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The contact contribution to the nuclear spin-spin coupling
constant in HD is evaluated variationally by using the non-
singular contact spatial part fm(r, a) =exp(—r/a)/2 dd,
a=0(10"% a.u. Jgp is calculated to be 39 Hz and is
independent of the sharp short-range part of the trial first-
order wavefunction to the order O (a).

In recent papers "2 a variational calculation of
the isotropic nonsingular contact contribution

Hi= 3 iyfm@)2S,() LY,
N,i

fa (i) =exp(—riy/a)/2a3,
Ay=(1/3)gnBrxg P, (1)
N=H,D, a=0(107% a.u.
to the rotationally averaged nuclear spin-spin cou-
pling constant in the molecule HD

Jup=4uAp Egp (R LM I.P) 71 (2)

has been presented. There, the one-electron Hylleraas
functional due to the whole second-order energy E,
is
Ey— % Eyn +4% Epp+ ia o Exp (3)
=2(1|hy—&[1)+4(1 |g Iy fu I, 0) .

In (3) the integration over the electron spins has
already been done. In particular, &,, |0) and ¢, are
the unperturbed approximate one-electron hamilton-
ian, groundstate Coulson MO and elgenvalue, re-

molecule contact perturbed at the centres H and D,
i.e.

] 1) = g}h\/[éw“vs) +ElNlNl>]IzN9
| Hy) =] et i + e po° + FE) » (4)
|Hy) =| el @glt +es' oo +917) -
The molecules HD and H, are identical with respect
to their electronic distribution. By symmetry, the
functions | D,) and |D1) in |1) result from inter-
changing H and D in | H,) and [Hl) ¢V and &V

.
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are linear variational parameters, the physical mean-
ing of which will be explained later. The constants
s an‘(} ¢i o stem from spatial Schmidt orthogonaliza-
tion (1/0) = S and ¢,’ being of the order O (a?)
become negligible in (3). The ¢," in (4) are scaled
1s-AOs. They are superimposed by the nonsingular
functions

1= — (1/a) exp(—ky ryfa) [kyryfa+ 11" (5)
and
¢ﬁ= +k2 rN(pONa

respectively. The sum of these two functions, [i)lN s
approximates the exact first-order correction to @V,
i.e. the exact nonsingular solution ¢," of the atomic
first-order perturbation (= /%) equatlon (ky and £,
are fitting constants). Like ¢," the approximate
function ¢," is composed of a short-range part 5 ,
rapidly decreasing at very short (subatomic) distan-
ces of the order O(a) from the perturbing nucleus

N, and a long-range part $1 , gradually decreasing
at large (atomic) distances. This partitioning fol-
lows from using the more realistic nonsmgular
magnetic moment distribution function f& rather
than 8(r)/r2. @7 can be 1nterpreted as the wave-
function of the electron “‘entering” the perturbing
nucleus (contact) and leading to the non-divergent
self-coupling term

Eyy~ ((;)f; | eb). (6)

@?1 describes the electron carrying its spin polariza-
tion away from the perturbing nuclear spin.

Going over to the molecule HD, by mtumon one
may expect that the sharp short-range part §f's, is
unaltered. The long-range part now covering the
internuclear (chemical) region transfers the electron
spin polarization via the chemical bond from one
nucleus to the other and enables its interaction with
the second nuclear spin thus producing the nuclear
spin-spin hetero-coupling energy

A lp Egp= 4 2y ip(H | fm|0) LR L
=42pig(D|fA10)IPIH (7)

to which Jyp is proportional. Note that in the varia-
tional Ansatz (4) the trial first-order wavefunction
of the molecule contact perturbed at the centre N is
different from that used in Reference® 2. Pyykks®

has pointed out that EHD depends on Eyy if the trial
function 1 2
+Ny)

| Ny =éy | N,
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with only one variational parameter cy 1s used. The
calculation of Eyy from the operator j3 including
first-order terms in the non-relativistic atomic Pauli
hamiltionian that are quadratic in the vector potential
A gives a reasonable (not too high) value . There-
fore, one has still to find out whether the formally
correct Exx-dependent approaches to Egp , i.e. (33)
and (37) in Ref.? are affected by those 4>-terms*.
In the following, we prefer the Ansatz (4) of vary-
ing ¢,V and ¢V independently %5 by physical rea-
sons: The second-order energies calculated from the
short- and long-range parts differ greatly in their
order and should therefore by varied independently,
i.e. the variation must be made more flexible in
order to account for the partitioning of energy.
Setting

OE,/3cN = JE,/35N =0 (8)
one obtains the linear inhomogeneous system
[2 ESH Hl,s T ng A4+2 Cl,s] 'lH IzH
+[c®PB+c¢PA4 +BlipIP=0,
[2é8Hy +¢cM 4 +2Clia LY 9
+[2¢P Hyy+¢P A4 +2Cs)]p P =0,

followed by two equations with H and D being inter-
changed. To save space in (9) the abbreviations

Hyi = (zVI(s) | by — 20 | M) »
Criw={Nw | fm|0) . ~
Hy) = ({Illho—eolDQ =(Dy|ho—& | Hy),
Cor=(Hi|fn!0) = (Di|fm]0
are introduced. The terms 4 and B are of the order
A=0(a), B=0 (exp(—1/a)).
Neglecting these small corrections one evaluates
~H—Cs =—Cy¢/Hy,,
= (H1) Coy—Hz Cyy) An 1M (10)
+ (H1,Cy1—Hz1 Cop) Ap L.° [ (H3; —Hip)ip I,
(In¢® H and D are interchanged) . With the parame-
ters ¢V and ¢," thus fixed the hetero-coupling energy
Zg p Exp (e, &P)
=42gip LM I, [(2Hy,)C1)Coy
—H,,) (€T +C3)1/ (H3; — Hiy)

(11)
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appears to be independent of the ¢;¥ and hence of
the (short-range) self-coupling term Ci, (see (6))
to the order O(a). Summarizing the above results
we deduce the following statements:

a) The independent variations of ¢V and ¢ in
(4) are justified physically by the partitioning of
the whole second-order energy due to the long and
short-range parts of the first-order perturbed wave-
function.

b) The Ansatz (4) leads to a variational nuclear
spin-spin coupling energy which is independent of
the sharp short-range part (near the perturbing
nucleus) of the first-order trial function to the order
O(a).

c) By using the same numerical values for the

molecular parameters as in Ref. ! from (11) we find

Jap=39 Hz (the experimental value® is 42.94 *
0.10 Hz). Varying the cross-terms of (3) alone [see
(38) in Ref.2] leads to the same numerical result.
This approach is equivalent to setting Hy) and Cj,
n (10) and (11) equal to zero. Thirdly, varying
one of the self-coupling terms of (3) proportional to
(I;")® and employing only the long-range parts
defined in (4) gives Jyp =39 Hz as well. This ap-
proach is equivalent to setting H>) and Cs, in (10)
equal to zero.

d) The three possible approaches of varying either
the whole second-order energy (physically reason-
able) or the cross-term or one of the self-coupling
energy terms due to | N;) become equivalent in the
case of

Hyj= —Cy,, Hyy= —Cs;. (12)

YVith our [[‘i’l) we find (12) well satisfied and hence

Jup =39 Hz for each of the three variational ap-
proaches.
From using the nonsingular contact spatial part

R (r,a) and the Ansatz (4) we conclude that the

long-range part |V)) of the trial first-order wave-
function spatially accounts for the NMR spin-spin
coupling constant in HD to the order O (a).
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