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The role pleyed by solvent in the reactions of organic molecules is
not well understood. One is often tempted to try to interpret solvent
effects on processes in which ions or molecules are formed solely in terms
of solvent interactions with an ionic or radical-like transition state to
the neglect of the possible contributions of ground-state factors. The
importance of ground-state considerations in ion formation in certain
solvolyses has, however, recently been amply demonstrated by Arnett and
coworkers®. We wish to report results from a study of a free radical dis-
sociation in which both ground- and transition-state effects seem to require
interpretation.

The reaction studied is the thermal decomposition of phenylazotri-

phenylmethane, I.-

(CeHs ) aC-N=N-CgHs K (CeHs)sC* + Nz + Cels.

I

We have dissected the solvent-related variations in activation enthalpy*,

*These values covered a range of 4.5 kcal/mole in AI{* and 1k e.u. in AS*,
and we consider these variations to be beyond experimental error. For a
discussion of error in enthalpy-entropy relations see J. E. Leffler, J.
Org. Chem. 31, 533 (1966).
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BMAH:, (determined by Leffler and Alder2 from kinetic measurements at
25-75°C), in:o ground- end transition-state components. This was accom~
plished by measuring calorimetrically® +the partial molal heats of solu-
tion, Aﬁg for I at 25°C in the same solvents in which AH: had been
determined. The variation in Aﬁg, BMAﬁg, is then a measure of the
relative ground-state enthalpy of I in the several solvents. The rela-

ut
tive transit:on state enthalpies, abeHS are then found using the ec:;ua.tiorf’"K

+ _t &
5MAHS = SMAHS - SMAHS
The datu appear in Table 1 and are presented graphically in Figure

- =t $
1. (Variations in AHg, AH_, and AH_ are all relative to value in benzene) .

TABIE I. ACTIVATION ENTHALPIES AND ENTROPIES; SOLUTION
HEATS FOR PHENYLAZOTRIPHENYIMETHANE

Solvent AH: (a) As: (a) Aﬁ: ()
cyclohexane 2k.5 £ 0.1 -1.16 ¥ 0.k 7.09 ¥ 0.15
benzene 26.8t 0.1 6.57 £ 0.3 4.38 £ 0.09
diethylmalonste 27.9 t 0.15 9.7 To.b 5.62 L 0.07
chlorobenzene: 28.3 £ 0.1 1.4 to.k 5.02 £ 0.04
nitrobenzene 28.4 ¥ 0.25 1.2 to.8 6.09 t o.19
anisole 28.8 t 0.2 12.5 to.2 k.99 ¥ 0.06
benzonitrile 29.0 £ 0.3 13.4 oo 5.18 1 0.13

(a) Values from ref. 1.

(b) Endothermic partial molal heats of solution, kcal/mole; errors are
average deviations based on at least five determinations.

*Me calorimeter and method used were essentially the same as that
described in reference 1.

**See ref. 1 for a more complete derivation of this expression.
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Figure 1. Dissection of solvent effects on enthalpy
factors for phenylazotriphenylmethane decomposition.
(All enthalpy variations are taken relative to value
in benzene as zero.)
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Although we are unable at this time to analyze these trends, it should be

t
noted that toth Blﬁﬂi and 81«PH5 are important in the determination of
SMAH: and mst be considered in any explanation. In fact, the large increase

in AH* on transfer from cyclohexane to benzene is totally a resuit of an

increase in ground-state stability, since AH: is constant within experimental
error. In contrast, the gentle overall increase going from diethylmalonate
to benzonitrile is largely a transition state effect. The gain in AH: from
benzene to diethyl malonate arises from enthalpy increasses of differing
magnitudes :n bothk states.

leffle: and Alder2 recognized the possible importance of ground
state effecis and actﬁally postulated a desolvation mechanism of activation.
As we understand their work, this would attribute the solvent effects
entirely to ground state solvation varlations. Based on our data it is
not possibls, for the reasons that follow, to accurately evaluate this pro-
posal. The net heat of solution in any case has at least two important
components. One results from destruction of solute-solute interactions as
the solute enters the solvent. The other stems from the solute-solvent
interaction----golvation. (There is always a lattice term as well but
which is ccnstant for a given solute from solvent to solvent). Therefore,
even complete desolvation (loss of thé solvent-solute interaction component
of AI-{:) would not ‘lea.d to a constant value of Aﬁ: as might be at first pre-
dicted, since the solute-solute interactions to be overcome by the transi-
tion state on entering the solvent would be different from solvent to
solvent.

In most cases AH: and ASZ for radical formation for most other well

known init:iator molecules have been shown to be relatively insensitive to
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solvent cha.nges3 (in the sbsence of induced decomposition). There are,
however, some notable exceptions"‘. It is hoped that reasons for these
exceptions as well as a better understanding of the relative importance of
‘n'-ccmplexings, solvent polari‘cy6 and hydrogen bonding7on radical reac-
tions will be forthcoming from further studies of the type we report.
More extensive comment on the relation of our results to these problems
is reserved until more data are available,
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