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Abstract. An outline is given of a future semiempirical MO 
method, intended for use in organic chemistry. 

Dewar 11.21 has pointed out that it seems to be impossible to cnlcuhte 
the total energy of a niolecula with sufficient accuracy by use of ab-initio Cl 
methods. For e.g. benzene the error amounts to 1031 kcal/mof It/. It is true that 
cance~tion of errors takes ptace when energy differences are considered, but 
the cancellation is never perfect. Ilrercfore, calculations of properties like 
excitation energies and electron affinities have nppenred to have very large 
errors when compared to experiments. 11 would therefore be desieble to have 
sufficiently accurate semiempirical methods in which the correlation cttctgies 
have been included. 

Even if the methods, developed by Dewar and coworkers, have appeared to 
be extremely useful, it is of in&rest to discuss how a future MO method could 
be developed. We will below discuss some features of such a method. 

I. Since correlation energies should be included, the theory cannot stnrt 
from the Ilartree-rock theory, since Ike addition nfterwards of correlation 
energies hss nppeared to be difficult. instead, the treatment has to start from 
density functional theory /3,4/. The resulting formalism is then similar to the 
Hartree-Fock theory, but the correlation energies are now included /S/. This 
proves in a mathematical way the possibility to create a MO method in which all 
correlation is included, although the orbitals are one-particle orbitals. Addi- 
tion afterwards of Cl to such a method is therefore unnecessary. 

2. Since the method must be accurate, the ZIXI approximntion cannol be 
used. 

3. ‘I‘he LCAO approximation must, on the other hand, be used. The ~otnt 
energy expression will then conlain one-center and two-center parameters. ‘I’hcy 
should be completely separated so that the total energy expression contains 
terms, which arc truly one-center, and other terms, which are truly two-center 
(for details see hpp.A.). 

4. ‘I’be one-center parameters are determined first. The general totnl energy 
expression for R molecule is applied to a one-atom molecule. This total energy 
is compared wilh experimental total energies for atoms. Since the situatiun of 
an atom is different in different motecuks, it is not sufficient to compare 
only with the wound state energy of the atom. It is necessary to use also mrny 
excited and ionized strtcs of every rtom, This will probably require n large 
number of one-center parameters, but the advantage is that the atom is correctly 
described eveu when it is part of a molecule. In this treatl~;ent atl core 
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electrons should be included, which can be done with little consumption of 
computer time. The procedure is possible as shown by Asbrink /6,7/. Ile 
used 2200 atomic configumtions and obtained a very good accuracy (for lhc 
carbon atom of the order of 0.03 eV). 

5. The determination of the two-center (molecular) parameters by slutly 
of molecules has to be performed in two steps. 

In the first step certain molecular parameters are determined by sludy 
of ionization energies, excitation energies and electron affinities, but the 
remaining parameters are not present in the expressions used here. They are 
determined in the second step in which molecular total energies nre usctl 
(for details see App.B.) 

6. In the study of ionization energies and eltctron affinities Koopma~ls’ 
theorem may not be used. We have assumed above that our method shall 
include all correlation energy. It is then necessary to calculate the 
reorganization energy exactly by use of d E(SCF) calculations /5/. 

7. The orbital energies of the occupied orbitals are related to the 
experimental ionization energies which are well known. Also “ESCA” ioniznlions 
can be included. 

8. The orbital energies of the unoccupied orbitals are related to 
experimental electron affinities of molecules. They have up till now bren 
extremely little known due to experimental difficullies. It is, however, 
absolutely necessary to include also information related to them. If’ not, the 
parametrization may 80 wrong, even if the main part of the melhod hns been 
correctly parametrized (IlAM/ is an example). It is therefore valuable that 
recently some progress has been made concerning experimental electron affirri- 
ties /8/. It appeared laler that also core excitation can be used to slutly thr 
unoccupied orbilnls in a molecule /9/. 

Excitation energies are of course well known but concern usually only 
IZ l orbitals. 

9. There is no reason to believe that the parameter /3 (see App.A.) 
should be directly proportional to the overlap S.,, , 

IO. The remaining parameters are determmed by comparison of the cnl- 
culated total energy with the experimental value for many molecules. Also 
geometries can be used since the correlation energies do not influence Ihe 
second step (cf./IO/). Such work has been performed with great success by 
Dewar and coworkers. Ilowever, the parametrization, which we propose here. 
should be easier than in Lkwar’s work, since many parameters have been 
fixed by the preceeding parametrization procedures, described above. II is 
our belief that if the preceeding parametrization has been performed in n 
correct way, the resulting method describes Nature well and the final 
parametrization will be easy. 

Conclusions. 
Since the procedure, proposed here, is based upon density functional 

theory and no parts of the total energy expressions are omitted, a very p,ootl 

accuracy can be expected. The only serious approximation is the inlroductio,) 
of LCAO, which probably cannot be avoided. This error is, however, COI~I~WII- 

sated by the fact that the atomic orbilals, due to the accurate parnmetri- 
zation mentioned in 4. above, are always optimized. 

The old statement that it is necessary to hnve one semiempirical 
method for each Property of a molecule has its ground in unlogical thinking. 
For example, the use of Koopmans’ theorem implies the hope thal two un- 
known errors cancel each other. It is obvious that a method, deduced by 
use of Koopmanr’ theorem, cannot be used for properties for which suclt n 

cancellation does not take place. In the same way, the approximation 
V - Y (see App.B.) will make the method less accurate for ioni- 
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zation one&s and eJectron affinities, aJthough other 
calculated with good results. 

In his work, Michael Dewar has been able to 

74663 

properties may be 

show that it is possible 
to create very useful semiempirical methods. His thinking has been very 
inspiring to many of us in our efforts to study molecules. 
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Appendix A. 
The statement in 3. is perhaps not immediately obvious. We will 

therefore illustrate it by an example. 
We denote the kinetic energy operator in the tlamiltonian as V2 nncl 

denote two atomic orbitals by 0, and 4, where /A is on 81om A ;rntl 
V on atom B, (A + B). In the total en&y expression there is a lcrlll 

which is of mixed one-center and two-center type. We can, however, apply 
Mulliken’s approximation and put 

It is known that Mulliken’s approximation is very inaccurate, but Ihe ndtliliotl 
of the correction term /3 makes the relation exact. Since /3 depends 
upon 11 V and the internuclear distance R, it is of two-center lyl)r. 
The first twd terms are of one-center type. 

The terms, resulting from the attractions Z ,r$ in the 
Ilamiltonian, cnn be hnndled in a similar way / 5 , 6 /. 

The terms which describe the eleclron-elec(ron repulsions contnin also 
three and four center terms. It appears, however, (hat in a complete treatment 
( ref.3, pa8e 80. or ref.13, page 479 ) the most imporlant terms of these types 
cancel each other completely. 



7464 E. I_.WD~KU 

The WSUlt is that the gened total energy expression, deduced from 
Hartree-Fmk or density functional theory, is 

E - one-center terms - (2) 

+ two small correction terms, one one-center and one two-center. 

Here, yA, denotes the repulsion between one electron around A and anoOler 
around B, V Al the repulsion between one positive charge of ZB and one 

electron around A , and N, the total gross population belonging to #,, 
on A. 

Appendix R 
The first step means a study of the molecule in an XT; calculntion. 

The Fock matrix elements ore deduced from eqs. (2) and (3) and the pnra- 
meten in these expressions are determined from comparisons with experimenb. 
This means (besides the /3 parameters) in principle the difference yA, - V Al. 
A calculated value can’ be used as a first approximation to this difference 
/11,12/. The “penetration’ difficulties are thus avoided. 

The second step means a study of the total energy (heat of formation) 
of a molecule by comparing eqs. (2). (3) and (4) with experiment. The para- 
meters in eq. (4) can now be determined. This means in principle the diffe- 
rence R,:-I/,, . 


