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Micelles formed in water from tetramethyl-, tetraethyl-, tetrapropyl- and tetrabutylammonium dodecy! sulfate
(TMADS, TEADS, TPADS, and TBADS, respectively) are characterized as reaction media. All of the results
are identical in the presence or absence of added salt, provided micelles of the same aggregatioNpumber,
are compared. The microviscosity)(deduced from the rotational motion of the nitroxide group of a spin
probe increases modestly as a functionNofin TMADS and TEADS, decreases slightly in TPADS, and
decreases slightly before increasing in TBADS. The activation energy for the viscosity is remarkably similar
in all of the tetraalkylammonium dodecyl! sulfate (TAADS) micelles and is similar to that in ethanol/water
mixtures as well as other anionic and cationic micelles. The volume fraction occupied by water in the polar
shell, H(t), decreases witiN in TMADS, TEADS, and TPADS at 10, 25, and 4& whereas it decreases,
goes through a minimum, and then increases in TBAB®) also decreases with the size of the counterion.
The bimolecular collision rate as deduced from fluorescence quenching of pyrene by dodecylpyridinium chloride
conforms well to a hydrodynamic description, varying linearly with, whereT is the absolute temperature

and passing through the origin. Quenching probablities of 0.53, 0.51, 0.45, 0.39 for TMADS, TEADS, TPADS,
and TBADS, respectively, are rationalized in terms of small shifts of the diffusion zones outside of the Stern
layer by an average of 16% of the Stern layer thickness.

Introduction bimolecular collision rate constant in terms of a hydrodynamic

. . . . — . descriptior®1° The goal of such work is to be able to predict

_ This paper is a continuation of a sefiesin which we are  yho micelle ionization degree, hydration, microviscosity, and
investigating the effect of rather large, somewhat hydrophobic i gjecular collision rates as a function of variable experimental
tetraalkylammonium counterions on the properties of anionic 3 ameters and thus be able to tailor a microreactor to the needs
micelles. We shall refer to parts' 2 and 3 in this paper. In o 4 anticipated experiment. This work, which inserts bulky

part 1} the critical micelle concentrations in the absence of ., nterions into the Stern layer of dodecyl sulfate micelles,
added salt (cmg, the ionization degree at the ca{a’) deduced  onlements earlier wobl:Lt that considered the effect of

from conductivity measurements, and the aggregation numbersinserting a bulky sugar headgroup into SDS micelles. Like the
(N) were presented for tetramethyl-, tetraethyl-, tetrapropyl- and ggyjier work8 21 we find that the bulky counterions expel water.
tetrabutylammonium dodecyl sulfate (TMADS, TEADS, TPADS, | contrast, we find that inserting bulky counterions has
and TBADS, respectively). Parf 2letailed the determination . tically no effect on the microviscosity whereas the head-
of the ionization dggree using a recently introduced hypotﬁes[s groups had a profound effekt.

that the aggregation number depends only on the concentration
of counterions in the aqueous phase. Papr@ésented further  Methods
values ofN for TBADS and detailed two unusual features of
this surfactant: (1) clouding and (2) aggregation numbers that
increase as a function of temperature. Here, we continue a
program to characterize micelles as variable reaction media
(microreactors) that has thus far been applied to sodium dodecyl
sulfate (SDS};% SDS mixed with heptanémixed micelles of
SDS and a sugar-based nonionic surfactdiaind to the cationic
micelles dodecyltrimethylammonium chloride (DTAC) and
bromide (DTAB)° Specifically, this characterization consists
of measuring the micelle ionization degreestimating the
concentration of water in the Stern layer by a direct probe
method? measuring the microviscosify'? and rationalizing the

Experimental details for the electron paramagnetic resonance
(EPR) measurements are identical to those described reéently;
essential details are summarized. Mother solutions of the
surfactants prepared at concentrati@vs 400 mM containing
the spin probe 16-doxylstearic acid methyl ester (L6DSE) with
a surfactant-to-probe ratio of 500:1 were prepared in MilliQ
water. Solutions with various combinations of surfactant and
salt were prepared from the mother solution by weight; their
concentrations are presented assuming that the solution density
is 1.0 g/cni. All EPR spectra in tetraalkylammonium dodecyl
sulfate (TAADS) micelles consisted of three narrow lines typical
of nitroxide spectra in the motional narrowing region. See Figure

1 of part 2 for typical spectra. Spectra in neat TBADS, a viscous

*.Corresponding author. E-mail: barney.bales@csun.edu. Web page: ionic quuid,3 showed effects of slower motion below 4E.
hnEg%fg”gg:g:ﬁﬁ%?{gg; ;bta'ﬁjr{‘ﬁri"ljge_ Computer fits of the EPR spectra yield the line positions, shapes,
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TABLE 1: Coefficients in Eq 2 TABLE 2: Parameters in Equation 3
t,°C A%(0), G A /3H), G T.°C  cmg, mM? ab NOb v
10 14.227+ 0.007 1.5724+0.013 TMADS 10 5.4 0.32 74 0.10
25 14.309 1.418 TMADS 25 54 0.34 61 0.10
45 14.307+ 0.007 1.379+ 0.012 TMADS 45 5.7 0.37 58 0.10
o ) TEADS 25 3.7 0.44 62 0.05
aMean and standard deviation in two experimeAReference 11. TPADS 25 22 0.45 54 0.06

a b C
Rotational correlation times of the nitroxide group were Reference 12 Reference 27 Extrapolated from 40C.

computed from the line height ratios using standard forniélas
and are corrected for inhomogeneous line broadetifgvo
independent values of the rotational correlation time résult,
7g andrc. Isotropic reorientation of the nitroxide moiety yields
8 = Tc, thus the departure of the ratig/zc from unity is a
measure of the anisotropy of the motion of the nitroxide grup.
The effective rotational correlation time is defined'by

salt (cmeg) andy is a constant. For TBADS, at 2%, N varies
linearly (see Figure 5b of ref 2) as follows:

N= 47+ 1.6(C,Jcmg) 4)
Cyqis given by

_ Caq ={aC+ (1 - a)Cye+ C ot /(1 — VO (5)
Tmeasured ¥/ TB"Tc (1)
where C is the total concentration of TAADSC,q is the
From the EPR line positions, the hyperfine spacing between concentration of added TAACIY is the molar volume of
the center- and low-field lines)., is computed. Mukerjee et TAADS assuming that the density of the anhydrous surfactant
al*®introduced a nonempirical polarity scaté(25 °C), which, is 1.0 g/cm, and o is the micelle ionization degree. The
for solvent mixtures with no other source of OH dipOIeS than parameters in eqs—35 are given in Table LChree is the molar
water, is equal to the volume fraction occupied by water. concentration of the surfactant in monomer form, which may
H(25 °C) andA,. have been shown to be linearly correlatéd’ be computed using eq 5 of ref 20 derived from the work of
allowing the former to be deduced from the latter using Sasaki et a*! and Hall22 as follows:
calibration curves. In this work, we have found th&R5 °C)
extends to values below those for which the previous calibra- 109(Cred = (2 — @) log(cmg) — (1 — ) log(C,) (6)
tion? of Ay is valid, so a new calibration seemed necessary;
however, as the Appendix details, no change at@%roved
to be necessary. We present data at temperatures other tha
25°C, so an extension of the calibration must be made to other
temperatures. The details of this calibration are given in the

Appendix, yielding Theory

A, Microviscosity from EPR Measurements of the Rotational
Ai“ = Ai“(o)+ (—)H(t) ) Correlation Time. The microviscosity of the environment of
oH a spin probe may be estimated utilizing the Deb$tokes-
Einstein equatiof?

At low values of Cy, the values ofCqee given by eq 6 are
HBensitive to the value of crgbut are rather insensitive to the
value ofa.

whereH(t) is Mukerjee’s hydrophilicity inde¥ at temperature
t (°C) andA"(t) = A.(t) — 0.0024f — 25°) corrects the value T o= A7 RIBKT 7)
of A+ measured at for the intrinsic variation of the hyperfine refative

'SI'F;?)(I:éng with temperature. The parameters in eq 2 are given InWheren is the shear viscosity of the solvehkts the Boltzmann

) constant,T is the absolute temperature, aRglis the effective
‘Seerefs 5, 8, 11, 1618 and references therein for a thorough  pyqrodynamic radius of the nitroxide probe group, which was
d|scus§|on of the syltablllty of Fhe use of the .S(')Ivatochronjlc foundf to beR, = 3.75 A for 16DSE. In micelles, the viscosity
propertles.of nitroxide free rz?\dlcals to study |I|':)Id' assemblies g replaced by the microviscosity. The subscrightive refers
such as micelles, the theoretical baSfsr the variation ofA. to reorientation of the nitroxide group relative to a liquid at

with H(t), and the methods*to obtain calibration curves such  rest. To estimate the microviscosity from rotational correlation
as eq 2. times measured in the laboratory frame of referenggasured
The results of this study are presented as functions of thethe overall motion of the doxyl group is modeled as a
aggregation numbeN. The ease of the EPR experiments permit reorientation relative to the micelle as a unit with rotational
much more extensive measurements than are feasible incorrelation timezeaive and an isotropic reorientation of the
experiments such as time-resolved fluorescence quenchingmicelle as a whole with a characteristic timgicele These

(TRFQ) and small-angle neutron scattering (SAR$hat yield reorientations are assumed to be independent, so
experimental estimates of the valuesNyfthus, interpolation

is necessary to present the EPR results. This is accomplished 1 1 n 1 )
by exploiting the fact that for TMADS, TEADS, and TPADS, Treasured  Trelaive  Tricelle

N varies with the concentration of counterions in the aqueous

phase Caq as follows: Tmicelle iS computed from the DebyeStokes-Einstein equation

. written as follows:
N = N%(C,Jcmg)’ (3)

B T
whereNC is the aggregation number at the cmc without added Ticelle ™ Vmicelle'j )
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where 7, is the viscosity of pure waté and Vpicele is whereNg is Avogadro’s number antfspey is in units A3, The
approximated by assuming the rotating micelle to be a spherefactor 137 results from the conversion from34o liters.
4 Vshell iS given by
Vmicelle = éans (10) Ax 3 3

Vehel = ?(Rm -RY) (13)
whereRy, is the micelle radius found by adding the thickness
of the Stern layer to the core radius given below in eq 14. Further The core radius is computed from
details on applying eqs-710 may be found in ref 25.

Fluorescence Quenching in Dodecyl Sulfate Micelleg\ NV =4—ch3 (14)
hydrodynamic theory of the quenching rate constant between @il 3
molecules in micelles was recently introdutedd expande®.
Combining the Smolukhovsky and the Stokésinstein equa-  WhereVi is the volume of one alkyl chain embedded in the

tions yields the quenching rate constant core?® Assuming all 12 carbons to be within the core gives
Vil = 350 A329 Assuming that some alkyl methylene or
8CoRT terminal methyl groups are located in the Stern layer changes
=P (11) the value ofR; however,Vghe is rather insensitive to this
30007 ; EVer, Vshell IS
change. The shell thickness dominates.
where R = 8.31 J/K is the gas constant, is the absolute The zero-order model predicts that, in micelles, all quencher
temperatureCq is the concentration (Mt') of the quencher, -fluorophore pairs would be consistent with eq 11 with P equal
and#n has unit Poise. In this paper, we refer to eq 11 as the to its value in bulk liquids. Experimentally, it has been found
Stokes-Einstein-Smolukhovsky (SES) equation. that the SES describes the results rather well in khataries

In bulk liquid, the factorp, is interpreted to be the probability  nearly linearly withT/; and extrapolates reasonably to the origin
that the quenching of the excited state of the fluorophore occursas predicted; however, in every case studied thiis¥a? and
upon collision,Cq is computed using the entire sample volume, in the results to be presented in this wolkis less than unity.
and# is a constant throughout the sample. In a micelle, the That this would be so is understandable because the zero-order
situation is considerably more complicatedjevertheless, model requires that both the fluorophore and the quencher
despite some necessary simplifying assumptions, the SES hasgliffuse through exactly the same volume, namely that of the
already met with success in the cases in which it has beenpolar shell. Because this is unlikely, a first-order correction was
tested® 810 The SES predicts that all molecules collide with proposed, which envisions that these volumes could be
the same rate constant in all solvents. This has been found tosomewhat different.
be approximately true in bulk solvent for several fluorophore-  If these volumes are different then the probability in eq 11
quenchers pairs; for example, pyrene-hexadecylpyridinium becomes the product of the probabilities that the two molecules

chloride (G¢PC; in general fon carbons, GPC) in methano®, collide and that quenching occurs upon collision. For simpicity,
pyrene-C;PC in water?® pyrene-5-doxylstearicacid methyl we set the quenching probability equal to unity for@C.
ester (5DSE) in methanbll-methylpyrene-C14PC in methanol, Therefore, in micelles the factdt in eq 11 becomes equal to
and pyrene-dimethylbenzophenone (DMBP) in methafidh the probability of collision. Below, we present a model to

all of these cases? was found to be near unity. In micelles, calculate this probability in dodecyl sulfate micelles.
the independence of the rate constant on the nature of the

guencher has been confirmed, for example, fePC, GoPC, Results

C12PC in hexadecyltrimethylammonium chloride and acétate

af?d for GePC, DMBP, and SDSE in SD@S.HOV\{SVGI’, n the polarity indice#(t) were computed from eq 2. For TMADS,
micelles,P has been found to be I_ess_ than uriitj. ) these are plotted versus the aggregation numbers, computed from
A _zero-order mod.el of the application of eq 11 to micelles eq 3, fort = 10, 25, and 45C in Figure 1. Each point is the
was introducetipreviously and assumes the following: . mean value of five spectra collected one after the other; the
LA simple apprOX|mateI_y spherical corshell modet standard deviations are abdljtth the size of the plot symbols.
describes dodecyl sulfate micelles. . There were four runs using freshly prepared samples as detailed
2. Fluorophores and all quenchers diffuse throughout the j, e Supporting Information. Comparing the four runs at 25

volume of the polar shell and nowhere else. °C showed that the reproducibility with samples presumably
3. The spin probe diffuses throughout the volume of the polar prepared in the same way was about the size of the symbols in

shell and nowhere else and thus reports a viscosity, which is Figure 1. The data from a typical run are shown in Figure 1
the average pf the zone through which the fluorophore and theemploying samples prepared using various combinations of
quenchers d|ffus_e_. . - surfactant and salt concentrations. The open points in Figures
4. The probability of quenching upon collision between a y_3 5 and 7 of this paper are derived from salt-free samples
given fluorophore-quencher pair is the same in bulk liquid and 5 the closed from salt-added samples. The results in Figure
in a micelle. , , , , 1 show that volume fraction of water decreases with increasing
The concentratiorCq in @ micelle is computed over the  y44regation number, which has been invariably found by
volume through which the quencher diffuses. Becdysse the EPR1018 and by chemical trappind. Even the tetramethyl-
quenching rate constant due to one quencher, then, assumingmmaonium counterion (TMA) is already rather large compared
for simplicity that this concentration is constant throughout the i, previously studied Naand Li* in dodecyl sulfate’®and
diffusion volume and zero elsewhef@yq is the molar concen-  gy— anq Cr in dodecyltrimethylammonium micellé8 There-
tration of one molecule in the volume of the shéllnel, thus  fore it is not straightforward to apply the simple geometric
17 hydration modefs®10.11.18developed in the past because the
Co= (12) counterions have diameters near to or larger than the 5 A
NoVshe thickness of the polar shell used in those models. This prevents

Hydration of Polar Shell. From the measured valuesAf,
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Figure 1. Volume fraction occupied by water vs the aggregation o 0.1
number for TMADS micelles at 16C (¢, <), 25°C (®, O), and 45 14.40 ! ! ! ! L ‘

°C (@, O). Open symbols, no added TMACI; closed, added TMACI.

Solid lines are from a two parameter fit not discussed and serve to 50 60 70 80 Ngo 100 110 120

guide the eye. The dashed lines trace the dependence of two of the

samples on the temperature. Mean values of 5 measurements withFigure 2. A, and the volume fraction occupied by water vs the

standard deviations about 1/10 the size of the symbols. aggregation number for SDSv( v),'’> TMADS (M, 0O), TEADS
(@, O), TPADS (@, <), and TBADS @, A) micelles at 25°C. Open

a quantitative comparison between theory and experiment in SYMP0Is, no added TAACI; closed, added TAACI.

the manner that we have done in the espite this lack of .
peBesp parameter was needed to fit the data at all valueN below

detall, it is clear that the polar shell of the TAADS micelles h h d - lovi 5 f
becomes dryer as the counterion becomes larger. This is theth® sphere-rod transition employing tisameparameter for

. - g
anticipated result: the larger counterions displace more water €ither N& or Li™. Al of the data in Figures 1 and 2 can be
leading to smaller values ®#(25 °C) at a given value of N. A reproduced by such a model; however, an additional adjustable

similar effect is observed when larger headgroups are placedP@rameter describing the change in the number of methyl and
into SDS micelled! methylene groups located in the Stern layeNasr T vary is

necessary. The solid lines in Figure 1 are derived from a
2-parameter fit. We do not yet present the details of the model
because we do not think that an additional parameter is justified

The temperature dependence of the data in Figure 1 could
be interpreted in at least two ways. Assuming that 16DSE
maintains its average location as the temperature varies would~"~ : .
mean that TMADS micelles become less hydrated at higher until more corroborating data become available from other
temperatures when micelles of the same valueNofare techniques. o
compared. Figure 1 shows that the drying of the Stern layer A Very large amount of data were collected in this study, far
with increasingN occurs at similar rates at all three temperatures. 100 much to effectively present in figures or tables. The motive
An alternate interpretation of the data is possible: that 16DSE for such extensive data collection was to obtain sufficient
changes average positions with temperature. This latter pos-Statistics in an attempt to dls_tlngmsh betwee_n a mpdel in Wh'Ch
sibility may be tested by employing other spin probes. Very @ Was constant orone in whlcdumcreased with an increase in
similar behavior wittN andT as that in Figure 1 is observed in  N.? Unfortunately, both models fit the data wietind a definite
TEADS; three roughly parallel curves result (not shown). conclugon could not be drawn. Neverthe;less, these data could

Figure 2 displays values of the volume percentage occupied bg re-interpreted in the future as more is learned about the_se
by water in TMADS, TEADS, TPADS, and TBADS micelles mlcelles,_ thus, the complete data set is presented as Supporting
versus the aggregation numbers computed from eqs 3 and 4 atnformation.

25 °C as well as the same data for SDS taken from the Microviscosity of Polar Shell. Values of TmeasureaWere
literature!? In all casesH(25 °C) decreases upon increasiNg obtained from the line height ratitiand microviscosities were
as has invariably been found to be the case; however, for computed from eq 7 using eqs-80. For TMADS, on average,
TBADS, a minimum occurs followed by a subsequent slight the ratiozg/zc departed from unity by 9%, at 1TC; 4% at 25
increasen hydration. The volume percentage of water decreases °C; and 1% at 45C. Thus the reorientation of the nitroxide
as a function of the size of the counterion, as expected, group in TMADS micelles is approximately isotropic, although
producing reaction media that are rather dry in all of the TAADS slightly less so than in DTAB and DTAC micellé$ For the
micelles as the aggregation numbers increase. The hydrationother TAADS micelles, on averages/zc departed from unity
of these micelles depends only on their aggregation numbers,by 4% in TEADS at 10C, 3% in TBADS at 25C, and 2% in
regardless of whether salt is added or not. The absolute valuesTEADS and TPADS at 28C. For all other measurements, on
of H(25 °C) in Figure 2 are thought to be rather accurate for average, the departure was 1% or less. Thus, except for TMADS
H(25°C) > 0.3; however, at lower values, polarization effects at 10C, the rotation of the doxyl group of 16DSE in TAADS
could become important, introducing err8tghe relative values ~ micelles is very nearly isotropic.

H(25 °C) are likely to be accurate. Figure 3a shows the variation of the microviscosity as a
In dodecyl sulfate micelles involving inorganic counterions function of N for TMADS. The same plot for TEADS at three
(Na" or Li*), we have had success in interprefit@values of temperatures (not shown) is very similar to Figure 3. For a given

H(25°C) in terms of a simple geometric model in which water value ofN andt, the microviscosity is the same in salt-free and
is expelled from the Stern layer by headgroups, counterions, salt-added samples. In Figure 3b representative data for all
and alkyl groups from the surfactant. Only one adjustable TAADS micelles at 25C are presented. The abscissa for Figure



Micelles of TAADS as Reaction Media

J. Phys. Chem. B, Vol. 109, No. 16, 20091

7 -1
. cP k/10"s
16 1 | I g
14 <> ’ <> «) 50 :I T T [ 17T ' T L ] T T T | T I&]l I_
o* a ? L . ]
12 o _ 0T e o g
C u 1
10~ - 3.0 |- a -
@ L ]
8 L ® O L o) B - !ID -
e© 20 - » A .
6 o o - C A ]
10 ¥ _
4 - om ol . 8 ]
o™ r ]
2 I | l ] | 0.0 11 1 l 1 1 1 l 1 1 L I 1 1 1 I 1 1 1 l B I
I I I T T
@ @b 50 —"I L I LI | LI ] T 1T T 1T | T l—
85 e - C ]
B o ® 7 40 -
7.5 - L i
x O v 30 | b —_
X % C © i
6.5 - ¥ * X &= v — 20 [ -
t% b v C ]
5.5 | | | 1 | 1.0 |
50 60 70 80 90 100 110 C ]
N 00 .—I 1 1 I 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 I 1 1 l—‘
Figure 3. (a) Microviscosity vs the aggregation number for TMADS 0 5 4 6 8 10 12

micelles at 10°C (#, <), 25 °C (@, O), and 45°C (@, O0). Open
symbols, no added TMACI; closed, added TMACI. (b) Microviscosity
vs the aggregation number for TMADS), TEADS (x), TPADS (@),
and TBADS ) micelles at 25°C. Data represent both salt-free and  Figure 4. Quenching rate constant of pyrene byRC vs the right-
salt-added samples. Error bars are standard deviations in 5 measurehand side of eq 11 witR set equal to unity: (a) TMADS and TBADS;
ments. (b) TEADS and TPADS. Symbols are the same as in Figure 2. Data
are at 10, 25, and 4TC taken from refs 1 and 3. The solid lines are eq
3 is computed from eqs 3 and 4. As was the case in DTAB, 11 with P given in Table 3.
DTAC, and SDS micelle¥ the microviscosity of the polar shell
varies only modestly withN for all TAADS micelles.
Quenching Rate ConstantsFigure 4 shows the quenching

8 CQRT/3OOO71, mol K/L P

TABLE 3: Quenching Probabilities, Zone Displacementsd
(A) and Counterion Diameters

rate constant$ of pyrene by GHPC as a function of P o, A 2R, A /2R
8RC,T/3000; for (a) TMADS and TBADS and (b) TEADS SDs 0.74 0.40 5.0 0.08
and TPADS. In Figure 4a, the open and closed symbols TMADS 0.53 0.87 6.4 0.14
correspond to results found without and with added tis Eﬁgg 8-% ii g-g g-i‘é
computed from eq 12 usingspen cOmputed from eq 13. We TBADS 0.39 138 96 0.19

make the reasonable assumption that the thickness of the polar
shell is equal to the diameter of the counterioRgZTable 3).
This assumption is a gene'galization of the principle first stated
by Stigte?? “that, within 1 A, the thickness equals the length ) VY
01%/ theghydrated ionic head of the micellizeg ions.” Sti@%gr (140 /), adding 4 (26.9 A) for each additional methylene
considered micelles in which the headgroups were large 9"0UP N thg higher members of the,TAA,DS Series, and treating
compared with the inorganic counterions and they dominated the counterions as spheres. The m|crOV|§cosmes aroe taken from
the dimensions of the Stern layer. Here, we extend the principle POtS such as Figure 3 fdr= 10 and 25°C. For 40°C, the
using the larger counterions rather than the headgroups to definéﬂ'Crov'osms't"':‘S ellre.found by linear |nterpolat|qn between 25
the thickness. Obviously this is a simplifying assumption to and 45 Q.The solid lines are the least-squares fit of the dqta to
make progress in the absence of data from other experimenta£d 11 yielding the values d? in Table 3. Also tabulated in
methods. Alternatively, the thickness could be modeled to be Table 3is the va}lue dP for SDS using GPC as the quencher
average of the diameters of the headgroups and the counterion&ken from the literature.

or some other reasonable weighting of these sizes. The predic‘Discussion
tions of the SES are not very sensitive to minor changes in the

thickness and our assumption has the advantage of varying Microviscosity of the Polar Shell.For a given temperature,
systematically with counterion size. The counterion radii were the microviscosity of the polar shell varies modestly for TAADS

a Reference 6.

estimated by using Berr's value for the volume of TMA
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TABLE 4: Microviscosities TAADS Micelles Inn, cP
Le U 3.0 T T I I T =
TMADS 10 14.+£ 0.8
25 7.8+ 1.7
45 3.7t 0.5
TEADS 10 12+ 0.5
25 6.5+ 0.3
45 3.2+ 0.12
TPADS 18 8.4
22 7.0+ 0.2
25 6.2
27 5.9+ 0.6
35 4.2
39 3.6
43 3.2
48 2.8
52 2.%
56 2.2
60 2.0
TBADS 10 12+ 0.6° 0.50 ' : ' 1 '
§8 ijgi 8:? 0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036
40 3.4+ 0.04 1T, K’
aMean values and standard deviations over all vallé. 6fStandard Figure 5. Logarithm of the microviscosity vs the inverse absolute

deviation over 5 spectra1%. ¢ Standard deviation over five spectra.  temperature. TMADS®), TEADS (»), TPADS (), and TBADS §).
Values and error bars are the mean values and standard deviations

micelles as the micelles grow. The value of the microviscosity 2veraged over all aggregation numbers. The value for 3)Srom
9 y the literature’? The solid line is the linear least-squares fit to eq 15 for

at a given value_ oN is independent of Wh_ethe_r that_ value is all TAADS; the parameters for this fit and similar fits to each individual
produced by adding salt or not. Thus, the microviscosity dependsgfactant are given in Table 5.

onN, and clearly not the micelle concentration. Comparing the
25 °C data in this study, Figure 3b, with Figure 9 of ref 10 TABLE 5: Activation Energies of the Microviscosities of
shows that the microviscosity and its increase withare TAADS. Equation 15

remarkably similar in TMADS, TEADS, SDS, and DTAB 7o, CP E*, kJ/K mol r

micelles when compared at the same valueNofA small TMADS 7.8x 10-5 285 999
decrease in the microviscosity as a functionNbfs observed TEADS 5.6x 1075 28.9 .999
for TPADS and TBADS, followed in the latter case with a TPADS 7.7x 10°° 28.0 .998
modest increase. Contrast these results with those fauSDS/ TBADS 2.0x 10°° 31.3 -995

e ; ) ot 5
nonionic mixed micelles, where a rather large variation of Al TAADS 4.9 x 100 29.3 989

microviscosity was found as the mole fraction of SDS was
varied. Averaging the results over all aggregation numbers yields .o .o £+ — 29 4 2 kJ/mol. Table 5. Note that method 2 is

the results in Table 4'. One experiment was carried out with essentially a statement of the validity of the temperature
[TPADS] = 84.2 mM without salt as a function of temperature. dependence expressed by the SES, eq 11.

These data are also included in Table 4. A plot of the Iogarit_hm Hydrodynamic Description of Bimolecular Collisions in
of these values versusTlproduces linear plots as shown in \ice|ies First Order Correction to the Zero-Order Model.

Fllgure. 5 adhering to the classical expression of activated rpg linearity of the curves in Figure 4, extrapolating to the origin
viscosity, shows that the SES describes the quenching rate reasonably well
ERT in TAADS micelles. A first-order correction to the zero-order
n=1e€ (15) model has been proposet characterize the quite likely fact
that the quencher and the fluorophore diffuse through slightly
with values ofyo and E* given in Table 5. The final row of  different zones as is schematically suggested in Figure 6. In
Table 5 is the result of fitting the results in all TAADS micelles Figure 6, we suggest that one zone is displaced inward and the
to eq 15, which is the solid line in Figure 5. Compare the values other outward from the polar shell each by an amounA
of the activation energies in Table 4 with the similar value of portion of the region of diffusive motion of two molecules is
E* = 29.1 kJ/(K mol) found in DTAB micellé$§ and with the shown as two zones, each of which forms a concentric shell
value ofE* = 23.8+ 1.2 kJ/(K mol) averaged over five ethanol/  about the center of the micelle, only a portion of which is shown
water mixtures from 20 to 60 wt % ethanol. Therefore, with for clarity. The purpose of this section is not to suggest that the
respect to the activation energy of viscosity, the polar shell of model of Figure 6 is definitive; rather, we wish to quantify the
TAADS and DTAB micelles are rather normal liquid mixtures, order of shift necessary to bring experiment and theory into
not very different from ethanelwater mixtures. agreement. The results in the section are not changed signifi-
In part 11 values of E* were estimated by (1) using the cantly if we were to suppose, e.g., that zone 1 lies within the
viscosity-sensitive probe 1,3-dipyrenylpropane and (2) from the polar shell and zone 2 is shifted outward or inward [y b
variation of k;N with 1/T. Values ofE* from method 2 were TAADS micelles, where considerable hydrophobicity is brought
well below those from method 1 and were comparable to those to the surface of the micelle by the counterions, it is likely that
determined here via the spin probe. The detailed variatidn ~ the average location of pyrene ang-PC would be somewhat
E* with the size of the TAA counterion was slightly larger  different than they would be in SO8n fact, the pyrene polarity
using method 2 than it is here; however, the average over all of ratio I1/l3 shows that pyrene is located in a somewhat more polar
the surfactantsE* = 23 £+ 2 kJ/mol, is similar to that found environment in TAADS micelles than in SDS.
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Figure 6. Schematic representation of a first-order correction to the 20 - A ]
zero-order model. Zones 1 and 2, only a part of which are shown for B :
clarity, extend concentrically around the micelle and represent the C v, A ]
volume through which pyrene and;££C diffuse. These zones are - -
displaced from the Stern layer by equal amountsone inward and 1.0 = ]
the other outward. The fluorophore and quencher interact quenching - -
the fluorescence only when they collide in the overlap region. B ]
0'0 111 I | S | I 1111 I 11 1 1 I Ll 11 I 111
We simplify the model by assuming that each of the 0 1 > 3 4 5 6

molecules 1 and 2 may be found with equal probability at any
point within its respective zone of voluMé&one10r Vyonerand P(d) 8CQRT/3OOOI], mol K/L P
is not found outside those zones. Thus the probability that both

mo'ecules W|" be found |n the reg|0n Of Over|ap Of Volume Figure 7. Plot of all qUenChing rate constants vs the right-hand side

A e of eq 11 withP set equal to values in Table 3, which are predicted
Voveriapand thus collide is just from the values o given in second column of Table 3. The solid
line is eq 11 withP = 1. Symbols are the same as in Figure 2.

P= Vzoverlag!vzonelvzonez (16)
) _ o with N. Contrast this with the results in ref 8 wheérg.varied
The suggested configuration of the zones in Figure 6 corre- yery little andy varied substantially. Both results taken together

sponds to case 2 of the previous wérhich yield® demonstrate the importance of botl.e; and# separately in
eq 11.
3 2
[(Ry—0)° = (R, — 9)7] 17) Hydration of Micelle Surfaces. Figures 1 and 2 show that

the hydration of TAADS micelles may be controlled by varying
the counterion or the aggregation numbbk, Because the

B [(Ryy + 0)° = (Ro+ 0)I[(Ryy = 8)° = (R, = 9)’]

In the case of SDS, eq 17 was used to estinfate 0.7 hydration does not depend on the particular combination of
matching the experimental result whén= 0.40 A8 Values of ~ Surfactant and salt concentrations, a given valuéi@j may
o that match the experimental valueshofor TAADS are given be maintained as the concentration of micelles is varied in a

in Table 3. As might be expected, in view of increasing so-called cons_taﬂtaq (consta_mN) experimenl“:_lzv33ln particu- .
hydrophobicity and counterion size, the displacements needed@!: €xtrapolations to zero micelle concentration may be carried

to fit the data increase monotonically from Nao TBA®, out maintainingN and thereforeH(t) constant as opposed to
growing fromé = 0.4 A in SDS tod = 1.8 A in TBADS. traditional extrapolations at constant salt concentrations in which
Note that the displacements as a fraction of the shell thicknessP0th of these quantities vary. _

is similar in all of the TAADS micelles varying from 14 to With the bulky TAA® counterions, experiments may be

20% compared with the 8% observed in SDS. Figure 7 shows designed using dodecyl sulfate micelles in which rather low
all of the data plotted against the RHS of eq 11 using the values levels of water are achieved. Experiments could be designed in

of P predicted from eq 17 employing the valuesdoin Table which the counterion were _va_ried, bid{t) remained constant;
3. however, these would be limited to valueshft) of 20% or
The above simplified treatment assumes that the displace-lower. See Figure 2.
mentso are independent of temperature from 10 to°4to Whether a guest molecule encounters the same volume

avoid further adjustable parameters. The general conformity of fraction of water as that shown in Figures 1 and 2 depends on
the results to the SES in Figure 7 shows that such variationswhether it occupies the same average position in the micelle as
can be rather small. If this proves to be so in further work, this the spin probe. Obviously, the location of the guest molecule
would tend to support the interpretation of the data in Figure 1 depends on its nature; however, many such molecules can be
as being due to micelle drying at higher temperatures ratherargued to reside within the polar shell to zero-order. Those
than probe movement with temperature. molecules might be expected to be displaced somewhat as a
Applying case 2, Figure 6, as a first-order correction to the function of the counterion, perhaps the aggregation number, and
zero-order model shows that reasonable departures from theperhaps the temperature; however, these displacements could
zero-order model can explain the data. Many other arrangementspe reasonably small, as is illustrated by the fact that only small
including asymmetric displacements, can describe the data anddepartures are required to bring experiment and theory into

predict similar displacements of about-80% of the shell agreement for the SES. At a fixed temperatiié) decreases
thickness. We observe that employing zone thicknesses that araipon increasingN, which we have interpretédo be due to a
different from one another would decreaégerapand thusP. decrease in the available volume to house water in the polar

Note that, for a given temperature, this work and our recent shell. If we tentatively assume that 16DSE does not change
work on DTAB/DATCO places the emphasis of the testing of average location with temperature, then Figure 1 (and similar
eq 11 on the variation &fspewith N becausey varies modestly results inTEADS) shows that, for a given valueNsfTMADS
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that brings the hydration into closer agreement with experiment.
Here, the thickness is assumed to be equal to the diameter of
the TMAT counterion, the same assumption discussed above
in connection with the hydrodynamic description of molecular
collisions, and envisions that, just as in the SANS model,
considerable alkyl chain hydrocarbon occupies the polar shell.
In Figure 8b, we have placed an average of an equivalent of
Nwet = 3.5 methylene groups into the polar shell, andRket

17.5 A, andR, = 23.9 A. In fact, a number of terminal methyl
groups are included in the polar shell in Figure 8b, and because
these occupy about twice the volume as methylene gréfups,
fewer than 3.5 groups are needed. In Figure 8b, estim&t{@g

°C) from Vshen and Vyry yields H(25 °C) = 0.36, in agreement
with experiment. The schematics are drawn so that ap-
proximately the appropriate number of methyl and methylene
groups are located in the polar shell. The SANS schematic is
modeled after Figure 6 of ref 34 in which a more or less radial
configuration of the hydrocarbon tails is depicted.

The SANS schematic, Figure 8a, shows only web@kbups,
because that was the essence of the original model; however,
note that to insert a sufficient fraction of hydrocarbon into the
polar shell, the average position of the sulfate headgroup is

EPR/TRFQ Model required to be near the outer surface of the polar shell. This
Figure 8. Schematic representation of TMADS micelles (a) proposed results in a nonuniform distribution of the headgroups within

by Berr et aB*and (b) a proposed model to fit the results in this paper. the polar shell. In the propos_ed_ _model, Figure 8b, we have
Only CH; groups are “wet” in (a) whereas a few @groups may also ~ Postulated the presence of a significant number of terminal CH

occupy the polar shell in (b). The schematics are to scalélfer 88 groups in the polar shell because this is the most reasonable
and show approximately the correct amount of alkyl hydrocarbon in packing that preserves the dimensions in the model. It is clear
the Stern layer. that the objection regarding the nonuniform distribution of the

sulfate headgroups can easily be resolved in Figure 8a by
micelles are dryer at higher temperatures. Figure 1 shows thatinserting some methyl groups rather than methylene groups.
the variation oH(t) with temperature for a given sample (given The two schematics are very similar except that the value of
values ofC andC,g) is minor considering the fact that the change R, is significantly larger in the SANS scheme. As a conse-
in aggregation number is substantial. The behavior of a given quence, the volume in the polar shell is larger, leading to larger
sample is discerned by following the symbols in Figure 1 in values ofH(25 °C).
approximately a horizontal fgshion; dashed Iinles guide the eye  Both models Figure 8a and 8b fill the available volume in
for two such samples. Consider the sample yielding the lower o nolar shell with water (using a continuum model) but are
values ?fH(t)' These values vary from a_boH(45 C)= 0_'45 deduced using different approaches. From SANS, the values
toH(10°C)=0.40 wh(_ereas the aggregation num_ber varies from ¢ Re andR, were found, from whichNye; was computed. The
gbout 65 to 92. At a fixed temperature of 25 this variation number of TMA" counterions was computed from the micellar
n gggreggtlon number would be accompanied by a rather Iargecharge, which was taken to be one of the SANS fit parameters.
variation in H(25 °C) frqm about 0.60 to 0'3.3' We offer a Thus SANS relies on geometric factors to deduce the value of
tentative model to explain these results that might be amenabIeH(25 °C). In contrast, EPR senses the value of the volume
to testing. As the micelle grows due to the decreasing temper-fraction occupied by \'/vater and then adjusts the geometry to
ature, the volume in the polar shell per surfactant molecule make the computed value B{25 °C) agree with the measured
decreases. A.‘t the same time the amount (.)f alkyl chain value. Note that there are small discrepancies in the valie of
hydrocarbon in the polar shell decreases, leaving the VOIumededuced by SANS and TRFQ! These values o are found
available for water relatively constant. using very different approaches; nevertheless, they vary similarly

Structure of TAADS Micelles. Figure 8a shows a schematic i . o .
0,
representation of the TMADS micelle as previously advanced with Cagand their absolute values agree wittt6%. See Figure

by Berr and co-workers on the basis of SANS measuren#nts. 5 of ref 2. )
The drawing is to scale, corresponding to a valuéat 88. Apparently, one way to reconcile the EPR re_sults to the model
This corresponds to Berr’s restftsat 30 °C, with [TMADS] of Figure 8a would be to suppose that the spin probe spends a

= 220 mM, no saltNye;= 4.4 is the number of methlene groups significant portion of its time in the core so that the value of
per alkyl chain located in the polar shef, = 17.2 A, andR,, H(25 °C) = 0 in the core averaged with the higher value of
= 27.5 A. An estimate of the hydration of the model in Figure H(25 °C) = 0.65 would yield the spin-probe sensed value of
6a may be obtained by calculatit(25 °C) = (Vshell — Vary)/ 0.36. Even if we suppose that the spin probe samples all of the

Vshelh WhereVyy is the volume inaccessible to watetsing micelle (and none of the surrounding aqueous phase) with equal
the values in ref 34, this results iH(25 °C) = 0.65-0.62 probability per unit volume, the theoretical average would only
depending on the value of employeda = 0.34-0.20, which be reduced t#i(25 °C) = 0.49, still well above the experimental
encompasses the values found by conductiv®ANS3* and value. Further, allowing the probe to spend a significant amount
an aggregation number-based determinatidhis is consider- of time in the core would run counter to a large amount of

ably larger than the experimental estimate in Figure 1 of evidence that most spectroscopic probes, even the rather
H(25°C) = 0.36. Figure 8b shows a tentative, proposed model hydrophobic pyrene, reside near the surface of micétés.
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short, it is difficult to reconcile the measured value of A,G

H(25 °C) with the model in Figure 8a. +
It is gratifying that the results of SAN%,EPR, and TRFQ,

not to mention the vast amount of experimental and theoretical 1400

work that establishédthe core-shell model long before these

latter day methods came along, can be understood in terms of

the schematic representations in Figure 8, which differ only in ~ 13.96 -

the thickness of the polar shell. It would be interesting indeed

to see if the SANS scattering profiles could be fit to the

schematic in Figure 8b by some reasonable adjustment of the

fitting procedures. In this connection, we note that Griffiths and

co-worker§ have carried out such a program with mixed 13.88 |-

micelles, using EPR to fix the thickness of the polar shell and

13.92

then finding a fit to the SANS data. & I | | L | |
The hydration of micelles has captured the attention of a very -30 20 10 0 10 20 30 40 50
wide spectrum of investigators. A review summarized the t, °C

situation up to 1986° to which the reader may refer for the Figure 9. Hyperfine spacing\; versus the temperature for 16DSE in
already large body of earlier work. That earlier work may be three hydrocarbonscis-decalin ©); n-decanel); n-hexane ¢). Error
summarized as follows: water associated with the micelle was Pars are standard deviations in five measurements. The solid lines are
determined to be that quantity that moved as a kinetic unit with linear least-squares fit to the data yielding the parameters given in Table
the micelle. Even so, different workers using the same experi-
mental techniques arrived at quite different conclusions as picture that larger headgroups or counterions expel more water
discussed recenthy. from the polar shell. The microviscosities in TAADS micelles
Only recently have serious attempts to meadtfg quan- vary modestly withN and in a similar range found for SDS
titatively in a direct fashion using probes. There have been two and DTAB. An unexpected result is that the microviscosity in
very different experimental approaches; chemical trapping of all TAADS micelles is remarkably similar, only TBADS
nucleophile® and spin probe3810.11All probe methods must  deviates at aggregation numbers above 65. TBADS behaves
be interpreted with care to ensure that (1) the probe residesabnormally at high values dfl as has been discussédhe
where it is postulated to be and (2) the probe is properly sensingactivation energies of the microviscosities of TAADS micelles
the quantity of interest. Implicit in (2) is the assumption that are very nearly equal to one another and similar to those in
the probe does not modify the hydration of its immediate SDS and DTAB micelles as well as in ethar@ater mixtures.
environment. We have critically addressed these two issues inThe only discrepancy in the model of the structure of TMADS
recent papers and we refer the reader to those assesSHEhts. micelles derived from SANS results and the present results is
Other than TMADS, scant data are available for the TAADS the value of the thickness of the polar shell. Guest molecules
micelles. Should these micelles assume a practical importancejn TAADS micelles, modeled by the quenching of pyrene
presumably more details will emerge from various experimental fluorescence by GPC, collide with a rate that is described by
techniques. On the basis of TRFQ and EPR work on thesethe Stokes Einstein-Smolukhovsky equation varying linearly
surfactants plus SANS in the case of TMADS, we offer tentative with T/» passing through the origin with quenching probabilities
models of these surfactants that could serve as working less than unity. Displacement of the zones through which pyrene
hypotheses in further work on the basis of the following and G.PD diffuse by 8% (SDS), 14% (TMADS), 14%
assumptions: (1) the coreshell model is generally valid, (2) (TEADS), 14% (TPADS), and 20% (TEADS) of the polar shell
the thickness of the polar shell is near the diameter of the thickness is sufficient to bring all experimental quenching rate
counterion, (3) a considerable amount of alkyl chain hydro- constants into agreement with the SES.
carbon occupies the polar shell. Iltem (2) is a generalization of .
the Stigtef? principle. ltem (3) appears to be required for the Appendix
predicted values ofi(25 °C) be of the order of those in Figure Calibration of A, versus the Hydrophilicity Index for
2. The models, similar to Figure 8b, predict that a significant 16DSE. The variation of A, with hydrophilicity index,
fraction of the terminal methyl groups be present in the polar H(25°C), valid over the rangel(25 °C) = 0.77-0.53 has been
shell, a fact that might be verified using NMR together with published:! This range was adequate for S&'S,iDS,'8 and
paramagnetic ions along the lines described by Caffafie. mixtures of SDS with a sugar-based nonionic surfacthnt.
be quatitative, the average location of the paramagnetic ionsHowever, as the counterion and/or the headgroup becomes larger
would have to be determined. This could be possible exploiting in other surfactants, the micelle surfaces become dryer, yielding
the fact that some of these ions, for examplé'Ciare effective values ofH(25 °C) lower than those of the previous calibration.
quenchers of pyrene fluorescence. Carrying out experimentsOne purpose of this work was to extend the calibration to lower
similar to those in Figure 4 and applying a model similar to Vvalues ofH(25 °C) by employing other solvents and mixtures.
that in Figure 6 could define the average position o'Cu  However, we find that the differences in the extrapolation of
relative to pyrene, allowing the relative positions of terminal the published calibration and the new results are less than

methyl groups to be defined. uncertainties iH(25 °C) in micelles, so no change is necessary
] at 25. A second purpose is to measure the intrinsic variation
Conclusions of A, with temperature so that the method may be used at other

The spin-probe sensed hydration of TAADS micelles, ex- temperatures. This variation turns out to be quite small;
pressed as the volume fraction occupied by water, decreasesevertheless, it is outside of experimental error and is straight-
upon increasingN, which has been understood to be due to a forward to investigate.
decrease in available volume to house watkt) also decreases Figure 9 shows the values & (t) versus the temperature
with the size of the counterion in keeping with the general for 16DSE in three hydrocarbonsis-decalin,n-octane, and
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TABLE 6: Temperature Variation of A, for 16DSE in A A A eff G
Hydrocarbons S0y
hydrocarbon A+(25°C)'G (3A+/8t),mG/K 14~6 _lll|[|||l|IIIIIIIIIIIIII |III'IIIIIIIII
n-hexane 13.944- 0.0006 2.38+£0.03 E
n-decane 13.94% 0.0010 2.32£ 0.07 145 8 g
cis-decalin 13.975: 0.0013 2.490.04 C g B
mean 13.956: 0.017 2.40+ 0.08 MG 144 L o
F o 8 o o o
n-hexane, which were purchased and used as received from 143 C ¥ d o
Aldrich. The measurements were identical to those recently - .
detailed® The error bars are the standard deviations in five 142 E <
measurements using the same sample. These uncertainties are F
somewhat larger than those usually encountered (typicalB 1 141
mGY* in the study of micelles, because spin probe concentrations - e
were maintained below 10M to avoid line shifts due to spin 140 Dol oo bon b b o b L
exchangé® The solid lines are linear least-squares fits yielding 20 30 40 50 60 70 8 90 100
the parameters given in Table 6. Because, in hydrocarbons, the t, °C

value of the hydrophilicity index is strictly zero, the entire Figure 10. Hyperfine spacings of 16DSE vs temperature for neat
variation in A(t) is attributed to its explicit temperature gAps: A (O): As () A" (®). Mean values and standard
dependencedf.(t)/t) = 2.40+ 0.08 mG, the mean slope and  geviations in 5 measurements.

standard deviation of the three curves in Figure 9. Because we

are interested in using the hyperfine spacing to estimate values A,G

of the hydrophilicity index, we define the effective hyperfine *

spacing AT (t)to be the measured value minus the intrinsic SRR R AL RN AP
variation as follows: 5.4 - ]
9A [ 14.35 ]
Ay = A (t) — (—*)(t - 25°) 182 7
" " ot [ 14.30 = )
= A,(t) — 0.0024¢ — 25°) (18) 150 - ]
. . (142 025 ]
whereA, is in Gauss when is in °C. - .
The EPR of 16DSE was studied in MeOH water mixtures as 48 [ = ]
a function of temperature over the range: 0—45 °C in one C ]
set of mixtures and the whole experiment was repeated with 146 -
another set over the range-105 °C. The preparation of the i ]
aqueous alcohol mixtures and the details of the measurements - -
have been describe in detailhe temperature was measured 144 7
to within 0.2 °C with a thermocouple placed directly into the i A I P T T ST P
cavity._Pure methanol_ was included in each of these series 0O 01 02 03 04 05 06 07 08
extending the lower limit ofH(25 °C) down to 0.438. In H(25°)
addition, measurements were performed in 1,4-dioxane water _ ) )
mixtures at 25°C. Figure 11. Values ofA(25 °C) versusH(25 °C) in two new series of

) ] MeOH/water mixtures4 andv), a published series of MeOH/water
Finally, we took advantage of the fact that pure TBADS is a mixtures ©), dioxane/water mixturesTT), and in neat TBADS @).

liquid above 2°C to employ it as a solvent to study 16DSE. Thg solid line is the previously publish€dtalibration given in Table
This adds an interesting dimension to the work because this1. The inset is near the origin. The TBADS datum and error bar is the
ionic solvent is formed by large, complicated molecules, more mean value and standard deviationAGf averaged over all tempera-
like those comprising the Stern layer of micelles than mixtures tures in Figure 10.

of water with small molecules such as methanol and dioxane.

Figure 10 shows measurements Af, A, and A°" as a : : _ )
function of temperatured, is one-half the difference in the that dissolving any compound possessing a single OH bond per
 molecule in water, will yield the hydrophilicity indeki(x,t)

resonance fields of the high- and low field lines. The fact thai

the standard temperature 28. It is straightforward to show

Ao < A, at temperatures up to 85 shows that second order ~ 91Ven by

shifts due to slow motion effects appreciably affect the value xt) [M

of Ao. See ref 5 and references therein for detailed discussion H(x,t) = p—,{_ox +(1- x)} (19)
of the effects of slow motion. It suffices here to recall tBat p(0,25°C){ M

is much less affected than As. Despite the difficulties due to
the high viscosity of TBADS, Figure 10 shows thaf' is
reasonably constant with temperature. Averaging over all
temperatures giveAs" = 14.30+ 0.03 G.

We define the hydrophilicity index to be the molar concentra-
tion of OH dipoles in a solution at temperatdr@ormalized to
the OH dipole concentration in water at 26 (not att). This H(x,t) = {1.003— 0.441)} p(x.t) (20)
matches Mukerjee’s and co-worker’s definittémat 25°C and
normalizes the index to the density of OH dipoles in water at Employing experimental valugs of p(x,t) for MeOH/H,O

wherep(x,1) is the density of the solution andis the weight
fraction of the solute of molecular weigM. The density of
water at 25°C and its molecular weight are given by
0(0,25°C) andMy, respectively. For MeOH/pO mixtures, eq
19 becomes
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mixtures,H(x,t) was computed from eq 20. Dioxane provides
no OH dipoles, thus, values &f(25 °C) = p(1 — x)/po were
computed for the dioxane water mixtures using known densi-
ties40

Figure 11 shows values &, (25 °C) versusH(25 °C) for
the two runs in MeOH/water mixtures, the dioxane/water
mixtures, and the mean value in neat TBADS. The solid line is
the publishedt calibration curve. The new data deviate from
the previous curve negligibly for the MeGHvater mixtures,

the pure dioxane, and the pure TBADS and by an average of

+ 0.045 G for the dioxanewater mixtures. In view of the
assumptions used to interpret valuesH{f) in micelles, this
latter discrepancy is considered to be within experimental
uncertainty.

Plots similar to Figure 11 result at other temperatures. Fitting
the MeOH-water mixtures to linear curves yields eq 2 with
the constants given in Table 1.
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