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I. INTRODUCTION

Part of the interest during this period has been concen-
trated on the electronic structure of solids: the behaviour of
the alkali halides and similar crystals under very high pres-
sure (p-116), the removal of approximate linear dependencies in
the MO-LCAO-approach (p-117), and the treatment of the corre-
lation effects in the free-electron gas using the alternant-
molecular-orbital approach (p-118). None of these studies has

been fully concluded, and continued research on these problems
is still going on.

The main interest during this period has been devoted to
the foundations of quantum mechanics, and particularly to the
following two problems:

a) the combination of special relativity and quantum
mechanics to a unified theory including also many-
electron systems

b) the combination of electronic physics and chemistry
- classical mechanics, thermodynamics, quantum sta-
tistics, and quantum mechanics - into a single theory.

In connection with the first problem, it has been possi-
ble to show that one can derive the entire structure of the
special theory of relativity without mentioning the phenome-
non of light. The Lorentz-transformations obtained in this
way contain a fundamental constant "a" which has the character
of a "limit velocity" in the theory. Using these tranformations,
one may now develop a wave mechanics without the introduction of
Planck's constant "h". If there is a wave-modulating field -
corresponding to "classical forces" -~ there are standing waves
only under certain conditions corresponding to Schrodinger's
original idea of "quantization as an eigenvalue problem”. 1In
this way, one finds that the quantization of the hydrogen atom
associated with the Coulomb field is regulated by a coupling
constant o which is identical to the fine-structure constant
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(MS1). So far, no method has been found to determine its
value.

The relativistic formulas obtained correspond to the
Dirac formulas for a particle without spin, and they differ
hence slightly from the Sommerfeld formulas. Using ideas
from the Dirac theory, one may also introduce "spin proper-

ties" of the essentially classical waves under considera-
tion.

It seems rather clear that, whatever approach one is
using for combining special relativity and quantum mechanics,

one may finally need infinite linear spaces having an in-
definite metric.

Part of the purpose of the relativistic studies is to
find the correct "relativistic corrections" also for the
heavier atoms in the periodic system, and it is believed
that this may be of essential importance both in quantum
chemistry and solid-state physics. So far, little progress
has been made on this fundamental problem, and more intense

studies are planned for the future.

In the theory of chemical kinetics, the incoming par-
ticles are usually classically described whereas the colli-
sion process is treated by means of quantum mechanics. Since
the temperature is also of importance, it is desirable to in-
clude both classical thermodynamics as well as quantum sta-
tistics. All these theories may be unified in a "trace alge-
bra" (MS2). The system is described by a density operator T
in the Liouville space, which undergoes a similarity trans-
formation with time "t". All the fundamental formulas in elec-
tronic physics and chemistry - as well as quantum mechanics -
are easily derived, and one may study stationary states, equi-
librium states, and the approach to equilibrium. By means of

the similarity transformation, reversible and irreversible

processes are clearly defined, and one may derive the equation
of state as well as the second law of thermodynamics. The idea
is to apply this unified approach to the theory of chemical
kinetics and particularly to quantum biology.

The uncertainty relations in the trace algebra (MS3) con-

tain Heisenbery's uncertainty relations as a special quantum-
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mechanical case, but they represent also an interesting gen-
eralization of importance for the particle concept.

The trace algebra is formulated in an operator space,
the carrier space of which may be either positive definite
or indefinite. The latter possibility may be of essential
importance in treating relativistic phenomena.

In connection with chemical kinetics, there is also a
great interest in collision phenomena. Among mathematicians,
it is a well-known fact that the quantum-mechanical "trans-
formation theory" as formulated by e.g. Dirac is not mathe-
matically rigorous, and that the Fourier-transformations
cannot as a rule be applied to Hilbert spaces and that the
correct transformation is the Fourier-Plancherel one. The
corresponding transformations associated with a general ob-
servable having a discrete and continuous spectrum have been
studied in some detail (MS4), and the results are being app-
lied to the study of discrete states embedded in the con-~

tinuum as well as to free particles.

Since in quantum chemistry and solid-state physics, one
has often to use truncated basis sets, a special "error quo-
tient" measuring the degree of completeness has been intro- |
duced and practically studied (MSS5).

In conclusion, it should be mentioned that some interest
has been devoted to the standard Hartree-Fock scheme using
completely general spin orbitals (GSO), and that some new
results have been obtained (MS6). This is a preliminary study
which will lead over to a more detailed study of the projected
Hartree-Fock (PHF) scheme using general spin-orbitals, which
may be of practical importance for the study of the electronic
structure of atoms, molecules, and crystals. It is believed
that this general PHF-scheme will give the major part of the
conventional correlation error and hence render a simple scheme
for treating most problems in the theory of the electronic

structure of stationary states of atoms, molecules, and crys-
tals.

Even the philosophical aspects of the development of
the theory have been at least partly covered (P-120, TN-462),
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and the mathematical tools have been given a new treatment
with particular emphasis on methods general enough to permit

also the inclusion of spaces having an indefinite metric
(TN=-472).

Practically all of the ideas presented here represent
only starting points for research which has to be continued
over many years to come. The results obtained so far are

enough promising to encourage us to go on along the lines
briefly outlined above.

o
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II. THEORETICAL CONSIDERATIONS FOR COHESIVE PROPERTIES OF SOLIDS

Jean-Louis Calais

The theory of cohesive properties of solids is at the crossing
point of the two main branches of solid state physics: lattice
dynamics and electronic structure. So far each one of them
have developed relatively independently, and a detailed quan-
titative tie between them is still lacking. It seems plausible :
that at least one reason for this is th2 lack of a consistent |
and quantitatively reliable theory of cohesive properties. !

Some of the first really detailed quantum mechanical calcula-
tions of cohesive and elastic properties of ionic crystals

were carried out by Lowdin in Uppsala in the 1940's. Such cal-
culations were taken up again and extended in the Uppsala Quan-
tum Chemistry Group in the middle of the sixties. Although the
results are on the whole relatively satisfactory, it is definitely
desirable to go beyond the approximations invoked in these inves-
tigations.

A number of new tools have recently become available, which seems
to make a new attack on these problems worthwhile. Apart from

the many improvements in computer programs for molecular integ-
rals, there are two new theoretical procedures which seem very

AUEEEE

promising. First Ra has taken up the problem of calculating
the inverse of the overlap matrix - a central point in the LCAO
method used in all these calculations. His analysis has led
to a new power series for this matrix, which converges much

o A - RS R

more rapidly than the geometric series used so far. Secondly,
Kohn has taken up and developed a variational principle pro-
posed by Koster in 1953 for the direct calculation of Wannier
functions. This procedure seems to open up interesting possi-
bilities for getting better approximations to the Wannier func-
tions than the orthogonalized atomic orbitals of the free ions,
which have been used so far.

A more detailed survey is given in paper 7 in the following
list of publications.
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III. TRANSITION OPERATORS FOR DESCRIBING IONIZATION & EXCITATION

Osvaldo Goscinski

The work summarized in the report published in the Proceedings
of the Sanibel Symposium /1/, "On Transition Operators for
Describing Ionisation and Excitation" has continued in seve-
ral directions. The main idea is to construct model operators
for ionisation and excitation which include "relaxation effects”.
These have to do with the difference in mean fields between
initial and final states. The tool in transition operator theo-
ry is an effective Fock operator which, insofar the occupation
numbers involved, is half-way between the initial and final
state. Further differences from initial and final states are
associated to the self-consistency condition inherent to this
transition operator. Slater's "Transition state" is related no
doubt to this theory, but it perhaps emphasizes too much the
presence of an underlying state which is unphysical and ficti-
tious. Liberman's construction relating the ionisation energy
to the Koopmans' (unrelaxed) energies of initial and final
states is, of course, accurate. The disadvantage is that two
calculations are needed and as foundation of potential models
it is not entirely satisfactory. This can be seen from the
results obtained in connection with the successful parametri-
sation of electron binding and Auger energies. The results
obtained can be surveyed from the bibliography. The first ar-
ticle has been grant supported.
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IVv. COMPUTATIONAL METHODS FOR ABSORPTION AND MAGNETIC CIRCULAR
DICHROISM INTENSITIES

Dennis Caldwell

An analysis of computational methods for absorption and mag-
netic circular dichroism intensities has been undertaken, be-
ginning with the CNDO/2 method applied to the derivatives of
benzene. It has been found that the trends in frequency shifts
and intensities can be summarized by a relatively simple and
intelligible model:

1) The Hartree-Fock energy matrix hij for a given derivative is
first locally diagonalized for the chromophore (in this case
benzene) leading to determinantal functions with the parent
Dgy SYRMELEy Byov Bous Biy

in terms of local atomic orbitals after the final iteration,

. For example, if hij is expressed

but prior to diagonalization, the matrix element for a ring

carbon atom mw~orbital is given in atomic units by

H = ~-.20872,

11

while that for adjacent carbon atoms is given by

H = -.31135.

12

For toluene these same quantities vary slightly from one ring
carbon to the next around mean values given by

Hy, = -.20914, le = -.31080,

while for aniline the values are

-

H,, = -.21232, H.., = -.30956.

11 12

2) The energies associated with ‘the D6h LCAO molecular orbitals

on the benzene ring display a similar stability to substitution.

On the other hand, the canonical Hartree-Fock orbitals are de-
localized among the substituents on the ring with much larger
1u’ BZu' Elu singlet
excited states are considered, there will be no clear cut choice
of virtual orbitals, and a number of configurations must be con-
sidered followed by a CI calculation.

variations in energy. Furthermore, if the B
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This process may be considerably shortened by treating the fol-
lowing state functions:

1 o -

1

wz(Blu) = /5 {IX1X3| = IX2X4|}
IxDi3| Donors
W3(CT) =
lexA| Acceptors,

where Xp is an appropriate donor orbital such as the nitrogen
m-orbital in aniline and Xa is an acceptor orbital such as the
—N02 m* in nitrobenzene. These orbitals are determined by
locally diagonalizing the Hartree-Fock Hamiltonian matrix for

the groups in question.

A complete treatment of configuration interaction by this method
is mathematically equivalent to a CI calculation based on the
delocalized Hartree~Fock orbitals with the net result that there
is a great tendency to relocalize the electrons on their respec-
tive groups. The fact that they are not completely localized is,
of course, responsible for the anamolous spectroscopic properties
of these derivatives. Furthermore the direct CI method allows

a more intimate study of computational quantum mechanics from
the chemical standpoint.

The essential features of larger scale CI calculations can be
summarized by a 3 X 3 determinant, though the precision is not
the same:

r R it
E
Elu

O




4)

Here a transition with Y-polarization has been considered,
whereby the Blu band borrows from the Elu by mixing with the
charge transfer configuration, as described above. The matrix

elements, and S ., arec readily obtained from the loca-

S
Elu Blu
lized Hartree-Fock matrix given by the program and the results

all scaled to the intensity of the benzene Elu transition.

The results of this analysis may be summarized as follows:

a) Frequencies of the transitions are shifted downward by a
a few per cent.

b) The Blu state is shifted away from the Elu'

c) The Ejq intensities are decreased by 50-75% for strong
donors and acceptors.

d) The B2u absorption is about 1/10 that of the Elu and that

of the Blu

e) The MCD of the Blu and Bzu transitions is increased at the

is about double the B2u intensity.

expense of the Elu'

f) The signs of the MCD bands for all three transitions are
generally reversed for strong acceptor groups like -N02.

g) The sign of the donor tends to be favored in the MCD of
para disubstituted Donor-Acceptor derivatives such as

nitroaniline.

It is planned to extend this work to a more comprehensive SCF-CI
ab initio calculation in order to further delineate the relation-
ship of quantum computational to chemical concepts.

The preliminary conclusion seems to be: If electron densities
were not in some way approximately transferable for similar
environments, there would be no chemistry; while if they were
literally transferable, there would be no interesting chemistry.
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