). Another anticipated re-
sult was that larger grain sizes of initial
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Fig. 5. The relative increase in transmission
with temperature for pressure-compacted p-ter-
phenyl samples (Tref are transmission values of
samples compacted at room temperature).

powders led to higher transparence under
similar compaction conditions.

To better assess the difference in pi-
esothermic behavior of stilbene and p-ter-
phenyl powders, we have calculated the
relative increase in transmission with tem-
perature (Fig. 5,6). Here T, are transmis-
sion values of samples compacted at room
temperature.

In the case of stilbene, the influence of
piesothermic factors results in much
stronger response as compared with p-ter-
phenyl (maximum obtained increase in
transmission by 2.9 times and by 2 times,
respectively). This can be explained by dif-
ferences in steric aspects of the molecular
structure. The p-terphenyl molecule is es-
sentially rigid, with rotations of aromatic
rings around the long molecular axis almost
completely suppressed — the aromatic rings
are known to be parallel in the solid state
[4]. As for stilbene in trans-conformation,
the molecular packing spontaneously emerg-
ing upon crystallization is, in fact, not the
densest packing possible, and further appli-
cation of pressure in combination with pre-
melting temperatures allowing more free-
dom of molecular movement can probably
lead to a more ordered structure.

These results evoke and support our ear-
lier assumption [5] on a possible mechanism
involved. Pressure-induced changes in inter-
molecular distances favour anisotropic in-
termolecular interactions, which, under con-
ditions of certain molecular mobility at pre-
melting temperatures, can lead to liquid
crystal-like orientational ordering of the
molecules from the neighbouring domains
(grains). The emerging larger single crystal-
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Fig. 6. The relative increase in transmission
with temperature for pressure-compacted stil-
bene samples.

line sections of the compacted sample can
possibly be formed via a virtual smectic-B
phase, with the relative freedom of molecu-
lar movement described by order parameters
close but essentially not equal to 1. Further
studies on pressure-compacted polycrystals,
including mixed systems [6], could give
more evidence on this phenomenon.

From the viewpoint of applications, one
should note good correlation between optical
transparency of the studied samples and
their scintillation light output under excita-
tion by alpha-particles (Table). It can be
seen that more transparent samples (pres-
sure-compacted at higher temperatures)
showed substantially higher light output,
especially marked in the case of excitation
by for excitation by o-particles. In fact,
such treatment improves structural perfec-
tion on distances comparable with the free
path of a-particle (~30 um in our case), but
cannot affect the perfection of sections with

Table. Relative light output J of polycrys-
talline samples of stilbene obtained by
"cold” and "hot" pressure compaction

Pressure | Grain size of J, %
compac- initial .
. Conversion -
tion type | powder, mm ’
electrons, | particles,
0.622 MeV |5.15 MeV
Cold from 0.5 to 1 60 21.5
Cold from 1 to 2 59 25.5
Cold > 2 97 21
Hot from 0.5 to 1 102 104
Hot from 1 to 2 117 126
Hot > 2 115 122
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dimensions comparable with the free path of
conversion electrons (~1.8 mm).

In this respect, measurements of optical
transparency as described in our paper can
be used as a method for rapid quality analy-
sis of pressure-compacted organic scintilla-
tors in the process of optimization of the
preparation conditions.
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MoaekyasapHe MaKyBaHHS B OPraHIYHUX aHI30TPONMHUX
cepenoBMIIAX: BIJIUB II’€30TepPMiuHUX (paKTOpPiB HaA
ONTHYHE NMPONMYCKAHHSA y MOJIKPHUCTAJIYHUX 3pa3Kax

C.C.Minenkxo, O.A.Tapacenko, C.B.Bydaxoécvruii,
J.M.JTuceyvruii, M.3.'anynoé

HocuimKeHO ONTUYHE MPONYCKAHHA [JA 3Pa3KiB MMOJiIKPUCTANIUHUX ITOPOIIKIB CTUILOEHY
Ta n-repderinty, Aki OyJo mifZaHO NpecyBaHHIO IPU TeMIIEpATypax, OJUSBKUX [TO TOUKU
nJaBJeHHA. ¥ IMOPIBHAHHI 3 aHAJOTIYHUMU 3pasKaMu, IPeCOBAHUMU IIPU KiMHATHIiN TeMmIe-
patypi, OIpOIyCKaHHSA 3HAYHO 30iJbIIyBaJiocsd, IPUUOMY IIfd PiSHUIIA 3pocTajia 3 MIiIBUIIEH-
HAM TeMIepaTypu IIpecyBaHHA i 3MeHIIeHHAM poaMipy sepeH. Ileii edekT O6yB momiTHO
CUJIBLHIIIUM [IJI MpAaHC-CTUILOeHY y TOPiBHAHHI 3 n-tepdeHisom. OTpumaHi pesyabTaTé
MOJKHA MOSCHUTHU Y TePMiHAX JIOKAJbHOTO IIJIABJEHHS Ta PIIKOKPUCTAJIIYHOI'O BIIOPAJKYBaH-
HA MOJIEKYJ y 30BHIMIHIX mIapax cyciguix sepeH. OcKiJbKU mposopicTh 3paskiB mobpe Kope-
JIIOBAJIA 3 CBiTJIOBUM BUXOJOM JIIOMiHeCIleHIIii AJIA KOPOTKOUpPOOiKHOTO ajb(da-BUIPOMiHIO-
BaHHA, Lel migxix MosKke OyTH BUKODUCTAHUIT [AJId eKCIpec-aHANIIZy SKOCTi IpecoBaHUX
3pasKiB MOJiIKPUCTANIUHUX OPraHiuHUX CIIUHTUJIATOPIB.
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