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The kinetics of enolization of acetone, 3-pentanone, and 6-undecanone have
been studied in lyotropic systems in the isotropic, nematic, and lamellar phases.
The data, analysed in terms of spontaneous and acid-catalyzed rate constants, do
not show any relevant influence of the physical nature of the phase. Effects are
instead observed in relation to the length of the alkyl chains of the ketones and the
type of the amphiphilic molecule. 6-undecanone has a surprising effect in stabiliz-
ing ordered mesophases.

1. Introduction

There is continuing interest in chemical reactivity in ordered systems [1, 2]. In the
literature many papers deal with reactivity in thermotropic liquid crystals [3-5],
however there are very few on lyotropic systems. The earliest studies [6] investigated
mainly the effects of the transition between a liquid crystalline and the isotropic phase.
Ramesh and Labes [7] have also studied the influence of modifications in shape (and
size) of micellar aggregates and found small but significant effects in the rate of two
bimolecular reactions: the bromination of trams-stilbene in sodium decylsulphate
aggregates and the o-iodosobenzoic acid catalyzed ester hydrolysis of p-nitrophenyl
laurate in myristyltrimethylammonium bromide micelles. In addition the unimol-
ecular isomerisation of a photochromic merocyanine has recently been reported to be
phase sensitive [8].

Enolization of simple carbonyl compounds is one of the best documented pro-
cesses in organic chemistry [9] and has played a central role in the development of the
mechanism of acid-base catalysis [10]. Under favourable conditions, enolization rates
can be accurately measured by studying the halogenation of the ketone. In these
reactions, the halogen acts as a scavenger by reacting with the enol (or enolate)
formed by proton-transfer from the CH group adjacent to the carbonyl group. In this
work we describe the study of the enolization of some ketones in different lyomeso-
phases. The kinetic constants are discussed in terms of the length of the alkyl chains
of the ketone, of the type of the cationic surfactant, and of the changes in the micellar
organization. The influence of the solute on the stability of the phase is also discussed.
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In aqueous solution and under appropriate concentration and temperature con-
ditions, amphiphilic molecules, with or without addition of cosurfactants and elec-
trolytes, may form several kinds of phases [11]: an isotropic micellar solution, nematic
aggregates, and a lamellar or a hexagonal smectic phase. Just above the critical
micellar concentration, the aggregates are roughly spherical in shape [11(5)]. By
increasing the surfactant concentration the micelles are first forced to adopt an
anisometric shape [11 (b), 12] and then their interaction may stabilize a nematic phase
with orientational order [13]. These phases are classified [11, 14-18] on the basis of the
structural unit shape, as discotic nematic, N, formed by disk-shaped micelles, or
calamitic nematic, N, formed by rod-shaped micelles. Also biaxial nematic phases
are reported [11(b), 17]. These nematics align in a magnetic field and so they can also
be classified as type I or type II according to whether they possess positive or negative
diamagnetic anisotropies respectively. On decreasing temperature or on increasing
amphiphile concentration, a transition to a smectic phase may occur [11]. Discotic
nematics usually evolve to a lamellar phase (neat soap, L,), constituted by an
alternating arrangement of soap bilayers and water, while calamitic nematics evolve
to a hexagonal phase (middle soap, H, ), formed by a hexagonal array of cylindrical
micelles.

2. Results

The lyomesophases used as a solvent in our work are composed of the ternary
system decylammonium chloride (DACI), ammonium chloride and water [14, 19}, or
by the quaternary system myristyltrimethylammonium bromide (MTAB), decanol
(DOH), ammonium bromide and water [16]. Both systems are known to form lamellar
phases (L,), discotic nematics with negative diamagnetic anisotropy (type II, N ) and
isotropic micellar solutions (I), depending on the relative concentration of the com-
ponents at a fixed temperature.

The rate of iodination was measured at 20-0 + 0-1°C by observing the decrease
in the triiodide absorption at 353 nm. For the iodination reactions, a zero-order loss
of iodine was observed (over at least 90 per cent of the reaction), according to the rate
law

—d[I¥)jdt = kg[ketone], )

where [1¥] refers to the total concentration of iodine ([I,] + [I;]). For[I"] < 0:01 M
and [H*] < 0-02 M no evidence of reversibility was observed. This kinetic behaviour
is expected when the enolization of the ketone is rate-determining. The pseudo-first
order velocity constants, k,,, were calculated from slopes S of the optical density
versus time plots according to

kos = S/e*[ketone], 2)

where &* is the effective molar absorbance of the triiodide ion at 353 nm, which allows
for the slight dissociation [10(¢)]

I = L+1.
The observed rate constant, &, was of the form
kobs = kO + kH+[H+]’ (3)

where kq and k&, were determined as intercept and slope of k,,, versus [H* ] plots,
respectively. k, represents the so-called spontaneous rate constant and k,,, the specific
acid catalyzed rate constant.
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Table 1. Rate constants of the acid-catalysed enolization of three ketones measured at 20-0°C
in different lyomesophases.

ko (std.dev.)/  ky, (std.dev.)/

Ketone Amphiphile ~ Compositiont  Phase 10785~ 107'M!s!
a Np 434 (048) 18 (36)
Acetone bad b I 391 (0-39) 59 (29)
MTAB c I 024 (0-10) 2-02 (0-70)
d Np 0-06 (0-11) 9-79 (0-81)
3-Pentanone DACI e | 0-34 (0-38) 84 (29
f % 006 (0-25) 172 (17)
g L 019 (0-12) 3-98 (0-95)
DACI h Np 010 (0-12) 472 (0-94)
R i I 0-192 (0-043) 3-03 (0-33)
6-Undecanone j L nd. 312 (0-22)
MTAB k Np n.d. 3-40 (0-66)
/ I n.d. 3-62 (0-11)

n.d. = not detectable
tCompositions: see the Experimental section

Individual values of k, and k. for the three ketones under investigation are
reported in table 1. It should be noted that values of kg are, in all cases but acetone,
subject to considerable uncertainty because small changes in the slope (&, ) of the &,
versus [H™ ] plots lead to a large variation of k. For acetone, of course, the situation
is reversed. Another cause of the relatively high standard deviations is the complexity
of the anisotropic system investigated. From the inspection of the data one can notice
the following points. For a given ketone and amphiphile the spontaneous rate
constant kq, as well as the specific acid-catalyzed constant k. , are not affected when
the lyotropic phase is modified from L, to N and to I. In all lyotropic phases, for all
the ketones studied, the k., s are not very different and are about two orders of
magnitude smaller than that for acetone in water (at 25°C, k,,, = 285 x 107°M~'s™")
[10(b)]. In contrast the spontanecous rate constant k, has variable behaviour for the
different lyophases (DACI and MTAB) with respect to the data obtained for acetone
in water (at 25°C, ko = 44 x 107 's7')[10(d)]. There is a marked decrease in ky on
passing from acetone to the other ketones with longer alkyl chain. On passing from
the DACI alkylammonium system to the MTAB tetraalkylammonium system, a
marked decrease in kg is evident.

3. Discussion

Within the limit of the accuracy of our experiments, the kinetics of the enolization
reaction of ketones is not affected by changes of the phase from the isotropic micellar
to nematic and lamellar. Even though studies on different reactions are necessary
before general conclusions can be drawn, in our view this behaviour is likely to be the
most common one.

The type of solute added to the surfactant might certainly influence the phase
observed (the case of 6-undecanone reported later is a clear example). On the other
hand, variation of the type of phase does not seem to influence significantly the order
of the surfactant chains [20]. Furthermore, the order of solutes of limited molecular
dimensions, located in the hydrophobic part, does not seem to change with the shape
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of the aggregates forming the nematic phases [21, 22]. The environment of a reactant
dissolved in a micelle is not likely to change with the variations in shape and with the
reciprocal ordering of the individual micelles. Hence, the changes in the reactivity
expected are not great and should be smaller than those observed in thermotropic
systems on passing from isotropic to liquid-crystalline phases [3-5]. An extensive
discussion on the variations of the kinetic constants reported in table 1 is beyond the
scope of our investigation. However, two points can explain most of the data:

(i) In DACI micelles there is certainly a contribution to reactivity from the
ammonium groups of the surfactant via the formation of Schiff bases [24].
Ammonium chloride is not involved in this process (see the data in MTAB)
as it is probably too far from the Stern layer and from the ketones.

(it) The decrease in k, observed with the increase of the length of the ketone alkyl
chains is related to the partition of the ketone between the hydrocarbon core
and the Stern layer or the aqueous part. A keto-group located deep in the
hydrophobic core is effectively shielded. In table 2 we report spectroscopic
data supporting this view, based on the well documented shift of 4,,, of the
n-n* carbonyl transition with the polarity of the solvent [25]. The data show
that acetone, which is more reactive, is located in a polar region of the DACI
miscelles, while the less reactive undecanone is in the hydrophobic core.

Table 2. Wavelength of the absorptior. maximum due to the n-n* transition of acetone and
6-undecanone in several solvents.

Acetone 6-undecanone
Solvent Amax /MM Solvent Amax /M
Water 264 Water/methanol 2: 1 276
DACI (isotropic) 266 Methanol 279
Methanol 270 DAC (isotropic) 281
Hexane 279 Hexane 284

Phase stabilization operated by 6-undecanone
An unexpected effect, which constitutes an indirect indication of the intercalation
of undecanone between the amphiphilic molecules, is derived from the following
observation. Starting from the DACI or MTAB nematic phases and increasing the
undecanone concentration, without modifying the other components of the lyomeso-
phase, a transition to a biphasic system and then to a lamellar phase is observed. From
the structural point of view, some preliminary results obtained by X-ray diffraction
technique are the following. In the DACI nematic phase of composition m (see the
Experimental section), the bilayer dimension obtained from the position of the small
angle broad peak is about 48 A. Starting from this nematic phase, an increase of the
bilayer repetition distance is observed as the 6-undecanone concentration increases.
When the concentration is 3 per cent w/w, a two phase coexistent region, in agreement
with microscopic observation, was detected: the nematic one with bilayer dimension
of about 60 A and an L, phase with bilayer dimension of 47 A. At higher undecanone
concentrations only narrow peaks (first and very weak second order) corresponding

to the L, phase were observed. The bilayer dimension was 47 A.
Different effects were observed after addition of equivalent amounts of different
ketones to the DACI nematic phase of composition n (see the Experimental section).
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3-Pentanone and acetone induce a transition to isotropic micelles, whereas
6-undecanone preserves the nematic phase. In particular, the bilayer repetition
distance of the nematic phase in the presence of 6-undecanone is again greater than
for the undoped lyotropic mesophase; this dimension changes from about 51A
to about 5SA after addition of 15 per centw/w of 6-undecanone. The effect of
6-undecanone is similar to the effect reported for the addition of cholesterol to the
DACI lyotropic system [26]. In this case, a decrease of flexibility of the hydrocarbon
chains and then an increase in the amount of the all-trans-conformer was observed.
This was explained as being caused by solute location deep in the hydrophobic region.
For undecanone, the interpretation could be analogous. On the basis of the X-ray
investigation alone, the interaction of the keto-group with the polar region cannot be
excluded; however, together with the kinetic and absorption data, this observation
indicates that the keto-group is more likely to be in the hydrophobic region.

4, Conclusions

The rate constants for spontaneous (k) and specific acid-catalysed (k. ) reac-
tions of the ketones under investigation are not affected by the nature of the phase
(isotropic, nematic and lamellar) of the micellar systems used as the solvent. Signifi-
cative differences are observed instead between isotropic systems with high and low
amphiphile concentration. In all cases the DACI solvent interacts chemically with the
ketones. The effect of 6-undecanone on the structure of the micellar systems is
surprisingly similar to that of cholesterol: the order of the phase is increased. In
contrast acetone and 3-pentanone promote transitions to the less ordered isotropic
phase.

5. Experimental

Materials. DACI was prepared by the Radley and Saupe method [14]; the other
components of the lyosystems were all commercial products purchased from Aldrich
and used without further purification. Acetone was purchased from Carlo Erba, and
3-pentanone and 6-undecanone from Aldrich.

Sample preparation. The samples were prepared by mixing and stirring together
the appropriate quantities of all the components except iodine for 12 hours at room
temperature. lodine was then added. The concentration of the ketone was in the range
0-01-0-1 M and the initial concentration of iodine about 10~*M. In all the reactions
the iodide concentrations were close to 4 x 107>*M. Under these conditions, the
effective molar absorbance of iodine at 353nm is 1:90 x 10*mol 'dm’cm™'.
The hydrogenion concentrations investigated were in the range 6:2 x 107° —
2 x 107*M. At more acidic pHs, oxidation of iodide occurs

4" + 4H* + O, —» 21, + 2H,0,

while at more alkaline ones, iodine reacts with the primary amine [12] (in the DACI
system) and so a kinetic study is impossible. The average compositions of the lyo-
systems were:

DACI/NH,Cl/water per cent w: ((a) 35-7/3-8/60-5; (b) 29-3/3-8/669; (d) 36-7/4-0/59-3;
(e) 30-9/3-9/65-2; (f) 2:5/0-8/96-T; (g) 37-1/4-0/58-9; (h) 33-2/3-9/62-9;

(i) 26:0/4-0/70-0;

MTAB/DOH/NH,Br/water % w: (¢) 35-0/2:2/3-0/59-8,;

(J) 26:6/3-9/6-4/63-1; (k) 26-6/3-8/6-4/63-2; (I) 35-0/2:2/3-0/59-8.
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The compositions of the samples used for the X-ray study were:
DACI/NH,Cl/water per cent w: (m) 36:0/4-0/60-0; (n) 31-0/4-0/65-0.

Measurements. After preparation the samples were transferred into a 1 mm path
cell and observed with a polarizing microscope in order to assign the type of phase.
The lamellar phase was detected first by the microscopic technique, and then con-
firmed by X-ray diffraction with a small angle camera. The decrease in the triiodide
absorption was measured at 20-0 1 0-1°C with a Jasco UVIDEC spectrophotometer
equipped with a thermostatted cell holder. U.V. spectra were recorded with the same
instrument. X-ray diffraction studies were carried out at the same temperature as the
kinetic measurements.

We thank Professor Bruno Samori for discussion and for providing the manu-
script quoted in [21] prior to publication, Financial support from MPI and CNR
(Rome) is gratefully acknowledged.

Note added in proof—After this paper had been submitted for publication, an
article by RaMEsH, V., and LABEs, M. M. (1988, J. Am. chem. Soc., 110, 738) was
published. It reports the dramatic effect of the shape of the surfactant aggregates on
the velocity of hydrolysis of two organophosphinate esters in lyotropic liquid crystals.
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