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ROM the results reported by Murthy et gf.1-2
on rotational analysis of some bands of GeQO
molecule in the region M 2200-A 4200 A, it is found
that the transition involved is 1II-1X+ and not
1Z2_1Z as was reported by Sengupta3. Recently
true potenttal energy curves and dissociation
energies of the ground and excited states of GeQ
have been calculated by Nair et al.¢ using the
rotational constants reported by Sengupta. As an
exact knowledge 15 required about the potential
energy curves and dissociation energies of the
species 1nvolved in any phenomena arising from
atomic and molecular collisions, an attempt has
been made to calculate true potential energy curves
and dissociation energies of GeO by using the new
data reported by Murthy et al. on IBM 1130 com-
puter.

It was shown that the modified Rees Method5
is as effective as RKRV method in giving reliable
potential energy curves in many cases. Hence this
simple method has been used in evalvating the
maximum and minimum turning points in the ground
and excited states of GeO molecule. At the same
time potential energy curves have also been deter-
mined by using Morse$ analytical potential function
to test how far the (X1Z) ground and excited
(Alll) states obey Morse potential. It is also
known that the difference of the observed rotational

constant ‘e’ from that of the calculated value,

€
according to Pekeris? relation, is a measure of
The calculated

deviation from the Morse curve.
and observed values of ‘n; and percentage of devia-
tion in the upper and lower states are presented

in Table I. As shown in Fig. 1, the true turning
TABLE 1
Deviation
State a, observed a, calculated in the
cm-! et calculated
value
Xls+ 0-0037 0-0020 46%,
AYT] 0- 0024 g-0033 3%
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noints differ appreciably from those of Morse at
higher levels. However, the difference is noitce-
able at the lower levels also when the deviation
in ‘e’ is more as in the ground state (X1=t). Yor

the excited state (AlIl), it can be seen from Fig. 2,
that the true curve almost coincides with the
Morse curve, since the deviation of ‘a’ is small.
The turning points of fifteen vibrational levels of
the lower state and eleven vibrational levels in
the upper state are presented in Tables II and III
along with their U and U+4Te values.

TABLE II
True potential energy curves of the ground state of
GeO

\'% Ucm-? Fmin (A)  Fmayx (A)
0 489-6 1-572 1:675
1 1466- 8 1-541 1-718
2 24364 1-520 1-750
3 3395-5 1-504 1-778
4 4348- 5 1-491 1-803
3 5289-4 1-480 1-826
6 62231 1-470 1-847
7 7148-3 1-462 I-868
8 80611 1-454 1-888
9 89695 1:-447 1-908
10 9869- 5 1-440 1-927
11 10758-7 1-434 1-9435
12 11641-0 1-428 1-964
13 12513-8 1-423 1-982
14 13377-5 1-418 2+ 000
15 14231-7 1-414 2-017
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Though there are various estimaies of dissociation
encrgics proposed by many workersytu there is still
considerable divergence between the thermochemis
cal and spectroscopic values.  Hence 10 estimuate
the dissociation cnergy, the true potential energy
curves of a molecular electronic state have been
wsed, by fitting an empiical potential energy cliive
(0 the trve potential cnerey curve.  The Hulburg-
Hirschfelder and lippincott three paumeter fungs
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TanLe I
Tive polential cunergy curves of the excited staie of
GeQ
v Ucn' U+ Te  rmin(A) rmax(A)
cm~?
0 324-6 38084-3 1-701 1-827
1 967+ 6 38727-3 1-662 ]-881
2 1600-2  39359-9  1-636  1-92]
3 22267 30986-4 1- 616 1-93%
4 2844-4 406041 1- 600 1-£38
5 3455-3 41215-0 1-586 2-014
6 4056-9 41816- 6 1-573 2-042
7 4650- 4 42410-1 1-562 2-068
3 5238-8  42998-5  1-550 2095
g 5806-6 435663 1-541 2-121
10 6389- 1 441488 1-534 2-142
11 69552 44714-9 1-526 2-165

tions have been shown to fit to a good extent to
the true potential energy curves. Recently Szoke
and Baitzl2 have proposed a potential energy func-
tion which is determined by the electronegativity
of the atoms constituting the diatomic molecule.
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Fic.. 1. Potential energy curve of the ground
state. A Electronegativity function. O Lippincott
three parameter function. @ Hulbert-Hirschfelder
function,
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They have shown that this function also gives
striking agreement with RKRV curves in the case
of alkali metal molecules Li, and K,. Hence in
the present case the above three functions have
been used for the purpose of determining dissocia-
tion energy. It is shown in Figs. 1 and 2, that the
three functions give reasonable values for the dis-
sociation energies of the ground and excited states
of GeO. These dissociation energies calculated in
the ground (X1Z) and upper (VH) states are
33500 cm™1 (4-153ev) and 20000 cm™! (2-479 ev)
respectively.
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FiG. 2. Potential energy curve of the excited
state. A Electronegativity function. © Lippincott
three parameter function. @ Morse curve.

The dissociation products in the upper and lower
states are determined as follows. Since

Te + D2’ (11} = De”(X¥Z) 4+ sum of the atomic
excitation energies, the sum of the atomic excita-
tion energies is 24259-7cmt (37759-7 4+ 20,000
— 33,500 = 24259-7¢m1). 'This 15 approximately
equal to the sum (23,994) of the atomic excita-
tion energies of Ge(1D,—7, 126 cm™1) and O(1D,—
15,868 c;n™1).  Thus the GeOQ molecule gets dis-
sociated i the upper and lower states as

Ge(1D,} 4+ O(ID,) in the upper state
and Ge(3P,) + O (3P,) in the lower state. So it is
more probable that the combination of Ge(1D,)
+ O(!D.,) 1s responsible for giving an excited (1)
state of GeO molecule. The dissociation energy
De” in the ground state of GeQ estimated to be
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TABLE 1V
1-Centroids of AVNI-X1Z system of GeO
VN 0 1 2 3 4 5 6
0a 1- 685 1712 1-739 1-765 1793 1-820 1846
b 1- 684 1-712 1-739 1-766 1-793 1-819 1-845
¢ 2659-3 2730-2 2804- 2 2882-0 2963- 4 3048- 4 31377
1a 1 664 1- 694 1-721 1-748 1-775 1-802 1-828
b 1-665 1-694 1-720 1-748 1-775 1-801 1-827
¢ 26146 2683- 3 2754- 8 28292 2907- 7 2989 7 3075+ 6
2a 1647 1-675 1-703 1-731 1-757 1-783 1-810
h ' 647 1-675 1-703 1-730 1-757 1-78% 1-8C9
¢ 2575-0 2638-1 27076 27799 7855- 5 2934-3 3017-C
3a 1-627 1- 657 1-686 1-713 1-739 1-765
b 1-628 1-657 1685 1-713 1-739 1-766
¢ 25312 2595-3 2662 5 27322
4 a 1- 608 1- 638 1- 667 1- 696 1-722 1-748
b 1- 609 1-639 1- 667 1- 695 1-722 1-749
¢ 2492-2 2554- 5 26195 2686- 7 2757-5
$ a 1-589 1-619 1- 650 1- 678 1-705 1-731
b 1589 1-620 1- 650 1-678 1-705 1-731
¢ 2454-7 2515- C 2578 0 265¢- 4 2711-8
6 1568 1- 600 1-631 1- 660 1- 688 1-714
b 1-569 1-601 1-632 1- 660 1-638 1-715
c 24190 24767 25387 26022 2668+ 3 27370
+5 14 +3 12 +1 o —1 2 —3 —4
0-011 ©C11  0-011 0010 0016 0008 0-009 G009 C-009 0 009

P, w» values m AU. (a) graphical method,

band heads in A U.
33500 cm™t (4-153 ev) is considerably lower than
the value (6:9 ev) reported by Gaydon.
r-CENTROIDS

The 7-centroid (Fyr, o) representing the charac-
teristic internuclear separation of a v  v” transi-
tion in a diatomic molecular band system, has been
defined by Nicholls and Jarmaini3 as

7 J b pyn dr
b J"I’n:’ Gy dr
where 1., and 1y, .,are the vibrational wave functions

and ‘¥ is the iInternuclear distance. Ine
the present work, both the graphical and quadratic
equation methods (Nicholls and Jarmain) have
been employed for the evaluation of F-centroids
for the bands of AII-XI1Z gystem of GeO mole-
cule. The resulis are presented in Table 1IV. A
smooth curve has been obtained when a graph was
drawn between Fo' o and X, .. The scquence
difference

AF== Py yrag — Fut. o for this
system is found to be approximately consiant as
shown in Table 1V,

It is expected that the true potential cnergy
curves presented here will be useful in computing

Franck—Condon fagtors and transitipn probabilitics.

(b) quadiatic equation. method,

(¢) warelength of the
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