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COMMENTS

Comment on “Phantom Activation Volumes” of pressure on the rate constant. The activation volume has been
- . . evaluated in this way for several thousand reactions, and the
William J. le Noble* and Tsutomu Asano findings have proved to be a useful gauge in the elucidation of

reaction mechanisnis3-°
AV* values can be dissected in terms of several contributions,
the most important of which are due to the following:
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%’8 Igg n(;gﬁzr;ﬁ,t%itzagygyligg n\]gér;:erz]rlng, Oita Weisity, (&) The breakin.g and making qf bonds. When bonds are broken,
the atoms which were previously bound at covalent bond
Receied: August 2, 2000; In Final Form: January 8, 2001  distances now recede to van der Waals separations, and the
opposite happens in bond making. A simple example of bond
breaking is furnished by the decomposition of peroxides to give
free oxy radicals; the rates are retarded by pressure, and
substantial, positive activation volumes are fodnP The
propagation step in polymerization is an example of bond
making: in that case, the activation volume is negative.
AG = AE + PAV — TAS 1) (b) Changes in polarity. The most severe of these changes occur
in ionization and neutralization processes. The ions strongly
The free energy term is in turn related to the equilibrium polarize and attract solvent molecules (electrostriéBorand
constant for the reaction the resulting contractions are generally even larger than the
expansion due to bond breaking. Thus, solvolysis rates are

It has long been known that chemical reactions in solution
are generally accompanied by changes in voluiié, which
are called their reaction volumes. Multiplied by the presfjre
these reaction volumes give rise to work terrR4V, which
are a part of the free energy change of the reaction

AG=—RTInK @ always enhanced despite the bond cleavage. Very large negative
Since ¢G/9P)r = V, we have values are encountered when both new bonds and ionic charges
are formed, as is the case, for example, in the zwitterion
(3 InK/oP); = — AVIRT 3) formation from vinyl ethers and TCNE.

(c) Changes in interstitial and thermal expansion volume. The
The validity of eqs +3 has never been in dispute. The hard sphere model of molecules leaves some fraction of the
reaction volume can be determined by appropriate summing of space available unoccupied, and the thermal expansion tells us
the partial volumes of the participating molecules, by means of that some space is required by molecules to exercise their
dilatometry, or via the effect of pressure on the equilibrium thermal motions. These changes and their corresponding
constant. The reaction volume has been determined for in- contributions toAV* have been discussed elsewh&n recent
numerable reactions; in many instances, this was done in twoyears, Klaners has attempted to assess them in cycloaddition

or even all three of the possible ways. reactions so as to give a truer picture of the volume changes
It has been surmised since the days of van‘t Mafffd shown, due to the formation of new bonds. These refinements have

first by Rontgen® that the rates of reactions in solution are also not forced any reassignments of mechanism, however.

subject to pressure effects, for which eq 4 holds Changes in viscosity have in certain cases also been observed

to affect activation volumes. Prominent among them are those
reactions which are diffusion-limited. Since pressure causes a
large increase in viscosity, such reactions are very severely
retarded by pressure. A well-known example is the termination
step in free-radical polymerizatidA Although a bond is formed
and the volume reduced thereby, the highly viscous medium
k= (RT/Nh) exp(~AG* RT) (5) inhibit_s the encounter of radicals, and the fc_>r_ma| valuagf
for this step is therefore large and positive. Furthermore,

Eyring’s theory rests on the assumptions that the reactantsreactions which are not diffusion-limited under ambient condi-
must surmount a free energy barrier and that the so-calledtions may become so at high pressure. Hamann has described
transition state is in equilibrium with the reactants. These several {2 displacement reactions which are subject to normal
theoretical underpinnings have served generations of mechanisti@accelerations at low pressures but which abruptly become
chemists very well. Of course, there are areas in chemistry whereseverely retarded when the pressure reaches values at which
Eyring’s assumptions are not justified and where the kinetics diffusion control begins to limit the rafé. It is important to
must accordingly not be thrust into the framework of absolute realize that diffusion control is always characterized by a
rate theory; these areas include, for example, reactions in whichpositive contribution toAV*. The mechanistic significance of
tunneling makes an important contribution or in which the this in bimolecular reactions is not hard to see; a molecule cannot
barrier is so low that equilibrium between reactants and change its location without open space being made available
transition state is no longer a factor relevant in the magnitude first. It may be noted that unimolecular reactions are sometimes
of rates. also found to be affected by viscositysuffice it here to say

Unlike the reaction volume, the activation volume can be that in all of these cases also, the reaction rates are suppressed
determined in only one way, namely, by measuring the effect by increasing viscosity.

(8 In K9P); = — AV¥/RT (4)

whereAV* is known as the activation volume. This expression
was put on a solid basis by Eyridgyho deduced it from his
equation for absolute rates
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A new proposal concerning viscosity and its role in pressure- and/or enthalpy of activation also contain a phantom element,
induced changes in reaction rates has been published byand that equilibrium constants must be independent of the type
Firestone'8 He reports that certain pericyclic reactions conducted of solvent effects he has encountered in kinetics experiments.
in n-alkane solvents are mildly accelerated as the number of We trust that raising these questions will encourage recon-
carbon atoms in the solvent molecules is rai$ed. similar sideration by anyone who thinks of using “phantom activation
effect was observed when comparisons of such reactions involumes” to “correct” literature values and use the results as
various glyme solvents were ma#feFirestone assumes that the basis on which to postulate phantom intermediates in
these accelerations are a direct consequence of the changes ipericyclic reactions considered to be concerted hitherto. We hope
viscosity and extrapolates further that since pressure raisesthat these comments, with which we end our concern with the
solvent viscosities, a part of the pressure-induced rate acceleraPAV proposal, will help to clarify and illuminate its true nature.
tions of these reactions is due to viscosity changes. He calls
this part a “phantom activation volume” (PAV) and proceeds  Acknowledgment. We benefited from comments by Profes-
to estimate that it can “range up to 61%”". His abstract states sors G. Jenner, F.-G. Kiaer, T. Swaddle, and R. van Eldik.
that “. . . we nowdemonstrate that high pressure accelerates We thank Dr. R. A. Firestone for voluminous correspondence
some bond-making reactions in an additional, nonvolume-relatedand for a draft of his reply in advance of publication.
way, through its elevation of solvent viscosity”. Earlier, the same
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