
1980 1563 

An Extension of the Kamlet-Taft Basicity Scale of Solvents 
By Tadeusz M. Krygowski," Elizbieta Milczarek, and Piotr K. Wrona, Department of Chemistry, University 

of Warsaw, 02093 Warsaw, Pasteura 1, Poland 

A critical analysis is given of currently popular scales of solvent Lewis basicity (Koppel-Palm, Paju-Koppel, and 
Gutmann) with particular consideration to and extension of the Kamlet-Taft scale, BKT. Measurements for 22 new 
solvents were carried out and BK, values for 70 solvents are reported. A rough agreement between BKT and other 
parameters for solvent basicity has been found. A linear dependence of the Koppel-Palm E values with €, was 
shown for solvents of higher polarity (ET > 42). 

RECENTLY there has been increasing interest in applying 
empirical models of solute-solvent interactions or solvent 
effects. Katritzky et aZ.l surveyed the use of multi- 
parameter regression to describe solvent effects. Ex- 
haustive reviews by Koppel and Palm,2 including detailed 
analysis of specific and nonspecific contributions accord- 
ing to equation (l), led to many applications and 
modifications.3-l2 In  equation (1) f(n2) is a function of 

SQ = pf(n2) + yf(E) + eE + bB 

the refractive index and describes the polarizability, f (E) 

describes the ' polarity ' in terms of a nonspecific inter- 
action model where E is the dielectric constant, and E and 
B are parameters of solvent electrophilicity and basicity, 
respectively . 

Usually the results obtained were fairly satisfactory 
and the regression coefficients 9, y,  e, and b indicated 
which particular interaction contributed significantly to 
the overall solvent effect SQ. The application of models 
such as equation (1) needs parameters which are well 
defined for a wide range of solvents. There is a large 
number of solvent parameter scales in the literature 13-24 

often called Lewis acidity or basicity scales. 
Recently i t  was found 25 by the use of an independent 

method, characteristic vector analysis, that in many 
cases equation (1) may be reduced to a planar regression 
with parameters describing solvent Lewis acidity and 
basicity sufficient to account for up to 90-95% of the 
variation in SQ. The Lewis acidity parameter ET in- 
troduced to  Dimroth and Reichardt et a1.15 is a t  present 
available for more than 150 solvents 26 and its application 
has been tested successfully by many  author^,^ 7918927928 so 
i t  seems that i t  is of considerable merit. The situation is 
more complex when basicity parameters are concerned. 
At present there are in use at  least four scales of basicity 
parameters: DN introduced by G ~ t m a n n , ~ ~  the B 
parameter introduced by Gordy and Stanford l9 and 
applied widely by Koppel and Palm,2 and two very 
recently introduced scales, B, of Koppel and Paju 30 and 
BgT of Kamlet and Taft.ll 

The aim of this paper is (i) to analyse critically the 
above mentioned scales, (ii) to extend the Kamlet-Taft 
scale l1 of basicity parameters, and (iii) to discuss how 
far equivalent are various scales of solvent parameters. 

Basicity Scales.-In measuring the Lewis basicity of 

solvent molecules one has to choose a suitable detecting 
substance (molecule). It must have Lewis acid proper- 
ties and be soluble in a wide range of solvents, retaining 
the mechanism of solvent-solute interactions quali- 
tatively unchanged. If the parameters are to be used in 
models similar to equation (1) they should be measured 
with very high accuracy because errors will be propagated 
in the least squares procedure usually applied to equation 

Gordy-Kagiya-KoppeL-Palm Basicity Scale.-These 
authors 2,19920 suggested basicity parameters which are 
essentially the shift of the OD stretching vibration of 
MeOD in a series of solvents, various reference media 
being used. Gordy and Stanford l9 showed a correlation 

(1). 

APoD = -e2cnt = BG(K.-=-~) (2) 

between these B(+ values and the pKb values of solvents, 
thus establishing a relationship between BG and Bronsted 
basicity. However for detecting-substances whose mole- 
cules are very weak Bronsted bases the interactions with 
solvents are chiefly of the Lewis acid-base type, including 
hydrogen-bond formation. 

The main shortcoming of this scale is due to the possi- 
bility of dual interactions (3) and hence in hydrogen- 

Solvent (as acid) 
,/' 

CH,-0, (3) 

D * Solvent (as base) 

bond donor solvents the measured shift is affected by both 
interactions and does not measure basicity alone. A 
dual mechanism of interaction can also occur for weaker 
interacting solvents as in the case of anisole for which 
PoD = 2 630 cm-I for the MeOD - - - n electrons of the 
methoxy-group and 2 659 cm-l for the M e O D - . . x  
electrons of the ring.31p32 Thus it is difficult to decide 
which values to apply as basicity parameters. More- 
over, if measurements of i.r. spectra are carried out in 
concentrated solutions ( > O . ~ M )  of alcohol there are 
important disturbances due to au toass~cia t ion .~~ Hence 
it seems to be not too advantageous to use this scale of 
basicity. 

Due to the possibility of interactions such as (3) I?(+ 
cannot be measured with reasonable accuracy for sol- 
vents which are both hydrogen-bond donors and 
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acceptors (alcohols, amides, and water). Thus the BG 
parameter does not seem to be convenient or reliable as 
a basicity parameter. 

The Paju-Koppel Scale.23-This is based on values of 
f i o H  of phenol interacting with molecules of solvents dis- 
solved and measured in CCl,. An objection to this 
scale in spite of the better precision of measurements and 
higher sensitivity (about three times that of is 
that both solvents and detecting molecules (phenol) are 
solutes in the hydrophobic (aprotic) CC1,. Moreover the 
Koppel-Paju scale is based upon spectral measurements 
of varying accuracy carried out in various laboratories 
and the final values of the parameters are obtained by 
averaging. According to the authors23 B G  and BK-P 
are mutually related by a regression line with a correlation 
coefficient r of 0.987. 

Gutmann DN (Donor Number) Scale.22-The process 
applied to obtained the DN values is the formation of the 
adduct of SbC1, (Lewis acid) with the solvent molecule 
(Lewis base) as a solute in 1,2-dichloroethane [reaction 
(a)]. The higher DN the more basic is the solvent. 

SbC1, + Solv + SbCl,*Solv DN = -AHofom (4) 

These parameters are, however, hardly measurable for 
solvents with active hydrogen (hydroxylic, amides) and 
the resulting data for these solvents seem to be too low. 
Usually DN values for these solvents are obtained from 
indirect measurements (e.g. 23Na+ n.m.r. measure- 
ments21) and the parameters are obtained by extra- 
polation from a graph giving so-called bulk donor num- 
bers. Obviously these difficulties as well as an evident 
shortcoming due to measurements being made in a 
third medium do not encourage too wide a use of this 
basicity scale. 

Each of these basicity scales was successfully used in 
various ways but the above mentioned criticisms suggest 
looking for another scale more free of serious short- 
comings. 

Recently Kamlet and Taft l1 presented a scale of 
Lewis basicity of solvents based upon the idea of homo- 
morphy 33 which seems to be free of many of the restric- 
tions mentioned above. 

Kamlet-Taft Basicity Scale l1 and its Extension.-The 
Kamlet-Taft parameters are based on differences of the 
longest wavelength band in the u.v.-visible spectra 
measured for a hydrogen-bond donor (1) relative to its 
homomorph (2), i.e. a molecule without this hydrogen- 
bonding ability. Examples are for (i), p-nitroaniline 
and p-nitrophenol and for (ii) , NN-diethyl-P-nitroaniline 
and p-nitroanisole. The authors l1 calculated the 
regression line fimax.(l) versus fimax.(2) for solvents ‘ of 
varying polarity but wherein hydrogen bonding is 
excluded ’. They used for this purpose the following 
solvents : heptane, hexane, cyclohexane, CCl,, toluene, 
Cl,C=CHCl, benzene, chlorobenzene, CH2C12, and ClCH2- 
CH2C1. 

It seems that among the ‘ inactive solvents ’, used by 
Kamlet and Taft 11 in order to get the standard line 
described by equation (6), there are two solvents benzene 

and toluene which are known as good x-donors in 
charge transfer complex formation.*¶ s4 Therefore in our 
extension the BKT scale to other solvents, solvents of the 
above mentioned type have been excluded. Instead, in 
order to have more points for the standard line we have 
chosen some other solvents as well as alkanes, which are 
known to be very weak (if at all) Q- or x-donors: n- 
pentane, n-hexane, n-heptane, cyclohexane, carbon 
tetrachloride, fluorobenzene, chlorobenzene, bromo- 
benzene, m-dichlorobenzene, ethylene chloride, and 
chloroform. The line obtained has the form (5)  with r 

Fmax.(l) = 1.127 9 Fmx.(2) + 0.319 2 kK (5)  
0.998 9 for 11 points. This equation does not differ too 
much from that, (6), of Kamlet and Taft l1 with r 0.987 

Fmx(l) = 1.035 Fmx.(2) -/- 2.64 kK 

for nine points. However, it is apparent that regression 
(5) has a slightly higher precision, probably due to the 
exclusion of solvents which can act as weak x-electron 
donors. Figure 1 shows a plot of fimar.(l) versus fimx.(2) 
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FIGURE 1 Plot of ~ , , , ~ ~ . ( l )  veisus jmax.(2). Empty circles are for 
For solvents chosen for standard line as ‘ inactive solvents.’ 

key see Table 1 

and it is immediately clear that all the solvents whose 
molecules are known as good x-donors, e.g. mesityl- 
ene, or xylenes, are systematically red-shifted by ca. 
0.2 kK from the standard line (5 ) .  This seems to be 
good support for the choice of solvents used to obtain 
equation (5 ) .  

In order to obtain B E T  values, normalized in a similar 
way as in the paper by Kamlet and Taft,ll the B K T  for 

* This point has been recently recognized by Kamlet and Taft, 
cf. ref. 12. 
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HMPA is assumed to be equal to 1.00, i.e. the BKT values 
are calculated by means of formula (7). In the denomin- 

though the molecules are dipolar, their interaction as 
bases is not observable. 

In Table 2 our BKT values and those from Kamlet and 
Also given are other (7) Taft l1 are compared (column 2). 

ator A; for HMPA taken from ref. 11 was recalculated by 
applying equation (5). Table 1 presents all the data with 
assignments of solvents as in Figure 1. By definition 
solvents applied as standards have BKT 0.00 and this 

popular basicit; parameters. 
The differences between Kamlet and Taft’s B g ~  and 

that of ours are not very big except for a few cases, e.g. 
anisole, methanol, and ethylene glycol. It is difficult to 

’ v 

TABLE 1 
Spectral data for p-nitroaniline and NN-diethyl-p-nitroaniline. flmax( 1) and flmax.(2) were calculated according to 

equation ( 5 ) ,  and BKT was calculated according to equation (7) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Solvent 
Carbon tetrachloride 
n-Heptane 
n-Pentane 
n-Hexane 
Cyclohexane 
Mesit ylene 
fi-Xylene 
m-Dichlorobenzene 
Fluorobenzene 
Chloroform 
o-Xylene 
m-X ylene 
Chlorobenzene 
Bromobenzene 
Benzene 
Ethylene chloride 
Anisole 
Ethoxybenzene 
Methyl n-butyl ketone 
Dioxan 
Cyclohexene 
Diethyl ether 
Acetonitrile 
Ethyl acetate 
Propylene carbonate 
Methyl t-butyl ketone 
Acetone 
Tetrahydrof uran 
Cyclohexanone 
Water 
Ethyl n-butyl ketone 
Nitromethane 
Methanol 
Formamide 
t-Butylamine 
NN-Dimethylformamide 
N-Methylformamide 
n-Propanol 
Ethylene glycol 
Dimethyl sulphoxide 
n-Pentanol 
a-Picoline 
s-Butyl alcohol 
Ethylenediamine 

hlax.  (2) / k s  
26.48 
27.28 
27.36 
27.28 
27.09 
25.94 
25.72 
25.26 
25.22 
25.16 
25.58 
25.69 
25.15 
25.00 
25.48 
24.80 
24.80 
25.08 
24.94 
25.44 
25.72 
26.16 
24.47 
25.28 
24.24 
25.16 
24.72 
25.24 
24.89 
23.36 
24.76 
24.18 
25.30 
23.54 
25.72 
24.16 
24.26 
25.27 
24.30 
23.84 
25.40 
25.09 
25.40 
24.14 

fimmau.(l)(ObS.)/kK fimax 

30.12 
31.00 
31.24 
31.20 
30.83 
29.32 
29.13 
28.84 
28.78 
28.68 
28.94 
29.00 
28.64 
28.52 
28.80 
28.32 
28.18 
28.30 
27.22 
28.12 
28.84 
28.48 
27.28 
27.78 
27.00 
27.44 
27.16 
27.48 
27.24 
26.16 
27.12 
26.54 
26.92 
25.75 
27.08 
26.08 
26.08 
26.66 
26.04 
25.70 
26.66 
26.20 
26.20 
25.40 

.(l)(calc 
30.18 
31.09 
31.18 
31.09 
30.87 
29.57 
29.33 
28.80 
28.76 
28.70 
29.17 
29.29 
28.69 
28.52 
29.06 
28.29 
28.29 
28.61 
28.45 
29.01 
29.33 
29.83 
27.92 
28.83 
27.66 
28.70 
28.20 
28.79 
28.39 
26.67 
28.25 
27.59 
28.86 
26.87 
29.01 
27.57 
27.36 
27.68 
27.73 
27.21 
28.65 
28.62 
28.97 
27.55 

.)/kK Afi/kK 
0.06 
0.09 

- 0.06 
-0.11 

0.04 
0.25 
0.20 

-0.04 
-0.02 

0.02 
0.23 
0.29 
0.05 
0.00 
0.26 

-0.03 
0.11 
0.31 
1.23 
0.89 
0.49 
1.35 
0.64 
1.06 
0.66 
1.26 
1.04 
1.31 
1.15 
0.51 
1.13 
1.05 
1.96 
1.12 
1.93 
1.49 
1.28 
1.02 
1.69 
1.51 
1.99 
2.42 
2.77 
2.15 

BKT 
0.00 
0.00 
0.00 
0.00 
0.00 
0.09 
0.07 
0.00 
0.00 
0.00 
0.08 
0.10 
0.00 
0.00 
0.09 
0.00 
0.04 
0.11 
0.44 
0.32 
0.18 
0.49 
0.23 
0.38 
0.24 
0.45 
0.37 
0.47 
0.41 
0.18 
0.41 
0.38 
0.71 
0.40 
0.69 
0.54 
0.46 
0.37 
0.61 
0.54 
0.72 
0.87 
0.99 
0.77 

definition is fulfilled within the range of experimental 
error. Some results in Table 1 need commentary. 
Cyclohexane has BET 0.18 whereas that of benzene is 
0.09. This result is in agreement with a much higher 
polarizability (and mobility) of the x-electrons in the 
unsaturated compound which is also reflected in its much 
greater reactivity. On the other hand halogenobenzenes 
are blue-shifted from benzene and toluene, indicating 
almost the same properties as alkanes (hence taken as 
standard solvents). This can be explained by means of 
the electron-withdrawing action of the substituents 
decreasing the x-electron mobility of the ring. Even 

explain these differences which are greater than the 
experimental error, but they may be due to the sum of the 
following factors : the experimental error and the dif- 
ference in slope between equations (5) and (6). In 
Table 2 there are also given BKT values calculated from 
Kamlet and Taft’s measurements by means of equation 
(5). It can be seen that the change in slope from (6) to 
(5) does not considerably affect the B ~ T  values. 

Comparison of BgT with Other Basicity Parameters.- 
Comparison of B g T  with other basicity parameters 
shows only a partial equivalence. In Figure 2 a plot of 
B G  versus B K T  for which the regression line has form (8) 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

TABLE 2 
Comparison of BKT values and other basicity scales 

Solvent 
Carbon tetrachloride 
n-Pentane 
n-Hexane 
n-Heptane 
Cyclohexane 
Trichloroethylene 
Toluene 
Mesitylene 
p-Xylene 
m-Dichlorobenzene 
Methylene chloride 
Fluorobenzene 
Chloroform 
o-Xylene 
m-Xylene 
Chlorobenzene 
Bromobenzene 
Benzene 
Ethylene chloride 
Anisole 
Phene tole 
Methyl n-butyl ketone 
Dibenzyl ether 
Dibutyl ether 
Dioxan 
Cyclohexene 
Nitromethane 
Diethyl ether 
Ethyl chloroacetate 
Acetonitrile 
Tri-n-butylamine 
Ethyl acetate 
Propylene carbonate 
Ethyl benzoate 
Triethylamine 
Tetrahydrop yran 
Methyl t-butyl ketone 
Acetone 
Tetrahydro furan 
C yclohexanone 
Chloroethanol 
Dimethylbenz ylainine 
Butan-2-one 
Water 
Ethyl n-butyl ketone 
Butyrolactone 
Cyclopentanone 
Methanol 
Phe n yle t hanol 
Benzyl alconol 
Formamide 
t-Butylamine 
NN-Dimethylformamide 
Pyridine 
Ethanol 
N-Methyl formamide 
n-Propanol 
Ethylene glycol 
Dimethyl sulphoxide 
n-Pentanol 
Triethyl phosphate 
Dimethylacetamide 
n-Butyl alcohol 
N-Methylpyrrolidone 
a-Picoline 
Isopropyl alcohol 
t-Butyl alcohol 
s-Butyl alcohol 
Ethylenediamine 
Hexamethylphosphoramide 

BKT a 

0.00 
0.00 
0.00 
0.00 
0.00 

0.09 
0.07 
0.00 

0.00 
0.00 
0.08 
0.10 
0.00 
0.00 
0.09 
0.00 
0.04 
0.11 
0.44 

0.32 
0.18 
0.38 
0.49 

0.23 

0.45 
0.24 

0.45 
0.37 
0.47 
0.41 

0.18 
0.41 

0.71 

0.40 
0.69 
0.54 

0.46 
0.37 
0.61 
0.54 
0.72 

0.87 

0.90 
0.77 
1.00 

BKT ' 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.24 

0.41 
0.50 
0.38 

0.51 
0.33 

0.67 
0.48 

0.44 
0.70 
0.52 

0.51 
0.55 

0.31 
0.59 
0.51 
0.14 

0.46 
0.54 
0.62 
0.64 
0.56 

0.73 
0.67 
0.77 

0.51 
0.74 

0.79 
0.73 
0.85 
0.75 

0.92 
0.95 

1.00 

B K T  

0.03 

0.25 

0.41 
0.56 
0.40 

0.57 
0.40 

0.75 
0.51 

0.44 
0.78 
0.55 

0.52 
0.58 

0.28 
0.63 
0.52 
0.08 

0.45 
0.54 
0.63 
0.64 
0.54 

0.70 
0.66 
0.80 

0.49 
0.73 

0.80 
0.73 
0.87 
0.74 

0.95 
0.98 

1.00 

BG d/cm-l BKP e/cm-l DN f/kcal mol-l 
31 0 

0 

0 

54 
77 
68 

42 

35 

49 
52 

75 
76 

111 

129 
128 

59 
129 

101 

91 

314 

97 
116 
142 
132 

109 
123 

124 

159 
260 

193 

178 

265 

23 
38 
14 
68 
68 
38 
40 
48 
40 

155 
158 

285 
237 

65 
280 

160 

650 

224 
287 
242 

0.1 

2.7 
19.2 

14.1 

17.1 
15.1 

17.0 
20.0 

209 
156 18.0 

218 

208 
270 

291 
472 
235 
287 
236 
224 
362 

331 

231 

495 
236 
247 
240 

19.0 

24.7 
57.0 
26.6 
33.1 

29.8 

27.8 

27.3 

55.0 
38.8 

a This paper. 6 Kamlet and Taft parameters.11 c Kamlet and Taft measurements of AvmaX. applied to obtain B K T  by use of 
f Data from ref. 22 and V. Gutmann, Electrochim A d a ,  equation (5). 

1976, 21, 661. 
Data from refs. 19, 20, and 32. e Data from ref. 23. 
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300 

is presented. The correlation coefficient is 0.88 for 22 
points. The other basicity parameters show a worse 
dependence on B P T .  However, when characteristic 

BG = 20.8 B ~ T  + 41.8 (8) 
vector analysis 25 is applied to B G ,  BgT ,  DN, and B g p  

values for 15 solvents a variance of 92.89% is common. 
Such a high value of common variance for these basicity 
parameters may be due to the: low number of solvents 

- 

*0°/ 

- 
059 

I 3 3  

100 
0 

020 

.65 

0- 
0 0.2 0.4 0.6 0.8 1.0 

B K  T 

FIGURE 2 Plot of Bo versus BKT. For key see Table 2 

taken into account. However, there are no more experi- 
mental data by which to check this problem more pre- 
cisely. 

On Choosing Solvent Lewis Acidity and Basicity 
Parameters applied to Multiparameters Models [as in 
Equation (1)].-In conclusion it seems that BE;T can be 
recommended to replace BG in the description of the 
solvent effect by one- or multi-parameter models. We 
should, however, be aware of their high sensitivity to the 
quality of the standard line [equations (5) and (6)] due 
in turn to the precision of measurement. Hence, 
measurements of the highest quality are required for 
this purpose. 

A few more problems arise in using Lewis acidity 
parameters. Koppel and Palm2 claimed that their E 
parameters are free of non-specific contribution due to 
the procedure described by equation (9) 2 where non- 

(9) 
E - 1  n2 - 1 E = ET - E25.57 - 14.39 - - 9.08 - 
E + 2  n2 + 2 

specific contributions are subtracted from ET values. 
These contributions were estimated for some non-acidic 
solvents by a plot of ET versus (E - l ) / ( ~  + 2) and 
(n2 - l ) / (n2 + 2). However, this idea does not prove 
to be as good as it might: the E values when plotted 

against ET give a very good straight line, as shown in 
Figure 3 and equation (10) with Y 0.983 for 23 solvents. 

E = -38.95 + 0.964E~ 

This equation works for solvents with ET > 42 (except for 
acetic acid, aniline, and t-butyl alcohol). 

Thus it seems that it is not advantageous to use E in 
equations such as (1) since it is not only prone to experi- 
mental error as is ET, but in addition it is biased by errors 
in estimation [equation (9)] which are quite considerable. 
The standard deviations for the regression coefficient of 
equation (9) are as big as 1.11 and 4.08 for the first and 
second slopes, respectively. 

In conclusion it seems to be more appropriate to use 
ET instead of E values as a solvent parameter. 

Moreover, it should also be pointed out that for solvent 
effects for solvents with E > 10-20 it is hopeless to 
expect any considerable contribution from non-specific 
interactions since for E 10 and 20 the (E - 1) / (2~  + 1) 
values are 0.474 and 0.478, respectively, i.e. they are 
equal to 05 and 97% of the overall variation of this 

(10) 

2 4  t 
20 

7- 16 - 
- 12 

- 

E 
E 

- 
Y 

8 -  
21. 

23. 

I I I I I 

30 34 38 42 46 50 54 58 62 66 
E,/kcal mol-' 

FIGURE 3 Plot of E versus ET.lS 1, Water; 2, formamide; 3, 
ethylene glycol; 4, methanol; 5, N-methylformamide ; 6, 
ethylene glycol; 10, ethanol; 11, acetic acid; 12, benzyl 
alcohol; 13, n-propyl alcohol; 14, n-butyl alcohol; 15, iso- 
propyl alcohol ; 16, isoamyl alcohol ; 18, nitromethane ; 19, 
acetonitrile ; 20, dimethyl sulphoxide ; 21, aniline ; 22, sul- 
pholan; 23, t-butyl alcohol; 24, NN-dimethylformamide; 25, 
dimethylacetamide ; 26, acetone ; 28, nitrobenzene ; 29 
benzonitrile ; 33, dichloromethane ; 35, hexamethylphosphor- 
amide; 40, chloroform; 56, benzene; 58, toluene 

function. Thus for E > 10 there remains not more than 
5% of the total variation in (E - 1) / (2~  + 1). Hence, it 
seems that equations such as (1) may be applied success- 
fully as a general equation whereas equations such as (1 1) 

SQ = aA + PB + y (11) 
are quite sufficient to account for solvent effects for 
solvents with E > 10. A and B are Lewis acidity and 
basicity solvent parameters, preferably ET and B H T  
values. For convenience it is better to use normalized 36 
values of these parameters, since they allow a direct 
comparison of a and P and even express them as the per- 
centage contributions of Lewis acidity and basicity to 
the total solvent effect. 



1568 J.C.S. Perkin I1 
15 K. Dimroth, C. Reichardt, T. Siepmann, and R. Bohlmann, 

16 A. Arcoria, F. P. Ballistreri, and G. A. Tomaselli, Tetra- 

17 U. Mayer, V. Gutmann, and W. Gregor, Monatsh., 1975,106, 

18 C. Reichardt, ‘ Solvent Effects in Organic Chemistry,, 

19 W. Gordy and S. C. Stanford, J .  Chem. Phys., 1941,9 ,204 .  
20 T. Kagiya, Y .  Sumida, and T. Inoue, Bull. Chem. Soc. Japan,  

21 R. H. Erlich, R. Roach, and A. I. Popov, J .  Amer.  Chem. 

22 V. Gutmann and E. Wychera, Inorg. Nuclear Chem. Letters, 

23 A. I. Koppel and A. J. Paju, Org. Reactivity, 1976, 11, 121. 
24 E. M. Arnett, E. J .  Mitchell, and T. S. S. Murty, J .  Amer .  

25 R. W. Fawcett and T. M. Krygowski, Canad. J .  Chem., 1976, 

26 C. Reichardt, Angew. Chem. Internat. Edn. ,  1979, 18, 98. 
27 F. P. Ballistreri, E. Maccarone, G. Musumarra, and G. 

28 C. Richardt and K. Dimroth, Fortsch. Chem. Forsch., 1968, 

29 V. Gutmann, Co-ord. Chem. Rev., 1976, 18, 225. 
30 A. I. Koppel and A. J .  Paju, Reakts. Spos. Org. Soedinenii, 

31 Ch. Laurence, personal communication. 
32 A.  G. Burden, G. Collier, and J.  Shorter, J.C.S. Perkin IT, 

33 For homomorphy see A. Bondi and D. J. Simkin, J .  Chem. 

34 G. Briegleb, ‘ Elektronen-Donator-Acceptor-Komplexe,’ 

35 T. M. Krygowski and J.  Kruszewski, Bull .  Acad. Polon. Sci. 

36 T. M. Krygowski, J. P. Radomski, A. Rzcszowiak, P. K. 

Annalen,  1963, 661, 1.  

hedron, 1978, 34, 2545. 

1235. 

Verlag Chemie, Weinheim, 1979. 

1968, 41, 767. 

Soc., 1970, 92, 4989. 

1966, 2, 257. 

Chem. Soc., 1974, 96, 3875. 

54, 3283. 

Tomaselli, J .  Org. Chem., 1977, 42, 1415. 

11, 1. 

1974, 11, 139. 

1976, 1627. 

Phys. ,  1956, 25, 1073. 

Springer Verlag, Berlin, 1961. 

ser. sci. chim., 1974, 22, 371. 

Wrona, and Ch. Reichardt, submitted for publication. 

We thank Dr. J. Shorter, Hull, and Professor Ch. 
Laurence, Nantes, for reading the manuscrupt and making 
helpful comments. This work was sponsored by the 
Ministry for Science, Higher Education and Technology. 

[9/784 Received, 21st M a y ,  19791 

REFERENCES 

1 F. W. Fowler, A. R. Katritzky, and R. J. D. Rutherford, 
J .  Chem. SOG. (B) ,  1971, 460. 

2 I. A. Koppel and V. A. Palm, ‘ The Influence of the Solvent 
on Organic Reactivity,’ in ‘Advances in Linear Free Energy 
Relationship,’ eds. N. B. Chapman and J. Shorter, Plenum 
Press, London, 1972. 

N. B. Chapman, M. R. I. Dack, D. J. Newman, J. Shorter, 
and R. Wilkinson, J.C.S.  Perkin 11, 1974, 962. 

A. G. Burden, N. B. Chapman, H. F. Duggua, and J. Shorter, 
J.C.S.  Perkin I I ,  1978, 296. 

6 N. S. Isaacs and E. Rannala, J.C.S. Perkin I I ,  1974, 902. 
13 T. M. Krygowski and W. R. Fawcett, J .  Amer.  Chem. Soc., 

R. W. Fawcett and T. M. Krygowski, Austral. J .  Chem., 

J.  Moskal, A. Moskal, and W. Pietrzycki, J.C.S.  Perkin I I ,  

A. Arcoria, V. Libranelo, E. Maccarone, G. Musumarra, 

lo V. A. Palm, ‘ Osnovy Kolitchestvennoy Teorii Organit- 

l1 M. J.  Kamlet and R. W. Taft, J .  Amer .  Chem. Soc., 1977, 98, 

l2 M. J. Kamlet and R. W. Taft, J.C.S.  Perkin I I ,  1979, 337. 
l3 E. Grunwald and S. Winstein, J .  Amer.  Chem. Soc., 1948, 70, 

l4 E. Kosower, S. Amer .  Chem. Soc., 1958, 80, 3253, 3267. 

1975, 97, 2143. 

1975, 28, 2115. 

1977, 1893. 

and G. A. Tomaselli, Tetrahedron, 1977, 33, 105. 

cheskikh Reaktsii,’ Izd. Khimiya, Leningrad, 1977, 2nd edn. 

377. 

846. 




