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STRUCTURE OF THE ELECTRONIC BANDS OF THE OD
© . MOLECULE.. PART V. ADOUBLING .« ' |

By M. G. SASTRY

(Received for publication, December 5, 1941)

ABSTRACT. The A-doubling in the 21 states of the OD moleculc has been examined
m the light of Mulliken's deductions from Van Vleck's theoretical equations  The doublet
difterence 8v, ¢ (K) =8v4, (K) is found to vary nearly linearly with K  Comparison of the
D mbling in OIT and OD molecules has confirmed the conclusion of Johnston that it is smaller
for OD than for OH.  The ratio is determined to he about 0:371 slightly higher than that obtaiwed.
by Johnston.

INTRODUCTION

The theory of A-type doubling has been devcloped especially by Van
Vieck! for 'II, *IT and other states of diatomic molecules. Mulliken,? ‘in a
comprehensive paper, restated Van Vleck's equations in a convenient iorm for
application to experimental data. ‘The following expressions have been deduced
for the doubling (in Mulliken’s notation) : ‘

vaae=[(Epo+qo) (1 +2X7 V=Y. N1 +2goXN Y] =3) J+1)T(+3) ... (1)
Svrae=|Bpotgo) (=1+2N"" =Y. NN 4 200NN J=8) T+ ) | (J+). . (2)
Henee g e (J)=dvyqc(])=(po+2g0)(J+4) ' o (3)

Svgar (N +0vq40()=(po+2q0) (2=Y) (J+14) )
+4g0 (=D J+D J+DIN"T L)
Muliiken applied equations (3) and (4) to anumber of molecules among which
are the OH aud others which correspond to intermediate coupling case between
{a) and (b). 1t was emphasised that, for large values of ], the 'effect of
“rotational stretching’’ of the molecules must be considered in evaluating the
constants. .

Dawson and Johnston?® and later Johnston,* while investigating the structure
of the OH bands, have examined the question of A-doubling. For 2"=0, 1 and
2, they have shown that the difference §,(K)—83(K) which in Mulliken's
notation is the same as dvgq.(J) =06v,4.(]) varies directly with K and not with
(K+3)2. They have concluded that Van Vleck's theorctical equation has thereby
failed, to fit for OH, by quite a large factor. Mulliken’s deduction [refer
vquation (3)] shows that the variation 1s in keeping with Van Vieck's theory.

In the light of data obtained by the writer of the A-doubling in the 21T stateg
of the OD molecule au attempt is made to examine this question,
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RESULTS

All the values® of the A-doubling for the two components of the 2IT states
corresponding to v7=o0, 1, 2 and 3 have been collected in Tables 1 and II. For
cach state, the mean values are obtained - utilising the data of different bands
having the same final state. (The convention of “signs' defined by Mulliken,
loc. cit., p. 103, has been adopted.) ¢

Tapre 1

A-doubling (8, for 21'11% levels)

=0 V=1 =2 =g
K }p— - - - | - - T .
0,0 ¢ o 20 " Men | 11 ooozr 0 30 i Mean | 2,2 | 3,2 | Mean | 3,3
! ! i"" '|;I.: PO S ,-: .,__".', .
: 1 | ‘
1. o -1 g 2 - 1.2 S T B | .2 .2
2 - a6 - .3 5 o - 6| 2/-3] — 4]~ 90— 3 .6
3 |- 33 |- A= 3| =-"2]= 5|~ 9|~ 2| =2]-.5|—-10| - .8 |- 3
A +o4g R 0 g - 3|~ 5| a|l = ad)=4(- a2 =7 2
5 1= 65 | — .3]— 06— .5 - 4= .a|—.a| —aj-15|—-.a| - 8 |11
6 - .59 Sl— 7| — .6 - .2 3|— 5 = 2|~ 6|— .03 =4 0
7 1l- = 72/-.92|-7 o|—.2|— 71 — .3 3| — 2 1 1.8
.8 1 —108 | — 6|— B]— 8 - 7|=- 8- w0] —8]—.6|—-21| —.9]- .2
g | 140 | — 8| —~12| ~-1g -1.2|713|{=12| —12 |~19|-1.3]| —I6 | —14
10 | 153 |~ 9| -1.3| ~1.2 =18 =-1.6!~1.3 -1.6 | —37|—-15] —264—1.0
11 | ~190 |-r1t|~19|~-1.6 |=-23|-1.7|=-17| —-t9 | =-26| ~1.8| —2.2 | —12
12 ~2.0I | —1.9|-2.0{ —2.0 —2¢9|—1.5[—21| =22 |—38|—1.5| —2.7 —
13 —2,43 | —=2.4| —2.1 | —-2.3 -2.57|—18|—-2.3 --2.3 | —2.5| =21 —2.3 —
14 | =282 | —3.3|~2.8, ~30 —-3.2!—2.6|—-26| —2.8 |—2.5| - —2.5 —_
15 | =335 [ —32| —3.0| —3.2 ~3&§|=30| — -33 |=32) — —3-2 -
16 - —-38|~37| ~38 |-=30|-36| — -33 |43 - —4.3 -
;1.;1 b 43| 38| —41 |44} =39 — —4.2 | =35 — -35 | —
! o= | 401=39] —40 [=38i=47) - | =43 =35 ~ | =35 | =
1g | - | —4lgy| —1.2} 49 ~4.8 i .- ~4.8 | =3.6| — —-3.6'] —
20 i‘-4.8 - -4 8 -48| .- = =48 |—54 -54 “n
5n Mgz | —57 [~58] = — ~5.8 ) —58| — -58"Y —
22, “iE 3| 58 =02 = | — =62 | =70 | =70 ) —
23 — -1 — | —6. —-4.6 — - —4.6 | =83 — -8 —
29 - —6.6| - —6.6 ~-6.2] — - —62 — — —_— —
25, . =77 — | —77 -86| — - -8.6 | — —_, -, —_
ant Yt -7 — | -7 |-81] — -— —8.1 — — - -
27 — - = =y = = 73— |- - -
a8 .. - - - —88| — — -~88 —_ - — —
g | = = - |-10.0] — | =1wo0 | < |- — -
3l - - |- e et TR B B DT I B =
31 _ 1 - — P —riz?») — - ] =126 o — - —
RERN B N U] (b 951l e lé 21— = — o
— - .= = |- 8 — - =87 -, - -
N :’;} VRN ANTUTT Y BT — ._."t_;:g' Z — ():7‘ SRR RTTAE TRENEE!

Taken from Parts I, 11, and T11 of this series of papers,
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TABLE 11
\-doubling (8, for 2JI} levels)

S s by =

A

V=0 ) v =1 ' v =2 V=3
T I . i ] - v T
0,0 1,n 2,0 | Mean 1,1 : 2,1 | 31 ' ~Mean 2,2 ( 3,2 | Mecan 3.3
L SO SR R N l [ ! ! I
e — S e
39 | — 7 T - |15 - 8
.26 5] —~-1 .2 - 6 4 5] — .2 - .7 - 7
-15 303 .1 B B B B -3 2.9 o Ly | —ro
28 1 - -3 .2 8 7 -7 .7 2.8 7 1.8 - .6
.2 .2 tL.3 .3 14 S5 .6 8 1.9 .3 1.1 - .8
3() —.2 5 2 1l -3 ! 5 o |- .2 .2 O -2
28 .2 .4 3 ) 4 1 1.3 6 | —1.6 7 1.2 .2
.08 .5 .3 .3 6O 2 | y .6 .6 .5 6 1.1
6 =1 ] 3} -y -2 .1 - - .2 1.0 ~ . o
10 -1 -2 .3 0 - .71 4 | .1 - | -1.4 al - .7 2
- 26 | —.2 i —.2 — 2 - g . || 1 3 -2061 - 26 .0
"2 ST S B B B (R A 1.3 | —30] — - 3.0 -
13 =73 | |l -8 -4 81— 18 18 -1y = 1.7 —
14 sago o7 — -.8 I S e B - e 2.7 —
: - = = e - 7 -7 -
- —_ = -— 18— | - — -2 — 1 —2a
— -0 - 16| — - — —2.6§ — | —2.6 --
- - b = —_ -1yl - - — L7 e |ty —
- e B e L= — ~3e2| — ~32 -
—-= - - — —3.51 I -~ NIRRT - .3 -
— - - -~ —34 i ==y = - - — .-
- = - 36| — | - -l - - - -
- - - - ~4.9 — — - -, - i - -~
—— — | J— —_— ~--5 ‘1' _— .- —— — | —— ——
— | =1 = = |- - | - i =
S R R R 5 Bt e i B R
_— — — _— ——5.6 J— — — — - ! — —
-— - — — —61 — —— — — — ' — —
— — — —— —6 3 J— —_— — — -— I -— —
- - | - - |73 = | = — - | - - -
= B T e B e =

Table 111 gives the values of 8,8, i.e., of the difference 8vyq.(K)—8vyq.(K)
for the OD bands corresponding to 2"=o.
The data for the other states, v"=1, 2, etc.

% (particularly the components due to Il
state of each level) are too meagre and too
20 uncertain (as they arc derived from the R,
7 and R, branches) to be considered as a basis
for this discussion and hence have not been
[B5) N .
shown in this Table.
Curve (a) shows the variation of the above
10

difference with K. A general, almost linear,
1¢lation is obvious, consistent with Mulli-
5 ken’s equation (3}, With higher K values,

CURVE .
X VRVE (@) there appears to be a slight departure from
v'» o(oB) ‘mmearity, indicating preswmably the eilect of
o 5 . 10 15 “ rotational stretching '’ referred to hy
— K Mulliken.
Curve(a)

5—1423P—II]
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COMPARISON OF OH AND OD

_Distinct from the conventional method of studying the isotope effect in’ hand
spectra, Johnston* referred to the isotope effect in \-doubling in the 21T states

TapLr 111 : '

A-doublet differences (8o —8,) for /=0, in OD bands

K g 5, ; 3, 6,38,
| ‘
1 ‘ a -.1 -4
2 ] 2 2
3 - .2 .1 3
4 A 2 6
5 - .5 3 &
6 - 6 o2 8
N - 7 E 3 10
bl - 8 3 1.1
0 —1 l T ' noox 181
10 ~1.2 b 1.2
3 11 a -1.6 ’ . —~7.'1 ' 1.4
R —-2.0. . —.3 17
13 Tl LT3 : ' -4 1.9
14 Cm3a0 -8 2.2
g =32 0 - -
, ‘ 16 -3.8 — I
17 =41 - -
) 18 —4 0 -
’ 10 ~4.9 - -
. 20 -4 8 — -
, 11 -5 ! . —
. 22 Ss8 -
. 23 -~ 61 - -
. 24 ‘ —6.6 — — |
25 ~7.7 — - :
26 —-9.7 — —
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“A=doubling in ‘2[[1&

TABLE v

states of O and O molecules

cule

173

10

I

=0
Ol +
- 3}
— 440
- .59
99
—~ 140
2.07

— 26x

— 4.29
513
— 6.18

7.03
- 774
— 8.94

—10 03

oan

-2

(e}
- 4
- .5

.6
- .7
- .8
- 1.1
—I.2

—2.0

—2.3
-30

Ratio

V=1

011

~6.8
—b.9
—&.2
=9.3

—10.5

-1 &
—5.8
-6.2
—-4.6
—-6.2
-8.6

.30

s
~

-33
34
35

.31

Mean

.28

Ratio -

O

oD

N

- .0
- .7
- .8
- 4
— .1
- Y]

= 3

Rutio |

253
33

Mean

-34

on

——
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of the O] and the OD molecules,  Curves lave been drawn by him (from as e
anpublished data) showing the variation of the doubling with K for the states
211 , and 11, for v"=:0 in the case of the two molecnies.  The doubling iu e
13 Y )

OD mulecule is found to be much smaller than for the OH molecule for the sap
value of K. The ratio of the spacings is stated to be 0.284.

" R » . . . < \ . N - 2
Table IV p.l.(fbmtb the valucs of h”“ and o()H' for the

“d state fo
o"=0, 1,2 and 3. The data on the OD bands arc due to the writer and those on
the OH bands are quoted from Dawson and Johnston's paper,® with the signs
changed. The remlts arc presented in curves (b) afid (c) for the two isotopic

—

o 0 . e 20 Ao
-— -‘\.\. Y
‘*\ T
N, ‘\\\\
v o, y
154 5
cunve (&)
g,
"\
N

70 10

CURVE (C)
<h %

Curve th) Curvr (¢)

molecules for /=0 and 1. (These curves slope downwards and mot upwards
as indicated by Johnston if Mulliken's convention of signs referred to above is
adopted.) The curves clearly indicate that, in magnitude, the A-doubling in
the OD molecule is less than that in OH for the same value of K in all the
vibrational states. ‘The ratio between 8( D and 8()H is on an average about 0.31.
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