[ndian J. Phys. 77B (2), 229-232 (2003)

ote
TION,
&Qﬂ‘\w A ‘o,
s %

: UPB :

Potential energy curves and dissociation energies
of diatomic indium halides

S K Mishra, Raj K S Yadav, S B Rai*and V B Singh*

Depantment of Physics, Udar Pratap Autonomous College,
Varanasi-221 002, Uttar Pradesh, India

* Departinent of Physics, Banaras Hindu Umiversity
Varanam-221 00§, Uttar Pradesh. India

E-mail * vipin_vns@sify com

Receved 8 October 2002, accepted 30 December 2002

Abstract

 The RKR potential curves are computed for the ground state XO* and low-lying excited states AO* and B1 of indium monohahdes using

the most 1ecent molecular constants, The H-H potential function has been shown to reproduce well the RKR curve over a wide range of energies and
these potentials are applied to estimate the ground state dissociation energies(D,”) for these molecules. A brief discussion on the correlation of the low-
e aacited states to the different possible dissociation products 1s also given.
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Knowledge of accurate potential energy curves for the different
clecionie states ol diatomic molecules is of fundamental
importance 1in understanding a number of molecular phenomena,
¢ ¢ . dissociation energies, perturbations, electronic transition
moments ete. These curves form a basis for discussion of the
nature of bonding in the different states of a moleculc.
Companison of the experimental (RKR) potential curve with
cmpinical potential functions has often been used with success
Wwesumate the dissociation energy of a diatomic molecule [ 1-4).

The diatomic indium halides, a transient and short lived
molecular species, have many attractive physical and chemical
Properties, such as high volatility at reasonable low
\emperatures, fast recombination rates and reasonably low
dnsocration energies. Therefore, these molecular species have
eceived attention in both fundamental and applied research.
The studies on the molecular electronic states of these molecules
have been accelerated in the recent decades due to their
dplication in the production of atomic photodissociation lasers
156] . in the lighting industry [7], in the manufacturing of
‘emiconductor devices including integrated circuit efc [8].
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Mainly three low-lying excited clectronic states A37r0(0* ).
B*my(1) and C'm(1) of the indium monohalides are known
through transitions to the ground state X'3¥*(0") [9-23]. Of
thesc, the C'sr state becomes progressively less stable as the
mass of the halogen increases [9]. The vibrational and rotational

analyses at moderately high resolution of this group of
monohalides have been reported [ 10-23].

An early study on the potential energy curves of IIIA group
monohalides using RKR method was reported by Thakur ct al
| 1. Further, several group of researchers have continued their
effort to construct accurate potential energy curves for the
different electronic states in this group of molecules as well as
for various diatomic molecules using RKR method and by other
different approximation methods [1, 3, 4,23-30].

In the present work, we have computed the RKR potentials
for the XO*, AO* and B1 states of the diatomic indium halides
using the most recent vibrational and rotational constants. The
computer programme used in these calculations is one
developed by Tellinghuison [30). Further Hulbert-Hirschfelder
(H-H) potential is used to reproduce the RKR potentials by
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varying the dissociation cnergy value over a wide range. This
permitted us to determine the best value of dissocialion cnergy
(D,) corresponding to maximum corrclation coclficient.

(a) The diatomic indium halides are molecules with an cven
number of clectrons and normally exist in the vapour phase.
The clectronic configuration for the ground statc of these
molccules may be written as follows .

(zo) (yo) (wm)*(xo)t X'¥*.

The ground state of all diatomic molecules formed by indium
and other 1A group metal atoms with halogensisa X' ¥ * (or
0* 1n case C-type ) state. The lowest excited stalc is a ‘n state.
the coupling case again changes to Hund's case 'C" 1in the heavier
molecules Above the A, B'm,, states lies the C'n -state.
The RKR potential encrgy curves are calculated forthe x '3,

A'm,.and B, . states of InX (X = "°F, SCI, *Brand '*"D) for
the obscerved vibrational levels. The turning points for all the
known vibrational levels have been calculated and are available
with the authors (these are not included to save space). The
recent values of the molecular constants and the equihibrium
internuclear distance (r ) calculated from these for the different
states of InX arc given in Table I The values of r, increases
with increasing mass of the halogen atom. The values of r - for
A'm, and B‘rrI states are shghtly lower in comparison to the
respective ground state value in all of these molecules. The
same trend was also observed in the other THHTA group
monohahdes

The Hulbert-Hirschfelder potential function can be written
n the following form [4].
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Uyy(n = De{(l—e"")2 +cx'1e‘2’(l+bx)},

wherc

x=o(r=r,), a=w,/2B, D,)"*r,

c=Il+a,(D, /a())”z- b=2-{/ 12)-(D,a, lag)}ie,

dg. a, and a, are the Dunham coefficients given by

ay = w2 /4Be, a,=-1-(a 0, /687),

a, =(5/4)al -(2w,.x,/3B,).

The above potential function is calculated, for each
vibrational level of the ground state of these molecules assuming
different values of the dissociation encrgy. The best vajues of
D, for the ground state of InF, InCl, InBr and InI correspinding
to the maximum correlation cocfficient are found to be 55y,
4.44 ¢V, 3.99 eV and 3.43cV, respectively. These valucs‘pl(mg
with the valucs obtained earlier by using different methods ure
given in Table 2.

(b) The ground state electronic configuration of atomi
Indium (In) and halogen (X) gencrates a 2P term which is regular
for In and is inverted for X. Although the elcctrone
configurations and molecular states corresponding to the man
clectronic transitions (A, B'my, —X'X* and C'g-x'v")
in the InX have been correctly identified, the correlation of the
clectronic states to therr dissociation products and the
calculations of the ground state dissociation energy have

Table 1. Molecular constants of the x'y*. A'm, and B' 7, States of Indium Monohalides

Molccule  Electionie w, w,X, B a, ,-" References
states (cm') (cm ') (cm™) (cm’) (A") No.
x' ¥ 535001 2618 026214262 I 87855 x10! 1.9861069 14
SIp g A'm, §75.20 3.670 027320 2.0 x 10} 1 9450000 11, 33
B! m, 572 20 2 630 027362 20 x 10} 1.9440000 11,33
x'z* 317 389 1 0316 0 1089829 517371 x 10* 2 4020244 12
Bict A'nm, 340 040 I 880 0.1152171 6.678 x 104 2.3332730 17, 20
B 7, 339 100 2.193 011497 0.0 2.3386449 17
x'st 222 930 0S198 005567168 1 907596 x 10"* 2.5440847 13
SIn"Br A'nm, 228 163 I 195 0 0584402 2.755 x 104 2 4830924 21
|}
B' m, 224 328 12730 0 0582917 292 x 10 2.4862533 21
x! po 176 8267 0.28927 0.037179 1.10465 x 10%  2.7421263 7
1810127
In'*"] Aln, 157 8032 1 26935 0038363 2.17026X 10%  2.6994794 7
B'n
| 146 4217 2.20187 0.037858 2.8823 X 104 2.7174244 7

* Values obtaned by our calculations
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Table2. Ground state dissociation energies (V) by different procedures for the Indium monohalides.

Molecule Thermo  Values obtaincd from spectroscopic methods Best values Best values Our value by
chemical suggested by suggested by curve fitting
Value Barrow (9 ) Huber and method
9) By extrapolation By predissociation Herzberg [31]
on observed observed n the '
vibrational levels C'n - state

in Cly -state [22, 24)

9, 15, 23, 27)
[n"F 5.28 5.28 - 5.46 5.25 525
1S "Cl 4.44 443 4.66 4.44 4.44 4.44
18In™Br 399 391 3.71 3.99 3.99 3.99
NptTy 343 141 - 3.43 343 343

presented still some difficulty. A survey of dissociation energies
of the ground and low-lying electronic states of group IIIA
monohalides were reported by Barrow [9] more than four decades
o, Barrow estimated the value of the ground state dissociation
c;wrgy bascd on the knowledge of the dissociation energies of
ihe low-lying cxcited states corresponding to the different
possthle dissociation products. The best values of the ground
Jate dissoctation energies for InF, InCl, InBr and Inl suggested
by Barrow [9] and the values obtained from the other different
methods are given in Table 2. According to Barrow, a high degree
ol wnie bonding 1s expected in this group of molecules. Recently,
Vempat and Jones [23] have presented the correlation of
Jissociation products for the lowest excited states to calculate
the ground state dissociation energy of Inl by assuming the
following two cases of chemical bond :

(1 the ground statc is considercd to be a covalent
one, the products, for the X-state are In(*P,,)) + 1
(*P,,, ). lor the A-state these are In* (*P,,) +
I ?P,,,) and for the B state, In(CP ) +1 CPyp).

(w If the ground state is considered to be ionic, the
products for the X-state arc In*+ /-, while forA and B
states this will be In (ZP”z) + I(ZPW).

Barrow [9] has chosen case (i) as the correct description and
tecommended a value of ~ 3.43 eV for the dissociation cnergy of
the ground state of Inl. However, Vempati and Jones (23] have
mentioned thiat both A and B states of Inl are expected to arise
llom the same electronic configuration and correlated to the
vme dissociation products as given in the case (ii). Vempat
and Jones [23] used the extending turning points of the RKR
potential curves of the X, A and B states (for Inl) up to the
disociation limit 1o estimate the dissociation cnergy for these
Males. Using the dissociation energy with the assumption of
tihe i), they have obtained the most consistent value for D,".
Avalue of D,"~3.41 eV obtained by assuming case (ii), in which
“f"'“ hond is suggested for the ground state of Inl, was
fecommended by Vempati and Jones [23].

Wolf and Tiemann [25] also presented an ionic asymptote

f
® the ground state of InCl as well as for all ITIA group

monohalides. They also indicated the value of De for the X-
state of InCl which is consistent with the best valuc given by
Huber and Herzberg [31]. Perumalsamy et al [24] also calculated
the upper limit of dissociation energy of the X- state for InCl ~
4.66 ¢V using the predissociation observed in the C-X system.
Singh er al [27] reported the value of D, for the InBr~3.91eV by
analyzing the fluctuation bands observed in the C-X transition
of InBr. We have also estimated the dissociation energies from

W
D, = P for the X, A and B states of InF, InBr and InCl to

w,x,
determine the most probable dissociation products for these

states. It was found that extrapolated values for the dissociation
energy in the ground state leads 1o much lower value than the
best value reported carlier using other methods. This fact was
taken as in agreement with the expected increasing ionic character
towards lighter molecules in this group (i.e. Inl<InBr < InCl <
InF) [33, 34].

The values of the ground state dissociation energy for the
InX molecules calculated by our curve-fitting method, are
consistent with the best values reccommended by earlier workers.
From the present study, we have concluded that both A and B-
states of InF, InCl, and InBr, arising from the lowest excited
electron configuration, are expected to correlate to the excited
Indium and normal Iodine atoms, as recommended by Barrow
[9]. It should also be noted that chemical bond in the indium
monohalides arc generally considered to be 10nic [23, 25, 32];
however, the percentage of covalent bonding is slightly higher
in the heavier Indium halides.
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