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Abstract. The significance of change in entropy of activation for two different
reactions where in one involves the liberation of a proton and the other a carbocation
is described based on the fact that the hydration of a proton involves a loss in entropy
due to freezing of translational, rotational or vibrational degrees of freedom of solvent
molecules.
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The symbolSis for entropy, gives an idea of the extent of randomness or disor-
der in a system. The difference between the entropy of the transition state and the
sum of the entropies of the reactants is cadletivation entropyAS’. Recalling the
Eyring equation:

ke T

k= . exp[FAH™ / RT] explAS™ / R]

(1)

Wherek is the specific reaction rat, is Boltzmann's constanh — Planck’s
constant,T is Kelvin temperatureR is the gas constant, aldH” andAS are the
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activation enthalpy and entropy, respectively. Eqg. (1) has the above form if the so
calledtransmission coefficiens$ zero. On the other hand, the usual Arrhenius equa-
tionis

k = Aexp(E, /RT) 2

The comparison of both equations shows thaettikalpy of activatiomannot
be recognized as tlenergy of activationThe relationship between these quantities
can be obtained through the slope of the straight lkednl/T:

1 AH?

dInk/dT:?+ o7 (3)
d@/T)/dT=-1/T? (4)
dink _dink dT =—(AH’"‘+RT) 5)
d@/T) dT d@/T) R
Hence, it is readily obtained that
E,=AH” +RT (6)
Therefore, )
A=e k';]T exp%ai E (7)

If one knows the Arrhenius pre-exponential faddothen theentropy of acti-
vationcould be calculated usinyH * andk for a given temperature. &S” = 0(i.e.
the standard molar entropy of the activated complex is equal to that of the reactant),
then

A, =ekT/h (8)

The quantity on right-hand side of Eq. (8) is known @siVersal factof [1].
For example at 293 K the value&fcomes out to be 1.65%@*, i.e. IMA_is equal
to 13.2.

Therefore, if logarithm of A from an Arrhenius plot for a given reaction is < 13.2,
this corresponds to a negative valueX8¥ (unfavorable). Therefore the transition
state in the region of activated complex has a more ordered or more rigid structure
than the reactants in the ground state. This is generally the case if on going from the
ground state to the transition state, degrees of freedom of translation, rotation or vi-
bration is frozer. If logarithm of A is > 13.2, this corresponds to a positive value for
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AS (favorable). A positive change in entropy of activation indicates that the system
has become more disordered. Degrees of freedontilaeedted on going from the
ground state to the transition state. The reaction is fast. Although the determination of
the activation parameters must be performed accurately, it should not pretend an
excessive accuracy. The values of the activation energy and activation enthalpy are
rounded to one decimal place. The value of activation entropy is basically written in
whole numbers. Values of entropi&S* < + 10 are written to one decimal place of
accuracy. The value of logarithm of A shall be expressed with an accuracy of two
decimal places. A precise determination of the activation enthalpy (and the other
activation parameters) requires at least three rate constants obtained at different re-
action temperatures. The temperature intervals should be at least 5°C. If the data
points in the plot of I T) or Inkh/k,T) vs. 1/T using Eyring equation do not lie
exactly on a straight line, a linear regression analysis providing the ‘line of best fit" will
not increase the accuracy. If the plotted points deviate significantly from the straight
line, the rate constant should be determined at a further reaction temperature, since
each of the three data points can be “wrong”. Basically, it recommends increasing the
accuracy of the measured values by improvement of the measuring method (accurate
thermostating of the reaction mixture).

Here it is desired to discuss about dutivation entropyAS', in two cases
where in one case a proton, and in other, a carbocation, are produced during the
heterolysis of two types of nitroxyl adducts. The two types of nitroxyl adducts are
those formed by addition ef-hydroxy alkyl andx-alkoxy alkyl radicals to nitroben-
zened2]:

CHs CHs

| |
Oo— C—O—H °O\ O—C—OCHZCHg

5

At this point a question may be anticipated from the readers of this article, that
why only the proton versus a carbocation is selected to explain the situation when
there are several types of reactions exist in literature. Here the contrast between the
changes in activation entropy for the heterolysis of the above two adducts is a quite
outstanding facet and the student may conceive it very easily. The activation entropies
[2] are measured for the above two adducts with several substituents (X’s) in the para
position of the benzene ring.
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In the above two heterolysis reactions one involves the productionasfd-the
other a carbocation. Values of -12 to -20 cal:tKdlindicate extensive reorganiza-
tion of the solvent (water) shell in the transition state as a result of production of the
incipient ions specifically, the proton which would be hydrated to a large extent. In
fact the entropy change on hydration of a proton by four water molecules to yield
hydronium ionH(H,0);, is -24 cal.motK* [3]. The fact that the experimental val-
ues are less negative than this value is suggested to be due to the positive contributior
that results from the increase in number of molecules in going from the adduct to the
radical anion, the oxo compound, and theTHhat it is the hydration of the proton that
leads to negativAS values can be unequivocally shown by replacing the proton by
an alkyl group i.e. the second heterolysis reaction given above. In this case, the posi-
tive ion formed in the transition state is a carbocation and not a proton, which becomes
less hydrated than the proton. For these systems, the experimentally ohSSrved
values argositive(~15 cal.molK-* (Jagannadham & Steenken, unpublished mate-
rial). The same situation exists with the heterolysis of the nitroxide formed by addition
of a-alkoxy alkyl radicals to tetranitromethansS values are agaipositive[4],
since the positive ion formed in the transition state is a carbocation and again not a
proton. The hydration of the proton produced during the heterolysis can be depicted as
the following:
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And this is further supported by the study of the solvent isotope Effertk.

H>0

and which B( Hwas found to be 2.2 for the adduct I.

D0

Therefore this is generally the case if on going from the ground state to the
transition state, degrees of freedom of translation, rotation or vibratiofrezer!
which leads to the negativeS values.

This article is dedicated to my mentor Prof. Dr. Steen Steenken (Rtd), Max-
Planck-Institue for Radaiation Chemistry, Muelheim a.d. Ruhr, Germany.
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