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Abstract

The kinetics of thermal conversion of a photogenerated merocyanine into its more stable spiropyrane form was studied in mixtures of
ethanol with nonpolar solvents, toluemehexane or CQ. For solutions of ethanol concentration higher than ca. 1.5 M two decay rates are
observable. Below that concentration, the relative amplitude of the slow mode becomes negligible, compared to the fast, and the observed
kinetics is monoexponential. As reported before in toluene—acetonitrile mixtures, the rate constant for the thermal decay in toluene—ethanol
passes through a shallow maximum at low-ethanol concentrations. The activation energy and entropy of both processes were determined;
the data corresponding to the fast process have a complex alcohol concentration dependence. A three-species reaction scheme propose
previously for neat alcohols, supplemented with an approximation regarding the effect of medium polarity on the assumed species, is able
to capture the essential features of all activation thermodynamic functions in the studied mixtures.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction terize a fast (f) and a slow (s) kinetic proces$gs,12]
The corresponding activation energies were found to be

Spiropyranes (SP) are compounds which photoisomerizetypically 70-80kJ mot! in nonpolar solvents and around
when irradiated with UV; the resulting photoisomer is a me- 100kJmot?! in aprotic polar medig2]. In protic polar
rocyanine (MC) that absorbs visible light. MC reverts to the solvents, the values found for the activation energy of the
stable SP isomer by thermal or photochemical processesfast process were similar to those obtained for nonpolar
The kinetics of the thermal bleaching is strongly influenced solvents, while for the slow process they were close to the
by the mediun{1-7]; the rate constant of the dark conver- values in aprotic polar solvenf$1].
sion of MC into SP decreases as the polarity of the solvent In a previous work we have studied1] the effect
increases. Moreover the logarithm of that rate constant wasof the medium on the kinetics of the thermal bleach-
found to be linearly related to the wavelength of the absorp- ing of the merocyanine form of 6-nitro benzospiropy-
tion maximum of MC in the visible rangg]. The fact that ~ ran (6-nitroBIPS), in both nonpolar-aprotic (np-ap) and
these two quantities increase with decreasing solvent polar-nonpolar—protic (np—pp) solvent mixtures. For np—ap mix-
ity was interpreted as an indication of the lower dipole mo- tures the kinetics was found to be monoexponential over
ment of the transition and the excited states of MC comparedthe whole composition range of the solvent mixture, while
with the ground stat§8—10]. for np—pp solvent mixtures a monoexponential behavior

In pure solvents, the thermal decoloration of MC was was only encountered at low concentrations of the protic
found to be monoexponential in nonpolar (np) and apro- solvent component; at higher pp concentrations double ex-
tic polar (ap) solvents, while doubly exponential in protic ponential decays were observed. An interesting observation
polar (pp) solvents, with two rate constants that charac- reported in[11] for np—ap systems was that the rate con-

stant of decoloration of MC passed through a maximum

* Corresponding author. for mixtures that were very dilute in the ap component,
E-mail addressmljapas@cnea.gov.ar (M. Laura Japas). implying that polarity and rate constant are not monoton-
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ically related in solvent mixtures over that composition vessel, were irradiated with a metal halide lamp (Osram,
range. 250 W). The beam was attenuated by a water filter, to ab-
The activation energies for np—ap mixtures were found sorb the IR radiation from the lamp, reducing the heating of
to change abruptly from typical np to typical ap values as the sample, and by an appropriate cut-off filter (UG1, Schott
the concentration of the ap component was increased ap-Glass, Germany) in order to block the visible wavelengths
proximately above 0.5M. For np—pp mixtures, the activa- that induce the photobleaching of MC. Pressure was mea-
tion energy at low pp concentration (corresponding to the sured with a pressure transducer (Burster, precision of 0.1%
monoexponential behavior) was close to 100 kJmhpfor full scale) that was calibrated against a deadweight balance
higher pp concentrations the activation energies of the fast(Ruska).
and slow processes were in general those of pure np and ap The optical cell, either the high-pressure one or the quartz
systems, respectively. The entropy of activation showed acuvette, was placed in a thermostated holder. Temperature
similar trend with no indication of diffusional relaxation in was regulated tat0.1 K by fluid circulation from a ther-
the transition state. mostat and measured in the optical cell with a calibrated
The aim of the present work was to improve our un- thermistor during the measurement. The kinetics of the ther-
derstanding of the kinetic behavior of the MC thermal de- mal decoloration was followed measuring the absorbance at
cay in nonpolar-ethanol (np-EtOH) mixtures by analyzing fixed wavelength (500—600 nm, the maximum wavelength of
the experimental results in terms of the model proposed by the absorption of MC), as a function of time in a Shimadzu
Bertelson[12] for the thermal decay of MC in neat alco- PC3100 spectrophotometer.
hols. To achieve this purpose the kinetic data obtained in
our previous study were complemented with new results in
the low-ethanol solvent composition range. The new experi-
mental data for the kinetics of the MC thermal decoloration
were obtained in binary solvent mixtures of toluene (Tol),
supercritical CQ andn-hexane (Hex) with ethanol. The first
mixture allowed us to study the very low ethanol concen-
tration range where an anomalous relation between polarity
and kinetics has been reported, without the interference of
dimer formation. Supercritical COwith ethanol as cosol-
vent was used because it was expected that in this mediu
preferential solvation by ethanol would be enhanfEsl.
In order to combine these results with those of our pre-
vious study, we have also measured in the present work
the kinetics of MC decoloration in mixtures of Hex—EtOH
at intermediate ethanol concentration over a temperature
range.

2.3. Preparation of solvent mixtures

Liquid solvent mixtures were prepared by adding the
nonpolar solvent component to a well-measured volume of
ethanol at room temperature. The solvent mixtures contain-
ing CO, were prepared in situ, injecting known amounts of
CO, with a calibrated hand-pump into a high-pressure op-
tical cell containing predetermined quantities of ethanol. In
the preparation of the solvent mixture ¢EtOH care was
n}aken to avoid the formation of two fluid phasgl-16]

The volume of the cell was calibrated, in this way the molar
composition of the ethanol and G@ the mixture could be
accurately calculated.

The conditions at which C&-EtOH mixtures could be
used were dictated by the system’s properties. SP has been
reported[17] to form dimers in supercritical Cfas is the
case in neat hexane, thus hampering the study of the kinetics
of decoloration of MC in pure C® On the other hand, the
temperature range was limited by the fact that, at high tem-
peratures, the processes leading to the decoloration of MC
become too fast to allow us to measure their rates. Due to
the low solubility of the probe molecule in G@t low fluid
density and to an upper pressure limit of 20 MPa for safe
operation of the spectrophotometric cell, the density range
was restricted between 14.5 and 22 moldri.e. at super-
critical temperatures the solvent mixture was an expanded
liquid.

2. Experimental

2.1. Chemicals

1’,3-Dihydro-1,3,3-trimethyl -6 - nitrospiro[H - 1-ben-
zopyran-2,2(2H)-indole], the spiropyrane SP used in this
work (Aldrich), the liquid solvents toluene (Merck, Uva-
sol), n-hexane (Merck, p.a.) and absolute ethanol (Merck,
p.a.), and carbon dioxide (AGA, 99.9%) were all used as

received. .

The total concentration of SP was always kept smaller

29 Kineti ¢ than 104 M. Kinetic runs were done for temperatures be-
.2. Kinetic measurements tween 284 and 322 K.

Depending on the type of solvent mixtures that were stud-
ied, two different set-ups were used to photolyse the SP. For3. Results
the liquid mixtures Tol-EtOH and Hex—EtOH the samples,
placed in a 1 cnx 1 cm quartz cuvette, were photolysed with For solvent mixtures having an ethanol concentration
a photography flash whose plastic cover had been removedcgion > 1.5 M the kinetics were biexponential, the time de-
The solvent mixtures with Cg&) contained in a high-pressure  pendence of the solutions’ optical absorbance of &} at
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Table 1
Arrhenius parameters for the thermal decoloration of MC in carbon
dioxide—ethanol mixtures

Table 3
Arrhenius parameters for the thermal decoloration of MC in toluene—
ethanol mixtures

CEtoH Eaf In(Ar)  Eas In(As)  AT® CetoH  Ear In(Ar)  EBas In(As)  AT?
(M) (kImor!) (s  (kImorh) (shH (K (M) (kImol?)  (s7h (kImol?) (s7h (K)
0.47 94 36.6 - - [284-289] 0.017 63 23.0 - - [280-305]
0.94 83 31.0 - - [279-293] 0.17 88 33.4 - - [285-307]
1.89 92 34.2 83 27.7 [288-312] 1.7 81 29.5 100 34.7 [285-307]
2.83 91 33.3 91 31.3 [289-322] 3
3.77 87 317 95 328  [294-317] Temperature range.
4,72 84 30.4 103 35.9 [289-306]
aTemperature range. e X
b At this concentration only two temperatures could be studied. 2 n A ¥
the wavelength of the maximum could be well described by 4 &XA:PQ *
(2
x
a(t) = ar exXp(—kst) + asexp(—kst) (1) =
S S E -6 | &-{“l‘-}-
where subscripts f and s denote the fast and slow processes, ¥ V%
respectively. Forgioq < 1.5M Eqg. (1) did not fit the data *
well becauseas was too small (vide infra) and the result- -8
ing parameters for the slow process were meaningless. To ! | |
obtain a more precise value of the kinetic parameters of the 0.01 01 1 10

fast process for these solvent mixtures we adjusted the ki- 3

netic data ta=q. (1) but disregarded the values af andks Ceon/mol-dm

for these mixtures. Wlthm the limited range of fIUId (_jenSIty Fig. 1. Experimental Ik at 298K for all studied systems containing

that could be covered in this work, merocyanine dissolved ethanol, as a function of the molar concentration of ethaXy.k and

in COx—EtOH mixtures did not show any significant depen- (+) ks in CO,—EtOH; (A) ki and (V) ks in Hex—EtOH; @) k and @)

dence of the spectrum and of the kinetics of decoloration on ks in Tol-EtOH. Values for pure ethanol are indicated with st (The

fluid density. arrow indicates the value of Iky) for. MC dissolved in pure toluene.
The Ink; values were linearly dependent Eb'hl, the Ar- Open symbols have the same meaning, but were taken [ftain

rhenius plots for all the solvent mixtures yielded the values

of the activation energie&,;, for the fast and the slow pro-  our previous study11]. The datum for the lowestgion in

cesses. The entropy of activation was determined using theCO,—EtOH mixtures plotted irFig. 1 was extrapolated at

values of the rate constants and the calculated activation en298 K with the parameters obtained at lower temperature.

ergies.Table 1lreports the values of the kinetic parameters

for the MC decoloration in C@-EtOH mixtures; it should

be remarked thaE, for the lowestcgion is only an esti- 4. Discussion

mate because the temperature range covered for this solvent

mixture was limited to low temperatures where the decay 4.1. Rate constants

occurred at a rate which could be followed with precision

in our set-up.Tables 2 and 3eport the kinetic parameters The first issue to be addressed is the dependence of the

in Hex—EtOH and Tol-EtOH solvent mixtures, respectively. kinetic behavior on the concentration of ethanol in the sol-

In the last columns of the three tables the temperature rangevent mixtures. The disappearance of one of the two decay

covered in the measurements is given. processes as the alcohol concentration decreases, could be
Fig. 1 shows the plots of lk; againstcgion at 298 K due to changes in the relative values of the amplitudes or to

for the three solvent mixtures and it includes data from a shift of the characteristic times so that they become very

similar [11]. In order to obtain reasonable estimates of the

Table 2

Arrhenius parameters for the thermal decoloration of MC in hexane—

ethanol mixtures

CEtoH = In(Ar)  Eas In(As)  AT®

(M) (kImorh) (s (KImorl) (s (K

0.34 98 37.2 - - [283-308]
0.81 95 355 - - [283-313]
1.70 92 334 98 32.8 [283-323]

aTemperature range.

amplitudes for the two processes in the&=6tOH mixtures,
appropriate values for the time elapsed between sample ir-
radiation and the first possible measurement of optical ab-
sorption were estimated. The calculated ratigs; for runs
below room temperature are plottedkig. 2 as a function

of ceton; the ratio did not depend critically on the temper-
ature, but results for higher temperatures were not included
because the amplitude of the fast process had larger uncer-
tainty due to the concomitant increase in the rate of reaction.
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Fig. 2. Ratio of amplitudes of the slowad) to the fast &) processes
for CO,—EtOH mixtures at 298 K. Points: experimental results; curve:
calculated with the three-species model (see text).

Fig. 2shows clearly that the reason for the change in the ki-
netic law followed by the MC thermal decay as the ethanol
concentration increases, monoexponential atdgwsy and
biexponential at higlegon, is that the amplitude of theow
process becomes too small at logyon to contribute signif-
icantly to the total time dependence of the decoloration of
the dye molecule. Therefore, it is possible to rule out the co-
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ks are affected by the polarity of the medium imarmal
way, decreasing with increasing polarity.

Region cceion > 1.5 M: There are two rate constants for
the biexponential MC thermal decay: does not depend,
within the experimental uncertainty, on the medium po-
larity while ks passes through a flat maximum and finally
decreases with increasing alcohol concentration.

In regions a and b of np-EtOH mixtures, the only rate
constant that is observable, i.e. the rate constant of the
fast processks, shows the same general trends as the rate
constant in Tol-Acn; in region ¢ however the dependence
of ki on cgoy changes and, simultaneously, a second
process emerges. This observation strongly suggests that
the appearance of the slow process and the insensitiv-
ity of the fast process to the polarity of the medium are
related.

After the qualitative characterization of the dependence
of rate constants ongioH it is worthwhile to establish if
this qualitative description is supported by the simplest pos-
sible model for the kinetic process. The main reason for
proposing this model for the observed kinetic behavior has
been to shed light into the different kinetic behaviors ob-
served in np—ap and np—pp solvent mixtures, hence we do
not expect that the simple model will enable us to describe
the behavior in region a. We have used a mechanism pro-
posed by Bertelson to explain the thermal decay of MC

incidence in the rate constants of both processes as a causi| neat alcohols[12] it assumes that two photoisomers

for the monoexponential decay at l@aion. Consequently,

of MC are generated, one of them is colored (C) and the

all the rate constants obtained here and in the previous pa-other uncolored (U). The reaction scheme may be depicted

per[11] for np-EtOH mixtures at low alcohol concentration
should be assigned to the fast process.

In our previous study[11l] it was noted that in
toluene—acetonitrile (Tol-Acn) mixtures, for Ach concentra-
tions lower than ca. 0.5 M, lkdid not depend monotonously
on the polarity of the solvent mixtures, as measured by the
solvatochromic effect of the medium &y (30), [18]. The
effect, although small, is above the level of experimental

by
k:
u=cXsp
k1

The corresponding kinetic equations and the solution for
the concentration time dependence of the colored species C
are[12]

uncertainty. In the present study we have observed the samed[C] _ — (k1 + k3)[C] + k2[U]

behavior for np-EtOH mixtures havingion < 0.2 M, that
is the rate constant of the fast process increasesaogig.
This verification was only possible in solvent mixtures hav-
ing toluene as the np component, in all the other nonpolar
solvents used dimers of MC are formed whefoy is very
low.

A qualitative characterization of the kinetics of MC ther-
mal decay in np-EtOH mixtures for different rangesgbn,
defines three distinctive regions:

e Region aceion < ca 0.2 M: Only one decay process is
observed, its rate constaatincreases with the polarity of
the medium, amnversebehavior with respect to what has
been observed for neat solvents with increasing polarity.
As mentioned before, this region could only be studied in
Tol-EtOH mixtures.

Region b, corresponding to ca20< cgion < 1.5 M: Still

a single exponential decay was observed. The values ofky = ks+ ki = k1 + k2 + k3

dr
I — ser — ko
d[sP]

s k3[C]

[C] = ar exp(—kit) + asexp(—kst) (2)

wherek; andks in terms of the elementary rate constakits
to ks are given by
ki = (k1 + ko + ka) £ 3[(k1 + k2 + ka)® — Akoks] Y/

3)

the positive sign corresponds to the fast process and the
negative to the slow process. In order to analyze the observed
trends, it is convenient to combirtgg. (3) to yield

(4)
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Ceiop /Mol .dm™ the ground state of photoisomer U, np-EtOH data indicate
that both states have a very similar, although unknown,
Fig. 3. Experimental results of k() = In(ks + k;) (full symbols), and medium polarity dependence.
In(ks) = In(ksks) (open symb_ols) for _biexponential decay in TqI—EtOH For Hex—EtOH and Tol-EtOH, where the experimental
(squares) and ng—EtOH (circles) mixtures at 298K as a fgngtlon of the information is more abundant, we have explored two possi-
molar concentration of ethanol. Values for neat ethanol are indicated with . . . .
ble situations. In the first one, we have assumed that neither

stars %).
U nor Tf have a large dipole moment, hence we have ne-
glected the dependence of their energy on polarity; this im-
ky = keki = koks (5) plies that the effect of medium polarity is restricted only to
the energy of photoisomer C. Thus, the difference between
ky andk, are preferred té& andks because they simplifythe  A*G; and A*Gz is a constant an#é; will be proportional
relations between empirical and elementary rate constantsto ks independently of the concentration of the polar sol-
(Egs. (4) and (5and Eq. (3) respectively)Fig. 3 depicts vent component. A second possibility is that both U and

the experimental dependengekqf and ofk, on cgton for Tf change their energies with the medium polarity, but that
Tol-EtOH and Hex-EtOH mixtures. they change in a similar way to kedp constant. In this

The interpretation of the data for mixtures of nonpolar -55e theceron dependence of; and ks would be uncou-
fluids and ethanol in terms of the three-species model re-pjeq. Both possibilities were evaluated in their capacity to
quires information on the dependence of Kaeo ks on the represent the experimental rate constants. The second, more
alcohol concentration. The step representing the direct CON-general picture, gave unphysical results when leaving all ad-
version of the colored form into the stable SP isomer (step justable parameters unconstrained, e.g. the value bad
3) should exhibit the same behavior as in np—ap solvent mix- 3 polarity dependence opposite to that observed experimen-
tures since the species involved are the same, i.e. grounqa||y_ However, forcingks to decrease with polarity, but let-
(colored) and excited states of MC. However, there is no in- ting its absolute value free, also yielded valueskpfthat
formation about the dependence on the medium polarity of \yere proportional to those &§. Consequently we adopted
ki andk. To apply the proposed mechanism to the present the simplest hypothesis involved in the first situation.
data, some assumptions have to been made. . We have fittecks andk; with this model using our results

In the pure-alcohol limitdgion = 17.1 moldnt™), In(k, in the Hex—EtOH solvent mixture at 298 K where we have
(S_l)). ~ —4.0 and Ink, (s™1) ~ _1.1-75 (seeﬁ_g. 3. The kinetic data over a widetgion range. The dependencelaf
polarity dependence d; was obtained by fitting the rate  opy ethanol concentration was represented by a polynomial
constants of several pure nonpolar and aprotic polar sol-ith three coefficientsFig. 4ashows the curves obtained
vents[7] to a straight line (Izogk (S ™)) = 7.88—0.0717 v fitting the Hex—EtOH data to the model. The agreement
(ET(30) (kJ mol'l)), regression coefficient 0.97). Using this  petween experimental and calculatedandk; is fair over
result, a value of ltks ~ —7.75 was calculated for pure g the range of ethanol concentration; the simple model is
ethanol Er(30)toH = 218kImof™* at 298K). Therefore,  gpje to capture the observed features in np—pp solvent mix-
according toEg. (5) for solutions of MC inneat ethanal  yres, It is interesting to note that the valuekai Tol-Acn
Inky ~ —11.75—Inkg = —4, so thak, ~ kp. Thisimplies  [11] follow a curve roughly parallel tds (or ki) (seeFig.
that in neat ethanol k andk; are both much smaller than 43). The similar polarity dependence between the experi-

ka. ) ) mental rate constaktin Tol-Acn, presumed single-step, and

In np-EtOH mixtures, the constancylof over the entire the adjusted model-dependent rate constgrsupports the
region, 1.5moldm? < ceton < 17.1moldn1® (seeFig. 3 scheme proposed for mixtures containing ethanol because
should therefore be interpreted as an indication Kaate- both describe the kinetics of the same elementary reaction,

mains unchanged in that region, disregarding a less likely cg|ored-MC—> SP.

situation involving a fortuitous cancellation of effects. Sinceé  The simple three-species model can also be used to de-
ko is related to the difference of Gibbs energy between the gcripe the rate constants of MC dissolved in SEtOH,
transition state fand as shown inFig. 4bh Compared with the values obtained
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Fig. 4. (a) Ink; at 298K for the liquid solvent mixtures as a function
of the molar concentration of the polar liquid solvent. Symbols and
arrow have the same meaning thanFig. 1L For comparison, previous
results ofk in Tol-Acn (O) are shown. Thin curves: calculated values
of ki and ks for Hex—EtOH system obtained by nonlinear fitting of the
experimental data t&q. (2) thick lines: rate constants of the elementary
steps 1-3. (b). lk; at 298K for the CG-EtOH mixtures as a function
of the molar concentration of the polar liquid solvent. Symbols have the
same meaning than iRig. 1L Thick lines: calculated values d¢ and

ks obtained by nonlinear fitting of the experimental dateEtm (2) thin
lines: rate constants of the elementary steps 1-3.

in Tol-EtOH, k» remains almost unchanged akgdshows
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increases. According t&q. (4) ki is always larger than any

of the elementary-step rate constakts-independently of
the approximations about their polarity dependence. There-
fore, asceioy increasesk; changes from being parallel ka

to following ky when this rate constant becomes larger than
k1.

The amplitudes of the fast and the slow procesaeand
as respectively, can be calculated with the simple model us-
ing the equations derived [t2], if the initial concentrations
of species U and C are known. The concentration of species
U could not be measured, nevertheless it was possible to
assume that U is not generated in significant amount by
the photochemical reaction because the kinetics were iden-
tical when SP was irradiated before or after the addition of
ethanol to the solvent, and under no conditions the concen-
tration of C was observed to increase with time. The calcu-
lated ratio &s/as) for CO,—EtOH mixtures, plotted as a curve
in Fig. 2, is in qualitative agreement with the experimental
data.

The simple mechanism offers also a means of relating the
amplitudes of two elementary decay processes with the rate
constants. Making use of our assumptions, we obtain
as _ ki ()

-~ —-1
as k1
which explains the coupling between the insensitivitykof

on polarity and the appearance of the slow process: in regions
a and b ks is close tok; and thereforeg/as is almost zero,
while in regionc, ky &~ k> > kq and larger values Gdis/a

are obtained.

4.2. Activation energies

The activation energyys of the fast process shows a
complex dependence on the alcohol concentration, as illus-
trated inFig. 5a In region a,Eys for Tol-EtOH increases
very steeply withcgion, from 60 to 70kJmot! in neat
toluene to near 90 kJmot at cgron = 0.17M. In the b
region, Eg; changes with ethanol concentration according
to the expected effect of the medium polarity decreasing
smoothly with the concentration of alcohol to reach fi-
nally, at ceijon =~ 3M (region c), a constant value which

a slightly different concentration dependence. According is very close to the typical value d&; in np solvents.
to this model, the observed increase in the rate constantsThe activation energy of the slow process, represented in

of the slow process in C&EtOH compared with those

Fig. 5h increases with polarity and also reaches a plateau

in the Tol-EtOH solvent mixture are consequence of the at about the samezion when Eqs ~ 110 kJ mot 1, a value

relative increase oksz, which for CQ—EtOH is closer
to ki.
Despite the simplicity of the model and the approxima-

typical in pure ap solvents. The curves drawnFig. 5
were calculated with the simple model for the reaction
mechanism.

tions made to reduce the number of adjustable parameters, The results obtained in GOEtOH mixtures, also plotted

the decomposition of the empirical rate constatsand

in Fig. 5, are consistent with those observed in Hex—EtOH

ks in terms of the rate constants of the elementary stepsand Tol-EtOH mixtures, although the curves calculated with
gives an interesting interpretation of some observations. Thethe simple model for the fast and slow processes seem to
different polarity dependence ¢ at low and high alco-  be shifted to higher alcohol concentration. This fact is op-
hol concentration originates in the fact that the curves of posite to what was expected from the enhanced preferential
ki andk> cross each other when the ethanol concentration solvation phenomena displayed in supercritical flJiig].
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Fig. 5. Activation energy for the fast (lower panel) and slow (upper panel)
processes. Symbols have the same meaning dsginl Full curves:
Hex—EtOH and Tol-EtOH mixtures; dashed curves:,€ExOH, all of
them calculated with the simple mechanism.

It is worth mentioning that all data for GOEtOH mixtures
correspond to densities higher than the critical density, but
that, compared to the liquid solvents, the systems contain-
ing CO, were expanded fluids in which repulsions have less
importance than in close packed fluids.

The entropy of activation of both processes in all studied
systems mimics the behavior displayed by the correspond-

ing activation energyASf;t goes from the pure toluene

value to ASf-“t in neat ethanol (around-40JmottK~1)
for both cases) by first increasing to a maximum (ca.
+50Jmott K1) to then decrease. For the slow process
the entropy of activation is a monotonously increasing
function of the alcohol concentration, asHgs As reported
before,[11] the thermodynamic parameters of activatifyn

and ASF show a strong linear correlation.
5. Conclusions
The results of this study show that the change in the

thermal decay rate law withgion is due to the very low
amplitude of theslow process whertgion is small. The

31

The origin of the behavior in the inverse region remains
unclear; other factors besides polarity may play a role in this
region.
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