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Abstract—The INDO calculations were performed os the three azines: pyridazine,
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cassonical molecular orbitals obtaimed by these caiculations were then trassformed into the localized molecular
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cases in azines with the CNDO/2 method.* However,

the role of interaction terms have not been estimated

quantitatively.

In the present paper, developing the procedure de-
scribed above, the interaction energy betweea two lone-
pmotbmb(l.PO)mamundeeomedmtothe

and Ruedenberg.” The occupied » and all of the virtual
orbitals were not transformed into the LMO. The
geometries used for the azines in the present calculations
mmmed)demalvuhthonsmrmdmthe

previous paper
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the previous paper.’ Now the cseential features of the
method are reviewed briefly as follows.
A core resonance integral, /7, between atomic orbitals,
X, and x,, can be expressed by the summation of the
core resonance integrals, J;;, between the LMO, ¢ and ¢,

= $ ;: curaly. m

By modifying eqn (1), we can obtain the value of the
core resonance integral, /.., between the atomic orbitals
which gives zero for the core resonance integrals be-
tween the specified LMO, and gives the core resonance
integrals between the other LMO correctly,

Iy= l:_ag‘) (€irCipe + €1aCyye ) iy, 2

where the summation should cover only definite pairs of
the specified LMO.

Whea the LMO, # and ¢, which specified the bonds i
and j, were picked up in eqa (2), the core resonance
integral betweea  and ¢ should be cut off, that is the
through-bond (or through-space) interaction between the
bonds i and j can be coasidered to be cut off. Therefore
the SCF calculations by using the core resomamce in-
tegrals in oga (2) gives us the coergy without the ap-
propriate through-bond or the through-space isteraction.

EESULYS AND DESCUBSION
The calculated resuits are summarized in Figs. 1-3 and
Tables 1-3.
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Fig. 1. LPO interaction diagram for pyridazine. Orbital eaergy: in an. CMO: full interaction case. Broad line part shows
the interaction allowed part. [n the case with — siga betwoea the LPO, the direct through-space interaction betwoea the
LPO is forbidden, and in the case without the siga it is allowed. P (Pure through-boad interaction); oaly the through

bood interaction betwees the noi

orbitals is alowed. In all cases except CMO, all of the occapied « and the

virtual orbitals ia relatios to the interaction are cut off from the imteractions.
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through-space interaction. It is well kmown
is an intimate relation between the magaitude

the LPO. distance between N-N
N and the role of direct through-space inter.
in azines under are showa below.
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Pyridazine
Distance betweea N-N or N--N (A) 133
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The magnitude of the direct through-space interaction

decreases from pyridaziee to pyrimidiae drastically, and
a little from pyrimidise to pyrazime. Therefore we can
oasily recognize that in pyrimidise and pyrazine, the
direct through-space interaction is large enough to
govern the imteractions. This is soen in the pre-
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Fig. 2. LPO isteraction diagram for pyrimidine. Notatioas: see Fig. 1.
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This should be due to the fact that the LPOE levels of
energy levels.

With the use of the localized molecular orbitals, the
variation ia the lone-pair orbital energies of throe azines,
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A quantitative saalysis of pyridazine, pyrimidine and pyraziee 1599
Table 1. Analysis of LPOE ia pyridazine

a* [ nooctiptioalb
Through-space 8 -931 -46.6 b -2
A 966 35.4
Through-bond by a short path 8 1337 67.0 c -8
A -4 -0.1
Through-bond by a long path 8 1199 60.1 e -a
A 2112 77.3
A short and a long paths coupling 8 -207 -10.4 (g -a) - [(c -a)e+ (e-a))
A kX 1,2
Through-space and through-bond coupling 8 566 20.4 (b -a) -[(d-a)+ (g -a))
A -414 -15.2
Through-virtuals 8 32 1.6 cho - b
A 30 1.4
Total 8 1996 100. o - a
A 2731 100.
%41 energy difference in x 10°¢ au.
Dgee Pig. 1; CMO: full ipteraction case.
Table 2. Analysis of LPOE in pyrimidine
st . Degcriptions®
Through-space 8 -87 -2.) d» -a
A 48 1.9
Through-bond by a short path 8 637 30.5 c-a
) A 1708 66.0
Through-bond by a long path 8 1489 71.3 [ R
A 1602 61.9
A short and a long paths coupling 8 -49 -2.3 (g -a) - [{(c -a) ¢+ (o -a))
A -709 -30.9%
Through-space and through-bond coupling 8 20 1.3 (M - a) - [(d-18) ¢+ (g -a)]
A -21 -0.8
Through-virtuals 8 30 1.4 cCNo - b
A 40 1.8
Total 8 2080 100. N0 - a
A 2508 100.
%41 energy difference in x 10~ ¢ au.
bsee rig. 2; CNO: full interaction case.
Table 3. Analysis of LPOE ia pyrazine
Iy s Descriptions’
Through-space A 20 1.4 b -8
8 -19 -0.7
Through-bond by single path A 1061 5.2 c-a
8 1778 64.9
Two paths coupling A =761 -54.0 (e - a) - 2(c - a)
8 -836 -30.6
Through-epace and through-bond coupling A -3 -0.2 (P -a) - ((d -a) ¢+ (e -10))
8 ] 0.3
Through-virtuals A 32 2.3 o - ¢
s 33 1.2
Total A 1410 100. CHO - o
s 2736 100.

*4: energy difference in x 10~4 au.
Psee Pig. 3; CM0: full interaction case.
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