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The 82+ molecule in strong magnetic fields, studied by the method
of linear combinations of orbitals
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We have studied the ground state of the 82+ molecular ion in the presence of a homogeneous magnetic
field, basing this study on a linear combination of atomic orbitals obtained from the hydrogen atom in a
magnetic field. The calculations have shown that this scheme is adequate to describe the binding energy of
the molecule at field strengths up to approximately 10' G.

I. INTRODUCTION

The behavior of molecules in very strong mag-
netic fields (10'&8&10"6) has been described in a
number of recent papers. ' ' For fields higher
than 10' G a simple perturbation treatment is
inadequate since the energy associated with the
magnetic field (p~B) becomes larger than the
Coulomb term. '"'

In a recent variational treatment of the hydrogen-
molecule ion' a wave function of the type 4„„
(p, Q)f (z) has been proposed, where 4 „„(p,P) is
an unperturbed electronic orbital in a magnetic
field parallel to the z axis' and f (z) was chosen
as a Gaussian along the magnetic field axis. This
trial function leads to pronounced minima in the
potential curves of the H,

' molecule in the region
10' ~B (10"6, but for B (10' Q, the curves
based on this wave function do not indicate any
stability of the H,

' ion. It is known" that below
10" G the C „„(p,Q) orbital cha.racter is question-
able for the hydrogen atom itself, and a linear-
combination-of -atomic- orbitals- molecular-or-
bitals treatment of the H, ' based on hydrogenlike
atomic orbitals is possibly more adequate. Such
a treatment is described in the present paper.

II. METHODS

Within the Born-Oppenheimer approximation
and neglecting spin and relativistic effects the
molecular Hamiltonian is

2 2 2 2p 2
3C =—+ v f + ~ nz+ r sin 8 -———+—(1)I

a 5 ab

where &uz,
= eB/2me is the cyclotron frequency of

the electron and 0 is the angle between the position

vector of the electron r and the magnetic field
axis z. The Zeeman term was neglected because
all the spins are lined up in the magnetic field.
Our first wave function is simply

O'= C~Qo+ C~Q» (2)

Before going into a discussion of our results it
should be pointed out that for the hydrogen atom
Rajagopal et al. ' also used a linear combination
of 1s- and 2s-type orbitals. These are clearly
nonorthogonal, since P, and P2 are variational
parameters. We have repeated their calculation

where Q, and Q, are hydrogenlike 1s 'orbitals cen-
tered in nuclei a and b, respectively, and used by
Rajagopal et al. ' in their treatment of the hydrogen
atom:

4(r) =P", ft,o(P„&)l'0.(0 @)=&,(P,)e """, (2)

where P, is a variational parameter chosen as to
minimize (/~Keg)/(g~g) for the H atom with respect
to B, and N, (P,) is a normalization factor. From
a physical point of view the exponential parameter
P, describes the contraction of the radial part of
orbitals Q, and Q, in the magnetic field, and it
remains very close to unity up to 8 = 10' G. The
angular function remains constant, which means
that the electronic eigenvalues are independent
of the orientation of the molecule with respect
to the field.

The second wave function used in the present
work is a linear combination of 1s- and 2s-type
orbitals centered in nuclei a and 5:

(4)

where Q" is given in (3) and

y"=P,'~'ft„(P„y)1 (e, c)=X,(P,)e '~'" (5).
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FIG. 4. Fundamental vibrational frequency of H~'as a
function of the magnetic field.

FIG, 5. Potential curves of H2' showing the effect of
the inclusion of 2s orbitals forE = 109 G.

result significantly.
For magnetic fields higher than 10"0 the pres-

ent approach breaks down and techniques similar
to those of Ref. 4 must be used. As shown i,n the
case of atoms, "a smooth connection between
high- and low-field regions cannot be obtained if
fundamentally different trial wave functions are
used to describe each of the regions. More re-
cently, Bhaduri et al."proposed a variational
method valid for arbitrary field intensities for
the treatment of H,

' which gives better results
for the binding energy than, Ref. 4 for B &10 0,
but does not yield the correct dissociation energy and
internuclear separation in the absence of the field.
The present scheme gives values for the ground-state
energy lower than those in Ref. 11for fields up to 10'
G. Inparticular, forB =0, theexperimental ground-

state energy is -16.39 eV, while the present
method gives -15.85 eV, to be compared with
-15.11 eV obtained in Ref. 11.
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