
Group Electronegativities: as Empirically Estimated from 
Geometrical and Vibrational Data on Sulphones 
Istvän Hargittai 
Central R e s e a r c h Ins t i tu te of Chemist ry , B u d a p e s t 

Z . Natur forsch . 3 4 a , 7 5 5 - 7 6 0 ( 1 9 7 9 ) ; received F e b r u a r y 1 , 1 9 7 9 

The S = 0 bond lengths a n d the S = 0 bond stretching f requencies character ist ical ly change 
wi th changing l igand electronegat iv i t ies in the X S O 2 Y sulphone series. Empir i ca l relationships 
h a v e been establ ished between the S~0 bond length a n d the sum of the l igand electronegativ-
ities (xx + XY) a n d a l s ° between the mean stretching f r e q u e n c y and (xx + %Y)- These relation-
ships m a y be used f o r est imat ing g roup e lectronegat iv i t ies f r o m geometrical a n d v ibrat ional 
da ta or to predict bond lengths, bond angles and s t re tching frequencies f r o m ligand electro-
negativit ies . 

Revised empirical correlation relationships be-
tween geometrical and vibrational parameters of a 
series of sulphone molecules have been communi-
cated recently [1]. The predictive ability of these 
relationships has been demonstrated by the results 
of structure determinations of further sulphone 
molecules, viz. CC13S02C1 [2], CF3S02C1 [3], 
OCNSO2CI [4], (CH2=CH)2S02 [5], 

The importance of the ligand electronegativities 
of XS02Y sulphones on the vibrational frequencies 
and geometry of the S02 group has been recognized 
for a long time (see e.g. [6]). As the ligands and 
their electronegativities change in the sulphone 
series, the corresponding S = 0 bond lengths and 
0 = S = 0 bond angles may differ up to 0.04 A and 
5°, respectively. At the same time the oxygen-
oxygen non-bond distance is strikingly constant in 
the XS02Y sulphones as has been noted recently 
[7, 8]. The 0 ... 0 distances in XS02Y sulphones 
can be directly and accurately determined from the 
rotational spectra (cf. [8]). The mean r ( 0 . . . 0 ) 
value from 9 microwave spectroscopic studies is 
2.484 A (a = 0.004 A) [8]. The empirical relationship 
correlating r(S=0) and the bond angle 0 = S = 0 
gives nearly the same predictions as yielded by the 
trigonometrical expression 

0 = S = 0 = 2 arc sin [2.484/2r(S=0)] 

in which 2.484 A stands for r ( 0 . . . 0 ) . This is 
demonstrated by Fig. 1 incorporating mostly 
electron diffraction results. 
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Although the correlation between ligand electro-
negativity and the geometrical variations seems to 
be obviously present, no empirical relationship can 
be established outright because of lack of group 
electronegativities. As is well known, while the 
electronegativity of an element is considered to be 

r(5=0), Ä 
F i g . 1 . T h e 0 = S = 0 bond angle (<£) as a funct ion of 
the S = 0 bond length (r). Circles: exper imenta l v a l u e s 
(for fur ther detai ls see R e f . 8 ; sources can be f o u n d in 
t h e Tables) . T h e empirical relationship = — 1 4 7 . 7 r 
+ 3 3 1 . 7 w a s f o u n d b y a least squares procedure. T h e 
tr igonometr ica l express ion utilizes the remarkab le pheno-
menon of the O . . . O distance being constant (2.484 A ) 
in a large series of sulphone molecules. 
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a property of this element, the group electro-
negativity depends on the bond that the group 
forms. Thus, strictly speaking, there is a specific 
group electronegativity scale for the sulphone 
series. The idea to estimate a group electro-
negativity scale in the sulphone series on the basis 
of the geometrical, i.e. S = 0 bond length, variations 
is attractive since accurate r(S=0) values have 
recently become available (see e.g. [8]). These 
S = 0 bond lengths were determined by gas electron 
diffraction and, accordingly, refer to free molecules. 

An initial set of electronegativities was compiled 
for a few ligands, viz. F, CI, CF3, CC13, and CH3. 
The choice of the first two was obvious, while group 
electronegativities for the three CX3 ligands have 
been established by Hinze, Whitehead and Jaffe [9], 
£cf3 3.29, xcci3 2.79, and £Ch3 2-30. These values 
were consistent with the experience reported on the 
relative electronegativities of these five ligands in 
sulphones [10] and sulphoxides [11] (see also [12]). 
The geometries of six sulphone molecules with 
various combinations of these ligands were recently 
determined. These initial data are given in Table 1. 

Because of the good experience with the empirical 
relationships between the S = 0 bond lengths and 
S = 0 bond stretching frequencies, and the available 
large body of vibrational data, it was decided to 
parallel the investigation of the correlation between 

T a b l e 1 . Init ial d a t a used in establ ishing the correlation 
relat ionships between S = 0 bond lengths or stretching 
f requencies a n d group e lectronegat iv i t ies (x)-

C o m p o u n d r ( S = 0 ) [ A ] * ( S = 0 ) [ c m - i ] 2 X 

F S 0 2 F 1 . 398 [ 1 3 ] 1 3 9 0 [ 1 6 ] 8.0 
FSO2CF3 1 3 5 6 [ 1 7 ] 7 .3 
F S O a C l 1 .408 [ 1 4 , 8] 1 3 4 6 [ 1 6 ] 7.0 
FSO2CH3 1 3 2 2 [ 1 8 ] 6.3 
CISO2CF3 1 . 4 1 6 [3] 6.3 
CISO2CI 1 3 0 3 [ 1 6 ] 6.0 
C 1 S 0 2 C C 1 3 1 . 4 2 1 [2] 1 2 9 8 [ 1 7 ] 5.8 
C1S02CH3 1 . 4 2 5 [ 1 5 ] 1 2 8 0 [ 1 9 ] 5 .3 
CH3S02CH3 1 . 4 3 6 [7] 1 2 5 7 [20] 4.6 

the bond lengths and group electronegativities with 
another between the bond stretching frequencies 
and group electronegativities. Note that the corre-
lation relationships between bond distances and 
vibrational frequencies (and also force constants [1]) 
refer to vapour-phase geometries and liquid-phase 
or solution spectra, respectively. One of the 
relationships, incorporating the results of new 
studies is demonstrated in Figure 2. Here and in all 
subsequent calculations the bond stretching fre-
quency i>(S=0) is represented by the average 

v = {I [ i i ( S = 0 ) + v.*(S=0)]}i /* . 

The initial frequency data for 8 sulphone molecules 
with various combinations of the above mentioned 
ligands are also given in Table 1. 

S Oo F 

S2°5F2° 

2 2 

- S 3 ° 8 F 2 
C H-j OSO-, F 

CHOS0,F CF-J S0->CI 

OCNSO2CI \ C H 3 O S O 2 C I 
CCl3S02Clöbs(CH3)2NS02Cl 

CH3SO2CI 

1.39 1.40 1.41 

SO: 
I ( C H 3 ) 2 N l 2 S 0 2 O 

( C c H c ) o S 0 

(CH3)2SO2 

6 5 2 2 
(CH2CH)2S02 

1.42 1.43 1.44 1.45 
r ( S = 0 ) , Ä 

F i g . 2. Correlat ion re lat ionship between 
the a v e r a g e stretching f r e q u e n c y , 
v ( S = 0 ) = { £ [ » 4 ( S = 0 ) + f s 2 ( S = 0 ) ] } i / 2 , 
a n d the bond distance, r ( S = 0 ) . Circles: 
exper imenta l d a t a (for references see 
T a b l e s 2 a n d 3). F u l l l ine: 
v = - 3695 .0 r + 6549.4 {a = 9 c m " 1 ) . 
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The following relationships were obtained by 
least-squares procedure, and are illustrated in 
Figures 3 and 4. 

V 

r(S=0), A 

Fig . 3 . Correlation relationship between the bond length, 
r ( S = 0 ) and the sum of the electronegativities of the 
ligands X and Y in the X S O 2 Y sulphone molecules. 
The circles represent the initial data given in Table 1 , 
the full line and dashed line are determined b y the linear 
and second degree relationships described in the text . 
The second degree relationship is somewhat superior 
to the linear one within the interval covered by the initial 
data . However , the linear relationship is recommended 
for extrapolation. 

v(S=0), cm-1 

Fig . 4. Correlation relationship between the average 
stretching frequency, i > ( S = 0 ) and the sum of the electro-
negativities of the ligands X and Y in the X S O 2 Y sulphone 
molecules. The circles represent the initial data given 
in Table 1 , the ful l line and dashed line are determined 
b y the linear and second degree relationships described 
in the text . The second degree relationship is somewhat 
superior to the linear one within the interval covered 
b y the initial data . However , the linear relationship is 
recommended for extrapolation. 

Linear 
2 X = — 91.28 r + 135.54 (standard deviation, 

(7 = 0.10), 
2 x = - 0.02546 v - 27.3 (or = 0.08), 

Second degree 
2 X = 4 3 6 6 9 r2 - 1328.65 r + 1012.00 

[o = 0.07). 
2 x = - 0.00003247 v2 + 0.11139 v - 84.1 

(a = 0.06). 

These relationships were then used to estimate 
other group electronegativities on the basis of 
available S = 0 bond lengths and bond stretching 
frequencies. The results are collected in Tables 2 
and 3. 

In addition to the usefulness of the group 
electronegativities, their tentative character should 
also be emphasized. Only some of the many 
possible sources of uncertainty are mentioned here. 
As was stated above, electronegativities of groups 
linked to identical molecular moieties are com-
parable in a strict sense. Thus even within the 
sulphone series the group electronegativities %x in 
the sulphonyl chloride series (XSO2CI) should be 
distinguished from the xx values in the sulphonyl 
fluoride series (XSO2F), etc. The experimental 

Table 2. Group electronegativities of l igands in the X S O 2 Y 
series as estimated from the S = 0 bond lengths (using the 
second degree relationship). Parentheses refer to estimated 
experimental errors of the bond lengths, corresponding 
deviations of 2 1 and inplausible values of y y , respec-
tively. 

xso2Y r ( S = 0 ) 
[A] 

Ref . Ix %x XY 

FS02F 1.398(2) [13] 8.0(2) 4.0 4.0 
FS020S02F 1.398(2) [21] 8.0(2) 4.0 4.0 
FSO2OSO2OSO2F 1.402(3) [21] 7.6(3) 3.8 3.8 
FSO2C1 1.408(6) [14] 7.0(6) 4.0 3.0 
FS020CH3 1.410(2) [22] 6.8(2) 4.0 2.8 
FS02CH3 1.411(3) [23] 6.7(3) 4.0 2.7 
C1S02CF3 1.416(7) [3] 6.2(7) 3.0 3.2 
CISOANCO 1.417(3) [4] 6.1(3) 3.0 3.1 
C1S02C6H5 1.418(12) [24] 6.0(12) 3.0 (3.0) 
C1S020CH3 1.420(3) [25] 5.9(3) 3.0 2.9 
C1S02CC13 1.421(3) [2] 5.8(3) 3.0 2.8 
C1S02CHCH2 1.421(6) [26] 5.8(6) 3.0 (2.8) 
C1S02N(CH3)2 1.422(4) [27] 5.7(4) 3.0 2.7 
C1S02CH3 1.425(3) [15] 5.4(3) 3.0 2.4 
so2 1.432(2) [28] 4.9(2) 2.4 2.4 
(CH3)2NS02N(CH3)2 1.433(10) [29] 4.8(10) 2.4 2.4 
CH3S02CH3 1.436(3) [7] 4.6(3) 2.3 2.3 
C6H5S02C6H5 1.439(5) [30] 4.3(5) 2.2 2.2 
CH2CHS02CHCH2 1.440(3) [5] 4.3(3) 2.1 2.1 
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Table 3. Group electronegativities of ligands in the X S O 2 Y 
series estimated from the S = 0 stretching vibrational 
frequencies. 

xso 2 Y ( S = 0 ) 
[ c m - i ] 

R e f . 2 z 7.x Xr 

FS02F 1 3 9 0 16 
* 
8.0 4.0 4.0 

FS0200F 1 3 8 2 3 1 7.8 4.0 3.8 
FSO2OF 1 3 8 0 17 7.8 4.0 3.8 
FSO2OSO2F 1 3 7 8 17 7.7 4.0 3 .7 
FS0200CF3 1 3 7 5 3 1 7.7 4.0 3.7 
F02S0S020S02F 1 3 7 2 17 7.6 3.8 3.8 
F0S02CF3 1 3 5 6 17 7.2 4.0 3 .2 
FS020CH3 1 3 5 5 1 6 7.2 4.0 3 .2 
FS02C1 1 346 16 7.0 4.0 3 .0 
FSO2OH 1 3 4 2 32 6.9 4.0 2.9 
CIS02CF3 1 3 2 9 33 6.6 3.0 3 .6 
F S 0 2 B r 1 3 2 6 34 6.5 4.0 2 . 5 
FSO2C6H5 1 3 1 6 35 6.3 4.0 2 .3 
CISO2OH 1 3 1 2 32 6. 1 3.0 3 . 1 
CISO2CI 1 3 0 3 1 6 5.9 3.0 3 .0 
CISO2NCO 1 3 0 2 36 5.9 3.0 2.9 
CISO2OCH3 1 3 0 2 37 5.9 3.0 2.9 
CISO2CCI3 1298 17 5.8 3.0 2.8 
C1S02N(CH3)2 1 2 9 3 38 5.6 3.0 2.6 
CISO2C6H5 1 2 8 5 39 5.4 3.0 2.4 
HOSO2OH_ 1284 32 5.4 2.7 2 .7 

C I S O 2 - ^ S > 1 284 33 5.4 3.0 2.4 

C1S02CH3 1280 19 5 .3 3.0 2 .3 
CH30S02C6H5 1 279 35 5.2 2.9 2 .3 
so2 1 2 6 1 1 6 4.7 2.4 2.4 
CH3S02CH3 1 2 5 7 20 4.6 * * 2.3 2 . 3 

C6H5S02NH2 1249 39 4 .5 2.4 2 . 1 
(CH3)2NS02N(CH3)2 1246 38 4.4 2.2 2 .2 

/ S - S O 2 N H 2 
Ns/ 
CH3SO2NH2 

1 2 4 3 40 4.3 2.4 1 .9 / S - S O 2 N H 2 
Ns/ 
CH3SO2NH2 1 2 3 3 4 1 4 . 1 2.3 1 .8 
C6H5SO2CHCH2 1 2 3 0 42 4.0 2.0 2 .0 
C6H5SO2C6H5 1 229 43 4.0 2.0 2 .0 
CH3SO2CHCH2 1 2 2 9 44 4.0 2.0 2 .0 
CH2CHS02CHCH2 1 2 2 1 4 3.8 1 .9 1 . 9 

*Using the second degree relationship between 
* ( = C i ( » ' L + * ' s 2 )F 2 ) and 

* * Using the linear relationship. 

errors of the bond lengths and stretching frequencies 
should not be ignored. Zlr(S=0) = 0.005 A or 
Zli>(S=0) = 20 cm-1 changes the estimated electro-
negativities by about 0.5. The estimated experi-
mental errors of the bond lengths are indicated in 
Table 2 and their respective influence in the 
estimated group electronegativities are also given. 
It is seen that the relatively large errors of some of 
the bond lengths render the corresponding estimated 
group electronegativities meaningless. Unfortunate-
ly, no comparable quantities of the experimental 

error are available for the frequencies. Thus the 
estimated % values should be treated especially 
carefully. Furthermore, the estimation procedure is 
somewhat influenced by the choice of the initial 
data (cf. Table 1). It is true, however, that the 
emerging pattern of group electronegativities seems 
to be consistent with expectation and previous 
experience and thus the initial choice of data is 
probably fortunate. Finally, it should be remem-
bered that all the bond lengths in our tables refer 
to free (vapour-phase) molecules while the stretch-
ing frequencies originate from spectra of liquid-
phase samples. 

To summarize, the variations in the S = 0 bond 
lengths and bond stretching frequencies well 
parallel the changes in the ligand electronegativities 
in the sulphone series. Accordingly, group electro-
negativities can be estimated from the geometrical 
and vibrational parameters. The present results 
support earlier notions as regards the relative 
electronegativities of the CF3, CCI3, CH3 groups. 
Furthermore, they indicate the position of some 
other groups, notably the isocyanate and methoxy 
groups, on the electronegativity scale. The electro-
negativities of some of the important ligands follow 
the relationship: 
F > OF > CF3 > NCO > CI > OCH3 > CH3, etc. 

It is also noted that the numerical £ values for 
some groups, e.g. OH, NH2, CÖHS, are very 
uncertain. 

The empirical relationships established above can 
also be used to predict S = 0 bond lengths and 
j>(S = 0)-values on the basis of the ligand electro-
negativities. As an illustration let us consider the 
S = 0 bond lengths for some individual compounds 
[45]. Here we shall use the relationship 

r(S = 0) = (135.54 - £ *)/91.28 • 
Seppelt and Lentz [46] suggested that the ligands 

OSeFs and OTeFs are at least as electronegative as 
fluorine. Accordingly, the lengths of the S = 0 bonds 
in the SO2 groups of the following molecules can be 
predicted to take the values listed below, assuming 
4.0 for the electronegativities of the ligands OSeFs 
and OTeF5. 

The above relationship yields r(S = 0) = 1.419 A 
for sulphuryl chloride, SO2CI2. This value is some-
what larger than that reported from an earlier 
electron diffraction investigation [47]. However, it 
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Compound Predic ted 
r ( S = 0 ) [Ä] 

F S 0 2 0 S e F 5 1 . 3 9 7 
F S 0 2 0 T e F 5 1 . 3 9 7 
C I S 0 2 0 S e F 5 1 .408 
C l S 0 2 0 T e F 5 1 .408 
F 5 S e 0 S 0 2 0 S e F 5 1 . 3 9 7 
F 5 T e 0 S 0 2 0 T e F 5 1 . 3 9 7 

was suggested that error in the empirical back-
ground may have resulted in the determination of a 
too short S = 0 distance in S02C12 ([8], cf. also [48]). 
The bond length vs. stretching frequencies relation-
ship predicted 1.420 Ä for r(S=0) [8] in complete 
agreement with the present prediction based on the 
ligand electronegativities. Thus an experimental 
reinvestigation of the sulphuryl chloride structure is 
warranted. 

Using the above relationship, the S = 0 bond 
length for some more sulphone molecules are 

predicted below. Predicted 0 = S = 0 bond angles 
are also listed as estimated from Figure 1. 

r ( S = 0 ) ^0=s=0 
[A] [°] 

F S O a N C O (ZNCO 3.0) 1 .408 1 2 3 . 8 
( 0 C N ) 2 S 0 2 ( 2 N c o 3 .0) 1 . 4 1 9 1 2 2 . 1 
( 0 C H 3 ) 2 S 0 2 ( * o c h 3 2.9) 1 . 4 2 1 1 2 1 . 8 
F S 0 2 0 F (%OF 3 .8) 1 . 3 9 9 1 2 5 . 1 
F S 0 2 C F 3 (XCF3 3 . 3 ) 1 . 4 0 5 1 2 4 . 3 

The molecular geometry of none of these com-
pounds has been determined yet. It is difficult of 
course to give a realistic uncertainty estimate for 
these predicted values. A change of 0.3 in ^ X' f° r 

example, corresponds to Ar = 0.003 A and then to 
A = 0.5°. The uncertainty in the electronegativity 
values should thus also be considered in addition to 
the approximate character of the empirical relation-
ships themselves [49]. 

[ 1 ] J . B runvo l l and I . H a r g i t t a i , A c t a Chim. B u d a p e s t 96, 
3 3 7 (1978). 

[2] J . Brunvo l l , I . H a r g i t t a i , and R . Seip, Z . Natur for sch . 
33a, 2 2 2 (1978). 

[3] J . Brunvo l l , I . H a r g i t t a i , and M. Ko lon i t s , Z . Natur -
forsch. 33a, 1 2 3 6 ( 1978) . 

[4] J . Brunvo l l , I . H a r g i t t a i , a n d R . Seip, J . C. S . Da l ton 
Trans . 1978 , 299. 

[5] I . Harg i t ta i , B . Rozsonda i , B . N a g e l , P . B u l c k e , G . 
R o b i n e t , and J . - F . L a b a r r e , J . C. S . D a l t o n Trans . 
1 9 7 8 , 8 6 1 . 

[6] (a) L . J . B e l l a m y a n d R . L . Wil l iams, J . Chem. Soc. 
1957, 863. (b) D . W . J . Cruickshank, J . Chem. Soc. 
1961, 5486. 

[7] M. Hargi t ta i and I . Harg i t ta i , J . Mol. S t r u c t . 20, 2 8 3 
( 1974) . 

[8] I . Harg i t ta i , Sulphone Molecular S t ructures . Lec ture 
Notes in Chemistry , Vo l . 6, Spr inger-Ver lag , Ber l in 
1 9 7 8 . 

[9] J . Hinze, M. A . Whi tehead , a n d H . H . J a f f e , J . A m e r . 
Chem. Soc. 85, 1 4 8 ( 1963) . 

[ 1 0 ] J . J . Lagowski , Quart . R e v . London 1 3 , 2 3 3 ( 1959) . 
[ 1 1 ] R . Steudel , Z. N a t u r f o r s c h . 26b, 7 5 0 ( 1 9 7 1 ) . 
[ 1 2 ] R . Steudel , Z . N a t u r f o r s c h . 25b, 645 ( 1970) . 
[ 1 3 ] K . Hagen , V . R . Cross, a n d K . Hedberg , J . Mol. 

S t ruct . 44, 187 ( 1978) . 
[ 1 4 ] C. W . Hol t and M. C. L . G e r r y , Chem. P h y s . Let ters 9, 

6 2 1 ( 1 9 7 1 ) . 
[ 1 5 ] M. Harg i t ta i and I . Harg i t ta i , J . Chem. P h y s . 59, 

2 5 1 3 ( 1973) . 
[ 1 6 ] R . J . Gillespie a n d E . A . Robinson, Can. J . Chem. 4 1 , 

2074 ( 1963) , and references therein. 
[ 1 7 ] E . A . Robinson, Can . J . Chem. 39, 247 ( 1 9 6 1 ) , and 

references therein. 
[ 1 8 ] G . Geiseler and B . N a g e l , J . Mol. S t ruc t , 1 6 , 79 ( 1973) . 
[ 1 9 ] S . J . C y v i n , S . Dobos , I . Harg i t ta i , M. H a r g i t t a i , and 

E . Augdahl , J . Mol. S t ruc t . 1 8 , 203 ( 1973 ) . 
[20] M. Spolit i , S . M. Chacka lacka l , and F . E . S t a f f o r d , 

J . A m e r . Chem. Soc . 89, 1092 (1967). 

[ 2 1 ] J . L . Hencher a n d S . H . B a u e r , Can. J . Chem. 51, 
2047 ( 1973) . 

[22] I . Harg i t ta i , R . Seip, K . P . R . N a i r , Ch. O. B r i t t , 
J . E . Boggs , and B . N . C y v i n , J . Mol. S t ruct . 39 , 
1 ( 1977) . 

[23] I . H a r g i t t a i a n d M. Harg i t ta i , J . Mol. S t ruct . 1 5 , 
399 ( 1973) . 

[24] J . B r u n v o l l a n d I . Harg i t ta i , J . Mol. S t ruct . 30, 3 6 1 
( 1976) . 

[25] I . Harg i t ta i , G y . Schultz , and M. Ko lon i t s , J . C. S . 
D a l t o n Trans . 1 9 7 7 , 1299 . 

[26] J . B r u n v o l l and I . Harg i t ta i , A c t a Chim. B u d a p e s t 94, 
3 3 3 ( 1977) . 

[27] I . Harg i t ta i a n d J . B r u n v o l l , A c t a Chem. Scand. A 30, 
634 ( 1976) . 

[28] A . H . Clark a n d B . B e a g l e y , Trans . F a r a d a y Soc. 67, 
2 2 1 6 ( 1 9 7 1 ) . 

[29] I . Harg i t ta i , E . V a j d a , and A . Szöke, J . Mol. S t r u c t . 
1 8 , 3 8 1 ( 1973) . 

[30] B . Rozsonda i , J . Moore, D . C. G r e g o r y , a n d I . H a r -
g i t ta i , J . Mol. S t r u c t . 51, 69 ( 1979) . 

[ 3 1 ] H . A . Carter , R . L . K i rchmeier , a n d J . M. Shreeve , 
Inorg . Chem. 1 2 , 2 2 3 7 ( 1973) . 

[32] T . B i rcha l l and R . J . Gillespie, Spectrochim. A c t a 22 , 
68 1 ( 1966). 

[ 33 ] S . H o l l y , unpubl ished results. 
[34] P . R . R e e d a n d R . W . L o v e j o y , Spectrochim. A c t a 

24 A , 1 7 9 5 (1968). 
[ 35 ] N . S . H a m , A . N . H a m b l y , and R . H . L a b y , Aus t ra -

l ian J . Chem. 13, 443 (1960). 
[36] I . K a n e s a k a and K . K a w a i , Bu l l . Chem. Soc. J a p a n 43, 

3298 ( 1970) . 
[37] B . N a g e l , J . S t a r k , J . F r u w e r t , a n d G . Geiseler, 

Spectrochim. A c t a 32 A , 1 297 (1976). 
[38] F . T ö r ö k , E . P ä l d i , S . Dobos, and G . Fogaras i , A c t a 

Chim. (Budapest) 63, 4 1 7 ( 1970). 
[39] T . U n o , K . Machida , and K . H a n a i , Spectrochim. 

A c t a 24 A , 1 7 0 5 (1968). 



760 I. Hargittai • Group Electronegativities 

[40] A . Arcor ia , E . Maccarone, G . M u s u m a r r a , and G. A . 
Tomasel l i , Spectrochim. A c t a 3 0 A , 6 1 1 ( 1974). 

[ 4 1 ] K . H a n a i and T . Okuda , Spectrochim. A c t a 3 1 A , 1 2 1 7 
( 1975) . 

[42] A . B . R e m i z o v a n d T . G . M a n n a f o v , Zh . Pr ik l . Spektr . 
25 , 467 ( 1976) . 

[43] B . N a g e l , Th . Steiger , J . F r u w e r t , a n d G . Geiseler, 
Spectrochim. A c t a 3 1 A , 2 5 5 ( 1975) . 

[44] C. C. Pr ice and R . G . Gill is , J . A m e r . Chem. Soc. 75, 
4 7 4 7 ; 4750 ( 1953) . 

[45] F o r f requency predictions it would, of course, be of 
more v a l u e to use empirical relationships r a s ( S = 0 ) 
v s . 2 X a n c * vs(S=0) vs . 2 X- Such relationships can 
eas i ly be established on the basis of the ava i lab le 
d a t a , 

[46] D . L e n t z and K . Seppelt , Angew. Chem. Int . E d . 
E n g l . 1 7 , 3 5 5 ( 1978). 

[47] I . Harg i t ta i , A c t a Chim. B u d a p e s t 60, 2 3 1 (1969). 
[48] I . Harg i t ta i , A c t a Chim. B u d a p e s t 57 , 403 (1968). 
[49] Because of the inherent uncertainties of these estima-

tions, we h a v e not been concerned wi th the e x a c t 
physical meaning of the internuclear distances appear-
ing in var ious places of this paper . I t is well known 
t h a t the phys ica l meaning of the r -va lues will be 
somewhat d i f ferent as determined b y var ious physical 
techniques due to the dif ference is the averaging 
over the intramolecular motion. These ef fects are 
ant ic ipated to be re lat ive ly small f o r r ( S = 0 ) as a 
consequence of the re lat ive st i f fness of this bond (for 
more details , see [8]). The es t imated bond lengths 
are considered to represent a v e r a g e distances (rg-
values) . 


