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Abstract

The experrmental potential energy curves for X3Z-, 43Z- and C 1 states of the BiF molecule have
been constructed by the method of Lakshman and Rao. The ground state dissociation energy of the
molecule has been estimated as 3-33 + 0:40 eV by the ourve fitting procedure.
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1. Introduction

A knowledge of the precise value of the dissociation energy of diatomic molecules is of
fundamental importance for thermochemistry and it is often of interest in astrophysics.
The present paper deals with the construction of potential energy curves for X 3X-, 4 3L~
and C '] states of B'F molecule using the method of Lakshman and Rao! and the esti.
mition of dissociation energy for the ground state of the molecule by fitting the three-
Parameter Lippincott potential function? with the constructed potential energy curve,
The molecular constants in the equilibrium position, viz., the electronic term (7)), the
Vibrational constants (w,, ,x,) the rotaiional tonstants (B., a,) and the internuclear
distance (r,) of the molecule, required for the present work have been taken from
Mizushima® and are given in Table I.
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Table I

Malecular constants of BiF molecule
—————

Constant Xz- AL~ C'11

T, (cm™) 0 22959-70 44222:00
o, (cm™) 510-00 381-00 615-00
w,x, (cm™) 2-05 3:00 2:50
B, (cm™) 0-2301 0-210] 0-2500
r (A) 2:05 2135 1-97

2. Potential energy curves

With the Rydberg- Klein-Rees (RKR) method® oné can construct very accurate potenial
energy curves close to the minimum only, from the experimentally measured mole.
cular constants of a diatomic molecule. The method of Lakshman and Rao!is ap
improved form of RKR method and was suzcessfully verified for several states belonging
to different diatomic molecules 'n a number of casest-1°, Chakraborty and Pan" had
meationed in their review paper that the method of Lakshman and Rao is reliable 2nd
accurate,

The maximum (r,,) and minimum (r.,) values of the internuclear distance for &
molecule vibrating with energy (U,) are given in terms of f and g as

and
j' 11l 2
"-n’[g“'*'f:_‘ -/ ()
where
2 ue o - 1/
7= [37: ﬂt;l(nxb] LE3 In W,
and
"2”3 1y 2 l
g = ( hyc) { 20 (wx)i* U} + (wx)72 [2B, — aw,(wx)i*] In Wi}
in which

W, = [w? — 4 (wx) Ui]__liz
T o = 2 ()i UL




DISSOCIATION ENERGY OF THE BiF MOLECULE 9

and
U= oo + 3 — ox (o + 2.

In the above relations, x is the reduced mass of the molecule, ¢ is the velocity of light
and A 15 the Plank’s constant and the notations are the same as adopted by Vanderslice

et ald.

Four consecutive vibrational terms are taken at a time, and using the
least square method, the constants w; and (wx), are determined. T hey ar€ used only
over the middle two levels. Similarly from the nextset of four overlapping levels, constants
for other successive levels are determined. The rotational constants B, and a, are
taken a5 B, and q respectively as the variation in their values is negligible with the vibra-
tional quantum number (v) for any onc clectronic state.

3. Dissocigtion energy

In evaluating the dissociation energy of a molecule by the method of curve fitting, the
three paramster Lippincott potential function has been shown to reproduce quite well
the RKRYV curves wherever these are known over a wide range of cnergy, for 3 number

of diatomic molecules!3-15,

The Lippincott potential function used is of the form,

) = 0.[1 - {2

r (b.:rz \2 3 f _ (bzfl 2 _ }]
xLl - d 2!‘ ) (f' rl) pr { 2’,' (!’ !'..) (2)
in which
F 2F*
a = & n = %
| + g F r{an)

where b = 1:065 and F = «,w,/68,>

The turning points of the ground state of BiF, obtained in the present study, are used
in the Lippin:ott function and for a particular value of D,, the observed encrgy valu§3
of U, are compired with the calculated energy values [U(r)]. This procedure 1S
repeated for different value: of D, and the D, value (27100 cnr?), for which the best fit
of the energy values is observed, iS taken as the precise dissociation energy of the mole-
cule. For comparison purpose the calculated energy values for different D, values are

présented in Table IIJ.

4. Results and discussion

The turning points obtained for forty-five vibrational levels of the three electronic
*tates of BiF molecule are presented in Table II.
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Table II
Turning points of the potential energy curves of BiF
» U, (cm™) U T, (cm™) r min (A) : max (A)
X 3L= State
0 254- 48 254-48 1-9879 2:1112
| 760 37 76037 1-9478 2:1622
2 1262°19 1262+ 19 1-9217 2:1994
3 1759- 88 1759- 88 1-9011 22309
5 274298 2742-98 1-869] 2-2854
6 3228-38 3228-38 1-8558 2- 3099
7 3709- 68 3709- 68 I+ 8438 2:3333
8 418688 418688 1-8328 2-3558
9 4659-98 4659-98 1-8226 2-377s
10 512898 5128-98 1-8132 2-3986
11 5593-88 5593 88 1-8043 2-4192
12 6054- 68 6054 68 1-7959 2-4394
13 651138 651138 1-7880 2:4592
14 696398 6963-98 1-7805 2-4787
15 741248 7412-48 1:7734 2-4979
16 7856 88 7856-88 ]1-7665 2:5170
17 8297-18 8297-18 1-760) 2:5358
18 8733- 38 8733- 38 1-7537 2-5544
19 9165-48 9165-48 1-7477 2-5729
A2~ Siate
0 189:76 23149-46 2:0766 2:2195
; 565-09 23524-79 2:0283 2-2773
2 935-31 23895-01 19960 2-3194
3 1301-04 2426074 1-9701 2- 3551
4 1662- 86 24622- 56 1-9488 2:3862
5 2021-39 24981-09 1-9297 2:4152
6 2377 21 25336°91] 1-9125 2-4425
7 2730-94 25690 64 1-8966 2:4685
8 308316 2604286 1-8838 2-4911
o 3434- 49 2639419 1-8707 2-5139
10 378551 2674521 1-8585 25363
il 4136-84 27096- 53 18469 2'5581
12 448906 27448-76 1-8390 2:5749
13 4842:79 2780249 1-8294 2°5942
14 519861 28158- 31 1-8202 26133
C*I1 State
0 306- 88 44528-88 1:9133 2-0256
1 916-88 45]138-88 1-8769 20722
2 1521+ 88 45743 88 1-8532 2-1062
3 212188 46343- 88 1-8347 2-1350
4 271688 46938-88 1-8192 2:1609
5 3306-88 47528 82 1-8057 2+ 1849
6 3891-88 48113-8¢8 1-7938 2-2074
7 4471-88 48693- 88 1-7829 22288
3 5046- 88 49268-88 1-7731 2-2495
9 561688 49838-88 17639 2-2694

m_
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Table 111

Estimation of dissociation cnergy of BiF molecule—comparison of the observed
calculated energy values
_—f-___“-___—“—

and

-1 - -1

r (A) U,om D o = 27409 cm D, = 27100 cm* D, = 26800 cm™

U(r) 7 | U(r) oL U{r) o

cm™! deviation cm? deviation cm™! deviation
1-9879 254-49 28161 10:65 278-53 9-45 275:44 8-23
9-1112 254-49 229- 3% 9-87 226:87 10-85 224:36 11-84
1-9011 1759-88 183929  4-5] 181915 336 1799:01  2-22
2-2%09 1759:-88 1702-46 3-26 1683-82  4-32 1665-18  5-38
1-8558 3228-38 3345-74 364 3309-11 2:50 3272-48  1-37
2. 3099 3228-38  3167-17 i-88 3133:08 2:95 3098-40 4-03
[-8226 465998 4818-41  3:40  4765:66 2:27 471290 1-14
2-377$ 4659-98 461191 1-03 4561-4) 2-12 4510-92 3-20
1-7959 6054-68 625769 3-35 618918 2:22 612066 1-09
2-4354 6054-68  6029-69 0-41 596367 1-50 3897-65 259
1-7734 7412-48 766342 3-39 7579 51 2-25 749561 1-12
2-4979 7412-48 7115-46  0-04 7334-27 1-06 7253-08  2-15
1-7§37 $733-38 904963 362 8950-54 2-49 8851-46 1-35
2- 5544 8733-3¢ 8768:53 0-40 8672-53 007 8576-52 1-80

Average 3-53 Average  3-38 Average  3-40

e e

' Iiis obvious from Table III that the best fitting of the energy values is achieved for

D, = 3-36 eV since the average percentage deviation in this case 1s minimum. Hence
the dissociation energy for the ground state of BiF is 3-36 + 0-40eV and the value
as measured from the lowest vibrational level is D, = 3:33 eV. But the estimated

value is slightly higher than the value (2:65 £ 0-3¢V) recommended by Gaydon?®.
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