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ON THE CALCULATION OF THE CHANGE IN THE
MEAN-SQUARE AMPLITUDE VALUES OF SOME XY, 3
PYRAMIDAL TYPE MOLECULES
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The method of calculating the change in the mean-square amplitude quantities of
Cyvin’s secular equation through the internal coordinate Green’s function representation
is applied to some XYs-pyramidal type molecules. To check the accuracy of this method
other molecular constants were evaluated using the calculated 2 values and the parametric
representation method.

1. Introduction

In an earlier paper [1] a method for calculatin g the change in the mean-square amplitude
matrix (6) from Cyvin’s secular equation through the internal coordinate Green’s function
representation was described and was applied to some X Y, (T,) type molecules. To check
the validity of the method it is extended to some X Ys-pyramidal type molecules for
which unique force fields are known.

2. Theoretical consideration

With the procedure given in Ref. [1] the following determinental equation is obtained;

H—J(AK,Z| = 0 6
and
U, () =0 )
where {
J{4) = (AE-K,%)™! = (4E~G, '}) €))

J(4) is the Green function for a fictious molecule having the geometry and mass of the
perturbed molecule and mean square amplitudes of the unperturbed molecule.

* Address: Department of Physics, Annamalai University, Annamalainagar — 608101, Tamilnadu,
S. India. ; ‘
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The quantlty 6% in equation (1) contains n(n+1)/2 quantities corresponding to an
z-th order equation. In the present case there are six unknown quantities in the * matrix
{(threein a, species and three in e species) which are to be calculated. However, it is rgasonable
to assume that the contribution to the change in mean square amplitudes arises mainly
from the diagonal terms. The expressions for the bonded and non-bonded mean amplitudes
for X Ys-pyramidal type molecules are given by the well known relations

0i_y =4[22 +25;] 4
U;z:y = % A[22,1+ 233145 B[ 255422 4], . (5)
where
d(l— &2 si _
A= ﬂi); B=""2" a; p = 2d sin (a)2);
p i p

21, and Z,, are the values of the a, (2 x 2) species of vibration and X5, and ¥,, correspond
to the e (2% 2) species of vibration. Knowing the values of 6.-y and g, , from electron
diffraction data one can calculate the X elements of equations (4) and (5). Using these
values in equation (1), the 42 values for the perturbed molecule can be calculated. With
these X values, o,_, and o, , for the perturbed system were calculated and compared
with the experimental data. These are summarized in Table I.

3. Spectral data

The molecular parameters, vibrational frequencies and other experimental data like
rotational distortion constants, electron diffraction data etc., are taken from Ramaswamy
and Sridharan [2].

4. Results and discussion

As seen from Table I, the changes in mean vibrational amplitudes calculated by this
method for the perturbed molecules compare well with the values obtained from the
€lectron diffraction data.

The calculated mean amplitudes of vibration corresponding to bonded (0x-,) and
non-bonded (o, ,) atoms for NF;, AsF;, PH;, AsH;, NH; and SbH, are in good agree-
ment with electron diffraction results.

The potential energy constants evaluated from the calculated mean amplitudes.of
vibration through the parametric representation method are comparable with the values
_ reported by Ramaswamy et al. [2] using the parametric method utilizing the :observed
‘Coriolis coupling constant, mean amplitudes of vibration and rotational distortion. con-
. stants. It also compares with the values reported by Ponomarev and Khovrin [4], Mirri [5],
~Duncan and Mills [6] and Parisean and Overend [7].

Rotational dlstortlon constants D;, Dy and Dy and Coriolis coupling constants &5
and. &, calculated by the above method compare well with the earlier workers as well as
with the observed values. It will give an additional check on the utility of this method.
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TABLE III

Calculated and observed rotational distortion constants* and Coriolis coupling constant for some XY
pyramidal type molecule

Molecule D; —Dji D | Ref. & &a &3+&a Ref.
NF; 14.39 22.59 10.07 pw 0.8201 —0.9062 —0.0861 pw
14.53 22.69 - [5] 0.81. -0.90. —-0.1 [41
AsF; 4.50 4.49 2.10 pw 0.1322 —0.4268 —0.2946 pWw
4.63 6.17 — [5Y 0.21 —0.44 -0.23 [4]
NH, 20.24 34.20 21.61 pW 0.4578 —0.6715 -0.2137 pw
24,27 43.65 23.5 [81 0.06 —0.26 -0.20 [6]
PH; 3.80 5.25 3.98 pW 0.0955 —0.5272 —-0.4317 pWw
3.95 5.20 4.09 91 0.02 —0.43 —0.41 [6]
AsH3 2.58 2.61 2.20 j —0.1398 —0.3291 —0.4689 pWw
2.13 - = [10] -0.06 —043 —0.49 [6]
SbH; | 2.88 3.06 2.43 pw —0.2392 —0.2348 -0.4747 W
| - - - - 0.01 —~0.43 —0.42 [6]
* Rotational distortion constants for fluorides are in KHz and for hydrides in MHz.
TABLE IV
Calculated and observed frequencies for some XY; pyramidal type molecules
Vibrational frequencies (com*)
Molecule - — = Ref.
vy l vy V3 Va4
15NF3 10153 623 894.6 471.1 pWw
1009 643 886 492 [11-13]
ND; 2520.8 7724 2669.5 1211.6 pW
2495 793 2652 1225 [8, 14]
PD; 1749.3 763.9 1719.8 821.6 pWw
1760 759 1720 822 [6]
AsDj, 1569.5 697.7 1583.6 7189 W
1571 696 1582 719 [15]
SbD; 1409.5 568.8 1400.9 599.4 pW
1409 569 1404 600 [16}

The calculated vibrational frequencies for the isotopically substituted molecules are
summarized in Table IV along with the observed values which are in very good agreement.

One of the authors (PL.RM.P.)is grateful to the University Grants Commission,
Government of India, New Delhi, for financial assistance in the form of a Junijor
Research Fellowship award.
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