SnCl Molecule 1485

POTENTIAL ENERGY CURVE AND DISSOCIATION ENERGY
FOR THE SnCl MOLECULE

Narayanan RAJAMANICKAM?, Natarajan PONRAJ?, Ponpandian Durai EZHILARASAN®,
Veluchamy ARUMUGACHAMY®?, Manucl FERNANDEZ GOMEZb*
and Juan Jesus LOPEZ GONZALEZ®

@ Department of Physics,

VHNSN College, Virudhunagar 626001, India

b Department of Physical Chemistry,

Faculty of Experimental Sciences, University of Granada, 23071 Jaén, Spain

Received July 15, 1992
Accepted November 17, 1992

The potential energy curve for the electronic ground state of the SnCl molecule has been constructed by
the Rydberg—Klein—Rees method in the modification by Vanderslice and collaborators. Empirical potential
functions, of five parameters by Hulburt and Hirschfelder, of three parameters by Lippincott and colla-
borators, and that by Széke and Baitz using the electronegativity are examined for their adequacy to repre-
sent the true curve. ‘The five parameter Hulburt—Hirschfelder function, U(r) = D, [(1 - e"")2 + cx3e'2'(l + bx)],
was found to be the best fitting function and it was used for the determination of the dissociation energy.
The estimated value attained for dissociation energy is 346 = 8 kJ mol~!. For this value of dissociation
cnergy, the estimated values for the parameters and expansion coefficients are ¢ = 0.06864, b = -0.363738,
ap= 2759 . 10> m™", ay = 2.876 and a, = 4.013, ag. a; and a, being the Dunham’s cocfficients.

In recent years experimental potential energy curves have been constructed for many
diatomic species which are of interest in various ficlds such as astrophysics, gas kine-
tics and acrodynamics. A detailed knowledge of potential energy curves helps in the
determination of Franck—Condon factors and r-centroids which are needed for testing
intensity theories, such as the variation of clectronic transition moment with the
internuclear separation, a knowledge of which is lacking for many diatomic molecules
of astrophysical and general interest. The experimental curve may be used as a standard
for selecting such an empirical potential function which best fits the molecular electro-
nic state. In particular, the dissociation energy may be estimated reliably from the
cempirical function describing adequately the clectronic ground state. Many methods are
available to construct the true potential energy curve using cxperimental data. The
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approach of Rydberg—Klcin—Rees (RKR) as modified by Vanderslice ct al.! is the one
largely employed.

For a molecular species to be formed and remain stable against dissociating
influences in any environment, astronomical or chemical, the temperature must be
sufficiently low and other encrgetic intcractions must be sufficicntly mild so that the
probability of breaking chemical bond once formed is low. The dissociation energy of
diatomic molecules is of primary importance in such phenomena and astrophysicists,
chemists and spectroscopists are concerned about its reliable determination. The curve
fitting method has been found to yicld reliable values for the dissociation encrgies of a
large number of diatomic molecules? = !5. The procedure consists in determining the
D_-parameterised empirical potential function which best fits the true potential energy
curve for the clectronic ground state of the molecule.

To our best knowledge, there has been no report on the true potential cnergy curve
and the experimental dissociation encrgy for the clectronic ground state of the SnCl
molecule!®. As far as theoretical calculations are concerned, Balasubramanian!” has
carricd out an sclf-consistent ficld with relativistic configuration interaction calculation
on SnCl and obtained theorctical values for the cquilibrium bond length and disso-
ciation energy for some molccular electronic states. Experimental energy levels are
known'® up to the vibrational quantum number v = 11. A reliable true potential encrgy
curve can therefore be constructed. In the present work we adopt the RKR method.

Many empirical potential functions arc known for diatomic molecules. Of these, the
three paramcters modified Lippincott function!®, the five parameter Hulburt—
Hirschfelder function?®, and that using the clectronegativity according 1o Szoke and
Baitz?! describe the potential encrgies of many molecules adequately. These functions
arc therefore examined in the present study to estimate the dissociation energy of the
clectronic ground state of SnCl from the constructed true potential energy curve.

RESULTS

True Potential Energy Curve

Expcrimentally observed vibrational levels arc used to construct the true potential
energy curve. For the known vibrational levels, the RKR method gives the turning
points by

rmax = [(fl/gl‘) + /‘\2 ]1/2 + L (1)

min = [([\/gl) + /;’.’ l]/2 - f\" (2)
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where fand g are calculated by Vanderslice’s procedure!. The molecular constants!®
uscd in the present study are listed in Table I. The computed values of the turning
points are given in Table II for the molecular vibrations in the clectronic ground state
of SnClL.

Dissociation Energy

For the constructed true potential energy curve, the energics U(r) are calculated with
the empirical potential functions by varying the D, value. An average percentage devia-
tion is determined between the calculated U(r) and the experimental G(v) values. The
dissociation cnergy from any function is that value of D, which gives the least devia-
tion. The function Icading to the smallest deviation determines the dissociation energy
of the molecule. The dissociation encrgy referred to v = 0 level is given by D§ = D, -
G(0).

This proccdurc is applicd to determine the adequacy of the empirical potential
functions'® = 2! to represent the clectronic ground state of SnCl. D, is varicd over a
range from 320 kJ mol~! to 364 kJ mol~!in steps of 1 kJ mol~!. In this range, the results
attained from Lippincott function along with Szoke and Baitz function show a larger
deviation from the G(v) values than those obtained from Hulburt—Hirschfelder function.
Likewise, when going to higher v, they show an increasing monotonic trend without
any inflection point in the percentage deviation with respect to G(v). Therefore, only
the Hulburt—Hirschfelder function leads clearly to the dissociation energy of SnCl. For
this reason, only the results of U(r) from the Hulburt—Hirschfelder potential function
arc given in Table 1. The estimated dissociation energy, D,, for the clectronic ground
state of SnCl turns out to be 346 = 8 kJ mol™'. The crror indicated in the result takes
into account the error of 2% inherent in Hulburt—Hirschfelder function® and the error

TabLe 1
Molccular constants'® for the ground state of SnCl

Constant” Value®
We 351.1
WeXe 1.06
Be 0.117
Qe 0.0004
re 2.361
el 1.8
¢ 3.0

. Co b . -1 .. ~10
“¢p and ¢y are Pauling's clectronegativities. o, w.x.. B, and a, are in em™, 7 is in 10719

© mn.
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involved in the curve fitting. For this value of dissociation energy, the estimated values
for the paramcters and expansion cocfficients (depending on D) arc ¢ = 0.06864, b =
-0.363738, ay = 2.759 . 10* m™!, a, = 2.876 and a, = 4.013, a;, a, and a, being the
Dunham’s coefficients.

TasLE 11
Energies given by the Hulburt-Hirschfelder function for the electronic ground state for SnCl molecule for
three assumed values of D’

|Gv) = U], kI mol™

v r, 10%m G(v), kJ mol™
A B C
0 2.4232 2.0969 0.0255 0.0255 0.0255
1 24715 6.2716 0.0413 0.0414 0.0414
2 2.5063 10.4210 0.0489 0.0493 0.0495
3 2.5356 14.5450 0.0519 0.0527 0.0532
4 2.5618 18.6436 0.0507 0.0523 0.0533
5 2.5858 22.7169 0.0455 0.0481 0.0499
6 2.6083 26.7648 0.0368 0.0408 0.0437
7 2.6296 30.7873 0.0246 0.0304 0.0346
8 2.6500 34.7845 0.0084 0.0164 0.0221
9 2.6695 38.7563 0.0106 0.0005 0.0072
10 2.6885 42.7028 0.0350 0.0212 0.0112
11 2.7069 46.6239 0.0627 0.0451 0.0325
0 2.3039 2.0969 0.0279 0.0279 0.0279
1 2.2643 6.2716 0.0484 0.0436 0.0486
2 2.2382 10.4210 0.0604 0.0606 0.0609
3 22176 14.5450 0.0665 0.0671 0.0676
4 2.2003 18.6436 0.0671 0.0682 0.0689
5 2.1851 22.7169 0.0616 0.0634 0.0646
6 2.1716 26.7648 0.0505 0.0532 0.0550
7 2.1592 30.7873 0.0336 0.0373 0.0398
8 2.1479 34.7845 0.0092 0.0141 0.0176
9 2.1374 38.7563 0.0219 0.0153 0.0109
10 2.1275 42.7028 0.0615 0.0532 0.0476
11 2.1183 46.6239 0.1094 0.0993 0.0922

“A: D, = 337 kJ mol'l, average deviation is 0.3412%; B: D, = 346 kJ nml'l. average deviation is
0.3408%: C: D= 354 kJ mol ™!, average deviation is 0.3420%.
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DISCUSSION

Using the spectroscopic relation D, = w%/(4 w.x,), the dissociation energy D¢ for the SnCl
molecule is found to be 346 kJ mol!. Gaydon’s? relation D, = w?/(5.33 wx, - 2 B,)
yields the D§ value of 270 kJ mol~!. The dissociation encrgy estimated from the entries
of Table II is D = 343.9 + 8 kJ mol~!. This result agrees quite well with that suggested
by Balasubramaniam!” from a comparison with other halides belonging to the group IV A
in the periodic table.

The molecular constants derived from the infrared spectra studies can be used for the
estimation of dissociation cnergies. But the molecular constants cvaluated from the
clectronic spectra studies are capable of giving the most accurate dissociation encrgies
for diatomic molecules?®. As we have used the latest and most reliable molccular
constants attained from band heads measurements'® and bearing in mind that only accu-
rate input data will yield accuratc RKR potential energy curve and also the high sensi-

tivity of the dissociation encrgy derived from curve fitting method to the potential

energy curve’, we can conclude that the results can be considered satisfactory and

rcliable

REFERENCES

. Vanderslice J. T., Mason E. A., Maish W. G., Lippincott E. R.: J. Chem. Phys. 33, 614 (1960).

. Singh F., Nair K. P. R., Rai D. K.: J. Mol. Struct. 5, 492 (1970).

Rao M. L. P,, Rao D. V. K., Rao P. T.: Spectrosc. Lett. 8, 745 (1975).

. Ishwar N. B., Varma M. P., Jha B. L.: Acta Phys. Pol., A 61, 503 (1982).

Rajamanickam N., Prahllad U. D., Narasimhamurthy B.: Pramana I8, 225 (1982).

Rajamanickam N., Prahllad U. D., Narasimhamurthy B.: Spectrosc. Lett. 15, 557 (1982).

. Rajamanickam N., Prahllad U. D., Narasimhamurthy B.: Spectrosc. Lett. 15, 557 (1982).

. Rajamanickam N., Narasimhamurthy B.: Acta Phys. Hung. 56, 67 (1984).

. Rajamanickam N.: Proc. Indian Acad. Sci. (Chem. Sci.) 95, 489 (1985).

10. Rajamanickam N.: Ph.D. Thesis. University of Mysore, Mysore 1987.

11. Rajamanickam N.: Acta Ciencia Indica 125, 139 (1989).

12. Jayagopal T., Rajavel S. R. K., Ramakrishnan M., Rajamanickam N.: Acta Phys. Hung. 68, 145
(1990).

13. Rajamanickam N., Senthilkumar R. N., Ganesan S., Gopalakrishnan N., Rajkumar J., Jegadesan V.,
Dandapani C.: Acta Phys. Hung. 70, 71 (1991).

14. Rajamanickam N., Palaniselvam K., Rajavel S. R. K., Rajesh M., Sureshkumar G.: Acta Phys. Hung.
70, 141 (1991).

15. Rajamanickam N., Fernindez Gémez M., Lépez Gonzéles J. J.: Collect. Czech. Chem. Commun., in

© X NN A W —

press.

16. Huber K. P., Herzberg G.: Constants of Diatomic Molecules. Van Nostrand-Reinhold, New York
1979.

17. Balasubramanian K.: J. Mol. Spectrosc. 132, 280 (1988).

18. Sarma P. R. K., Venkateswarlu P.: J. Mol. Spectrosc. 17, 265 (1965).

19. Lippincott E. R.. Stecle D., Caldwell P.: J. Chem. Phys. 35, 123 (1961).

20. Hulburt H. M., Hirschfelder J. O.: J. Chem. Phys. 9, 61 (1941).

21. Szoke S., Baitz LE.: Can. J. Phys. 46, 2563 (1968).

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



1490 Rajamanickam et al.:

2. Steele D., Lippincott E. R., Vanderslice J. T.: Rev. Mod. Phys. 34, 239 (1962).

3. Gaydon A. G.: Dissociation Energies and Spectra of Diatomic Molecules. Chapman and Hall, London
1968.

24. Straughan B. P., Walker S.: Spectroscopy. Chapman and Hall, London 1976.

Collect. Czech. Chem. Commun. (Vol. 58) (1993)





