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Metal-hydrogen bonds in diatomic hydrides and dihydrides of the first
five transition metals, scandium, titanium, vanadium, chromium and manganese, as
well as those of calcium, are investigated in order to elucidate fundamental
chemical nature of these metals by evaluating the electronic structures with use
of the molecular orbital method. '

The first and second row elements are main components of structural
and functional materials around them and their chemistry has been studied
extensively and is well understood now. The third row elements are also found
in functional materials as well as structural one. The first row transition
metals of the third row elements has been especially well studied recently
because of the various catalytic functions of their compounds; their metallic
inorganic solids, and organic and inorganic complex compounds, are well studied
owing to industrial demands and biochemical interests, respectively.

Chemistry of the third row elements are more various and more
complicated than the prior row elements because of the existence of the 3d
electrons and wide spread 4s and 4p orbitals. The systematic understanding is
desired for the complicated chemical nature of the third row elements.

Reactions of the first row transition metal atoms with simple
molecules and chemical properties of small molecular systems composed of the
metal atom and a.few other small atoms are studied theoretically as well as
experimentally to elucidate fundamental nature of the elements. The results are
applied to a study of the usual, more complex molecular systems. Diatomic
hydrides and dihydrides of the early first row transition metals are the objects
of the present such fundamental studies. They are unstable molecules, being
reaction products of the metal atom with hydrogen molecules in gas phase. Some
of them are found as intersteller molecules or synthesized in low temperature
rare gas matrices. Their theoretical as well as experimental studies have been
performed to some extent, but not in a systematic way.

The metal-hydrogen bonds in diatomic hydrides and dihydrides arising
from 3d"4s® occupation metals are examined in this study. The present study is
not restricted to the ground states; all states arising from the configurations
in the 3d shell are evaluated and compared in a systematic manner to elucidate
the fundamental nature of the metal-hydrogen bonds.

These electronic states are obtained by (AS) CAS SCF / MRSECI method.
The ANOs of Roos ef al. are employed as basis sets and all electrons in each
molecular system are taken into account.

The metal-hydrogen bond of each metal hydride arises from the sp hybrid

orbital of the metal and 1s orbital of the hydrogen. The contribution of the
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metal 3d orbitals is small so that some similarities and/or regularities are
found among the states of the metal hydrides.

Potential energies and~electric dipole moments of the diatomic metal
hydrides are obtained at various metal-hydrogen bond lengths by the CAS SCF
method. The formation processes of the metal-hydrogen bonds are discussed in
terms of the movement of charge within the metal-hydrogen bonds and the change
of occupations in the metal. Equilibrium bond lengths, dissociation energies
and dipole moments of the diatomic metal dihydrides are calculated by the CAS
SCF / MRSECI method. All states of the diatomic metal hydrides are found to
have similar dissociation energies. The bond lengths and the dipole moments
well correlate with the atomic numbers of the metals. Small differences and
irreguralities are also found. These differences and irreguralities are
explained in terms of energy splittings among the 3d orbitals and state mixings
between the states arising from the 3d"4s® and 3d"*'4s occupations. The
splittings among the 3d orbitals cause the energy displacement of the states and
dominate the orderings among the states. The state mixings affect the bond

lengths and the dipole moments but contribute little to the state displacement.
The state displacement factor,
gi
f(cz)s = Z €Ala,
A

is defined to estimate the displacements of each state caused by the 3d orbital
splittings. The sum (1) is over five 3d orbitals. The e and v are the

orbital displacement factor and orbital occupation pumber of the orbital 2,

respectively. The state orderings predicted by f?éf agree with the results
obtained by the MRSECI calculations.

The present MRSECI results are compared with the more accurate MRSDCI
calculations, which are available for the ground states of some diatomic metal
hydrides, and confirmed to be accurate enough.

Dissociation paths of second metal-hydrogen bonds in fhe metal
dihydrides are obtained by the CAS SCF method. Movement of charge and change
of occupations of the metals are discussed in relation to variations of the
first metal-hydrogen bond lengths. Equilibrium bond lengths and atomization
energies of the metal dihydrides are calculated by the CAS SCF / MRSECI method.
All the states have similar atomization energies. The bond lengths show a
correlation with the atomic numbers of the metals. The splittings of the 3d
orbitals are the main origin of the state displacements in the metal dihydrides
while the state stabirizations by 3d. bonding are found also to be significant.

It has turned out that the molecular systems in the present study not
only represent ideal systems for examining the chemistry of the fourth

periodic elements but also present interesting objects of the quantum chemistry.
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Although the present study have clarified the various systematics of the
elements, further studies are naturally desired both theoretically and

experimentally.
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