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Effect of Reverse Micelle Size on the Librational Band of Confined Water and Methanol
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We report measurement of the OH librational band in nanoscopic pools of water and methanol confined
within reverse micelles. The librational band, which peaks near 678 anthe bulk liquids, shifts to lower
frequency as the reverse micelle size decreases. In addition, the shape of the band changes considerably as
a function of decreasing size. The librational band at all compositions is well fit by a two-state model based

on the relative fractions of bound and free water (or methanol) within the reverse micelles.

Introduction micelles are spherical and quite monodisperse, and their size is

. o " _manipulated easily and reproducibly by varying the ratio of
Reverse micelles are fascinating entities that have receivedmg|ar concentrations of polar liquid to surfactant molecules,
much well-deserved attention. An important aspect of their Wo, wherewo = [polar liquid)/[surfactant]i2

behavior that has been overlooked, however, is the OH
librational motion of hydrogen-bonding liquids confined to their
interior. This band occurs near 670 thin bulk water and
methanol and is very sensitive to the degree of hydrogen
bonding!~3 Liquids in confined spaces behave differently than
their bulk counterparts, which is one of the reasons reverse
micelles have been a subject of longstanding interest. Similarly,

the effect of an interface on the properties of liquids has also molecules can be modeled either by a two- or three-state

stimulated much recent work. In addition to the fundamentally systen1319Water molecules confined within the micelles have
interesting chemical nature of these questions, the effect of size

) L . - thus been classified as either “bound” or “free” in the two-state
and interfacial interactions are also pertinent to other areas of

. . . . ' . . models, while the three-state models also include “trapped”
science in which water is confined to nanoscopic environnfents. L .
. . ) . water molecules. In these descriptions, the free water is found
Such environments include biological molecules and mem-

. . - at the center of the micelles and behaves like bulk water, bound
branes, porous rocks and clays, and zeoti€enfined environ-

ments may also be used to carry out a variety of reactions, eitherWater is found at the ionic layer of the micelles, and trapped

by modifying the properties of the encapsulated liquid or b water resides within the ionic lay&rThe fractions of bound
y-m 9 prop p q Y and free water change relatively sharply with so that bywg

bringing reactants into close cont&ctThe focus of this study : . L

. ) . I = 10 many of the properties of the confined liquid are rather

is to determine the effects of confinement upon the librational

: L similar to those of the bulk liquié®
dynamics of hydrogen-bonding liquids. Considerably | K has b q hanol .
The dimensions and shapes of reverse micelles are easily onsiderably less work has been done on methanol-containing

i 1,21
tunable, making them particularly useful for studying the effects {:ggéts;nénr'g\?ggi migensssa?:i&;?ﬁfg};2%5;;?}2%%;@2;;6
of confinement on liquids. Their properties fall halfway between

those of interfaces at solid surfaces and those of biological reverse micelles for a given valuew, even though methanol

membranes. Reverse micelles typically consist of a spherical s a larger molecule than v_vater. Anoyher d|_fference is that a
cavity of water (or some other polar liquid) surrounded by a small amount Of. meth_anol IS present in _the Isooctane solvent,
shell of surfactant molecules that functions as an interface whereas vyaterlls entirely confined within the interior of the
between the polar cavity and the nonpolar medium in which reverse micellé:

they are dispersetiThe surfactant molecules orient themselves ~ We have investigated changes in the absorption band at 670
with their headgroup directed inward, making the interior SM *that arise from librational motion of the hydrogen atbr.
interface ionic. Also, nonspherical reverse micelles can be TNiS band is characterized by the motion of the OH group and
obtained by using different surfactant molecules. For example, IS therefore a sensitive probe of the hydrogen-bonding environ-
rodlike prolate spheroidal reverse micelles are formed when Ment. Although the OH stretch is also sensitive to the hydrogen-
using sodium bis(2-ethylhexyl) phosphate (NaDEHRMd bonqllng environment of the molecule and has been ex_tenswely
wormlike reverse micelles are obtained when using- studied, the librational band and OH stretch respond differently

phoshphatidylcholine (lecithirf. Water-swollen solutions of to different environmen.ts. (;ompared to bulkwater, for instance,
AOT will result in formation of a bicontinuous microemul- Weaker hydrogen bonding in the smallest micelles causes a 25%

sion®11 Under the conditions used in this study, the reverse decreasein the librational frequency, whereas only a 3%
increase is observed in the OH stretching frequency. The

- o librational bands of hydrogen bonding and non-hydrogen-
* Corresponding author. E-mail: charles.schmuttenmaer@yale.edu. . .
* Present address: National Metrology Laboratory, CSIR, P.O. Box 395, bonding molecules are better resolved than are the corresponding
Pretoria 0001, South Africa. OH stretch bands of these states.
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Water in reverse micelles has been extensively studied using
a variety of techniques. Infrared spectroscépy?® THz spec-
troscopy!® NMR spectroscopy’'® Raman and inelastic light
scattering’® fluorescence upconversidhi202lcalorimetry’®
and molecular dynamics (MD) simulatidi¥é 25 have all been
used to probe the properties of water within the micelles. A
common finding of these studies is that the confined water
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A particular advantage of studying the librational band is that
it corresponds to amntermolecular, and notntramolecular,
motion. This allows spectra calculated from MD simulations
of rigid molecules to be compared with experimental spectra
for the first time. The comparison of simulation results to those 60 -
determined from experiment is crucial for determining their

80 ~

)

-1

accuracy. Once the simulations accurately represent quantities TS
that are experimentally accessible, greater confidence can be é 40 -
placed in simulated properties that are not experimentally =
accessible. We have previously used a similar combination of w

experimental spectra of the librational band and MD simulations

to investigate the effect of mixing in binary aqueous and

methanolic mixture$:3 0
In this study, we present the experimental spectra of water/ o A X

AOT/lsooc_tane a_nd methanoI/AOTllsooctane reverse micelles. 400 500 500 00 200 900

Changes in the librational band of water and of methanol are ¥

investigated as a function of the size of the micelles. The Frequency (em™)

observed shifts in the librational band are related to a two-state Figure 1. Molar extinction coefficient spectra for AOT (top curve)

model based on bound and free water or methanol. Differencesand isooctanex10, bottom curve).

and similarities between water and methanol in the micelles

20

are discussed. varies with micelle size. We do so by first determining the molar
extinction coefficients of isooctane and AOT and then subtract-
Experimental Section ing their contribution to the total sample absorption to yield

. . . . the absorption of confined water or methanol.
Reverse micelles were prepared with sodium bis(2-ethylhexyl)  The molar extinction coefficient of isooctaneso(), is

_sulfosuccinate (also_ known as aerosol-OT, or AOT) fro_m Fluka, readily determined from the absorbanae= —log[l (w)/lo(w)],
isooctane from Aldrich, and either methanol from Mallinckrodt of a sample of neat isooctane using

or deionized water. All substances were used as received.

Samples were prepared on a mass basis by adding water or A l0) (o)
methanol to AOT to givewp values ranging from 1 to 40 for €i5o(®) = g = 5303 (2
water-containing reverse micelles and 2 to 20 for methanol- Giso ) S0

containing reverse micelles. The samples were then diluted by . . L
the required mass (and volume) of isooctane to bring the AOT wherecigo is the isooctane concentration in mol/L. The molar

concentration to 0.060 mol/L. Other workers have noted that extinction c.oefficier!t.of AOT’EAOT(w,)' was calculated from
AOT contains about 0.15 molecules of residual water/AQT the absorption coefficient of an AOT/isooctane saml@iiso,

molecule!22026|n keeping with other workers, this amount is at 0.060 mol/L by subtracting the absorption arising from

considered negligible and ignored in the calculatiorwgf Isooctane:

Infrared spectra of the samples in the region-40600 cnT?! Upore(@) — 2.30% e, ()
were measured using a variable path length cell mounted in a Enor(@) = AOT/is0 : is0~is0 3)
standard Midac M1200 FTIR spectrometer that has been Aot 2.303Cpor

previously described&?” The temperature of the sample was
about 24°C. Spectra were recorded at 15 path lengths for each The extinction coefficients of isooctane and AOT are shown in
sample, and the Naperian power absorption coefficient of the Figure 1. The molar extinction coefficients of watef(w), and
sample,a(w), was calculated from Beer's Law: methanolen(w), were similarly determined by subtracting the
absorption due to isooctane and AOT:
In[l(w)/l(w)] = —a(w)d, or upon rearrangement,
N 1) = —a(@)d+Inlyw) @)  Swn@)=
Opotiisorml@) — 2.303CisEiso @) t Caor €ot(®)]
Herel(w) is the intensity of the transmitted light through path 2.30%,, ,
lengthd andlo(w) is the incident intensity. Path lengths in the
range 0-2000um were used, depending on the absorbance of where oaotisow IS the absorption coefficient of the AOT/

4)

the sample, which in turn depends on the valuewef We isooctane/water sample amdot/isom IS the absorption coef-
typically took data over a series of path lengths such that the ficient of the AOT/isooctane/methanol sample.
transmitted intensity at 670 cthwas about 3% for the longest It has been suggested recently that the above straightforward

path lengths and about 85% for the shortest. This procedureanalysis is not valid when applied to the far-infrared properties
gave a reasonably high signal-to-noise ratio while avoiding of water confined within reverse micellé&This is because far-
Etalon effects. The absorption coefficient can be precisely infrared measurements probe the dielectric relaxation of the
determined because partial reflections at interfaces do not varyconfined water and are sensitive to thellective rotational
as the path length is changed. Multiple measurements of thediffusion, that is, delocalized modes. However, the librational
isooctane and AOT/isooctane spectra gave highly reproducibleband measured here arises from localized oscillatory modes
absorption coefficients, and measurements of the AOT/iso- involving only two or three molecules; it is not dielectric
octane/water (or methanol) reverse micelle solutions had anrelaxation. We compared our approach to that of Hanai and
uncertainty of less than 3%. co-workers, which includes contributions to the dielectric
Our experimental objective is to determine the manner in relaxation from the interfacial polarization of the AOT sH&ft°
which the librational band of the confined water or methanol We found that these two methods yielded the same results for
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Figure 2. Molar extinction coefficient spectra of water confined within

reverse micelles of various sizes. The progression of sizes from large d h v th del d i
to smallw values is indicated with the arrows. The arrows emphasize OUr data. To assess how accurately the two-state model describes

that the high-frequency portion of the spectrum decreases, while thethe librational motions, we have simultaneously incorporated

low-frequency portion increases as a function of decreasindgulk all of the measured frequency-dependent molar extinction
water is shown with the smooth dashed cutvigllowed by reverse  coefficients into a global fit. If the series of spectra indeed adhere
micelles withwo = 40, 20, 10, 6, 4, 2, and 1. to a two-state model, then the absorbance for a given frequency

) o will vary linearly as a function of the fraction of bulk water,
the spectrum of the confined liquid. Therefore, we c_:hose tousef, . within the micelle for each value ofo. Unfortunately,
the more transparent treatment that is presented ineds 1 the fractionfyu is not known a priori from the amount of water,
AOT, and isooctane used to prepare the sample. Therefore, we
Results perform a linear least-squares fit of the extinction coefficient
A. Water. The molar extinction coefficient of water in reverse ~ for each frequency between 400 and 900 &ws a function of
micelles of various sizes is shown in Figure 2. The absorption fouk. The value offui for each value ofv, is constrained to be
spectra of confined water molecules exhibit a large red shift as the same at every frequency on a given iteration of the global
well as an increase in the magnitude of the molar extinction fit. The difference between the measured spectra and the linear
coefficient aswy decreases. The absorption band is red-shifted fits is then minimized by iteratively adjusting the valuediaik
by about 170 cm! in the smallest micelles, which is a 25% for the spectra taken at different valuesvaf For bulk water,
decrease compared to the band maximum in bulk water at 670fbui is held fixed at 1.0 during the fitting procedure. Figure 3
cm. The peak also becomes markedly more pointed with Shows representative cuts at 500, 650, and 800'cwhere it
decreasingvvo_ The red_shifting and Change in size of the is seen that the two-state model fits the data well. The results
absorption band indicates that the librational motion of water are shown in Figure 4 where the sizes shown from top to bottom
is strongly affected by confinement. are bulk water, followed by reverse micelles with = 40, 20,
The librational band of water within the largest micellag (  10. 6, 4, 2, and 1. Figure 5 plokg as a function ofw on the
= 40) is essentia”y identical to that of bulk Waﬁérapart from basis of these fits. The fraction of bulk water obtained by
a minor red shift. Therefore, one concludes that the librational analyzing the OH stretching band for water/A@¥leptane
motion of water molecules encapsulated in large reverse micelles'€Verse micell€$ is shown for comparison in Figure 5. The
(~12 nm diameter) is almost identical to that in bulk water. agreement between the two methodsvgr= 6 is quite good.
The molar extinction coefficients determined for water at low Itis difficult to explain why the two methods disagree at small
Wo values show small features that are correlated with the AOT Wo Values, but it is surprising that D’Angelo et al. report that
spectrum, in addition to the large red shift. The confined water 40% of the water is bulklike ato = 232 Whenwo = 2, the
spectra show lower absorptions where the AOT spectrum hasfadius of the water pool is roughly 3 ¥, which would
peaks’ and vice versa, with the most prominen[ occurring at accommodate rough|y4 water molecules. It seems imp'aUSib|e
540, 580, 630, and 660 crh These features are an artifact of that 1 to 2 of them behave like bulk water.
the subtraction procedure and are most prominent in samples The spectra for pure bulk water and pure bound water
with smallwp values, wherein AOT dominates the absorption resulting from the fit are the top and bottom traces, respectively,
spectrum. It is worth noting that these features are also presentin Figure 4. The spectrum for pure bulk water is in good
when carrying out the more complicated procedure describedagreement with the experimental spectrum (shown as open
by Hanai and co-worker®:2°The occurrence of these features squares). The spectrum of bound water is not experimentally
suggests that the molar extinction coefficient of AOT at these measurable and is a result of the fit, hence the absence of open
frequencies is slightly smaller in the solvent-filled reverse symbols. The fit assumes only a two-state model, and its
micelles than in the empty micelles. We are most concerned validation rests in the level of agreement between the measured
with the general trends of the spectra and will not consider and calculated spectra. The spectra of pure bulk and pure bound
further these minor features. water are summarized in Table 1. To extract the peak position,
The spectra show an isosbestic point near 620~%¢m full width at half-maximum (fwhm), absorption maximum, and
suggesting a two-state system. Given our current signal-to-noiseintegrated absorption, Gaussian, and Lorentzian line shapes were
ratio and in the absence of direct evidence for a three-statefitted to the pure bulk and pure bound spectra, respectively.
system, we do not feel that a three-state model is justified for The integrated absorption is based on the fitted line shapes
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Figure 6. Molar extinction coefficient spectra of methanol confined
within reverse micelles of various sizes. The progression of sizes from
large to smallw, values is indicated with the arrows. The arrows
emphasize that the high-frequency portion of the spectrum decreases,
while the low-frequency portion increases as a function of decreasing
Wo. Bulk methanol is shown with the smooth dashed cidifellowed

by reverse micelles withv, = 20, 10, 6, 4, and 2.

TABLE 1: Parameters of OH Librational Band for the Pure
Bulk and Pure Bound Spectra Determined from the
Two-State Fit

0 peak fwhm peak max integrated abs
posn (cnd) (cm™Y) (L mol~tcm™1) (L mol~lcm2)
400 500 600 700 800 900

bulk water 660 465 27.8 13700
Frequency (cm'l) bound water 510 301 42.6 17 400

. . ) bulk methanol 670 245 16.5 5680
Figure 4. Results of a global linear least-squares fit of the measured ,,nd methanol 560 204 9.2 2670

water data. The fitted results are shown with solid lines, and the
experimental data with open squares. The solid line not accompaniedTABLE 2: Fraction of Methanol That Is Aggregated in
by symbols is the spectrum of pure bound water which results from Binary Methanol/lsooctane Mixtures

the fit. For clarity, each spectrum is offset vertically by 10 L ol
cm L. methanol concn (M) 0.03 0.06 0.12 0.3 1.6

fraction in clusters (%) 0.0 0.0 16 52 ~100

1.0 -
. - than 2. Unlike water, methanol is soluble in isooctane which
0.8 - ‘m‘”‘ presents additional complications. We determined the methanol
Aﬁ“ i concentration in a saturated binary methanol/isooctane mixture
0.6 Lo to be about 1.6 M (0.27 mole fraction). Measurements from
Q:;5 | .| 0.03 to 1.6 M showed that the librational band of binary
o4l ® methanol/isooctane mixtures does not shift and that its shape
E remains constant. It decreases in intensity at lower methanol
0.2 4 concentrations because the relative fraction of methanol residing
v in clusters decreases as the concentration is reduced. The
ool librational frequency of monomeric methanol dispersed in
0 5 10 15 20 25 30 35 4 isooctane is very low due to the absence of hydrogen bonding
and is outside the range of the spectrometer. Table 2 presents
Wo the fraction of aggregated methanol at various concentrations

Figure 5. Fraction of bulk water (open squares) and bulk methanol as obtained by comparing the relative height of the librational
(filled circles) as a function ofv,. For comparison, the small filled band to that for the €0 stretch, which is independent of the

triangles show the fraction of bulk water obtained by analyzing the : . :
OH stretching band for water/AOfFheptane reverse micellés. degree of aggregation because it is an intramolecular mode that

Note: D'Angelo et al. reportuound rather thanfuu, but the two are does not participate in hydrogen bonding. The most important
related througouna= (1.0 — four)Wo. conclusion from studying binary methanol/isooctane mixtures
is that the position of the librational band of methanol is
because the experimental spectra are truncated at 400 and 900onstant. Thus, when the two-state model analysis is carried
cm L, out, the bound fraction in the methanol/AOT/isooctane system
B. Methanol. The molar extinction coefficients of methanol can be confidently attributed to methanol confined within the
in the reverse micelles are shown in Figure 6. The ranggof  reverse micelles. On the other hand, it is impossible to say
values studied was smaller than for water/AOT/isooctane whether the bulklike methanol is residing within the core or in
because phase separation occurredwiprvalues greater than  the solvent, and the impact of this ambiguity is addressed in
20, and the spectra were unacceptably noisywpvalues less the Discussion.
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Figure 7. Results of a global linear least-squares fit of the measured
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Figure 8. Absorption coefficient of S@ symmetric stretch as a
function of reverse micelle size. Neat isooctane is shown in the bottom
trace, where a small feature at 1017 ¢ris seen. Successive spectra
have been offset by 20 crhfor clarity.

changes in this vibrational band reflect changes at the interface.
There is only a single feature in the calculated gas-phase
spectrum because all three oxygen atoms are equivalent, whereas
we measure a smaller additional peak at 1018%cms seen

from the bottom spectrum in Figure 8, neat isooctane also has
a peak at 1017 crt which overlaps with this feature. However,
careful inspection reveals that the isooctane peak is a factor of
2 smaller than the feature at 1018 thobserved in the spectra

of samples that contain AOT (all the other spectra in Figure 8).

experimental data with open squares. The sizes shown from top to Furthermore, the AOT peak at 1018 cthred- shifts as a

bottom are bulk methanol, followed by reverse micelles wigh= 20,

10, 6, 4, and 2. The solid line not accompanied by symbols is the
spectrum of pure bound methanol which results from the fit. Each
spectrum is offset verticallyyb5 L mol~* cm.

The maximum of the extinction coefficient for methanol in
the largest micelle studiedv§ = 20) is somewhat lower than
that of bulk methand® and is slightly red-shifted. Methanol

function ofwp value in the same manner as the primary peak at
1050 cntl. The fact that the peak has split into two peaks
indicates that all three oxygen atoms are not equivalent in the
condensed phase. The relative height of the two features is
essentially independent vk. In addition, the two largest water/
AOT/isooctane reverse micelle sizes have a broad baseline
absorption from water itself. The general trend observed that

confined in the large reverse micelles therefore does not seemiN® band red-shifts slightly in going fromy = 1 towo = 40 is

to be completely bulklike, unlike water &, = 40. This can
be understood for two reasons: First, there is twice as much
water relative to AOT compared to methanol for these two
values ofwp. Second, the interior of methanol-containing reverse
micelles is significantly smaller than that for water for a given
value ofwp, even though methanol is a larger molecule than
water. For example, wheng = 10, ryater ~ 50 A andrmethanol
~ 23 A1

As the size of the reverse micelles decreases, the high-
frequency portion of the methanol librational band decreases
steadily and the lower frequency part of the band increases
slightly. There is an isosbestic point in the molar extinction
coefficient of methanol near 580 crth As in the case of water,
the methanol spectra for small valuesvaf show artifacts due
to absorption by AOT, as well as additional artifacts at 455,
827, and 861 cm due to absorption by isooctane. The methanol

in agreement with the findings of Li et &l.

The fact that the S@ band is split, even whemg = 0,
indicates that the degeneracy among the three oxygens is lifted
in the condensed phase. TheNaunterion could preferentially
form a weak complex with one of the oxygen atoms, causing it
to become more negatively charged than the other two. The
water molecules would then hydrogen bond to the remaining
oxygens and the sodium ion.

A similar analysis for the methanol/AOT/isooctane reverse
micelles could not be carried out. The-O stretch in methanol
occurs at 1030 cri, which makes it difficult to observe the
dependence of the SOband on micelle size. We attempted to
subtract a shifted and rescaled bulk methanol spectrum from
the measured data, but the resulting spectra depended tremen-
dously on the amount of shift chosen. Therefore, it is currently
not possible to state how strongly the S®and is affected by

data were also fit to a two-state model, and the results are showrs12€ in methanol-containing reverse micelles.

in Figure 7. The values determined fgyix are plotted in Figure

5, and the spectra of pure bulk and pure bound methanol are

summarized in Table 1.

C. SO;~ Band. The SQ~ symmetric stretch gives rise to an
absorption band near 1050 ck Since S@ is the AOT
headgroup and is therefore found at the AOT/water interface,

Discussion

The water and methanol spectra have qualitatively similar
behavior as a function of reverse micelle size. Both water and
methanol librational bands exhibit a significant red shift and
become more pointed as the reverse micelle size becomes
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smaller. The decrease in librational frequency, which is inti- hydrogen bonds to other methanol molecules, and the methyl
mately related to the hydrogen-bonding environment, suggestsgroup would be directed toward the center of the reverse micelle,
that hydrogen bonds formed between water or methanol resulting in considerable steric congestion. Furthermore, it is
molecules are weaker in small cavities. The weaker hydrogen known that methanol is soluble in isooctane, and it is possible
bonds in turn are probably a result of more strain in the that the size of the reverse micelle will affect the partitioning
hydrogen-bonding network within the cavity. The constraints of the methanol between the reverse micelle core and the
imposed by the cavity size forces the associated structure, thatsurrounding solvent. The methanol system should actually be
is, the hydrogen bond network of water or methanol molecules, described with a four-state model rather than a two-state
to adopt configurations that are no longer close to optimum. In model: there is bulklike and bound methanol within the reverse
water, the minimum energy configuration is an infinite 3-di- micelles, and there is bulklike and monomeric methanol residing
mensional tetrahedral network, a configuration that cannot be in the solvent.
maintained at the watersurfactant interface. Similarly, the If the partitioning ratio of the methanol between the solvent
1-dimensional methanol chains that are a feature of bulk and the reverse micelles was known, then the four-state model
methanol will be forced to adopt relatively strained configura- could be implemented (since the relative fractions of aggregated
tions. In both water and methanol the effect is probably more and monomeric methanol in the solvent is known from the
closely linked to strained hydrogen bond angles than to methanol/isooctane binary mixtures). In any case, even though
nonoptimal hydrogen bond lengths. Hartnig et3%alhave the partitioning ratio is not known, the values reportedffok
observed the same effect in simulations of water in silica pores. in Figure 5 are an upper limit. Furthermore, the loss of methanol
We attribute the larger red shift observed in water than in t0 the solvent undoubtedly accounts for the majority of the
methanol to a relatively larger perturbation from the bulk decrease in integrated band intensity at smalievalues.
environment. It is known that water is more affected by

collective motions than is methanlWater has a much more
narrowly defined minimum energy configuration, whereas
chains of methanol molecules can more easily twist to accom-
modate the constraints imposed by the cavity. As the interior
becomes smaller, the ability of methanol to form large prolate
spheroids is inhibited and the chains will break up to form
smaller prolate spheroids. The most likely position of the
methanol molecules is in the middle of the chains, and their
librational spectrum will not be highly dependent on the length
of the chain. Since this motion is less influenced by the
hydrogen-bonding network in the first place, the librational band

Conclusions

The characteristics of the OH librational band of water and
methanol confined within reverse micelles depend strongly on
size. Both liquids exhibit a marked red shift as a function of
size from the bulk to the smallest sized micelle. One notable
difference between the water/AOT/isooctane and methanol/
AOT/isooctane systems is that the peak value of the extinction
coefficient increases in going to smaller sizes for water, while
it decreases for methanol. The data over a large range of reverse
micelle sizes for both systems are well described by a two-
state model.

will not shift as much. We have observed a similar effect in
our experimental work on binary mixtures, where the red shift
of the OH librational band is about 40 ciless in dilute

One of the goals of this work is to present experimental results
that can be used for assessing the accuracy of MD simulations.
o . S " . There have been a number of computational studies of
mgthanolllslcetonltrlle mixtures than in dilute water/acetonitrile micelles822-25 put the OH librational spectrum has yet to be
mixtures: ) ) o o reported. If the calculated spectra agree with the measured ones,

The changes in the magnitude of the extinction coefficients then additional insight into the structure and dynamics of these
of water and methanol are more difficult to explain. Changes systems could be obtained by analyzing the MD results in great
in the IR absorption are related to changes in the dipole getajl. Dynamical quantities such as collective dipole spectra,
derivative of the system. Therefore, an increase could be causedingle-dipole spectra, self- and cross-correlation terms, and linear
either by larger amplitude oscillations of individual molecules gng angular velocity spectra could all be determined. For
or by more concerted motions among molecules. One possibility example, if the single molecule spectra and collective dipole
would be to seek an explanation in the relative weakness of thespectra are essentially indistinguishable, then collective contri-
hydrogen bonds in small micelles, which would allow water Kytions probably are not very important. Similarly, the self- and
molecules to undergo larger amplitude librations and thereby cross-terms will reveal the relative contributions of these two
result in the stronger IR absorption that is observed in water- types of interactions and whether they enhance or oppose each
containing micelles. Another explanation is suggested by the other. The angular velocity autocorrelation spectra provide
simulations of Ladanyi et al., which show that water molecules information about rotational motion about tkey, andz axes
at the surfactant interface only donate one hydrogen bond tothat might not lead to a reorientation of the molecular dipole
the surfactant headgro@pf this is the case, then the resultant and, therefore, would not be experimentally accessible. In
single hydrogen bond donor water molecules should be able toaddition to dynamical quantities, structural information such as
librate more freely than if they donated two hydrogen bonds. radial distribution functions at different positions within the
The ability of the water molecules to move more freely would reverse micelle, spatial distribution functions of molecules at
result in a larger oscillation of the molecular dipole and hence different positions, and hydrogen-bonding information will also
an increase in the molar extinction coefficient. This explanation further our understanding of these system.
would not apply to methanol because it can only donate a single |t should be noted, however, that simulations of reverse
hydrogen bond. It is also possible that motions of the water mijcelles present unique challenges compared to bulk liquid
molecules become much more correlated when the size of thesimulations. In particular, the parameters for describing the
interacting cluster is Sma”er, which would also account for the surfactant are |arge|y unknown. Furthermore, a decision must
increase in the molar extinction coefficient. be made as to how much detail to attribute to the surfactant.

Trapped methanol is affected by the decreasing size in aldeally, the hydrophobic chains would be treated in atomic, or
different way. Methanol molecules that are hydrogen bonded nearly atomic, detail, but that might make the computations
to the headgroups of the surfactant molecules cannot donateprohibitively expensive, especially for large sizes. Existing
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efforts could be continued by first calculating the librational
spectra and comparing to the results presented here, which woul

show whether existing models are adequate.

Future work includes measuring the OH librational band for
different reverse micelle systems that have spherical interiors,
nonspherical rodlike interiors, nonspherical wormlike interiors,
and bicontinuous media. This will separate the influence of the

Venables et al.

(10) Willard, D. M.; Levinger, N. E.J. Phys. Chem. R00Q 104,

d+1075-11080.

(11) Riter, R. E.; Kimmel, J. R.; Undiks, E. P.; Levinger, N.EPhys.
Chem. B1997 101, 8292-8297.

(12) Zulauf, M.; Eicke, H. FJ. Phys. Cheml979 83, 480-486.

(13) Onori, G.; Santucci, AJ. Phys. Chem1993 97, 5430-5434.

(14) Temsamani, M. B.; Maeck, M.; El Hassani, I.; Hurwitz, H. D.
Phys. Chem. B998 102 3335-3340.

(15) Jain, T. K.; Varshney, M.; Maitra, Al. Phys. Chem1989 93,

shape of the nanoscopic pool from that due to small dimensions.7409-7416.

It will also be important to experimentally determine the
partitioning ratio of methanol between the solvent and the

reverse micelles to unambiguously determfpg within the

micelle. Molecular dynamics simulations will facilitate inter-

(16) Mittleman, D. M.; Nuss, M. C.; Colvin, V. LChem. Phys. Lett.
1997, 275, 332-338.

(17) Maitra, A.J. Phys. Chem1984 88, 5122-5125.

(18) Hauser, H.; Haering, G.; Pande, A.; Luisi, P.JL.Phys. Chem.
1989 93, 7869-7876.

(19) D’'Aprano, A.; Lizzio, A.; Liveri, V. T.; Aliotta, F.; Vasi, C;

pretation of the spectra, as well as the underlying causes foryjiciardo, P.J. Phys. Chemi988 92, 4436-4439.

differences between methanol and water systems.
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