Chapter 11

Approximate Molecular Orbital Theories

Although ab initio calculations are successful in calculating

small-sized molecular syst for larger systems they will lead to
large C.P.U. times. .
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For this rea atinns are needed, and they

lead to a comp sually refered to as

"Semiempirical MO Ca ation re many types of these
approximate moleCulg example CNDO/1, CNDO/2,

CNDO/S, MINDO, will deal with the most

oped by Pople, Santry and
to'as "CNDO" in this text. A

universal CNDO/2
Segal(10), and whi
general feature of "& methods is the consideration of

valence-shell elec

Before b{ ""‘: CNDO approximation, we
should consider % inpe , it p u&rties of the SCF equation,

which any approximate molecular ogbital theories must maintain.
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invariant with respect to an orthogonal (or Ik:itar}r) transformation of

the occupied molecular orbitals. The molecular wave functions f;:rmed
from an antisymmetrized product of LCAO-MO's and the corresponding
energies have the further property of being invariant with respect to
an orthogonal transformation of the atomic orbitals (basis set).

To investigate the effect of approximations on this invariance,
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we need to study this invariance in some detail.

If a new basis set of functions tl is chosen related to the

original set ¢ by the matrix equation

T = 0¥ 2.1

= 0'S/OCE 2.4

RN HENS
A AT AEEINENY T

[H+G1(0C) = S(OC)E 2.5

indicating that (OC) are the orbital coefficients for the solution of
the Roothaan equation using the new basis set. The diagonal metrix E

is the same as in equation 2.3 using the basis ¥ and trace E is
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therefore invariant.

The essential feature of this invariance proof is that the

one and two electron integrals transform according to:

Huv = ﬁi': Duk Ovl Hkl 2.6

{uv |st> I

(k1 |mn)) 2.7

2.8

where u, v, s, g for  the mpew basis functions. Any
oWeede
approximate LCAO-MO ﬁ! :3

they satisfy these /three. transformation conditions. Any possible

ly be invariant in so far as

transformation O may be ¢l fied dmeorder of increasing complexity

as follows.

W:J
) B~ ‘ OT . - Iﬂ Zpys Zpy, sz atomic
orbitals entered orl:‘.the same atom (the rotation of the local axes).
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the same ata!l (the atomic hyobnd nrhn:als)
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atcms. (leading to nonatomic basis sets).

-

Transformations of type 1 and 2 are requried to be invariant
for any of the approximate LCAO-MO SCF calculations.

Approximation with complete neglect of differential overlap (CNDO).

The complete neglect of differential overlap method (CNDO)
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consists of 3 main approximations. They are the Neglect of OUverlap
(NO), the Core-Hamiltonian approximation, and the Zero-pDifferential-
(werlap approximation (ZDO). As the ZDO approximation is not
generally invariant under transformation, a further step to restore
this invariance must be applied.

The details of the approximation above are :

N 7 N 2.9

2.10

2. The zero-di : D) imation
: “_A ‘-_nu_.-.;img-,._ii-...._l 4 is t_h.e ZEeTo
W :
differential-over 3P The ZIDO approximation

applies to the twn—glectron integrals of the Roothaan equation:
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(i1 |mW = 4 6y 6pg 2.1
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where ﬁkl and s are the Kronecker delta functions.

The ZDO approximation which is used for atomic orbitals must
satisfy the invariance of transformation which was discussed
previously. Considering the monatomic differential overlap ¢,, ¢5
involving the product of two different orbitals on the same atom, we

will find that an arbitary transformation of them will not be
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invariant. For example a rotation of 45°about the Z axis of the Zs,

and p, atomic orbitals leading to the new cartensian coordinates.

25:\ = 2"”2(x+y) 2.72

213

leads to a product of and Dy bitals given by:

(25;3{2 "7 fy)] 2.14

When the ZDO ap sft hand side is neglected
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but the right hand 3 for \ > product is not invatiance
p

o hsformation , we assume that

to transformation. 4

To restore tHe ifiver

v
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the interaction be onging to orbitals of one atom

depends only ;,_‘*T‘“‘;:T'-:‘ on the nature of the

orbitals ”‘il . rals will be set
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3 The core hamiltonian approximation.

In the Fock matrix elements the first part is the one-electron
term 4 representing the interaction of each valence shell electron

with the effective cores of the various atoms and its kinetic energy.



By, = (a(n]-127"- z VA0 | 4y (1) 2.16

We distinguish three cases, depending on whether k is equal

to 1 or not, and whether they are located on the same atom or not.

e 1 TR ' S ish jgase no term is cancelled by the

approximatior. We group aufy” rms representing the attraction
of an electron in. ghe Orbital kﬁo\m core A and its kinetic
energy, and the attracia®h lec 4:1.& by the cores of all other

atoms B :

2.17
or, in short
ik ¢ AxB

ﬂ u EJ M1w fw Ela nijcase, in analogy to
BV MRl i) 1
R T TR ( both on A ) 2.19

3.3 ke land kedA;, 1B Inthiscase.whereq.kde
are on different atoms A and B, the NO approximation does not apply.
On the contrary these elements correspond to the basic bonding

capacity due to the overlap between the orbitals. We may seperate the
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case of atoms A, B, and all other C, and write
5 2 .
Hy = (@) |- V29 ~Vy=Vy | ¢1(1]>

b | B(q.k(ﬂ IV, | 1.1(1)> 2.20

where the second part give /tion of the distribution with

the cores of third 8 toms C. Jhes : s will be neglected. The

first part then de vironment and is a measure

of the possible low /: \\\\\\\N ‘an electron interacting

with two nuclei siffiultangéousl .- ommonly refered to as a

"resonance integrél''® oted. [ ibol Byy.
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The By, terms s G g to Mulliken (11) and
Wolfsberg and Helmhol |
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P = % PB 2.23
AA kgald‘

where the summation applies to all valence orbitals k of atom A and

P = T
. :
NP 2.24



The Fock matrix elements will become

A B
R ™ U * ( Pap = V2 B ) 1M+EB+EA(PBETAB-—\"A} 2.25
The total energy deriv ol W be expressed in terms of the
energies associated widil monsa i ﬂ utions and that associated
. —

E = 2.27
where
A by
AE - 1 VB
and Epp = ;’if( k1 Ya) * ( ZpZgR A = PapVa

_E_l{-" 2.29
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The CNDO parmnetnz

MM&M@ Abftonen oy Tople and Segal (13)

tried to pro&u:e observed eqphhim lengths dlpnle moments.
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1. The local core matrix element uﬁk_

The local core matrix element U, represents the attraction of
an electron in the orbital k by its own core A and its kinetic energy.
Due to the importance of the electronegativity in determining the

relative ability of an atom to depart from neutrality by losing or
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gaining electrons, the Lﬁtkterm was defined as the average of the

experimental and calculated values of the ionization potential IF and

electron affinity EA :

U = /20 -IB - (24 1) vy, - BA = Zyy]

= -1/2 [ 1P, + EAQ 12} 2.30

2.31

2,32

This 1 e attraction of the electron

of A by the '“';Q'Z:'l‘ the electron repulsion
FUININTNENS .
A2ALUBAINEIAY

Bpp = 1/2 ( By + BB) 2.34

where B, and By are parameters characteristic of atoms A and B and
determined empirically by comparing them with reference to ab initio
calculations on some simple molecules.



The Fock matrix in this CNDO/2 frame work can now be written
Fg = - 1/2 ( 1R + EA) + [( Paa = Zp) - /2 ( By -1 )] TAA

N 2.35
s & FeB ~ ZB) Yap

The CNDO bagis®Se ssists \of Slater ype orbitals (STO) for

For the 1Is, S ‘, Be, B, C, N, 0, and F the

Slater exponents are 1 ﬁ 95 2 ; 3.9, 4.55, and 5.2 . For
hydrogen 1s orbital ‘F"‘t:::"’m—'__\:i
The overlap | 2lculated explicitly using

4 n-'

formulas qiven by 1ikan. R1cke and Orloff(14) . The electron

otson 037 FUR) HOOHRRIRENTS. 0 rer

maintain invari®hce, will involye \ralence functions gnl
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Tl'neSEFp ure for CNDO
To solve the modified Roothaan equation in the CNDO

approximation, the same iterative procedure is needed as in the ab
initio method . The steps of solving are:
1. An initial set of molecular orbital coefficients C is

obtained from a Huckel-type calculation in which Fyx is replaced by



the average of ionization potentials and electron affinities and Fkl
are replaced by BypS 4

2. Flectrons are assigned in pairs to the molecular orbitals
with lowest energies .

3. The charge density and the bond order matrix F is calcu-

lated and then used to form a new Fock matrix F .

4., New - npe derived from this F and the

process is repeated fro i consistency is achieved.
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