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Unlike the .EHOMO energies, the first vertical ionization potentials (1 I) of monosubsti- 
tuted ethylenes depend not only on both the inductive and resonance effects but also on the 
polarizability of the substituents, which can be characterized by the Ga parameters. The OR +, 
(sp*, and <se parameters for 12 silicon-, germanium-, and tin-containing groups were 
determined using the equations relating the It values and the o), ~R +, ~p+, and oa parameters 
of the substituents in the molecules of organic compounds. The conjugation of oNanoelemental 
substituents with the double bond is stronger than that with benzene ring; the CR § parameters 
in the ethyiene and benzene series are related by a linear dependence. 
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The modem model  of  conjugation (see, for instance, 
Ref. 1) in the organoelemental  compounds of the R3ER=, 
type (E = Si, Ge,  Sn, and Pb; R is an organic radical; 
R~, is an unsaturated group: Ph, CH=CH2,  C~=CR, fury l, 
rhienyl, etc.) is based on the concept  of  dual (simulta-  
neously acceptor  and donor) resonance properties of  
organoelemental substituents R3E (E is a Group  IV 
element) toward the reaction (or indicator) centers R=. 
The resonance acceptor  effect (d,r~-conjugation) is the 
interaction between the vacant nd-orbitals of E atoms 
and the antibonding (s*-orbitals of  the E- -R bonds of  
the R3E substituent containing an R=, group. The reso- 
nance donor effect ((s,~z-conjugation) is due to the inter-  
action between o-orbi tals  of  the E - - R  bond in R3E with 
fragment R~. The overall effect (simultaneous effect of  
the d,zt- and cbx-conjugation) cannot  be characterized 
by universal parameters,  since the conjugation between 
R3E and R=, depends on the nature of  the organic 
radical, unsaturated group, and the Group IV element;  
in the case of fixed R, E, and Rx. it depends on the 
magnitude of  the negative effective charge on R=. I 

Of two components  (the acceptor  and donor one) of  
the overall resonance effect, only the ~,Tt-conjugation is 
dependent on the charge on R~. 1-4 Hence, va .rtdng the 
negative effective charge on ~ in a wide range makes it 
possible to observe not only changes in the relative 
contributions of  the two indicated components of  the 
overall resonance effect, but (in the limiting case) also 
inversion of  the sign of  the overall effect . t -7  The prob-  
lem of  inversion of  the donor -accep tor  properties of  the 
R3E substituents remains inadequately studied despite 
its importance for both creation of  a general theoD" of  
conjugation in organic compounds  o f  Group IV ele-  
ments and for studying the ionic reactions with part ici-  
pation of such type derivatives. 

Investigation of  the ionization potentials of  the R3ER=, 
type compounds can make an appreciable contribution 
to the solution of  this problem and accumulation of  data 
on the resonance parameters  of  the R3E substituents. 
Thus, an analyis of  the first ionization potentiais of  
benzene derivatives (P~, = Ph) made it possible to ob- 
tain new information on the conjugation between R3E 
substituents and an indicator  center R=, which has an 
appreciably decreased negative effective charge. 4 How- 
ever, no similar studies were performed for other  indica- 
tor ~ centers. 

The main goal of  this work is to reveal characteristic 
features of  conjugation in the silicon-, germanium-,  and 
t in-containing derivatives of  ethylene by establishing 
correlations between the ionization potentials of such 
type of  organoelemental compounds and the donor- 
acceptor  properties of  the substituents and by comparing 
the degrees of conjugation in substituted ethylenes and 
benzenes considered as model  systems for studying the 
effects of  the substituents. 

Procedure of Calculations 

The most reliablc values of the first vertical ionization 
potentials (11) of organic and o~anoelemental derivatives of 
ethylene were obtained by the photoelectron spectroscopy 
method with an accuracy of +0.01 eV. 8- is  As is known, 
irradiation of molecule M by a photon with the energy hv 
results in the electron abstraction and formation of an M "~ 
radical cation 

M + h v ~ M ' + + ~ .  (I) 

In the Koopmans approximation, ~,!1 

s =--11- (2) 

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 9, pp. 1626--1631, September, 1997. 

1066-5285/97/4609-1549 $18.00 �9 1997 Plenum Publishing Corporation 



1550 Russ.Chem.BulL, VoL 46, No. 9, September, 1997 Egorochkin  et aL 

TaMe 1. Energy characteristics of molecular orbitals and <~-parameters of substituents X for compounds X C H = C H  2 (1--38) 

Compo- X II=--EHOMO a - E ( I )  ~E=EHOMO-E(.x) 0 ~sI e ~ a  Crpe cr d 

und eV 

1 Me 9.69 10.46 0.77 (0.53) --0.05 -0.26 -O.31 -0.35 
2 Et 9.72 10.46 0.74 (0.40) -0.05 -0.25 - 0 . 3 0  -0 .49 
3 Pr 9.52 10.46 0.94 (0.56) -0.05 -0.25 - 0 . 3 0  -0 .54  
4 Pr i 9.7 10.48 0.78 (0.35) -0.03 -0.25 - 0 . 2 8  -0 .62 
5 Bu 948 10.46 0.98 (0.58) -0.05 -0.25 - 0 . 3 0  -0.57 
6 Bu t 9.7 10.44 0.74 (0.22) -0.07 -0.19 - 0 . 2 6  -0 .75 
7 CH2CMe 3 9.6 10.42 0.82 (0.35) -0.09 -0.22 - O A t  -0 .67 
8 CH2CH=CH 2 9.62 10.45 0.83 (0.43) -0.06 -0.16 - 0 . 2 2  -0.57 
9 CH2Ph 9.71 10.68 0.97 (0.48) 0.17 -0.45 - 0 . 2 8  -0.70 
10 C H , C N  10.18 10.68 0.50 (0.12) 0.17 -0.01 0.16 -0.55 
11 CH2OH 10.16 10.54 0.38 (0.13) 0.03 -0.07 - 0 . 0 4  -0.36 
12 CH2CI 10.34 10.64 0.30 (-0.08) 0.13 -0.14 -0 .01  -0 .54 
13 CH2Br 10.18 10.65 0.47 (0.04) 0.14 -0.12 0.02 -0.61 
14 NH 2 S.64 10.59 1.95 (1.84) 0.08 -1.38 -1_30 -0 .16 
15 OMe 9.05 10.80 1.75 (1.63) 0.29 - L 0 7  - 0 . 7 8  -0.17 
16 OEt 9.15 10.77 1.62 (1.46) 0.26 -1.07 -0 .81  -0.23 
17 OBu 9.07 10.77 1.70 (1.52) 0.26 - I .09  - 0 . 8 3  -0 .26 
18 OCOMe 9.85 10.93 1.08 (--) 0.42 -0.61 - 0 . 1 9  - -  
19 F 10.5 10.96 0,46 (0.55) 0.45 -0.52 - 0 . 0 7  0.13 
20 CI 10.2 10.93 0.73 (0.43) 0.42 -0.31 0.I  1 -0 .43 
21 Br 9.9 10,96 1.06 (0.65) 0.45 -0.30 0.15 -0.59 
22 I 10.08 10.93 0.85 (--) 0.42 -0.28 0.14 -- 
23 COOH 10.91 10.85 -0.06 (-0.30) 0.34 0.08 0.4.2 -0 .34  
24 COOMe 11.12 10.85 -0.27 (-0.61) 0.34 0.14 0.48 -0.49 
25 CHO 10.95 10.84 -0.11 (-0.43) 0.33 0.40 0.73 -0 .46 
26 CN 11.1 11.02 -0,08 (-0.40) 0.51 0,15 0.66 -0.46 
Z7 SiMe 3 9.86 10.36 0.50 (0.00) -0.15 -0.03 [0.02] -0.18 [--0.13] -0 .72  
28 CH~SiMe~ 9.1 10.46 1.36 (0.90) -0.05 -0.65 [-0.491 -0.70 [--0.54] -0 .66 
29 Si l l  3 10.37 10.47 0.10 (--) -0.04 0.22 {0.03] 0.18 [--0.01] -0 .59 
30 Si(CH=CH2)3 9.8 10.32 0.52 (--) -0.19 -0.03 [0.01} -0.22 [--0.18] -0 .69 
31 Si(OEt) 3 10.16 10.4l 0.25 (--) -0.10 0.13 [0.11} 0.03 [O.011 -0.63 
32 CH2SiH3 9.49 10.46 0.97 (--) -0.05 -0.38 [-0.22} -0.43 [--0.27] -0.61 
33 CH2Si(OEt)3 9.47 10.41 0.94 (--) -0 . t0  -0.35 [-0.09] -0 .45 [--0.1.9] -0.63 
34 CH2SiCI 3 I0.03 10.65 0.62 (--) 0.14 -0.20 1-0.22] -0.06 [--0.08] -0.47 
35 CHzGeMe 3 8.85 10.47 1.62 (--) -0.04 -0.83 [-0.59] -0 .87 [--0.63] -0 .6 I  
36 CH2GeEt 3 8.8 10.46 1.66 (--) -0.05 -0.86 [-0.62] -0.91 [--0.67] -0.61 
37 CH~SnMe 3 8.6 10.46 1.86 (--) -0.05 - t . 0 0  [-0.76] -1 .05 [~0.81] -0.61 
38 CH2SnBu 3 8.4 10,46 2.06 (--) -0.05 -1.14 [-0.75] -1 .19 [~0.80] -0.61 

The values of  [l for compounds 1, 3, 5, 9, I1, 12, 2,3, 25, 27. ZS, 31, 32, and 35 were taken from Ref. 8; those for compounds 
2, 4, 6--8, I0, 16, Z4, 26 were taken from Ref. 9. The values of I 1 for compounds 13, 17, 18 were taken from Refi I0; those for 
compounds 14, 20--22 were taken from Ref. 11. The I: values for compounds 15 and 19 were t aken  from Refs. I2 and ][3, 
respectively; those for compounds 29 and 30 were taken from Ref. 14. The values of I l for compounds 3 3  and 34 were calculated 
from the charge ~ransfer frequencies in the [:'V spectra of complexes with tetraeyanoethylene s (see Ref. 1 5); those for compounds 
36--38 were taken from Refs. 16--18, respectively. 
b The 8Evalues calculated using Eq. (16) are given in parentheses. 
c The <~1 values were taken from Refs. 7 and 20. 

The tsl~ ~" and ~p  values of substituents in molecules 1--26, and the g= values in molecules 1--28 were taken from Ref. 20. The 
~R" values of  substituents in compounds 27--38 and the ~= values of subs~ituents in compounds 2 9 - - ~  were calculated using 
Eqs. (8), (16), and (I7); the oR § and <sff values for organoelemental substituents in benzene derivatives 7 are given in square 
brackets. It is assumed that ts 7 = gl + ~R +- 

In the case of rigorous fulfilment of relation (2), a quantum- 
chemical calculation of  radical cation M" + can be performed 
using wa,ce functions of  the neutral molecule M. However, as 
was established by the example of benzene derivatives, 4 in- 
tramo[ecular resonance interactions in M and M ' *  apprecia- 
bly differ. This means that the conjugation between the R3E 
and Ph groups in neutral PhER 3 compounds is characterized 
by the crR~ resonance parameters, whereas that in radical 

cations, when the negative effective charge on ~he Ph group is 
subsumtially decreased, is characterized by the ~R + param- 
eters, 4 

In the studies of ethylene derivatives R3ECH=CH2 we met 
conven6onal conditions for studying thte conjugation in R3EP~. 
molecules by analyzing the 1~ values: a common indicator 
center R.=. (Ph 4 or CH---CH 2 in this work);  a common type of 
the HOMO in the indicator series (for R.~ = Ph 4 and CH=CH2, 
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the HOMOs belongs to the ~ type); and retention of  the 
predominant localization of the HOMO on the R=,. group when 
mixing the orbitals of substituents and R=,. 

According to the PMO theory., 19'2~ the HOMOs of ethyl- 
ene derivatives X C H = C H  2 are the ,'t-HOMO of ethylene (with 
an energy of -10.51 eV) perturbed by the inductive and 
resonance interactions with substituents X. The energy of 
perturbation (8s is the most important characteristic of mix- 
ing of the initial unperturbed ~-MO (with energy E(~)) with 
~-, r.-, or n-orbitals of  substituents X and can be calculated 
using the formula 

8E = s s (3) 

The energy of the initial unperturbed orbital, E(z), differs 
from the EHOMO energy of ethylene by a value numerically 
equal to the inductive constant of substituent X. 2~ For this 
reason, the following equality is valid 

E(=) = --10.51 + ~I(X). (4) 

It should be noted that the 8~F values in Eq. (3) character- 
ize the effect of conjugation between X and CH=CH2 only on 
the Er~OMO of X C H = C H  2 compounds and do not take into 
account plausible participation of  other orbitals in conjugation. 

Experimental 11 = --EHOMO values as well as calculated 
E(,~) and 5E values for the compounds studied are given in 
Table 1. The values of the <ri, ~R +, and aa parameters for 
organic 2~ and organoeiemental 7 substituents were taken from 
the literature. The calculations were carried out on an IBM AT 
personal computer using the STATGRAPHICS (Version 3.0) 
program package. 

Resu l t s  and  Discuss ion  

The  fol lowing d e p e n d e n c e s  are valid for c o m p o u n d s  
1 - - 2 6  (see Tab le  i )  c o n t a i n i n g  organic  groups  as sub-  
s t i tuents :  

] I = 10.12 + 1.31crp*, (5) 

S, = 0.04, S 0 = 0.09, S>. = 0.20, r =- 0.950, n = 26; 

I I = 10.06 + 1.55~1 + 1.26~R +, (6) 

S a = 0.06, S b = 0.20, Sc = 0.10, S~. = 0.20, r =  0.950, n = 26. 

This  fact ind ica tes  t ha t  t he  induct ive  and  r e s o n a n c e  
effects of  subs t i t uen t s  ( cha rac t e r i zed  by the  ~r I and  ~R + 
parameters ,  respec t ive ly)  have  a comparab le  in f luence  
on  the  I, and  h e n c e  t he  EHOMO values. 

The  energy o f  p e r t u r b a t i o n ,  fiE, cons idered  as a 
measure  of  t he  effect  o f  con j uga t i on  on  the  Er]OMO in 
molecules  1 - - 2 6  is de f ined  by  the  express ion 

8s  = -1.25err  + + 0.36, (7) 

S a = 0.!1, S o = 0.06, Sy = 0.23. r = 0.920, n = 26. 

We used re l a t ion  (5) wr i t t en  as 

%+ = 0.691j - 6.98. (8) 

S~ = 0.05, S o = 0.46, Sy = 0.15, r = 0.950, n = 26 

to ca lcula te  previously  u n k n o w n  ~p+ a n d  ~e, + (erR + = 
=p+ -- ~I) p a r a m e t e r s  of  o r g a n o e l e m e n t a l  subs t i tuen ts  
in the molecu le s  o f  c o m p o u n d s  2 7 - - 3 8  (see Tab le  I). 

The  values of  the  CR ~ p a r a m e t e r s  for  t h e  subs t i tuen t s  
in the  e thy lene  derivat ives 2 7 - - 3 2  a n d  3 5 - - 3 5  and  the 
cor responding  pa rame te r s  for  the  s a m e  s u b s t i t u e n t s  in 
benzene  der ivat ives  (~R+(Ph))  7 are r e l a t ed  by  a l inear  
dependence :  

~R + = 1.41~R+(Ph) + 0.03, (9) 

S e = 0.08, S b = 0.04, Sy = 0.08, r = 0.988, n = 10. 

The  Iz values for  c o m p o u n d s  33  a n d  34  were  calcu-  
lated f rom the  f requencies  o f  the  U'V s p e c t r a  o f  com-  
plexes wi th  t e t r a c y a n o e t h y l e n e  8 us ing  a m e t h o d  15 whose 
accuracy  is tess t h a n  tha t  of  p h o t o e l e c t r o n  spec t roscopy.  
There fo re  the  ep+ and  ~p+ values  for  t he  CH2Si (OEt )3  
and  CH2SiCl  3 groups  are less p rec i se  t h a n  those  for 
o the r  subs t i tuen ts ,  and  the e q u a t i o n  

err § = 1.38VR+(Ph)-  0.02, (I0) 

Sa = 0.10, S b = 0.04, S~, = 0.11, r = 0.975, n = 12 

for all 12 o r g a n o e t e m e n t a l  s u b s t i t u e n t s  ( c o m p o u n d s  
27 - -38 ,  Fig. I) has  a lower c o r r e l a t i o n  coe f f i c i en t  as 
c o m p a r e d  to Eq. (9). The  abso lu te  t e r m s  in  Eqs.  (9) and  
( I0)  can  be neg lec ted  since t h e i r  va lues  d o  n o t  exceed 
the i r  s t andard  devia t ions .  

erR+ 

0.4 I 2 V  

/ / " 3 1  

-0 .8  -0 .4  3 4 ?  ; 27 

- /  
/ . v  
32 - 0 . 4  

36 7 -0 .8  

7 
- 3 8  -1 .2  

0.4 
cR+(Ph) 

Fig. 1. Correlation between the oR + parameters of  organo- 
elemental substituents in ethylene derivatives with the ~R"(Ph) 
parameters of the same substituents in benzene derivatives (see 
Eq. (10)). Numbering of points corresponds to tha t  of  com- 
pounds in Table 1. 
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Equations (9) and (10) can be used to estimate the 
oR + values of various organometallic substituents at the 
double bond using the known og+(Ph) values. TM 

It follows from Eqs. (9) and (10) that a decrease in 
the negative effective charge on the carbon atoms of the 
indicator center ~ results in increasing the resonance 
interaction of the organoelemental substituents wkh the 
double bond as compared to that with the benzene ring. 
The oR + values of substituents have both positive (in 
molecules 29 and 31) and negative (in molecules 27, 28, 
30, and 32--38) values. The positive sign of oR + indi- 
cates that d,n-conjugation dominates over o,~-conjuga- 
tion in the XCH=CH 2 derivatives for X = s i r  3 and 
Si(OEt) 3. On the contrary,  if X = SiMe 3 and 
S i (CH=CH2)  3 (negative oa +) the contr ibut ion of 
o,~-conjugation to the overall resonance effect is larger 
than that of d,~-conjugation. There is only the reso- 
nance donor effect (o,Tr-conjugation) in molecules of 
compounds 28 and 32--38. 

The increase in o,n-conjugation with decreasing nega- 
tive effective charge on ~ is characterized by o R - OR" 
differences. This effect is also more pronounced for 
R~ = C H = C H  2. Thus, the o R - OR ~ and oR (in paren- 
theses, data taken from Ref. 22) values for the substitu- 
ents X = SiMe 3, CH2SiMe3, CH2GeMe3, and 
CHzGeEt 3 are equal to 0.08 (0.05), 0.41 (-0.24),  0.54 
(-0.29),  and 0.55 (--0.31) for R~ = CH=CH 2. In the 
case of R~, --- Ph analogous data are equal to 0.03 (0.05), 
0.27 (--0.22), 0.33 (-0.26),  and 0.36 (-0.26),  respec- 
tively. 

The experimental value of the ionization potential of 
the unsubstituted ethylene ( I  l = 10.51 eV) substantially 
differs from the corresponding values calculated using 
Eqs. (5) and (6). Additionally, Eq. (7) contains a non-  
zero absolute term. 

This is due to the fact that the ionization potential I t 
is dependent on one more parameter (o~), which can be 
calculated by ab initio quantum-chemical  methods. 23 
The o= value characterizes the degree of stabilization of 
the positive charge on the reaction (indicator) center at 
the expense of polarizability of the substituents. Fluo- 
rine atom ( ~  = 0.13, compound 19) is the only sub- 
stituent zI causing destabilization of the positive charge. 
Taking into account this parameter, o=, as well as the 
inductive and resonance o constants of the substituents 
is of particular importance when studying the gas-phase 
reactions, 21,23 to which the process of photoionization 
belongs. 

Since the ionization potential I 1 is equal to the 
difference between the energies of the M "+ radical 
cation and the neutral molecule M (see Eq. (1)), one 
should expect an increase in M "+ stabilization as com- 
pared to M (a decrease in I1) with increasing polariz- 
ability of the substituents. 

The effect of polarizability of the substituents on the 
1~ values was established for 27 compounds (1~17,  
19--21, and 23~28) ,  for which the tabulated data on 
the o~ values are available 21,22 or they can be calculated 

using the known method. 24 For  these compounds,  
Eqs. (5) and (6) take the form 

11 = 10.14 + t.34Gj-, (11) 

S~ = 0.04, S b = 0.09, S>. = 0.21, r = 0.950, n = 27; 

I l = 10.09 + 1.57c r + 1.29aR" , (12) 

So = 0.06, Sb = 0.20, S c = 0.1.0, Sy = 0.21, r = 0.949, n = 27. 

Taking into account the o= parameter brings these 
equations to the form 

I l = 10.43 + 1.40c; + + 0.63~a, (13) 

Sa = 0.07, S b = 0.07, S c = 0.I4, Sy = 0.16, r =  0.970, n = 27; 

I l ---- 10.49 + 1.27~[ + + 1.43~R § + 0.70~, (I4) 

S a = 0.I1, S b = 0.17, S c ---- 0.08, S d = 0.17, Sy = 0.16, 

r = 0.970, n = 27, 

Dependences (13) and (14) have higher correlation co- 
efficients r and lower values of the  standard error Sy as 
compared to the corresponding Eqs. (I I) and (i 2). It is 
also essential that the values of the absolute terms in 
Eqs. (13) and (14) differ only slightly from the I l value 
for ethylene (-10.51 eV). 

Expression (14) makes it possible to estimate the 
energy of perturbation 8E in the ~XCH=CH 2 molecules. 
Since the 8E value depends only on the inductive and 
resonance effects of the substi tuents on the HOMO t9,2~ 
(see Eqs. (3) and (4)), taking in to  account Eq. (14) we 
get for the HOMO energy 

EHOMO = - - ( I I  - -  0.70~ (1.5) 

Then Eq. (3) is transformed into the following expres- 
sion: 

8E = "-(If - 0.70cr=) - (-I0.51 + crl). (16) 

The following dependence is valid for 26 compounds 
(1--17, 19--21, and 23--28) arid ethylene (BE--  0, 
OR + = 0): 

8E = 1.43~R + -- 0.02, (17) 

S a = 0.08, Sb = 0.04, Sy = 0.16, r ~ 0.966, n = 27. 

The absolute term in Eq. (17), which  is less than the 
standard deviation, can be neglected. In contrast to 
relation (7), the straight line cor'cesponding to depen- 
dence (17) passes through the origin,  which has a strict 
physical meaning. 

Simultaneous solution of Eqs. (16) and (17) makes it 
possible to obtain previously u n k n o w n  values of the o~ 
parameters for the organoelement~l substituents in the 
molecules of compounds 29--38. 
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All e thy lene  derivatives s tudied (see Table I), except 
for c o m p o u n d s  18 and 22 whose  <r a values are not 
available,  are descr ibed by equa t ions  analogous to 
Eqs. (13) and (14), which take the following form: 

I~ = 10.42 + 1.39~p" 4- 0.59~=, (18) 

S~ = 0.06, S o = 0.05, Sc = 0.I1, S e = 0.14, r =  0.981, n = 37; 

I) = 10.50 + 1.23~ I + 1.43OR "~ + 0.69%, (19) 

S~ = 0.08, S~ = 0.14, Sr = 0.05, S a = 0.13, Sy = 0.13, 

r = 0.981, n = 37. 

The  results obta ined (in part icular ,  rather high corre- 
lation coeff ic ients  in Eqs. (18) and (19)) make it pos- 
sible to draw addit ional  conclus ions  of  a general char-  
acter. 

Unl ike  the  ~I constants,  which  are universal charac-  
teristics o f  the  inductive effect o f  organic and organo- 
e lemental  substi tuents,  the  trR + parameters  are universal 
only  for t h e  o rgan i c  groups_ The  OR* values  o f  
o rganoe lementa l  substituents can  vary. in their  magni-  
tudes and signs as the reaction (indicator) center  changes, 
though they are related by a l inear  dependence  in the 
benzene and e thylene  series. 

The vert ical  ionizat ion potent ia ls  11 as a quanti tat ive 
measure of  the H O M O  energy should be used carefully. 
First, the I I values  (unlike the EHOMO) depend not only 
on the induct ive and resonance effects, but also on the 
polarizabili ty effect ,  which is character ized by the ~a 
parameters  o f  substituents.  Second ,  the conjugat ion ef- 
fect on the  EHOMO (as follows, for instance, from quan-  
t um-chemica l  calculat ions  ~5) and I l is described by the 
~R ~ and err + parameters ,  respectively.  As a rule, these 
parameters  differ  markedly f rom each other  for both 
organic and o rganoe lemen t  substituents.  Hence,  the 
Koopmans  re la t ionship is not  rigorously fulfilled for 
e thylene derivatives as well as for substituted benzenes.  4 
In this case the  ene~,,y, o f  per turbat ion  8s determined 
using Eq. (16) character izes  the mixing of  the orbitals in 
the radical ca t ion  rather than that of the orbitals of  
neutral mo lecu le s  (as should be in the ease of  rigorous 
fulf i l lment o f  the Koopmans  relat ionship).  

The  study of  the ionizat ion potentials  11 of  di-,  tri- ,  
and te trasubst i tuted ethylenes is difficult since none of  
these series con ta ins  such a full set of  substituents (see, 
for instance,  Ref. 26) as the series of  monosubst i tu ted 
e thylene der ivat ives  does (see Table  1). Additionally,  in 
the case of  polysubst i tuted e thy lenes  the effects of  direct 
polar  conjugat ion  (for subst i tuents  of  different kinds) 
and counte rconjuga t ion  (for substi tuents o f  the same 
kind) should also be taken into account .  27 Therefore ,  
the effect of  substi tuents on the I I value can be nonaddi-  
t i re .  We t e s t ed  this a s s u m p t i o n  using 10 trans- 
X H C = C H X  derivatives. For  these  compounds ,  the Ii talc 
and A[ I -~-- / i  talc -- 11 exp values were calculated using 
Eq. (19) under  the  assumpt ion o f  the additivity of  the 
effect of  the two substituents. The  experimental  l i  cxp 

values for compounds  1- -8  and 9 - - 1 0  were taken from 
Refs. 28 and 26, respectively. The  IleXP, Alt ,  and op* 
values for each X are given below. 

X ltCXP/eV ,.311/eV %* 

C(SiMe3)3 7.78 -1.66 -0.92 
CH2SiMe 3 8.30 -0.69 -0.70 

Me 9.37 -0.21 -0.31 
Bu t 8.99 -0 .24 -0.26 

SiMe 3 9.19 -0.13 -0.18 
F 10.38 -0.08 -0.07 
H 10.51 0 0 
C1 9.72 0.33 0.11 
Br 9.55 0.39 0.15 

CN 11.15 0.40 0.66 

The ~,I I differences cons idered  as an indicator  of  
nonadditivit3' of  the effect of  two X substi tuents on the 
li  values o f  t r a n s - X H C = C H X  molecu le s  can be ei ther  
negative ( if  cv+(X) < O, i.e., if  the  subst i tuent  exhibits 
an overall donor  electron effect)  or  posi t ive (if  c , *  > 0). 

An approximate  l inear d e p e n d e n c e  is observed be- 
tween the a l l  differences and the  ~sp + parameters  of 
substituent X: 

~,lj = 1.26cry*, (20) 

S~ = 0.20, Sy = 0.27, r = 0.908, n = 10. 

Hence  the nonaddit ivi ty o f  the  effect of  two X 
substituents on the I l values o f  the  t r a n s - X H C = C H X  
molecules  is due to the or- and n - c o m p o n e n t s ,  analo-  
gously to p-disubst i tuted benzenes .  27 

In the case of tetrasubst i tuted X 2 C = C X  2 derivatives, 
the values and signs of  a I  1 d i f ferences  and those of  ~p- 
parameters  o f  substituent X are also correlated.  Thus. 
for X = CH2SiMe 3 ( 1 :  xp = 7.15 eV, zs ~sv+ = - 0 . 7 0 )  
AIl = - 2 . 4 4  eV, w h e r e a s  for  X = C N  (Ii  exv = 
11.79 eV, z6 ~?~" .= +0.66) 41: = +0.81 eV. 
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