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This paper presents the study of prospective organic-based materials, trans-stilbene and p-terphenyl, as their
potential application for new neutron scintillators. Growth of their single crystals by the self-seeding verti-
cal Bridgman method is reported. And evaluation of grown crystals concerning the composition, optical and
luminescence properties, and scintillation performance at room temperature is discussed. Their photo- and radio-
luminesce spectra were peaking at 388 and 408 nm, their quantum yield was of 52.4% and 79.7%, and the light
yield were of 0.89 and 1.80 times higher than that of GS-20 standard, respectively. The scintillation decay times
of 8.2 ns (trans-stilbene) and 5.8 ns (p-terphenyl) were observed as well.
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1. Introduction

Recently, new applications of neutron scintillators
have been developed for imaging methods in a pulsed
neutron sources and neutron resonance absorption spec-
troscopy. These methods require sensitive neutron detec-
tors with the Time-of-Flight (TOF) regime and fast re-
sponse. In recent years, some of halide scintillators show
high light yield and fast decay time, however, most of them
are hygroscopic limiting their practical applications. Thus,
the organic scintillating crystals showing fast decay time
in the nanosecond range and no hygroscopic nature may
be suitable alternative. Their constituent elements include
hydrogen which shows high reaction cross-section to ther-
mal and fast neutrons [1]. Research of laser-driven direc-
tional neutron sources for radiography has been developed.
Organic scintillator would be used for TOF technique of
this research and heated by neutron repeated irradiation.
However, conventional organic scintillators have low melt-
ing temperatures which may lead easily to overheating of
their melt and subsequent degradation. Therefore, we have
developed organic crystals for neutron scintillators with
high melting temperatures at least 200°C and fast decay
times. For the candidate material research, we prepared
for the growth and evaluation system of organic crystals..
As the first step, we grew and evaluated trans-stilbene and
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p-terphenyl crystals, which have been conventionally used
for neutron detection. In particular, the melting tempera-
ture of p-terphenyl crystals is over 200°C.

2. Experimental Procedure

Crystal growth was performed by self-seeding vertical
Bridgman (SSVB) method [2], as shown in Fig. 1. New de-
sign of quartz ampule was composed of the inner ampule
and the outer one as a grain selector to support the growth
of the single crystal in the inner one. Trans-stilbene (purity
98% up, Tokyo Chemical Industry) and p-terphenyl (purity
99.0% up, Tokyo Chemical Industry) powders were used
as starting materials, respectively. Raw powder was loaded
into ampule and set in a vacuum chamber, see Fig.2. The
air in the chamber was evacuated and filled with an inert at-
mosphere of 5 N nitrogen gas. The ampule was heated with
a resistive heating until melt occurred and pulled down at
the rate of 0.72 mm/h.

After the crystal growth ended, the inner and outer
ampules were separated, and the grown crystal in the in-
ner ampule was taken out. The specimens for luminescent
property evaluations were prepared by cutting and polish-
ing the grown crystals of 2.3 mm thickness.

The parts of the grown crystals near selected speci-
mens were ground into powders and used for powder X-
ray diffraction pattern measurements. The measurement
was performed by using an X-ray diffratometer (Bruker,
D8 Discover) that uses an X-ray tube (Cu).

Photoluminescence (PL) spectra and quantum yield
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Fig. 1 Schematic diagram of SSVB method.

Fig. 2 The as-grown (a) trans-stilbene and (b) p-terphenyl crys-
tals.

were evaluated using the absolute PL quantum yield mea-
surement system (Hamamatsu, C9920-03). This system
was composed of a spectral light source, an integrating
sphere and a multichannel spectrometer. The sample was
set in the integrating sphere and excited at 255 nm.
Radioluminescence spectra were recorded with a
spectrometer (Edinburgh instruments, FLS920) under
alpha-ray excitation source (**! Am isotope with energy of
5.5MeV). Pulse height spectra were measured under the
same alpha-ray excitation on the samples optically coupled
with a photomultiplier tube (Hamamatsu, R7600). The sig-
nal was collected into a multichannel analyzer (Amptek,
800A) through pre-amplifier (ORTEC 113), and shaping-
amplifier (ORTEC 556) (t = 0.5 us). Pulse height spectra
were compared with conventional neutron Li-glass scintil-
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Fig. 3 Powder X-ray diffraction patterns of trans-stilbene (up-
per) and p-terphenyl (lower) single crystals.

lator GS-20 (Applied Scintillation Technologies) used as
a reference. The scintillation decay signals under neutron
excitation (22Cf) were repeatedly recorded from the sig-
nals of the PMT using an oscilloscope (Tektoronix, TDS
3052B). The decay time profiles were estimated as the av-
erage of these signals. All luminescence and scintillation
characterizations were measured at the room temperature.

3. Results and Discussion

As-grown single crystals of trans-stilbene and p-
terphenyl prepared by the SSVB method are shown in
Fig.2. The diameter of grown crystals is 11 mm and they
appeared transparent, however, the part in the last stage
of p-terphenyl crystal shows pores. These pores might be
generated due to temperature gradient in the radial direc-
tion at the growth front. Both crystals have the brown col-
ored surface in the first and last stage due to presence of
impurities. These parts were cut off and excluded from the
specimens for luminescent property evaluations.

Powder X-ray diffraction patterns of grown trans-
stilbene and p-terphenyl crystals are shown in Fig. 3. Their
peaks are in good agreement with those of ICDD data (00-
007-0532 and 00-022-1838). Other peaks derived from im-
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Fig. 4 Photoluminescence spectra of trans-stilbene and p-
terphenyl under 255 nm excitation.
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Fig. 5 Radioluminescence spectra of trans-stilbene and p-
terphenyl under 5.5 MeV alpha-ray excitation.

purities are not detected in these measurements.

Photoluminescence spectra of trans-stilbene and p-
terphenyl crystals under 255 nm excitation are shown in
Fig. 4. Their quantum yields are 52.4% and 79.7%, respec-
tively. Quantum yield is suppressed by chemical impuri-
ties, defects, and self-absorption. These values are similar
to those of previous study using high purity materials [3].

Radioluminescence spectra of trans-stilbene and p-
terphenyl under 5.5MeV alpha-ray excitation are pre-
sented in Fig. 5. The trans-stilbene crystal has two intense
peaks at 388 and 408 nm due to S; — S transition, and
one weak peak at 545nm due to T; — Sy transition [4].
On the other hand, the p-terphenyl crystal has one intense
peak at 373 nm related to the S; — Sy transition. No other
peaks of T — Sy transition are observed.

Pulse height spectra of trans-stilbene and p-terphenyl
crystals under 5.5 MeV alpha-ray excitation are shown in
Fig. 6. The light yields are corrected for the position of
5.5MeV alpha-ray full-energy peak considering the quan-
tum efficiency of the photomultiplier tube. The light yields
of trans-stilbene and p-terphenyl crystals are 0.89 and 1.80
times higher than that of GS-20, respectively.

Scintillation decay time profiles of trans-stilbene and
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Fig. 6 Pulse height spectra of trans-stilbene and p-terphenyl
crystals under 5.5 MeV alpha-ray excitation.

Intensity [a. u.]

0.1 F p-terphenyl n
stilbene ]

0 100 200 300 400 500

Time [ns]

Fig. 7 Decay profiles of trans-stilbene and p-terphenyl under
neutron irradiation.

p-terphenyl crystals under neutron irradiation are dis-
played in Fig.7. The single exponential functions were
used to fit the decay curves of trans-stilbene and p-
terphenyl crystals obtaining values of 8.2 and 5.8 ns, re-
spectively. These values are similar to those of previ-
ous study, however, in this work the instrumental response
function is included [5]. In the future study, we will fo-
cus on evaluation of decay time more precisely using a fast
decay measurement setup such as a streak camera.

4. Conclusion

Trans-stilbene and p-terphenyl crystals of 11 mm in
diameter were successfully grown using SSVB method.
Their photo- and radio-luminesce spectra were similar in
the shape and peak positions to those of previous study.
The quantum yield of trans-stilbene and p-terphenyl crys-
tals was was 52.4% and 79.7%, respectively. The light
yields of trans-stilbene and p-terphenyl crystals were 0.89
and 1.80 times higher than that of GS-20 standard, respec-
tively. Their scintillation decay times were in nanosecond
range and similar to those of previous study reaching val-
ues of 8.2 and 5.8 ns, respectively. In the future work,

2405011-3



Plasma and Fusion Research: Regular Articles

Volume 13, 2405011 (2018)

the temperature dependence of scintillation properties and
more precise evaluation of scintillation decays is going to
be performed.
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