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The force constants of the internal coordinates of octahedral XYg molecules and complex ions
were calculated by using the GF matrix method. The matrix solutions were found by means of a
computer program using the Newton-Raphson method. From the calculations it has been observed
that the bond stretch force constants of octahedral XFs molecules and XYg complex ions having the
same centre X atom decrease with the increasing molar mass of the centre X atom for the former
and the ligand Y atom for the latter, respectively. This was attributed to the slowing down of the
molecule with increasing molar mass of the molecule as the whole. In addition we have concluded
that the difference of squares of the vibration frequencies v; and v, of octahedral XYg complex ions
decreases with the increasing mass of the Y atom since the interaction force constant of these ions

decreases with the increasing mass.
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1. Introduction

The most convenient method for the analysis of vi-
bration spectra of molecules is the GF matrix method
[1-4]. In [5-7] the force constants of octahedral
MXg molecules and ions have been calculated by this
method. In our previous studies we have found the
force constants of non-linear XY, planar XY3 and
tetrahedral XY, molecules [8, 9].

In the present work, the force constants of octa-
hedral XYg molecules and ions have been calculated
by the GF matrix method. The matrix solutions were
founds by means of a computer program based on the
Newton-Raphson method, and the changes of the force
constants with the masses of centre atom X and ligand
atoms Y were discussed.

2. Theory

Octahedral XYg molecules have six normal modes
of vibration, as shown in Figure 1. They have the sym-
metry Oy, and can be described in terms of seven force
constants of the internal coordinates. f, denotes the
bond stretch force constant, f;, the interaction force
constant between two Ar perpendicular to each other,
f/. the interaction force constant between two Ar on
the same straight line, f, the bending force constant,
fro, the interaction force constant between Ar and Ac,

fouo the interaction force constant between two Ac
perpendicular to each other, and f/, the interaction
force constant between two A in the same plane. The
changes of Arj and Ac; can be seen in Figure 2.
The elements of the G and F matrix for the mode in
species A; are
G=uy, F= fr‘i“”rr‘i‘frr/7 @
for the mode in species Eg are
G=uy, F=f—-2f+f/ (2)

for the modes in species Fy, are

4
Gu =y +2ux, Gr2= — T Hx;

2 ©))
Gy = r—z(uv +4ux),
Fiu=fi—fi/, Fo=2rfg, @)
I:22 = rz(fa + Zfaa)a
for the mode in species Foq are
4
G= r_z.uY7 F:rz(fa_Zfaa/)a (5)
and for the ones in species F, are
2
G= r_z,uY, F:rz(fa_Zfaa) (6)
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Fig. 2. The changes of Arj and Ac; of an octahedral XYg
molecule.
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Fig. 1. Norma modes of
vibration of octahedrad XYg
molecules.

[3]. ux and py arethereciprocals of the masses of the
X and Y atoms. The secular equation of the GF matrix
is given by

|GF —EA|=0, (7)

where E is the diagonal-unit matrix and the A’s are
eigenvalues of the matrix. The values of A; depend on
the vibration frequencies by

Ai = 4m?c?v2. (8)

If one uses (1) and (2) in (7) and solves for the eigen-
values as A, and A,, respectively, one finds

A= IJY(fr +4f + frr/),

9
)LZ:.UY(fr—Zfrr‘f‘frr/), ( )
and from these two equations
M—A2
"= o (10)
By using of (8), this becomes
2_ 2
o = an VL= V2). (11)

6Ly
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Table 1. Bond lengths r [7]

Complexion r (A) f, fir fr! fro fo foo foo!
[TaFs]2 121 3580905 0.259843 0.600515 0.324638 0.145600 0.071657 0.068246 ﬁ“eg ;log‘(:f(conaaqts f of 0%‘?
[TaClg2- 170 1883299 0180278 0270197 0516506 0.111874 0055677 0.0548% ¢ r o C‘t’mpe’? 'O”Sft ‘f*
[TaBre]>~ 185 1738934 0.163187 0.012628 0942224 0.134624 0.067266 0.067117 Oéce /ﬁ)” ants are In units o
[Talg]? 200 1284918 0143048 —0.061064 1.083646 0.123586 0.061775 0.061721 MYA.
[NbFg]2~ 121 3589157 0276932 0.387221 0529476 0173014 0.085316 0.081748
[NDCIg]2~ 170 1.870620 0157402 0.176454 0.740782 0.133438 0.066430 0.065557
[NbBrg]>~  1.85 1775095 0133939 —0.114604 1249449 0173178 0.086534 0.086369
[Nblg]>~ 209 1142297 0105670 0.006800 1.045581 0.121831 0.060895 0.060832
[SoFg]>~  1.23 3.837500 0.234891 —0.092220 0572458 0.269837 0.133590 0.129594
[ShClg]®~ 172 1744205 0097908 —0.037142 0.711730 0.145079 0.072335 0.071720
[Sble]~ 206 0709504 0038027 0.144326 0484079 0.061522 0.032131 0.032100
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Fig. 3. The changes of the bond stretch force constants of a) octahedral X F; molecules and b) octahedral XY g complex ions
having the same centre X atom with the molar masses of the X atom for (&) and the Y atom for (b). 1 u = 1.6598- 10~2* kg.

Table 2. The force constants of some octahedral XFg
molecules. The force constants are in units of mdyn/A.

Molecule (fe + fre') fer
SFs 5.268(5.335) 0.342 (0.347)
SeFg 5.130(5.151) 0.120 (0.123)
IrFg 4.947(4.893) 0.138 (0.132)
PUFs 3.512(3.502) 0.225 (0.223)
fl’ frr ! frr
MoFg 5.083(5.080) 0.050(0.040) 0.253(0.246)
WFg 5.266(5.120) 0.330(0.455) 0.263(0.268)

The values in the parenthesis are taken from [7].

As seen from (11), f,, dependsonly on (vZ —v2) and
My.

3. Calculations

After construction of the GF matrix in (7), the solu-
tion of the matrix was carried out by using a computer
program based on the Newton-Raphson method [10],
taking the vibration frequencies and bond lengths into
account. We have done this for some octahedral XY g
complex ions and calculated the force constants, being

very closeto the valuesfound by Hahn and Hebisch [5]
for the same molecules. These results are given in
Table 1. The authors have used the conditions vg =
vs/+/2 (regarding the estimation fo = fyo') and f;
is minimum to obtain a uniform set of force con-
stants. From our values in Table 1 it can be seen that
foa = fuo'. Pistorius has cal cul ated the force constants
of some octahedral XY g molecules and ions [7] from
the frequencies observed by the Wilson’s GF matrix
method. But in the calculations he has neglected the
force constant of f,,’ and found the other force con-
stants in the following forms: (f, + ), fr, (frq —
fra//)a (foc - fowcm)' (faa - fOCOC//)! (fowc/ - fowcm)- In
the case of MoFg he has found an imaginary value for
fra — fro” and commented the most probable reason
as the negligence of f;;’/, and in the case of WFg he
has neglected (fo — fro”') to find the other force con-
stantsin the forms given above. Table 2 shows our val-
ues and some of Pistorius calculated in the same forms
for some octahedral XY g molecules. As seen, our val-
ues are very close to Pistorius’ ones. After reaching
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Molecule r (A) fr frr fry! fro fo foa foo Table 3. Bond lengths r [11]
PUFs 1638 3.652777 0225428 —0.140675 0.889846 0.116335 0.057/240 0055407 and force constants f of oc-
UFs 1.996 3.841312 0.295953 —0.046072 0.944222 0.101309 0.050049 0.048149 tahedral XFg molecules. The
NpFs 1.981 3.766261 0.263228 —0.119746 0.931355 0.112890 0.055601 0.053839 force constants are in units of
IrFe 1.830 5007254 0.138189 —0.060413 1193118 0.204152 0.100760 0.097948 Mdyn/A.
OsFs 1.831 5205382 0.169862 0.128332 1.209540 0.200484 0.098939 0.095518
WFe 1.832 5266395 0.263959 0.330554 1.202702 0.184364 0.091625 0.860284
TeFs 1.815 5.107319 0.183959 —0.169608 1.613228 0.217977 0.106547 0.102018
MoFs 1820 5083016 0252991 0.050150 1.834177 0.229479 0.114278 0.108703
SeFs 1.690 5299019 0.120018 —0.169109 1.908438 0.437707 0.216725 0.208782
SFs 1561 6.284319 0.341905 —1.016401 3.123172 0.766803 0.379962 0.366504
160 having the same centre X atom with the masses of
120 o (TaYy)” the X atom and the Y atom, respectively. As seen
Pv2) A (NbYy* from Fig. 3, f; decreases with increasing mass of the
Vi — V. . .
wigs2 80 molecule as the whole. Thiswas attributed to the slow-
em?) 40 ing down of the molecule with increasing mass. Since
04 . . . the more condensed phase has the lower frequency and
0 50 100 150 force constant [8,9,12], we think that the molecule
MY ) moves more sowly with increasing mass, like taking

Fig. 4. The change of (vZ — v3) with the molar mass of the
Y atom for the complex ions [NbYg]2~ and [TaYg]?2 . 1u=
1.6598- 1024 kg.

this agreement, we have found the force constants of
octahedral XFg molecules. The results of these calcu-
lations are given in Table 3. The values are quite suit-
able in the error limits and also depend on the values
taken from [3, 5, 11].

4. Discussion

Figure 3 shows the changes of the force constants f,
of octahedral XFg molecules and XY g complex ions
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