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Due to the existence of “forbidden” reflections it
has recently been shown !'? that the crystal struc-

tures of some tetramethylammonium hexahalome- -

tallate(IV) salts, ((CH;),N),MX,, where MX; is
PtClg or TeBrg, are better described in the cubic
space group Fd3c (0%) rather than in the Fm3m
(O3) space group. The crystal structure of ((CHg)4-
N),SnCl, has been solved in space group Fm3m.” ~ %
The authors® suggested that the high thermal
parameters for C and Cl could be due to “some
disorder in the crystal, particularly in the position
of the E(CH:,)4N]+ ions”. In view of our previous
results,”*? together with the observed birefringence,®
forbidden X-ray reflections ascribed as due to crystal
imperfections* and spectroscopic indications of a
non-Fm3m symmetry,”'® a redetermination of the
crystal structure of ((CH,),N),SnClg has 'been
carried out at 160 K and at 295 K.

Experimental. Weissenberg photographs proved
the existence of Fm3m-forbidden reflections, and the
space group was found to be consistent with Fd3c
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Table 1. Crystal data of ((CH;),N),SnCl¢ at 295 K
and 160 K. M =479.70. Cubic, Fd3c (0%, No. 228).
Z=32. D,=1.508 (290 K),° 1.507,* 1.468° g/cm>.

Temperature (K) 295 160
a(A) 25.699(3)  25.550(10)
NA3) 16972.6 16679.1
No. of observed

reflections, 194 280
I>20(I)

D, (g/cm?) 1.502 1.528
u(MoKo) (cm™) 19.4 19.8
R=Z|F,|—|F.|/Z|F| 0044 0.041
Rw = (ZW('F o| -

|F)*/Zw|Fy|2)? 0.052 0.057

(No. 228). The method of data collection and the re-
finement technique were similar to those of Ref. 2.
However, no correction for absorption was applied,
and only unique sets of intensities were measured.
Crystal data and some experimental details are given
in Table 1, atomic coordinates and thermal param-
eters are listed in Table 2. A list of observed and
calculated structure factors may be obtained from
the authors on request.

Results and discussion. Bond lengths and bond
angles are given in Table 3, and are close to com-
monly accepted values. The difference between the
C1—N1 and C2-N2 distances is insignificant.
The deformations of the present compound from
Fm3m symmetry resemble those observed for
[(CH3),N],TeBr;.2 The angles between the Sn—Cl
bonds and the cubic translation axes are 8.5 (295 K)
and 9.2° (160 K). The rotations of the SnCI2~ ions

Table 2. Positional and thermal parameters (U;; in units of 10™* A?) with standard deviations in
parentheses. The temperature factor expression is of the form exp[—ZnZZhihjai*aj*Uij] or
exp[ —8n%(sin 6/4)2U7. The first and second line refer to results at 295 and 160 K, respectively.

Atom Site x/a y/b z/c UorU,; U,, Uss Uy, U;s Uy
symmetry
Sn 3 0.0 0.0 0.0 495(7) 495 495 115) 1 1
0.0 0.0 0.0 330(5) 330 330 85 8 8
Cl 1 0.0933(1) 0.0100(3) —0.0098(3) 522(17) 759(51) 792(55) —61(18) 18(18) 77(16)
0.0937(1) 0.0106(1) —0.0108(1) 340(12) 546(20) 601(21) —32(10) 21(10) 90(9)
Ni 23 0.125 0.125 0.125 944(312)
_ 0.125 0.125 0.125 576(120)
N2 4 0.375 0.125 0.125 467(51)
0.375 0.125 0.125 303(30)
Cl1 3 0.159(1) 0.159 0.159 1158(168)
0.159(1) 0.159 0.159 1351(135)
C2 1 0.110(1) 0.171(1)  0407(1)  725(44)
0.1090(4) 0.1713(4) 04079(4) 455(26)
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Table 3. Interatomic distances (A) and angles (°) of the (CH,),N),SnCl structure.

295 K 160 K
Sn—Cl 2.424(3) 2.425(3)
Sn—Cl >5.1 >5.1
Sn—C2 475(2) 4.75(1)
Cl-Cl 3.415(8), 3.442(8) 3.405(4), 3.453(4)
Cl-C2 3.70(2), 3.90(2), 3.91(2) 3.68(1), 3.82(1), 3.88(1)
4.00(2), 4.06(2), 4.19(2) 3.94(1), 4.04(1), 4.16(1)
CI-N1 4.625(7) 4.605(3)
CI-N2 4.262(7), 4.635(7), 4970(7) 4.207(3), 4.601(3), 4.968(3)
C1-NI1 1.532) 1.51(2)
C2-N2 1.49(2) 1.51(1)
C1-Ci1 2.49(3) 2.46(3)
Cl1-C2 4.77(1) 4.71(1)
c2-C2 2.40(2), 2.50(2), 4.09(2) 2.44(1), 2.50(1), 4.07(2)
Cl-Sn—Cl 89.5(2), 90.5(2) 89.2(1), 90.8(1)
C1-N1-Cl 109.5(7) 109.5(6)
C2-N2-C2 107.2(9), 114.2(8) 108.1(5), 112.2(5)

Table 4. R-values between different sets of symmetry
related reflections (cubic symmetrg'). R=Zw;(F ,2, -
<F,2>)2/EWUF4)*, where W= O'i] and
(F)=Zw;;F}/Zw;;. In the summations j and i run
over related and independent reflections, respec-
tively.

Set No. of reflections R-value
All 42 0.150
Same h 32 0.109
Same k 32 0.150
Same / 32 0.067

around {111}-type vectors amount to 10.4 (295 K)
and 11.2° (160 K). The structural differences be-
tween the Fm3m and the Fd3c space groups (which
have a subgroup-supergroup relationship) are de-
scribed and depicted in Refs. 1 and 2.

A comparison of the results at 295 K and at 160 K
(above the phase transition occurring at 149+ 7 K)?
shows that the thermal motions of all atoms, except
Cl1, decrease at lower temperatures, whereas the
changes in the interatomic distances and angles are
small. In the crystal structure of ((CH,),N),TeBrg
short (3.69 A) and long (3.82 A) distances were found
from Br to C2 and Cl1, respectively.? This difference
between C1 and C2 is less pronounced in the present
structure (Table 3). The larger value of the thermal
parameter for C1 [U(160 K)=0.135 A2, U(295 K)=
0.116 A 2], whether apparent or real, is in agree-
ment with what was found in the room temperature
structure of ((CH,),N),TeBrs (U(C1)=0.182 A?).

In an attempt to obtain indications of the
mechanism of the phase transition the crystal was
cooled to 115 K, and a data set with 8<10° and
positive indices h, k and ! was collected. The unit

cell dimensions obtained from optimum diffractom-
eter settings were a=25.39(3) A, b=25.354) A,
c=2551(5) A, «=90.1(1)°, B=90.0(1)° and
y=90.1(1)°. The width of the reflections range
from 1.2 to 2.0°. Of the 304 reflections measured,
only those with h, k and | equal to 4n or 4n+2 had
I>2a (I). Thus, the reflections allowed in the Fd3c
space group but forbidden in the Fm3m space group
are not significantly different from zero, indicating
that the periodic translations in the three directions
are halved. The differences in the cell dimensions
at 115 K are accompanied by changes in the inten-
sities. Table 4 shows the R-values obtained be-
tween different sets of symmetry related reflections
(cubic symmetry). Of these, the R-value of symmetry
related reflections of same / is much lower than the
others, indicating that the symmetry below the
transition temperature is not higher than tetragonal.
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