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The recent appearance of several multiple parameter solvent correlations 
2-4 

praapted us to 

examine the potential of perturbation molecular orbital (PC401 theory as a guide to the proper- 

ties of organic solvents. Solvent ion interactions must involve only second order and higher 

perturbations, otherwise a solvent-ion reaction would occur. In principle the expression for 

5 the second order energy of interaction between the ions and the solvent, (1) , on a time-average 

basis could provide a qualitative guide to solvation effects. There are several problems with 

equation (1). First it is not linear and it is therefore difficult to produce an intuitive 

model that can be directly related to it. Second the equation depends on the atwic orbital co- 

efficients (a 
mr and bn,), 

the resonance integrals (B,,) , and the orbital energies (Rm and Fn) 

for the solvent and each of the ions. These parameters are not easily found, and even if they 

were, the algebra involved in solution of equations like (1) is best left to a computer. It is, 

however, possible that equation (1) could serve as a model for a simplified empirical approach 

to solvation. 

The leading terms in equation (1) will involve the interactions between the highest occu- 

pied orbitels (HCMO) of the solvent and ions and the corresponding lcwest unoccupied orbitals 

(IUMO) of the ions and the solvent, or the virtual LDMO of a protonic solvent. The virtual 

LIJMO of a hydrogen bonding solvent is the MO tbat would become a doubly occupied NSMO on proton 

transfer. The energies of these orbitals can be approximated from ionieation potential and 

electron affinity data. For hydrogen bonding solvents the energy of the virtual LDMO is the 
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electron affinity of the radical obtained by loss of the hydrogen bonding hydrogen. The reso- 

nance integrals may be approximated by the same data using the Mulliken approximation, B, = 

csAB(IP*+BABL5 Equation (1) then reduces to a series of terms of the form 

6E = t 5’ 
m*+Fq2 

solo 
IpA- 

(2) 

Where A and B refer to the solvent and cation or the anion and solvent respectively. The egua- 

tion can be expanded as 

63 = 
solv &'IpA'E$' 1 + 2EAB 

[ (i*] 

1 

Dewar suggests that it may be reasonable to neglect the dependence on lpA-BAB 
in the last 

part of equation (3).6 In which case collection of the solvent dependent terns and rearrange- 

ment gives a power series in IPsolv and EAsOIV of the form 

%olv B Ci(~*olv+%olv) + CP%olv) + %(%olv) 
2 + c4 (4) 

The Cls will depend on the Ip's and m’s of the reagents as well as the interaction constants 

mentioned above. We have arranged the terms in equation (4) in the order shown because the sum 

(IP solv + %olv ) can be though of as the solvent ionizing power. The IPsolv term should re- 

flect the solvent nucleophilicity, and the (PA solv)2 term should represent the electrophilicity 

of the solvent. The same expression can be obtained by a Taylor series expar ion of equation 
C' C' 

(2) if we neglect the IPsolv term while retaining the (BA,,~~)~ term. 
The IPsolv 

term adds very little to the correlation while the (BA solv)2 term significantly improves the 

correlation in three of four cases which follow. A two term equation (6Esolv z cl (IPsolv + 

BA solv) + C2) produces a reasonable correlation (with exclusion of the acetic acid data) for the 

solvolysis reactions in Table 1, both of which strongly depend on the solvent ionizing power. 

Table 1 lists the correlations of four different solvent properties with equation (4). 

The fit, and observed values of these properties as well as the solvent ionization potentials 

and electron affinities *-" are listed in Table 2 to illustrate closeness of fit. 

In spite of the extremely limited data set, the values of the constants in Table 1 indi- 

cate several interesting things about the processes involved. The correlation for the Winstein 
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TABLE1 

correlation of Solvent Properties with Squation (4) 

Least Squares Coefficients in Equation (4) 

Solvent Property 

F for rig- 
nificanceb 

Cl. C2. Ca =4a 

F 
v*lu*b .t II 

mcthylsotyl~tslz 
log10 kI.o* solvolyris 

2.74i.09 -2.llt0.09 -0.79f0.02 -14.17 6X103 5x10' 

2.6t.S -0.12 -0.44t.11 -31.9 4x104 5x103 

ethyl iodine- 
log10 k25. ;;;:;;;;,In keactio~S-22.9tl*0 22.9tl.O 6.3tO.S 14.9 5X104 5x103 

dielectric constant 
14 71.9t6.0 -47.3~6.0 -16.3t1.2 -306 5x103 30 

a) Errors are standard deviations; units are Consxstent with ionization potentials and electron 
affinities in electron volts. 

b) *'F values" measure closensns af fit: the closeness of fit increases approximately lagarithmicly 
with F (G.W. Snedecor, Statistical Methods, Iowa State CalleSe Press, Ames, 1946). 

TASLE 2 

Ohserved Valuer and Vsluas Obtained Frcn 

A Fit of Equation (4) For Four Solvent Properties 

Solvent 

Solvent Property WJ HeOH EtOH lIPTOIl iPTOH IISUOH ACOIl 

1oniratic.n Potential (WI7 12.59 10.66 10.46 10.17 10.17 10.24 IO.35 

Electron Affinity (ev) 1.632 1.49. 1.66' 1.979 1.779 1.909 3.31' 

lo910 kso* 
nethylsotylate 
solvolysis fit -3.66 -4.97 -5.19 -5.36 -7.20 

obs.l" -3.06 -4.97 -1.18 -3.36 -7.20 

t-butyl 
Y, loglO k,/k, aloride fit 3.491 -1.079 -2.043 -2.73 

solvolysis 2s. 
-1.639 

obr 13.14 3.493 -1.090 -2.033 -02.73 -1.639 

sthyliodids- 
loglo k2S* %%:,n:kin fit -5.71 -5.96 -6.06 -6.09 -6.06 

Reaction obs.1' -5.71 -5.97 -6.06 -6.06 -6.06 

dielectric const.nt. 25. fit 72.5 32.5 24.8 19.0 12.6 17.0 6.20 

obs.14 76.5 32.6 24.3 20.1 16.J 17.1 6.19 

a) Sstiutcd by extrapolation fron the2vgluss for ethanol and isopropmol. and comparison of the two 
divergent values in the literaturs. l 



Grueuwald ionizing power, Y,13 is primarily controlled by the (IPsclv + BAsolv) term. The 

difference between the Y correlation aud the correlation for the logs of the rates of methyl- 

tosylate solvolysis is primarily controlled by the IP term. The linear difference between 

these two functions has been identified by Bentley, Schadt and Schleyer as the solvent nucleo- 

philicity. 4 The correlation for the logs of the rates of a Menschutkiu reaction is controlled 

by -(BAs,_lv) and (BAsolv)* terms, that is the "eleatrophilicity" of the solvent appears to con- 

trol the relative reactivity in this SN2 reaction. The dielectric constant, on the other hand, 

is strongly correlated with all three terms. 

In order for equation (4) or related equations to be useful in predictions of solvent 

properties, the number of accurately knowu electron affinities must be dramatically increased. 
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