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Abstract

In this paper, we have calculated vibrational frequencies of Carbonyl sulphide (OCS) in fundamental
level and at higher overtones by Hamiltonian expression, which is in terms of invariant and Majorana
operators, describe stretching vibrations. The Hamiltonian is an algebraic one and so far all the operations
in this method, unlike the more well-known differential operators of wave mechanics.
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1 Introduction

U(2) Lie algebraic method has been used to trace the Heisenberg formulation of quantum mechanics
[1,2,3,4]. The step up of Lie algebraic method to physical systems was introduced by Iachello and Arima in
their initiate work of spectra of atomic nuclei [5-11]. Tachello (1981) presented Lie algebraic method for the
study of vibrational spectra of molecules [12]. This method is based on the quantization of the Schrodinger
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wave equation with a three dimensional Morse potential function and is described as ro-vibration spectra of
diatomic molecules [13]. The essential idea of the Lie algebraic method is that series expansion of the
Hamiltonian in terms of a set of operators characterizes the local and normal modes of the system. The Lie
algebraic method allows us to analyse experimental ro-vibrational spectra of polyatomic molecules based on
the idea of dynamical symmetry. This Lie algebraic method is used to obtain Hamiltonian operator that
provides the description of ro-vibrational degrees of freedom of the physical system [14].

2 Structure of Carbonyl Sulphide

Carbonyl sulphide (OCS) is a linear molecule consisting of a carbonyl group double bonded to a sulphur
atom. This consists of two bonds O-C and C-S. The symmetry point group is D,

O=C=S
3 U(2) Lie Algebraic Method

The Hamiltonian [15,16] for the molecule (stretching vibrations for n bonds) is of the form
H=E+Y AC+Y AC,+>AM,. .. 0]
i=1 i<j i<j

The eigenvalues of the Hamiltonian can be evaluated and give a description of n coupled anharmonic
vibrations. The couplings in the Hamiltonian are only first order, in the sense that the Majorana operators

M i annihilate one quantum of vibration in bond j and create one in bond i (or vice versa).

Here i vary from 1 to 2 for two stretching bonds (O-C and C-S) and (4., 4 Z,U) are algebraic parameters,

ij>
which are calculated by spectroscopic data. Where Ci is an invariant operator of the uncoupled bond with

eigenvalues —4(IV. A V12) and the operator Clj for coupled bonds are diagonal with matrix elements
. . 2
<Ni, Vi Nj,Vj|Cij|Ni,Vi, Nj,vj>=4[(vi+ Vj) - (Vi + Vj)(Ni+Nj):| , - (2)
while the Majorana operator M i has both diagonal and non-diagonal matrix elements
<Ni, vis N, v, ‘Mij‘Ni,Vi; Nj,Vj>=(NiVj + Ny, — 2ViVj)
/2
<Ni, v, +1; Nj,Vj—l‘Mij‘Ni,Vi; Nj,Vj>=—|:Vj(Vi +l)(N —Vi)(Nj -V + 1)]

<Nia vi—L Ny, +1‘Mij‘Ni’Vi; Nj’VJ>=_[Vi(VJ H1) (N =V ) (N = v+ I)T/z'
L 3)

Where v, (i = 1, 2, ...) are vibrational quantum numbers. The vibron number N, (i =1, 2) for stretching
bonds (O-C and C-S) of molecule will be calculated by the following relation
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a)e

N. =

~Li= 12 .. (4)
w, X

e e

Here @, and @,x, are the spectroscopic constants. The initial guess value for the parameter A1 i=12)is
obtained by using the energy equation for the single-oscillator fundamental mode, which is given as,

E(v=1)=—44(N,-1) .. 5).
Initial guess for A.ij taken as zero. The parameter ﬂ,lj determined from the relation.

e (©)
e

To get accurate results a numerical fitting procedure is essential to obtain the parameters A.1 , ﬂij 4,j=1, 2,

i#)) starting from values as given by equations (5) and (6).
4 Results

Calculated vibrational frequencies and fitted parameters by Lie algebraic method are as follows:

Table 1. Fitting parameters

Parameters [17] 0cCS

N, 190

N, 159

A -1.13 cm™
A, 326 cm™
A4;; (O-C bond) -0.25 cm™
Aj; (C-S bond) -1.29 cm™

Table 2. Vibrational frequencies of carbonyl sulphide

Vibrational mode Vibrational frequencies (cm'l)
Experimental [18] U(2) Lie algebraic method
(100) 859 859.0317
©01) 2062.2 2061.323
200) 1711.1 1712.021
002) 4101.4 4100.232
1o01) 2918.1 2918.031
(300 2556 2557.934
003) 6117.6 6118.469
201) 3768.5 3767.008
(102) 4953.9 4953.156
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5 Conclusion

In this paper, vibrational frequencies of Carbonyl sulphide upto second overtone by U(2) Lie algebraic
method calculated and also compared with available experimental data. It has been observed that results
from the Lie algebraic method make known near to the exact, consistent with the experimental results.
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