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The L matrix approximation method has been applied to
hexachlorides and hexabromides of Tin and Titanium of Op
symmetry. All the seven independent force constants have
been evaluated using Wilson’s G—F matrix method. Mean
amplitudes of vibration have been computed using latest fun-
damental frequencies.

Octahedral molecules or ions of XY, type belonging
to Op symmetry have six normal modes of vibration.
On group theoretical considerations,

I'vip. =aig+eg+2 f1u+ fog +fou .

Out of these six, the three gerade modes, v1(a1g),
»2 (eg) and v5(f2g) give rise to Raman active fundamen-
tals; the two modes »3 and v4(f1,) are permitted in the
infrared, while the last v¢(fou) mode is forbidden in
both, Raman effect and infrared, though it may appear
in combination. vy, ¥, and v; are associated with es-
sentially valence vibrations while »4, 75, and »4 are es-
sentially deformation vibrations.

A number of octahedral molecules of XY§ type, par-
ticularly hexafluorides, belonging to Oy symmetry, have
been subjected to normal coordinate treatment by a
number of workers!~!!. A good many of them have
used different and almost arbitrary assumptions to
evaluate force constants for fi, type of vibrations which
has rendered their comparative study almost impos-
sible. Recently MULLER et al. !> have published papers
about the evaluation of force constants with the matrix

For ajg type vibration:
G11=uy;
For eg type vibration:

Gi1=y;
For fiy type vibration:
G11=2 uz+ uy;

Gi2=G21=4 uz;
Go2=8 Uz +2 py;
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method. This method has been fruitfully employed to
evaluate all the seven force constants uniquely (using
GVFF).

CLARK et al. '3 have recently reported the fundamen-
tal frequencies for hexachlorides SnClg~2 and TiClg 2
and hexabromides SnBrg™2 and TiBrg~2 ions. These
are given in Table 1. It was thought desirable, there-
fore, to evaluate all the seven force constants. Mean
amplitudes of vibration for these ions have also been
evaluated.

Tons vy vs vy vy vs vg2 X—=Y  Ref.

SnClg—2 309 232 291 163 159 112 24315 13,15
SnBrg—2 182 135 203 111 101 71 2.775° 13,18
TiClg—2 320 271 316 183 173 122 23415 13,15
TiBrg—2 192 162 244 119 115 81 245° 13,16

Table 1. Fundamental Frequencies in cm—! and Interatomic
Distances in A. * The inactive fundamental »g(f1y) has been
calculated by Wilson’s rule !4, It may not be out of place to
mention that this calculated 74 is the same as if evaluated by
U.B.F.F. — b Calculated by BADGER’s rule 16,

Force Constants Evaluation

The normal coordinate treatment using G — F matrix
method 17 has been carried out. The symmetry coordi-
nates which are constructed from the linear combina-
tion of internal coordinates must transform according
to the character of the vibration type concerned and
must be normalized as well. The selection of internal
coordinates, and construction of symmetry coordinates
are the same as used by PI1sTORIUS 3. G and F matrices
used in the present work are as follows:

Fii=fr+4 frr+for.
F11=fr’—2frr+f:y.

Fii=fr—fi;
Fio=Fa1= —2(fra—fa)
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For fz¢ type vibration:

Gi1=4 uy;
For fay type vibration:

Gi11=2 py;

Here u; and uy are the respective reciprocals of atomic
masses of metal and halide atoms.

Using six fundamental frequencies, only six and not
all the force constants can be evaluated using the secu-
lar equation | G F—E 4 |=0. It is not surprising, there-
fore, to find that earlier authors have either neglected
less important constants or made not very logical as-
sumption. Recently some authors have tried to over-
come the uncertainity in force constant calculations by
the use of additional mathematical constraints 18721
The present authors have used MULLER’s method 12 to
evaluate all the seven force constants. These are given
in Table 2.

Tons fr f:r fﬂ fra_f::x fa_ ;’a: faa_f:’zz f;a_ ;:

SnClg—% 1.30 0.11 0.14 0.06 0.14 0.01 0.01
SnBrg—2 1.05 0.04 0.12 0.08 0.13 0.00 0.00
TiClg—2 1.40 0.33 0.10 0.10 0.16 0.00 0.00
TiBrg—2 1.18 0.22 0.08 0.10 0.14 —0.01 —0.01

Table 2. Force Constants in 105 dyne cm—1.

Trends in Force Constants

A comparison of the same type of force constants
for SnClg~2 and SnBrg™2 on the one hand and TiClg 2
and TiBrg™2 on the other hand indicates interesting
decrease as expected from hexachlorides to hexabromi-
implications. The main force constants f, and fa—f;;'
des for both the pairs of ions. A look at Table 1 will
show that the interatomic distance X —Y for chlorides
is smaller than that of bromides resulting in stronger
bonding for the chloride ions as compared to the bro-
mide ions under the influence of the similar type of
chemical bonding involved. Again comparison of f, and
fa—fue for SnClg~2 and TiClg~2 and for SnBrg~2 and
TiBrg—2 shows that the force constants increase from
tin halide to titanium halide ions.

18 P, TORKINGTON, J. Chem. Phys. 13, 357 [1949].

19 W. SAwoDNY, A. FADpINI, and K. BALLEIN, Spectrochim.
Acta 21,995 [1965].

20 J. HERRANZ and F. CAsTANO, Spectrochim. Acta 22, 1965
[1966].

Fllzfaﬁzfaa+2f;;_fma .
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Fii=fo—2 fua+ fuu -
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Mean Ampliude of Vibration

The mean amplitudes of vibration for the hexahalide
ions of tin and titanium have been evaluated from the
available fundamentals, using CYVIN’s 22 secular equa-
tion | X G™1—AE|=0 at 0 °K and 298 °K, where =
is the symmetrized mean square amplitude matrix, G !
is the K.E. matrix and 4y is related to the normal
mode of vibration v by

hvic
Ak SKT"

i T Coth

Factorisation, of the secular equation on group theo-
retical considerations, though giving one dimensional
equations for the ajg, eg, fo¢ and fa, types of vibration,
give a two dimensional equation for the fi, type of
vibration.

Again the same method 2 was used to give the solu-
tion for the above mentioned two dimensional equation,
giving all symmetrized mean square amplitude matri-
ces 2, whose elements are also connected to mean
amplitudes of vibration 23. The calculated mean ampli-
tudes of vibration are given in Table 3.

TZOOKu(Y Y) T =298 °K
Tons w(X—Y)u(Y...Y) l"' uX—Y)u(Y...Y)u(Y...Y)
ong
short short long
SnClg—2 0.047  0.0722 0.0613 0.0599 0.1171 0.0758
SnBrg—2 0.0440 0.0606 0.0534 0.0696 0.1177 0.0929
TiClg—2 0.0519 0.0697 0.0577 0.0656 0.1098 0.0748
TiBrg—% 0.0499 0.0581 0.0497 0.0667 0.1115 0.0797

Table 3. Mean Amplitude of Vibration z in A.
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