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IV. Appendix 

l. FORMULAS, SOME FUNDAMENTAL RELATIONS, 
AND DEFINITIONS 

L A. HMO Characteristics 

Total rr- electron energy: 

m 
W = L n.E. = 

i ::1 1 1 
;t._ ni 
i=l 

(<X+ k.~) 
1 

(1) 

Here mis 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 = 'N - m WEt = W - m (2 0'. + 213) (2) 

where m is the number of double bonds, and WEt, the w-electron 

energy of ethylene. 

Specific de localization energy: 

DEn = DE 
n 

wherc n is the number of atoms. 

DE = LE !!! -m--

wherc m is thc number of c-C lT-bonds. 
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N - V 1 excitation energy: 

E(N_.V
1

) = En - ~+l "'o<+ lcn(j- (OC + kn+lf3) 

"' (kn - kn+l)(3 

[or E
1 

- E_1 "' (k1 - k_1 ) 13] (5) 

1r-electron densities: 

Di 2 
q = ~ n. c. 

1-l i=l l. l.P, 
(6) 

where m is the number of occupied molecular orbitals. 

1r-charges 

~tAo = nt4 - qtl 
(7) 

where nll is the number of the electrons which the ¡.L-th atom con­

tributes to a conjugation. 

Bond order: 

Di 
- ¿ n. c. cill ptt)l - i=l l. l.fA. 

Free valence: 

F = N fA. max -~ 
neigh­
boring v 

For the sp2 carbon atom N roax = .f3. 

Atom localization energy (Wheland): 

A~= w- L Vl T T 

p¡l')) 

where WT is the 1r-electron energy of torso. 

(8) 

• 
(9) 

(10) 
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Superdelocalizabilities for electrophilic substitutions (Fukui et al.), 

accurate (S), approximate (S'): 

m 2 
S - 2 ~ c. 

1-'- ' e - -;::- 2JL J.=l k· l. 

• , e2 
S = 2~ 
~,e k m 

where m is the index of the highest occupied molecular orbital 

(ROMO). 

For nucleophilic substitution 

~2 

sf-L ,n = -2 2._ ~ 
l=m+l k· 

l. 

= -2 
km+l 

s~,n 

(11) 

(12) 

where (m + 1) is the inde~ of the lowest free molecular orbital 

(LFMO). 

For radical substitution 

sf-L,r = ~ (Sp..,e + s!-l,n) 
• 1 ( , , 

s/-l,r = '2' sf-L,e + s~,n) (13) 

Polarizabilities (Coulson and Longuet-Higgins): 

atom-atom 

-. ,.JlL n C· e e 
'" ttY = 4 .?- 2:::::_ J t-l j V k 1-l ek y 

J=l k=m+l k. -k 
J k 

(14) 

bond-atom* 

~ m n c. e (e ~··f = 2 ~ ::;;;::= J~ kf j~ 'k•. 'j• '"~<' 
J=l k=m+l k·- k J k 

(15) 

·:Ir - 1 S f.lll,(¡' - ~ \"•folll 

bond-bond 

1rt4,Jf0" 

m n (e· e + e· e ) ( = 2 ~ ~ Jf ka- JG'" kf cjttck:ll + cj)l ck ) 
. . tt 
J=l J=m+l k. -k 

J k 

•For altemant hydrocarbons the atoro-bond and bond-atoro polarizabilities are 'zero. 

·r 

l 
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210 APPENDIX 

l.B. Relations between E, p, q, o:, and {3 and 
Sorne Checks of the HMO Calculations 

MO's as a linear combination of atomic orbitals: 

<P. = ~ cip. lf-l 
' 1 tJ-=1 

(17) 

From the Schrodinger equation follows directly (after multiplying 
by epi and integrating) for the orbital energy: 

E. = 
1 

1 Cfi H <pi d't 

j<ff d't 

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

E. = L e~ o( + 2 L Lciu ci)J f3p.>' 
1 ~ 1fA f-l f.l e::: y r 

(1 8) 

(19) 

]f the summation is carried out over the occupied MO's, the follow­
ing equation is obtained: 

W = 1:._ n. E. = ~ qu o< u + 2 L ~ PH)I f3u)l 
i=1 1 1 f.l=1 r r f-l e::: y r r 

(20) 

Changes in 1!"-electron densities and bond orders caused.by chang­

ing the values of a and {3 : 

6 q = ~ So"f.OI ,6. 0(.).1 
f.l V 

6. q"" = ¿ "f.l.,~->-0" 6 (lr(j' 
f<3' 

6 Pu)l= 2:: .r.folV,~O" 6 f3~o­
r fG" 

6 Ptt, = i- "t-tv.~ 6. o<f 

(21) 

(22) 

(23) 

(24) 

APPENDIX 

e he e k: 

2:::. ~f-lll = o 
)1 • 

¿_ ,.~.,.~ = o 
¡Av 

~ 
L ~\lv.~r:> :::: O 
~lll 

n 
~ q = l 
f-l=1 f.l 

(total nu¡¡¡ber of !{­

e1ectrons) 

n m 
2:::_ Fu = n {3 - 2 L. k. 
f4= 1 r· i=l 1 

n 
2::s 
¡L=1 {J-1 e 

= 2 ~ ....L 
occupied ki 

~ ¿__ S -
t-t=1 f-t,n -

~ 1 -2 ¿__ -
unoccupied k¡ 

n , 
2:= su._, e 
f.l=1 l-

n 
L s' 
~=1 f-ltn 

n n 
2::::_ k • = 2::= a ~f-l 
i=1 1 f4=1 

:::: k2 
m 

=- _g_ 
km+1 

(matrix trace) 

a¡;11 are diagonal matrix elements 

n 2 _ 2 f= ki - L L 8u)l 
1 =1 fA. )1 r 

a¡;v are nondiagonal and diagonal matrix (/1 = v) elements; for 
hydrocarbons the sum of the squares of the matrix elements is 
equal to double the number of C-C bonds. 

l 
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(25) 

(26) .. 

(27) 

(28) 

(29) 

(3{l) 

(31) 

(32) 

(33) 

(34) 

(35) 


