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QUANTUM~CHEMICAL DATA

IV. Appendix

1. FORMULAS, SOME FUNDAMENTAL RELATIONS,.
AND DEFINITIONS

1. A._ HMO Characteristics

Total 7 - electron energy:

m
w=izqnimi=iii1ni<o<+kif3) | 1)

Here m is the number of occupied molecular orbitals, n the num-
ber of electrons in the respective molecular orbital, (n = 1 or 2),
and E the orbital energy.

Delocalization energy (resonance energy):

DE =W -mWp = W=m (200 + 2f) (2)

where m is the number of double bonds, and Wg;, the m-electron
energy of ethylene,

Specific delocalization energy: ’

DE, = —22 (3)

DE, = —Bi- (4)

where m is the number of C—C o-bonds.
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N — V, excitation energy:

®

E(N=>V)) = E = E,q X+ k P (X4 kmlﬂ)

= (kp = k0B
[or E, =B, * (ky = k_l)B] (5)
m-electron densities:
=S my o 6
qH = i:l ni ci.“. ( )
where m is the number of occupied molecular orbitals.
n-charges
fu = ma- @

where ny is the number of the electrons which the p-th atom con-
tributes to a conjugation,

Bond order: .

(8)

Free valence:

Fy = Npax ~ Z Puy 9

neigh-
boring »

For the sp® carbon atom Nmax = V3.

Atom localization energy (Wheland):

Ap=w—2:_ Wy (10)

where W, is the w-electron energy of torso.
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Superdelocalizabilities for electrophilic substitutions (Fukui et al.),
accurate (S), approximate (SY):

2 2
o C .. c
pae il Ky He X

where m is the index of the highest occupied molecular orbital
(HOMO).

For nucleophilic substitution

2 2
i cs c
S',Ln=-2 e - S S;,Ln=—2—('§-tl—)& (12)
! 1=m+l k; ’ km+1

where (m + 1) is the index of the lowest free molecular orbital
(LFMO).

For radical substitution

sM,r=%(sP_'e+s“,n); sH,r=%(s + 50 ) (13)

Polarizabilities (Coulson and Longuet-Higgins): .

atom—atom
¢c. C:. ¢C c
n Ju Ty Tkp ky
=SS (14)

=42y _
J=1 k=m+l ky - Ky

bond—atom*

c.. ¢C (¢. e .+ C., Cp )
n Jje ke J ky Jv 'k
Fume = 2 2 = = £ o)

m
3=1 k=m+l kj - ¥y

. 1
Tuve = 7 Fouy

bond—bond

*For alternant hydrocarbons the atom-bond and bond-atom polarizabilities are zero.
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1.B. Relations between E, p, q, «, and 8 and
Some Checks of the HMO Calculations

MO's as a linear combination of atomic orbitals:

n
. = . 17
@ ?_1 Ciu Xu (17)

From the Schrédinger equation follows directly (after multiplying
by ¢; and integrating) for the orbital energy:

fcf'i HY; dt
E, =

1l
2
_fQ’i dt

Using Equations (17) and (18) and applying variational method,

By =2 of o(“+2z 2 .

W <5 ot O Py (19)

If the summation is carried out over the occupied MO's, the follow-

.

ing equation is obtained:

o« 2 20
u (A-r “Z<yp“vf3‘w (20)

Changes in T-electron densities and bond orders caused,by chang-
ing the values of ¢ and §:

Aq“=z Ty DX, (21)

A > T, 00 Aﬁ(-rr (22)
?G’

A Puy™ ?ZG' Fuyer O Por (23)

O™ % Fung S ke (24)
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Check:
% Ty = 0 (25)
25 g = 0 (26)
> x (27)
=0
% wer
3 (28)
S qu= £ (total number of %~
#=1 electrons)
n m
2> Fe=n\3-23 K (29)
g=1 i=1
n
> s =2 > — (30)
R=l occupied i
= =< 1
2. Syn T2 =2 _ . - (31)
TSI unoccupied “i
n >
&1 e TR @2
. .2
= Siyn o1 (33)
n n )
iz=i k= %1 Buu (matrix trace) (34)
ayy are diagonal matrix elements
> 42 2 35)
:/?—1 ki = %% auy (

a,y are nondiagonal and diagonal matrix (u = v) elements; for
hydrocarbons the sum of the squares of the matrix elements is
equal to double the number of C—C bonds.



