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Verification of RPC Scheme with the help of the RPC’s of
some diatomic molecules

M. M. Chaudhanri

Dept. of Physics,
Maharashtra Mahavidyalaya,
Nilanga, Dist. Latur

ResearchPaper - Physics

ABSTRACT
Rules of RPC scheme are verified by drawing the reduced potential curves
(RPC) of some diatomic molecules such as H,N,O, Al i, I, Nb, AlCl,
BCl and MgS. RPC's of these molecules obey the rules of this scheme.

Eventually RPC technique serves as a check on the experimental data of
the diatomic molecules.

Introduction:

Reduced potential curve of a diatomic molecule is the graph of potential energy
in reduced form versus inter-nuclear distance in reduced form. With the help of RPC's
Jenc predicted the inaccuracies in 1) rotational analysis of Cl, [1] and 2) in the
calculation of the RKR data of a35v, state of Na, molecule [2]. Correct constants were
derived later and these anomalies disappeared [3-5). Eventually the RPC technique serves
as a check on the experimental data.

With the help of RPC, dissociation energy of the ground state of KRb molecule
was estimated by Jenc [6] which was to be in surprising agreement with the values
reported in the literature [ 7). Predictions of ground state potential crf"]"e2 mole
the basis of RPC method was also found.

Looking at the thrust in the RPC method, to check the accuracy in the molecylgr
constants, determined experimentally, it was found necessary to apply

cule[8] on

itto the molecules
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excluding the molecules verified by Jenc and verify the rules of RPC scheme.
Practical applications of RPC method:

1; Construction of reliable interatomic potential energy curve of the diatomic
molecule fora sufficiently large range of inter-atomic distances,

2. Estimation of spectroscopic constants such as equilibrium inter-nuclear distance
1., dissociation energy D, and force constant K.

3. Classification of empirical potential functions to approximate the inter-nuclear
potentials.

4.

Detection of errors in the experimentally determined values of s
constants and in the analysis of spectra.

5. Detection of perturbations,
Formulae used in RPC method:

The reduced quantities in RPC method are defined as follows,

pectroscopic

u=u/e (1])
P ={r-{L-expl-r/ol 0} / {1l 1-exp(-r/pg] gy } (2)
where

8% Ire = (kDe/ke) 2 1 / [ 1-exp(-ro/gy)] B
k=3.96

Ke =4Tl2c2 wp? S ——(4)

All the symbols have their usual meaning.
ForO<p, < r,

p20
g.=0forr=9
g.z1lforr=r,
R>ee forr = oo
uz0foru=o
U=0foru=o0
Y fory - oo
U=-lforu=.p,

| o
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The reduced coordinates of the minimum of the potential curves are p = |

and u = -1. In figures p is always plotted against (u+1) so that all the RPC
now have (1,0) minimum.

Rules of RPC:
1. By definition the RPC's of different have a common (1.0) mimmum
2 RPC's of different molecules never intersect.

3. The RPC's of different diatomic molecule with only shghtly differing values oftwo
atomic numbers, approximately coincide The difference seem to decrease with
increasing value of atomic numbers

4, Thedifference in the RPC's of molecules , the atomic numbers of which differ by
more units, are more pronounced for light molecules and diminish rapidly with
increase in atomic weights of constituent atoms.

3. A large change in only one of the atomic number of an atom constituting a
diatomic molecule has considerably less pronounced effect than a much smaller
change in both the atomic numbers.

6. In general the shape of the RPC tums slowly to the nght around the minimum
while becoming broader.

i Rare gas molecules do not follow rule no 3, 5 and 6. The RPC's of rare gas
molecules coincide approximately to each other and form the right hand
boundary of the RPC region. The left hand boundary of this region is formed by
the RPC ofhydrogen molecule.

8. All RPC including excited states lie in the RPC region.

9. The approximate coincidence mentioned inrule 3 and 7 is very accurate in
repulsive limb.

Verification of RPC method
Reduced potential curves of H,, N, O,, Al,, Si,, L, Nb,, AICI, BCl and MgS

molecules are drawn using equations 1 to 4 and are presented in figures 1 10 11. The

values of T, D, K, used, are presented in table 1 along with the values of ?ij calculated.

All the molecular parameters are taken from Huber [9].

In the figures presented RPC's of H,, 1, and N, are drawn. With these RPC's ,
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the RIPC s of other molecules are studied. Figure | shows the RPC's of HL, N O AL,
S, and |, Figure 2 and 1 show the enlarged view ofthe left repulsive limb and the right
attractive limb of the curves shown in figure | From these figures it can be seen that all
the RPC"s have comgmon ( 1.0) manmmum satisfyving rule | ofthe RPC scheme. Further it 1s
also ohserved that no RPC croes each other, satisfying rule 2

To venfy rule 1. molevules N2, O, Al and Si, are selected. The ditference in the
atomsc mumbers of N, and O, and so also Al and Si, 15 | N, and O, are highter
molecules as compared to Al and Si, hence aceording to rule 3, RPC's of Al and Si,
shoubd e more choser than that of N and O This is clearly revealed in figure 3. Figure
2, accotding to rule 9, shows comaidence of the RPC's of the molecules under study is
very sourste

To check rule 4, molecules M, AL, Cu, and Nb_ are selected. The difference in

thewr atomuc mumbers 1 e M, and Al & Cu, and Nb, is 12. RPC's of these molecules are
prosentod in igure 4. Figure 5 shows that repulsive limbs of all these molecules almost
oomade. Figure 3 shows that the difference in the RPC's of lighter molecules H ,and Al
1s large as compared to the RPC's of heavier molecules Cu, and Nb,. This satisfies rule
4ofthe RPC scheme.
‘ To check rule 5, molecules AICI, BC1 and Mg$ are selected. The atomic num-
bersof AL B, Cl, Mgand S are 13, 5, 17, 12 and 16 respectively. In the pair of mol-
ecules AlCland BCL, Z,"=17 s constant, while Z *'- Z " =8. In the pair of molecules
AlCl and MgS, Z 4 - Z M8 = 7 401 . 7 M& = | According to rule 5 of the RPC
scheme, RPC's of AIC] and BC should lie closer than the RPC's of AIC1 and MgS. This
can be clearly seen from figures 6, 7 and 8. Confirming rule 5.

In figure 9 RPC's of H, N, O,, Nb, and [, are drawn with the enlarged views ot
attractive and repulsive limbs in figure 10 and |1 respectively. RPC of H, torms the
extreme left boundary and that of I, forms the extreme right boundary. RPC's 0f'N,, O,
and Nb, lic in between these two. All the RPC's are arranged in the increasing order of
the atomic numbers of the molecule. With increasing atomic number, RPC's turm to nughe
while becoming broader. This rule 6 is found satisfied in almost every figure. Rule 7 and
8 too are found satisfied with the exception of RPC's of rare gas molecules and of exaned
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states,

Conclusion;

Rules of the RPC scheme are found to hold good as far as the RPC's of ground
states of diatomic molecules are concerned. This method can be effectively used to check

the accuracy of the molecular constants and / or the RKR data derived from these
constants.

Acknowledgements:
Author thanks Dr. S H Behere, Dept. of Physics, Dr. B.A.M.U. Aurangabad
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Table 1 : Molecular parameters and ?ij calculated for different molecules.

Figure 1 : Reduced Potential Energy Curves of H, N ,0,,AL, Si,

VT ?{ T
molecules. &% !
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Figure 2 : Enlarged view of the repulsive limbs of Reduced Potential Energy
Curves of H,N, O,,Al,, Si,, I, molecules.

Figure 3 : Enlarged view of the attractive limbs of Reduced Potential Energy
Curves of H,, N;_ 0,, Al,, Si,, I, molecules.

Figure 4 : Reduced Potential Energy Curves of H,, N,, Al,, Cu,, Nb,and I,
molecules. EIRRAN
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Figure 5 : Enlarged view of the attractive limbs of Reduced Potential Energy
Curves of H,, N,, AL, Cu, Nb,and I, molecules

MgS

molecules.

Figure 7 : Enlarged view of the attractive limbs of Reduced Potential Energy
Curvesof H,, I,,N,,AlCl, BCIl and MgS molecules,

61—
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Figure 8 : Enlarged view of the repulsive limbs of Reduced Potential Ene

rgy
Curves of H, I, N,, AICL, BCl and M £S molecules.

Figure 9 : Reduced Potenti
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Figure 11 : Enlarged view of the repulsive limbs of Reduced Potential Energy

Curves of H,I, ;N, O, and Nb, molecules.
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