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Crystal Structure and Phase Transition

of Cesium Trichlorostannate (II)

FINN REIBKE POULSEN and SVEND ERIK RASMUSSEN

Department of Inorganic Chemistry, University of Aarhus, DK-8000 Aarhus C, Denmark

Cesium trichlorostannate(II), CsSnCl; crystallizes at room tem-
perature as monoclinic crystals of space group No. 14, P2,/n with
a=16.10 A, b="7.425 A, c=5.748 A, p=93°.2. There are four CsSnCl,
units per unit cell. Pyramidal trichlorostannate(IT) groups are packed
with cesium atoms into a layer structure with atoms near planes of
2= +4%. The crystals are frequently twinned with (100) as twin
plane. An irreversible phase transition occurs near 117°C. Two cubic
phases seem to be present in the high temperature form. The struc-
ture of the low temperature form was determined from a twinned
crystal usin% automatically collected counter data. Refinement was
carried out by a full-matrix least-squares method to an R-value of
11 9%,. The structures of the high temperature forms were not deter-
mined for lack of single crystal material.

According to the one electron approximation a number of elements may
exist in a valence state where their outer electrons have 4s2 or 5s2 configura-
tions. Divalent germanium and divalent tin compounds fall within this
classification. The structures of cesium-trichlorogermanate(II)! and of
pilocarpinium-trichlorogermanate(II) 2 have been studied in this laboratory
and the crystal structure of CsSnCl, was investigated for comparing Ge(1I)-
and Sn(II)-compounds. CsGeCly and CsSnCl, are not isostructural and neither
of them is isostructural with CsPbCl, 3 Differential thermal analysis in conjunc-
tion with microscopic investigations and with X-ray investigations at various
temperatures showed that CsSnCl; exhibits a phase transformation near
117°C. The transformatjon is irreversible in contradistinction to the phase
transformations observed with the analogous germanium(II) and lead(II)
compounds. It is even questionable if the high temperature form of CsSnCl,
can be described as a single compound.

EXPERIMENTAL

Chemistry. A hot solution of 300 mg CsCl dissolved in 1 ml glycerol was mixed with
another hot solution containing 400 mg SnCl,,2H,0 in 1 ml glycerol. Needle-shaped
colourless crystals were obtained at slow cooling of the mixture.
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Analysis. Found: Cl 28.4; Sn 34.2. Calc. for CsSnCly; Cl 29.7; Sn 33.2.

X-Ray technique. Unit cell and space group were established from Weissenberg,
precession, and retigraph films using Co- and Cu-radiations. A Guinier powder diagram
did not show lines from Cs,SnCl;. The powder diagram was indexed on the basis of the
cell constants obtained from single crystal measurements. A crystal of dimensions
0.5 1.0x 5 mm® was mounted along the needle direction which was the c-axis and
intensities were measured with a linear diffractometer of the Arndt and Phillips ¢ design.
Mo-radiation was employed. Balanced filters SrO, ZrO; in conjunction with a pulse-height
analyser and a scintillation counter insured simulation of & monochromatic MoKa«-beam.
The intensities measured were symmetry related in pairs.

The dlffra.ctometer data were reduced to relative structure factors using an ALGOL
program ® which evaluated intensities, calculated averages over symmetry related re-
flexions, Lp-corrections, and standard deviations. 2000 independent reflexions were
measured. 1700 of these had an intensity greater than twice their standard deviations
estimated as the square root of the total number of counts in an intensity measurement.

Powder photographs were obtained using a Guinier-de Wolff camera. A sample
holder, which could be heated electrically to 200°C was employed for making exposures
at various temperatures. A precession camera was used for taking photographs at 120°C
by blowing a stream of warm air over the crystal. Precession photographs at that tem-
pera,tur% have the appearance of powder photographs although orientation effects are
discernible.

CRYSTAL DATA

Crystal system: monoclinic, a=16.10 A, b=7.425 A, c=5.748 A, f=93°.2,
space group P2,/n (No. 14). Density measured (pycnometer): 3.45 g/cm3,
calc. 3.46 g/em3. Four CsSnCl; units per unit cell.

The coordinates and their estimated standard deviations are given in
Table 1. Thermal parameters are given in Table 2 and interatomic distances
in Table 3. Table 4 gives observed and calculated structure factors. The
atomic scattering factors used were taken from International Tables, Vol. I1I.

Table 1. Atomic coordinates as fractions of cell edges with their standard deviations.

Atom x a(x) Y a(y) z a(z)
Cs 0.1534 (1) 0.5002 ( 3) 0.7504 ( 3)
Sn 0.3917 (1) 0.4713 (3) 0.2610 ( 3)
Cl(1) 0.2532 (4) 0.3134 (9) 0.2705 (11)
Cl1(2) 0.4565 (5) 0.1660 (11) 0.2673 (13)
Cl1(3) 0.3784 (6) 0.4763 (12) 0.8165 (12)

Table 2. Anisotropic temperature factor parameters Uj; in A2 10® with standard devia-
tions.

Atom U,; o(Uyy) Uy 0(Ug) Uy 0(Uss) Use 0(Uss) Uy 0(Us) Usy 0(Uss)

Cs 38 (1) 35 (1) 46 (1) 2 (1) 0 —11 (2
Sn 35 (1) 23 (1) 2 (1) — 4 (1) (0) 2 (1)
Cl) 35 (3) 24 (3) 38 (3 — 4 (3) (1) 4 (8)
Cl2) 34 (4 42 (4) 56 (4) 15  (3) (2) 3 (8)
CI(3) 60 (B) 44 (4) 35 (3 — 4 (4 2) 26 (7

OSNNOD
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Table 3. Interatomic distances, [, in A and angles, v, in degrees with standard deviations.
Atoms l o(l)

Sn—Cl1(2) (1)
Sn—CI(1)
Sn—Cl(3),
Sn—Cl(3)
Sn—Cl(1),
Sn—CI(3),
Cs—C1(2),
Cs—Cl(1)
Cs—Cl1(2),
Cs—Cl(3);
Cs—Cl(1),
Cs—Cl1(2),
Cs—Cl1(3)
Cs—CI(1);
Cs—CI(3),
Cs—Cl(1),
Cs—Sn;
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v a(v)

Cl(1)—8n—Cl(2) 86.9 (2)
Cl(2)—8n—CI(3), 92.3 (3)
Cl(1)—8n—C1(3), 90.2 (3)

Symmetry relations

Atom @
Atom, z
Atom, 0.5—a
Atom, 1.0—x
Atom, z—0.5
Atom, 05—z
Atom, x
Atom, 0.6—ax

<
133

S@ oomow

STRUCTURE DETERMINATION

Many of the crystals prepared exhibited twinning and the one used for
data collection was no exception. The twin plane is (100). Thus the reciprocal
a*-axes coincide for the two crystals and the b*-axes are antiparallel. The
reflexions on reciprocal lattice planes A0l, k1l --- etc. show in general separate
reflexions from both twins except that reflexions A,k,3n from one twin coincide

with reflexions %+n,k,3n from the second twin. For these reflexions the
observed intensities are the sum of the intensities from both crystals. Well
separated reflexions were measured for both twins using film data as well as
diffractometer data and it was estimated that the ratio of the volumes of the
two crystals was Q="Vy/V;=0.403. The observed intensity of a reflexion
of type A,k,3n can be expressed as
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Table 4. Observed and calculated structure factors.
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In(hk,l) = Q-Iy(h,k,])
L1(hk,3n) = [1(hk,3n)obs— QL ovs(h +-1,k,3n)]/ (1 —@?)

Thus for reflexions with {=0 the intensities are multiplied with 1/(Q +1).

Later an untwinned crystal was found and selected reflexions were measured
for obtaining a check on the corrections applied. The corrections were carried
out using a computer program written by F. R. Poulsen. Because of the
twinning no absorption correction was employed.

An approximate absolute scale and an average temperature factor was
found from a Wilson plot. The program applied was D50 written by Danielsen.®

The systematic extinctions found were A0l for A+l=2n+4-1 and 0kO for
k=2n4-1. Consequently the monoclinic space group P2,/n (No. 14) was
assumed. ) :

The three dimensional Patterson function was used for the structure deter-
mination. The peaks Cs—Cs, Cs—Sn, and Sn—Sn were assumed to be undis-
tinguishable. We were therefore expecting peaks from 8 heavy atoms per unit
cell which would cause 28 vectors. The symmetry of the Patterson function
reduces the number of independent vectors in an asymmetric unit to ten.
" The atomic positions of the heavier atoms were found using the ‘“Minimum-
function” principle. The positions found were refined using the atomic scatter-
ing factor of tin for both positions with the program D45 of Danielsen.’

An R-value of 30 9%, was obtained. A Fourier synthesis was calculated
using the signs determined by the two heavy atoms. Three new atoms, presum-
ably chlorine atoms, appeared in the Fourier map. They all had a distance of
2.5 A from one of the heavy atoms, the four atoms forming a pyramid. This
heavy atom was considered a tin atom and the other heavy atom was con-
sequently assumed to be cesium. The structure was refined by successive use
of Fourier and difference Fourier-methods and least-squares methods. A
final difference-Fourier map showed no significant details.

The following programs were used: Fourier calculations were performed
on a GIER computer using a program written by Lauesen,® block-diagonal
least-squares and weight analysis were computed with Grenbaek-Hazell’s
program G3° also on GIER and full-matrix and other auxiliary computa-
tions were carried out on a 7090 computer at NEUCC using the program-
system X-Ray-63 by Stewart.10

The weights (w) used in the least-squares refinements were 1/(uF)? where
uF =V'st +(1+a)F 2—|F,| where st=c(F2)+0.002|F [>/é. o(F2) is from the
counting statistics and & is the distance from the reciprocal lattice point to
the rotation axis. If £<C0.05 st is increased with [F [>(0.05—&)/0.05 in order
to downweight reflexions for which the Lorentz correction is subject to a large
uncertainty. The parameter @ was adjusted to make the average value of
w(|F,|—|F.|)? largely independent of the size of F,. Convergence in the least-
squares computations were obtained at an R-value of 10.9 9, using 1139
reflexions.
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DISCUSSION

The chemistry of bivalent tin has recently been reviewed by Donaldson 1t

If we accept the description that a gaseous Sn2' ion has a 5s% electron
configuration we may expect a number of possible types of compounds:

1) “Ionic” compounds with structures dominated by geometrical and
electrostatic packing considerations.

2) “Covalent” compounds using sp® hybrid orbitals on the tin atom.
Pyramidal structures should be expected.

3) “Crystal-field” stabilizations of varying degrees leading to various
distortions of an octahedral structure.

The choice of description varies from compound to compound. If there
is only a small energy difference between a structure based upon description
1) and another based upon 2), one could assume that both a low temperature
form with a high degree of ordering (‘“‘directional valencies”’) and a high
temperature form with a more “random” structure are possible. This descrip-
tion applies to CsGeCl,,! to CsSnCly, and to Cs;Sb,Cly.12 Phase transitions have
also been observed in InCl, 3 GeTe,4 and SnSe.15
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Fig. 1. The structure of CsSnCl; projected  Fig. 2. The structure of CsSnCl, projected
along the c-axis. The chlorine atoms are along the b-axis. Labelling as in Fig. 1.
labelled as 1, 2, and 3.

The low temperature form of CsSnCl; is depicted in Figs. 1 and 2. The
structure may be described as built from Cs* ions and pyramidal SnCl,~ ions.
The three distances Sn—Cl (Table 3) are apparently not identical. It appears
that the distance Sn—Cl(3)=2.55, A is longer than the other two. Similar
distortions from a regular pyramid was found in KSnCly,H,0.1® The Sn—Cl
distances in the SnCl,™ ion are significantly shorter than those in SnCl, (2.67 A).
In CsSnCl, the tin atom has a fourth chlorine neighbour at 3.21 A, a fifth
at 3.45 A and a sixth at 3.77 A. The geometrical configuration around tin
bears, however, no resemblance to that of a distorted octahedron. The sur-
roundings of the cesium atom cannot be described as that of simple polyhedron.
There are seven nearest chlorine neighbours with Cs—Cl distances between
3.41 and 3.63 A. Three other chlorine atoms are found at 3.85 A, 3.94 A, and
4.14 A from the cesium atom. The projection along the b-axis (Fig. 1) shows
clearly that the structure is a layer structure. Most of the atoms are found
near the planes z=-1. In one SnCl;~ ion the chlorine atom labelled No. 3
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belongs to one layer whereas the rest of the group is located in a neighbouring
layer. Thus chlorine atom No. 3 seems to be of special importance for the
bonding between the layers. This chlorine atom is also the one which is 3.20 A
away from a tin atom in a neighbouring layer. This supports the conclusion
that the Sn—Cl(3) bond length is longer than the other two Sn—Cl distances.

When a crystal is heated above 120°C it is transformed completely and a
precession photograph taken at that temperature has the appearance of a
powder photograph with some orientation effects. Guinier diagrams at 154°C
and at 185°C exhibit two sets of lines. One set of eight lines can be indexed
on the basis of a cubic unit cell with a cell constant of 3.92 A, another set of
six rather, broad lines could be indexed as belonging to a cubic unit cell of
cell constant 3.67 A. Four other lines could not be assigned to any of the two
sets. It seems therefore likely that the observed phase transition gives rise to
‘more than one new compound. The phase transition is not reversible. The
DTA diagram shows no sign of heat evolution when a sample is cooled im-
mediately after having passed through the transition and powder photographs
taken shortly after a transition are similar to photographs taken above the
transition temperature. Powder photographs of a heated sample do, however,
show that the low temperature phase is reestablished when the sample has
been kept at room temperature for some weeks. From our X-ray data we
conclude that one or more phases of CsSnCl; exist above ca. 120°C with a
symmetry which is higher than that of the low temperature phase. We have
not, however, information enough to suggest a structure for the high tempera-
ture form.
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