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The recent appearance of several multiple parameter solvent ccvrrelat::i.onsz-4

prompted us to
examine the potential of perturbation molecular orbital (PMO) 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. 1In principle the expression for
the second order energy of interaction between the ions and the solvent, (1)5, on a time-average

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

equation (l). First it is not linear and it is therefore difficult to produce an intuitive
all a 2b 28 2
= mr- ns
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model that can be directly related to it. Second the equation depends on the atomic orbital co-

efficients (a__ and b
mr

ns), the resonance integrals (Brs)’ and the orbital energies (Em 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 orbitals (HOMO) of the solvent and ions and the corresponding lowest unoccupied orbitals
(LUMO) of the ions and the solvent, or the virtual LUMO of a protonic solvent. The virtual
LUMO of a hydrogen bonding solvent is the MO that would become a doubly occupied NBMO on proton
transfer. The energies of these orbitals can be approximated from ionization potential and

electron affinity data. For hydrogen bonding solvents the enerqgy of the virtual LUMO 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, BAB =

CSAB(IPA+EAB)'5 Equation (1) then reduces to a series of terms of the form

2
T T v (2)
solv IPA-EA

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

tion can be expanded as

B ay = DC,'(TREAL) |1+ 2mAl (IP;EAB)] (3)

1
Dewar suggests that it may be reasonable to neglect the dependence on IPA—EAB in the last
part of equation (3).6 In which case collection of the solvent dependent terms and rearrange-

of the form

ment gives a power series in IP and EAs

solv olv

B )+ e 2+ (4)
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The C's will depend on the IP's and EA'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

(IPSolv + EAsolv) can be though of as the solvent ionizing power. The IP;,1y term should re-

flect the solvent nucleophilicity, and the (EAsolv)z term should represent the electrophilicity

of the solvent. The same expression can be obtained by a Taylor series expar .ion of equation
——————————arerererr. Cl Cl

term while retaining the (EA 2 term. The IP

(2) if we neglect the I solv)

Psolv solv

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

correlation in three of four cases which follow. A two term equation (SEsolv x C1 (Ipsolv +

EA_ 1v) * C3) 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® 1! 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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TABLE 1

Correlation of Solvent Properties with Equation (4

Least Squares Coefficients in Equation (4)

F for sigs
a s a a F » nificance
Solvent Property Y C, c3 Cy value at 1%
12
108, kgge :gicﬁ;‘;gl'“ 2.745.09 -2.1120.09 -0.79:0.02  -14.17  sx10®  sx10’
Y, logyg ke/k, Siooriii1s.a4 2.69.5 -0.12 -0.442.11 -51.9 ot sxiod

ethyl jodine- < 3
loggg kyge pyridine 15-22.9¢1.0  22.9¢1.0 6.3+0.3 14.9 $x10 5x10
Menschutkin Reaction

dielectric constlntl‘ 71.8¢6.0 -47.346.0 -16.3¢1.2 -306 5x10 30

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

b) “F values” measure closeness of fit; the closeness of fit increases approximately logarithmicly
with F (G.W. Snedecor, Statistical Methods, Iowa State College Press, Ames, 1946).

TABLE 2

Observed Values and Values Obtained From
A Fit of Equation (4) For Four Solvent Properties

Solvent
Solvent Property H,0 MeOH EtOH nPrOH iProOH nBuOH  AcOH
Ionization Potential (ev)’ 12.59  10.85 10.48  10.17  10.17 10.24 10.35
Electron Affinity (ev) 1832 1.49° 168 1.87° 1777 1.90° 331!
methylsotylate
logyy kgge TerwIisoly fir o336 o497 -5.18 -5.38 -7.20
obs. -3.86  -4.97 -5.18 -5.38 -7.20
t-butyl
Y, log;, k/k, @hloride . fit 3.491 -1.079  -2.043 -2.73 -1.639
solvolysis 25% 0 13,14 5 403 -1.080  -2.033 -02.73 -1.639
ethyliodide-
log,g kyge pyridine £t -5.71 -5.96  -6.06  -6.09 -6.06
Menschutkin Reaction .. 15 -5.71 -5.97  -6.06  -6.08 -6.06
dielectric constant, 25° fit 78.5 32.5 24.8 19.8 18.6 17.0 6.20
obs.} 78.5  32.6 24.3 20.1 18.3 17.1 6.19

a) Estimated by extrapolation from the

vglucs for ethanol and isopropanocl, and comparison of the two
divergent values in the literature.8s
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Gruenwald ionizing power, Y,13 is primarily controlled by the (IPso + msolv) term. The

1lv
difference between the Y correlation and 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 Schieyer as the soivent nucleo-
philic:ity.4 The correlation for the logs of the rates of a Menschutkin reaction is controlled

by -(EAsolv) and (EA )2 terms, that is the "electrophilicity" of the solvent appears to con-

solv
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 known electron affinities must be dramatically increased.
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