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The one of the most stable and radiation-resistant organic crystals is the p-terphenyl
one doped with diphenyl-butadiene. These crystals are used for alpha, beta and fast
neutron spectrometry, selective detection of alpha and fast neutrons scintillations in the
presents of gamma radiation background. At the same time the ratio of concentrations of
molecules of 1,4-diphenyl-1,3-butadiene in the crystal and in the melt, their distribution
along the boule are still unknown. In the present work the content of molecules of
1,4-diphenyl-1,3-butadiene in the different parts of boule was investigated. The technique
of determination of 1,4-diphenyl-1,3-butadiene in a p-terphenyl single crystal with an
accuracy to 1073 % has been developed.

Ogauvu us HauboJsiee CTAOMJIBbHBIX M PAJUAMOHHO-CTOMKHUX JAEeTEKTOPOB HA OCHOBE Opra-
HUYECKUX MOHOKPHUCTAJIJIOB SIBJISIOTCS MOHOKPHCTAJJLI Nn-TepheHnaa, akKTUBUPOBAHHbBIE IU-
dbenunbyraguenom. OHM KMCIONB3YIOTCA IJs CIEKTPOMETPHU [B-U3JaydeHuUil u OBICTPBHIX Heli-
TPOHOB, Pa3[eJbHOI perucrpanuu - u o-msIydeHUl, HEHATPOHOB M (POTOHOB raMma-mU3Jayde-
HUs. BMecTe ¢ TeM ocTaeTcs HepelleHHOil IpobJjieMa, CBA3aHHAA C OIpegejeHueM
KosnuecTBa AudeHUIOyTagMeHa, KaK BBOAUMOTO B PACIIJIaB HPU BBLIPAIIUBAHUU, TaK U ero
pacmpenenenuss B 0yJye. B pabGore mcciaemoBaHO cofepsKaHMe aKTUBATOPa B PasjIUUYHBIX dac-
TAX BBIpalllenHo# Oyau. PaspaboraHa MeTomuka ompegejeHus AudeHUIOyTagreHa B MOHO-
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KpucTajie 7-repGeHnIa ¢ TOYHOCTHI0 1o 1073 %.

1. Introduction

For a long time p-terphenyl single crys-
tals are known as material for detectors of
ionizing radiation. It is one of the most
stable and radiation-resistant organic crys-
tals. At the same time the light yield of
p-terphenyl is about 30 % of the light yield
of anthracene, that is the reason of rare use
of p-terphenyl crystals in scintillation engi-
neering [1]. An introduction of 0.1 % frac-
tion of total mass of 1,4-diphenyl-1,3-buta-
diene (guest molecules) in p-terphenyl (host
molecules) melt increases the light yield of
a single crystalline scintillator up to 130 %
relatively to anthracene ones [2]. Studies of
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radicluminescence pulse shape parameters
of p-terphenyl single crystals with different
concentration of 1,4-diphenyl-1,3-butadiene
have shown that this amount of the addi-
tion agent molecules is optimal [2]. Not-
withstanding this, real amount of 1,4-
diphenyl-1,3-butadiene in the grown crystal
was unknown.

The aim of the work is to study the vari-
ation of a probability of 1,4-diphenyl-1,3-
butadiene molecules affiliation from the
melt in a growing p-terphenyl single crys-
tal, which can be different for various parts
of boule from the cone to the top of the
boule.
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We have previously shown [3], that 1,4-
diphenyl-1,3-butadiene molecules substitute
some p-terphenyl molecules and the guest
molecules were not distributed uniformly in
the molecular crystal lattice of p-terphenyl
growing from the melt by Bridgman-Stok-
barger method. The concentration of the
guest molecules increases from the cone to
the top of the grown boule. The method of
estimation of 1,4-diphenyl-1,3-butadiene
concentration used in our previous works
did not allowed precise determination of the
distribution coefficient of the guest mole-
cules.

Under the mixing of two organic molecu-
lar substances we can expect the formation
of solid solutions just by substitution way.
Really, molecular packing as "bump-to-hol-
low” with coefficient of packing equal to
0.6-0.8 shows that voids in the structure
are very small in comparison with a size of
molecules. Therefore filling of the voids
with guest molecules, i.e. formation of in-
terstitial solid solutions by the inclusion
way is hardly possible for quite big mole-
cules of aromatic hydrocarbons. The neces-
sary and sufficient condition of formation
of substitution solid solution crystals by
two or more organic substances is shape and
size proximity of molecules of initial sub-
stances [4]. Fig. 1 was drawn according to
the data presented in [5] to compare the
shape and size of p-terphenyl and 1,4-
diphenyl-1,3-butadiene molecules. The fig-
ure shows that the molecules have virtually
the same linear dimensions and conse-
quently the host molecule (p-terphenyl) may
be substituted by the guest one (1,4-
diphenyl-1,3-butadiene).

2. Experimental

p-Terphenyl purified by zone melting was
placed in a glass ampoule of 30 mm on
inside diameter with a pre-installed seed
and then 1,4-diphenyl-1,3-butadiene was
added to it in terms of numbers 0.1 % of
p-terphenyl mass fraction. The ampoule was
filled with argon and placed in a vertical
tube furnace with two separate heaters.
Crystal growing was carried out at a rate of
1.5 mm per hour by Bridgman-Stokbarger
method to complete crystallization of the
melt followed by gradual cooling to room
temperature. Then the ampoule was broken;
the grown boule was taken out gently and
was sawed into pieces in according to the
schematic diagram that is demonstrated by
Fig. 2. Then each of the pieces was ground.
The ground samples of each of the boules
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Fig. 1. The schematic representation of
p-terphenyl and 1,4-diphenyl-1,3-butadiene
molecules (distances are in A).

pieces (Fig. 2) were analyzed by gas chroma-
tography mass-spectrometry method.

During p-terphenyl single crystal grow-
ing one may expect redistribution of the
guest concentration in the sample. For con-
sidered task it should be used method allow-
ing determination of 1,4-diphenyl-1,3-buta-
diene concentration reliably over the range
from 0.005 to 0.5 % . The gas chromatogra-
phy mass-spectrometry has been chosen as
such a method. The sensitivity of the
method to the individual components of the
mixture may be increased using determina-
tion by selected characteristic ions of the
components.

p-Terphenyl is an organic material with
relatively high melting temperature. It is
also poorly soluble in most organic solvents
at room temperature. Therefore an extrac-
tion of 1,4-diphenyl-1,3-butadiene was run
by heating the sample in o-xylene until its
complete dissolution followed by crystal-
lization of excess p-terphenyl. The determi-
nation of 1,4-diphenyl-1,3-butadiene concen-
tration was carried out from the mother
liquor. It reduced significantly amount of
the main component of the mixture (p-ter-
phenyl) in the solution and thereby de-
creased its influence during the chroma-
tographic analysis. Losses of the measuring
component (1,4-diphenyl-1,3-butadiene), for
instance, caused by co-crystallization with
p-terphenyl was taken into account during
the calibration procedure.

The calculation of 1,4-diphenyl-1,3-buta-
diene concentration was carried out by the
method of internal standard. The internal
standard has to satisfy the following re-
quirements [6]:
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— to have volatility similar to that of the
substance being determined;

— to have a well-resolved peak located at
the chromatogram near the peak of the sub-
stance being determined, but not overlapped
it.

— to absence at the mixture under analy-
sis;

— to dissolve well in the mixture under
analysis;

— not to react with other components of
the sample.

On the basis of the results of preliminary
chromatographic studies we have chosen an-
thracene as a standard, which satisfies
whole the aforementioned requirements.
The amount of anthracene added to the so-
lutions under investigation was commensu-
rate with the expected amount of the com-
ponent being analysed. Analyses were car-
ried out by the gas chromatography
mass-spectrometer Varian 1200L (an ioniza-
tion by electron impact, ionization energy is
70 eV). It was used the capillary column
Optima-5 (Macherey-Nagel), phase — poly
(5 % diphenyl / 95 % of dimethylsiloxane).
We used the following temperature pro-
gram: isotherm at 100°C for one minute,
heating to 8300°C at a rate of 20°C per
1 min. The volume of the introduced sample
was 1 micro litre; injector temperature was
300°C. Accurately weighted samples were
used for preparation of working and calibra-
tion solutions and concentrations of corre-
sponding components were calculated.
Working solutions of 0.0002 g/ml anthra-
cene and 1,4-diphenyl-1,3-butadiene were
prepared by dissolving the pure substance
in o-xylene. The working solutions were
used for preparation of the calibration solu-
tions with concentration of anthracene and
1,4-diphenyl-1,3-butadiene from 0.02 % to
0.1 %. To prepare solutions for investiga-
tion, 0.5 g of p-terphenyl sample being in-
vestigated was put in a test-tube, than
0.5 ml of the working solution of anthra-
cene and 2.5 ml of o-xylene were added.
The calibration solutions and the solutions
being investigated were heated until p-ter-
phenyl complete dissolution and left for
twenty-four hours for crystallisation. Be-
fore the analysis the solutions were shaken,
let the p-terphenyl sediment settle or was
precipitated by a centrifuge if necessary
and then the liquid above the sediment was
analyzed. The result of determination of
1,4-diphenyl-1,3-butadiene concentration
for each p-terphenyl sample is arithmetic
average of the results of three analyses . It
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Tables. Content of 1,4-diphenyl-1,3-butadi-
ene in the samples

Content of 1,,4-diphenyl-1,,3-
butadiene o + Aw, %

4 0.15+0.06
3 0.062+0.019
2
1

The samples

0.036+0.004
0.021+0.006
0.025+0.009

(x) cone

uoljoalIp YoID

Fig. 2. The scheme of
4 sawing of the grown
bulk and numbering
of the samples (it cor-
responds to the num-
bering in Table).

was obtained at least three chromatograms
for each solution. The results of determina-
tion of 1,4-diphenyl-1,3-butadiene concen-
tration in p-terphenyl samples are presented
in Table.

3. Results and discussion

The results presented in Table shows that
1,4-diphenyl-1,3-butadiene concentration in
the grown boule is not uniform but rises
from the boule cone to it top. The minimum
of 1,4-diphenyl-1,3-butadiene concentration
is 0.02 % of p-terphenyl mass fraction that
is almost one-fifth of its initially intro-
duced concentration. Therefore part of the
guest substance was driven back into the
melt during the crystal growing. More ac-
tive substitution of p-terphenyl molecules
by the guest molecules occurred after in-
creasing the 1,4-diphenyl-1,3-butadiene con-
centration in the growing crystal. The guest
concentration exceeded that originally in-
troduced into the melt at the top of the
boule and preferential precipitation of the
guest crystalline grains was observed.

4. Conclusions

The gas chromatography mass-spectrome-
try method used in the work allowed us to
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determine 1,4-diphenyl-1,3-butadiene con-
centration in p-terphenyl single crystals
grown from the melt. It has been shown
that 1,4-diphenyl-1,3-butadiene concentra-
tion increases with height of the grown
boule from the cone to the top. The deter-
mination method of 1,4-diphenyl-1,3-buta-
diene in a p-terphenyl single crystal with
an accuracy to 1073 % has been devel-
oped. It was found that the minimal
value of 1,4-diphenyl-1,3-butadiene con-
centration is equal (0.021+0.006) %,
while the introduced concentration in the
melt is 0.1 %.
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Ocoo0ausocri po3noxiny 1,4-mu¢enin-1,3-0yragieny
Y KpHCTaJiuHiil rpaTtui n-repgeniiy

C.B.Byodaxoécvxuii, M.3.I'anynoe, 1.B.Jlasapeé, B.B.Bawenko,
O.B.Bawenko, I''C.Bnracenkxo, B.JI.Boaxos

OxgauM 3 HafbigbII cTAablAPHMX TA pagianifiHO-CTIMKUX JeTeKTOPiB HA OCHOBi opraHiuHmMxX
MOHOKPHCTAJIIB € MOHOKpHCTaau n-repdeHinay, akTuBoBaHi gudenindyragienom. Bouu Buko-
PHUCTOBYIOTBCS IJsA CIIeKTpoMeTpii [-BUIPOMIiHIOBAaHHS Ta IIBUAKHX HEUTPOHIB, PO3miIbHOL
peectparii - u o-BUIpPOMiHIOBaHHA, HEHTPOHIB Ta (POTOHIB ramma-BUIpoMiHIOBaHHA. Pasom 3
TUM BaJUIIAEThCA HEBUPINIEHUM IHUTAHHSA, IIOB’sg3aHe 3 BUBHAUEHHAM KiJbKocTi audenindy-
TagieHy, 110 OyB BBeJeHUI Yy POSTOI IIPU BUPOIITYBaHHi, i I0ro posmoginry B3goB:K Oyii. ¥ poboTi
JOCIiJKeHO BMICT aKTMBATOpPA y PISHMX UYacTHHAX BUpoIleHoi Oymi. PospobieHo MeTOguUKY
BUBHAYEHH: IU(eHLIOyTaficHy y MOHOKpICTAI n-Tepdeniny 8 Toumictio go 1073 %.
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