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Effect of substituents on electronegativities of Ar3Si and Ar3Sn groups: 
comparison of the results of ab initio quantum-chemical calculation 

and 19F NMR data for Ar3MQC6H4F-4 compounds 
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Ab initio calculations of group electronegativities ()0 of Ar3Si and Ar3Sn groups containing 
13 types of meta-, para- and polysubstituted phenyl groups have been performed. Calculated 
values of )~(Ar3Si) and x(Ar3Sn) correlate better with the ~0 Taft constants than with the 
cr Harnmett constants, which is indicative of the inductive nature of the effect of aryl groups 
on electronegativities of Ar3M groups. Good correlations have been found between t9F 
chemical shifts and the corresponding values of z(Ar3Si) and z(Ar3Sn) for the AraSiC6H4F-4, 
Ar3SnC6H4F-4 , Ar3SnCH2C6H4F-4, and Ar3SnSC6H4F-4 compounds. 
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Quantitative determinat ion o f  such properties of  LnE 
groups as electronegativity, hardness, and softness is of  
importance for predicting electronic structures of  LnEX 
compounds  and reactivities of  E - - X  bonds in these com- 
pounds. Most  experimental  and theoretical investigations 
are devoted to studies of  the group electronegativity on 
different electronegativity scales (see Refs. 1--7). In most 
studies, group electronegativities of  organic groups LnE 
(E = C, N, O, P, and S) were determined,  whereas data 
on organometal l ic  groups (E = M) are rather scarce. For  
the most part,  these are experimental  data based on the 
establishment of  empir ical  relationships between parame-  
ters o f  the corresponding indicator groups and the values 
of  group electronegativities (;0 by physical methods. 8-12 
Calculations of  group electronegativities of  LnE groups 
with the use of  additive schemes are also available. 13 The 
Mull iken group electronegativity of  the (CO)sMn or- 
ganometal l ic  group was experimentally determined most 
rigorously. ~ Qumatum-chemical  calculations were used 
for determining group electronegativities of  only some 
groups with forth-row transition metals, z 

N o t  only the determinat ion  of  group electronegativi-  
ties of  LnE groups but  also the studies of  the effect of  the 
nature of  substi tuents in the L l igand on group electro-  
negativities of  these groups are of  part icular  interest. 
However,  no calculat ion studies of  the effect of  substitu- 
ents in an aromat ic  ring on group electronegativit ies of  
Ar3E groups have been reported.  At the same t ime,  
data on 19F chemical  shifts for the Ar3SiC6H4F-4 (1), 
A r 3 S n C 6 H 4 F - 4  (2) ,  A r 3 S n C H 2 C 6 H a F - 4  (3),  and  
Ar3SnSC6H4F-4 (4) compounds  are available; based on 
these data, empirical  estimations of  the effect of  substitu- 
ents on group electronegativit ies of  Ar3Si and Ar3Sn 
groups would be convenient  to perform. 14-16 

In this context,  in this work, quan tum-chemica l  
calculations of group electronegativit ies of  Ar3Si and 
Ar3Sn groups with different recta- and para-substituents 
in the phenyl ring have been performed and these values 
were compared with 19F chemical  shifts in corresponding 
compounds 1--4.  

Computation Procedure 

Presently, ab initio methods, which are the most precise of 
quantum-chemical methods, can be applied to virtually all 
compounds. However, computer time and memory capacity 
impose certain limits on the number of atoms in compounds. 
Groups discussed below are rather large; therefore, calculations 
of electronegativities were performed with some sacrifice of 
accuracy. 

The electronegativity was determined as a half-difference 
between total energies of the Ar3 M+ cation and Ar3M- anion: 
)~ = 1/2(Ec - E a) (the ASCF method). 17 This is a rather crude 
approximation of a differential representation ~ = -dE/dN 
(where E is-the total energy of the group, N is the number of 
electrons); however, in most cases, this approximation is quite 
adequate. 2 

A geometry of the group was calculated by the MNDO 
method and was taken to be equal for an anion and a cation as 
the ASCF method requires. Calculations of geometry were 
performed for the whole 4-FC6H4SiAr 3 and 4-FC6H4SnAr 3 
molecules with each substituent on the pherJyl ring; then the 
indicator 4-FC6H 4 group was excluded, and the total energies 
of a cation and an anion were calculated only for Ar3M groups 
with the use of the GAMESS program (see Ref. 18). 
Calculations of energies were performed by the self-consistent 
field method in the Hartree--Fock approximation 19 with the 
use of the MINI basis 2~ and diffuse functions 21 for a better 
description of an anion. Diffuse functions were included in 
calculations only on the key atom of the Ar3M group (Si or 
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Table 1. Calculated vaIues of electronegativities of the Ar3Si and Ar3Sn groups and 19F 
chemical shifts in compounds 1--4, as well as the o Hammett constants and c ~ Taft 
constants~ for the corresponding substituents 

Substituent )~/eV FCS/ppm (r o ~ 

Ar3Si Ar3Sn 1 2 3 4 

4-Me2NC6H 4 2.97 2.92 -0.8 -0.16 -0.82 -0.44 
4-MeOC6H 4 3.10 3.04 -1.8 -1.13 6.93 -0.27 -0.16 
4-MeC6H 4 3.33 3.25 -1.7 -1.13 6.91 3.41 -0.17 -0.15 
3-MeC6H 4 3.37 3.29 -1.8 -1.15 7.04 3.41 -0.07 -0.07 
Ph 3.48 3.39 -2.3 -1.52 6.71 2.94 0.00 0.00 
4-FC6H 4 3.97 3.84 -3.1 -2.31 6.05 2.18 0.06 0.17 
3-FC6H 4 4.03 3.90 -3.7 5.74 1.90 0.34 0.35 
4-C1C6H 4 4.23 4.09 -3.5 -2.63 5.64 1.81 0.23 0.27 
3-C1C6H 4 4.23 4.18 -4.0 -3:07 5.59 1.68 0.37 0.37 
3-CF3C6H 4 4 . 4 1  4.23 -3.43 0.415 0.48 
3,4-C12C6H 3 4.81 4.63 -5.0 -3.91 4.77 0.73 0.60 0.64 
3,5-Ct2C6H 3 4.88 4.69 -4.53 4.39 0.20 0.74 0.74 
3,4,5-C13C6H 2 5.38 5.15 -6 .4  -5.25 -0.35 0.97 1.01 

Sn). This simplification substantially decreases the computer 
time, improves convergence, and affects only slightly the 
values of E c - E a, which was found after performing test 
calculations of some groups with the 6-31G basis set and with 
diffuse functions on all atoms. Apparently, this is attributable 
to the fact that the maximum change in charge in going from 
an anion to a cation is observed for the key atom of the group; 
this change is equal to ~1.2 e, whereas charges on other atoms 
are changed only slightly, and inclusion of diffuse functions on 
these atoms has very little effect on the E e - E a difference. 

Results and Discussion 

Results o f  calculat ions of  group electronegativities of  
Ar3Si and Ar3Sn groups as well as 19F chemical  shifts for 
the corresponding compounds  1- -4  are given in Table 1. 
F rom the data  obta ined it follows that  group electro- 
negativities o f  Ar3M groups increase with increasing 
e lec t ron-wi thdrawing propert ies  of  substituents in the 
aryl radical ,  i.e., with increasing electronegativity of  this 
radical. The difference in group electronegativity between 
Ar3Si and Ar3Sn groups, which run to 0.23 eV for the 
strong e lec t ron-wi thdrawing 3,4,5-C13C6H 2 radical,  is 
virtually nil  (0.05 eV) for the groups with aryl radicals 
containing the strong donor  substi tuent 4-Me2N. At the 
same t ime,  the  Si and Sn atoms substantially differ in 
a t o m i c  e l e c t r o n e g a t i v i t y  d e t e r m i n e d  accord ing  to 
Mul l iken (4.77 and 4.30 eV, respectively). 

Figures 1--4  show correlat ion processing of  the ob- 
ta ined data. I t  follows from the relationship between 
group electronegativi t ies  of  Ar3Si groups and group elec- 
tronegativit ies of  Ar3Sn groups with analogous substitu- 
ents (see Fig. 1) that  substituents have a more pro-  
nounced effect on the  group electronegativity of  a sili- 
con-con ta in ing  group compared  to a t in-conta in ing  
group. Apparent ly ,  this is due to smaller  interatomic 
distances be tween the key metal  a tom and aryl rings. 

A satisfactory correlat ion between calculated values 
of  electronegativi t ies  of  Ar3M groups and the values of  

the cr H a m m e t t  constants 22 and ~0 Taft constants 23 is 
observed (see Fig. 2); in the lat ter  case, correlat ion is 
substantially bet ter  than in the former case. Therefore,  
the effect of  aryl groups on group electronegativit ies of  
Ar3Si and Ar3Sn groups is de termined by their  inductive 
effect. This is in agreement  with conclusions,  which 
were made previously la,17 based on analysis of  19F 
chemical  shifts in compounds  1 and 2, that  electronic 
effects of  substituents along the S i - -C(Ar)  and Sn - -  
C(Ar) bonds are transferred mainly by an inductive 
mechanism.  

It is interest ing to note that  good l inear relat ionships 
are observed between 19F chemical  shifts for compounds  
1 and 2 and the corresponding values of group electro- 
negativities of  Ar3M groups (see Fig. 3); these relat ion-  
ships are character ized by large correlat ion coefficients. 
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Fig. 1. Dependence of the electronegativity (2/eV) of the 
Ar3Si group on the electronegativity of the Ar3Sn group for 
substituted aryl groups. 
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Fig. 2. Dependence of  the calculated values of  group electronegativities of the Ar3Si (a) and Ar3Sn (b) groups on the values of 
and tr ~ for some substituents in aryl rings. 
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Fig. 3. Dependence of  the values of  19F chemical shifts in compounds 1 (a) and 2 (b) on the calculated values of electronegativities 
of  the Ar3Si and Ar3Sn groups, respectively. 
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Fig. 4. Dependence of 19F chemical shifts of compounds 3 (a) and 4 (b) on the calculated values of electronegativities of the Ar3Sn 
group. 

This fact suggests that  a change in 19F chemical  shifts in 
compounds  1 and 2 under  the effect of  substituents 
quanti tat ively reflects, with a large degree of  certainty,  
the corresponding change in group electronegativit ies of  
Ar3Si and Ar3Sn groups. 

A comparison of  calculated values of  group electro- 
negativities of  Ar3Sn groups with 19F chemical  shifts in 
compounds  3 and 4 also provides good l inear  depend-  
ences with large correlat ion coefficients (see Fig. 4); for 
compound  4, substantially bet ter  agreement  with the 
ca l cu l a t ed  values  o f  g roup  e l ec t ronega t iv i t i e s  was 
observed. It would be expected that  in the  more  general  
case of  ArnEQC6H4F-4 compounds  a change in 19F 
chemical  shifts can serve as the quanti tat ive measure of  
the change in the  group electronegativi ty of  ArnE groups 
under  the effect of substituents. The comparat ive polari ty 
of  E - - Q  bonds can also be est imated with a large degree 
of certainty based on studies of  the regularities of  changes 
in 19F chemical  shifts in ArnE--QC6H4F-4 compounds,  z4 
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