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ABSTRACT

The true experimertal potential energy curves have been constructed for the different
clectronic states of astrophysically important molecule SiF and GeF molecules, by the method of

Lakshman and Rac¢ along with Jarmain method.
two molecules have been estimated by curve fitting method using the H-H function.

The ground state dissociation energice for these
From these

ctudies, 1t 1s concluded that the tonization potential of silicorn 1s greater than that of silicon Ruoride

molecule.

INTRODUCTION

HE construction of potential energy cuives is of
considerable importance for the understandmg of
physical problems erising In astrophysics, gas kinetics
and moleculer spectra. Silicon monofluoride is of
astrophysically interest and may be 2 constituent of
the Sunl. The rotational structure of the y bands
of SiF moleculc has been completely analysed by
Appelblad eral? and Martin and Merer3 reexamined
the a 43— — X2]] transiticn, Singh ard Rai4 have
computed a potential energy curve for the ground
state of SiF molecule. The UV band system and
enuission spectra of GeF, SiF, SnF and PoF were
observed by Barrow efal®¢ Recently Martin and
Merer®® carried out rotational sctructuac analysis of
GeF molecule. The rotational and wvibrational

constants required for the present work have been
taken from Mizushima® and Marttin and Merer”®,
The present paper deals with the construction of
potential energy curves by the methods of Lakshman
and Raoll along with Jarmain?®.

RESULTS AND DIsSCUSSION

The trve potential encrgy curves have been drawn
for ¢ight states of SiF and ten different states of
GeF molecules using these two methods. The
authots” method® was successfully verified in a
number of casesl2-14, The agresment betwcen these
two methods 1s excellent. For brevity, only alter-
nate turming points for different electronic states of
SIF and GeF molecules are presented in Table 1.
The maximum deviation between the two values is
less than 39%.

TARLE 1|

The true potential energy curves for different electronic states of SiF and GeF molecules

iy r—

Authors’ method Jarmain method
D U + Te (cm—l)  min (A) "max (A) Failn (A) Fenax (A)
SiF molecule

Te = 0 X 2 [T state
0 42741 1544 1663 1-545 1663
2 211337 1-484 1-750 1484 1-751
4 3761-41 1-450 1-812 1-451 1-812
6 5371-53 1426 1864 1-426 1865
8 6943-73 14006 1913 1406 1:913

Tec == 2278764 A2t state
0 2321505 1-555 1:073 1:555 | 674
2 2490101 {4958 {7061 1495 1-760
4 2654905 1-461 [+823 1-461 1823
6 2815917 1-437 1:875 1-437 1-875
8 29731-37 1-418 1-924 1-418 RN
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TasLe 1 (Contd.)

Authors® method Jarmain method
v U + TG (ﬂl’l'l'_ll rm in (A) ||l‘I:I'.'In! (A) rml‘n (A) rll]ﬂl (A)

—r

Te = 29808-41 a 42— state
O 30238-65 1-548 1:666 1:549 1-666
! 3199107 i-512 1-717 1-5]12 1-717
3 32763-69 1+470 1-787 1:470 1787
5 34393-35 1-442 1-843 1-442 1-843
Te = 34561-50 B 22+ state
0 35065-9] 1-489 1-598 1-489 1:598
2 37109-42 1-432 I-679i 1-433 1-678
4 30014-33 I-401 1-733 1-40] 1-733
6 40930-64 1:378 1:-780 1-378 1-780
8 42808-35 1-359 1:823 1-359 §-823
10 4464746 1-344 1-863 1:-344 1:863
Te = 39537 45 C 2 /A state
0 39981-90 1-516 1-632 1517 1-632
1 40860-29 1-480 1-682 1-480 1682
P 41724- 66 1-457 1-720 1-457 1720
Te = 41964-90 C’ 2]] state
0 4247969 1-477 1-584 1-477 1-585
2 4451659 1-419 1-662 1-420 1662
4 46517 - 88 {387 1-715 1+387 1-715
6 48483 - 38 1-363 1760 1-363 1-760
Te = 4660670 D’ 2] ] state
0 47121-83 1-483 1-596 1-488 1:596
1 48144-17 1450 1-635 1-454 1-642
2 4915395 1-426 1669 1-430 1:673
Te = 4741860 D 23 +state
0 47918-79 1-492 1-601 1-489 1-598
i 48910-71 1-458 1-648 1-455 i-644
3 5086071 1-420 1713 1-417 1-713
GeF molecule
Te =0 X ZHI{Z state
0 33205 1-694 1806 1-69]1 1-807
Z 1644 -99 1-633 1:-895 1-631 1-892
4 2932-35 1-600 1-954 1-598 1-951
6 419563 1-575 2004 1-573 2-001
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TasLE 1 (Contd.)
Authors’ method Jarmain method
ry) U -—{—— Te (Cmdl) J'mm (A) rmax (A) rmin (A) rm;x (A)
Te = 93433 X 2]13,2state
0 1267-21 1-692 1- 808 1-689 1805
2 2582-97 1:626 1-895 1-629 1-890
4 387415 1-598 1-952 1-596 1-949
6 5138+69 1573 2:002 1:571] 1:999
8 6387:40 1-554 2048 1-551 2-045
Te = 23316-65 A 2X+state
0 2352218 1-799 1947 1-797 1-645
2 2434200 1-725 2056 1-722 2-053
4 25151-35 1685 2:132 1-683 2+128
6 2595031 1-657 2-196 1654 2193
] 26738-27 1-635 2255 1632 2-252
10 27514-6] 1-617 2-311 1:614 2307
Te = 35010-85 B 21> state
0 31540844 1-620 1.724 1-621 1-722
2 36980:93 1577 1-817 1575 1-814
4 38525-28 1-547 1-871 1-544 1-867
6 40042 - 04 1527 1-915 1-522 1-912
8 4153] -84 1505 1:956 i-503 1:-953
10 42995-26 1-489 1-994 1487 1:992
Te = 3519463 ¢ 12 state
0 35513-83 1-691 1-810 1-688 1-808
2 36757-13 1621 1-910 1-619 1:907
4 37947-15 1598 1-967 ]1-595 1-964
Te = 43369-61 C' 2 rrstate
0 43767-19 1-623 1-729 1-620 1727
2 4535967 1-561 1805 1-563 1-802
4 46948 - 63 1-533 1859 [-532 1-854
6 4853490 [-508 1905 1507 {-899
Te = 4397749 C 2 /\ state
0 4432647 ] -646 1-760 1:643 1-756
1 45010-48 1:612 1-810 609 1-808
2 45675-87 1-591 1-851 1-588 I-848
Te == 46645-41 E 2X+state
0 4702470 1:624 1-732 1-621 1-730
2 43527006 1-565 1-810 1:563 1-807
4 5000569 ]-532 1-863 1-530 1-860
Te = 4792073 D’ 2]] state
0 48321-86 1620 1726 1-618 1:723
1 4911906 1586 1-770 1:534 1:767
Te = 49412-89 G 2 A state
0 49770-19 1653 }-765 1:651 {762
2 51185-29 ]-588 1-84] 1590 1-842
3 5183434 1-574 1-873 1-572 I-871
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The true pofential encrgy curves have been used
to estimate the dissociation encrgies of diatomic
melecules in a rumber of cases by fitting an empirical
potential energy curve. The Hulburt-Hirschfelder
functicals has been shcwn to fit to a good extent to
the true potcntial energy curves. Using H-H func-
tion the dissociation energy D,, in the ground state
of SiF molecule, is estimated to be 4:846 eV, which is
in gocd agreement with the values given by Gaydor?®
(5-0 + 0-5 ¢V) and Herzbergl” (4-80eV). Following
the same prceedure the D, value, for the grourd state
of GeF molecule has been evaluated as 4-422 eV,
which is comparable with the values suggested by
Gaydon!® (5-0 1+ 1-0¢V¥) and Herzberg'™ (4-90 eV).

The values cited in the literature for the ionization
potential of SIiF are quite harmonious. Keeping this
aim in mind, the authors took up the calculations of
the ionization potential ¢f SiF and GeF molecules.
O'Hare and Wahl.l have shown the difference between
SiF- and SiF bond energies by the ielation

D, (SiFt) — Dy (S1F) = 1(Si) — I (SiF) is 0:8 £ 0-3
eV, which is consistent with the ionization of a anti-
bonding electron. It expresses that SiF* bas one anti-
bonding etectron fewer than SiF and o one would
expect D, (SiFt) to be larger than Dy (SiF).

Having known the D, values of SiF, GeF, the
ionization potentials for these molecules are calcu-
lated assuming icnization potentials of silicon, germa-
nium and D, values of SiF¥, GeF* from Gaydon'

I1(S:F) =I1(Si) + D,(SiF) — D, (SiF*)
= 8-15 +4-85 —5-90
= 7-10¢eV,

The ionization potential 7-10 ¢V for SiF is in excellent
agreenient with the value ¢f 7-4 3= 0-2 ¢V proposed by
O'Hare and Wahl.l. Similarly the ionization potential
of GeF is estimated as 6-70eV which 18 1n close
agreement with the value 7-2eV proposed by
Harland eral® and 7-46eV given by Martin and
Mcrei®.
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CONFERENCE ON ALUMINIUM METALLURGY RESEARCH, DEVELOPMENTS AND TECHNOLOGY

The Metallurgical Society and The Department cf
Me=tallurgy, Indian Institute of Science, Bangalore
360 012, have organized a Conference on the above
subject during September 1979, The Conference
deals with a varicty of topice connected with aluminium
extraction, physical mstallurgy, corrosion, powder

metallurgy, casting, applications in industries, alloys,
e*c. The last date for sending abstracts is March 13,
1979, Details can be had from the Convener, Confe-
rence on ‘ Aluminium Metallurgy ?, Departmert of

Metallurgy, Indian Instityte of Science, Bangalore
560 012.




