
C R 0 AT I CA C HE M I C A A C T A 57 (1984) 

z. B. Maksic 

Z. S. Herman 
and L. Pauling 

W. E. Palke 

G. Del Re 
and C. Barbier 

D. Lj. Vuckovic 
and Lj. Vujisic 

Prologue 
The nature, the scope and limitations of 
quantum models of the molecular elec
tronic structure and properties are tho
roughly discussed. The gnoseological im
portance of models is noted. Their role in 
bridging the gap between the phenomeno
logical concepts and rigorous quantum 
theory is stressed. . 

Hybrid Bond Orbitals and Bond Stren
gths for Pentacovalent Bonding 

A brief history of the theory of hybrid 
bond orbitals is presented. Bond strengths 
and hybrid bond orbitals are derived for 
pentacovalent systems and the experimen
tal implications of the obtained results 
are discussed. . 

On Determining Orbital Hybridization 

The dependence of hybridization upon 
radial distance fr-om a nucleus is discussed 
and a procedure for determining the ave
rage hybridization is suggested. 

In Situ Atomic Orbitals and Extended 
Basis Molecular Calculations 

Some aspects of d-orbital hybridization 
are discussed. The importance of radial 
distortion due to the promotion is stressed. 
A procedure for analyzing the canonical 
MOs in terms of in situ atomic orbitals is 
given. 

Structure and Properties of Small Ring 
PropeUanes by the IMO Method 

Small propellanes involving three and four 
member rings are studied by the itera
tive maximum overlap method (IMO). 
Their structural and energetic properties 
are discussed. 
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A Localized Atomic Orbital Description 
of the Rotational Barrier in Ethane 

The rotational barrier in ethane is ana
lyzed in terms of localized atomic orbitals. 
It is shown that the barrier can be ascribed 
to energies of vicinal interactions between 
C-H bonds. Exchange terms are parti
cularly important in this respect. . 

The Representation of the Chemical 
Bond in Quantum Chemical Calcula
tions 

A theoretical description of the molecule 
viewed as a system of weakly interacting 
chemical bonds is given. The intrabond 
and average electrostatic interactions are 
considered to be the most important ones. 
The interbond delocalization and dispers
ion effects are introduced as perturbations. 

Many-Body Perturbation Theory Based 
on Localized Orbitals 

Diagrammatic formulation of the MBPT 
is extended to the case where both the 
occupied and the virtual orbitals are se
parately localized. All diagrams represent
ing ground state correlation energy are 
generated through the fifth order. Some 
cyclic polyenes are considered as test mo
lecules. 

Weak Interactions Between Molecules 

Explicit formulae for the calculation of 
dispersion energies between large molecu
les are derived. The derivation introduces 
frequency-dependent polarizability (FDP) 
but avoids the usual and troublesome mul
tipole expansion. A rapidly convergent 
SCF procedure for calculating the required 
FDPs is described. 

On the Stability of BH3 and BF3 Ad
ducts with BF, CO and N 2 

A.b-initio SCF-MO calculations have been 
carried out on the adducts of borane and 
boron trifluoride with carbon monoxide, 
dinitrogen, and boron fluoride. Their re
lative stabilities are correctly predicted. 
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Fragment Molecular Orbitals for Mo
lecules and Interacting Systems 
Different approaches to describe the struc
ture and properties of molecules, as well 
as their reactions in terms of localized 
fragment orbitals, are briefly reviewed 
and the method of fragments-in-molecul
es (FIM) is thoroughly discussed. A parti
tioning of the energy of .interacbon bet
ween molecular fragments yields definit
ion of 1inductive and mesomeric effects in 
agreement with experience. 

Chemical Fragmentation for Molecular 
Orbital Calculations on Proteins 

The conceptual and mathematical basis of 
a MO method which enables the calculat
ion of conformational energy changes and 
properties of proteins is 'Presented. The 
basis of strictly localized MOs and the in
formation inherent 1in the chemical for
mulae of the polypeptide backbone and 
side chains were exploited. 

A Quantitative Analysis of the Role of 
Non-Bonded and Geminal Interactions 
in H 2N-X Molecules 

Quantitative analysis of the role of the 
nonbonded and geminal interactions in the 
molecules of the type H2N-X (X = H, F, 
Cl, OH, SH) is presented. The computat
ions were performed within the ab initio 
SCF-MO framework a:nd the various ty
pes of orbital interactions were estimated 
by using either a total energy approach 
or a quantitative PMO treatment. 

Do the VSEPR Points-on-a-Sphere Re
pulsions Simulate Quantum Interac
tions? 

The VSEPR theory in its points-on-a
-sphere (POS) variant is applied to the 
potential energy surface study of mole
cular bending deformations. A form of the 
simple effective force between repelling 
points is determined. 
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Bond Order as a Tool for Molecular 
Structure and Reactivity 

The bond order is derived exclusively from 
the properties of the density matrix. Its 
usefulness is illustrated by the extensive 
application to the problems of ground and 
excited state equilibria and chemical reac
tivity. 

Nonbonded Bond Orders, Molecular 
Conformations and Relative Stabilities 
of Sulfur-Nitrogen Rings and Chains 

The pi-bond orders between nonbonded 
atoms in electron-rich planar sulfur-nitro
gen rings and chains were used to ration
alize the observed conformations and as
sess their relative stabilities. . 

The Equivalent Bond Orbital Model 
Revisited: I. Orbitals, Orbital Energies 
and PE Spectra of Saturated Hydro
carbons 

The equivalent bond orbital (EBO) model 
is reexamined by using localized orbitals 
stemming from the ab initio SCF-MO 
calcula1Jions. It is shown that the EBO mo
del, which is essentially of Hilckel type, 
is very useful in the qualitative or semi
-quantitative rationalization of photoelec
tron spectra and/or theoretical data of
fered by more sophisticated methods . . 

Breakdown of the One-Electron Picture 
of Ionization for Hydrocarbon :rr-Sy
stems 
The PE spectra of some characteristic n 
-hydrocarbons were analyzed in terms of 
Koopman's and non-Koopman's contribut
ions within the limited CI approach. The 
results suggest that one-electron picture 
of ionization is frequently invalid even 
for outer valence electrons. 

An Overlapping Spheres Multiple Scat
tering Xa Study of the Perfluoro Ef
fect on the Ionization Potentials and 
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Electron Transmission Spectra of Flu
orinated Benzenes 
The overlapping spheres multiple scatter
ing X a method is used to investigate the 
ionization potentials, electron affinities 
and elastic cross sections for electron scat
tering of benzene and 'its fluoro~der>iva

tives. The results agree well with available 
experimental data. 1011-1030 

»Common Denominators« by the MOVB 
Method: The Structures of H 20, H 20 " 
and their Derivatives 
The qualitative MOVE method is applied 
to elucidate the structural properties of 
H20 and H20 2 systems and their deriva
tives. It is shown that factors governing 
their geometries are the same to the first 
approximation. 1031-1053 

Some Observations Concerning Electro-
nic Densities, Electrostatic Potentials 
and Chemical Potentials 
The hypothesis that the electronic density 
distribution ·in a molecule is qualitatively 
similar to the nuclear potential, holds true 
for a number of molecular systems. It tl.s, 
however, in error in at least two cases: 
oxirane and cubane, which are thoroughly 
discussed in the paper. 1055-1064 

The Molecular Electrostatic Potential 
as a Determinant of Receptor-Drug 
Recognition 

The validity of the concept of the mole
cular electrostatic potential in rationali
zing drug-receptor interactions is thoro
ughly discussed. The computational aspects 
are briefly reviewed with respect to the 
economy and quality of results. . 1065-1074 

Symmetry Adaptation and Wigner-Ra-
cah Algebras in Quantum Chemistry 
The Wigner-Racah algebra of an arbi-
trary finite or compact continuous group 
is given in a new original way which re-
presents a straightforward extension of 
the corresponding algebra of the rotation 
group. Some illustrative examples are con-
sidered. 1075-1095 
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The E ® e Jahn-Teller Coupling: Mo
dels and Manifestations 
The state of the art of the Jahn-Teller 
coupling is presented. It is concluded that 
this problem has not been satisfactorily 
solved yet. . 1097-1106 

Derivation of the AOM Parametriza-
tion from the Effective Hamiltonian 
for Complexed Transition Metal Ions 
with Application to Effectively Tetra-
gonal Four-Coordinate Systems 

The formalism of the angular overlap mo
del for complexed transition metal ions is 
developed entirely from the effective Ha
miltonian over appropriate MOs. Results 
obtained for tetrabromo and tetrachloro 
Pd(II) and Pt(II) complexes are discussed. 1107-1124 

The Applicability of Point-Charge Ap
proximations to the Calculation of Mo-
lecular Expectation Values 

The original self-consistent charge (SCC) 
Xa method has been used to investigate 
the validity of the point-charge approxi
mation (PCA) in calculating various mole
cular expectation values. Although the 
PCA proved useful in describing a number 
of properties, it fails in predicting mole-
cular geometries. 1125-1144 

Infrared Band Intensities, Electric 
Charge Distribution in Molecules and 
Polar Properties of Valence Bonds 

The description of molecular charge di
stributions in terms of empirical bond pa
rameters extracted from vibrational in
tensities in the IR spectra is thoroughly 
discussed. The theoretical prerequisites of 
the approach and some of its applications 
are presented. . 1145-1164 

Homoconjugation in Radical Cations 
Homoconjugation in radical cations is in-
vestigated by the frontier MO/perturbat-
ion MO approach. The observed structures 
of the radical cations of diphenylcyclopro-
pane, trimethylcyclopropane and benzo-
norcaradiene are rationalized. 1165-1176 
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A Theoretical Study of the 1H-Chemical 
Shifts of [4n]- and [4n+21-Annulenes 
and their Di- and Tetraanions 
The relationship between 1H-chemical 
shifts and ring currents, local anisotropies 
and net charges is considered by using MO 
methods at various levels of sophistica
tion. The results are in accordance with 
experience. 

The Method of Moments and the Energy 
Levels of Molecules and Solids 
Expressions for energy levels of repre
sentative series of molecules, crystalline 
and noncrystalline solids are derived by 
the method of moments. This approach 
provides a direct link between the density 
of states and topology of the molecular or 

1177-1191 

solid state network. 1193-1216 

Conformational Analysis of Bis-(N,N
-Dimethylisoleucinato)-Copper(II): Esti-
mation of the Diastereoselectivity Ef-
fect by Means of Two Approximate 
Methods 

Energies and geometries of the conformers 
of two diastereomeric species of bis-(N,N
-dimethylisoleucinato )-copper(II) complex 
were calculated by the consistent force 
field method. The estimated enantioselecti
vity effects are in fair accordance with 
measured values. 1217-1224 

Penetration in the CNDO Theory 

The problem of penetration integrals in 
the semiempirical CNDO formalism is 
briefly discussed. 1225-1229 
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