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Abstract

The article contains an investigation of applicability to conjugated hydrocarbons of the non-canonical method of molecular
orbitals (NCMO method) developed previously for saturated organic molecules (V. Gineityte, J. Mol. Struct. (Theochem) 343
(1995) 183; 430 (1998) 97) and based on the direct obtaining of localized MOs (LMOs) and of the one-electron density matrix
(DM) in the form of two interrelated power series. Convergence of these series is expected to be slower for conjugated
hydrocarbons as compared to their saturated analogues. In this connection, the third and fourth order terms of the power series
for the DM absent in the previous articles were derived, and the particular case of an alternant hydrocarbon was studied in a
detail. In contrast to saturated hydrocarbons, considerable differences in the rates of convergence of the power series for the DM
prove to be peculiar to conjugated molecules. Thus, the convergence rate of power series for linear polyenes decreases
gradually when the chain length increases. Again, turning from linear to cyclic constitution of the chain leads to drastic
reduction of the convergence rate. These results along with the interdependence between power series for LMOs and for the
DM allowed us to compare the extents of localizability of one-electron orbitals and thereby the nature of chemical bonds in
conjugated and saturated hydrocarba®4.999 Elsevier Science B.V. All rights reserved.
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1. Introduction delocalized bonds is expected to be present in conju-
gated molecules.

Saturated and conjugated hydrocarbons are usually The aforementioned qualitative differences,
considered as separate classes of molecules in thehowever, contradict themselves almost completely
classical chemistry [1,2]. This point of view is when turning to quantum chemistry. This trend may
evidently based on an assumption about distinct or be traced back to application of the same methods
even contrasting peculiarities of their chemical consti- when studying representatives of both classes.
tution [2—4]. Thus, localized two-electron bonds are  The most popular approach of quantum chemistry
assumed to be inherent in saturated hydrocarbonsis based on the solution of the canonical Hartree—Fock
(alkanes). Alternatively, a system of more or less (HF)equation [5—7]. The matrix form of this problem

consists in diagonalization of the Fockian matrix, and
the relevant solutions (eigenvectors of this matrix)
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(CMOs). In this connection, studies of electronic
structures of molecules are usually carried out in
terms of delocalized MOs, and this refers to both
saturated and conjugated hydrocarbons.

In spite of feasibility of obtaining various types of
localized MOs (LMOs) by transforming the set of
occupied CMOs on the basis of various localization
criteria [4,6], the influence of the delocalized
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Moreover, the respective one-electron density matrix
(DM) P and thereby the total enerdyalso may be
obtained directly either on the basis of LMOs [23] or
by means of solution of the commutation equation for
matricesH andP [17]. Consequently, it is the concept
of delocalized MOs that seems to be superfluous when
applying the non-canonical MO (NCMO) method.

In this context, the question arises whether or not

approach discussed before on the whole theoretical the above-described non-canonical approach may be

chemistry was quite significant. In particular, the
emphasis of theoretical investigations was largely
replaced on similarity between saturated and non-
cyclic (aliphatic) conjugated hydrocarbons. More-
over, resonance parameters between twbhgprid
atomic orbitals (AOs) of the same carbon atom in a
saturated (—CH-) group was shown to play an analo-
gous role [8] as those between the initially-double
bonds in conjugated hydrocarbons. In this connection,
even the concept ef-conjugation in alkanes has been
suggested [8]. Such a common point of view to both
types of molecules was borne out by experimental
facts. In particular, photoelectron spectra (ionization
potentials) of both chains exhibit a similar behavior
when the number of carbon atoms grows [9—-11].

It is no surprise in this situation that the classical

extended to conjugated hydrocarbons. Given that the
answer is affirmative, a more general viewpoint to the
nature of chemical bonds in conjugated and saturated
hydrocarbons and thereby to similarity and differ-
ences of electronic structures of these molecules
seems to be feasible. Just these possibilities are
explored in this article. Investigation of applicability
of the NCMO approach to conjugated hydrocarbons is
essential also for development of the method itself.
Indeed, simplicity of the Hckel-type Hamiltonian
matrices of conjugated hydrocarbons allows us to
illustrate the rather abstract results of Refs. [15-22].
The non-canonical one-electron problems were
solved in Refs. [15—23] for Htkel-type Hamiltonian
matrices of quite general forms. In particular, the
common Hamiltonian matrix of alkanes in the basis

concept of localized bonds has been even consideredof sp*-hybrid AOs (HAOs) of carbon atoms andls

as superfluous. Thus, localization of electrons belong-

ing to separate bonds was called “an illusion” in Ref.

[8]. The greater popularity of the a posteriori ways of
obtaining LMOs by transforming the sets of CMOs

[4,6] also contributed to the opinion described before.
Indeed, the sets of LMOs when obtained from CMOs
seem to be of a subsidiary nature.

Such an attitude towards the concept of localized
and/or delocalized bonds, however, is likely to change
if we turn to the direct (non-canonical) way of obtain-
ing LMOs on the basis of the Brillouin theorem
[12-23]. The block-diagonalization problem for the
Fockian or Hekel type Hamiltonian matri¥d should

AOs of hydrogen atoms [16,19] was actually based on
the only assumption that the system under study
contains a set of isolated bonds to within the zero-
order approximation. The aliphatic conjugated hydro-
carbons also may be considered as consisting of the
respective sets of slightly interacting=C bonds.
Inasmuch as no explicit form of the basis orbitals is
required when constructing the model Hamiltonian
matrix of Refs. [16,19], the above-described non-
canonical approach seems to be applicable to conju-
gated hydrocarbons as well, provided the relevant
power series converge. Hence, it is the rate of conver-
gence of the series that becomes the main question

be solved in this case, and it may be traced back to the here.

non-canonical HF equation [7].
The actual solutions of the block-diagonalization

The block-diagonalization problem for the matrix
H and the commutation equation for matri¢éandP

problem for saturated organic molecules in general were shown to be closely interrelated [17]. Moreover,

[17,18,20] and for alkanes in particular [15,16,19] the power series for the LMO representation

have been obtained by means of certain type of pertur- matrix and for the DM have been expressed in terms
bation theory in the form of power series. As a result, of the same principal submatrices. Hence, both power
the relevant expressions for LMOs have been derived series may be expected to converge (or diverge)
without invoking the concept of delocalized MOs. simultaneously.
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In contrast to LMOs, the DMs of conjugated mole- hydrocarbon containingy C—-C (C-H) orn C=C
cules obtained on the basis of power series may be bonds, respectively. Let us assume that our molecule
directly compared to respective exact matrices in the may be considered as consisting of isolated bonds to
framework of the Huakel model. Thus, we will within the zero-order approximation. Moreover,
confine ourselves in this article to investigation of these bonds will be described by uniform Coulomb
the power series for the DMs of conjugated hydrocar- parametersa and uniform resonance parameters
bons. It should be also noted here that convergence of 3 taken equal to 0 and 1, respectively, for

the power series for the DM of certain molecule and convenience.
thereby for its LMO representation matrix implies that
LMOs of the bond-orbital-and-tail structure may be
obtained for this molecule [15,17] (bond orbitals refer
here to the initially-isolated bonds).

Further, we will study the case of the largest inter-
bond interaction (coinciding with the intrabond one)
and thereby of the slowest rate of convergence of

Let the initial Zr-dimensional basis sej4 consist-
ing of n HAOs along with 1§ AOs or ofn 2p, AOs to
be divided into twon-dimensional subsetsy{} and
{x"} so that orbitals belonging to the same bond find
themselves in the different subsets. Further, let us
enumerate the basis functions in such a way that the
orbitals belonging to the same bond acquire the

power series. Given that conjugated hydrocarbons coupled numbersandn + i. As a result, the follow-

are described by uniform resonance paramefers
corresponding to all neighboring pairs of ,2f0s,

the difference between one-electron energies referring

to bonding and antibonding combinations of pairs of
these AOs equals to® Again, the resonance para-
meter corresponding to bonding and antibonding orbi-
tals of two conjugated bonds coincides with 8/2As

a result, the usual ratio of the perturbation theory
“(resonance parameter)/(energy difference)”
becomes equal to 14 0.25. For saturated hydrocar-

bons this ratio does not exceed 0.1 [19] (Such a small te
value is because of the fact that interbond resonance
parameters are estimated to be considerably smaller

vs. the intrabond ones in the HAO basis). Hence,

slower convergence of the power series under discus-
sion may be expected for conjugated hydrocarbons vs.

that of saturated ones.
In this connection, we start with derivation of the
third- and fourth-order terms of the power series for

the one-electron DM and total energy that are absent

in Refs. [15-23]. (Section 2). Thereupon, we turn to
the alternant model relevant to conjugated hydrocar-
bons (Section 3). And finally, we examine the rate of
convergence of the power series for DMs of particular
conjugated hydrocarbons (Section 4).

2. Algebraic expressions for the common DM and
the total energy of hydrocarbons to within the
fourth order terms inclusive

Let us consider a saturated or a conjugated

ing 2n X 2n-dimensional Hamiltonian matrix may be
constructed for any hydrocarbon [18,21]

1

(O
H=Hg +Hy = B C

+
I O

AB‘

wherel is then-dimensional unit matrix and, B and
C aren X n-dimensional submatrices. The zero order
termH, of Eqg. (1) contains the resonance parameter
B = 1inthe positionsi(n + i), whereas the first order
rm Hyy involves the interbond resonance para-
meters. The superscript + " designates the trans-
posed matrix.

The DM (bond order matrixfp corresponding to the
Hamiltonian matrixH of Eq. (1) may be expressed in
the form of power series

(e8]

P=> P

k=0

2

The first three members of this serids= 0,1,2)
have been obtained in Ref. [19] in terms of two prin-
cipal matricesG;) and G, defined as follows. These
members take the form

T T gy Mgy +2G°
Pw =1, ot 3
Mi +2G%k  Ta — Hgg
where
gy = —2G* @
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To =1, Ty =0, T =I[GL,Gyl- (B (k= 3,4) are
. T = [G1). G- + [G2). Gyl - 1y
M(O) =1, M(l) =0, M(z) = _[G(l),G(l)]Jr
(6) Tay =[G, G- + (G, Gyl- + [Gl), G-
The notations [-,-]and [-,-]} stand for the commu- + (G(+1>G<1>G<+1)G<1) — G(l)Ga)Ga)Ga))
tator and anticommutator of matrices, respectively, 12
whilst the superscripts * and® designate the
symmetric and skew-symmetric parts of matrices
G):k) defined as follows [2y4]: P M = ~[Gi, Gl ~ [Ga, G- 13
., 1 + o 1 + My = _[Ga>,G(3)]+ - [G(E),G(l)h - [G(+2),G(2>]+
G*w = §(G<k> +Gy), G = §(G<k> — G) ) ) . )
) — (GGG Gy + GGGy Gy
(14

For hydrocarbons, the principal matric€g, take
the form [17,19] The new principal matrice§, (k = 3,4) may be

expressed as follows:

1
Gy = —5Vw (8) 1
2 G = —5 Vi —Lah (k=34 (15)
where
where
Vo =0, Vg =R  Vy=S5G;—GyQ (9
© W @ =SGy ~ Gy Vio = SGi_t) — GyQ 16
and the matrice§, R andQ are related t&\, B andC and
as follows:
L = —4G1,G1,Gy 17

1
S= E[(A +C)+ (B+BY)],
Ly = —2(Gw GG *+ 261G Gy + G2G1)Gw)
(18

The total energy of any hydrocarbon may be
defined as follows [25]:

E = SpurPH)

Q=ZlA+0) - (B+B"), 10

R= Z[(A-C) ~ (B B")

(19
The third and fourth order terms of Eq. (2) also may

be obtained as described in Refs. [17,19]. To this end,  Substituting Egs. (1) and (2) into Eq. (19) yields the

the relevant members of the power series for the DM expression for th&-th order correctiort, to the total

P’ in the basis of bond orbitals (BOs) should be energy

derived in terms of matriceG andG,). Thereupon,

the correction®(3, andP/,, should be retransformed Big = SpulPugHio) + SpulPuc1Hiw) 20
into the basis of HAOs and 3sAOs or 2p AOs as In particular, the zero order tery, is
discussed in Ref. [19]. The bonding (antibonding)

BOs are assumed here to be defined as normalizedEw = SPuPoH) = 2n (21)

sums (differences) of basis orbitals (HAOs) belonging
to the same bond.

As a result, the expressions By (k = 3,4) also
take the form of Eq. (3), where the matriddg, (k=
3,4) are expressed in terms @&* (k= 3,4) as
shown in Eq. (4), whilst the matricegy and M,

and contains the sum of energiesnoolated bonds.

3. The particular case of alternant hydrocarbons

In contrast to saturated molecules, the majority of
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Piy = —0,438(—0,448)

Py3 = 0,898(0,895), Py = 0,438(0.448)

Pis = —0,375(—0, 388)

Piq = 0,860(0,871), Paq =0,500(0,486) Py5 = 0,781(0,784)

Psy = —0.078(—0.084)

Pys = 0.297(0.300)

Fig. 1. Diagram representing the numerical values of bond orders in the butadiene and hexatriene molecules estimated on the basis of power
series derived in this paper and the respective exact values in the framework 6tte frodel (within parantheses). Basis orbitals belonging
to subsetsy’) and ") are designated bj ande, respectively.

conjugated hydrocarbons may be considered astakes the form
alternant systems. In the framework of the alternant , C—0

=C= (22
model, resonance parameters between the neares'tA‘
neighboring 2p AOs only should be taken into Thus, let us consider the particular case described
consideration. by Eqg. (22) within the expressions for the DRMand

The aforementioned numbering of basis orbitals the total energyE.

(Section 2) allows the subsetg} and {x"} to be From Eqg. (10) it follows thaR becomes a skew-
considered as coinciding with the two subsets of basis symmetric (skew-Hermitian) matrix in this case, i.e.
orbitals distinguished within the basis sets of R"= — R Moreover, the same is true for the matrix
alternant hydrocarbons [7,26,27] so that the intra- G, defined by Eq. (8), vizG(*l) = —Gy,. In contrast,
subset resonance parameters take zero values. Irthe remaining matrices of Eqg. (105 @nd Q) are
terms of submatrices of Eq. (1) this requirement symmetric (Hermitian) matrices.
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The second order matric&4,) and G, defined by

V. Gineityte / Journal of Molecular Structure (Theochem) 487 (1999) 231-240

diagonal elementM* ,,; of matricesM*,, shown in
Kii k)

Egs. (8) and (9) also become skew-symmetric (skew- Egs. (25)—(27).

Hermitian) matrices. This implies th&*, = 0 and

I1;)= Tz = 0 for any alternant hydrocarbon (see Egs.

(4) and (5)).

Similar consideration of the subsequent terks:(
3,4) allows us to conclude that all matric€g), k =
1,2,3,4 are skew symmetric (skew-Hermitian)
matrices, i.e.

Gi =G>  Gw =G,

Gw=0  k=1234 (23
and

H(k) - T(k) - 0, k - 1, 2, 3, 4 (24)

In contrast, the matriced, are symmetric (Hermi-
tian) matrices, i.eMy, = M*,. Using Eq. (23) the
latter may be expressed as follows:

M* g = 2(G°))? (25

M* 3 = 2[G°1), G’ )] + (26)

M* 4 = 2[G°1), G5l + 2G° ) — 2G°1)* (27)

On the whole, the DM of an alternant hydrocarbon
consists of the corrections of the form

b ‘| | ‘
o=l |
b _ 0 M* g + 2G% (28)
= .
M* 4 = 2G7w 0
k=1,...,4

It is seen that the matrice®l*, stand for the
symmetric parts of the off-diagonal blocks of the
correctionsPy, k = 1,2,3,4, whilst &°, play the
role of the respective skew-symmetric parts. It is

After substituting Eq. (28) into Eq. (20) we obtain
the correctiorEy,

E(k) - ZSpUM(k) + ZSpU(GO(kfl)KO)

+ SpuKkM* ;_1,J*) (29
where the following notations are introduced
Ke=B"-B (30)
J*=B" +B. (31

Hence, we have derived the expressions for the DM
P and the total energk of an alternant hydrocarbon.

4. Convergence of the power series for the DM and
total energy of simplest alternant conjugated
hydrocarbons

Let us start with the butadiene molecule. Number-
ing of the relevant four 2pAOs is shown in Fig. 1.
The resonance parameters for the initially-double
bonds (1,3) and (2,4) are included into the zero-
order Hamiltonian matrix of Eq. (1), whilst that for
the initially-single bond (2,3) is incorporated into the
first order matrixHy. It is evident that Eq. (22) holds
true in this case. The matric& J* and K° for the
butadiene molecule (the latter two being defined by
Egs. (30) and (31) are

00 1001 0 1

B: N pr— N KO:
10 10 -1 0
(32

The principal matrice$Gy, = G’ (k=1,2,3,4)
become

also seen that the diagonal elements of the correctionyilst the matriceVy, = M* 4 (k = 2,3, 4), are

P (population alterations) are equal to zero as it was 1
established previously for alternant hydrocarbons by Mg = — g|

invoking other approaches [7,26,27].
Inasmuch a$s°,; = 0 for anyi, the neighboring

L} 1 o
Cw=-32K. Gp=0
1 1 (33
G’y = 3_2Kc> - _§GO<1>’ Ga =0
Mo =0, M= | (34
> (€) ] 4 — 128
wherel = 19 is the two-dimensional unit matrix.

bond orders of alternant hydrocarbons are defined by As a result, the following expression for the total
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DM P of butadiene may be obtained

. ‘I |‘ 1|o K‘ 1‘0 ||
1] 2l-k o] 8|1 o
110 K 310 |
= + 7 + 3
16‘_}( 0’ 128|1 o (35

It is seen that the bond ordePs; and P,, for the
initially-double bonds are determined by even correc-
tions P, Pz and P, whilst those for the initially
single bond P,3) along with the remaining bond order
(P14) are conditioned by the odd correctioRg, and
P@)- Itis also seen that the relatiéh; = — Py, holds

true for the butadiene molecule. Numerical values of

the bond orders following from Eq. (35) are displayed
in Fig. 1 along with the respective exact values for
butadiene in the framework of the simple”¢kel
model. It is seen that deviations do not exceed 0.01.

For the total energy the relevant four terms of
power series are

1

Eo=4 Eyp=Egy=0  Ep=5.

(36

1

32

and the total energy = 4,469. The respective exact
value isE = 4,472 for comparison.

It may be concluded, therefore, that the power

series for the DM and total energy of butadiene
converges fairly well in the case of uniform resonance

Eg = —

237

The principal matrice§ of the hexatriene mole-
cule take the form

0O 0 1
1
G(l)—_—K, G(z)—§ 0 0 0,
1.0 0 (38
1 . 1, 1
Cg = 5K =-3Cw.  Gu=-7C0
And finally, the matriced, (k = 2,3,4) are
-1 0 1
1 1 ..
M(z) = g O _2 0 N M(s) = TGJ N
1 0o -1
(39
1 0 1
1
1 0 1

As a result, the power series for the DMike that

of Eq. (35) yields the bond orders for hexatriene
displayed in Fig. 1. These also are compared to the
relevant exact values. It is seen that deviations from
the exact values are somewhat larger as compared to
those of butadiene, although the convergence of the
power series is beyond any doubt. The respective
corrections to the total energy are

Eo =6 Ep =1 Ey=Eg =E4=0
(40)

parameters. All the more so it may be expected to and build up the total energy of hexatriene equal to
converge when the resonance parameters of the initi- E = 7,000, whilst the exact value = 6,989.

ally double bonds exceed that for the initially single
bond.
Let us turn now to the analogous model of the

The somewhat slower convergence of the power
series for hexatriene may be related to the non-zero
matrix G of this molecule. To define a quantitative

hexatriene molecule. The analogues of matrices measure of the matrig,) againstG,), the Euclidean

shown in Eq. (32) are

0 0O 010
B=[1 0 o0 J =1 0 1]
010 010
37
0 1 0
Ke=|-1 0 1
0 -1 0

norms [28] of matrice<5y, denoted bygy may be
used. These are defined as follows:

1/2
Ju = (Z |G<k>ij|2> :

i

(41

Using Egs. (38) and (41) in the case of hexatriene
we obtain

N/
9y = a4

2
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and the ration = g,/g;) = 0.354. For the butadiene localized approach in general becomes less adequate

molecule the analogous ratio equals to zerGgs= for these systems.

0. In this context, the benzene molecule also seems to
In this context, any linear polyene containimgy be of interest, as entirely delocalized bonds are

initially double bonds deserves attention. In this assumed to be inherent there [1-3]. The relevant

case the equalits;) = — 1/4K° follows where matricesB, J* and K° are
0O 1 0 o0 .. 0 01 011
-1 0 1 0 .. B=[1 0 0o, J=|[1 0 1]
Ke={0 -1 0 1 (43 010 110
(47)
0O 0 -1 0 0 1 -1
Ke=[-1 0 1
Accordingly, the matrixG, for polyene is 1 -1 0
0 0 1 0 0 0 0 .. whilst the matricesG;), G, Mz and M, take the
form
0O 0 O 1 0 0 O 1 1
o _if7t 0 0 0100 Gy =-72K  Ga=3Ca.
2 — 8 _
0 1 0 0 0 1 O . -2 1 1 48)
0 0O -1 0 O 0 1 |\/|(2):|\/|(3):§ 1 -2 11l
1 1 -2

49 The Euclidean norms of matric&;) and G, for
The relevant Euclidean norngg;, and g, may be the benzene molecule along with their ratjcare

expressed as follows: g = 0.612 9 = 0.306 n=0500 (49
G = Vv2n—1) O = Van—2) 45) and the relevant power series is unlikely to converge.
@ 4 ’ @ 8 This implies that the localized approach is inadequate

for the benzene molecule. This fact may be related to
the cyclic structure of this molecule. A more detailed
gz 1 /n-2 46 study of this point shows that the cyclip structur.e Qf
T gy 2Vn-1 (46) the benzene molecule offers more mediators for indir-
ect interactions of bond orbitals. As a result, more
As it is seen from Eq. (46), the ratig increases  non-zero elements arise within the matf), and
from 0 to 1/2 when the number of the initially-double the norm of this matrix increases. This result is in
bonds grows (1/2 corresponds to the case> o). line with the fact that no LMOs of the bond-orbital-
Therefore, the rate of convergence decreases whenand-tail structure may be obtained for the benzene
the chain becomes longer. The reason for this molecule [4,27].
tendency is because of the following reason: The
longer the chain becomes, the more non-zero indirect
interactions between bond orbitals arise (Elements of
the matrix G are known to describe indirect
(through-bond) interactions of bond orbitals [17]). In
contrast, the slower convergence of power series for 1. The non-canonical MO method developed
longer chains established previously indicates that the  previously for investigation of electronic structures

and their ratio is

5. Conclusions

The following conclusions may be drawn:
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of saturated organic molecules may be extended
also to certain types of conjugated hydrocarbons,
in particular to sufficiently short non-cyclic poly-
ene chains. This result implies that LMOs of the
bond-orbital-and-tail structure exist for these
chains. Hence, there are no fundamental (qualita-
tive) differences in the nature of chemical bonds of
linear conjugated chains and of alkanes. In this
connection, common peculiarities of electronic
structures of these molecules discussed in Ref.
[8] acquire an additional support. In contrast, the
majority of conclusions of Ref. [19] concerning the
electronic structures of alkanes (e.g. additivity of
the total energy to within the second order terms
inclusive, the relation of the total energy to the so-
called rebonding effect, etc.) may be extended to
short non-cyclic polyene chains as well. Moreover,
the same is likely to be true also for the main pecu-
liarities of the heteroatom influence [20].

. The above-drawn conclusions, however, refer
neither to long polyene chains nor to cyclic conju-
gated hydrocarbons. Hence, NCMOs of the bond-
orbital-and-tail structure are unlikely to exist for
these molecules, and this implies a quite different
nature of chemical bonds in these systems.

. On the whole, considerable individual differences
in the extents of validity of the NCMO approach
and thereby of localizability of one-electron orbi-
tals for separate representatives of the class of
conjugated hydrocarbons may be concluded. This
peculiarity may be traced back to the slower

cules, and the following conclusions may be drawn
here:

1. These approaches are equivalent in the sense
that both CMOs and NCMOs may be obtained
directly without invoking the alternative
concept.

2. Application of the CMO approach allows us to
reveal differences in one-electron energy spec-
tra of molecules but not those between the
extents of localizability of one-electron orbitals.
The NCMO method makes an opposite case in
this respect. As a result, these methods may be
considered as complementary approaches, and
neither localized nor delocalized MOs are
superfluous.

3. In contrast to the most popular CMO method
being adequate for any molecule, adequacy of
the NCMO approach is not evident “a priori”.

In this context, the CMO method may be
considered as the most appropriate way of
investigation of various classes of molecules
on the unified basis. Alternatively, the NCMO
method seems to be the most suitable approach
for investigation of differences in electronic
structures of individual molecules, in particular
in the extents of localizability of one-electron
orbitals. In this respect, the NCMO method is
more closely related to the concept of chemical
classification of molecules as compared to the
CMO approach.

convergence of the power series for the DM of 6. The extent of localizability of one-electron orbitals

conjugated hydrocarbons originating from the
smaller alterations in the values of resonance para-
meters along the conjugated chain as compared to
the saturated one.

. A qualitative measure of localizability of one-elec-
tron orbitals may be defined in terms of the Eucli-
dean norms of the principal matric&, and G,
[17]. The ratio between these norms reflecting the

related to the convergence rate of the power series
in the framework of the NCMO approach may be
regarded as the quantum chemical analogue of the
classical concept of localized and/or delocalized
bonds which forms the basis of the chemical clas-
sification of molecules.
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