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Abstract 

A linear free energy relationship was found be- 
tween 9,,, the energy of the absorption maximum 
of the solvated electron in various solvents, and the 
alpha solvatochromic parameter which is a measure 
of the hydrogen bond donor ability of the solvent. 
The relationship is t&m = 947Oo t 5590 cm-’ with a 
correlation coefficient of 0.926 and a standard devia- 
tion of 1800 for 16 solvents. This is significantly 
better than a correlation based on the E,(30) param- 
eter of Dimroth. There is a considerable similarity 
between the solvent, temperature, and pressure 
dependence of 3,, and the absorption spectra of 
halide ions which are known to be due to a charge 
transfer to solvent process. 

Introduction 

Several efforts have been made to find linear free 
energy relationships (LFER) between the absorption 
mauimllm nf the rnlvaterl plprtrnn in varimm cnlv~ntr II~UNISIY... “I .1&W YVI,..II.. WlW”..“1. 11. ,..I.“_” ““I. “IX.” 
and theoretical calculations or empirical parameters 
[I -81. Most involve only a limited number of 
solvents or have poor correlations. Fox and Hayon 
collected a large number of values of the absorption 
maximum of the solvated electron in various solvents 
from the literature and demonstrated that the energy 
of the absorption maximum of iodide ion gives a 
significant correlation with the energy of the absorp- 
tion maximum of the solvated electron in a variety of 
solvents (although a correlation coefficient was not 
given) [4]. 

This correlation had been indicated with a few 
solvents earlier [ 11. Burrows pointed out some 
limitations of this approach and carried out a correla- 
+;r\n nf thn P~PB.~., nf the *honrmtir\n nf the cr\lrntd Cl”,, “I L11ti VUti&eJ “I Cll\r ~“0”I~U”II “1 L‘.” O”I.LLI”U 
electron with the E,(30) scale of Dimroth which has 
been widely used for LFER [8,9]. A correlation 
coefficient of 0.944 (but no standard deviation) was 
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The correlation with the solvatochromic parameter 
alpha also shows relatively large deviations for several 
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reported for 12 solvents and 12 solvent mixtures 
although 5 other solvents were discarded because it 
was considered that their deviations were excessive. 

Over the years a number of one parameter and 
multiple parameter systems have been proposed to 
correlate solvation behavior [9-251. The solvato- 
chromic parameters of Taft and co-workers appear 
to have a pleasing combination of applying to a wide 
variety of solvents and relationships as well as some 
connection with fundamental solvent properties such 
as dipole moment and pK in water. The Taft group 
has given strong arguments that their parameters have 
advantages over other approaches [23-301. There- 
fore, this study to correlate the energy of the absorp- 
tion maximum of the solvated electron with the 
solvatochromic parameters was carried out. 

Results and Discussion 

Of the solvents and solvent mixtures considered in 
the study of Burrows [8], there are 16 for which 
rnlvatnrhmmir ““I...C”IILA”ILLI~ naramPtPrr are Y’u’““‘““‘” 2v2i!a!b?!e [24]. A 
standard regression analysis of the absorption maxi- 
mum of the solvated electron, nmax, versus the alpha 
acidity solvatochromic parameter, 01, gave v,, = 
947Ocr + 5590 with a correlation coefficient of 0.926 
and a standard deviation of 1800 (see Fig. 1). This 
compares favorably with the approach of Burrows 
[8] which gave a correlation coefficient of 0.875 and 
a standard deviation of 2320 for the same group of 
16 solvents. Burrows had to omit 5 solvents in order 
to improve his correlation coefficient to 0.944. 
However, since none of these were in error by more 
than two standard deviations, the usual standards of 
statistical analysis do not sanction the arbitrary 
removal of any of these solvents from the correlation, 
lot ~lnno fi.m r21 1 It io n,n~lino wh,, the rw,,lt fnr ItiC Yl”,,” Il.” LJIJ. IL 10 YUtiD”‘.6 . ..A. LL1.d I”-YuI* I”1 
dioxane (which does not appear to be included in his 
Fig. 1) was not also questioned by Burrows since it 
has a larger deviation than the result for l-butanol 
which he discarded. 



4 

a 
Fig. 1. Plot of the absorption maxima of the solvated 

electron, V max, against the alpha solvatochromic parameter. 

solvents, but none deviate by as much as two 
standard deviations. Therefore, there is no statistical 
justification for discarding them. An attempt to im- 
prove the correlation by addition of the Hildebrand 
solubility parameter, 6H, and the dipolarity/ 
polarizability parameter, 7r* [23], did not improve 
the correlation coefficient or standard deviation 
significantly. 

The remarkable result of this LFER was the 
dependence solely on the acidity parameter alpha 
with no significant dependence on the polarity/ 
polarizability parameter pi*. It has been shown that 
E,(30) is correlated with both alpha and pi* with a 
ratio of coefficients close to unity [23]. Thus, it is 
not surprising that something which is correlated with 
alpha alone would be correlated better by using alpha 
alone rather than by using a function which depends 
almost equally on alpha and pi*. In a LFER study 
concerning the free energy of solvation of halide ions 
[25], it was found that the dependence on alpha was 
greater the smaller the size of the halide ion for 
chioride, bromide, and iodide ions. The fluoride ion 
would be expected to have a much greater depen- 
dence on alpha if the measurements could be made 
[4]. It has been stated that for many purposes, the 
solvated electron may be considered to be the zeroth 
*halide [32]. This study shows that the hydrogen 
bond donor strength of the solvent does have a great 
effect on the enerw levels of the solvated electron in ~~~ ~~~~~0, ____ ____..__. __. 

addition to the effect of the size of the cavity. This 
has been suggested before only occasionally [33,34]. 

The similarity of the dependence of prnax of the 
solvated electron and the Dmax of halide ions upon 
the solvatochromic parameters [35] confirms the 
earlier suggestions [l, 4, 36,371 that the electronic 
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transition of the solvated electron is more similar 
to a charge transfer to solvent process than to a 
1s + 2p type transition. The electronic transitions 
of the halide ions in solution are generally considered 
to be due to a charge transfer to solvent process [32]. 
Measurements of the pressure and temperature depen- 
dence of ii,, of the solvated electron made more 
recently [38] also support this suggestion. 

References 

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 

M. Anbar and E. J. Hart,J. Phys. Chem., 69 (1965) 1244. 
L. M. Dorfman, in E. J. Hart (ed.), Soluafed Electron, 
Advances in Chemistry Series, No. 50, American 
Chemical Society, Washington, DC, 1965, p. 36. 
G. R. Freeman.J. Phvs. Chem.. 77 (1973) 7. 
M. F. Fox and h. Haion, J. Chem. ioc., hraday Trans. I, 
72 (1976) 1990. 
P. R. Tremaine and R. S. Dixon, J. Phys. Chem., 82 
(1978) 224. 
Farhataziz, Radiat. Phys. Chem.. 15 (1980) 503. 
A. V. Vannikov and E. 1. Mal’tsev, Froc. Indian Natl. Sci. 
Acad., Part A, 48 (1982) 443. 
H. D. Burrows, Radiat. Phys. Chem., 19 (1982) 151. 
C. Reichardt, Angew. Chem., Int. Ed. Engl.. 18 (1979) 
98. 
I. Burak and A. Treinin, Trans. Faraday Sot., 59 (1963) 
1490. 
C. G. Swain, M. S. Swain, A. L. Powell and S. Alunni, 
J. Am. Chem. Sot., IO5 (1983) 502. 
T. R. Griffiths and D. C. Pugh, Coord. Chem. Rev., 29 
(1979) 129. 
A. J. Parker, U. Mayer, R. Schmid and V. Gutmann, J. 
Org. Chem., 43 (1978) 1843. 
V. Gutmann, Electrochim. Acta, 21 (1976) 661. 
V. Gutmann, Chemtech, 7 (1977) 255. 
S. GIikberg and Y. Marcus,. J. Soln. Chem., 12 (1983) 
255. 
P. E. Doan and R. S. Drago, J. Am. Chem. Sot., 104 
(1982) 4524. 
M. Chastrette, M. Rajzmann, M. Chanon and K. F. 
Purceii,J. Am. Chem. Sot., 107 (1985) 1. 
P. Maria, J. Gal, J. de Franceschi and E. Fargin, J. Am. 
Chem. Sot., 109 (1987) 483. 
J. E. Brady and P. W. Carr, J. Phys. Chem., 88 (1984) 
5796. 
Y. Marcus, J. So/n. Chem., 13 (1984) 599. 
Y. Marcus, J. Phys. Chem., 91 (1987) 4422. 
M. J. Kamlet, J.-L. M. Abboud and R. W. Taft, Prog. 
Phys. Org. Chem., 13 (1981) 485. 
M. J. Kamiet, J.-L. Eri. Abboud, M. Ii. Abraham and 
R. W. Taft, J. Org. Chem., 48 (1983) 2877. 
R. W. Taft, J.-L. M. Abboud, M. J. Kamlet and M. H. 
Abraham,J. Soln. Chem., 14 (1985) 153. 
R. W. Taft, J.-L. M. Abboud and M. J. Kamlet, J. Org. 
Chem., 49 (1984) 2001. 
M. J. Kamlet and R. W. Taft, Acta Chem. Stand., Ser. B, 
39 (1985) 611. 
M. J. Kamlet, R. M. Doherty, J.-L. M. Abboud, M. H. 
*I-_^L^- ,._-l ” .ri T-&-r ~l_^__.^^l ,L II no<\ CLL tX”la‘lalll a,,ll R. w. lalL, ~r~r,,l*tlc,I, 1” 11700, JOO. 
J.-L. M. Abboud, R. W. Taft and M. J. Kamlet, J. Chem. 
Sot., Perkin Trans. II. (1985) 815. 
0. W. Kolling, Anal. khem., j6 (1984) 2988. 
J. R. Taylor, An Introduction to Error Analysis, Univer- 
sity Science Books, Mill Valley, CA, 1982, Ch. 6. 
M. J. BIandamer and M. F. Fox, Chem. Rev., 70 (1970) 
59. 



Salvation Energy of Solvated Electron S 

33 D. F. Feng and L. Kevan, Chem. Rev., 80 (1980) 1. 
34 M. Narayana, L. Kevan, P. 0. Samskog, A. Lund 

and L. D. Kispert, J. Chem. Phys., 81 (1984) 
2297. 

35 D. C. Luehrs, R. E. Brown and K. A. Godbole, J. Solu- 
tion Chem., 19 (1989) in press. 

36 D. Shapira and A. Treinin, J. Phys. Chem., 70 (1966) 
305. 

37 M. J. Blandamer, R. Catterall, L. Shields and M. C. R. 
Symons, J. Chem. Sot., (1964) 4357. 

38 T. R. Tuttle, Jr. and S. Golden, J. Chem. Sot., Faraday 
Trans. ZZ, 77 (1981) 873, and refs. therein. 


