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The theory of one-electron perturbations is developed in the context of the self-consistent 
LOAO treatment of molecular wavefunctions. A numerical method of calculating changes in 
the charge and bond order matrix due to one-electron perturbations is described. The method 
is used to compute self-consistent atom-atom polarizabilities for a number of conjugated 
hydrocarbons. The results are applied to spin-density calculations and to a discussion of 
chemical reactivity. 

Im Rahmen des SCF-LCAO-Verfahrens wird eine Einteilchen-StSrung behandelt und ein 
numerisches Verfahren zur Bereehnung der Anderung der Matrix der Bindungsordnung an- 
gegeben. In der vorliegenden Arbeit wird diese Methode beniitzt, um Atom-Atom-Polarisier- 
barkeiten und Spindiehten fiir eine Anzahl yon Kohlenwasserstoffen zu berechnen sowie ihre 
chemische I~eaktivitat zu diskutieren. 

La th6orie des perturbations monodlectroniques est developp6e au contexte du proc6d4 
LCAO autocohdrent de fonctions d'ondes mol6culaires. On d6crit une mSthode num6rique 
pour le calcul de changements dans la matrice de charge et d'ordre de liaison dfis aux perturba- 
tions monodlectroniques. Suivant cet~e mSthode sont calcul6es les polarisabilit6s atome-atome 
autocohdrentes pour un hombre d'hydrocarbures conjuguds. A l'aide des r@sultats on ealcule 
des densit6s de spin, et. discute la %activit6s chimiques. 

1. Introduction 
P e r t u r b a t i o n  theory  p lays  a most  useful p a r t  in the  q u a n t u m  mechanica l  

theory  of molecules. I n  par t icu la r ,  the  p e r t u r b a t i o n  t heo ry  in t roduced  b y  CocLsoz; 
and  LO~GVET-HmGrNS [2] in to  the  t t i i cke l  t heo ry  of  con juga ted  molecu]es has  
enabled  e lect ronical ly  s imilar  molecules to  be re la ted  to  one another .  The t h e o r y  
enables  changes in  the  charge and bond  order  m a t r i x  arising f rom small  changes 
in  the  ~ or fi in tegra ls  to  be computed .  This is especial ly app rop r i a t e  for a discus- 
sion of the  induc t ive  effects p roduced  when a he t e roa tom is subs t i t u t ed  into  a 
hydrocarbon .  The t h e o r y  has  also been appl ied  to  cer ta in  problems  in the  t heo ry  
of  chemical  r e ac t i v i t y  [3, 18]. 

The Hi icke l  t heo ry  of con juga ted  molecules is now known to  be an  unrel iable  
app rox ima t ion  and  has  been superceded b y  the  self-consistent  form of  the  LCAO 
theory .  A p e r t u r b a t i o n  t heo ry  analogous to  t h a t  of  Cov~so~  and  LO~GUET- 
HmOISTS is therefore  needed  in  th is  new context .  Self-consistent  p e r t u r b a t i o n  
theor ies  based  on the  t I a r t r e e - F o c k  equat ions  have  been developed earl ier  [8, 14] 
and  some appl ica t ions  to  con juga ted  sys tems have  been made  [4, 9, 15]. 

I n  th is  paper  we describe an i t e ra t ion  m e t h o d  for the  d i rec t  ca lcula t ion of  
first and  second order  changes in  the  bond  order  ma t r ix ,  the  t o t a l  energy,  the  
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various molecular orbitals and their energies produced by a perturbation which is 
the sum of one-electron operators. The method is used to compute atom-atom 
polarizabilities for a number of hydrocarbons. These polarizabilities should be of 
direct use in discussions of the shifts of charge when a heteroatom is substituted 
into one of these hydrocarbons. We have used them to discuss the spin densities 
of hydrocarbon ions and the relative susceptibilities of the different atoms to 
attack by free radicals. 

Self-consistent perturbation theory can also be used to discuss such topics as 
electric polarizabilities of conjugated molecules and the spectra of heteromoleeules. 
Some of these topics will be taken up in following papers. 

2. Perturbation by 0ne-Electron Operators 
In the molecular orbital theory the ground state of a conjugated molecule is 

represented by a determinant of doubly occupied orbitals. Such a wave function 
is stable with respect to perturbations which are the sum of one-electron operators 
[51 and consequently the perturbed wave function can he represented, to the 
same approxima£ion, as a determinant of perturbed molecular orbitals. The first 
and higher order corrections to the original molecular orbitals can be obtained by 
applying perturbation theory to the molecular orbital equations. 

I f  the molecular orbitals are expressed as linear combinations of atomic 
orbitals cor, 

~f~ = ~ cor a~r 

the equations determining the {a~r} and the orbital energies Ei ~11 be [6, 16] 

( Frs - El Srs} ais = 0 
s 

where 

and 

(2 . i )  

Srs .f cot cos d~ (2.2) 

Frs -- h rs + ½ ~ Put {2(tr I us) -- (tr Isu)} (2.3) 
Ut  

f , 1 (tu l~s) = o~ (1) co~ (2)--~o~ (1) ~ (2)dT,~ 
1'12 

i* h .  = co~ ( - ½ V  ~ ~ zJr~) co~ tiT. (2.4) 
a 

The charge density and bond order matrix P is defined by 

P r s :  2 ~ aira~s (2.5) 
occupied 
orbi ta ls  

and is related to the spinless first order density matrix for the unperturbed mole- 
cule by 

PI (l, t ') = ~ Psr o~ (i) cos ( t ' ) .  (2.6) 
rs 

The one electron operators in the Hamiltonian will be changed in the per- 
turbed equations by an amount 
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so that  the effect of the perturbation is to change hrs to  hrs ÷ ,~z~.s where 

The first order change in Frs will not be s~lply  Zrs for there will be first order 
changes in Prs which must be included. 

To proceed further, therefore, we write all our quantities as power series in the 
perturbation parameter  ~. Including terms up to second order we have 

air = air -~ ,~air ~- air (2.9) 
! # 

Prs Pr ° q- "~Prs d7 ~2 Prs (2A0) 
I 2 E I" El E° ÷ )~Ei ÷ ,~ i (2.1i) 

and by substituting in (2.3) and (2.5) we obtain 

u t  

Fi.s = Zrs ÷ ½ ~ Put {2 (tr ] us) -- (tr su)} (2A2b) 
Ut 

= 5 {2 (tr I - (2 . i2e)  
ut 

and 
P~ 2 ~" o o* (2.i3~) 

o c c u p i e d  
orbitals 

' = ~ (ai r ais + air ais ) (2.i3b) 
o c c u p i e d  
orb i t~ t l s  

z = t r ~ 0 ~ t #  f t  O #  
Pr~ 2 ~ (air ais -~- air ai8 A- air ai.~ ) . (2.i3c) 

o c c u p i e d  
o r b i t a l s  

The orbitals used in the derivation of (2A) are assumed orthonormal and this 
imposes restrictions on the a~r and air .In particular we have tha t  

a°$ srs 4s  = 0 all i .  (2.t4) 
rs  

By substituting Eq. (2Ai), 2.t2) and (2.13) into (2A) we obtain the equations 
determining the coefficients ag~r, air; air." These are 

( F , r - & ~  i ) % =  o E 0 o 0 (2.i5a) 
r 

, , 0 (2.15b) (F,  ° - Ssr E °) a,, = ~ (E~ Ssr - F~r) air 
r r 

. . . . . . . .  o (2.i5e) ( F s ° r - -  ~ s r  E ° )  s i r  = ~ ( E l  ~ s r  - -  /Vzr) a i r - { -  5 ( E i  Z s r  - f f  sr) a ir  " 
r r r 

r Note tha t  Eq. (2A5b) is hnear in the a~r which implies tha t  the value of air due 
to two perturbations acting simultaneously is the sum of the a~r due to each 
perturbation acting by  itself. From (2A5b) and (2A5 c) the relations 

' ~? o * s s  r o o*~, o (2.16a) Ei z.., ais a i r - -  ~ ais lJ.~r air 
r8 rs 

and 
t t  i/ 0 i f ¢ i 

o* o o* (Fst ai r + F,~. ai~. --  E i Ssr air) (2.16b) 
rs rs 

can be obtained. 
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3. Iterative So lut ion  of the  Equat ions  

Although (2.i5b) and (2Abe) are linear equations they involve all the un- 
known coefficients simultaneously and so it is much simpler to solve them itera- 
tively. A straightforward way of solving them would be as follows : 

(i) Calculate Fr°8 and the a°r in the usual way. 
(ii) Guess the first order corrections to the orbitals, a'~r. 
(iil) From these form the P:s and F~s. [Alternatively (ii) may be omitted and 

P'r8 guessed instead]. 
(iv) For each occupied orbital i find E~ from (2.i6a) and substitute in (2.i5b) 

to find an improved set of a, lr. Note that  (2Abb) may be written in matrix form 

__ o (3 . i )  ( s  0 S) = S -  F')  

from which is obtained 

a~ = ( F  ° - E~ S )  -1 (E  ° S -  F' )  a ° . (3.2) 

Since E ° satisfies the equation I F° - E° S [ = 0 (3.1) can only be solved subject 
to the condition (2A4). In  practice equation (2.i4) needs to be substituted for 
one of the equations in (3.1). This substitution must be asssumed if the expression 
involving the inverse matrix in (3.2) is to be properly defined. I f  there is degene- 
racy among the E~ there is a further difficulty in solving (3.1) and the proper zero 
order orbitals must be chosen and the problem treated as it is when degeneracy 
occurs in ordinary perturbation theory, 

(v) Once the new set of orbitals a~ have been found the whole process must be 
repeated until they are consistent. 

The main difficulty with the above procedure is tha t  for each occupied orbital 
i a different matrix has to be inverted to substitute in (3.2). This can be avoided 
by applying an idea used in ordinary perturbation theory. Suppose, for con- 
veuience, that  the atomic orbitals are orthonormal. I f  they are not, as when Slater 
orbitals are used, they can be made so with Lhwdin's procedure [10]. When this 
is done S becomes the unit matrix I. The zero order orbitals and orbital energies 
will then be the eigenvectors and eigenvalues of F °. The unitary matrix U which 
is formed from these eigenvectors will diagonalize F °. 

Multiplying (3.t) on the left by U ¢ and writing b~ for U t a~ gives 

(E~ -- E~) (b~)j = - (U t F '  U)j~ i ¢ 

so that  

(Ut F'  U) j~ 
(b~)j E~ - ~ ]  ?" ¢ i (3.3) 

while (2.14) implies that  (b~)~ = 0. 
These expressions can be used to find the b~ very quickly without having to 

invert matrices. The matrix P '  can then be found from the relations 

P '  = 2 (q  + qt )  

where 

q ---- U r U t (3.4) 

t l  Theoret. chim. Acta (Berl.) Vol. 5 
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and 
rij = (b0* if i is an occupied orbital  

= 0 otherwise.  

Our experience with using an electronic computer to solve these equations has been that 
(3.3) and (3.4) lead to saving in time both in programing and computing. Even so a fair number 
of iterations are usually needed for convergence although naturally this depends on how good 
the choice of starting orbitals is. The rate of convergence can be accelerated by employing 
an extrapolation formula such as that found useful in HALL and I-IA~I)ISSO~'S work in a similar 
context [7]. As a practical point, however, we have found it better to let the iterations settle 
down a little before using the extrapolation formula since otherwise a bad choice of starting 
orbitals can Iead to some trouble. 

4. The Total Energy 

The totM energy W for tile ground state is given by  the formula 

W = ½ £ Psr (Frs + hrs). (4.t) 
r s  

Expressing W as a power series in  2 i.e. 

W =  W ° + )~W' + )~2 W"T' . . .  (4.2) 

we can obta in  the first order and second order corrections as 

W' = ½ ~ (Fr ° 4- hrs) P~r q- ½- ~ (F,'.~ ~ Zrs) Ps°r = ~ Zrs Ps°r (4.3) 
r s  r s  r s  

and 

W" = ½ ~, P~",. (Fr°s + ,hrs) -l- ½ ~ P:r (r',~ ÷ Zrs) 4-  I 5 ~s°r F,:s = 1 ~ Zrs P:r (4.4) 
r s  r s  r s  s r  

so tha t  W' depends only on the zero order p0 and  W" only on the first order P ' .  

5. Atom-Atom Polarizabilities of Conjugated Molecules 

For z electron systems the Pariser-Parr-Pople schemes enable the expressions 
for F ° and  F '  to be simplified to 

F r  ° /3rs - c  ~rs  5 o _ rs ~Zrs 
u 

F;~- ~+~rs Z P' 

where the {yrs} are the usual  Par iser-Parr  integrals and  

/3rr = - -  E y u r  
u # r  

fir~ = 0.5/3 if r, s refer to neighbouring atoms 

= 0 otherwise. 

The overlap mat r ix  S is assumed to be the un i t  matr ix.  I n  the calculations pres- 
ented in this paper the integrals were given the values 7rr - - -  2.30t 13 and  yr,~ = 
-- t.485/3 where r and  s refer to neighbouring atoms and fi =: - 4.78 eV. The 
remaining integrals were computed using the method described by  S ~ ¥ D ~  and  

AMos [17]. 
The a tom-a tom polarizabilities Zur have been defined for Hfiekel pe r tu rba t ion  

theory by  COULSON and LOIqGUET-HIGGINS [2] and  represent the changes in  the 
charge of the r th  a tom due to a per tu rba t ion  at  the u th  atom of ~Zuu =/3. I n  the 
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s e l f - cons i s t en t  case we h a v e  t h e  ana logous  de f in i t i on  t h a t  $~ur = ~'rr w h e n  Zvt = 

fi, v ~ t = u a n d  Zvt = 0  o the rwi se .  S imi l a r ly  t h e  s e l f - c o n s i s t e n t b o n d - a t o m  polar i -  

zab i l i t i es  a n d  b o n d - b o n d  loolar izabi l i t ies  can  be d e f i n ed  b u t  t h e y  are  n o t  so im-  

p o r t a n t  as t h e  a t o m - a t o m  pola r izab i l i t i es .  

9 I0 

7 ~ 2  2 

7 2 
6 "~-,.,,.~3~',,.v~ 2 ~  3 3 

5 I0 4 6 5 4 3 5 4 

4 5 I 

2 6 1 0 ~ 4  

I~ ~' ~ t '  7 3 
8 II 12 6 5 4 

2 4 6 2 4 

I 3 5 I 3 

Fig.  1. ?£olecules considered in this  paper  

Table 1. Sel / -conais tent  a tom-a tom polarizabi l i t ies  ~ur 

% % u 

r 5 r 1 2 r 5 2 3 

5 .560 t .60t - .478 1 .620 -.471 .0t6 
2 - .276 2 - .478 .513 2 -.471 .553 - .050 
3 .054 3 - .003 -.031 3 .016 - .050 .552 
4 - . 1 t 6  4 - .120 - .003 4 - .102 - .006 - .450 

Benzene Butadiene 5 .020 - .006 - .006 
6 - .083 .020 - .102 

Hexa~riene 

% u 

r 1 2 4 5 6 r 1 2 

1 .607 - .292 .054 - .075 .044 t .595 - .345 
2 - .292 .588 - .075 .047 -.071 2 - .345 .569 
3 .065 - .292 .018 - .082 .044 3 .064 - .225 
4 .054 - .075 .623 - .307 .078 4 - .150 .064 
5 - .075 .047 - .307 .617 - .305 5 .008 .0i0 
6 .044 -.071 .078 - .305 .615 6 .010 - .036 
7 - .082 .047 -.111 .084 - .305 7 - .017 .007 
8 .0t8 - .075 .054 - . i l l  .078 8 - .023 - .017 
9 - .236 .061 - .087 .056 - .089 9 - A 7 6  .043 

10 - .104 .061 - .247 .077 - .089 10 .034 -.075 

Azulene Naphthalene 
l l *  
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TaMe I (Continued) 

r 2 3 4 r 1 2 9 

1 - .255 .048 - .113 1 .598 - .362 - .020 
2 .590 - .285 .063 2 - .362 .570 - .029 
3 - .285 .567 - .277 3 .066 - .207 .013 
4 .063 - .277 .576 4 - . t 5 7  .066 .006 
5 - .115 .054 - .277 5 .001 .001 .006 
6 .054 - .115 .063 6 .001 - . 0 i 5  .0t3 
7 .005 .014 .018 7 - .005 - .004 - .029 
8 - .051 .003 - .014 8 - .002 - .005 - .020 
9 .003 - .007 - .004 9 - .020 - .029 .647 

10 - .014 - .004 - .017 10 .006 .013 - .199 
t t  .006 - .004 - .004 11 - . i 4 6  .037 - .234 
12 - .002 .006 - . 0 t 4  12 .024 - .055 .041 

Diphenyl 13 .009 - .020 .041 
14 -.011 .011 - .234 

Anthracene 

r t 2 3 4 iO 

1 .595 - .323 .064 - .137 - .023 
2 - .323 .572 - .245 .063 - .004 
3 .064 - .245 .575 - .319 .015 
4 - ,137 .063 - .319 .594 .013 
5 .011 - . 0 t 2  .010 - .049 .005 
6 - .010 - .002 - .018 .010 - .042 
7 .OOi - .015 - .002 - .012 .005 
8 -.011 .001 - . 0 t 0  .0tl  - . 02 t  
9 - .02 t  .005 - .042 .005 - .400 

t0 - .023 - .004 .015 .013 .585 
11 - .207 .047 - .088 .040 - . t 3 5  
t2 .041 - .088 .05t - .214 .031 
13 .007 .015 - .003 .000 - .079 
14 .01t - .014 .012 - .005 .048 

Yhenanthrene 

We have calculated atom-atom polarizabilities for  the hydrocarbons shown 

in  Fig .  i .  Al l  C-C b o n d  l eng ths  were  a s s u m e d  to  be i . 4  ~ a n d  al l  angles  t 20  ° 

e x e e p t  for azu lene  whose  r ings  were  t a k e n  to  be  r egu la r  po lygons .  T h e  molecu le s  
were  all  t a k e n  as p l a n a r  a l t h o u g h  th i s  is r a t h e r  a b a d  a p p r o x i m a t i o n  for  d ipheny l .  

T h e  va lues  o f  t he  ~ur  are  g i v e n  in  Tab .  t .  T h e  overa l l  p a t t e r n  agrees  qu i t e  

well  w i t h  p r ev ious  ca lcu la t ions  [~, 9, 15] a l t h o u g h  t h e  n u m e r i c a l  va lues  di f fer  

s l igh t ly  due  to  d i f fe ren t  va lues  of  t h e  Pa r i se r  a n d  P a r r  in tegra l s .  The  self  cons i s t en t  
a t o m - a t o m  pola r izab i l i t i e s  are  gene ra l ly  m u c h  la rger  t h a n  t h e  co r r e spond ing  

H i i eke l  ones a n d  some of  t h e  eha rae t e r i s t i e  p rope r t i e s  of  t t f i cke l  po la r i zab i l i t i e s  
- -  such  as, for  e x a m p l e ,  t h e  a l t e r n a t i o n  in  s ign - -  a re  no  longer  to  be  f o u n d  in  t h e  

self  cons i s t en t  ones. 
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6. Applications 

In this section we consider three rather simple applications of the perturbation 
method. Further applications will be dealt with in future papers. 

Firstly we have considered the charge distribution in a benzene ring due to the 
inductive effect of a heteroatom substituted for the C-I t  bond at position t. We 
have assumed that the presence of the hetero-atom can be represented completely 
by changing the value of hrr in Eq. (2.3). This change is then represented by a 
perturbation 2z n. We have computed the charge distribution for several values 
of ~ (z u =-/~) using both the perturbation method taken to first order and the 
exact method in which the original LCAO equations are solved again. The results 

Table 2. Comparison o/ Charges Calculated by Accurate and Perturbation Methods /or mono- 
substituted Benzene 

± 0.1 :k 0.3 ± 0.5 ± 0.75 ± 1.0 
P E P E P E P E P E 

ql .056 .057 .t68 A68 .280 .275 .420 .399 .560 .507 
q~ .028 .028 .083 .083 .138 .t36 .207 .196 .276 .249 
qa .005 .006 .016 .016 .027 .027 .040 .039 .054 .049 
q~ .012 .012 .035 .035 .058 .058 .087 .084 .116 .108 

ql, q2, q3, q~ are the charges at atoms 1, 2, 3, 4. 
P - perturbation method; E _= exact calculation. The signs of ql and % are the same as 

that of 2 and the signs of q2 and q4 opposite to that of Z. 

are given in Tab. 2. The table shows clearly that for values of ]2 [ up to about 
0.5 second order perturbation theory gives results which are almost identical to 
the exact calculations. Beyond this point the two treatments begin to diverge 
presumably because third order effects become important. Even so, when 2 _~ + t 
the overall charge distributions predicted by the two methods are qualitively 
similar although the quantitative agreement is no longer very good. 

As well as changing hrr to  allow for the substituent at the rth atom it seems 
likely that ~rr should be changed and probably also the values of firs and ~]rs for 
the bonds between the substituent and the nearest neighbour carbon atoms. In 
so far as these change the off-diagonal elements of Frs they will not change the 
charge densities to first order. However, if we expand the yrs in terms of the 
parameter 2 and substitute into the diagonal elements of F ° and F '  we obtain 

o o _  o o 
= ~ Puu 7us } Pss Yss 

u 

f"ss zss + ~ ' o _ , o o _ , o , (6.1) 
u uv£s  

so that the variation in the yrs can be allowed for by replacing the perturbation 
zss by 

r 

u ~ s  

For alternant hydrocarbons this simplifies to 

(6.2) 

zss -t- ½ Y;s (6.3) 
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since P°uu =_ t all u. Also since zss and Y;s will be zero except at the substituted 
atom, the change in the Coulomb integral can be allowed for either by changing 
Zrr or by  leaving this alone and changing 2. For example the work of McWEEN¥ 
and P~ACOCK [13] on nitrogen heterocyelics suggests tha t  with Zrr at the sub- 
stituent equal to fi, 2 will equal 0.35. With this value of 2Zrr they change 7rr by 
approximately -0 .30  fi so tha t  Y'rr -0 .86  ft. Therefore we can either set ). = 0.35 
and Zrr = 0.57 fi or 2 = 0.20 and Zrr = t.0 fl, in both eases thus allowing for the 
variation in ~rr. 

As a second application we have considered the spin density distribution in 
the negative ions of naphthalene and anthracene. I t  is well known tha t  the simplest 
t reatments  of this problem lead to computed spirt density distributions which arc 
not very satisfactory. MCLACKLAN has introduced a most convenient approxhnate 
method for calculating spin densities which agree quite well with experiment [12]. 
The formula obtained by  McLAcI~La~ for the spin density at the rth carbon atom 
is 

M ~ h 2 (6.4) = ~ ' 8  C08 Qr Cor - -  
s 

where the {cos} are the Hfiekel coefficients of the lowest unoecupiedorbital inthe 
ground state and ~)s are the ttiickel a tom-atom polarizabilities. The parameter  M 
was given an empirical value between ~.0 and 1.2. 

Table 3. Comparison o/Spin-densities Calculated by MeLachlan's 
Method and Experiment 

Calculated 
Molecule Atom MGLAC~AN This paper ExperimeRtal 

Naphthalene 1 .222 .209 .203 
2 .047 .054 .076 
9 -.037 -.027 (-.058) 

.1i8 .io8 .133 
2 .032 .040 .064 
9 .256 .235 .230 

11 -.028 -.015 (-.042) 

Anthracene 

Work by  SNYDER and A~os [17] implies that  an equivalent formula holds if 
the ttfickel coefficients and polarizabilities are replaced by  self-consistent ones 
provided M is given a value between ½ and -~. Setting M = ½ we have computed 
~r for naphthalene and anthracene from (6.4) using self consistent values for the 
Cos and 7rrs. The results are given in Tab. 3 and for comparison the results of 
McLAoHLaN's original calculation using tIiickel parameters and the 'experimental '  
values obtained from e.s.r, hyperfine splitting data [1] via the McCoNsTELL rela- 
tion [11] are also included. Our new values agree reasonably well with experiment 
and are slightly better  than  McLAcHLAN'S Hfiekel ones. They could probably be 
further improved by a different choice of M coupled with the use of a more elab- 
orate relation to obtain the 'experimental '  spin densities from the e.s.r, data. 

A rather naive approach to chemical reactivity suggests tha t  the most reactive 
site in a molecule with respect to an attacking positive reagent is tha t  with the 
largest charge density qr. For alternant hydrocarbons qr = 0 at all positions so 
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t h a t  the  nex t  measure  of  r eac t i v i t y  will be the  auto  polar izabi l i t ies  :grr. I n  fact  
the  t t f ickel  polar izabi l i t ies  do correlate  r easonab ly  well wi th  exper imen ta l  evidence 
of  r e a c t i v i t y  so i t  is in teres t ing  to  examine  i t  self consis tent  polar izabi l i t ies  are 
equa l ly  successful. I n  Tab.  4 we include the  r e a c t i v i t y  cons tants  for e lectrophi l ic  
a romat ic  subs t i tu t ion  t a k e n  from a tab le  of resul ts  ob ta ined  b y  STaEITWIESn~ 
[18] from a considera t ion  of  the  avai lable  exper imen ta l  evidence and  these experi-  
men ta l  reaet iv i t ies  m a y  be compared  with  the  t t f ickel  and  self-consistent  au to  
polar izabi l i t ies .  Unfo r tuna t e ly  the  expe r imen ta l  resul ts  are not  accura te  enough 
to enable any  general  conclusions to  be drawn.  Bo th  the  Hfickel  and  self-consistent  
au topolar izabi l i t i es  seem able to  dis t inguish be tween ve ry  react ive  and  ve ry  
unreac t ive  posi t ions and  this  is p r o b a b l y  all t h a t  can be expected .  There are, 
however,  some anomal ies  name ly  the  2 posi t ion of anthracence,  the  4 posi t ion of  

Table 4. Index o/Chemical Reactivity versus Autopolarizabilities 

Experimental  Auto-Polarizabili t ies a 
tIydrocarboi1 :Position React iv i ty  a S.C,F. ttfickel 

Benzene 1 - 7.8 - .035 - .045 
Naphthalene 1 0 0 0 

2 -3.4 -.026 -.038 
Anthracene 1 t A +.003 +.011 

,: 2 0 -.025 -.032 
9 8.t +.052 +.083 

Phenanthrene t -0.2 0 -.004 
2 -2.5 -.023 -.040 
3 -0.5 -.020 -.034 
4 -2.7 - .00t  -.014 
9 0.5 .010 -.001 

Diphenyl 2 -1.7 -.005 -.019 
4 -1.7 -.019 -.032 

Relative to the l-position of naphthalene. 

phenan th rene  and  the  2 and  4 posi t ions  of  d iphenyl .  The las t  th ree  are a lmos t  
cer ta in ly  due to  steric effects and  the  fact  t h a t  d ipheny l  is not  p l ana r  casts  some 
doub t s  on the  theore t ica l  values  ofz~rr for this  molecule. The 2 posi t ion of  an th ra -  
cene is r a the r  more  puzzl ing and  fur ther  exper imen ta l  d a t a  on this  would be 
welcome. 
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