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In this note, using Konowalow’s MCSCF potential, we calculated the temperature
dependence of the second virial coefficient (SVC) of diatomic molecules of lithium. The
numerical results for the ground state and triplet state contributions to SVC are given in
tabular form, Our results are compared with other theoretical data.

The second virial coefficient B(I") for a system of particles (atoms or molecules)
interacting according to a central force law is given by [1]:

B(T) = Bu(T)+ - B(T) M
where
B,(T) = 2zN, cf {l—exp [~ U(r)/kT]}#dr, @)
and
N 3 dU\?
B(T) = m J (E) exp [ — U()/kT]r’dr. 3)

S
B(T) is the classical SVC and B(T) — the first quantum correction to it. Here N, is
Avogadro’s number, k& — Boltzmann’s constant, # — Planck’s constant, m — the mass

of the particle and U(r) is the interaction potential between pairs of particles separated at
a distance r.
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While dealing with the binary interactions of an assembly of chemically reacting
atoms, usually more than one diatomic electronic state need to be considered in the calcula-
tion of B(T). Thus the total SVC, B (T) = + [B(T)+3B(T)] [2], should include the
contributions B*(T) and B®X(T) arising respectively from the 'X and 3X states of Li,.
A knowledge of the interaction potentials U™®(r) and U®)(r) is needed in this connection.
Several semiempirical potentials are available for the X state [3, 4]. Sannigrahi and Noor
Mohammad, using calculated values [5] for the ground state potential parameters of alkali
dimers in the Morse [6] and Rydberg [7] potential, have calculated second virial coefficients
and added their contribution to some thermodynamic properties for the alkali vapours [8].
These calculations were, however, only made for two temperatures and did not take the
contribution of the triplet state into account.

Recently Sannigrahi, Noor Mohammad and Mookherjee [9] calculated the SVC
of alkali vapours over a wider range of temperatures using the Morse and Rydberg poten-
tials for the ground state, and the anti-Morse potential [10] as well as the modified anti-
-Morse potential [11] for the triplet state of dimers [9, 10]. Nevertheless, the triplet state
potential has been expressed in terms of ground state potential parameters.

In this note we have calculated the temperature dependence of SVC for Li, using an
accurate potential curve obtained using the multiconfiguration selfconsistent field calcula-
tion (MCSCF) for the ground [12, 13] and triplet state [14] of the Li, dimer. Our results
are compared with those of Sannigrahi. Egs. (2) and (3) have been integrated numerically
using the second-order Runge-Kutta method [15, 16]. The MCSCF potentials U)(r)
and U®(r), given numerically [12-14], have been approximated analytically in the following
way:

(?) For the ground state we have used the Morse function:

U(r) = De{exp [_Zﬁ(r_re)]_z eXp [_ﬁ(’.—re)]}7 0 < r < Ty, (4)
with r, = 1.587516 [nm]; and the long-range term of the form:
Uir) = —Cer™ 5, 1 <7< oo,

with Cg = 13.3054556 x 10~23 [J(nm)®}.
(if) The triplet state has been represented by the general formula:

U(r) = Dfexp [—2B(r—ro)]+2 exp [ f(r—ro)]}- (%)

The parameters D, r, and § appearing in Eqs. (4) and (5) mean: D, — dissociation
energy, r, — internuclear distance at equilibrium, § — constant with dimension of reciprocal
distance.

Calculated values of the ground and triplet state contributions to the classical second
virial coefficients of Li, are given in Table I. The first quantum corrections to the classical
SVC are listed in Table I1. Table IIT shows the temperature dependence of B, (T) for Li,.
In the tables we have compared our results with those obtained by Sannigrahi [5, 8, 0.

Although experimental information on the SVC of Li, is needed to test the validity
of the proposed potential, we believe that it has nevertheless proved useful in making
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TABLE 1
Ground and triplet state contributions to the classical second virial coefficient of lithium
—B(T) [em®/mole]
[IZ] o Qur results Sannigrahi results
iy o N
' |
1720 28857.665290 115.929101 32278.92 83.3b
1820 20373.021510 111.062729
1920 14952.262790 106.613788
2020 11361.748560 102.529906
2120 8869.666620 98.766854
2220 7079.809551 95.287856
2320 5768.627277 92.061268 6558.1 71.0
a2 A. B. Sannigrabi, S. Noor Mohammad, Preprint. b Reference [9].
R TABLE 11
First quantum correction to the classical second -virial coefficient
B(T) [em®/mole]
T = . - | - = .
K] al thli paper f Ref. _ )
2> DN ‘ 0%
SR _ | .
1720 83.156437 0.000470 131.41
1820 51.542506 0.000303
1520 33.300637 0.000256
2020 22.504662 06.000179
2120 15.668190 0.000127
2220 11.226842 0.000091
2320 8.249424 0.000054 13.19
a2 A, B. Sannigrahi, S. Noor Mohammad, Preprint.
TABLE IIT

Temperature dependence of the total second virial coefficient for lithium

— Biol Ty [em®/mole]

Sannigrahi results?

T
K] . Toia ®
Qur calculations
f
1720 7106.680036
1820 4997.072476
1920 3649.780005
2020 | 2757.913409
2120 2139.424372
2220 ’ 1695.6799918
2320

I 1371.048472 [

7974.39

1582.97

4 Results obtained on the basis of Table I, II (without I quantum correction for 3% state).
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a reasonable estimate of the ground and triplet state contributions to the SVC of diatomic
molecules of lithium. The good agreement of our results with those of previous works lend
further support to the usefulness of the potential proposed in this study.

The authors thank the staff of the SUNY Binghamton Computer Center for generous
access to the computer facilities. Thanks are due to Dr. John Texter and Mrs Marcy
E. Rosenkrantz for help with the calculations. One of us (C. Malinowska-Adamska)
wishes to thank the International Research and Exchange Board at New York for financial
support of her stay at the State University of New York at Binghamton.
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