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Relative differences of electronic energies of meta and para substituted benzoate anions Il and 
the parent acids 1 have been correlated with the substitutenl empirical parameters type a and with 
pKx values of ionization of the acids 1. The energies obtained by the EHT method only give 
linear correlation in the para substituted series of the studied compounds, whereas the analogous 
CNDO/2 energies lead to homogeneous correlation for both meta and para substituents X. Effects 
of 71 and a electrons are discussed as well as effects of electronic repulsion and attraction on the 
resulting microscopic substitution effect. 

- ------------------- - ------ - -_._--------

In the previous communication! it was shown that effects of the substituents X on the 
equilibrium 

Kx 
X-C6 H 4 COOH + H 20 ( ) X-C6 H 4COO- + H30 + (A) 

11 

can be explained satisfactorily by differences of rr-electron energy of the substrates 11 
and I which can be considered to be a measure of microscopic rr-substitution effect 
in benzene series2 •3 • From character of the found correlations it was deduced! 
that in the meta series' electronic repulsion participates significantly in the transfer 
of the substituent rr-effect. Ponec4 came independently to analogous conclusion 
about significance of the repulsion energy for expresson of the meta-substituent 
effect, having applied the perturbation theory of the 2nd order to study of the acids I 
and further series of conjugated compounds in n-electron approximation. For further 
elucidation of contribution of a-electron effects to the overall substituent effects 
in the process (A) we decided to apply the above-mentioned approach! at the all­
-valence-electrons level, too. For this purpose we have now carried out quantum-

Substantial part of this study was presented at the Fourth International Symposium 
on Physical Organic Chemistry, York, September 4th to 8th, 1978. 
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2202 Danihel, Kuthan : 

-chemical calculations of the acids I and the corresponding anions I I using the 
standard methods EHT and CNDOj2. So far the all-valence-electrons calculations 
of the acids I were carried out by the methods EHT (refs 5

-
7
), CNDO j2 (refs 8 ,9) 

and INDO (ref. IO
•
11

). Only the reports6
,7 adopt the approach I using the electron 

energies for evaluation of the equilibria (A), but the used way of interpretation6
•
7 

was criticized I . 

CALCULATIONS 

All the calculations were carried out according to the standard programs (EHT and CNDO/2) 
usi ng an IBM 370/145 computer. The non-d iagonal elements of the H-matrix in the EHT method 
were calculated according to the usual relation Hij = 1'75SJH jj + H jj )/2. The empirical 
parameters used are given in Table I, the fixed geometrical parameters of MO models of the 
acids 1 and anions II are given in Table II. In the latter cases the bond length C- O in the group 
- C02 was chosen as a mean of the values of analogous bonds C= O and C- O(H) . According 
to the X-ray difTraction data (refs 12 -15) the plane of the function al groups do not markedly 
deviate from that of the aromatic ring in the acids type 1 and anions type J[ of the corresponding 
salts. Hence, for simplicity we chose exclusively the planar MO models of I and II in which the 
torsion angles between - C0 2 H (or -C02) group and the plane of the aromatic ring corres­
ponded always to planar conformations, i.e. () = 0° or 180°. As the differences in the EHT 
energies of the both planar forms were (in contrast to the si tuation in the calculations 1 using the 
It-electron approximation) relatively very small (Table III), the experimental data were only 
confronted with the minimum EElIT values. The latter corresponded invariably to planar con­
formers with sYII-conformation of the C=O and C- X bonds (meta-series of the acids I) and 
to conformers with sYII-orientation of the substituents X = OH, OCH3 and COOH with respect 
to the C=O bond (para-series of 1) . The groups - CH3 and - CF3 were fixed with onthC;:-H 
(C-F) bond in the plane of the aromatic system. The calculation of the EcNDO energies used 
the same models as that by the EHT procedure. 

RESULTS AND DISCUSSION 

Relation between the all-valence-electrons energy and the Hammett (jm.p constants 

alld pKx values of the acids I: If the operators ~ and 0 represent the electron energy 
change accompanying the ionization I -4 II and that accompanying substitution 
of para or meta hydrogen atom in I or II by the group X, respectively, then the 
theoretical substituent effect1

- 3 of the equilibrium (A) can be written as follows 

oLlE = LlEx - LlEH = oE(II)x.H - oE(I)x.H' (1) 

where the quantities LIE represent the energy differences E(II) - E(1) for X-substitut­
ed and non-substituted substrates 1 and II. At the same time the expression (1) defines 
the change of the total,electronic energy of the isodesmic process l6

: 
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Dissociation of meta and para Substituted Benzoic Acids 2203 

TABLE I 

The Parameters Used in the EHT and CNDO/2 Calculations 

Atom -ls, eV -lp, eV - 1/2(1, + A s) - 1/2(!p + Ap) _ po The Slatcr 
cxponent U 

._------

H IH 7' 176 9 '0 1·300 
( 1'200) 

C 21·4 11 ·4 14·051 5'572 21·0 1·625 

N 26'0 13·4 19·316 7-275 25'0 1'950 

0 32·3 14·8 25 ·390 9·111 31 ·0 2·275 
(29'8)b (12' 8)b 

F 40·0 18' 1 32·272 11·080 29'0 2·425 
(2'600) 

a In parenthesis there is a different value for the CNDO/2 method; b the values for oxygen in the 
O-H bond of carboxylic group used in the EHT method 6

•
7

. 

TABLE II 

Geometrical Parameters of the Substituents X Fixed in all the All-Valence-Electrons Calculations 
of the Acids l and Anions lIa 

. ------_._.------

X Bond, pm Bond, pm Angle, ° Reference 

--- ---- -----

N(CH3h C-N (142'0) N- C(H3) (146'0) CNC(H3 ) (101 °33 ' ) 27 
C(H3)NC(H) (I W) 

NH2 C-N (140' 2) N- H (100'1) CNH (116°) 28 
HNH (J 13°6') 

OH C- O (136'0) O- H (96'0) COH (109°47') 29 

CH 3 C-C(H3) (152'0) C- H (109'3) CCH (109°30') 30 

OCH 3 C-O (136'0) O-C(H3) (144'3) COC (116°48' ) 31 

F C-F (132'0) 30 

CF3 C-C(F3) (150'0) C- F (133'2) CCF (108°48' ) . 30 

CN C-C(N) (142'0) G== N (116'0) CCN (180°) 30 

N02 C-N (148'0) N-O (122-0) ONO (124°) 32 

C02H C-C (152'7) O- H (97'2) HOC (106°18') 33 

C=O (121'4) C- O (134-4) OCO (122°48 ' ) 

a For the anions the mean_value of the bond lengths C=O and C- O in carboxylic group were 
used. 
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TABLE III 
Comparison of the oLlEEHT and oLlEcNDO Valueso in Relation (1) for MO Models of the Substrate Forms I and II with the Hammett O"m,p 

~ 
[ 
g' 

i 
~ 
~ 
~ 

Values of the Substituents X 

No X oLlEEHT 

N(CH3)2 

NH2 
3 OH 4 

4 OCH3 4 

CH 3 4 

F II 

COOH 0 

CF3 4 

CN 

10 N02 

b oLlEEHT 

2 

2 

2 

2 

-2 

1 

-8 

-3 

C oLlEcNDO 
b 

O"m
d oLlEEHT 

b 

-0·21 -76 

1328 -0,)6 -72 

195 0, )2 -44 

-39 0·12 --45 

586 -0·07 -19 

-1915 0·34 -3) 

-1989 0'37 29 

- 3008 0·43 17 

-2052 0·56 34 

--4511 0'71 61 

~ ° All the data are in. 10- 4 eV; b for the syn-conformers (fa); C for the anti-conformers (Ib); d taken 

~ 
~ 
~ 

j 

oLlEEHT 
C oLlEcNDO 

b .5 d 
P 

- 76 - 0,83 

- 72 1992 -0·66 

-45 1015 - 0·37 

--45 - 157 -0·27 

- 19 546 - 0' 17 

- 31 -9'77 0·06 

28 - 2305 0·45 

17 -3242 0·54 

34 -2431 0'66 

61 --4708 0·78 

N 
N 

~ 

1:1 
P> 
::l 

~ 
~ 
c:: g-
::l 
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The effects (1) should be identical for the both processes (A) and (B), provided that 
the energies of the individual components on the right-hand and left-hand sides 
of the respective equilibrium equations are not affected by mutual interactions (e.g. 
by H-bond). Probably this presumption will be fulfilled best in gaseous phase. 
If there exists a relation between the microscopically defined energy oAE and macro­
scopical free energy MG of the systems (A) or (B) as 

oAE", oAG, (2) 

then it can be expected, at a given temperature, that a proportionality with the Ham­
met cr parameters also exists (oAE ,...., crm,p), hence it can be written I 

oAE = a crm,p + b . (3) 

On condition of validity of the Hammett equation we can write for the thermodynamic 
quantities oAG 

oAG = -RTln (Kx/KH) = -2'303RTQcrm ,p' (4) 

Therefrom it follows that the parameters CTm,p are de facto generalized equilibrium 
constants 17 of the process (A), i.e. crm,p = log Kx - log Ko, where Ko is a statistical 
value 17 approaching the value Kx for X = H. Eq. (3) can be transformed into 

oAE = - a opKx + b' , (5) 

where pKx = -log Kx. If the all-valence-electrons MO method is used for calcula­
tion of the energy E, then obviously the latter is explicitely expressed predominantly 
by the first three terms of the relation 

(6) 

where the term Er can involve implicitly the effects of non-valence electronic spheres. 
It can be expected E ~ 0, because CT - n separation 18 is a justifiable presumption 
for planar forms of th; substrates I and II. With respect to the practically identical 
CT-skeleton of the acids I and the corresponding anions II (see the isodesmic process 
(B)), furthermore, in the application of the both operators 0 and A to Eq. (6) it can 
very likely be expected that oAEr ~ ° even in the case of influence of non-optimum 
choice of empirical parametrization in the EHT and CNDO/2 procedures. Then the 

approximation (7) seems reasonable 

(7) 
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Due to insufficient fulfilment of the presumptions (2) and (6) it must be admitted 
that the linear re lations (3) and (5) will be transformed into mere linear correlations. 
Statistical examination of closeness of the relations (3) and (5) can thus provide 
information about fulfilment of namely the presumptions (2) and (7). 

Corre lation with the EHT energies. In this case the approximation is oLlE = oLlE[HT' 

Botrel and Guerillot showed 6
• 7 that these energies correlate according to Eq. (3) with the 

O"p parameters but not with the O"m para meters, and they expla ined this finding by signi ­
ficant contributions of so lvation energy. In the report! it was shown that a much 
more likely reason of the insensitivity of the oLlEufT values towards variation of the 
substituents X at meta position consists in neglect of repulsion part of the electron 
energy in the HUckel approximation. In accordance with the latter approach, also 
the HMO data t.19 (but not the analogous energies calculated 1 by the PPP method) 

show sim ilar behaviour in the linear correlations (3) and (5). With the a im to exclude 
the possibi lity that the above-mentioned properties of the linear correlat ions (3) 
with the EHT energies are connected with ambiguously defined geometry and con-

TABLE IV 

The Calculated CharacteristicsD of the Studied Correlations (3), (5) and (8) 
- ------------_. __ ._--

Energy Parameter 
(reference) 

a. 102 b . 103 II'I 

EEHT up (2 1) 0 ·8 1 1·61 0·974 12·3 10 

EHfT i5pKx (22)b 0·82 I-41 0·972 10· 1 8 

EHIT i5L1G (23)b - 1·83 - 3'87 0·940 5·5 
E CNDO up (21) - 41 '75 -60'09 0'964 10·2 10 
E CNDO i5pKx (22)b -41 ·83 - 62'66 0·955 7·9 8 
E CNDO i5L1G (23)b 84'92 24·33 0·940 6·1 7 
E CNDO (fm,p (21) -45-42 -3 1,80 0·934 10·7 19 

E CNDO i5pKx (22) - 44,02 - 29·88 0'923 8'7 15 
E CNDO i5L1G (23) 88 ·97 28 ·40 0·928 8·6 14 
E CNDO up (21) -42'23 -59'19 0·964 10·3 10 
E CNDO um ,p (21) -45·84 -21'78 0·924 9·9 19 
E CNDO i5pKx (22)b -42'52 - 62·68 0'955 7· 9 8 
E CNDO i5pKx (22) -45·06 -22' 13 0·910 7·9 15 
E CNDO i5L1G (23)b 86'42 25 ·68 0·942 6·3 

ECNDO i5L1G (23) 92'00 40'67 0·924 8·4 14 

a Meaning of the symbols: I' correlat ion coefficient; t the Student test (sign ificance level 0'01) ; 
n number of the compared pairs; b only for the para derivatives . 
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crete parametrization of the EHT models in the report sl>·7 . we compared our cal­
culated and the earlier published 6

.
7 values bL1EE11T with the (Jm.1' parameters. From 

Fig. 1 and Table HI it can be seen that insufficient variability of these values in the 
//leta-substituted series of the examined compounds is a general feature of the EHT 
method , this fact being not changed even by alternative choice of var ious planar 
conformations la ,b of the acids I. Furthermore, from Table IV it follows that the 
linear correlations (3) and (5) using the values 8L1EHIT are almost identical statistically 
and lead, according to expectation, to practically identical value of the coefficient 
a = 8·1 . 10 - J. As the electron repul sion was neglected here , the expression (7) 
can be formulated exclusively with the use of the attractive energy components, 
i.e. 8LlEEHT = 8LlEn .all + 8LlE",:lII' Therefore, we interpret the linear correlations (3) 
and (5) within these limits as a representation ofinnuence of both 7r-electron allraction 
(verified by correlations with the HMO data l

.
19

) and a-electron allraction (involved, 
in addition, in the EHT energy quantities). 

- 6 

FIG. 1 

.~ 

. 
5 

7. ·9 

~ 
:....6'0" _, _ _ ') _ 
? 8 9 JO 

Dependence of Relative Differences of Cal­
culated Energies 8 LlEEHT on the Hammett 
am,p Parameters 

For numbers of the substituents see 
Table III. Full and empty circles belong to the 
para and meta series, respectively. 

Collection Czechoslov. Chern. <..ommun. [Vol. 451 [19801 

-05 05 

FIG. 2 

Dependence of Relative Differences of Cal­
culated Energies 15L1 ECNDO on the Hammett 
am ,p Parameters 

For numbers of the substituents see 
Table III. Full and empty circles belong to the 
para and meta series, respectively. 
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fa fh II 

Correlation with the CNDO!2 energies. Within the framework of the CNDOj2 

method the energies are formulated usually by two calculation versions differing 
in expressions of the core-core repulsion 20

: approximation of the point charges 
(total energy ECNDO) and presumption of identical core-core and electron-electron 
repulsion (total energy E~NDO)' We have found that the both approaches are very 
similar for expression of the substituent effect in the processes (A) and (B) and that 
the following relation is obeyed 

8AEcNDO = 0'97448AE~NDO - 0·0121 • 

he correlation coefficient being r = 0·993 for 19 compared pairs I and II. From 
Table IV it is obvious that in accordance therewith the both approaches give almost 
identical linear correlations (3) and (5), so that the both approximations 8AE = 

= 8AEcNDO and oAE = oAE~NDO can be considered equivalent. Fig. 2 illustrates 
typical difference between the correlation field of the Eq. (3) approximated by the 
CNDO!2 energies and that approximated by the EHT energies (Fig. 1). The CNDO!2 
method results in homogeneous correlation for the meta and para substituents X 
and expresses thus the substituent effect in the meta-substituted series of the studied 
compounds, too. Again this fact can be interpreted as a result of explicit involvement 
of the electron repulsion in the quantity 8AEcNDO' The latter are analogies of the values 
8L1EsCF calculated 1 by the PPP method, the only difference being in that obviously 
the a-repulsion effects of the electronic structure also participate markedly in the 
expression of influence of meta substitution in the CNDO calculation in the sense 
of approximative formulation of the relation (7) as 

8L1EcNDO = 8L1E. ,a tt + oAE.,rep + oAE" ,att + 8L1E" ,rep' 

Predominance of the fourth term in this expression is documented by the fact that 
the angular coefficient a in the correlations (3) and (5) not only has a substantially 
higher absolute value, but it has opposite sign (which is more important) than in the 
case of application of the EHT energies (Table IV) and PPP energies (see Table V 
in ref. I

). This fact indicates that the a-repulsion component oAE",rep increases in the 
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Dissociation of meta and para Substituted Benzoic Acids 2209 

same order of the substituents X in which the analogous 1T-component 8LJEn ,rep 

and the both attractive components 8LlEn ,all and 8LJEo ,nll are decreasing, As far as 
the term 8LJEn ,att expressed by the simple HMO method is concerned , the negative 
value of the angular coefficient a (Table VII) indicates! the opposite direction 
of influence on the transfer of the substituent effect with that of the component 

8LlEo ,3 11' This conclusion, of course, applies on the condition that the used 1 

"aldehydic" HMO model of the acids I is physically correct. These results 

can hardly be represented sufficiently by the usual symbolism of chemical 

formulas inclusive of mesomeric structures of the acids I or an ions I!. A deeper under­
standing of transfer of the substituent effect can probably be reached by considering 

the way in which span of the energy terms of the acids I and their ionized forms J/ 

TABLE V 

Influence of Substitution and Ionization on the CNDO/2 Electronic Charges in COOH and 
COO- Groups in Compounds I and Jl (all the data in 104 multiple of the charge calculated 
from the relation Q = Qx - QH and Qi = QJII) - QJI) 

Acid I Anion Jl Ionization / --+1/ 

x 

-12 -24 26 239 -15 216 

p -25 -28 31 -109 -372 -52 28 - 309 -24 

OH 13 - 9 38 211 21 212 
p - 6 -15 28 - 61 -269 -25 24 -230 -10 

- 3 -19 34 213 28 213 31 

p -10 -19 27 - 65 -278 -22 23 -224 - 3 

91 

p 

F 

p 

COOH 

P 

CF3 III 

P 

CN III 

P 

N02 III 

P 

- 5 0 - 9 47 4 

- 9 - 8 - 32 -100 - I - 47 

62 201 42 26 19 
16 - 4 28 - 9 -182 

199 
25 - 159 

23 
23 

45 
42 

40 
51 

54 
59 

20 15 
21 - I 

4 18 
15 - I 

II 10 
13 - 7 

25 22 
32 -26 

29 47 
57 128 

60 183 
85 142 

42 14 
54 37 

83 - 36 
98 243 

47 18 
52 - 2 

59 23 
64 - 4 

54 II 
57 -12 

87 29 
98 -34 

134 
162 

234 
182 

107 
137 

142 
362 
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23 
12 

43 
37 

39 
43 

43 
44 

62 
66 

- 3 

14 
-4 

19 
- 4 

18 
- \ 

-3 

-I 

5 
- 3 

1 
-5 

-8 

-- 23 
63 

39 

54 

44 
53 

- 2 
23 

87 
38 

51 
40 

93 
100 

178 
119 
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affects position of the equilibrium (A). From Fig. 3 it follows that the substituent 
effect oLl ECNDO decreases and increases the gap between the terms E(II)cNDo and 

and E(I)CNDO for the electron-attracting (O'm.p > 0) and electron-donating (um,p < 0) 
substituents X, respectively . According to general quantum-mechanical principles 
this finding seems physically justifiable. The conversion II -> I is less favourable 
energetically in the case of O'm.p > 0, and the equilibrium (A) can , therefore, be 
shifted more to the right than in the cases of O'""p < 0. Of course it is noteworthy 
that if only the n-electron energies are respected , then the result is just opposite 
(see Fig. 3 in reLI), so that the antagonistic effects of 7r and (J repulsion seem to be 
more clea rly illustrated in the term diagrams. 

Relation between calculated and Gibbs free energies. The proportionality (2) 
can , so fa r, be presumed on the basis of empirical arguments only. It has not yet 
been strictly theoretically derived , in spite of the fact that it represents a key relation 
for confrontation of the microscopicaly defined quantum-chemical data with the 
macroscopically defined quantities of chemical thermodynamics. As far as we know 
the hitherto theoretical &tudies in this field are predominantly focused on electronic 
structure of the atom and the therefrom derived concept of chemical bond as a per­
turbation of the atomic electronic energy (see ref. 25 and the references quoted therein). 
There are certainly other perspective possibilities in the field of statistical thermo­
dynamics26 even though they are still remote from the viewpoint of larger organic 
molecules . Therefore, it seems reasonable for the time present to accept the relation (2) 
as a micro-macroscopical theorem 3 (MIM AT) which applies to situations in whiS;h 
the thermodynamic quantities LlG can be successfully interpreted in terms of the 
chemical microstructure. In the case of the isodesmy (B) MIMAT can be tested 
by examination of the correlation 

oLlE = koLlG + c, (8) 

TABLE VI 

The Calculated Characteristics of the Correlations (9) for the i-th Positions of the Substrate 
Forms I and /I" 

Correlation a . 102 b.l04 lrl 

_._ ._---_ •. _---_._._--- _ .. -

(9a) -1·27 2·0 0·962 14·5 19 
(9a) 2 -0·70 -3,0 0·858 6·9 19 
(9a) 4 -2·23 -7·0 0·792 5·4 19 
(9b) 2 -1 ·20 9·0 0·932 10·6 19 

a For explanation of the used symbols see Table IV. 
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because the quantities i5AG were measured 23 in gas phase at the temperature 600 K 

by the method of high-pressure mass spectrometry. From Table lVit is seen that 

for a set of fourteen pairs* J and II the both CNDO/2 energy terms bA£cNDo and 

i5A £~NDO correlate well with the free energies i5AG. The value of the angular coefficient 

k of Eq. (8) is positive and almost unity , and the value of the additive term c is 

practically negligible, which is noteworthy. Therefore, for the process (8) MlMAT 

in the used MO approximation corresponds roughly to the simple relation bAE = 

= 0·9 bAG. It has been already found 34 that for para substituted benzoic ac ids exists 

TABLE Vll 

Type Characterization of the Studied Substituent EfTect 

Slope . 10 2 correlation 
Approximation --- -----

(3) (8) 

0'9S C 

-5·47 
-1·73 

The involved electronic contribution 

mela-X para-X 

-1- A n 

- Rn + An < - Rn 
- A" < -j An 

I)L1EHMO
b 

I)L1Epp/ 

I) EEHT 

I)L1ECNDO 

_O'I C 

3·11 
0·84 

-45-42 88·84 + R" > - Rn + An' + R" ;.... - A", - Rn 

(I Symbols: A attractive, R repulsive; b taken from reLI; C recalculated for fi = - 2'318 eV. 

FIG . 3 

Influence of Character of the Substituent X 
on Energies of the Substrate Forms I and 
II Calculated by CNDO/ 2 Method 

sb. substitution. 

eV 

0'< 0 6'=0 

E(II)~ 

~E 
E(I)-2~7573 

6>0 

:;F 
EI(I) bzzzz,Jl, E 

-281~-55 

X=NH, 

E(lI) -3755'50 
==-::lllE 

E(ljF:W}UJ6E 

X=H 
sb. 

1 
1 

The case of X = p-OH was excluded from the correlation, since this group undergoes 

easier dissociation in gas phase than carboxylic group23,24. 
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very close linear correlation between {jLlG values 23 and and (jLlE values calculated by 
means of ab initio method. On the contrary, the EHT method gives, in accordance 
with the previous findings, a certain correlation for only the para substituted 
derivatives, whereas in the meta series the correlation (8) is meaningless due to 
negligibly low value of k. Respecting of the electron repulsion is thus one of the critical 
factors for formulation of MIMAT. 

Effects of electron distribution. Table V gives changes in CNDOj2 charge densi­
ties 8Q at the reaction centres - C02H and - CO; brought about by substitution 
of the hydrogen atom at para or at meta position of benzoic acid and benzoate anion 
by a substituent X and changes 8Ll Q between the charges at equivalent atomic centres 
of the substrate forms II and I. It is seen that greater changes in electron distribution 
due to substitution are encountered in the individual positions of the paro substituted 
series of the studied compounds. The authors S studying the acids I by the EHT 
method also came to similar conclusion. Generally it can be stated that the charge 
densities calculated by the CNDOj2 method in this report and those calculated 
by the PPP method 1 are very similar in their trends, so that transition from the 
n-electron approximation to the all-valence-electrons level does not bring any sub­
stantial new aspects of the electron distribution changes caused by the substituent 
effect in the substrate forms I and II . Also the values obtained earlier by the CNDO/2 
method 8

.
9 and INDO method 10 ,11 have very similar trends with those of the now 

obtained CNDOj2 charges. 

It can be stated that for representation of the theoretical substitution effect, tbe 
maximum variable quantities are suitable which correlate2 ,3 with the theoretical 
substitution effects in the sense of the relations 

8Q; = a 8LlE + b (90) 

8Ll QI = a 8LlE + b. (9b) 

From Table VI it follows that these presumptions are fulfilled satisfactorily for the 
atomic centres 1, 2 and 4. Direction of the found correlations (90) agrees with the 
analogous ones (8Q vs O"m ,p) presented in refsl0,l1. It is worth mentioning that the 
authors 10 ,11 found, for the positions 1, 2 and 4, correlations of the O"m,p constants 
with the INDO charges, which is obviously an indirect consequence of the existence 
of the corresponding relations type (9). However, in this study no correlations 
type (9) have been found for the positions 3 and 5 and, therefore, the electronic charges 
at these centres obviously are not suitable for expressing the theoretical substitution 
effect. This conclusion is also supported by the finding that the n-electron charges 
do not correlate here in the sense of the relations (9), too. Correlations of the 
CNDO/2 charges with the pK values8 ,9lead to a similar conclusion. 
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Classification of slIbstituellt effects. The microscopically defined substituent 
effects can be class ified according to the above-mentioned knowledge as follows: 

1) according the the type of the valence electrons (n and 0) and 2) according to the 
physical character of the interaction (attractive, repulsive). Positive effect (+) is 

ascribed to the case when the quantities 8AE change in accordance with the free 
energies, as e.g. in the isodesmy (B) , the opposite case being negative (-). As the 

relation between the quantities 8AG and 0'''1.1' is (provided the Hammett equation 
is obeyed) unambiguously defined, the sign of the coefficient in the correlation (3) 

is decisive for direction of the effect. Magnitude of thc effect in the given process 
can then be represented by absolute value of this coef'ficient expressed in a universal 

energy scale. On the basis of these aspects Table VII gives an attempt of classification 

of the substituent effects calculated by semiempirical methods for the ionization 

processes (A) and (B). 

The allthors are indebled to Professor P. Krislian . Departmelll of Orqallic Chemi.\'Iry alld lJio­
chemistry . Safarik Ullh·ersity. KoSice. f or his suppa,., durillg realiZUl ioll of Ihis work. 
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