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Cesium halides were examined in water absorption/desorption processes. A methodol-
ogy was proposed to obtain hydration parameters of the substances examined. It was
established that amount of water in near hydration shell as well as water desorption
enthalpy increase in order CsCl-CsBr—Csl. Magnitudes of near hydration shell were established
by means of thermogravimetry as 41, 86 and 99 water molecules, correspondingly.

Tlonyuen psajg mapaMeTpoB THUAPATAIMU TAJOTEHHUJOB I[€3Ws C MOMOIILI0 paspaboTaHHOMN
MEeTOAVKU M3YUEeHUs IIPOIECCOB afcopOuuu W AecopOIMU BOALI. YCTAHOBJEHO, UTO B PIALY
CsCIl-CsBr-Csl pasmep o6aacreii OamskHell ruapaTaluy, a TaKske DSHTAJNLIUA IecopOIuu
BOJABI YBEJUYUBAIOTCS. ¥ CTAHOBJEHHBLII  METOIOM TepMOIPABUMETPUM pasMmep objacTu
OmuKHEH TUapaTalliy HCCJIeAYeMBIX COJiell coCTaBisfeT B yKasanuoMm panxy 41, 86 u 99
MOJIEKYJT BOABI, COOTBETCTBEHHO.

Orpumanna mapameTpiB rigparaunii ragorenigis mesiro y mpomecax amcop6mii Ta nge-
cop6uii Bogu. O.B.Bauienko.

OrpuMano HMBKY IapamerpiB rigparamii ramoremingis mesiio sa nomomMorown pospodaeHoi
METOAUKM BHUBYEHHSA IIpolleciB amcopbiiii Ta mecopbmii Bomgu. Beramosieno, mio y HMIIL
CsCIl-CsBr-Csl poswmip o6aacrein 6amkHbOI rigparamii, a Taxos eHragbnia mecopbiii
s3binmpmyoTeca. Beranosienuin meromoMm TepmorpasBimerpil posmip obaacri 6amiKHBOI rigpa-
Taii cosell, mo mocaimxysBanaucsa y BKasaHiil mmsui cxkaagae 41, 86 rta 99 moiuekya Boaw,
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BimmoBimHoO.

1. Introduction

Cesium halides are widely used as scintil-
lation materials and optical glass constitu-
ents. Their hydration properties can be a
substantial limiting factor in their practical
application [1, 2]. Possible changes in their
hydration properties [3] should be ac-
counted for in development of new scintilla-
tion materials by doping basic substances.

Hydration properties of materials, e.g.
hygroscopicity, have sufficient influence on
their practical utilization. They are directly
connected with such intrinsic properties of
materials as energy of crystal lattice, elec-
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tric conduction, viscosity, etc. [4—6]. The
great importance of materials hydration in
technological aspect results to wide scope of
their investigation, from food and medical
production to some compounds of modern
scientific equipment [7-10].

In the present work, a technique is pro-
posed allowing obtaining some hydration pa-
rameters of water-soluble non-volatile com-
pounds. The technique is based on studying
of the processes of isothermal water absorp-
tion in the atmosphere of saturated water
vapor, as well as of water desorption during
temperature-control heating by the method

Functional materials, 21, 4, 2014



O.V.Vashchenko / Obtaining of hydration parameters of ...

of thermogravimetry analysis (TGA). TGA
method was chosen as one of the most used
direct methods to hydration study [11]. The
indubitable advantage of TGA method is re-
liable determination of the amount of ab-
sorbed/desorbed water. Some energy pa-
rameters can also be determined by means
of certain calculations [12, 13].

2. Materials and Methods

High purity cesium salts produced by
"Tekhnoiod” (Russia) and bidistilled water
were used in the work. In Fig. 1 the scheme
is presented of experimental equipment for
preparing hydrated salt samples. A small
amount of salt (4 to 6 mg) was placed into
160 ul aluminum oxide cruecible (2) with a
center-perforated lid (supplied "Mettler”
TGA equipment). The crucible was placed
into a vessel with saturated water vapor (1)
onto a perforated support (4) immediately
above water level at the vessel botom.
Water/salt solution (3) was formed into the
crucible during absorption processes. The
solution concentration ¢ became persistently
reduced during experiment due to continu-
ous water absorption.

Mechanism of such solution formation
can be explained by Raul’s low. According
to it, relative reduction of saturated vapor
pressure above a solution (Ap) is propor-
tional to molar fraction ¢ of a solute:

Ap=p°-c, 1)

here p° is saturated vapor pressure of a
solvent.

Relative pressure reduction above the so-
lution (into the crucible) proved to be com-
pensated by water vapor coming from the
whole vessel, as far as the crucible with the
solution is an open system and water sur-
face into the vessel sufficiently exceeds the
solution one. Therefore, there is permanent
excess of water vapor pressure above the
solution, which leads to permanent water
concentration into the crucible and ¢ reduc-
tion.

Such a mode of preparation of hydrated
samples provides including all water mole-
cules proximately into water shells of the
solute. Using the same crucibles both for
absorption and for desorption experiments
excludes any mixing in absorption/desorp-
tion cycles, which could corrupt water
structure of the sample.

Desorption experiments were performed
by TGA module TG 50 of thermoanalytical
system "Mettler TA 3000" (Switzerland);
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Fig. 1. Scheme of experimental equipment for

absorption experiment: I — tightly closed
vessel with saturated vapor (hygrostat); 2 —
crucible with perforated lid; 3 — salt/water

solution with concentration ¢; 4 — perforated
support.

heating performed in temperature range of
50 to 100°C at 0.5 K/min. Dry sample mass
was defined after the end of desorption ex-
periment and additional thermostating
under 110°C during 10 min. The depend-
ences were obtained as "the sample mass vs.
temperature” (TG) and "rate of mass loss
vs. temperature” (DTG). The experimental
data processing was carrying out by means
of QtiPlot software.

In order to obtain more precise and re-
producible data, ordinary salt/water solu-
tion were prepared, with salt/water ratio 1
to 80, and examined by TGA method. Then,
the crucibles with dry salt were placed into
the hygrostat (see Fig. 1) to get hydrated
samples. These samples were then repeat-
edly examined by TGA. Bidistilled water
was used as a referring sample.

In the simplest case, desorption processes
of water or gas [14] can be described by
Boltsman’s equiation:

Nges = A - €71 (2)

Here n,,, is a number of water molecules
desorbed, A is an desorption constant, AH is
desorption enthalpy, R is the universal gas
constant, and T is absolute temperature.

After taking the logarithm of Eq. (2),
one can obtain:
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Fig. 2. Water absorption by CsBr and Csl
under termostating in saturated water vapor
atmosphere.

Afldes (3)
RT °

In(ng,,) = 1nA -

So, AH;,, value can be obtained as incli-
nation of line plotted in coordinates In(n,,,)
vs. (1/T). (Here it should be noted that
though desorption enthalpy of pure water
varies with temperature, this variation is
ab. 5 % within the experimental tempera-
ture range.) A segment which is cut off at
ordinate axis (InA) has sense of some struc-
tural parameter. It can be referred to as a
relative value reflecting changes of water
structure in a salt solution relative to pure
water:

N=InA,/InA , “)

here InA; and InA, are parameters obtained
for the solution and pure water.

A similar equation obtained by another
way was successfully applied in [8] to deter-
mine dissociation (sublimation) heat.

Experimental error calculated as arith-
metic mean value of correspond parameters
obtained in 3 to 6 measurements.

3. Results and Discussions

Water absorption processes can be con-
veniently presented as "amount of absorbed
water molecule per a cation/anion pair vs.
time" (Fig. 2). As one can see, the absorp-
tion processes do not trend to saturation
even in 1400 h of thermostating, so they
could be prolonged. In the experiments, the
samples hydration came up to 400
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Fig. 8. TG (1, 2) and DTG (1, 2") depend-
ences for hydrated Csl: I — solution; 2 —
absorbed water.

H,0/CsHal and more, with resulting solute
concentration ¢ =83 % w/w.

The influence of preparation mode is ex-
hibited in Fig. 8, where TG curves are given
both for the freshly prepared solution and
for the hydrated sample obtained by water
absorption. Generally, both TG curves seem
very similar, in spite of great difference in
initial water content. Though, certain dif-
ferences are in the range of low water con-
tent (corresponding to temperature range 80
to 90°C). So, "absorbed water” curve ap-
pears to be much smoother than "solution
water” curve, probably due to water struc-
ture disturbances during the solution prepa-
ration.

The data obtained can be interpreted tak-
ing into account commonly accepted water
structure of hydrated ion [15] which can be
schematically presented by following for-
mula:

Mg)ater: ‘}MZ | (H20),, | (Hzo)nﬁ | (Hgo)k, (5)
where MZ is a solute ion/molecule with
charge Z, n is amount of the strongest
bound water molecules; m is water amount
in near hydrated shell, k is water amount in

far hydrated shell, and | marks thresholds
of the shells. (It is worth to note that data
of various methods are in good agreement
only in n determination, and thresholds na-
ture remains almost unknown).

Returning to Fig. 8, distinctive jump of
curve 2’ in at 90° (corresponding to 2 H,O
molecule per cation/anion pair) can be re-
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Table. Hydration parameters of cesium halides obtained in TGA experiments

Salt n Near hydration shell Far hydration shell
m AAH ., kJ/mol N k AAH ., kJ/mol N
CsCl | 2.1+0.4 41+1 —-6.510.5 0.78£0.02 >80 -15.240.2 0.60£0.02
CsBr | 2.2++0.5 86+1 -1.4++0.4 0.9840.01 >70 -10.3£0.5 0.81+0.03
Csl 1.940.4 10041 2.440.4 1.13+£0.08 >85 -14.8%+0.6 0.6410.04
-6 inclinations remain constant. Deviations
I from linearity near the jumps could result
r T R from structure rearrangement in the neigh-
i i H borhood of the thresholds regions. Increas-
=& g cscl 5 ing of the size of near hydration shell in
8 | ; = oy order CsCl-CsBr—Csl is in agreement with
= 'gj decreasing of their solubility in water [16],
i : though direct comparative data were not
-10 i i found in literature.
o L : Parameter n refers to not hydration
B j number in classical sense [17], but rather to
el § i a number of water molecules which remain
| ) a) between the cation and the anion before
13 | , , , , , | . final sample drying. This value was deter-
0.0027  0.0028 0.0029 0.0030  0.0031 mined for CsBr and CsCl as 2 Hy,O molecule
11T, K per cation/anion pair, as much as for CsCI.
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Fig. 4. Amount of desorbed water n,,, as a
function of reciprocal temperature (a) and of
water/salt ratio (b). Thresholds between water
shells are marked according to formula (5).

ferred to the threshold II-II (see (5)). The
next jump of the curve (corresponding to 99
H,O molecule per cation/anion pair) prob-
ably refers to threshold IIT-III.

Desorption processes registered by TGA
are shown in Fig. 4, where original TGA
data are plotted according to Eq. (3).
Threshold III-III jump can be determined
for CsCl as 41, and for CsBr as 86 water
molecules. The water bulk between II-II and
ITI-TIT thresholds (near hydration shell)
seems to be homogenous, because the lines
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This coincidence seems believable because of
linear correlation between the amount of
strongly bonded water and the energy of
crystal lattice of alkali halides [1]. Taking
into account these values (AHygg (kJ/mol) is
669.0 (CsCl); 646.8 (CsBr) and 613.4 (Csl)
[18])), one can obtain that n values for
these salts vary within limits of 10 %. This
value proved to be less then the experimen-
tal error value (see Table).

All the hydration parameters obtained
according to (8)—(5) are collected in Table.
Water desorption enthalpy (AH ;,,) for bidis-
tilled water was obtained as AHY,,, =
49.0£0.4 kJ/mol, which is much more than
reference one (40.6 kJ/mol). Such disagree-
ment is probably caused by wetting effects
which become significant due to small cruci-
ble diameter (6 mm) and, hence, may be
considered as systematical error. So, it
seems reasonable to use relative enthalpy
changes, AAH ., i.e. the difference between
these values defined for pure water and for
proper salt solution.

As one can see from Table, not only the
size of near hydration shell, but AH;,, and
N increase in order CsCI-CsBr-Csl. It is
interesting that AH,,, appears lower than
AHY,;,. in CsCl and CsBr solutions, whereas
in Csl solutions, this values appear slightly
more than AHY,,. Exactly the same ten-
dency was occurred in [19] for the values of

485



O.V.Vashchenko / Obtaining of hydration parameters of ...

water entropy in the neighborhoods of the
anions. Taking into account that Gibbs free
energy of the salts solvent decreases in the
same order [20], one can suggest more sig-
nificant growth of the entropy constituent
than of the enthalpy one.

Similar clear correlations were not estab-
lished in far hydration shell. This fact
points to the necessity of optimization of
the experimental technique. But according
to Table, N in far hydration shell proved to
be less than one in near hydration shell,
which seems believable.

4. Conclusions

The technique proposed allows one to ob-
tain some hydration parameters of cesium
halides and ascertain their distinctions.
Among advantages of the technique there
are technical simplicity, accessibility, abil-
ity to obtain highly hydrated samples, and
small amount of tested material required.
Among its disadvantages there is rather
large experimental time required. The tech-
nique can be applied to water soluble and
non-volatile compounds, so it could be useful
for detailed quantitative study of hygroscopic
properties of certain scintillatiors.
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