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FRANCK.CONDON FACTORS FOR THE ELECTRONIC BANDS OF THE SECOND NEGATIVE
SYSTEM OF O,

M. L. P. RAO, V. K. B, KOTA, D. V., K, RAO anp P, T. RAO
Departmient of Phyics, Andhra University, Waliair 530003, India

ABSTRACT

The Franck-Condon factors for the second ncpative system of Ou* s recalcudated by
the method suggested by T, Y. Wu. TFor the case of Morse Oscillators, an approximate method
15 suggested and tested by calculating the Franck-Condon factar for the (0, 0) band of the

second negative system of 160,

N many problenis, it is necessary to have & theoretical
knowledge of the relative band strengths for the
various ba1ds in a band system for the estimation of the
temperature of the emitting gas (Stellar atmosphae,
aurora night sky) from the relative iatensitics of the
baads of a molecule.  These are usually approximated hy
Franch-Condon factors g, o, the squarcs of the
overlap integrals of (he vibrational wavelunctions o,

and ¢~ of the upper and lower clectionic states
respectively,

TR ¥ l ll-l";l li - | ﬁl'l (?’)!}Ir" (r) df |: (l)
0

Fquation (1) neglects a number of factors, includin g the
dependence of the electronic (rwnsition momwent on the
internuclear  separation r und retation vibraton inters
action?,
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For the esaluation of Franck-Condon factors, various
approxumate  methcds  have becn  suggested?:®. Ta-
You Wut suguestcd a method that enables the overlap
integrals to be evaluated semi-analytically and applied
ta the calculation of the Franch-Condon factors of the
bands of second negative system of O,*. Tt can be easily
seen from his results that the vibration sum rule® is not
satisfied. Therefore, 1t is considered worthwhile to
recalculate the Franck-Condon factors of the bands of
the second regative system of 'MO,* using the ]atest
constants of Bhale a:d Narasimham®  The results of
the present calculation are compared with those of
T. Y. Wu as shown in Table I.

TABLE 1

Franck-Condon factors of the bands of the Second
negative system of Oyt

Franck-Condon Factors for the Electronic Bands

vijoT 0 1 2 3 4 5
0 a 0000 0-C00 0-000 O0-001 0-C05 0-015
5 0000 0 006 0 450 2-210 8-020 87-500
1 2 0-000 0-000 0-601 }-006 0 020 0-047
b 0-003 0-390 2490 9-800 - o - - - -
2 a 0000 0001 0004 0-017 0-042 0-073
b 0-120 2.270 7-300
3 a 0-000 0:002 Q010 Q Q31 0-061 0:074
b 0-350 3-450 - .
4 o 0-000 0004 0017 0045 0O 066 0-050
b 0-810 6-960 .. —. e e
5 a 0001 0007 0026 0 054 0056 0 021
b1‘63012‘00 = 2 E e m s o om e s w

(@) g, .~ by the method suggested by the T.Y., Wu
of prescat calculation, (6) g, /» from the results of
T. Y. Wu.

For many diatomic molecules, it is convenient and
sufficient to represent the potential of a given electronic
state by a Morse function. Using this Morse potertial
function? and the vibrational wavefunction® for the
level @, the overlap integral 1. .. can be expressed as

s . N N us e r’ p't
T = (= DY'rr7 S g0z 5 5
@ i= wm=0
(-~ 1¥-"BB,1,. (2)
following the approach of Wus,
Where
B, = ,C; (B + v) B, = ,~C,(B” + v,
(3);""_3(3'—1) ...... (8-—-[_}_])1h (3)#':1
.Y
r
Cp = -

Curren:
Science
|
THR
’” == - i 3
3 Cm (ﬂﬂ—ﬁi)!ﬂl!g ()
oD
L = exp [~} (Z + £27)] @
0

P=3 +rk)~1—-3(1 +y)—1—my (5)

For o’ is not equal to «”, the integral I, cannot te eva-
luated directly and therefore various substitutions have
been tried to simplify the integral.

Let 2/2 ==y, dz=2dy and k = §£27%-1
Then I;,, can be transformed into

oo

I — 2P+l {i E—tp+ky7} yﬂ'fj# (6)

Im

By expanding e~**¥ and integrafing®

(=K I'(p+ry +1)

Im=2P+II" ‘1 ) "
| (pT)r-o F(p+DI(¢+1)

(7)

For Aa close to 1, the above equation can be
approximated as

Ly =22 (p+1)F(p+1,1,1, — k) (8)

where F(p 11,1, 1, — k) is the hypergeometric
function.

The correctness of the above expression can be tested
for a’ = a” for which eq. (4) beeomes

22 Ip+ 1D

], = —
m = TE + D )

For o = a”, eqa. (8) transforms into
L.=2?2 P(p+DF(r+4 1,1, 1, — &) (10)

For £ << 1, the hypergeometric function in eq. (10) can
be ecasily shownl? to be (£ + 1)-#+1), Therefore
B 28+1 pr +1)
E+ D
which is equivalent to eq. (9) implyii-g the correct: ess
of the procedure.Substitution of eq. (8) iito €g. (2)
vields,
L o= (— = DL g 5 R
s u' ]

=0 m=)

(-DH*B, Bm2? 1 P(p +1)F(P+1,1,1, — k

from which Franck-Condon factors are calculated. For
still higher accuracy, one has to use the eq. (7).

I

The method is applied for calculating the Franck-
Condon factor (01 X 10" for the (0, 0) band of second
negative system of 16Q+,, This negligibly small Frar ck-
Condon factor obtained for the (0, 0) band is in har-
mony with the factor that the band is not experimentally
observed,
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ADSORPTION FROM n-HEXANE-BENZENE MIXTURES

R. L. MADAN*, N. K. SANDLE AnD J. S. TYAGI**
Chemistry Department, Indian Institute of Technology, Delhi (India)

ABSTRACT

Two samples of tin oxide, in the form of gel and precipitate have been prepared. Their
surface properties like surface area, pore structure and surface acidity have been studied.
Adsorption from #-hexane-benzene mixtures on these oxides reveals that #-bexane is preferen-
ually adsorbed. This is explained in terms of low density of polar sites on the surface
responsible for the adsorption of benzene molecule. Ie is observed that the surface of the
tin oxide precipitate is more polar than the gel. In the case of nun oxide gel the porosity
is also contributing to the preferential adsorption of =-hexane. Isotherms of concentration
change are analysed by Schay-Nagy and Everett methods to yvield the amounts of individual

compouents in the adsorbed phase.

INTRODUCTION

ADSORPTION from bmary solutions of non-

electrolytes has been used to characterise the
nature of the surface including polarity, distribu-
t:on and density of active sites and heterogeneity of
the surfacel"5. n-hexane-benzene is an interesting
mixture for such investigations in view of the
comparable areas but different geometrical disposi-
ton of the components. Kiselov and Pavlova$,
from their adsorption studies on Linde molecular
sieve SA, using this liquid mixture, observed that
n-hexane was completely taken up by the solid and
benzene was excluded. They explained their
resujt by assuming that the openings of the pores
in Linde molecular sieve SA were too small to
admit molecules of benzene, but molecules of
n-hexane were admitted in the vertical position.
Zhdanov et «l.7 studied the adsorplion of n-hexane-
benzene mixtures on the zeolites and found that the
interaction between the = electrons of the benzeno
ring and the jonic lattice of the zeolite was so
strong that n-hexane was completely excluded over
virtually the whole range of concentration. Eahaus-

* Present Address:  Chemntry  Departiment,
Government College, Taridabad (India),

=% Present Addiess ¢ Chepostry  Department,
Meerut College, Meerut (India).
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tive investigations on a variety of solids is there-
fore necessary before we can know the <¢ircum-
stances favouring the adsorption of these com-
ponents on the surface. The adsorption of
n-hexane-benzene on tin oxide i the form of
gel and precipitate is presented in this paper with
a view to studying the influence of the structure
of the adsorbent on the nature of adsorption. A
study of this oxide system is of particular interest
as the oxide is a semi-conductor? and an active
catalyst for the oxidation of hydrocarbonss.

MATERIALS AND METHODS

Tin Oxide Gel—Equal volumes of 12N
ammonium hydroxide and 1-0N stannic chloride
solutions were mnixed by vigorous shaking and
the gel formed was allowed to seitle overnmght.
The gel was washed several times with  distilled
water and then dried at 30° C and finally crushed
to pass through a 100 mcsh sieve.

Tin Ovide ppr—Stannic oxide was prepared by
the action of tin on con. nitric acid, The onide
was washed with distilled water to make it free
from mitrate jons. It was died at 120° C.

Surface Arca wwl Pore Stracture

Surface atea of the samples was determined by
adsorption of pitrogen Wt — 183° C wsing a volu-
metic apparatus,  Pore stocture was  determined



