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It is shown that the concurrence of the results obtained by varying the self coupling energy,
the total second order energy and the cross coupling energy independently can be readily accom-
plished. In addition, it is possible to arrange to obtain any pre-specified value for the coupling
constant. On this basis it is suggested that it might be dangerous to construe the concurrence
of calculated results as an indication of convergence in practice.

Calculations of the spin-spin coupling constant
of the HD molecule have been performed by many
authors [1—5] in many different ways. This note
deals with the class of calculations involving a less
singular contact operator than the delta function.
With such an operator and a suitable choice of
variational functions it becomes possible to make
the cross-coupling energy independent (to within a
very small parameter) of the (finite) self-coupling
energy [5], the value of which depends on the
precise form of the contact operator [1—5].
Delpuech [6] et al. concluded from their study that
it is necessary to use variational functions which
mimic the true solution both in the immediate
vicinity (that is, within a few Fermis) of the perturb-
ing nucleus and in the inter-nuclear domain in
order to get convergence. Singer and Voitlinder [2]
using a non-singular contact operator did not
directly address themselves to the question of con-
vergence but they computed the coupling constant
Jup in three different ways — by varying the self
coupling energy, the total second order energy and
the cross coupling energy — and obtained the same
result, 39 Hz, in each case. The question poses itself
whether this can be taken as an indication of con-
vergence. In what follows we argue that it would be
dangerous to do so. We demonstrate that a class of
variational functions can be chosen for which this
concurrence can be guaranteed and for which it is
possible to obtain any pre-specified value for Jyp.

After integrating out the spin the original two
electron problems can be reduced to a one electron
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problem. Having postulated a short range and a
long range part for the solution and observed that
the cross coupling energy is independent of the self
coupling energy [2, 5] the coupling constant can be
written down (in terms of quantities which depend
on the long range solution alone) as [2]

Jiib = (2.95)[2H1,1 01,1 02,1

— H3,1(C?1,1 + C23,1)]/[H?%,1 — H?1,1] (1)
in Hz. The superscript (2) indicates — as in [1] —
that this corresponds to the minimisation of the

total second order energy, and 2.95 is the conversion
factor to convert atomic units to Hz in the case

of HD. Also

Hl,l = <Hl| h() = €0 ‘Hl> = <Dll h() == eol Dl> s

Hs, = (Hi| ho — &0 | Dy = (Dy| ho — 0| Hp),

Cr,1 = CH | fE|0> ={(Di|f2]0>, and

Ca,1 = CHi| fp ] 0> =<Di| f2]0>. (2)
Here /N represents the contact interaction [2, 7] and
is a short range function centered on the nucleus N
(=H,D). |H) (|Dy) is the long range basis
function for the variational solution associated
with the contact perturbation at H (D).

Varying the self coupling energy alone — denoted
by the superscript (1) — yields [1]

Jith = — (2.95) C1,:C2,1/H1, 1 (3)
while varying the cross coupling energy alone —
denoted by the supersecript (3) — yields [1]

J b= — (2.95) C3,1/Ho,; . 4)

Sénger and Voitlinder [2] point out that all

three expressions, i.e., (1), (3) and (5), are equiv-
alent if

Hy1=—0C,1 and Hp;=—Cs;. (5)

0340-4811 / 79 / 1000-1158 $ 01.00/0. — Please order a reprint rather than making your own copy.

@O0

BY ND

Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher

Nutzungsformen zu erméglichen.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz verdffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fir Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



H. P. Trivedi - The Calculated Spin-spin Coupling Constant of HD

The equalities above are not invariant under
scaling of |Hl> and |Dl> by a constant k since H; ;
and Hs ; scale as k2 while C;,; and C5,; scale as k.
The expressions (1), (3) and (4) for Jap ought to be
and are invariant under such scaling. In fact, the
equalities (5) are only a special case of the more
general requirement

Hy,1/Hz,; = C1,1/C2,; (6)

which would ensure that J{{}, = JG}, = J§},. This is
readily verified by inserting (6) in (1), (3) and (4).
Condition (6) is clearly invariant under scaling of
the bases.

We now proceed to construct bases functions
which would a priori guarantee (6). Consider the
somewhat unusual choice

| N =gy £+ 9> (N %) ()

where @N is an arbitrary function centred on the
nucleus N. For instance, if we choose the negative
sign and yy = |/e3/x exp(— e ry), | N> would be
just the higher lying (anti-bonding) LCAO orbital
in the minimal basis set. It is obvious by symmetry
of | N;» with respect to N and N’ that

Hy 1 /Hz = C1,1/C02,1 = + 1, (8)

according as which of the + signs is chosen in (7).
Hence, Jih= JE&) = J§E).

To be fair, the choice of the perturbed wave-
function (7) does not appear to be a physically
reasonable one (compare, for example, with Ref. [6]).
It is nevertheless permissible to draw formal
conclusions from this analysis.

Further insight can be gained by considering
Equation (3). Since ¢ is the variational upper bound
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on hgo it necessarily follows that H;,; must be
positive semi-definite. The product Cp,; Cs,; is
positive (negative) semi-definite corresponding to
the choice of + (—) sign in (7), and Jgup is corre-
spondingly negative (positive) semi-definite. To be
specific, taking the + (—) sign and choosing
Yy = |/n3/aexp(— nry), it is possible to obtain
any pre-specified negative (positive) value for Jgp
by adjusting 7.

We have seen that it is possible to choose a class
of variational functions, albeit formally, for which
it can be guaranteed that J4}, = Ji#h = JE) —any
pre-specified value, under the linear variational
procedure as described in [2]. While the variational
bases used in [2], unlike (7), do not a priori guarantee
the equality (6), it might nevertheless prove
dangerous to take the concurrence of the J%l)),
J¢) and J§}, values to be an indication that they
have converged.

To summarise, we have used simple scaling
arguments to show that (5) is only a special case of
the requirement (6) to ensure that J4) =J&) =J),.
Use of the antibonding orbital for HD in the
minimal LCAO basis, in particular guarantees such
concurrence, and it is possible to obtain any
desired (positive) value for Jgp with it by suitably
adjusting the exponent. It may be misleading to
interpret the concurrence as being indicative of
convergence.
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