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Molecular Constants of Some Hexahalide Anions 
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Modified force fields have been applied to the hexachlorides 
and hexabromides anions of technetium. Mean amplitudes of 
vibration are also calculated at 0 K and 298 K. Trends of 
calculated data are discussed. The observed frequencies are 
100% fitted by both the modified force fields used. 

I n t r o d u c t i o n  

Recently, LaBonville et M. 1 have made a systematic comparison of 
five force fields for several hexahalides of X Y6 type of molecules and 
ions. They have shown the superiority of modified orbital valence force 
field (MOVFF) over other four force fields. The present author 2 has 
recently used OVFF and UBFF for K and Cs salts of TcY6 -2 (Y ~ C1 
or Br). In  order to test the suitability of modified force fields viz. 
M UBFF and MO VFF for four hexahalide anions, the present investiga- 
tion has been carried out. 

F o r c e  Constants 

The vibrational spectra of anions under study have been tentatively 
assigned by Schwochau and KrasserK These assignments have been used 
to carry out normal coordinate analysis using Wilson's GF matrix 
method a. G and F matrices used here are the same as those of LaBonville 
eta]. 1. For both the modified force fields (MO VFF and MUBFt~), the 
number of force constants is five. The force constants are refined by 
the usual method of weighted least square introduced by Mann et M.'5. 
An initial set of force constants is calculated from the linear expressions 
involving Raman frequencies, Fa3 and F44 calculated by Mi~ller's ap- 
proximation a using infrared frequencies. With an improved set of force 
constants, a fresh Jacobian is calculated for each iteration. The force 
constants are refined until the calculated frequencies give best fit with 
the observed frequencies. All the calculations are done on IBM 360. 
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The observed, calculated frequencies and force constants using MO V F F  
and M U B F F  are reported in Table 1. The notations of force constants 
given in Table 1 are the same as those of LaBonville et M. 1. 

Mean  A m p l i t u d e s  of V i b r a t i o n  

Cyvin's secular equation 7 [ Y~ G -1 - -  E A ] = 0 has been used for the 
evaluation of mean amplitudes of vibration. Here G is the kinetic 
energy matrix, E is the symmetrized mean square amplitude matrix and 
A, a temperature dependent quantity, can be expressed in terms of 
vibrational frequency as 

A = (h/S ~2 ~ c) . eoth (h ~ c/2 kT).  

Symbols used have their usual meaning. E and G matrix used for 
these anions are the same as those of Cyvin 7. 

On applying similarity transformation, the secular equation reduces 
into four one dimensional and a two dimensional secular equations. The 
solution of one dimensional secular equation is linear. For the solution 
of two dimensional secular equation, the L matrix approximation of 
Mi~ller 6 has been used to calculate three symmetrized mean square 
amplitude of vibration using infrared active vibration (va and va). 96 is 
not experimentally observed. Therefore, the calculated value of 96 has 
to be taken for the evaluation of mean amplitudes of vibration. Using 
U B F F  and O V F F ,  the present author ~ has calculated two values of 96 
(One corresponds to each force field). Corresponding to two values of 
96, two values of E (f2u) are evaluated. These evaluated E-matrix 
elements are linearly related to the mean amplitudes of vibration (u) 
for bonded and nonbonded interatomic distancesL Since only for 
u ( Y . . .  Y short) E (f2u) comes in the expression, two values of u ( Y. . .  Y 
short) are calculated. Mean of these two values with deviation is cal- 
culated. Mean amplitudes of vibration are evaluated at 0 K and 298 K 
and are given in Table 2. 

D i s c u s s i o n s  

The obtained force constants show definite trends. The stretching 
force constant, K and nonbonded repulsion constant, F, are higher for 
K than for Cs salts. With respect to halide ligand, the stretching force 
constant K, gives the same results as observed by the present author 2. 

The fundamental frequencies are 100% fitted by both the modified 
force fields. For all the anions M O V F F  and M U B F F  are equally 
good. M O V F F  takes more iterations than M U B F F  for convergence. 
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Mean amplitudes of vibration are higher for K than for Cs salts. 
Mean amplitudes of vibrations of all the anions under study have the 
trend 

u ( X - - Y ) < u ( Y . . .  Y l o n g ) < u ( Y . . .  Yshort) 

at both the temperatures and increase with it. Similar results have been 
found for a number of molecules and anions of X Y6-type earlier 7, s 
also. The experimental values of mean amplitudes of vibration for the 
anions under study are not available, therefore, the calculated data 
cannot be compared. 
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