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Enhancement of Rates of Reaction using Neutral Water/Organic

Microemulsions as Solvent Media

Michael J. Blandamer, John Burgess, and Barbara Clark
Department of Chemistry, University of Leicester, Leicester LET 7RH, U.K.

Relative to the rate constants for reactions in aqueous solutions the rate constants for reactions involving (i)
Fe(phen) 32+ (phen = 1,10-phenanthroline), (ii) Fe(5-NO,phen) 32+, (iii) 2,4-dinitrochlorobenzene, and (iv)
crystal violet with either hydroxide or cyanide ions are increased markedly when two water/organic micro-
emulsions formed from liquid components are used as reaction media; a similar though less significant change is

observed in the related rates of aquation (hydrolysis).

As part of a detailed study into the effects of solvent on the
rates of both inorganic and organic reactions,! we have exam-
ined the kinetics of a range of reactions in water /organic (w/0)-
microemulsions. In these systems, it is envisaged that small
drops of water (ca. 10~® m diameter) are distributed through
the organic liquid system. We have observed that in micro-
emulsions formed from non-ionic liquid components, the rates
of many reactions are significantly higher than in more con-
ventional aqueous solutions, the ratio of rate constants being
in some cases 10° or more. Here we illustrate the point by
reference to two microemulsions; A 60 mol 9% 2-butoxy-

ethanol, 20 mol %, decane, and 20 mol ¢, water;2 B 45 mol %,
propan-2-ol, 40 mol %, hexane, and 15 mol 9, water.?

At 298 K, both microemulsions are, perhaps surprisingly,
clear and transparent in the visible and near u.v. regions of the
spectrum. Kinetic data for a series of reactions are summarised
in Table 1, together with kinetic data for the corresponding
reactions in aqueous solution. These reactions are given in
Scheme 1.

The most dramatic effect is observed for reactions involving
CN-. Indeed, the rates were too fast for us to measure, being
complete within a second or so of mixing. A similar trend was
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Table 1. Rates of reaction in two w/o-microemulsions at 298 K.

Aquation
(hydrolysis) Hydroxide Cyanide
k/s™t ky/dm® mol—*s—!  k;/dm3 mol-s-!

Solvent: aqueous solution
Fe(phen),?+ 7.33 x 10— 1.08 x 10-? 24 x 102
Fe(5-NO,phen);*+ 4.87 x 10— 9.3 x 10-? 0.518
C,H,(NO,).Cl —1 1.3 x 10-3 —t
Crystal violet 1.1 x 10— 2 x 10 6.1 x 102
Solvent: microemulsion A
Fe(phen)y+ 2.17 x 10— 44,9 >300
Fe(5-NO,phen),+ 2.41 x 10— >200v >300
CsH,(NO,),Cl1 —1 1.37 x 10—t —1
Crystal violet — >200v >300
Solvent: microemulsion B
Fe(phen);2+ 2.3 x 10— 87.74 >200
Fe(5-NO,phen);?+ 5.2 x 10— > 2004 >200
Crystal violet — 333e —
aT=1305K. " [OH]- = 2 x 10~® mol dm~2 ¢ [OH]- 149 x 10~? mol dm3. 4 [OH] =
3 X 102 mol dm~-2. ¢ [OH]~ = 1.5 x 10~ mol dm3. f No known reaction.

HT

Fe?*(aq.) + 3 X-phen H*

FeXphen™ L OH, Os _ ke,0, (aq.) + 3 X-phen
2\3 .

CN-

Fe(X-phen),(CN), + X-phen

X = H or 5-NO,

CeH3(NO,),Cl — C;H3(NO,),OH + CI~-

OH~
(Me,N-CH,);C* — (Me,N-C;H,),C-OH
Crystal violet

Scheme 1

observed for reactions between OH~ and Fe(5-NO,phen),**
(phen = 1,10-phenanthroline). The reaction between OH~™
and Fe(phen),** is slightly slower and we were able to calculate
asecond order rate constant (Table 1). On going from water
to a w/o-microemulsion the rate constant increases by a factor
of >103. This reaction is currently believed to involve attack
at the ligand by OH~ in a bimolecular process. Overall the
process involves two ions of opposite charge. However, this is
not the basis for an explanation of the rate enhancement as
shown by the data for the reaction between OH— and the
neutral molecule, 2,4-dinitrochlorobenzene* (Table 1). Here
the acceleration in rate is >3 X 103. This reaction proceeds in
a bimolecular displacement of Cl through a four-centre inter-
mediate. The reaction between crystal violet and OH~ was
chosen because crystal violet is a soluble carbonium ion.®

Here again the acceleration in rate of reaction is dramatic
(Table 1).

Kinetic data for the related aquation and hydrolysis reac-
tions (Table 1) also show an increase in rate of reaction
although here the effect is not so dramatic.

Microemulsions have been described as thermodynamically
microstructured phases.® However the precise structures and,
as important, the persistence time for these structures are a
matter for current speculation and research.” Explanations of
the kinetic results reported here can be offered in various
terms. In one model, the rate enhancement can be understood
in terms of phase-transfer catalysis coupled with extensive
concentration fluctuations within the microemulsion.
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