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The temperature and flow rate dependence of the dehydration of SnCl2(O H 2) • H 20 , having a
layered structure, into SnCl2 in a dry inert gas stream is studied. The experimental results obtained
via chlorine N Q R and weight measurements are analysed in the light of the structural transforma
tion of this compound. The mechanism of water depletion from the layered structure is discussed.
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1. Introduction
Crystalline stanous chloride dihydrate (SCD), more
descriptively named dichloroaquatin(II) monohy
drate SnCl2(OH2) • H 20 [1, 2], is not a very stable
compound. The vapour pressure of its crystal water is
appreciable already at room temperature. If the com
pound is stored in a dry atmosphere or under vacuum
it quickly loses water and becomes highly reactive at
its surface.
One of the usual methods to obtain anhydrous
SnCl2 powder from polycrystalline SCD is chemical
reaction with liquid acetic anhydride [3] followed by
purification. Simple drying at elevated temperatures is
not recommended because then the product is likely
to be unpure owing to partial surface oxydation [4].
Here we present a study of the dehydration of SCD
in a stream of a pure inert gas at room temperature
and below. There are several possibilities to observe
this reaction. The simplest is measurement of the
weight loss. Alternative methods are measurement of
the disappearing proton NM R signal or measurement
of the appearing chlorine NQR signals. The latter
method was used here. SnCl2(OH2) • H 20 gives no
N QR signal. SnCl2 samples obtained by the acetic
anhydride method [3] exhibit the same chlorine NQR
lines as samples dried in an inert gas stream, though
the former lines are sharper.
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The monoclinic structure of SnCl2(OH2) • H 20
(symmetry P2 1/c, Z = 4) [2] is shown in Figure la.
Double layers of SnCl2(OH2) groups are separated by
hydrogen bonded layers of crystal water, all the layers
being parallel to the be plane. The structure of an
hydrous SnCl2, consisting of SnCl2 chains, is orthorhombic Pnam (Z = 4), as shown on Fig. lb [5].
One kind of chlorine atoms is shared by two equidis
tant Sn neighbours in a chain. The other kind is coor
dinated to only one nearest neighbour Sn atom.
Table 1 shows some properties of both compounds.

2. Experimental

Commerical laboratory stanous chloride dihydrate
(Fluka) was used. The dehydration was measured at
different temperatures between 282 K and 302 K and
different flow rates of dry gas between 14 l/h and
105//h. The reaction was monitored by weighing of
the water loss of the sample and measuring the in
creasing intensity of the chlorine NQR signal.
The sample compartment for the on-line NQR
measurement at low gas flow rate is shown in Figure 2
and that at high flow rate in Figure 3. The dehydra
tion was temporarily interrupted by short intervals
(~ 4 min), during which the sample vial was removed,
sealed and weighed. Characteristics of the sample are
given in Table 2. The N QR measurements were done
by pulse spin echo technique. To estimate the resulting
amount of SnCl2 the echo intensity was measured at
first. To resolve overlaping lines or to measure the line
shape, FFT was applied on the echo signal. Conse
quently, relaxation and line width measurements were
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Table 1. Properties of SnCl2(O H 2) • H 20 and SnCl2.
SnCl2(O H 2) • H 20

SnCl2

Structure

P2i/c

Pnam

Molecular weight

225.6

189.6

Formula-units/cell

4

4

Unit cell volume [nm]3

0.549

0.318
5.84,

35C1 N Q R lines
(287 K) [MHz]*
temp, coefficients
[kHz/K] *

4.62

-3.89, -5.95
4.60,

37C1 N Q R lines
(287 K) [MHz]*
temp, coefficients
[kHz/K]*

3.63

-3.89, -5.95

* scanned interval 282 K to 302 K.

Table 2. Some characteristic data at the beginning of dehy
dration.
b)

SnCl2(OH)2 • H 20 sample mass
SnCl2(O H 2) ■H 20 sample apparent volume
Bulk crystal specific density
Packing ratio of our sample
Typical grain dimension
Estimated sample surface area

3.3 g
3.3 cm
2.71 g/cm3
0.37
0.4 mm
240 cm2/g

done. Magnetic resonance measurements would have
been preferable to weighing because they run simulta
neously with the dehydration, but in that case the
necessary temperature stabilization of the sample
would have been at least 0.1 K or better because the
signal intensity is quite temperature dependent.
Fig. 1. Crystal structures of a) SnCl2(O H 2) • H zO and b)
SnCl,.

3. Results and Discussion

If each water molecule of SCD has the same perma
nent probability to evaporate, their number N de
creases with time t according to the equation:
dN

N

dr

tn

(l)

where t0 is the time constant. In our measurements the
weight loss of the sample and/or the chlorine NQR
signal intensity has been measured. Both these quanti
ties are denoted by Q in the ratio Q/Q0, where Q0 is the
maximum weight loss or maximum N QR signal. EviN
dently Q/Q0 equals 1—— , where N0 is the initial
No

number of water molecules in the SCD sample. t0 can

be obtained if the diagram log ( 1 —~ ) vs. time is
linear. The plots are shown on Figure 4. They were
recorded at three different flow rates, each set of points
representing the time dependence at another tempera
ture. The plots are not linear. In all cases the absolute
slope increases with time. To facilitate the comparison
of the plots, the fact is exploited that within reason
able limits the evaporation rate is proportional to the
gas flow rate. Therefore, a proportional quantity has
been chosen for the time scale units, namely the vol
ume of dry gas (N2) which flew at a constant rate
during each experiment. The volume scale and time
scale is indicated at the abscissa of the diagrams. The
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SnCl2(OH 2) • H 20 has a layered structure (see Fig
ure 1a). The mobility of water molecules along the
water layers is certainly greater than that normal to
the layers. Therefore, evaporation of H20 molecules is
from crystal faces parallel to the be plane not very
probable. SnCl2 molecules left behind on the surface
must recombine into the structure of the anhydrous
salt. On the solid SCD surface, probably only very
small domains of single crystalline SnCl2 can be
formed, which can qualitatively explain the broad line
widths observed for our samples. The newly formed
microcrystals of anhydrous salt on the SCD surface
are expected to be a negligible obstacle for the next
water molecules leaving the SCD surface.
Let us consider a single water layer. The whole
crystal behaves as an assembly of similar water layers.
The surface from which water molecules can evapo
rate is proportional to the layer’s circumference,
which is proportional to the square root of the num
ber of molecules N in the layer. That is more correct
than the proportionality to N suggested in (1). The
evaporation is then described by

c)
dr

= - k............
- N 1/2

(2)

having the solution
N

$ . t/m 3

t / d ays
Fig. 4. Semi-log diagrams describing the time (or passed gas
volume (f)t) dependence of quantities proportional to SnCl2
formed.
a) Chlorine N Q R signal time dependence at low N 2 flow
rate 14//h at temperatures 287 K (o) and 302 K (o).
b) Time dependence of the mass defect in the sample being
dehydrated at medium N 2 flow rate 25 l/h at temperatures
293 K (o), 296 K (o) and 299 K (•).
c) Time dependence of the mass defect in the sample being
dehydrated at higher iV2 flow rate 105 //h at temperatures
282 K («), 287 K (>), 290 K (♦) and 298 K (o).
Solid lines represent the time dependence according to (3)
(cases a and b) and (5) (case c).

expectation that similar volumes of dry gas are needed
for expelling certain percentages of crystal water, no
matter what the flow rates are (within our measured
interval 14//h to 105//h), is confirmed in the diagrams
on Figure 4.

I

t

(3)

The evaporation proceeds with quadratic decrease of
the number of water molecules and it completes in the
time t0. Notice that t0 is defined here in a different way
than in case of (1).
The diagrams from Fig. 4 were redrawn in the loglog frame (Fig. 5), where (3) is linearized. The points
on the diagrams of Figs. 5 a and bj approximately
follow the straight line according to (3). Scattering of
the experimental points in case a is greater, probably
due to unstable conditions during the measurement
lasting more than 30 hours, and due to the lack of
constant sensitivity of N QR measurements. One of
the measurements in case b 2 follows the straight line
only until the measurement was interrupted for
16 hours, during which the sample was hermetically
sealed and kept at room temperature. During this
time a redistribution of water molecules seems to have
taken place, and after the interruption the dehydra
tion proceeded faster. The consistency of the experi
mentally determined temperature dependence of the
parameter t0 is acceptable (see Table 3).

a)
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Table 3. The product $ t o (0 - gas flux, f0 -time constant
from (3)) vs. temperature.
T[K]
<pt0 [m3]

302
299
298
295
292
290
287
282
0.147 0.130 0.208 0.245 0.425 0.416 0.448 1.250

£

lo g ( l- Q /Q o )

Z

Our attention was attracted by the points on the
diagrams of Fig. 5c which also lie on straight lines, but
the lower is the temperature the more the correspond
ing slope deviates from the value 2.
After studying the numerical models of evaporation
from two dimensional arrays of particles (to be pub
lished) we think of explaining the above mentioned
phenomenon by the fractal nature of the boundary of
shrinking water layers in an SCD sample being dehy
drated.
If we return to (2), assuming that the water layer of
N molecules with the global circumference c oc N 112
posesses a structured boundary (called self-affine sur
face) with the fractal dimension D [6], then the number
of water molecules at the boundary is proportional to
cD oc NDI2, where the fractal dimension of the layer’s
border is 1< D < 2. So, (2) becomes
—

dt

= - a - N D12

(4)

lo g ( l- Q /Q o )

and its solution
2/(2-D)

N
Nn

\1

t.

(5)

1 o g C 1 —Q / Q o

)

-2-

The slopes of the plots on Fig. 5c give us D = 1.16 to
1.55 for the corresponding temperatures 298 K to
282 K. That means that D increases with falling tem
perature. On the other hand, corresponding to lower
flow and evaporation rates the value D = 1 is obtained
(Figs. 5a,b). It seems that thermally activated jumps
tend to decrease D while accelerated evaporation
tends to increase it. In case c the jumps might fail to
compete with the evaporation and water layers’
boundaries remain rough. With decreasing tempera
ture the jumps of course become still less frequent and
the water layer boundaries are more structured, which
increases D.

Fig. 5. Log-log diagrams to test the appropriateness of (3) to
describe the evaporation: a) case a on Fig. 4, b x) and b2)
case b on Fig. 4, c) case c on Figure 4. Solid lines represent
best fits to (3) and (5), respectively.
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