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Abstract—The effect of substituents X on the ionization potentials IP (process DX + Av = D*X + ¢) and shifts in
vibration frequencies Av of v(OH) in the IR spectra of phenol complexes PhO—H + DX 2 PhO>-H---D>*X for nine
series of DX molecules were studied. On compiling with three conditions (a constant donor center D; the electron
density donation only from D and not from X; a constant sampling size within each series) it was possible to
compare the polarization effect in D*X and D**X. In the radical cations D*X the polarization effect is on the
average 2.2 times larger than in the systems D>*X. The systems D" X and D**X are virtually indistinguishable with
respect to the external delocalization of the positive charge.

DOI: 10.1134/S1070428002120035

The intramolecular interactions between D and X
(inorganic, organic, organometallic substituents)
essentially differ in neutral molecules DX compared
with the electrton-deficient systems with a partial D3*X
or total D™X positive charge on the reaction center D
[1]. These interactions in the DX molecules consist in
inductive and resonance effects, and in the systems
D& X and D*X include also the so-called polarization
effect. The latter is revealed not only in the ionic gas-
phase reactions with formation of cations of D+X kind
where it has been discovered for the first time (see
[2, 3] for more details). We recently established the
large influence of the polarization effect on the spectral
characteristics both in the gas phase (first vertical
ionization potentials in the photoelectron spectra
[4-7]) and in solution (energy of the charge transfer
bands in the UV spectra of the charge-transfer
complexes [8], shifts of the stretching vibration
frequencies Av of the O—H bond in phenol in the [R
spectra of its H-complexes containing a hydrogen bond
with electron donors [9]).

The polarization effect in the electron-deficient
systems D*X and D3*X originates from the charge ¢
on the center D. The charge g polarizes the substituent
X inducing a dipole therein. In the classic electrostatics
the energy of the polarization interaction charge—
induced dipole that stabilizes the charge ¢ is described
by the expression (1) [7-9].

E, =—q*a/2er, 1)

where a is the polarizability of the substituent X, € is the
dielectric constant of the medium, and r is the distance
between the charge and the induced dipole.

In the molecular electrostatics the medium dividing the
charge and the dipole induced by it in the substituent X is
the internal space of the molecule. It is well known [10]
that in this case the efficient dielectric constant of the
medium is virtually equal in various molecules (g = 2).
Therefore the expression (1) may be rewritten as (2).

E,.=—q?o/4rt (2)

It follows from equation (2) that all the other conditions
being equal the larger is the charge g on the reaction
center D, the greater should be the polarization effect.
The results of our first spectroscopic studies are in general
consistent with this statement [8, 9]. At the same time
the complexity of the problem under consideration is a
priori clear. It will suffice to mention that the polarization
effect: (a) is interconnected with the inductive and
resonance effect, and therefore should be strictly isolated
from the overall intramolecular interactions; (b) can be
dependent on the charge g delocalization over the reaction
center D and therefore depend on the D nature; (c)
depends on the polarizability o and consequently in the
series D% X, D*X, D+X changes as a function of the
sampling size of substituents X, i.e., of the number and
type of X. Therefore the relationship between the
polarization effect and the charge on the reaction center
requires further experimental investigation.
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176 EGOROCHKIN, KUZNETSOVA

The goal of the present study is a comprehensive
investigation of the polarization effect in radical cations
and H-complexes depending on the character of the
reaction center and the positive charge delocalization.

One of the possible ways to achieve the target is
application of the correlation analysis procedure. In this
case the study of the polarization effect in radical cations
(CR) D*X can be conveniently based on the gas-phase
photoionization reaction (3) of neutral DX molecules that
is used in the photoelectron spectroscopy for the
measurement of the ionization potentials.

DX Y > DX+ ¢ 3)

We shall consider below, firstly, DX molecules whose

highest occupied molecular orbital (HOMO) is mainly

localized on D and not on X, and, secondly, the first vertical

ionization potentials /P corresponding to electron

detachment from the HOMO of the DX molecules. The
exceptions with be mentioned separately.

The ionization potential /P(DX) is by definition [7]
the standard enthalpy ArH°(T) of reaction (3) at tempera-
ture 7" [equation (4)].

IP = ArH>(T) G

In a wide temperature range (0-500 K) the entropy
contribution TArS°(7) to the standard Gibbs free energy
ArG°(T) of reaction (3) does not exceed 5%. Therefore
the Gibbs—Helmbholtz equation (5) for the process (3) may
be well approximated by expression (6) [7].

ArG°(T) = ArH°(T)— TArS°(T) )
ArG°(T)=1IP (6)

From expression (6) follows a conclusion that the
influence of substituents X on /P may be treated based
on the principle of the linear dependence of the differences
in the free energy which is conventionally applied in the
form of the correlation Hammett—Taft equations [1].

The above proves the validity and high accuracy of
equations of type (7).
IP=IPy+ ac;+ ok + co, @)
Here IPy; is the IP value at X = H; a, b, and ¢ are
coefficients.

Equations (7) were considered in detail in [4—7]. Here
we will give only short remarks.

The universal and invariant with respect to D type
constants o, characterize the inductive effect of
substituents X [1].

The resonance effect of substituents X cannot in the
general case be described with a universal set of the
resonance constants. Depending on the value and the
sign of the charge on the reaction center at least four
sets of parameters are applied: o, og, 0, and og. In
our case the use of o values is quite reasonable. The
parameter o characterizes the conjugation of the sub-
stituent X with any electron-deficient reaction center
which is formed either in transition or in final state of the
chemical reaction [11]. In reaction (3) under consideration
the positively charged center is a cation-radical. Therefore
the ionization potentials /P of DX molecules contain the
information of the conjugation in the radical cations DX
[4-T7].

The universal constants G, characterize the polarization
effect of substituents X [2—10]. The o, values calculated
by procedures of quantum chemistry and known for
a large number of substituents [2, 3] permit avoiding
laborious calculations by formula (2).

From equation (7) it is possible to calculate the
inductive /nd(CR) = ag,, resonance Res(CR) = bog,
and polarization Pol(CR) = cc, contribution into the
overall change of /P under the influence of substituents.

Let us consider now the approach to the polarization
study in the systems DX based on the analysis of the
IIR spectra of the H-complexes (H-C) of phenol CCl,
solutions.

PhO-H + DX 2 PhOS—H-D8X 8)

The electron density donation from the electron-donor
molecules DX to the electron-acceptor molecule PhOH
at formation of the H-complex results in generation of
a partial positive charge 6* on the donor center D. An
informative characteristic of the complexes with a hydro-
gen bond is the frequency shift Av=v(OH)—v(OH:--- DX)
{v(OH) and v(OH---DX) are frequencies of the
stretching vibrations of the O—H bond in phenol in the
absence and in the presence of DX respectively [9, 12]}.
It was experimentally found [1, 9, 12], that within the
narrow series of H-complexes (when the donor center
D remains constant) the parameter Av is linearly related
to the standard free energy ArG°(7) of process (8). The
validity of principle of the linear dependence of the
differences in the free energy appears also in correctness
of equations of type (8) for the narrow series of H-com-
plexes.

Av =Avy+ko;+ log + mo, C)

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 42 No. 2 2006



POLARIZATION EFFECT IN RADICAL CATIONS AND H-COMPLEXES 177

Here Avy; is the Av value at X = H; £, /, and m are
coefficients. The parameters 6, and G, are the same as
in equation (7).

The resonance effect of substituents X in the system
DX is characterized by parameters . The reason of
application of parameters oy instead of o used in
equation (7) is the lower value of the positive charge in
the systems D%X bearing only a partial charge &+ than
in the radical cations D*X (see [1, 9] for more details).
From equation (9) it is possible to calculate the inductive
Ind(C—H) = ko, reonance Res(C—H) = /o, and polariza-
tion Pol(C—H) = mo , contribution into the overall change
in the Av values effected by substituents.

Taking into account the above reasoning, the following
conditions should be fulfilled for comparative investigation
of the polarization effect in radical cations D*X and the
systems D&+X.

(1) In the series (narrow series) of radical cations
D*+X and H-complexes PhO3—H:---D%X the donor
center D should be kept constant. Therewith in the
processes (3) and (8) should be involved the same atom
(or fragment) of the donor center D. For instance, in the
series of nitriles NC—X the H-complexes with PhOH form
at the nitrogen atom possessing a local effective negative
charge [9]. At the same time the unshared electron pair
of the nitrogen in N=C—X makes the largest contribution
not into the HOMO, but into the next orbital HOMO-1,
and the electron detachment from the latter corresponds
to the second ionization potential (/P,) in the photoelectron
spectrum [13]. Therefore in studying the contribution
Pol(CR) in radical cations N*+=C-X the data on /P,
should be used.

(2) In each series of DX (D = const) both the electron
detachments at radical cations D+X formation and the
electron density donation in the H-complexes PhO3-—
H---D3X should occur only from the donor center D
and not from the substituent X. For instance, in the series
O=PX; the oxygen may be selected as the donor center,
for on its n orbital the HOMO is prevailingly localized
[6]. The H-complex also involves the oxygen atom [9].
The molecule O=P(CH=CH,)F, whose HOMO is mostly
localized on the atoms of the fragment CH=CH, should
be excluded from this series. Thus the careful choice of
substituents X should prevent the transmission of the
electron-donor center from D to X in all seies DX under
study.

(3) Every series DX (D = const) applied to the com-
parison of the polarization contributions Po/(CR) and

Pol(C-H) should be of a constant sampling size (n) with
respect to substituents X. In other words, in the series
DX at D = const the number and type of substituents X
should remain unchanged in the study both of the radical
cations D*X and the H-complexes PhO%—H---D3+X.
The necessity of the standard sampling size # is caused
by the changes as a rule in the range of values G,, o (or
or), and o, of substituents X at varying the n. The latter
leads to the changes in the relative contributions /nd,
Res and Pol (see [7] for more detail).

From the numerous DX systems we succeeded to
select in agreement with the conditions (1-3) only series
I-IX (Table 1). For each series in Table 1 the chosen by
us atom of the center D is indicated playing the role of
the electron-donor in formation of the complexes with a
hydrogen bond with PhOH along equation (8). According
to the above requirements (1) and (2) in each series this
atom of the center D should make the dominant
contribution into the molecular orbital whose electron loss
corresponds to the ionization potentials considered in this
series.

For instance, in series I the H-complexes involve the
nitrogen atom:
5 H\6+
PhO®=H*N—CgH,X.
H

Therefore the reasonable comparison of the polariza-
tion effects in the complexes with the hydrogen bond
and in the radical cations of series II only the radical
cations p-H,N+CH,X should be taken into consider-
ation. Radical cations of this type form on electron detach-
ment from an orbital with the prevailing contribution from
the unshared electron pair of the nitrogen which corre-
sponds to the third ionization potential [P (II) in Table 1]
in the photoelectron spectrum of the molecules
p-H,NCH,X.

As has been discussed above, in the series I the
H-complexes also form at the nitrogen atom, and the
generation of radical cations of N+=C—X type occurs by
electon elimination from the molecular orbital
corresponding to the second ionization potential [ /P (1) in
Table 1] in the photoelectron spectrum of the molecules
NCX.

Ionization potentials /P(IIT)-/P(IX) of series III-I1X
correspond to the electron detachment from HOMO. The
prevailing contribution into HOMO of the molecules in
series III-VIII make the atoms involved in formation of
the H-complexes: unshared electron pairs of the oxygen
(series III-V), the sulfur (series VI and VII), and chlorine
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178 EGOROCHKIN, KUZNETSOVA

Table 1. Values of ionization potentials /P (eV) and frequency

Table 1. (Contd.)
shifts Av (cm™") in the spectra of compounds of series I-I1X

a Va
I 0=SX,’
NCX 0=S°
N=C* q Atom OY
Atom N X IP(V) [23 Av (V) [12
X IP(T) [13, 14] Av (1) [15] 2 (V) [23] v (V) [12]
H 14'01 140 Mez 9.01 350
Me 13.17 159 i-Pr, 8.46 360
Et 12.83 165 Me(CH=CH,) 9.02 315
Pr 12.87 167 Ph, 8.58 294
i-Pr 12.51 166 (OEt), 10.25 154
Br 13.58 102 VI
1t SX,
p-HzNC6H4Xb Sc
HZNC(,H{ Atom S¢
Atom N X, IPOVD[5] | Av (VI) 24, 25]
X IP(IN) [13] Av (I1) [9] Mo 067 530
H 10.84 350 e : 8'44 245
Me 10.50 380 b '
OMe 10.00 395 Pr, 8.34 245
F 10.91 350 i-Pr, 8.26 256
Cl 10.70 330 Bu, 8.22 250
e
0=CX,? -Bu, 8.07 275
0=C*® ) Et(CH,CH=CH,) 8.51 227
Atom O
CH,CH=CH 8.55 216
X, IP(II) [13, 16, 17]  Av (III) [12, 18] (CH, 22
Me, 9.71 193 Me(CH=CH,) 8.45 164
MeEt 9.56 202 Et(CH=CH,) 8.50 175
MePr 9.38 210 B
MePr-i 929 500 Pr(CH=CH,) 8.34 173
MeBu-¢ 9.11 200 -Bu(CH=CH,) 8.33 202
-Bu, 8.67 195 _
CH=CH. 8.44 123
Me(CH,CI) 9.88 142 ( 22
Me(OEt) 10.45 173 Me(Ph) 8.12 172
(OMe), 11.00 136
Me(SEt) 9.65 150 CH,CH=CH,(Ph) 8.13 176
v . CH=CH,(Ph) 8.18 140
RS Ph, 7.88 122
Atom O¢ VI
X; IP(IV) [6] Av (IV) [19-22] S=PX;"
Me; 9.90 461 S=p* .
Et,(CH=CH,) 9.66 450 Atom S
H(OMe), 11.10 314 Xs3 IP(VII) [6] Av (VII) [9]
H(OEt), 10.86 320 Ete 834 31
(OMe); 10.81 326 Et(CH,Ph), 8.06 306
(OEY); 10.51 338 (OED 006 184
(CH=CH,)Cl, 11.24 110 S 3c1 9'6 06
Cl, 11.89 110 (SMe)Cl, 61
Br, 11.02 115 Cl; 10.61 61
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Table 1. (Contd.)
VIII?
CIX®
CI°
Atom CI*
X IP(VIII) [7] Av (VIII) [9, 26]
Bu 10.84 59
i-Bu 10.66 63
t-Bu 10.61 74
CH,CI 11.40 27
SiMes 10.84 54
GeMe; 10.35 90
SnMe; 10.16 113
Ix?
CeHsX"
CeHs*®
One of atoms C*
X IP(IX) [4] Dn(IX) [9]
H 9.24 49
Me 8.72 58
i-Pr 8.73 58
t-Bu 8.74 61
CF; 9.86 28
CH,CI 9.27 49
NEt, 7.20 83
OMe 8.42 62
F 9.20 30
Cl 9.07 35
Br 9.04 38
SiMes 8.94 55
CH,SiMe; 8.42 58
aSeries number.
bSeries.

¢ Donor center D.
4 Atom of D center involved in the process (8).

(series VIIT). The HOMO of molecules CHsX (series
IX) is the e, orbital of benzene perturbed by the interac-
tions with substituents X.

Obviously the cause of the variation of the values /P
and Av in each series I-IX originates from the interaction
of the donor center D with substituents X, and we have
studied these interactions with the use of the correlation
analysis.

The correlation equations were calculated by standard
programs Statgraphics 3.0 on a PC AT-286. The treatment
by the least-squares method was carried out to the
confidence level 95%. The standard values of inductive,
resonance, polarization, and sterical parameters of the
substituents are given in Table 2.

Table 2. Inductive 6, resonance o and 6§, polarization G, and
sterical E; parameters of substituents X in compounds of series
HX

Substituent | o} o o ol EP
H 0 0 0 0 1.12
Me -0.05 -0.12 -026 -035 0
Et -0.05  -0.10 -025 -049 -0.08
Pr -0.05 -0.10 -025 -0.54 —0.31
i-Pr -0.03 | —0.12 025  —0.62 —0.48
Bu -0.05 -0.10 -025 -0.57 -031
i-Bu -0.03 | -0.10 025 -0.61 -093
t-Bu -0.07  -0.13 -0.19  -0.75 -1.43
CH=CH, 0.13  -0.17 -029  -0.50 -2.07
Ph 0.12  —0.13 -030 -0.81 -231
CH,CH=CH, -0.06 -0.08 -0.16 -0.57 -031
CH,Ph -0.04  -0.05 -045  -0.70 -0.39
CF; 038 016 023  -025 —0.78
CH,Cl 0.13  -0.01 -0.14 -0.54 —0.18
NEt, 001 -0.73 -2.08 -0.56 -
OMe 029 056 -1.07 -0.17 020
OFEt 026 -0.50 -1.07 -023 -0.07
SMe 023 -023 -0.83 -0.68 -0.72
SEt 026 -023 -0.83 -0.74 -0.96
F 045 039 -0.52  0.13 0.57
Cl 042 019 -031  -043 —0.02
Br 045 022 -030  -0.59 -0.22
SiMe; -0.15 | 0.05% 0.025 -0.72 -1.79

-0.05%  0.05°
GeMe; ~0.11 -0.199  -047° -0.60 -
SnMe; —0.13 0277 058 -0.60 -
CH,SiMe; —0.05 -0.20° —049° —0.66 -

aThe standard set of parameters G;, oy, Of, G, of substituents used
was already applied before [3-9].

b The values of the sterical parameters £ of substituents were taken
from [27, 28].

¢The values 6y and o for X = SiMe;, CH,SiMe; in C¢HsX (series IX)
are taken from [1, 4].

dThe values oy for X = SiMe;, GeMe;, SnMe; in CIX (series VIII)
were calculated by a method described earlier [9] proceeding from
the Av value.

e The values o in CIX (series VIII) are taken from [7].

The ionization potentials /P of the molecules from the
series I-IX fit to the equations of (7) type, and the
parameters Av in the IR spectra of the H-complexes for
the majority of the series (except for IIT and VI) fit to
the equations of (9) type (Table 3). Introducing into the
three-parameter equations (7) of the fourth parameter
E/, the quantitative characteristic of the sterical effect
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Table 3. Coefficients in equations /P = [Py + aZo;+ bZogt + cZo, and Av = Avy + kXo; + [Zog + mZao,, standard approxima-
tion errors Sy, correlation factors », and sampling size n

Seriesno."  IP (Av) 1Py (Avy) a (k) b() ¢ (m) Sy , n
R R L
e S e R L

90+ 0. 83+ 0. 95+0. 54 +£0.
1 i]\)/((IIII)) 1039501 iozlo 0—813252? 0_915412;7 Oi‘lf; S 0123 09430.995 5
.00 = 0. 35+0. 38+ 0. 26+ 0.
i f\)} ((IIIIII)) “8040i 40221 2_;2 . i02337 Oji . i03117 1_2768 io4i6 0.116 0.9880.978 11
+ + + +
T S S R TR
+ + + +
Voo e et Meeew e 0asioomsoon 9
+ + + +
Va it ahew | iesers  gras 0053409970967 8
86 £ 0. .66 £ 0. — .04 +0.
v i]j;((‘\]z)) 928960 i0189 1_328 i01164 - 1ﬁ6 i0908 0.078 0.9950.995 5
22+0. 53£0. 70 £0. 93 £0.
Vi fi ((\\]/II)) lojéif? 0_;3)0 i04230 147707 iolzg 0_??9 i02058 0.078 0.9490.983 18
36 0. S3+£0. 83 +0. .00+£0.
via ((?12)) e ys e e 0.068 09380982 17
+ + + +
VIO e eetat R IR 00m2 oows0ses s
vim 0 ((‘\’,IIIIII)) 12'1;12'46 1'_9338101;4 1_‘2‘27* T 1f1296ﬂ;01.;0 0.082 0.9780.998 7
X ii((lé)) 9'2560103'09 0'%51: f '718 0'?3: i0'606 0'3_78106'15 0.125 0.9810.952 13

*Series IallllallVa, and Vla were formed by excluding from series IITIIIV, and VI compounds NCPr-i, 0=C(OMe),, O=PBr,, and SPh,
respectively. For H-complexes involving O=CX, and SX, the Av values fit to equations of (10) type; therewith the coefficients p for series
HIIIal VI, and VIa are equal respectively to 27 + 12,33 +9,27+ 7, and 28 + 7.

Table 4. Inductive /nd, resonance Res, polarization Pol, and sterical S{(C-H) = pZE ' contributions in the overall changes of /P
and Av under the influence of substituents X

Siﬁes Ind(CR), % | Res(CR),% | Pol(CR),%  Ind(C-H),% Res(C-H),% Pol(C-H),%  S{(C-H), %
1 41+5 - 59+5 74 + 1 — 26+ 1 —
Ia 42+4 - 58+5 75+ 1 - 25+1 -
11 24+9 59+ 10 17+8 42+2 54+3 442 -
I 44 +7 18+8 38+5 35+3 20+ 6 18+ 10 18+8
IIIa 48 £5 6+5 46 +4 34+2 22+3 22+7 22+6
v 42+3 25+4 33+5 58+5 28 +7 14+7 —
IVa 42+1 302 28+2 55+6 34+ 10 11+9 -
\% 46 £ 4 - 54+4 78+ 4 — 22+4 -
VI 13+5 31+7 56+5 25+4 26+ 5 23+5 26+7
Via 14+5 33+6 53+5 24 +4 26+ 5 23+ 4 27+7
A1 58=+1 27+1 15+1 841 10+2 6+3 —
VIII 31+9 51+8 18+38 12+4 82+3 6+3 —
IX 17+4 72+5 11+4 41+6 49 +7 10+7 —
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of substituents X, spoils the statistical indices of the
correlation equations: the standard error of approximation
Sy grows, and the correlation factor  decreases. A similar
impairment of the statistical characteristics is also
observed for equations of (9) type for Av of series I, II,
IV, V, VII-IX.

In series III and VI in going from the three-parameter
equations (9) to the four-parameter equations (10) the
statistical quality improves: Sy values decrease, and r
grows.

Av =Avy + kXo;+ [Zog + mXo, + pXEd (10)
Therefore among all H-complexes we studied only in
the complexes with the hydrogen bond PhO—H:---0O=CX,
and PhO-H---O=SX, the sterical effect of substituents
X statistically significantly affected the Av values. The
values of the sterical contributions S#{(C-H) = pXE{
alongside the contribution /nd, Res, and Pol are presented
in Table 4.

It follows from Table 4 that in each series I-IX the
contributions Pol(CR) are larger than Pol/(C—H). These
contributions are linearly interdependent (11).

Pol(CR)=2.22 Pol(C-H), )]
S40.26,Sy 6,r 0.956,n 9.

The number of experimental points » for drawing the
linear plot of (11) type by the least-squares procedure
can be increased by two methods.

The first method consists in the change in the sampling
size n for substituents X in series I-IX. As shown above
[see condition (3)], at variation of »n are changed the
relative contributions Ind, Res, and Pol. In each series
L L IV, and VI we excluded one compound mentioned
in Table 3 and thus generated new series Ia, IIla, IVa,
and Vla (Tables 3 and 4). This trick permitted increasing
the points number from 9 to 13.

The second method is increasing the number of points
n from 13 to 14 taking into consideration the origin, point
(0, 0). Its position corresponds to the limiting case when
Pol(CR) = Pol(C-H) = 0.

At the present time we have no DX series where the
conditions (1-3) are valid and the contributions Po/(CR)
and Pol(C—H) are lacking. It is clear, that the
characteristic feature of such series should be a large
value of 7 in equation (2).

Let us consider some examples of H-complexes and
radical cations where the substituents are removed to
a considerable distance from the electron-deficient cen-
ters D8 and D*. For instance, in the H-complexes
PhO3%-—H---03*=P(C4H,;X-p) the contribution

Pol(C-H) = 0 [9]. Another example are the molecules
p-NCC¢H,X. In the IR spectra of the H-complexes
PhO%—-H---N3*=CCH,X-p) at X = NMe,, OEt, Me, H,
Br, and NO, the Av values equal 219, 188, 179, 172, 163,
and 132 cm~! respectively [29]. The ionization potentials
corresponding to formation of radical cations
N+=CCcHyX-p at X = NH,, Me, H, F, CI, Br, and CN
are equal respectively to 12.31,12.70, 12.61, 12.78, 12.73,
12.77, and 12.98 eV [13]. Our treatment of these data
showed that the values Av and /P depended only on the
inductive and resonance effects of the substituents X,
whereas the contributions Pol/(C—H) and Pol(CR) were
lacking. These examples prove that the point with the
coordinates (0, 0) on the plot of Po/(CR) as a function of
Pol(C—H) must correspond not to a hypothetical but to a
real series that meets the above shown conditions (1-3).

The calculations demonstrated that the values Pol(CR)
and Pol(C—H) of series I-IX, Ia, IIla, IVa, and VIa
including the point (0, 0) fit to the linear plot (12), whose
statistical qualities are somewhat better than those of the
plot(11).

Pol(CR)=2.22 Pol(C-H), (12)
S,0.15,Sy5,70.973,n 14.

In order to elucidate the reason of the existence of
the linear relationships (11) and (12) let us consider the
energy of the polarization interaction in radical cations
and H-complexes.

According to equation (2) in the general case the
energy of the polarization interaction E,; is a function of
three variables, ¢, o, and r. For radical cations D+X and
H-complexes PhO%—H---D5X equation (2) can be
written as (13) and (14) respectively.

E,(CR)=—¢*(CR)(CR)/[4*(CR)] (13)
E,(C-H)=—¢*(C-H)a(C-H)/[8066-4r4(C-H)] (14)

Here g(CR), a(CR), and #(CR) are the charge on the
D center, the polarizability of the substituents X, and the
distance between the charge and the induced dipole in
the radical cations, and g(C—H), a(C—H), and »(C—H)
are the same values in the H-complexes.

The factor 8066 was introduced into equation (14) to
express the energy £, (C—H) in eV as the energy £,(CR)
(1 eV =8066 cm™!).

Ees(CR) _

¢*(CR)a(CR)(C—H) (15)
E,(C-H)

¢*(C-H)a(C-H)r*(CR)

Due to the validity of conditions (1-3) the expression
(15) for each of the narrow series I-IX DX (D = const)
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is considerably simplified. The meeting of these condi-
tions means that at D = const both radical cations and H-
complexes contain the same set of substituents X (for
instance, in series II

X =H, Me, OMe, F, Cl). Therefore in every series
the range of changes in the polarizability a of the
substituents X in radical cations and H-complexes are
equal [expression (16)].

a(CR)=a(C-H) (16)

At D = const the distance » between the charge and

the induced dipole also may be regarded as equal within
a good approximation [expression (17)].

#(CR)=r(C-H) a7)

It follows, e.g., from [30] where has been found that

the reduction in the interatomic distances C=C and C-X

in going from various neutral molecules H,C=CHX to
cations H,C=C*X occurs in the range from 4 to 10%.

2
CR
E,(CR) = 8066 L&)

T Ee(C-H) (18)
A(C-1)

Taking into consideration (16)and (17) equation (15)
transforms into (18).

Compare the expressions (12) and (18). We mentioned
before that the polarization effect may be characterized
either by its energy E,, or by the value of contribution
Pol. 1t is therefore presumable that the values £, (CR)
and E,(C-H) like those Pol(CR) and Pol(C—H) are
proportional. Consequently the proportionality factor
¢*(CR)/g*(C—H) in equation (18) is the same for all series
DX, i.e., it is independent of the type of the donor center
D. It follows from the constancy of the charge ratio
q*(CR)/g*(C—H) in radical cations and H-complexes that
for the studied series I-IX, Ia, IIla, IVa, and VIa (in
other words independent of the D type and sampling
size n) the radical cations D*X and the corresponding
H-complexes PhO3—H---DX38* apparently hardly differ
in the degree of delocalization of the positive charge g¢.
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