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ABSTRACT. Th* variational principle is used to determine tbt binding 

aai dissociation energies as wall as tha internuclear equilibrium 

separation and funda—ntal vibrational frequency as a function of tha 

•agnatic field (B < 10 1 16). The trial wave function is written in the 

Heitier-London approximation. 

USURP. Usamos via eseuema variaeioaal para dcteminar at energias de 

ligação e da dissociação da aolicula da hidrogênio, Rj, na presença de 

Lanços magnéticos (B < 1 0 U C ) . Na aproximação de Beitler-London para 

a função da onda, estudamos o comportamento da distância da equilíbrio 

a da freqüência fundamental da vibração da molécula como função do can 

po magnético. 
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I - INTRODUCTION 

The study of the behavior of natter in the presence 

of a homogeneous magnetic field is important for the under

standing of several problems in astrophysics» solid state 

and plasma physics. In particular the structure of atoas -

in the presence of a strong Magnetic field has been the 

subject of several works in the last few years; for a 

review on the subject see Gaxstang CI). There- are sons 

works concerning the study of molecules in the presence of 

a strong Magnetic field based on the variational approach. 

Most of the work is related to the simplest molecule namely 

Hj [2,3] the results show that in strong magnetic fields 

the structure and properties of natter can be greatly 

changed. In particular when the energy associated to the 

magnetic field is larger than tiie Coulomb energy associated 

to the electromagnetic interactions, all molecules assume a 

linear geometrical structure [41. The qualitative behavior 

of molecule* in a strong magnetic field can be obtained 

with the use of very simple trial wave functions, but in 

order to obtain specific characteristics of the system it 

is often necessary to describe it by more adequate wave 

functions. This is pointed out by Warke and Dutta [41 

concerning the dissociation of the H, molecule through the 

channel H2 +proton, as well as for the modification of its 

geometry as a function of the magnetic field intensity. 

The simplest two electron molecule is H2; to our 

knowledge its behavior In the presence of a strong magnetic 

field has not yet been studied. In the present work we 
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apply the variational principle to 3 trial wave function 

of the Heitier -London type» in order to obtain binding and 

dissociation energies as well as equilibrium distances and 

vibrational frequency as a function of the magnetic field 

strength. 

II - THEORY 

Assuming the Born-Oppenheiner approximation, the 

Hamiltonian for the hydrogen molecule in the presence of a 

homogeneous magnetic field $, is 

2 2 2 y2 /4n 

i-1 * r 
+ — CI - / — Yc (£>-) 3 • TL 

Í, 

Ai Bi 
r^ 6 / 5 Í 1 z 

2 2 
- + . ill 

We have used atomic units and the Landau gauge. We define 

r„ as the position of the i-th electron relative to 
Ni 
nucleus N ( A or B), and R as the internuclear distance. 

The parameter 1 - u„B/R, is dimensionless and y * 1 
a y 

corresponds to B * 2.35 * 109G. 

The trial wave function is written in the Hei tier-

London approximation, which yields the correct dissociation 

of H2 into two hydrogen atoms: 

• * <*) - , Í •(?.-)• (r. ) i • (r. ) • (r- )1 
•2(1 i S*) A, _ B2 - A2 Bi ^^ 

S - f»*trA >Mrfi )d*r, 



i 

The one electron wave function centered at nucleus 

N (A or E) is chosen to be Is type, that is 

3, % -*rN. 

The trial wave function in Eg. (2) is normalized 

the +{-) sign is associated to the singlet (triplet) 

state. The variational upper bound for the singlet ('? ) 

state is obtained by minimizing the expectation value of 

the Hamiltonian (Eq. (1)} in the singlet state T*(r) with 

respect to the parameter 8 appearing in Eq. (3), keeping 

H constant. The sane value of 6 which minimizes the 

singlet energy is used to calculate the energy of the 

triplet state (E_(R)). Defining this value of the singlet 

state energy as Eg(R} - <* jH[t >, the equilibrium distance 

R„ is the value of R which minimizes E_(R). 

Analogously to the zero field case the expression 

of E_(R) is evaluated in closed form. The characteristic 

energy of the system is the dissociation energy of the 

molecule into two hydrogen, atoms in the presence of a 
D 

magnetic field, which is given by Efi(R) *
 E
s(

R> " 2EH» 
T T 

where E_(R) is defined as above and E„ is the energy of the 
T 

hydrogen atom in the presence of the same field. Of course 

2E,, - lim E (R). 
R+» 

The variational upper bound for the energy of the 

helium atom in a magnetic field associated to the state with 

H » 0, and even parity is obtained from E_(R) by calculating 
E H w - lim (Eq (R) - f). 
H e R-0 S R 



4 

III - RESULTS AND DISCUSSIONS 

In Fig. 1 we present the value of the ínternuclear 

equilibrium distance R0 a function of the magnetic field 

strength; R0 decreases sharply with increasing field strength, 

this also occur in H* [2,?}. 

In Pig. 2, the dissociation energy is plotted as 

a function R, for several valses of B. For a fined B, the 

fund ass n tal vibrational frequency U Q) can be obtained by 

taking the hamonic approximation near the botton of the 

corresponding dissociation energy curve [21. The dependence 

of »« as a function of B is also presented in Fig. 1; M 0 

remains nearly constant up to 7 -v 1 and then Increases 

sharply with B, being always higher than the corresponding 

frequency of H\ [2,31. 

Summarizing other results: i) the exchange energy 

increases with increasing B; ii) the triplet (*iu) state 

is not bound for the values of B studied; iii) the state of 

the He atom associated to N • 0 and w = + obtained as described 

in section II is in good agreement with the results of 

Surmellan et al. [53. 
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FIGURE CAPTIONS 

Figure 1 - The equilibrium internuclear distance R0 and 

the fundamental vibrational frequency »0 as a 

function of the Magnetic field strength B. 

Figure 2 - Dissociation energy of H] as a function of the 

•agnetic field. 
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