9800 J. Phys. Chem. B006,110,9800-9801

A Reinterpretation of the Hydration of Micelles of Dodecyltrimethylammonium Bromide
and Chloride in Aqueous Solution

Nataly Lebedeval* Raoul Zana$ and Barney L. Bales*"

Department of Physics and Astronomy and the Center for Supramolecular Studies,
California State Undersity at Northridge, Northridge, California 91330-8268,
International Tomography Center, SB RAS, Institutskaya st. 3apdiloirsk 630090, Russia,
and Institut C. Sadron (ICSULP), 6 rue Boussingault, 67000 Strasbourg, France

Receied: January 24, 2006; In Final Form: March 8, 2006

The hydration of dodecyltrimethylammonium (DTAB) micelles is reinterpreted in light of the results of the
companion paper (immediately preceding this paper) that showed that the location of the spin probe 16-
doxylstearic acid methyl ester (16DSE) changes as a function of the aggregation nynab@nionic micelles,

i.e, that it doeshot conform to the zero-order model (ZOM). The ZOM requires that the MGiety diffuse
throughout the Stern layer of the micelle and nowhere else. By using the ZOM as a working hypothesis, the
previous interpretationJ( Phys. Chem. B002 106, 1926) of 16DSE data proposed that an increasing number

of alkyl chain methyl groups occupied the Stern layeNascreased. In this work, the spin probe 5-doxylstearic
acid methyl ester that was found to fulfill the ZOM in anionic micelles was measured as a functibim of
DTAB and was found to obey the ZOM in this cationic micelle as well. Thus, a simple model of the hydration
of micelles that is successful in anionic micelles is also successful in DTAB. The previous results for 16DSE
are reinterpreted here as being due to small displacements of thenbi€ty as a function oN.

Introduction H

Two of us recently proposed a model of the hydration of R o
dodecyltrimethylammonium bromide (DTAB) micelles employ- 045 | T — |
ing electron paramagnetic resonance (EPR) data of the spin '
probe 16-doxylstearic acid methyl ester (16DSHhat inter-
pretation assumed that the zero-order model (ZOM) described 0.40
the average location of the nitroxide moiety (N©@f 16DSE
in the micelles. The ZOM, described in detail in the companion 0.35 - .
papetf immediately preceding this paper, requires that the NO
moiety diffuse throughout the Stern layer of the micelle and 0.30 w — w L w w
nowhere else. In the companion papere showed that 16DSE 8 60 62 64 66N 68 70 72 T

doesnot conform to the ZOM in anionic micelles, prompting
us to question the previoiassumption that the ZOM described
16DSE in DTAB. Here, we employ 5-doxylstearic acid methyl
ester (5DSE) in DTAB and show that doesconform to the
ZOM in DTAB micelles. Therefore, DTAB micelles are also
described by the simple theory of hydration given in the
companion papet.Previously, we showed that DTAB and
dodecyltrimethylammonium chloride (DTAC) are hydrated
identically when compared at the same valueNofApparent
differences in hydration as functions of surfactant or added salt
concentrations were due entirely to differences in the growth
of the two micelles as functions of these concentratichisus,

we reinvestigated only DTAB here.

Experimental

The experiments and analysis were identical to those in the
companion papéremploying DTAB purchased from Aldrich,
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Figure 1. Volume fraction,H, of water vs aggregation numbéiyo:
sensed by 5DSHY, W) and by 16DSEQ®, ®) DTAB micelles, 25°C.

The solid line through the 5DSE dataHshe computed from the ZOM
with one parameter adjusted as described in the text. The solid line
through the 16DSE data is eq 10 of the companion paper, using the
solid line of Figure 2 ford. The dashed line is the a priori estimate of
Hnor = Hshen from SDS results, employing the same shell thickness, 5
A, and the samél,e = 1.91, changing only the value o¥ify + (1 —

a)V.i] from 66.4 to 135 A to reflect the difference in molar volumes

of the constituents.

purified by recrystallization in methanehexane mixtures.
Sodium bromide (Aldrich) was used as received. Stock 350 mM
micelle solutions of DTAB containing 16DSE or 5DSE (1:350
spin probe/surfactant molar ratio) were prepared as in the
companion paperAll other samples were prepared by dilution
from these stock solutions, thereby preserving the surfactant/
spin probe ratio.

Results and Discussion

Figure 1 shows data taken from the previous work using
16DSE (open and closed circles), and new data using a similar
spin probe, 5DSE (open and closed squares). The ordinate is
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the volume fraction occupied by watét, derived from hyper- 8, A

fine spacings, as detailed in the companion padge{ points) 0.4 . : : : : ,

or computed from theory (lineg)See the structures of these 06| |
two spin probes in the companion pagerhe open symbols

correspond to zero-salt samples and closed to add-salt. Both 08 i
probes report a decreasing valueHjor versus the aggregation -1k 1
numberN; however, there is a difference both in the magnitude 12 L i
of Hyor and the slope. Figure 1, reminiscent of Figure 4 of the 14l |
companion papetmakes clear that the ZOM cannot be correct '

for both 5SDE and 16DSE. We argue below, as in the 16 - iy
companion papetthat 5DSE does conform to the ZOM. -1.8 . J . J J '

58 60 62 64 66 68 70 72 74

There is no essential difference in the hydration of anionic N

-and cationic ml_celles according to the simple Fheory outlined Figure 2. Displacements of the zone through which NiTfuses from

in the companion papérthus, DTAB and sodium dOdeCY' the polar shell for 16DSE vs aggregation number for DTAB micelles,
sulfate (SDS) micelles, both having 12-carbon alkyl chains, 25°c_ The solid line is a linear least-squares fit. Note that the diffusion
differ only in the values o¥4y and, perhaps, the shell thickness. zone for NO for 16DSE is always displaced toward the interior of the
To emphasize the similarity, the dashed line in Figure 1 is an micelle in contrast to SDS. See Figure 4 of the companion paper.

a priori estimate of the values &fshey employing the results

used to fit SDS in the companion pagefor simplicity, we values ofHyo. The new 5DSE data makes it clear that the
use the same shell thickness (5 A) and the same valg,&f previous interpretation is in error. A simpler and more persuasive
= 1.91. Then we uség + (1 — a)Ve] = 135 A3, appropriate interpretation is that NOdeparts from the ZOM for 16DSE in
for DTAB! instead of the value 66.4%appropriate for SDS. the same manner as in the anionic SDBhis displacement is
Thus, there are no further adjustable parameters in deriving themodeled as probe | in Figure 2 of the companion péper.
dashed line. The slope of the experimental values derived from Values ofd were computed by using egs 9 and 10 of the
5DSE in DTAB is predicted by the dashed line to high precision companion paperand these are presented in Figure 2. The solid
and is only about 4% too large in absolute magnitude. A minor and open symbols represent salt-added and zero-salt samples,
change in eitheN,e or the shell thickness brings theory and respectively. The solid line is a linear least-squares fit yielding
experiment into agreement. Thus, the only significant difference 0 = —(0.22+ 0.02) — (0.085+ 0.001)(N — N° with units in

in the hydration of SDS and DTAB is due to the different molar A, whereN® = 54.7 is the aggregation number of DTAB at the
volumes of the headgroups and counterions; the larger con-cmc without added satt.Figure 2 is qualitatively similar to
stituents in DTAB force more water from the polar shell. For Figures 4b and 6 of the companion p&peith the quantitative
example, at the same aggregation number 60, 68% and difference that NOfor 16DSE is always displaced toward the
48% of the polar shells of SDS and DTAB, respectively, are inside the polar shell in DTAB, while it moved from outside
occupied by water. The solid line through the 5DSE data is the the polar shell to inside as the anionic micelles grew. We
prediction from the ZOM (eqs-37, of companion papéy, i.e., emphasize that, even though the difference in 5SDSE and 16DSE
one adjustable parameter brings the theory and experiment intoappears to be dramatic in Figure 1, they both largely occupy
agreement, no further parameters are needed to match the slopéhe polar shell, 5SDSE entirely and 16DSE with 67% probability
If we take the shell thickness of the polar shell to be the same averaged fronN = 59 to 73.

asin SDS, 5 A, and adjust one parametevig = N[Vhg + (1 ]

— a)Vei + NyeVen,], we obtainNye = 2.08. This value is ~ Conclusions

computed by takingVhg + (1 — )Vei] = 135 A3 from estimat(id The hydration of cationic micelles DTAC and DTAB is
molar volumes$ and the experimental value of = 0.257 described by the same simple continuum model that character-
Alternatively, fixing Nwet = 0 results in Vhg + (1 — o)Vei] = izes anionic micelles, the only difference being due to larger

211 M. Either of these choices yields the solid line through \olumes of the headgroups and counterions. The volume fraction
the points for SDSE in Figure 1; the slope of the line is not of water detected by 16DSE decreases faster with increasing
adjustable. It is interesting that, for DTAB, as was the case with pacause NOis displaced approximately 1.2 A toward the inside
the anionic micelles in the companion papéixing the molar of the core as the micelle grows over the rahge: 59 to 73.

volumes to reasonable values leads to about two methylenegyer this range, NEresides, on average, 67% of the time inside
groups (or one terminal methyl group) in the polar shell. We ¢ polar shell.

take the excellent agreement between theoretical prediction of
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