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Comparison of the 'TC* + dS and x*/f(n2) Methods for the Evaluation of Solvent 
Polarity Effect in Chemical Reactivity 

Vojtgch Bekarek 
Faculty of Science, Palacky University, 77 I 46 Olomouc, Czechoslovakia 

71:* + d6 and 71:*/f(n2) formalisms are found to  be of nearly the same effectiveness for the evaluation of 
solvent polarity effects on reaction rates and equilibria. 

Two successful attempts have been made to improve applic- 
ability of the Kamlet-Taft solvent dipolarity-polarizability 
parameters x*. Kamlet and Taft'9' introduced an additional 
variable polarizability term d6 while we proposed3p4 the 
improvement of the applicability of the n* in chemical reactivity 
through dividing the n* by Onsager's refractive index (n) 
function f(n2) = (n2 - 1)/(2n2 + 1). We thus introduced n,* 
parameters [x,* = x*/f(n2)] which we have found to be more 
applicable than the original x* for the evaluation of solvent 
polarity effects on reaction rate constants, equilibria, and even 
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Table 1. Solvent-dependent phenomena and solvents considered 
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Kinetics 
Tri-n-propylamine with methyl iodide,6 50 solvents 1,2,5-11,13- 
18,20-22,25, 30-33, 35-37,41,43,44,47, 50, 51, 53,54,58--60, 
62, 63, 86, 89, 91-93, 96, 98, 131, 132, 135, 138 
Thermal decomposition of t-butyl perf~rmate,~ 15 solvents 1,2,5,6, 

Solvolysis of butyl chloride at 298 K,* 12 solvents n-pentane, 1,7,9, 
14, 18, 23, 25, 28, 31, 32, 50 
Auto-oxidation of ~ ty rene ,~  11 solvents 2,6,8, 14, 15,31-33,50,60 
Triethylamine with ethyl bromoacetate," 22 solvents 2,6,8,14,16- 
18, 20, 26, 28, 31, 32, 35, 37, 50, 53, 54, 58, 63, 89, 98, 131 
Triethylamine with ethyl iodoacetate," 22 solvents as for system 5 
Solvolysis of p-methoxyneophyl tosylate,' 10 solvents 7, 11, 13, 
18, 24, 25, 29, 32, 34, 50 
1,4-Diazabicyclo[2.2.2] octane with (2-chloroethyl)benzene, l 2  17 
solvents 8, 9, 11, 13-15, 18, 25, 29, 31-33, 37, 41, 50, 63 
1,4-Diazabicyclo[2.2.2]octane with (2-bromethyl)benzene,' 19 
solvents 4, 6, 8, 9, 11, 13-15, 17, 18, 25, 29, 31-33, 37, 41, 50, 63 
1,4-Diazabicyclo[2.2.2]octane with (2-i0doethyl)benzene,'~ 19 
solvents as for system 9 
Trimethylamine with p-nitrobenzyl ~hlor ide, '~  11 solvents 1, 7, 11, 
14, 18, 30-32, 47, 50, 58 
Thermolysis of a-chlorobenzyl methyl ether,14 7 solvents 6,8, 15,30, 
31, 50, 56 
Aniline with benzoyl ~hlor ide, '~  23 solvents n-octane, 5-9,11,13- 
16, 18, 21, 23, 30-33, 35, 37, 41, 50, 53 
Methyl phenyl sulphide with dimethyl sulphate at 6O0C,l6 12 
solvents 6, 8, 9, 11, 14, 15, 17, 18, 32, 50, 56, 137 
Methyl phenyl selenide with dimethyl sulphate at 6O0C,l6 12 
solvents as for system 14 
p-Aminobenzenethiyl free radical with ~tyrene, '~  21 solvents 2,3, 6, 
8, 9, 11, 13, 14, 17, 20, 21, 24, 25, 29, 30, 37, 47, 48, 53, 60, 97 

8, 9, 13-15, 21, 36 -32 ,  35, 90 

Equilibria 
Free energy differences between cis- and frans-isomers of 2-isopropyl- 
5-metho~y-1,3-dioxane,'~ 13 solvents 1, 2, 6-8, 13, 14, 18, 21, 30, 
31, 50, 53 
Free energy difference between cis- and truns-isomers of 2-isopropyl- 
5-etho~y-1,3-dioxane,'~ 13 solvents as for system 17 
Free energy of the transition between E and 2 conformers of methyl 
2-fl~orobenzoate,'~ 12 solvents 1, 2, 5, 6, 9, 14, 21, 29, 32,43, 50, 56 
Free energy difference for mutarotation of N-(a-benzoylbenzyl- 
idene)-l-phenyIethylamine,20 11 solvents 4--6,8,9,14,18,30,40,50, 

21. log (solubility of tetramethylammonium iodide) in aprotic 
solvents,21 14solvents 7, 11, 15,16, 18,20,21,25,28,29,31,32,47,50 

22. log (solubility of tetraethylammonium iodide) in aprotic solvents,21 
18 solvents 7, 11, 1 6 - 1 6 ,  18,20,21,25,29, 31-33,37,44,47, 50,58 

23. log (solubility of nitromethane),22 32 solvents 1-9, 11, 13-16, 18, 
21, 23-25, 27-30, 33, 35, 36,41, 50, 58, 62,97, n-decane 

24. Free energy of transfer of Et,N+I- from methanol to other 
solvent:' 23 solvents 1,2,6,7,11,14-16,18,20-22,25,28,29,31- 
33, 37, 44, 47, 50, 55 

25. Octanol-water partition coefficients,*j 57 solvents 1-3, 6-8, 1 0 -  

97,145,146,155,226,250, tetramethylsilane, neopentane, n-pentane, 
benzotrifluoride, cyclopentane, n-butane, fluorotrichloromethane, 
propane, n-propyl chloride, amphetamine, hexan-2-one, N-methyl- 
piperidine, dimethylethylamine, n-propylamine, NN-diethyl- 
acetamide, trimethylamine, dimethyl ether, o-xylene, and 
ethylbenzene 

16, 18, 20, 21,23, 25, 26,29, 30, 33, 35,41,43, 50, 52-54, 62,64, 86, 

a Solvent numbers correspond to those of Kamlet and Taft.' 

Table 2. Comparison of the applicability of the IT* + d6 and IT: terms 

System n 
1 50 

49 

2 15 
3 12 
4 11 
5 22 
6 22 
7 10 
8 17 
9 19 

10 19 
11 11 
12 7 
13 23 

14 12 
15 12 
16 21 

17 13 
18 13 
19 12 
20 11 

21 14 
22 18 
23 32 

24 23 

25 57 

d 
- 0.086 
- 0.086 

- 0.074 
- 0.246 
-0.183 
- 0.090 
- 0.073 
-0.102 
-0.144 
-0.155 
-0.165 
- 0.228 
-0.320 
-0.311 

- 0.200 
- 0.200 
- 0.20 

- 0.22 1 
- 0.202 
- 0.236 
-0.192 

- 0.222 
-0.169 
- 0.203 

-0.174 

- 0.40 

RKT 

0.982 
0.988 

0.989 
0.987 
0.985 
0.959 
0.960 
0.965 
0.961 
0.981 
0.983 
0.948 
0.923 
0.960 

0.97 1 
0.964 
0.968 

0.928 
0.91 1 
0.942 
0.891 

0.97 1 
0.929 
0.913 

0.98 1 

0.988 

R* 
0.984 

0.978 
0.988 
0.992 
0.966 
0.975 
0.988 
0.980 
0.988 
0.980 
0.939 
0.962 
0.950 

0.939 
0.939 
0.959 

0.937 
0.95 1 
0.96 1 
0.927 

0.978 
0.972 
0.934 

0.990 

0.985 

Remark 
Including CS2, d deter- 
mined by Kamlet and Taft 
without CS2 
d determined by Kamlet 
and Taft 

Besides polarity terms 
basicity term also used 

d determined by Kamlet 
and Taft, also basicity term 
used 

Besides polarity terms 
Hildebrand term used 

Besides polarity terms 
Hildebrand term used 
d determined by Kamlet 
and Taft 
d determined by Kamlet 
and Taft; besides polarity 
terms, also basicity and 
molar volume terms used 
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some spectral properties which do not depend on excitation 
processes, e.g. e.s.r. hyperfine splitting constants and n.m.r. 
chemical shifts. Abboud et aI.’ recently performed a comparison 
of the applicability of their n* + dF and our n: for the 
evaluation of solvent effects on spectral properties and we 
would like to complete this comparison for chemical reactivity 
systems. 

We carried out a correlation of solvent-induced changes of 25 
kinetic and equilibrium parameters with above solvent para- 
meters by equations ( 1 )  and (2). The studied properties ( r) as 

Y = A + B(n* + d6) (1) 

well as the solvents and sources of the data are given in Table 1 .  
The numbering of the solvents is the same as used by Kamlet 
and Taft.’ 

The comparison of the applicability of equations ( 1 )  and (2) is 
carried out by correlation coefficients in Table 2. In Table 2 n, d, 
and R,, and R, stand for the number of solvents, Kamlet-Taft 
polarizability coefficient, and correlation coefficients for correl- 
ations carried out by the equations ( 1 )  and (2), respectively. In 
the case of five systems equations ( 1 )  and (2)  were extended for 
a basicity term (Kamlet-Taft p constant) (systems 13, 16, 25), 
Hildebrand’s solubility parameter term (systems 20 and 23), and 
a molar volume term (system 25). 

Comparison of the correlation coefficients shows that 
effectiveness of the both formalisms considered is, in the case of 
the systems studied, nearly the same regardless of the size of the 
polarizability parameter d. 
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