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ABSTRACT

The true potential energy curves for X} 2+. ALIT, C1 2+, DA

, BT, BFUT b 35+, ¢ 32+ states of

AlF molecule have been calculated by Lakshman and Rao’s (present authors) method as wellas
Rydberg Klein-Rees as modified by Vanderslice e/ al. method, the agreement between the two is

excellent.

Dissociation energy and Tonization Potential for this molecule have been estimated as

7-016 ¢V and 9- 696 eV respectively, which are in good agreement with the values given by Barrow

et al,

INTRODUCTION

HE band spectrum of AlF has been investigated in

emission by many invesiigators'® and recently

by Barrow ef al® andin Hhall,, twelve band systems for AlF

molecule have been observed and analysed. The

rotational and vibrational constants required in the
present work are presented in Table I,

mine the vibraticnal and rotaticral energy levels of
the melecule. The pesiticrs of these vibraticral ard
rotational energy levels delermire the thermedynamic
properties of the substarces. Gas imperfecticrs are
due to polential energy changes in molecvlar colli-
sicns while reacticp rates are determired by the peten-
tial energy surface cof the activated complex ¢f (re
reacting molecule.

TABLE [

Molecular constants of AlIF molecule

State 1[.71;1‘1El 1L:n£:t1jf 1 :t;tflﬂ chi‘i}iﬂ CI:'EE]“ agli'i“‘llo 3 Eﬂ
X1 2+ 0 802- 26 4-77 0- 55250 4-95 1-6542
AYlT 43949 2 803 94 5:99 —0-030 0- 55640 5-34 1- 6484
Ct 2+ 57688-0 938-22 5-09 —0- 017 0- 58992 4+ 58 16069
D! A 612295 901- 05 6-11 0- 58297 302 16104
E T 636894 923-02 528 0- 538709 4- 04 1- 6047
FLIT 65795- 6 955-33  5-38 0-59281 4-59  1-5970
b 8E+ 44813-2 786-37 7-64 —0- 009 0-56280 6: 51 - 6390
c 2+ 54957- 7 933. 66 4- 81 ' O 58861 4+ 57 16026

Nl -ty

The molecules N,, CO, BF, Si0, Si§, CS and AlIF
have rather similar specrra. In conunuation of the
work on SiO and SiS molecules, the authors tcok up
che present work on AlF molecule.

The construction of potential energy cusves is of
considerable importance for the understanding of
kinetic mechanisms, spectral pheremena, stellar struc-
ture and many associated problems’ ¥, Polentia)
energy minima determine the possible structures and
are thus related to bond strength and valence. The
curvatures of the potential ererpy surface, (the sceond
derivatives of the potential energy with respect to (ht
distance iu certain specificd dircctions are the feree
constants for various moedes of vibration and deter-
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T1E TRUE POTLNTIAL ENIRGY CURVLS

The present paper deals with the constuction ¢f
polential encrgy curves for different ¢lectreonic states
XPE, AYIL, CLEY DY ALVEVT, YR IT, b3, ¢ AN of
AIF molecule using the Rydberg-Kicin-Rees method
as modilied by Vanderstice e gl along wich the
Lakshman and Rao’s method?®. The RKRV method
has been considered to be superior to the Morse
mcihed, smee it can be used upto the  dissocnation
i, unbike Morse methed whese validiny  hies an
FeRions neas the petentind suanmeuo, bhen theueh
the vibrational levels age fow in nuuber in the dutferer
states of AL mplecule, the RRRY mcthad is preteried
to the Morse miethed, sirce the ¢ as calcubued from
Pekeris 1elavion (Mereberg)'®  deviaes argay fom
1w 11v,in ddlerent elecaonwe siates e the eyperi-
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2tally obssrved e, values in the different electronic
states. This method which 1s known as RKRV
method is a WKB approximation from which we
obtain reliable potential energy curves from the
measured vibrational and rofaticnal aralyses of the
diatomic molecules.

The present method by Lakshman and Rao!® was
su.cessfully verified by them in number of cases!s—®
and receatly Chakraborty and Pan?? in their review
paper gave a detailed account of different methods
and the authors’ melhod 1s one such reliable and
accurate, which involves less complicated mathe-
matical calculations. Since the details of this method
are reported in literature!?, only the explicit formulae
to evaluate the classical turniag points are given

below:
2 —12
[ = [37: pck(mx)i] In W,

2 2 1¢2
g‘ =3 ( ﬂﬁ#c) {2‘1‘. [wx)‘-‘l U“ljﬂ

+ (wx)11? [2B; — o, wg{wx),"] 1n W}

where
‘“12 — 4 ("-‘-‘x)i Ui
wy — 2 (wx)HE U2

W=
the symbols have their usual spectroscopic significarc.
The classical turning points are given by the relauon

f R 1;2
Fgaxy min =™ (’é‘ +f if.
RESULTS AND DISCUSSION

Employing the authors’ method the potential energy
curves for the different electronic states ¢f AIF mcle-
cule have been calculated and the resulis are presenced
in the Table II. Tne agreement between the RKRYV

TasLE Il

The true potential energy curves for different electroni,
states of ALF molecule

r ———— s

RKRYV n ethod

Authors’ method

V U+Ts 7wax(A) (e (A) rpux (A) raa(A)
(cm™)
1 2 3 4 5
T,= 0 X1 2+siate
0 369-9 1-719 1-596 1-719 1-596
1 1192-7 1:772 1558 1:-772 1-558
2  1975-8 1-8il 1-533 1:811 1+ 533
3 2745-5 1-845 1-514 I-845 1.514
4 3514-2 1:875 1-498 1- 876 1-499

Current
Science
TasrLe I (Contd,)
| 2 3 4 5
Ty = 43949-2 cm-1 Al IT state
0 44349-7 1-713 1- 590 1-713 1-590
1 45141-5 1-767 1-552 1-767 1-552
2 45920-8 1-807 1+ 528 }- BO7 1-527
3 46687-5 1-841 1- 309 1-842 1-510
4 47441-2 1-873 1-494 1-873 1-493
> 48181-5 1-903 1-480 1-503 1-480
6 48508-2 1-931 1-468 1-930 1-468
7 49620-7 1-958 1,45? 1:958 1-457
T,= 57688-0cm™? Cl Z+ state
0 581558 1:-660 1-547 1-660  1-547
1 59083-8 1:709 1511 1:709  1-511
2 60001-4 1-745 1-488  1.745  1-488
3 60908:6 1-775 1-470 1-775  1-470
4 618053 1-806 1-453  1-§06  1-453
5 62692-4 1-828 1-442  1-828  1-442
T, = 61229 5¢m™? D' A state
0 616785 1672 1-555 1:672  1-555
1 62567-4 1:721 1-519  1.722  1-520
2 63444-0 1-758  1-496 1.758  1-497
T,= 636894 cm™ E> T state
64149:6 1665 1-5507 1-665 1- 5351
I 65062-1 1-714 {-514 1-715 1- 515
65964-() 1*720 1-491 1+ 750 1-490
T, = 65795 - 6cm™ F11I s:ate
0 66271-9 1-656 1-543 1- 656 1-543
1 67216-5 1704  1:508 1-704  1-508
2 68150-3 1-739 1- 4835 1-739 1-485
T,= 44813-2 cm™! b 32+ state
0 45204-5 1-705 1+ 581 1-705 1-581
1 45975-5 1-760 1- 543 1-760 1+ 544
2 46731-3 1-802 1-519  1-802 1-520
3 47471-6 1-839 1- 501 1- 840 1-500
4 48196:4 1-872 1:-486 1-872 1-486
S 48905-7 1:904 1-473 1-904 1-473
6 495993 1-934 1-461 1-934 1-460
7 50277-4 1-961  1+450 1:960 1-450
Te= 54957-7cm™! ¢ 32+ state
0 55423-4 14662 1+ 548 1-662 1- 348
1 563474 1-711 1- 512 1-711 1-512
2 57261-8 1-746 1-489 1-746 1:490
3 58166-6 1-777 1-471 1-778 1-470

e e S e el
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method and authors’ new method is excelleat. It is
therefore concluded that this new method can also
be employed in the construction of potential energy
curves in the absence of computational aids as it in-
volves less complicated mathematical calculations.

The true potential energy curves (RKRYV) for a
molecular elecironic states have been used to esti-
mate the dissociation energies of diatomic molecules
in a number of cases by fitting an empirical - potential
eae1gy curve to the true potential energy curve (Steele
et al1¥1%: Singh, R. B. eral®-?, Sing, J. et al.??;
Nair et a/.?%). The Hulbuit-Hirscofelder function has
beea shewn 1o fit to a geod extent the RKRY curves
wherever these are known over a wide range of energy
for a number of diatomic molecules (Stecle et al.%)

Hulburi-Hirschfelger furction
V=D, [(l — e ) + ca® x®
where

e-%¢z (1 + abx)]

X =¥ —F, .\

a = (K,/2Dp)'*

| - ! SE
5=2-—1/c [7/12 o (E;" + 25
2
+..5_f... _ 0/12)]

=1 '"(EE)“"‘F)

a, W _ Bw.x,

=-¢— and G

F=¢52 B,

being five parameter furcticn gives tle test averzge
results” and in general gives the best or rear the test

fit cf the potential for all the cases studied.

In the present woik using Hulburt-Hirschfelder
function the grocund state X! Z+ disscciaticn energy
of AIF molecule is estimated as 56,587 5emi~1(7-016 eV
which is in very good agreement with the value (6- 85
4 0-1eV) suggested by Gaydon*. Using D, the
ionization potential for AlF, is calculated assumirg
I of Al and D, of AIF* from Gaydon®.

I (AIF) = 1(Al) + D, (AlF) — D,(AlF)*
— 48,232-9 -+ 56,5875 — 26,616 &
~ 78,203- 6 cm?

33

which is in good agreement with the value 80,(C0
el (9-918 eV) given by Barrow ef alb.

ACKNOWLEDGEMENT

The authors wish to thank Prof. 8. V. Subzahiranyam
for his iiterest and encouragement in the present work,

10.

i1.
12,

13.
14,
13,

16.
17,

18.
19.

20,

21,
22.

23,
24,

1
2
3
4
5,
6
7
8
9

Rochester, G. D., Phys. Rev., 1939, 56, 305.

Rowlinsor, H. C. and Barrow, R. F., Proc.
Phys. Sﬂc A, 1953, 66, 437.

Naude S. M. and Hu o, T. J., Cand. Jol. Phys.,
1953 31, 1106. ‘

Dosworth P. G. and Barrow, R. F., Proc. Phys.
Soc., A, 1955, 68, 824.

Naude S."M. and Hugﬂ, T.J., Cand. Jol. Phys,,
1957 35, 64.

Barrnw R. F.,, Kopp, I. and Malmterg, C,,
Physma Smpra, 1974, 10, 86.

Singh, J., Nair, K. P. R. and Rai, D. X., Jol.
Mol Srrucrure 1970, 5§, 492,

Fallon, R. I, Vandershce J.T. and Cloney, R. D
Jol. Chem. Phys., 1962 37, 1097. :

Steele, D., Lippincott, E. R and Varderslice,
J. T Rev. Mod. Phys., 1962, 34, 239,

Vdndershce J. T., Mason, E. A Maisch, W. G.
and LlleI’lCOtt E. R Jol. Mol. Spectro.,
1959, 3, 17.

, Ibid., 1960, 5, 83,

Lakshman S. V. J. and Ramakrishra Rao, T. V.,
Jol. Ph 3,B 1971, 4, 269,

Herzberg, G., Mol Spec!ra and Mol. Structure—
I, Van Nostrand Company, New York. 1967,

Ramakrishna Rao,T. V. and Lakshman, S. V. J.,
Jol. Quant. Specr Radi, Trans., 1972, 12 1063,

Ramakrishna Rao, T. V. and Lakshman S. V. ],
Ind. Jol. Pure and Appl. Phys., 1973, 11, 539,

—, Physica, 1971, 56, 322,

Chakrabo:ty, B. and Pan, Y. K., Applied Spectro.
Rev,, 1973, 7, 283,
Steele, D., Specrradmir Acra, 1963, 19, 411,

- and Lippincott, E. R., Jol. Chem. Plys.,
1961, 35, 2065

Singh, R, B, and Rai, D. K., Cand. Jol. Phys.,
1965, 43, 1685.

—, Ind. Jol. Pure and Appl. Phys., 1966, 4, 102,

Singh, J., Nair, K. P. R. and Raij, D. K., Jol.
Mol. Structure, 1970, 6, 328.

Nair, K. P. R., Singh, R. B. and R, D. K,
Jol, Chem., Phys., 1965, 43, 3570,

Gaydon, A. G., Dissociation Energies, Chapman

and Hall Ltd. (London), 1968,



