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INTRODUCTION

In the previous report we have described some of the work on different stoies
ot ‘2‘ This vork consisted in computing wave functions, total energies and molecular
constants of the different fonized states of N,. We bave also described in that re-
port that we were working similar calculations on heteropolar molecules such as 0,
¥0, Cl and XF. Ve bave completed calculatiom on CO molecule and are at present work-
ing on other heteropolar molecules. We also mentioned in the previous report t=t
ve bave extended owr computer programs to include 3s and 3p functions in additi to
1s, 23 and 2p functions. We are at pesent calculating the wave functicns, to:l
energies and molecular constants of lg using this extended basis set. We hope o
describe these results in the coming report. The above work has involved over 00
hours of I-B.M. 708 computer. We owe the success of the above work to the exc:llent
computing facilities and co-cperation of the persomnel of the Imstitute for Space
Studies, A7T5 Riverside Drive, Nev York, New York.

Roop C. Sammi
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Work carried out during the above periocd cam be given under the following heading: -

(1) Calculation of the Potential Energy (P.E.) Curve and Molecular Constants
of the Ground State of 0 Molecule Using Slater Screening Constants As Well
As Best ICAO MO's with 1s, 2s and 2p Punctions.

(2) Calculation of the P.E. Curves and Molecular Constants of the Toaized (X °%,
A %, %) states of CO Moleculs Using Best ICAO MD's with 1s, 28 and 2p
Functims. :

(3) Calculation of the P.E. Curve and Molecular Constants of the Grownd State of
B, Molecule Using the Extended Set of Functions; that is, 1s, 2s, 2p, 3s and

(b} Developwent of Semi-empirical Procedures Such As REKR Method To Calculate P.E.
Curve, JMolecular Constants, Transition Probabilities of Different Bemd Systern,
Electric and Magnetic Susceptidilities of Diatomic Molecules.

(1) Calculatiom of the Potential Ene P.B.) Curve and Molecular Constants
) Btate : g Clater Bcreening Constants As Well
Xs Test IPM0 WO's vith 1s, 2a and 2p Yunctions

by R. C. S8almi, C. D. Ia Budde and B. C. Sewhney

The self-consistent field molecular orbital method in ICAO (linear combir:ticn
of atomic orbitals) approximation is applied to the ground sﬁate of CO at & ruzber
of internuclear distances, for the computation of the potential emergy curve. 'n
this calculation both the ICAO DQ'I and the screening constants of the atomic

orbitals have been optimi®ed. The molecular constants W2 mexe, Be, C!., Ee £

D, bave slso been caloulated. Trse results are given in Wibles 1-T alang wi'h the
experimental data (See Publication 1.) The camputed potential energy curve &.213
with the BKR curve is given in Fig. 1. The computed spectral results are mor: en-
couraging than hitherto reported in the literature fros adb initio ealculation.

2
(2) Calculation of the P.E. Curves apd Molecular Constants of the Iomized (X '3,
A%, Bor) States of CO Molecule Using Best ICAO MO's with 1s, 2s and 2p Fuy tioms
by R. C. Salmi and B. C. Savhney

Auto-hetero vary programs described in the previous reports mave been ui-d to
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calculate the wave functions and totel epergies of the above states of O at -
number of internuclear distences (R w 1.7 - 6.5). 'Moleeular-constant compu’s tion
programs® deseribed in the previous reports were used to calculate Wer WX » A‘,
Be, a, and De of the above states. These camputed results bave been campared - ith
the experimental results. IThe details of these computations will be described in
the next report.

Calculation of the P.E. Curve and Molecular Constants of the Ground State of
B, Molecule Using the Extended Set of Functions; that is, 1s, 2s, 2p, 3s and
3p Functions

by R. C. Sahni, C. D. la Budde, B. C. Sewhney, O. P. Anand and Birbal Singh

It wvas stated in the previous reports that a number of programs have bees. oa-
structed called ‘'Auto Homo-Vary 3s-3p,' which can be used to calculate wave
functions of homopolar molecules using extended set of basic functions. Thes: pro-
grams require a lot of machine time. At present we are applying these progri: - to
calculate the P.E. curve of 32. We are in the midst of these calculations ar: hope
to describe these results in the coming reports.

Development of Semi-empirical Procedures Such As FEKR Method To Calculate P.E.

Surve, ¥olecular Constants, Transition Probebllities of Different Mand Dysteu. .
¢ and Magnetic Busceptibilities of Diatomic Nolecules

by D. C., Jain and R. C. Sabni

(a) ‘The Effect of the Vibration-Rotation Interaction on the Franck-Condon
Pactm'for the Band System of the RbH Molecule

The Rydberg—Klein--Rees (RKR) potential energy curves of the X 17:+ eni
A Iy states of the RbH molecule have been caleulated by the numerical int:  ca-
tion of the Klein's equations. It bas been found that for all the vibratiicaal
levels, the regultant RKR curves satisfy the guantization conditiam to ar

accuracy of 0.05°/o or less. The vibrational wvave functions appropriate - ¢

the BXR curves yield the values of Bv which are in close agreement with il



experimental results. 7he vibrational wave functions corrected for the efiect 7 il
vibratlion-rotation interaction have been cobiained for & number of vibratiopal-r ieticr-
al energy levels. The Franck-Condon factors, the r-centroids and the relative ztensi-
ties have been computed. The results indicate that there is s significant effe~t of
the vibration-rotation interaction on the Franck-Condon factors and on the relative

intensity distributien.

(b) Effect of Vibrational-Rotational Motion on the Blectric and Magnetic Properties
of Diatomic Molecules

A modification of the method of studying the effect of vibratiomml.rotational
motion on the electric ard magnetic properties of diatomic molecules have been nut-
lined. It consists in employing the more realistic Rydberg-Klein-Rees (RKR) poiertial
energy curves for obtaining the vibrational wave functions corrected for the efect
of rotation wvhich in turn are used for vibrational averaging to obtain the various
electric and magnetic properties in a number of vibxﬁtioml-rohtiml states. The
magoetic susceptibility and the rotational megnetic moment of B,‘,, D and D2 are come
puted by this method and compared with the experimental data as well as with the
results reported by others. The results of this calculation show ixprovenent over

those reported by earlier workers.

(c) Transition Probebility Paremeters of Some Band Systems of CO' and N, Molecules
Pranck-Condon factors and r-centroids have been computed for the comet-tail,

the first negative and the Baldet-Johnson systems of cot and for the first posisive,
the second positive, the Vegard-Kaplan, the ILyman-Birge-Hopfield and the Tanaka bard
systexs of 12, The vibrational potential cnergy eurves of the electronic states
involved bave been calculated by the Rydberg-Klein-Rees method and the vibrational
vave functions appropriate to them have been obtained by the Numerov method of
integration of the radial Schrsdinger equation. The variation of the electroni:
transition moment with the internuclear seperation has been deduced by 'the method of
r-centroids, and the ‘smoothed’ relative band strengths and the relative intensities

at infinite temperature, calculated for the comet-tail bands of CO* and for the first
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positive, the second positive and the Vegard-Kaplen band systems of 32' The rirateln
A coefficients, the absolute band strengths and the band oscillator strepgthe alen

bave been presented for the camet-tail band system of co*.

PUELICATIORS
The following papers have been accepted for publication apd are in press:

1. Quantum Mechanical Treatment of Molecules. I. Calewlation of the Fotentiasl
Energy Curve and Molecular Constents of the Cround State of CO
by R. C. Sahni, C. D. Ia Budde and B, C. Savhney, Jowrnal of the Paraday
Scciety, London, England.
2. The Effect of the Vibration-Rotation Interaction on the Franck-Condon
Factors for the Band System of tbe Rb¥ Molecule

by D. C. Jain and R. C. Sahni, Proceeding of the Phyeical Society, Seriec A,
Iondon, England.
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