Functional Materials 11, No.3 (2004) © 2004 — Institute for Single Crystals

Specific features of sodium iodide (NaJ-2H,0)
dehydration in vacuum

B.V.Grinyov, V.G.Gerasimov*, A.J.Voloshko,
N.N.Smirnov, D.S.Sofronov, O.V.Shishkin, E.M.Kisil

STC "Institute for Single Crystals”, Institute for Scintillation Materials,
National Academy of Sciences of Ukraine,
*60 Lenin Ave., 61001 Kharkiv, Ukraine
V.Karazin Kharkiv National University,
4 Svobody Sq., 61077 Kharkiv, Ukraine

Sodium iodide dehydration in vacuum has been studied by baric analysis and spectro-
photometry. The decomposition process of NaJ-2H,O has been shown to be possible at room
temperature. During the subsequent heating, water has bben found to be eliminated within
180 to 280°C and 280 to 450°C ranges.

IIpoBemeno ucciemoBanme 00€3BOKHBAHUA MOAMOA HATPUS B BaKyyMe MeToAaMu Oapuue-
CKOI'0 U CIIEKTPOMETPMYECKOro aHaausa. IlokaszaHo, UTO IPOIECC PABI0KEHUA KPUCTAJIOTHI-
para NaJ-2H,0O moxer mporekaTs IIpy KOMHATHON Temmeparype. B xozme mocienyromero Tepmu-

YeCcKOro HarpeBa OOHaApyKeHO BblgeseHHe BoAbl B amamasoHax 180-280°C u 280-450°C.

Thermal dehydration of the hygroscopic
substances is associated with solution of at
least two problems: definition of decomposi-
tion parameters of crystal hydrate and pre-
vention of hydrolysis. For sodium iodide
which used widely in scintillation engineer-
ing, the existence region of crystalline dihy-
drate at normal pressure is within the tem-
perature interval from —-13.5 up to +68°C [1].
Accordingly, thermal dehydration of
NaJ-2H,0 at normal pressure should be car-
ried out at 68 to 70°C. Thus, the dehydra-
tion process parameters should be selected
taking into account not only the condition
of hydrolysis prevention, but also interac-
tion of sodium iodide with oxygen-contain-
ing air components [2, 3]. The most suitable
way to prevent hydrolysis and interactions
with air components is dehydration in vac-
uum. The first publication concerning fea-
tures of sodium iodide vacuum dehydration
was appeared relatively recently [3]. Ac-
cordingly to [3], the use of weight analysis
allows to conclude that decomposition of so-
dium iodide dihydrate in vacuum occurs at
room temperatures. The baric analysis re-
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sponses were registered at the temperatures
130-350°C. The latter were also interpreted
as a result of dehydration.

In this work, an attempt is made to iden-
tify the baric analysis responses.

The dehydration of samples was studied
in vacuum wusing a setup presented sche-
matically in Fig. 1. To realize the measure-
ments, a special experimental setup (Fig. 1)
combining two measuring circuits, namely,
a circuit for quantitative estimation of
thermal desorption products on the basis of
pressure measurement in a stream [3], and
a circuit for identification of products ther-
mal desorption by recording of oscillatory
absorption spectra [4]. The setup consists of
a quartz ampoule (3) where the sample to be
studied was placed (the sample mass was
varied from 1 up to 150 g) connected to a
vacuum system. The vacuum system in-
cludes roughing-down (1) and diffusion (9)
pumps, the pressure gauge tube (4) and a
spectrometric analysis circuit consisting of
a submillimeter spectrometer (6), 2 m long
absorption cell (5) and the detector (7). The
ampoule is placed in an oven (2) with a
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Fig. 1. Schematic view of the setup to meas-
ure the pressure change in vacuum system
during the exhausting: I - vacuum pump;
2 — heating oven; 3 — ampoule with the salt
sample to be studied; 4 — pressure gauge tube;
5 — absorption cell; 6 — submillimeter spec-
trometer; 7 — detector; 8 — computer; 9 — dif-
fusion pump; 10 — temperature control block;
11 - ionization-thermocouple vacuum gauge.

temperature controlling and measuring in-
strument (10). The setup includes a thermo-
couple, a vacuum gauge (11), and a com-
puter (8).

The function of the baric analysis circuit
was reduced to recording of pressure vari-
ations in vacuum system under continuous
exhausting [3]. Prior to experiments, the
setup was calibrated at the limiting residual
pressure value in the vacuum system with
an empty ampoule. The limiting vacuum
value is a characteristic quantity for a spe-
cific vacuum system that depends on the
system design and also on the vacuum pump
operation. The limiting residual pressure
value was defined as a value that has been
established in the system and showed no
variations within 30 min at continuous ex-
hausting.

The function of the spectrometric analy-
sis circuit was reduced to recording of in-
tensity variations of the water molecule ab-
sorption spectrum. The radiation of a sub-
millimeter range synthesizer of
electromagnetic spectrum (6) was tuned in
frequency at about 10 kHz steps near to
325152.82 MHz frequency [5] (water ab-
sorption line) by the personal computer and
after passage through absorption cell was
registered by the detector (7). The detector
signal was processed by computer and dis-
played (8). Since the spectrometer uses fre-
quency modulation of probing radiation to
record the absorption lines of gases under
study, the displayed image was not the ab-
sorption line but its derivative. Besides, it
is to note that, as the pressure in the sys-
tem during the spectrum recording
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Fig. 2. Pressure change dynamics in the sys-
tem during exhausting of NaJ samples at
room temperature: special purity grade so-
dium iodide, sample mass 2.3 g, water con-
tent in the sample 0.6 % (1); NaJ-2H,0, sam-

ple mass 3.5 g, water content in the sample
20.6 % (2).

amounted (1.0 to 1.5)-1072 Torr, the widen-
ing character of the water spectral line has
a complex character and is very similar to
the Doppler type. In this case, the spectral
line width changes insignificantly but it is
just its intensity that is subjected to
changes mainly.

The absorption frequencies in the oscilla-
tory molecular spectra lay in infra-red spec-
tral region (frequency from about 50 up to
10000 cm™1). These frequencies are ap-
proximately described by the formula [6]
v =2B(J + 1), where J is the quantum
number of the momentum forof the lower
state (J1); B, rotary constant. The selection
rule consists in that Jy =J; + 1 or AJ = *1.
Knowing a rotary constant it is possible to
calculate frequency of any transition. For
water, such constant B = 4347-102 MHz;
for OH~ group, B = 5658102 MHz. Since
oscillatory spectra of all molecules, as it
was mentioned above, are in infrared re-
gion, influence of spectra of other mole-
cules is possible to affect the spectral line
shape. In this case, however, such influence
is not observed. The oven temperature in
the furnace was raised at a rate from 10 to
200°C/h or in step-by-step manner at steps
of 6 to 8°C with exposure at least 3 min at
each temperature. The temperature was
measured at an accuracy of +2°C. As initial
samples, special purity grade sodium iodide
was used (suitable to single crystal growing)
containing 0.2-0.5 % water as well as
NaJ-2H,0 synthesized on its basis. The crys-
talline dihydrate was obtained by crystal-
lization from its solution acidified with hy-
droiodic acid.
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Fig. 3. Intensity change of water absorption
spectral lines during exhausting at room tem-

perature. Curves are numbered as in Fig. 2.

In Fig. 2, presented is the dependence of
pressure change in the vacuum system
under exhausting the sodium iodide samples
at room temperature. As follows from the
presented dependences, the character of
pressure variation in the system under ex-
haust is the same for exhausting of samples
with low water content (0.2 to 0.5 %), and
with high one (dihydrate samples). The vac-
uum in system is improved up to limiting
value, and then the pressure in system re-
mains unchanged. In the case of dihydrate
samples (Fig. 2, curve 2), the course of
pressure-time dependence has a prolonged
character as compared to sodium iodide
sample with low water content (Fig. 2,
curve 1) that is connected with large water
amount to be exhausted. Spectroscopic in-
tensity measurements of water absorption
spectral lines (Fig. 3) confirm the fact of
water release into gas phase during the ex-
hausting of samples. The intensity curve of
the spectral line reproduces essentially ac-
curately the pressure change in the vacuum
system. The time to attaining the limiting
vacuum value and to the termination of
water release (as measured by the absorp-
tion spectrum line intensity) are the same.
Thus, we can state that during the exhaust-
ing, the decomposition of the dihydrate
crystal in vacuum at room temperature oc-
curs according to the total reaction scheme:
NaJ-2H,0 — Nadg + 2H,0,.

To estimate the sample dehydration effi-
ciency at room temperature, the samples de-
hydrated were exposed to heat treatment
under recording the pressure changes in the
system (Fig. 4) and intensity of water ab-
sorption spectral lines (Fig. 5). As has been
revealed at the subsequent heat treatment,
for NaJ samples of special purity grade which
initially contained 0.2 to 0.5 % of water, two
peaks are observed in the pressure-tempera-
ture curve within the 180 to 280°C range
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Fig. 4. Pressure change in the system under
heat treatment, heating rate 200°C/h: special
purity grade sodium iodide, sample mass 8.5 g
(1); NaJd-2H,0 samples preliminary dehydrated

at room temperature, mass 3.5 g (2); data
from [3] (3).
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Fig. 5. Change of pressure in vacuum system
(1) and lines in water absorption spectrum (2)
at the heat treatment of sodium iodide sam-
ples. Heating rate 50°C/h.

with a maximum at 230°C (peak a) and in
280 to 400°C one with a maximum at 340°C
(peak b). According to the spectroscopic
measurement data (Fig. 5), the observed baric
analysis responses answer to water release
into gas phase. The relative mass change, W,
due to the heat treatment (determined as W
= [(u, — Wp)/ U 1100 %, where u, is the sam-
ple mass before the heat treatment, g; u,,
that after heat treatment, g; makes about
0.01 to 0.03 mass %.

At the heat treatment of NaJ-2H,O sam-
ples preliminary dehydrated at room tem-
perature (Fig. 4, curve 2), no water release
into gas phase is observed. This can evi-
dence that the crystal dihydrate is com-
pletely dehydrated at room temperature
under formation of anhydrous salt. In [3],
one peak in the 127 to 347°C range with a
maximum at 240°C is described (Fig. 4,
curve 3). It has been interpreted as decom-
position of a high-temperature compound of
sodium iodide with water. However, the
small amount of water released at heat
treatment (0.01 to 0.03 mass %) indicates
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more likely the presence of an impurity
phase which structure includes water mole-
cules. Besides, if the peaks mentioned
would be connected with crystal hydrate,
their occurrence would to be expected first
of all at heat treatment of the crystal hy-
drate samples. As experimental data show,
at heat treatment of the crystal hydrate
samples no water (as well as other sub-
stances) are released under heating. There-
fore, it may be assumed that the high-tem-
perature release of water is not connected
to the crystal hydrate decomposition. Thus,
the initial raw material may contain a phase
which decomposition results in release of
water, its decomposition proceeding within
a wide temperature range (180 to 450°C).
Basing on the experimental data pre-
sented, the following conclusions can be
drawn. The observed responses of baric
analysis at sodium iodide dehydration and
NaJ-2H,0 correspond to water release into
the gas phase. The high-temperature release
of water within the 180 to 450°C range dur-

ing heat treatment of sodium iodide is prob-
ably connected to the presence of an impu-
rity phases in sodium iodide.
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Oco6auBOCTi 3HEeBOAHIOBAHHS MOAUAY HATPiIO
(NaJ-2H,0) y Bakyymi

B.B.I'punvoés, B.I''I'epacumos, A.IO0.Borowko,
M.M.Cmupnos, Z1.C.Coppponos, O.B.llluwkin, €. M.Kucino

IIpoBemeHo mocaifsKeHHsA 3HEBOAHIOBAHHSA HOAUAY HATPil0 ¥ BaKyyMi mMeTomaMu OapUUHO-
ro Ta CIIeKTPOMeTpPHYHOro amamisy. Iloxasamo, mo mpomec poskaagasasa Nald-2H,O moxe
mpoTikaTu NIpHW KiMHaATHIN Temieparypi. ¥ XO[i HACTYIHOTO TePMiYHOTO HArpiBy BUSIBJIEHO
BUAiIeHHA Bogu y miamasonax 180-280°C ta 280-450°C.
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