ISSN 1027-5495. Functional Materials, 23, No.3 (2016), p. 473-477.

doi:http://dx.doi.org/10.15407/fm23.03.473

Strontium iodide: technology aspects
of raw material choice and crystal growth

A.Gektin, S.Vasyukov, E.Galenin, V.Taranyuk,
N.Nazarenko, V.Romanchuk

Institute for Scintillation Materials, STC "Institute for Single Crystals”
National Academy of Sciences of Ukraine, 60 Nauky Ave., 61001 Kharkiv, Ukraine

Received May 20, 2016

The technological features of Srl, crystals production are discussed in this paper. The
main reasons of deterioration of the purity and quality of the crystals were identified. It
is shown that anionic (OH-group) is the basic impurity significantly affecting the scintil-
lation characteristics. Some methods for quality control of Srl, raw materials and crystals
were proposed. Raw materials with pH < 8-4 are preferable for growing high-quality
crystals with excellent scintillation parameters.
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B pafore paceMaTpuBaioTCH TEXHOJOIHMYECKHe OCOGEHHOCTH MOJIyYeHHs KpucrasaoB Srl,.
OnpemesieHbl OCHOBHBIE IPUYNHBI, CHUMKAKOIINE YUCTOTY M KauecTBO KpucrayiaoB. Ilokasano,
YTO OCHOBHOMH IIPHUMECHIO, KOTOPAd 3HAUUTEJNBHO YXYAIIAeT CIUHTUIIAINOHHLIE XapaKTepUc-
TuKu, apasgoresa annoHsl (OH-rpynna). IIpeano:keHbsl MeTOABI KOHTPOJIS KAYeCTBA CHIPHS U
kpucramna Srl,. 1A BRIPAIMBAHNA KPUCTAJLJIOB BHICOKOTO KAUeCTBa C YJIYUIIEHHIMHU CITUH-
TUJINAAIMOHHBIMY TTapaMeTpPaMu MPeArnoYTUTeILHO UCIoNb3aBanne cbipba ¢ pH < 3—4.

CTpoHOiii HOAMCTHUII: TEXHOJIOTiYHI ACHEKTH SKOCTI CHPOBMHH i poOCTy Kpucraiis.
A.B. I'ekmin, C.O. Baciwoxos, EII. I'anenin, B.I. Tapanwr, M.B. Hazapeuro, B.B. Pomanuyk
Posrnamyro TexnONOTIUHI ocobimuBocTi ofepmxanna kpucranis Srl,. Busmaueno ocHOBHI mpu-
YMHH, 110 3HUKYIOTh YUCTOTY i aKicTb KpucTaaisB. Iloxasano, 110 OCHOBHOIO AOMIIIIKOIO, KA
3HAYHO TOTIpUIye CUMHTUIALIMHI xapaktepucturu € amionu (OH-rpyma). Banpomonosano
MeTOAU KOHTPOJIIO AKOCTi cupoBuHM i Kpucranxie Srl,. 1A BUPOIYBAHHA KPHUCTAJIIB BUCOKOI
AKOCTi 3 TOKPANEHUMH CIUHTUAANIAHUMUI TapaMeTpaM¥ TMEePEeBAKHO BUKOPUCTAHHS CHUPO-
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BuHu 3 pH < 3 - 4.

1. Introduction

Modern history of Eu?* doped alkali
earth scintillator has been started in 1963
from Cal, and Caly,:Eu studies [1-4]. It is
necessary to note that even at that time a
very good energy resolution (5.19 % for
137Cs source) was achieved. But difficulties
at crystal growth of those crystals stimu-
lated the search for alternative materials
and resulted in invention of Srl;:Eu secintil-
lator, by R.Hofshtadter in 1968 [5]. High
light yield (by two times higher comparing
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to Nal:Tl) and 6 % energy resolution gave a
very optimistic perspective.

Last decade the renewed interest to new
alkali earths based scintillators called the
new works on Srl,:Eu scintillator optimiza-
tion, and the energy resolution about 3 %
was achieved [6, 7]. But, despite these re-
sults, the industrial production are still miss-
ing owing to the lack of proper technology.

It is interesting to note, that in 1968
(see the patent [5]) R.Hofshtadter synthe-
sized the raw material at the lab conditions
providing the purity of Srl; not better than
99.5 %. So, it is clear that more purified
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raw materials are necessary to minimize
carriers trapping by structure defects and
to prevent excitation quenching.

Since the new announcement of Srl;:Eu
on 2008 [6, 8] and crystal growth technol-
ogy development started afterwards [9] and
continued for years [10] have not resulted
in an industrial production till now.

The main goal of this study was evalu-
ation of different growth conditions and
raw material purity level for crystal growth
of high quality Srl,:Eu. The main attention
was paid to verification of key chemical ele-
ments, which presence deteriorates scintilla-
tor performance.

2. Experimental

Undoped and Eu activated Srl, crystals
were grown by Bridgman method in the
vacuumed quartz ampoules, as well as by
Czochralski method in the platinum cruci-
bles under the argon atmosphere. To check
the anionic impurities contribution to Srl,
properties the series of undoped and Eu?*-
doped Srl, crystals, as well as crystals doped
with Sr(NO3),; Sr(COg3),; Sr(OH),; SrO crystals
were grown from the same raw material.

Optical absorption spectra in the range
of 190-1100 nm were registered by a Spe-
cord M40 spectrophotometer, and absorp-
tion spectra in IR-range were measured
using a Shimadzu IRAffinity-1 spectrome-
ter. In IR spectra of undoped Srl, crystals
were measured to identify the trace quanti-
ties of OH™, H,0 ions and other anions.

Spectral and kinetic characteristics of
photoemission were studied using a FLS920
combined steady state and fluorescence life-
time spectrometer manufactured by Edinb.
Instr. Ltd. A Xe900 steady state xenon
lamp was used in the continuous mode for
UV spectroscopy. Kinetic measurements
were made using a nF900 nanosecond flash
lamp.

3. Results

It is well known that the functional pa-
rameters of scintillators significantly de-
pends on material purity in general and
minimization of harmful impurities in par-
ticular. The main problem relates to the
possibility of these impurities verification
at the first stage and their elimination from
the raw material. While such impurities do
not verified, an integrated criteria like total
purity (amount of N for initial powder se-
lection) can be used.

The series of Srl,:Eu single crystal was
grown using raw materials with different
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Fig. 1. Dependence of Srl,:Eu energy resolu-
tion for different raw material purity (1 —
[11]; 2 — [12] and [9]; 8 — [5]; 4 — this
work).

purity. Typical anhydrous powder (total
99.99 % (4N) purity) synthesized at the
laboratory scale was used, as well as raw
materials from Sigma-Aldrich and Lanhit
companies were used for these tests. Fig. 1
demonstrates scintillator performance im-
provement versus raw material purity. Ad-
ditional treatments (like implemented to
growth procedure [11]) are needed to pro-
vide an additional purification to the level
of about 99.99+%.

This data confirm crucial importance of
powder purity for scintillator performance
but does not allows to justify types of
harmful impurities. It is clear that at least
4-5N quality of powder and special clean
growth atmosphere is needed to obtain crys-
tals with the ~3—-4 % energy resolution. In
accordance with practice of growth of Nal
and Csl based scintillators, 5N raw material
purity is necessary to obtain good crystals.
It was established that for such type of hy-
groscopic materials anion impurities mainly
affect scintillation performance of such
crystals [13, 14]. A similar tendency and
similar dominating mechanisms can be as-
sumed for the case of Srl,:Eu. For this rea-
son, anion impurities (oxygen containing
complex anions) contribution to scintillation
performance of Srl, was the main subject of
this study.

3.1. Luminescence as the method of qual-
ity control

Figure 2 demonstrates luminescence and
excitation spectra for pure and complex
oxygen anions. The excitation peaks are
very close to each case and lies in the ~240-
255 nm range. Emission bands peaked at about
500-550 nm are much broader. It has to be
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Fig. 2. Excitation (Em 530nm, black line)
and luminescence (Exc 250 nm, grey line)
spectra of undoped and doped by anionic im-
purities Srl, crystals. The spectra contain the
peak at 425-430 nm, which is associated
with divalent Europium trace.

noted that in all samples this emission is
sensitive to anion impurities presence [6,
15], i.e. behavior is very closed to undoped
Csl scintillators, for example. These peaks
reflect purity level and can be introduced
both with raw material powder, and from
gaseous atmosphere during single crystal
growth [16. 17].

So, long wavelength emission is specific
one and significantly differs from the main
luminescence (both STE and Eu2*). The band
at 530 nm (half width H; = 0.8210.05 eV)
is slightly overlapped with Eu?* peak, but
these peaks can be separated by analysis of
each decay kinetics (see Fig. 3). Impurity-in-
duced luminescence has decay time ~
500130 ns, i.e. by two times shorter com-
paring to Eu2*. It should be noted that lu-
minescence parameters are sensitive to Srl,
crystal purity and could be useful for scin-
tilator analysis. At the same time, some im-
purities are invisible with this excitation,
i.e. no guarantee that all impurities are
verified by this approach.

3.2. IR spectroscopy and main anion im-
purity

Another approach for harmful impurities
verification is based on analysis of IR spec-
tra. It is known that such technique can be
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Fig. 3. Decay time of undoped Srl, crystal.
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Fig. 4. IR transmission spectra of undoped
Srl, crystals and doped with different anionic
impurities.

successfully applied to impurity analysis of
alkali halides with anion admixtures [18].
By the analogy, IR spectra of Srl, crystals in
the range of 500—-4000 em™! for crystals with
different anions impurities were measured.
Fig. 4 demonstrates the lines at 585 ecm™1,
1592 em ! and double peak at 3410 em !
and 3453 ecm ™! indicating the presence of
oxygen-containing impurities. The main ab-
sorption peaks are associated with OH-group
in all samples studied regardless of the type
of activator. It can be supposed that segre-
gation coefficient of OH-group is higher
than those of the other anionic impurities
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Fig. 5. Dependence of Srl,:Eu crystal energy
resolution ('%Cs, 662 keV) on pH of raw ma-
terial water solution (Top). Concentration of
H* and OH™ in water solutions (Bottom).

(NO5™, CO32‘ ete). OH-group contamination
can take place at all stages of the experi-
ment: from raw materials preparation, crys-
tal growth, and spectral measurements.
Since material is highly hygroscopic, sur-
face contamination is possible. Anyway,
OH-group is the principal impurity and can
be successfully detected by IR spectroscopy
as well as other anionic impurities.

It has to be noted that spectroscopy
analysis allows to verify anion impurities
(like OH-, NOj7, CO32_ and ete.) in Srl,
scintillator and it was used as purity crite-
ria at development of such type of scintilla-
tor [18, 20].

4. Criteria for high quality raw
material selection for growth of
high-quality crystals

Experimental data demonstrate that OH-
group is the main potential impurity in al-
kali-earth halides. All processes in activated
(Eu?* and anionic impurities) and non-acti-
vated crystals occur in the presence of large
amounts of this impurity. The simplest and
most accessible way to identify the OH-
group in the raw material and the crystal is
the pH determination in the water solution,
i.e.control of solution pH can be used as a
criterion of grown crystal or raw material
quality.

We have not succeed to grow the crystals
with the energy resolution <5 % under the
pH > 5 without additional purification. It is
impossible to grow single crystals under
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pH > 9. The correlation between pH and
quality of Srl, crystals (energy reolution
was taken as the quality criterion) is pre-
sented in Fig. 5. According to pH values,
the plot can be conditionally divided into
the following sections: I — ecrystals with
high scintillation quality; II — crystals
with parameters similar to classic Nal:T| and
Csl:Tl; III — low quality crystals, polyecrys-
talline ceramics.

As one can see from Fig. 5, the concen-
tration of OH-groups is very high at pH >
10-12 and constitute 1072 — 10~% mol/L.
This amount of impurity is sufficient to the
crystallization disrupt. There is a high
probability of polycrystal growth under
these conditions.

The OH concentration decreases from
107%4 mol/L down to 1077 mol/L in the
range of pH = 7-10. This level of purity is
normal for Srl, with parameters similar to
alkali-halide scintillators and not allows to
reveal the full potential of the material.
The excitations transport to luminescence
centers is hampered due to the impurity
presence. Thus it is shown, that the alkaline
reaction of water solution (pH > 7) is suit-
able to estimate the concentration of OH-
groups, and evaluate the quality of both the
Srl, powder and crystal.

It was shown that the acid reaction
(pH < 7) of the strontium iodide water solu-
tion is typical for crystals with good scintil-
lation parameters. The most optimal and de-
sirable pH value is <8—4. There is a high
probability to grow high quality scintillator
with top parameters from raw materials
with pH < 3.

5. Conclusions

Scintillation parameters of different
quality Srl, crystals vary in a wide range.
Experimental data demonstrate the correla-
tions between luminescence, IR-transmit-
tance and pH value and the quality of nomi-
nally pure raw materials and crystals.

Model experiment demonstrate that,
similar to alkali halide scintillators, even
minimal traces of OH-group ions can lead to
creation of defects quenching scintillation
emission. Impurities play a crucial role in
the formation of scintillation properties of
Srl, crystals. Some ways for revealing of
such impurities are described. The method
has been proposed to control the quality of
Srl, raw materials and crystal by the pH
value of the water solution. The practical
criterion for raw material acidity prelimi-
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nary check-in is proposed and can be useful
for industrial technology development.

Raw materials with pH < 8—4 desirable
for growing high-quality crystals with ex-
cellent scintillation parameters.

The work is supported by the NATO mul-
tiyear Science for Peace Project NUKR.SFPP
984958 "New sensor materials and detectors
for ionizing radiation detection”.

References

1. W.van Sciver, R.Hofstadter, Phys.Rev., 84,
1062 (1951).

2. R.Hofstadter, E.O’Dell, C.Schmidt, Rev.Sci.
Instrum., 35, 246 (1964).

3. US Patent, 3,342,745 (1967).

4. R.Hofstadter, E.W.0O’Dell, C.T.Schmidt,
IEEE Trans. Nucl. Sci., 11, 12 (1964).

5. US Patent, 3,373,279, (1968).

6. N.J.Cherepy, G.Hull, A.Drobshoff et al., Appl.
Phys. Lett., 92, 083508 (2008).

7. N.J.Cherepy, S.A.Payne, S.J.Asztalos et al.,
IEEE Trans. Nucl. Sci., 56, 873 (2009).

8. C.M.Wilson, E.V.D.van Loef, J.Glodo et al.,
Proc. SPIE, 7079, 707917.1 (2008).

Functional materials, 23, 3, 2016

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

E.V.van Loef, C.M.Wilson, N.J.Cherepy et
al., IEEE Trans. Nucl. Sci., 56, 896 (2009).
L.Boatner, J.O.Ramey, J.A.Kolopus et al., .
Cryst. Growth, 379, 63 (2013).

R.Hawrami, M.Groza, Y.Cui et al., Proc.
SPIE, 7079, 70790 (2008).

R.Hawrami, J.Glodo, K.S.Shah et al., J. Cryst.
Growth, 379, 73 (2013).
B.V.Grinyov,L.N.Shpilinskaja(Trefilova),
A.M.Kudin et al., Functional Materials, 4, 4
(1997).

K.A.Kudin, A.V.Kolesnikov, B.G.Zaslavsky et
al., Functional Materials,18, 254 (2011).
Junfeng Chen, Shaohua Wang, Yong Du, Lidong
Chen, J. Alloys. Comp., 568, 49 (2013).
V.A.Pustovarov, I.N.Ogorodnikov, A.A.Golo-
shumova et al., Opt. Mater., 34, 126 (2012).
V.Pankratov, A.I.Popov, L.Shirmane et al.,
Radiat. Meas., 56, 13 (2013).

Kazuo Nakamoto, Infrared and Raman Spec-
tra of Inorganic and Coordination Compounds,
John Wiley & Sons (2009).

H.D.Lutz, H.Christian, J. Molec. Struct., 101,
99, (1983).

E.H.P.Cordfunke, A.S.Booij, R.J.M.Konings
et al., Thermochim. Acta, 273, 1 (1996).

477



