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Apparent molar heat capacities at 25 of a series of 1-alcohols and three branched alcohols were determined

in mixtures of the type alcohet (p wt % AOT + n-decane) aR = 0 and 10,R being the watersurfactant

molar ratio [W]/[S]. For methanol and 1-hexanol, the measurements were done for differehtes as a
function of alcohol concentration. For all the other alcolpts 5. Heat capacities for the binary (AGH

nC,o) and the ternary (AOH W + nC,q) mixtures, as well as for 1-hexanal a 5 wt %solution of dioctyl
succinate, were also measured at°®5 For all alcohols+ AOT + n-decane, kinematic viscosities and
dynamic light scattering (DLS) were measured at°25for R = 10 andp = 13 as a function of alcohol
concentration. DLS was also measured for the ternary mixture AQV + nCyowith R= 10 at 25°C. A
reasonable molecular picture of the alcoh8lOT interactions in the presence and absence of reverse micelles
emerges from the experimental DLS and heat capacity results, the latter having been analyzed within the
TreszczanowiczKehiaian model framework. In the absence of reverse micelles, all alcohols form complexes
with the free AOT molecules in the solution, a process that competes with the alcohol self-association. The
alcoho-AOT complex is most probably formed via an interaction between the hydroxyl group of the alcohol
and the ionic head of AOT. When reverse micelles are present, two behaviors were found: (i) Methanol and
ethanol are located in the micelle water pool; at low AOT concentration these alcohols only interact with
water, but at higher AOT concentration they also form a complex with AOT molecules at the micellar interface.
(i) For butanol, longer 1-alcohols, and the three branched alcohols studied here two different processes
occur: AOT molecules are withdrawn from the micelles to be complexed with alcohol molecules in the bulk
of the solution, and alcohol molecules penetrate the micellar shell, where they also form a complex with
AOT.

I. Introduction small amounts of water are prese® £ 15), the aggregates

Reverse micelles are thermodynamically stable systems thatformed in solution are called reverse micelles, whereas the

are constituted by a surfactant, an organic solvent, and a Sma”dll?sgeizlons f?rmed dwh_en Iargelr_quap:gles oc;_water_ are pres{e_nt
amount of water. These systems appear as homogeneous; = ) are termed microemulsions; these dispersions contain

transparent solutions that can solvate a wide range of hydrophilic POt droplets and random bicontinuos structures.

compounds; because of this property, reverse micelles are of One of the surfactants often used to form reverse micelles
interest in a variety of fields such as precipitation and crystal- and microemulsions is sodium bis(2-ethylhexyl)sulfosuccinate
lization, catalysis, semiconductor and magnetic particle forma- (sulfobutanedioic acid 1,4-bis(2-ethylhexyl) ester sodium salt),
tion, and stabilization of membrane mimetic systems where the usually called Aerosol OT or AOT. Experimental studies using
surfactant assemblies are the host for the clustered paricles. this anionic surfactant have employed a variety of spectroscopic
The formation of reverse micelles requires the presence of watertéchniques such as photon correlatiand small angle neutrén

(W) which is solubilized in a polar core, forming the so-called and X-ray scattering. Thermodynamic studies aimed at the
water pool. These structures are then spherical droplets of wateidetermination of apparent molar volumes, heat capacities, and
dispersed in oil. Their spontaneous curvature arises from the €nthalpies have also provided valuable physical insights.
energetically favorable packing configuration of the surfactant comprehensive picture of the behavior of AGW—oil mixtures
molecules at the wateil interface and depends basically on has been reached as a result of all those studies, which have
the molecular geometry of the surfactant moleculeerefore, used a range dR values covering both the reverse micelle and
to understand the behavior of reverse micelles, geometricalthe microemulsion cases and several solvents (isooctane, cy-
models have been very helpfulThe radius of the water pool, ~ clohexane,n-decane, etc.). In contrast, an area much less
and hence the size of the reverse micelle, is mainly characterizecexplored is that of the study of the interaction of reversed

by R = [H.0)/[S], the watersurfactant molar ratio. When  micelles with a fourth component which, in the case of
microemulsions, is usually called cosurfactant. It is in this area
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tion. The effect of linear alcohols on AGTW—oil systems alcohol+ inert solvent (A+ 1) binary mixture. This infinite-

has been studied before for the case of reverse micelles usingdilution limit represents the contribution to the heat capacity of
IR spectroscopy and employing small angle neutf@nand the alcohol in the absence of any associatian, the so-called
light!! scattering for the microemulsion cade £ 20 and 30, physical contributions which are assumed to be independent of
respectively); the main results from these studies will be alcohol concentrationgc(assoc) is given explicitly by the TK
commented on below and, when possible, compared againstmodel a$?
those presented here. In this work, we have employed heat

capacity measurements that are particularly sensitive to theg (assocy=
formation or destruction of organization or structure in the bulk

I
of liquid mixtures!2 For comparison with th&® = 10 case, AH21f =1 fa $oX
mixtures withR = 0, i.e., those where water and hence reverse T /RS i ;[(' — 1 o +t1+
micelles are not present, have also been studied. FdR the = 1
10 case, dynamic light scattering (DLS) experiments were o | AHTAHL2¢,X .
performed to determine theaveraged translational diffusion Z(l DIt +————— (i — DKV g | +
coefficient and the corresponding hydrodynamic radius of the 1 RT g, &

reverse micelles systems with and without alcohol. The
TreszczanowiczKehiaian (TK) modé-14has been used here
as the theoretical framework to interpret our heat capacity data;
this association model has proven to be a useful tool to $.X
understand the self-association of an alcohol in an inert 14+ SiK? ¢~ 1 e

; ZJK' /N (2)
(n-alkane) solvent, as well as the formation of complexes £ ) r
between alcohol and proton acceptor molecdl&ssuch as :
AOT. A review of the TK model is presented in section Il, the where
experimental details and procedures are described in section lll,

P sl
R r¢1(¢A 2 iKY @)

T

and the heat capacity and DLS results are discussed in detail in [r/(r + 1KY,
section IV. = > and
([r/(r + DK 19a + 1)
Il. The Treszczanowicz—Kehiaian Association Model Xy

¢1 3)

The original TK modél” was developed to study association S X Xyt TX

(self and cross association) in liquid mixtures, the most common

case being that where the association occurs via the formation|, eq 2, the only cross associated species considered is the 1:1
of H-bonds. It has several basic assumptions, namely, (i) it is complex AB; = AB, which is characterized by the volumetric
considered that the enthalpy of mixing arises only from the equilibrium constant &, and by the enthalpy change for the

formation of species in solutiong., it i§ an “athermal model";_ formation of this species\HS,, ¢; is the alcohol volume
as such, the TK model deals only with the so-called chemical f5ion in solution AH® represents the alcohol self-association
contributions to the thermodynamic properties, the physical gnihaipy change corresponding to the formation of 1 mol of
contributions being all those arising irom interactions in the H-bonds,KY are the volumetric equilibrium constants for each
system pther than the association |ts_e_lf, (i) the enthalpy of A speciesI in solution, ang@a is the volume fraction of the
association corresponding to the addition of a monomer to a 51cohol in solution thét is in the form of monomers. This

given self-associated specias;i+1 and that corresponding to fraction is obtained as the closest root to zero of the mass
the formation of cross associatigkH;; are independent dif balance equation

and j, and (iii) there are no volume changes due to the
associationi.e., the excess volume is assumed to be zero. The

original TK model has been extended a number of t#fsn o ¢, [r/(r + 1)IKT1ha B
order to study different kinds of associated mixtures. In Z Ki Pot a1+ T P =0 (4)
particular, the extension to the case of ternary mixtirdof 1= [r/(r + 1)]K;9a + 1

the type A+ (B + 1) is relevant for the present work; here, A

is a liquid capable of self-association such as an alcohol which can be easily found using the NewtaRaphson numer-

(component 1), B (component 2) is a compound, usually a ical method!® In eqs 2-4, ry is the ratio of molar volumes

proton acceptor such as AOT, which is unable to self-associateVa/V; andr = VoV, when component 2 is AOTR= 0) orr =

but can associate with A to form complexes or cross species, V.'/V1 when component 2 is the pseudocomponent ADW

and | is an inert solvent (component 3) suchadecane fCig). (R = 10); in this caseVs' = XaorVaor + XwVw With Xaor +

WhenR = 10, i.e.,, when water is present, component B will xw = 1.

be taken as a pseudocomponent formed by AOT and W; some It is also important to examine the infinite-dilution limit of

authorg® refer to this pseudocomponent as the “micellar matter”. the associational part of the apparent molar heat capacity of
The relevant thermodynamic quantity is the associational part the alcohol in the ternary mixture.e., lim ¢c(assoc);—0),

of the apparent molar heat capacity of the alcohol, which is which corresponds to the situation where an alcohol molecule

experimentally obtained from is unable to self-associate with other alcohol molecules, but it
is able to form a complex with the proton acceptor molecules
p(assocy= ¢, — lim ¢E(X1_’0) 1) of compound B. This limit can be experimentally obtained from
eqlas

whereg. is the measured apparent molar heat capacity of the _ b

alcohol in the mixture (A+ B + I) and lim ¢2(x,—0) is the lim ¢ (assoc)f,—0) = lim ¢ (x,—0) — lim ¢:(x,—~0) (5)
infinite-dilution value (obtained by extrapolation to zero alcohol

concentration) of the alcohol apparent heat capacity in the and from the TK model, using eqs-2, as
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lim ¢ (assoc),—0) =

(AHll)Z 1 KLY +r)
T TR+ (KEQp/+n)?

whereQ} = xa/(Xs + (Ve/Veo)xc), withxs + Xc =1,Vg =V,
for R= 0 andVg = V; for R= 10, andV¢c = V3 = V¢, as
such, Q3 is the volume fraction of B in the mixture B I. In

accordance with the experimental results from eq 5 (see section

IV), eq 6 predicts that a plot of ling(assoc);—0) against
Q% must display a maximum occurring at

Q3(max)= (1 +r)/K{, and
lim ¢ (assoc)(maxy= AHI/ART (7)

Equation 7 can then be used to evaluate from the experimental
Q3(max) and limg(assoc)(max) values theH;; andKY; for

the alcohot-AOT association or complex formation. In prac-
tice, however, it is more convenient to obtain théli; and

K{, parameters from a fit of eq 6 to the experimental results.

Apparent molar heat capacitigg at 25 °C of a series of
1l-alcohols (GHom+1OH withm =1, 2, 3, 4, 6, 8, 12, and 16)
and 2-methylcyclohexanol (mixed isomers), 3-ethyl-3-pentanol,
and cholesterol were determined in mixtures of the type alcohol
+ (p wt % AOT + nCyg) with R= 0 and 10; herep denotes
the weight percent of AOT in the binary (AOF nC,), for
both R = 0 and 10. For methanol and 1-hexanol, the
measurements were done for differentalues as a function of
alcohol concentration (from extreme dilution up to 5 wt %,
except for those cases where the solubility of the alcohol is
lower). For all the other alcohols = 5. Heat capacities for
the binary (AOT+ nCyg) and the ternary (AOH W + nCyp)
mixtures were also measured as a function of AOT concentra-
tion, at 25°C. In addition, the apparent molar heat capacities
of 1-hexanoln a 5 wt %solution of butanedioic acid 1,4-bis-
(2-ethylhexyl) ester (dioctyl succinate or DOS$) nCy were
determined as a function of alcohol concentration at@5For
all alcohols, kinematic viscosities and DLS were measured a
25 °C for R = 10 andp = 13, as a function of alcohol
concentration. DLS was also measured for the ternary mixture
AOT + W + nCyowith R= 10 at 25°C. For all the mixtures
discussed in this work, heat capacity, kinematic viscosity, and
diffusion coefficients data can be found as Supporting Informa-
tion.

Materials. All materials were from Aldrich Chemical Co.
with a stated purity of at least of 99%. Water was doubly
distiled. AOT (GoH3z7/NaO;S) was stored on s in a
desiccator. Its water content was determined periodically using
the Karl Fisher titration method; an average of 1.5 wt % of
water R = 0.38) was found over a two-year period. In order
to avoid the slow hydrolysis of AOT W + nCyg solutions!®
all the measurements were done with freshly prepared samples
Alcohols were stored over molecular sieves.

Procedure. Sample Preparation.Samples were prepared
by weight (Mettler AT-250). To obtain the desiré&l= 10
value, water was added to a ACH nCyo binary solution of
known concentration; different amounts of alcohol were then
added to this stock ternary solution to obtain the samples for
the heat capacity, density, viscosity, and DLS measurements.
For theR = 0 case, known amounts of alcohol were added to
an AOT+ nCyp binary mixture. The lowedR values for which
AOT reverse micelles have been detected are (Y0072, using

Experimental Section

t
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Figure 1. Phase diagram for AO® W + nC,o taken from ref 20.
The slashed line (a) in the oil-rich region indicates fe 10 water-
AOT molar ratio.

small angle neutron scattering an@yo as solvent, and (ii)
between 4.0 and 5.0 using heat capacity measurements in
cyclohexané2 Hence, the AOT water content reported above
is not enough to form reverse micelles, and we can consider
that in ourR = 0 samples (strictlyR = 0.38) AOT is free or
randomly dispersed in the solution. On the other hand, since
the reporteé critical micelle concentration (cmc) for AOT in
NCio (0.045 wt % alR = 30 by X-ray scattering) is much lower
than the smallest AOT concentration used here(0.27 wt %

for the case of AOT+ W + nCypandp = 0.21 wt % when an
alcohol was added), all our measurements Rti 10 are in

the concentration region where reversed micelles are present.
The estimated uncertainty in the quoted concentrations (wt %)
is less than 0.02. The ternary reverse micelles mixtures (AOT
+ W + nCyg) used in this work are located in the oil-rich region

of the phase diagraid,as indicated in Figure 1.

Determination of the Heat Capacities and Calculatiorpgf
Volumetric heat capacities were measured using a Picker flow
microcalorimeter (Sodev Inc., Canada) with the procedures
described in the literatuf@. The volumetric heat capacities were
converted into molar heat capacities using densities obtained
with a vibrating-cell densimeter (Sodev Inc., Canada). For very
dilute alcohol concentration, the heat capacity of the solutions
was determined usingCyo as the reference quuicbgmm
314.42 J K! mol™! from ref 22); for more concentrated
solutions, the previous less concentrated solution was employed
as reference. The reproducibility of thg, results under
nominally identical experimental conditions was better than 10
J K1 mol™?; this represents between 1.5 and 4% ofghealue,
depending on the system.

The measured heat capacity data allow the calculation of
several different apparent molar heat capacitiesFor instance,
for the quaternary solutions alcohl (AOT + W + nCyy), it
is possible to calculatg. for the alcohol okp. for the assembly
falcoho-AOT—W] or ¢, for the assembly [AOFW], or for
other assemblies. In general, the expression to calculate the
apparent molar heat capacity of a single component or assembly
ais

_ |
Poa = (C37 = X4Cy o)X, (8)
where Cf,"' is the measured heat capacity and+ x3 = 1.
Depending on the choice fow, X, Xg, and C,z represent
different quantities. The cases of interest in this work are as
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follows: (i) for the binary mixtures AOH nCio, a = AOT autocorrelation functiogs(q,t) using the Siegert relatiof?,g,-
and henceg = nCyy, (ii) for the ternary mixtures AOH W + (g, =1+ B[gu(g,h)]2 Here,q = 4an/iesin(@/2) is the wave
NnCio, a = AOT—W and henced = nCyy, (iii) for the ternary vector in the scattering evenmtjs the refractive indexj is the

mixtures alcohoh- AOT + nC,o, o = alcohol and hencg = incident wavelength in vacuung, is the scattering angle, and
AOT—nC;, and (iv) for the quaternary mixtures alcokblAOT B is a characteristic of the optical detection system. The time
+ W + nCyo, o = alcohol and hencg = AOT—W—nCi,. For constants were obtained fitting the correlation functions, using
cases (i) and (iv),Cps was measured usingCio as the the method of cumulants developed by Kopffel.

reference liquid. In the high-dilution limit, the diffusion coefficient of spherical

It is important to note that studying AOT reverse micelles particles suspended in a solvent can be related to their radius
systems, some auth8reave elected to study the behavior of through the StokesEinstein relatiorD = kyT/(Gryr); here,ky
the apparent molar heat capacity of the micellar matter MM, is the Boltzmann constant,is the absolute temperature, and

i.e., of the assembly AOFW, given by is the viscosity of the solvent. We tested our DLS equipment
and technique with certified polystyrene microspheres of-96
S = Mc + 1000€ — c,) ©) 3 nm diameter (Duke Scientific Co., CA) in agueous solution.
c m We obtained the diffusion coefficientj= 2.3 x 10’ m™1) at

infinite dilution and, through the StokeEinstein relation, the
wherec andco are the specific heat capacities (J%*g2) of radius of the microspheres, which was within the certified
the solution and the solvent, respectivelyjs the molality of uncertainty. We also tested our procedure measuring reverse
AOT in nCyqo, and M the molar mass of the micellar matter mijcelles in microemulsions formed by AOF W + nCypatR
calculated adl = Maor + RMy. When an alcohol is added, = 41.2 and 25°C, where Dozieret al. have reported light

i.e,, for the quaternary mixtures studied here, eq 9 can also bescattering measuremertts.n this case, the diffusion coefficient
used withM = Maot + RMy + R Moy, whereMoy is the molar D is given by

mass of the alcohol arl® = [OH]/[AOT] is the alcohot-AOT
molar ratio. Through algebraic manipulation of eq 8 and 9, it D(¢') = Dy(1 + k@' + kop' + ...) (10)
can be shown thatc, = ¢MM/(1 + R) and e = pMM/(L +
R + R’) with a = AOT—W for the ternary and quaternary
solutions, respectively. It appears then that the quantiiigs
and MM are proportional to each other, and either eq 8 or 9
can be used to study the behavior of the micelar matter in the
presence and absence of alcohol molecules.
Determination of Kinematic Viscositie®ynamic viscosities
of the same samples used for the DLS measurements wer
determined at 25C with a Canon Fenske viscometer. These
dynamic viscosities were converted into kinematic viscosities
through density data obtained as described above. AOT + Water + n-Decane SystemsR = 0 and R = 10).
Dynamic Light Scattering Measurement®LS was used to Dynamic Light Scattering.Using the procedures described
determine the-averaged translational diffusion coefficient and above, DLS was determined for AOF W + nCyo with R =
the corresponding hydrodynamic radius of the reversed micelles.10. Employing eq 10, we obtainddh = 4.61 x 10711 m?s™!
In our experimental configuration, laser light is produced by (g= 9.23 x 10° m™1) andk, = —28.8, giving a hydrodynamic
an argon-ion laser (Spectra Physics 2060-4S, Mountain View, radius for the reverse micelles of 510 m. This radius is
CA), operating at a wavelength of 514.5 nm. The laser beam bigger than that obtained extrapolating Doz¢@l's values at
is focused in the center of a round cuvette containing the sample,R = 24.7, 32.9, and 41.2. Due to the small water pool of the
at 3¢ from the detection direction. Cuvettes, scrupulously micelles alR = 10, density fluctuations caused by the Brownian
cleaned, containing a few milliliters of doubly filtered (0.22 motion of the micelles are difficult to detect with DLS,
um filters, Millipore) freshly prepared solutions are immersed particularly at high dilution; therefore, the limitirg, value at
in a temperature controller circular water bath, placed in the R = 10 cannot be as precise as for largeralues. On the
scattering area. The temperature is kept constant at P51 other hand, the observed discrepancy between the measured and
°C, with the aid of a controller (Tronac PTC-41, Canada). extrapolated hydrodynamic radius values is consistent with the
Temperature measurements are done with a resistance therfact that theR = 10 value we used here is within a small region
mometer (Cole-Parmer 8502-16). The solid angle subtendedof R values where abnormalities in the behavior of some
by the scattering volume and the photomultiplier is optimized properties have been observed by several workers using different
for dynamic light scattering by mounting two 6@®a pinholes techniques; for example, (i) Eickat al25 found that between
in the optical detection system. Dispersed light is detected with R = 6 and 12 the mean apparent molecular weights and the
a photomultipler (THORN EMI 9863/100, England), and proton NMR chemical shifts for AOR W + isooctane show
electrical signals are preamplified and shaped with a preampli- a clear change of slope; these results were interpreted in terms
fier/discriminator (ALV/PM-PD, Germany). Counts per second of the possible existence of a so-called “transition” region
and correlation functions were obtained by a multiple-tau digital between a micellar state (where swelling is observed) and a
correlator (ALV-5000, Germany). Light scattering measure- microemulsion domain with larger reverse micelles, and (ii)
ments were obtained after at least 20 min of thermal stabilization Tanakaet al.2® found that the measured dielectric constant for
for the samples. Typical scattering times were 10 min at about AOT + W + cyclohexane mixtures showed a maximunRat
~75 mW incident power. DLS measures the intensity fluctua- =5 and a minimum aR = 15; this abnormal dielectric response
tions that occur over short time intervals due to the Brownian has been attributed to a change in the polarity of the water pool,
motion of the micelles in solution. The time behavior of these revealing two differently structured reverse micelles. Our own
fluctuations is described quantitatively by the intensity auto- preliminary DLS results with AOH W + nC;o (not reported
correlation function. The measured normalized intensity auto- here) show that the behavior B as a function ofR is also
correlation functiongy(q,t), was related to the normalized field abnormal: the linear increase Bf whenR decreases found at

wherek; are constants and the volume fractioh= 1 — (VJ/

Vm), with Vs being the volume of the solvent added to make a
total volumeVy, of microemulsion. We measurdd(¢') and
obtained aDg limiting value; from these data, we obtained a
hydrodynamic radius of the reverse micelles that agreed, within
ethe experimental error, with that reported in ref 5b.

IV. Results and Discussion
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Figure 2. Apparent molar heat capacitie®)(at 25°C for free AOT Figure 3. Diffusion coefficientsD (a and b) and kinematic viscosities

in the mixture AOT+ nCyo (R = 0) and for the assembly or micellar 7 (c and d) for Iine_ar and branched alcoho!s at°’@5as a function of
matter AOT-W in AOT + W + nCyo (R = 10) using eq 8 (*) and eq alcohol concentration for the quaternary mixtures alcohdlL3 wt %

9 (#). ForR= 0, both equations give the same result. Ror 10, AOT + nCy) with R=10. Numbers in a and ¢ represent the alcohol
both curves are related as described in the text. For comparison, data-arbon number. Branched alcohols in b and d are 2-methyicyclohexanol
for AOT + W + nCyo (&) from ref 8b and for AOT+ cyclohexane (mixed |some_rs)c_(), B-chyI-S-pentanoL[i), and cholesteroly). Lines

and AOT+ W + cyclohexane() from ref 8a are also shown. are only to aid visualization.

largeR values changes & = 20, whereD, starts to decrease, ing that the difference between the= 10 andR = 0 curves
to reach a minimum aR = 14—18 and then to increase again atm > 0.1 mol Kg'* is an average value of 764 J'Kmol™?,
for smallerR values (with a steeper slope than that observed at Which is very close to 750 J K, the heat capacity of 10 mol
high R values). The verification of these results is certainly Of water; if the same simple calculation is done for the data at
important, and hence work in this direction is currently under R = 20 in ref 8b, the result is 1522 J K mol*, which again
way. is very close to 1500 J ®, the heat capacity of 20 mol of
Apparent Heat CapacitiesThe apparent molar heat capaci- water. These observations have been done befome clearly
ties for free AOT in the mixture AOT nCyo (R=0) and for ~ support the physical image of water being incorporated in the
the assembly AOFW in AOT + W + nCy (R = 10) obtained hydrophilic micellar core. They also imply that the properties
using eqs 8 and 9 are shown in Figure 2; for Bhe= O case, of water in the reverse micelle core are close to those of bulk
MM in eq 9 is only AOT, in hence egs 8 and 9 give the same water. This is surprising given that the maximum amount of
result. For comparison, similar data from ref 8bri@;o and water bound to AOT corresporidg®to aR value of about 10;
from ref 8a in cyclohexane are also displayed. The agreementthat is nearly all of the water moleculesRat= 10 are hydration
between the data reported here and that from ref 8Rfer10 water.
is excellent. Figure 2 also shows that in this concentration Alcohol + AOT + Water + n-Decane SystemsR = 0
region the behavior of both free AOT and reverse micelles is and R = 10). Dynamic Light Scattering and Kinematic
the same in both inert solvents. Note that the characteristic Viscosities. The measured diffusion coefficiens and kine-
peak ing. found for other surfactants at their chi@ppears in matic viscositieg; at 25°C as a function of alcohol concentra-
the presenR = 10 system at an AOT concentration which is tion for the quaternary mixtures alcohei (p wt % AOT +
much lower (AOT molality of 0.001) than those displayed in nCig) with R= 10 andp = 13 are shown in Figure 3. At zero
Figure 2 (see ref 8a). As seen in Figure 2, adding water to the alcohol concentratio® = 2.28 x 10711 m? s™! (q = 9.51 x
AOT + nCyo system displaces thR = 0 curve in different 1® m~1). For methanol, ethanol, hexanol, and hexadecanol
directions depending on the way the apparent molar heatmeasurements were done up to an alcohol concentration that is
capacity of the assembly AGIW or micellar matter is very close to their solubility in AOT W + nCyo. Figure 3
calculated; that is if eq 8 is employed, the curve is moved toward indicates that there is a pronounced effect on the diffusion
lower values, while if eq 9 is used, it is moved to higher values; coefficient for the micelles when different alcohols are added:
both R = 10 curves are related, as shown above,ghy = D decreases for the shortest chain alcohols methanol and ethanol,
oMM/(1 + R). This behavior follows from the different  remains practically without change for propanol, and increases
definitions of the solute that are employed in eqs 8 and 9, for butanol, the longer alcohols, and the branched alcohols. Note
namely, an AOT molecule- R water molecules for eq 9 and that at low alcohol concentrations, the slopeDoWith alcohol
an “average solute molecule” constituted by one AOT molecule concentration is very similar, but of opposite sign, for 1-hexa-
andR water molecules for eq 8. Both definitions of the solute decanol and the three branched alcohols, and either methanol
are meaningful, but for the micellar matter case, eq 9 has aor ethanol. Figure 3 also shows that the addition of methanol
more clear physical significance. This is clearly seen consider- or ethanol does not change the kinematic viscosity, whereas
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Figure 4. Hydrodynamic radiusy of the reverse micelles in the

presence of linear alcohols (a) and branched alcohols (b). Numbers inF19ure 5. Associational part of the apparent molar heat capacity of
a represent the alcohol carbon number. Branched alcohols in b are1I-her>](a|nol at 28C as a function of alcohol concentration for mixtures

: carhe + (p wt % AOT + nCiq) with R= 0 and 10. FoR = 0, p
2-methylcyclohexanol (mixed isomers))( 3-ethyl-3-pentanolf), and alcono
cholesterol ¢). The behavior of, with alcohol carbon number and ~ Values are 0.0 (), 0.48 (b), 2.02 (c), 5.05 (d), 10.25 (e), and 16.29 (f).
R, at constant alcohol concentration, is shown in c. DataRfer 10 ForR = 10, p values are 0.0 (a), 2.2 (b), 5.30 (c), 10.14 (d), and 15.05
are from this work, folR = 20 from ref 10, and foR = 30 from ref (e). Data forp =00.ie, for_the_blna_ry 1_-hexanol— NCyo, are from
11. ForR= 10 and 30, the alcohol concentration is 0.4 wt %:for  '€f 15b. Lines are only to aid visualization.
= 20, the alcohol concentrations are (wt %) 0.46 for methanol, 0.65
for ethanol, 0.84 for propanol, 1.0 for butanol, and 1.38 for 1-hexanol. ~ The swelling and shrinkage of the reversed micelles in the

Lines are only to aid visualization. presence of short and long alcohols, respectively, together with
for the other linear and branched alcohols there is a strongthe behavior of the kinematic viscosities strongly suggest that
decrease ofy with alcohol concentration. methanol and ethanol are trapped in the water pool of the reverse

A hydrodynamic radiugy, of the reverse micelles in the micelles, while the other linear and branched alcohols are
presence of alcohol can be estimated from the diffusion dispersed in the surrounding solvent and probably also incor-
coefficientsD(¢') in eq 10, using the Stoke<Einstein relation porated into the micellar shell. This is consistent with the
with the measured kinematic viscosities and densities of the solubility behavior of alcohols in water and imCy; that is
medium. The results are shown in Figure 4; it can be seen thatmethanol and ethanol are soluble in water and sparingly soluble
with increasing alcohol concentratiopincreases for methanol  in nCyo, While for the other alcohols the situation is the contrary.
and ethanol, remains practically constant for propanol, and In fact, at a given AOT concentration, it is possible to solubilize
decreases for butanol, hexanol, hexadecanol, and the branchethore methanol wheiR = 10 than whernR = 0, i.e., when
alcohols. The changes opobserved in Figure 4 are consider- reverse micelles are present. The above conclusions from the
able since, for example, for methamglincreasexa. 30% on DLS measurements are helpful in the analysis of the heat
going from zero alcohol concentration to 0.85 wt % and capacity data that follows.
decreasesa. 60% for hexadecanol when the solution contains  Alcohol Apparent Heat CapacitiesDespite the success of
1.78 wt % of the alcohol. A behavior as that seen in Figure 4 eq 9 of giving a clear physical picture of the behavior of the
has been recently fouktlusing DLS at very low alcohol =~ AOT—W asembly or micellar matter, when an alcohol is added,
concentrations (less than 0.5 wt %) for ethanol to nonanol in the use of eq 8 is more convenient. The chaice alcohol in
microemulsionsRR = 30) formed by AOT+ W + nCg; in ref eq 8 is based on two main considerations; namely they enable
11, howeverry, for propanol was found to increase with alcohol us (i) to relate the present results with the situation in other
concentration. For a given alcohol concentration, the behavior systems, namely, self-association of alcohols in inert sol-
of ry with alcohol carbon number and wiRis also interesting. vents41529.30gnd self-association and complex formation in
This behavior is shown in Figure 4 using the present data ( alcohol + proton acceptort inert solvent mixtured316 and
10) and that in ref 11K = 30) and ref 10 R = 20). As a (ii) to reach one of the goals of the present wark,, to study
function of the alcohol carbon number, for edtatio, r, values the interactions of alcohelreverse micelles through the knowl-
are close for the shorter alcohols (methanol to propanol) and edge of the behavior of the alcohol in the micellar solution.
then decrease markedly on going to the longer ones, where The association part of the apparent molar heat capagity
is again practically constant or increases slightly. On the other (assoc) for 1-hexanol as a function of alcohol concentration in
hand, for any given alcohol at the same (or very close) the mixtures alcohot (p wt % AOT + nC,0) with R= 0 and
concentrationr, increases witlR. It appears then that, on going 10 and severalp values are shown in Figure 5. These
from a micellar domainR = 10) to a microemulsion regior( experimentab(assoc) were obtained using eqs 1 and 8. Note
= 30), the size of the reverse micelles increases, but their that the limiting¢c(assoc) values go through a maximum as a
behavior with alcohol concentration or carbon number is function of AOT concentration. For comparison, in Figure 5
qualitatively the same. the alcoholpc(assoc) for 1-hexanet nC,o from ref 15b is also
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shown. For this binary mixturej.(assoc) shows a maximum 250

which is a reflection of the high degree of structure or R=0 (®
organization, produced by the formation of multimers, that takes 200

place at low 1-hexanol concentratioi8. In Figure 5,¢.(assoc) R=10

increases rapidly, corresponding to the formation of structure 150-

caused by the coming together of 1-hexanol molecules over long .57

distances to form multimers; with further increase in concentra- 100

tion ¢¢(assoc) decreases because alcohol molecules must come~;

together to form multimers over shorter distances; that is, the g 175 (b)
entropy decrease produced by the formation of a multimer is, - ]

at these concentrations, smaller than that occurring in the more - R=-0

dilute region. When AOT is added, either in free forR £ - 150

0) or forming reverse micelledk(= 10), the alcohob(assoc) i~ bp/c"n\

is seen in Figure 5 to decrease markedly until for lpgtalues a s R=10

the maximum disappears. This behavior is identical to that £ i ' i ' .
found when a nonsurfactant proton acceptor is added to an < 150 ] ©

alcohok-hydrocarbon mixture. In ref 13.(assoc) was mea-
sured as a function of alcohol concentration for ternary solutions

of the type 1-hexanot (methyl acetatet n-dodecane); here, ' =0
as the concentration of methyl acetate (MA) increased, the 125
maximum ing¢(assoc) decreased and moved to higher 1-hexanol ) mu—\_c

concentrationsi.e., the same behavior seen in Figure 5. The

decrease and displacementgafassoc) was shown to be due 0 1 2 3 4 s 6
to the formation of a 1:1 complex between MA and 1-hexanol,
i.e,, to the formation of a H-bond between the carbonyl group wt % 1-hexanol

in MA and the hydroxyl group in the 1-alcohol. The formation Figure 6. Associational part of the apparent molar heat capacity of
of this new species in solution competes with the formation of 1-hexanol at 23C as a function of alcohol concentration for mixtures
self-associated species, and as a reg@tssoc) decreases. This ~ alcohol+ (p wt % AOT + nCyq) with R=0 and 10. FoR= 0, p
competition can be “tuned” by changing the amount of proton VYalues are 2.02 (a), 10.25 (b), and 16.29 (c). Rer 10, p values are
acceptor used in the ternary mixture; the more proton acceptor2'2 (a), 10.14 (b), and 15.05 (c). Lines are only to aid visualization.
molecules present, the larger the number of complexes formed 300
and the more pronounced th#&(assoc) drop. Hence, the

behavior ofg(assoc) for the present systems for b&k= 0 .
and 10 must be attributed to the formation of a complex between
1-hexanol and AOT which acts as a proton acceptor. The scale
used in Figure 5 to showr(assoc) at different AOT concentra-
tions orp values makes difficult the comparison betweenkhe
=0 and 10 cases. Figure 6 shoygassoc) using a wider scale

for three p values. It is seen that fop = 2 ¢c(assoc) is
independent ofR; at this AOT concentration, few AOT
molecules are available to interact with the alcohol to form a
complex, and hence the self-association of 1-hexanol is the
dominant effect. At highep values in Figure Gp.(assoc) is
smaller when the system contains reverse micelles than when
AOT molecules are freely dispersed in the hydrocarbon media.
The further decrease ap(assoc) from the corresponding
1-hexanoH- nCyg curve forR= 10 indicates that when reverse
micelles are present, either there are more 1-hexanol/AOT
complexes formed or, alternatively, there are less complexes,
but with a more severe decrease of the association entropy. The
application of the TK model to the data in Figures 5 and 6, and

o, (assoc) / JK ~mol !

to the corresponding data for all other alcohols used here, will 0 T T
enable us to distinguish between these two alternatives (see 0 1 2 3 4 5
below). wt % 1-hexanol

The chemical structure of AOT indicates that the alcehol  Figure 7. Associational part of the apparent molar heat capacity of
AOT complex might be formed through a hydrogen bond 1-hexanol at 23C as a function of alcohol concentration for mixtures
between the hydroxyl group of the alcohol and the carbonyl (}A;hgéasnﬂm((f-)oz";’t "Tg (ﬁ*(zz:] pg?;gz)g)(égggc)l'gaeéapﬁ ég-%i‘r’]";ry
group (.)f AOT and/or via a ;trpng 'hydroxypolar head 1-hexanol+ nlélo (m) from ref 15b are f’;\lso shown. DOS is dioctyl
|nter§qt!qn. Iq order to try to distinguish between these two g cinate. Lines are only to aid visualization.
possibilities, Figure 7 shows the measuggthssoc) for 1-hex-
anol+ (5 wt % DOS+ nC,g) and compare these data with that is very similar to that of AOT, the difference being that DOS
for 1-hexanol+ nCy and for 1-hexanoh- (5 wt % AOT + lacks the S@Na group present in AOT. The comparison
nCy), i.e., theR = 0 case. DOS is an interesting compound between the curves in Figure 7. indicates that DOS and AOT
whose dielectric properties in cyclohexane have been carefully behave quite differently: while for AOT thg(assoc) maximum
compared with those of ACGF and whose chemical structure has almost disappeared, for DOS this maximum is preserved
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TABLE 1: Alcohol Limiting Apparent Molar Heat TABLE 2: Molar Volumes of the Pure Alcohols (in cm?3
Capacities (in J K- mol™%) at 25 °C for Methanol and mol~1) and Molar Volume Ratios Employed by the TK
1-Hexanol in Mixtures Alcohol + (p wt % AOT + nCig) Model at 25 °C
with R = 0 and 10 ra rb
methanol methanol alcohol \Y, R=0 R=10 r¢ rp
R=0 R=10 methanol 4074 975 129 481 1.00
p lim ¢c(assoc) p lim ¢(assoc) ethanol 58.679 6.77 0.89 3.34 144
1-propanol 75.16 5.29 0.70 261 1.85
o S o R 1-butanol 9192 432 057 213 226
2'54 201+ 11 0'51 246+ 20 1-hexanol 125.37 3.17 0.42 1.56 3.08
304 191+ 15 124 281k 16 1-octanol 158.51 251 0.33 1.24 3.89
3'04 190+ 11 1'60 242+ 10 1-dodecanol 224.63 1.77 0.23 0.87 5.52
3.60 257+ 12 1'91 190t 11 1-hexadecanol 292.22 1.36 0.18 0.67 7.18
3'77 2064 12 2'35 188+ 19 3-ethyl-3-pentanol 138.41 2.87 0.38 1.42 3.40
5'00 214+ 14 3'55 157+ 10 2-methylcyclohexanol 123.28 3.22 0.43 1.59 3.03
6.22 179+ 11 4'33 141 10 cholesterol 359.58 1.10 0.15 0.54 8.83
7.50 144+ 11 7.27 105+ 12 a1 = Vaor/Valcohol With Vaor = 397.32 cr@ mol~ from ref 37.br =
10.28 1444+ 11 13.04 10K 12 V'AOT/Va|coh0|With V'AOT = XAOTVAOT + X\NVW =52.48 cn"‘i mol*l. ¢ I
13.25 142+ 12 = Vn-decanéVaicoho With Vi—gecane= 195.52 cmd mol~* from ref 15b9 ra
1-hexanol 1-hexanol = Vaicohof40.74 and'g = Vao1/40.74= 9.75 forR= 0 andrg = V' ot/
R=0 R=10 40.74=1.29 forR= 10. © From ref 15b." From ref 38.9 From ref 29.
- - " From ref 30b (mixed isomers)From ref 14.
p lim ¢c(assoc) p lim ¢(assoc)
0.48 19+ 20 2.16 106+ 11 200 200
2.02 106+ 16 2.20 125+ 11
5.05 1764+ 13 3.01 133+ 11
10.25 164+ 10 3.79 152+ 11
16.29 132+ 10 5.30 144+ 10
8.62 133+ 11
10.14 130+ 11 1504
11.34 142+ 10 'T_'
15.05 109+ 11 g
and its limitinggc(assoc) is much smaller than in the AOT case. 4
The decrease ap(assoc) from the 1-hexanet nCyo case to -
the DOS case is due to the formation of H-bonds between the % 100+
hydroxyl group in 1-hexanol and the COO group in DOS, which g
acts as a proton acceptor. Hence, the difference between the &
AOT and DOS curves is due to the hydroxgC; interaction, <’
which is clearly dominant. It appears then that, in agreement § .
with the findings in ref 9, the alcohelAOT complex is most 507:'
probably formed via the interaction of the hydroxyl group in
the alcohol and the ionic head of AOT.
Application of the TK Model.In the TK model described
above there are two paramete§, and AH3,, characterizing
the formation of a 1:1 alcohelAOT complex. These two Y | — . . . S —
parameters can be obtained, in the cases of methanol and 000 003 006 009 012 003 006 009 012 015
1-hexanol, from a fit of eq 6 to the experimental ligg(assoc)- Q' o'
(x;—0) data from eq 5 and reported in Table 1. In using eq 5, 2 2

the lim ¢ were obtained through extrapolation to zero alcohol Figure 8. Experimental limpo(assoc)—0) at 25°C (from Table 1)
concentration, and the |il'¢'E(X1—’0) were from ref 15b. The for 1-hexanol in the mixtures 1-hexan®! AOT + nCy with R=0

o . . and 10 agains€23, the volume fraction of AOT in the AOH nCyo
results of the fitting are given in Table 3. Here, the necessary ,ixture R = 0) and the volume fraction of AOF W in the AOT +

molar volumes and molar volume ratios employed by the TK \ + nC,, mixture R = 10). Solid lines are a fit to the experimental
model are given in Table 2. Figures 8 and 9 show for these data using the TK model, namely, eq 6, producing the alceA@T

two alcohols the experimental limitingy(assoc) values and the  complex formation parameters given in the text. Dotted lines are
TK model curves. Clearly, the TK model is able to describe calculated using eq 6 with the parameters given in Table 3.
correctly the experimental behavior of the ligglassoc)(:—0). entropy of complex formation foR = 10 might be due to the
The increase in the limitingsc(assoc) with increasing AOT  alcohol molecules penetrating the micellar shell to associate with
concentration corresponds to an increase in the probability thatthe AOT molecules. The localization of the hydroxyl group of
an alcohol molecule at infinite dilution should be complexed the alcohols in the micellar interface has also been used to
with AOT. With further increase of AOT, the limiting(assoc) interpret fluorescence intensity data of indoleacetate anions
decreases, since the possibility of the complex being destroyedincorporated into AOT reverse micell&.

on raising the temperature is smaller. For both alcohols, the The association part of the alcohol apparent molar heat
K{, value forR = 0 is bigger than foR = 10, implying that capacitiespc(assoc) is given in the TK model by eq 2. The
when reverse micelles are present there are less aleal@r self-association volumetric equilibrium constaritd (i =
complexes in the mixture. Thesd, values together with the ~ 2—4) and the enthalpy of the alcohedlcohol hydrogen bond,
correspondingAH}, values indicate a larger entropy decrease AH°, were obtained previousP using the TK model in

for the formation of alcohetAOT complexes wherR = 10, studying the self-association of alcohols in inert solvents. In
producing a smallep.(assoc) in Figure 6. The more negative ref 15b, it was found that tetramers were by far the predominant
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Figure 9. Experimental limg (assoc);—0) at 25°C (from Table 1) Eigure 10. TK model predictions (continuous lines) for the associa-
for methanol in the mixtures methanslAOT + nCyowith R= 0 and tional part of the apparent molar heat capacity of 1-hexanol &C25
10 againstQ3, the volume fraction of AOT in the AOTH nCyo as a function of alcohol concentration for mixtures alcohqjp wt %
mixture R = 0) and the volume fraction of AOF W in the AOT + AOT + nCy) with R= 0 and 10. The predictions were done using eq
W + nCyo mixture R = 10). Solid lines are a fit to the experimental ~ 2 Wlth t_h_e aIcohoi—AOT complex formation parameters fitted to only
data using the TK model, namely, eq 6, producing the alceAQT the limiting ¢c(assoc) in Table 1 (values given in the text), and the
complex formation parameters given in the text. self-association parameters from ref 15b. Ror 0, p values are 0.0

(a), 0.48 (b), 2.02 (c), 5.05 (d), 10.25 (e), and 16.29 (f). Res 10,
. R p values are 0.0 (a), 2.2 (b), 5.30 (c), 10.14 (d), and 15.05 (e). Data
species, "fm(_j h_e_nce th(_a use of only thm(é_ e_qu'l'b”um for p = 0.0, i.e, for the binary 1-hexanot nCy, are from ref 15b.
constants is justified. Using the TK self-association parameters

from ref 15b and the above reported valuesKgr and AH3, TABLE 3: _\/olumetrif:l Equilibrium Constants and
for 1-hexanol, Figure 10 shows the predicigdassoc) from  Enthalpies (in kJ mol™%) at 25 °C for Methanol —AOT and

- i a
eg 2 as a function of alcohol concentration o= 0 and 10. 1-Hexanol-AOT Complex Formation
The predictions are excellent, considering that gor 0 the K, —AH1; K{, —AH1
TK curves in Figure 10 were calculated using the complex _ alcohol R=0 R=0 R=10 R=10

formation parameters fitted to only the limitigg(assoc) values, methanol 47325 241403 261+21  27.0£05
and the self-association parameters fitted to the binary mixture 1-hexanol 90t 12 223+ 05 27+ 3 20.8+0.3
1-hexanol+ inert solvent. It appears then that the TK model
is able to describe properly the alcoh@dOT interactions, as
seen by heat capacity measurements, in the presence or absendéBLE 4: Volumetric Equilibrium Constants and
of reverse micelles. In agreement with experiment, at the sameEmha'Ip'eS (in kJ. mgl—l) at 25 °C for Alcohol —AOT
p value in Figure 1@¢(assoc) is predicted by the TK model to Complex Formation

@ Obtained from a fit of eq 6 to the data in Table 1.

be smaller folR = 10 than forR = 0. ForR = 10 and in the K{, —AHn K{i, —AHy
absence of alcohol, the AOT concentration in the meidéa, alcohol R=0 R=0 ¢ R=10 R=10 o
the AOT not forming part of any micelle, is equal to its cmc  methanol 520 256 84 269 268 3.9
value; since this cmc is very low, when the alcohol is added ethanol 474 239 477 251 318 129
the smallerpq(assoc) forR = 10 in Figure 10b can only be  1-propanol 430 276 198 75 238 7.2
explained if some AOT molecules are displaced from the micelle i-ﬁutanol 280 264 176 71 231 62
. . -hexanol 175 234 6.1 30 21.5 7.0
toward the bulk solution to complex with the alcohol. 1-octanol 24 207 6.4
The number of experiments that are necessary to produce ai-dodecanol 150 243 75 23 21.3 8.7
collection of points as those seen in Figures 8 and 9 is very 1-hexadecanol 150 243 116 11 212 16.0
large. In order to study more alcohols, as reported abgye,  2-methylcyclohexanél 74 212 30 10 200 68
(assoc) was obtained for a series of alcohols at a singidue 2@2&'{3‘5““”0' fg’ 225';‘ 175'3 f 122%'3 38'2
(5 wt %) andR = 0 and 10. Using eq 2, with the self- ' ' ’ '
association parameters from refs 15b and B8, and AHS, 2 Obtained from a fit of eq 2 tg(assoc) data gt = 5. * Standard

were fitted to thego(assoc) data as a function of alcohol ~deviation of fitin J K™ mol™. ¢ Mixed isomers.

concentration. The results are given in Table 4. In order to two fittings are equivalent for botR = 0 and 10. Hence, the
compare the two procedures to obtain the alcetAdDT thermodynamic parameters characterizing the 1-alcohol and
thermodynamic parameters, both were applied to the 1-hexanolbranched alcohetAOT complexes are those displayed in Table
case. With the parameters obtained fromphe 5 fitting (see 4.

Table 4), the limitingpc(assoc) at anp value were calculated Heat Capacities of TransferFrom the data in Table 1 or
using eq 6 and are shown in Figure 8. It can be seen that thethe TK curves in Figures 8 and 9, it is possible to obtain the
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125 the system. This is consistent with the conclusion from the
L DLS results, namely, that methanol molecules place themselves
100 F in the micelle water pool. Additional evidence for this

conclusion can be obtained considering the transfer of methanol,
at infinite dilution, from the situation where it is surrounded by

~ 7 an inert solvent (equivalent to the = 0 case at low AOT

3 50 Methanol concentration) to the situation where it is surr_ounded by water
= molecules (equivalent to thie = 10 case). Using the data in

TM a5l refs 15b and 35, thidC, = 156 — 72 = 84 J K'X mol%;

- clearly, the sign and magnitude (see Figure 11) of m@{,

~ support the conclusion that & = 10 the added methanol is
“8- L-hexanol located in the water pool. In Figure 11, for methanol at higher
< sk AOT concentrationsACt < 0; that is, in this concentration

region, methanol has a disordering effect in the micelle. This
can be understood considering the transfer of methanol, at
-30 - infinite dilution, from the situation where it is surrounded by
i an inert solvent to the situation where it is surrounded by proton
e L 1 . 1 . acceptor molecules such as methyl acetate which have the same
0.000 0.025 0.050 0.075 0.100 COO group as AOT. From the data in refs 15b and 16, this
Q‘z AC, =16 — 72 = —56 J K'* mol™%, in agreement with the
) ) sign and magnitude seen in Figure 11. This result suggests that
Figure 11. Heat capacity of transfer for methanol and 1-hexanol, at at high AOT concentrations methanol molecules in the water

infinite dilution, againstQ23 at 25°C. The transfer is from a mixture ; : .
without AOT micelles R = 0) to a mixture with reverse AOT micelles pool complex with the AOT molecules in the micellar shell.

(R=10). Curves were calculated using egs 6 and 11 with the aleohol "€ probability of a methanol molecule being at the border of

AOT complex formation parameters given in the text. the water pool increases as the micelle size decreases, and
according to Figure 11, this size reduction must occur as the
so-called heat capacity of transfaC;, as concentration of AOT increases (faR5 > 0.025). This
decrease has in fact been experimentally reported in reR7 at
AC, = lim ¢ (assoc);—0)[R=10] — = 30 and corroborated by our own DLS experiments (not
lim ¢ (assoc),—0)[R=0] (11) reported here). That the micelle size decreases as the concen-

tration of AOT increases is, however, a controversial issue since

which represents the change in heat capacity when an alcohofother author¥ have found that droplet size, in cyclohexane,
molecule, at infinite dilution, is transfered from a solution where toluene, and chlorobenzene at several fiRedhlues R < 10),
AOT is freely dispersed in the inert solvent to a mixture is independent of AOT concentration. The overall results in
containing reverse AOT micelles. On purely thermodynamic Figure 11 for methanol indicate that tig; and AH3; values
grounds® the enthalpy of transfenH! is expected to be  for this alcohol (and for ethanol) &= 10 in Table 4 are only
posisitve for an order-destroying proceiss, for a transfer that ~ truly meaningful at2% > 0.025 since at lower AOT concen-
reduces structure in the system and increases its entropy; sincérations these two alcohols are interacting mainly with water.
order falls with increasing temperature at constant pressureln this context, propanol appears to be a limiting case between
ACL = [0AHYST], must be negative for such a process. the behavior of methanol and ethanol and that for butanol and
Using eqgs 6 and 11 with th¢!, andAHS, values given above,  longer alcohols. _ _
the ACL for methanol and 1-hexanol as a function of AOT Fundamental Equilibrium ConstantsThe volumetric equi-
p . . .
concentration can be calculated and are shown in Figure 11. librium constantsK{, in Table 4 for the different alcohols
For 1-hexanol in Figure 11AC. < 0 at all AOT concentra- interacting with AOT depend on the size of the molecules
p . - . . .
tions, suggesting that this alcohol partially disorders the AOT involved. This dependence is shown in Figure 12aRor 0
micelles. As discussed above, this order-destroying processad 10. A similar dependence was found previotsiing IR
occurs through (i) the withdrawal of some AOT molecules from SPectroscopy and carbon tetrachloride as solvent. These volu-
the micellar shell to form hexaneAOT complexes in the ~ Metric equilibrium constants can be transformed into a unique

surrounding inert media and (i) the penetration of 1-hexanol More fundamental or intrinsic equilibrium constag, which
to the micellar shell, with its hydroxyl group directed toward IS independent of molecular size and describes the association

the water pool and with its hydrophobic tail parallel to those of Petween the hydroxyl group in the alcohol g“d the ionic head
AOT, allowing the alcohetAOT complex to be formed. Both of the AOT molecule. This can be achie¥&t#using the Flory

these mechanisms increase micelle curvature, promoting thelattice theory giving

formation of smaller micelles (but more since the water content 5
is kept constant), rendering a smaller diffusion coefficient and ¢ _ -1 -1,9A%(w”

: : . . Kiij=Ky(ra ~+rg ) (12)
hydrodynamic radius as obtained from the DLS results (Figure Opg \ Z

4) and predicted from a molecular geometry point of vigi.
The above conclusions for 1-hexanol can be extended to butanolwherer andrg are the number of segments in the alcohol and
and longer alcohols. It appears then that for these alcohols thethe proton acceptor molecules, respectively, given in Table 2
alcoho-AOT complex is formed both in the micelle and in  and defined by dividing the molar volumes by the molar
the surrounding media, establishing an equilibria where alcohol segmental volume, which, as in refs 15b and 16, is taken as the
molecules must be constantly interchanging between the twomolar volume of methanol (40.7 dmol™Y). In eq 12,w is
locations. the flexibility parameter for the complex ardis the lattice

For methanoIACE, > 0 at low AOT concentration, implying  coordination number, taken as in ref 15b to be 1.69 and40;
that the introduction of this alcohol decreases the entropy of and g are symmetry numbers for the alcohol and AOT
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Ky=45+5  AH$ =—22.040.3kJmol’

@ | )

500 - 500

AGS; = —9.434 0.3 kJ mol*
AS,=—421+1.0IJK 'mol™* (14)

The values in egs 13 and 14 must be taken as tentative, since
in applying the TK model to the experimental data only a 1:1
complex has been considered, while, in principle, more than
one alcohol molecule might be complexed with a given AOT
molecule that possesses two COO groups and an ionic head.
From theAG?, (or K11) values in egs 13 and 14, it is clear that
the formation of alcohetAOT complexes is less favorable in
the presence of micelles. The results in eqs 13 and 14 for
AH?; andAS;; can be understood in the following way: (i) the
AH$, value indicates that the alcoRehOT interaction is
weaker when AOT is forming micelles|AH?lr=10 <
|AH3;lr=0) @s a consequence of the fact that in the micellar
shell the relative position of the alcohol and AOT molecules
(their hydrocarbon tails parallel) is unfavorable for complexing
as compared to the situation where both molecules are free in
solution, and (ii) the entropic cost of forming an alcohélOT
complex is much larger when micelles are present
aloohol carbon number 4! (IAS}1Jr=10 > |AS}|r=0), reflecting the geometrical or steric
difficulty for the penetration of the alcohol molecule to the

T T T T LR T L LU T T T T LN
0 2 4 6 81012141600 03 06 09 12 15 18 21

Figure 12. Volumetric equilibrium constants against alcohol carbon - . R . .
number (a) and against— + rg-* (b) atR = 0 and 10. In a, curves micellar shell as compared with the alcohol-free AOT situation.

are only to aid visualization. In b, the straight lines are a fit to the Finally, note that in Figure 12 th&, values for the three .
K¢, data according to eq 12,,@nd G denote methanol and ethanol, branched alcohols are smaller than for the 1-alcohols, and in
respectively, and the open symbols correspond to the three branchedact, for R = 10 there are very few branched alcohdlOT
alcohols. complexes formed. This is a consequence of the molecular
shape of these molecules, which translates into a steric hindrance

molecules taken equal to 2, butag = 1, reflecting the Z\g_lr_ g}ﬁi:lﬁ?roxyl grouf¥ and makes the complexation with

asymmetry of the complex. Equation 12 then translates the
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reverse micelles the 1-alcohol/AOT complex has different
thermodynamic parameters; each of these two sets of parameters,
are independent of the alcohol (and AOT) molecular size. For 0
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