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Abstract

Aqueous solutions of the triblock copolymer poly(ethylene oxiogely(propylene oxide-poly(ethylene oxide) EQPO;EO; 3 (Pluro-
nic L64) were investigated over a wide concentration range (20—100%, (w/w) polymer) in the micellar, liquid crystalline and reverse micellar
phases, using electron spin resonance (ESR) spectroscopy of spin probes. A series of amphiphilic nitroxide spin probes-daxgd on
stearic acidiiDSA) with n, the carbon atom to which the doxyl group is attached, equal to 5 and 10 were used to measure the local polarity,
dynamics and degree of order in the self-assembled system‘Nhsotropic hyperfine splittingay, was the polarity sensitive parameter.
The probe location and the correspondeftectivelocal hydration,Z.;, were deduced by comparing ESR spectra of the probes in L64
solutions with spectra of the probes in aqueous solutions of poly(ethylene oxide) (PEO), poly(propylene oxide) (PPO) and a mixture of PEO
and PPO containing the monomer molar ratio 26:30, as in L64. The results indicate that the probes reside in and provide evidence for the
presence of hydrophobic and non-hydrated regions consisting of PO blocks and that the order in the aggregates decreases from the PO/EC
interface toward the PO domains. Additional support for these conclusions was obtained from ESR spectra of the probes in the lamellar phase
as a function of added cholesterol and by simulations of the ESR spectra of the probes in the lamellar phase of L64. This study of the
hydrophobic part of the aggregates, together with our previous study based on ESR spectra of cationic probes that reside in the polar and
hydrated EO regions, lead to a detailed description of the nature of L64 aggregates in aqueous s0l@000sElsevier Science Ltd. All
rights reserved.
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1. Introduction depending on temperature and polymer composition and
concentration [1-4,6—17 In the isotropic micellar
The triblock copolymers poly(ethylene oxidie)poly- phase, the critical micelle concentration (CMC) has an
(propylene oxidep-poly(ethylene oxide) (EGPQ,EO,), inverse temperature dependence; at a given concentration

available commercially as Synperonics, Pluronics or the appearance of the micelles is gradual over a relatively
Poloxamers, have attracted great interest because of theibroad temperature range, due to the polydispersity of the PO
diverse and complex structures in aqueous solutions andand EO blocks and to the combined effects of polymer size
their applications in drug release systems, detergents,and increased hydrophobicity of both blocks with tempera-
cosmetics, treatment of burns and water purification ture [6—17]. The CMC and the critical micellization
[1—4]. The copolymers can also be prepared with a central temperature (CMT) decrease with increase of the PO
EO block flanked by two PO blocks (“reverse Pluronics”), content and of the molecular weight [18]. In the simplest
or in a dendrimer architecture with PEO—-PPO or PPO—-PEO picture the micellar core is expected to consist of PO blocks
diblocks linked to an ethylenediamine core [5]. and the corona of EO blocks; some experiments and

Micelles, reverse micelles and liquid crystalline theoretical models suggest, however, that the segregation
mesophases have been detected in many Pluronics,

* Corresponding author. Tel+1-313-993-1012; fax:-1-313-993-1144. 2 Ref. [8] presents the phase diagram of a reverse Pluronic (EO block in
E-mail addressschlicks@udmercy.edu (S. Schlick). the middle) in water—oil mixtures.
! present address: Essex Specialty Products, 1250 Harmon Road, Auburn % In Ref. [11] the phase diagram for L64 is more accurate and detailed
Hills, MI 48236, USA. compared to that published previously in Ref. [9].
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Chart 1: Pluronic .64 and Spin Probes
HO[-CH,CH,0-];;[-CH(CH;)CH,O-]5,[-CH,CH,0-],;H

(EO;,PO5EQ,;, L64)

Spin Probes

n-Doxyl Stearic Acid Spin Probes:
X=H: nDSA (n=5,10)
X=CH,: nDSE (n=10)

Scheme 1.

between the core and the corona is not complete and that thébased on the ESR spectra of spin probes that are known to

core may also contain EO units [15-17]. intercalate in and report on various regions of the self-
The self-assembly of the Pluronics is similar to that of the assembled system. The main objectives of these studies
non-ionic surfactants of the oligo(ethylene oxide)BD, are to obtainlocal information on the hydration of the

type (G, is an aliphatic chain withm carbon atoms); there  hydrophobic and hydrophilic domains, on the degree of
are important differences, however, between the two orderinthe aggregates and on the transport of various guests
systems: While the phase separation into the hydrophilic in the system [22—24]. Most of our studies have focused on
corona and the hydrophobic core ipED, is clearly defined EO,3PO3EO, 3 (commercial name L64, Scheme 1), whose
[19,20], important questions remain on the hydration of the phase diagram in aqueous solutions has been deduc@t! by
two components (EO and PO) in the Pluronics and the NMR, polarizing microscopy and ocular inspection [9,11].
degree of order in the self-assembled phases [21]. In the vicinity of 300 K, the main phases detected with

We have initiated a study of the Pluronic copolymers increasing polymer content are micellar), H (hexago-
nal), L, (lamellar) and L (reverse micellar), as shown in
Fig. 1. The size of the aggregates has been determined by
dynamic light scattering [12—14] and small-angle X-ray
scattering (SAXS) [11]. The radius of the micelles in the
L, phase is in the range 60—-80 the radius of the cylinder
in the hexagonal phase s 30 A; in the lamellar phase the
thickness of the apolar domain is in the range 30—4hd
the periodicity is= 80 A.

The present paper describes results based on ESR spectra
of amphiphilic doxyl stearic acid spin probesDSA,
Scheme 1) in L64 and on spectral simulations of the ESR
lineshapes in the lamellar phase. The following experimen-
tal parameters were varied in this study: the temperature, the
L64 content in the solutions, the polarity of the probe head
group (1ODSA vs. the corresponding methyl ester, 10DSE),
0 10 20 30 40 = & M ® W0 w0 the position of the nitroxide with respect to the head group

. (5DSA vs. 10DSA) and the polarity of the solvent (water vs.
L64 Concentration (% w/w) 0.1 M NaOH aqueous solution). In addition, the effect of a
Fig. 1. Phase diagram for aqueous @DE O (Pluronic L64). L is the wedge-shaped additive such as cholesterol on the ESR spec-
micellar phase, H is the hexagonal phasgislthe lamellar phase ang is tra of 5SDSA Was measured in the lamellar phase. The order
the reverse micellar phase. Dotted lines indicate the uncertainty in the phaseP@rameterS in the lamellar phase was deduced from
boundaries (redrawn from Ref. [11]). simulations of the ESR spectra of 5DSA, 10DSA and
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Fig. 2. X-band ESR spectra of 5DSA as a function of L64 content: in 0.1 M NaOH solutions at 300 K (A) and at 325 K (C) and in water solutions at 300 K (B)

and at 325 K (D).
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(A) 10DSA/L64/NaOH, 300 K (B) 10DSA/L64/water, 300 K
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Fig. 3. X-band ESR spectra of 10DSA as a function of L64 content: in 0.1 M NaOH solutions at 300 K (A) and at 325 K (C) and in water solutions at 300 K (B)
and at 325 K (D).
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(A) 10DSE/LL64/NaOH, 300 K (B) 10DSE/L64/water, 300 K
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Fig. 4. X-band ESR spectra of 10DSE as a function of L64 content: in 0.1 M NaOH solutions at 300 K (A) at 325 K (C) in water solutions at 300 K (B) at 325 K
©).



4684 L. Zhou, S. Schlick / Polymer 41 (2000) 4679—-4689

10DSE at 300 K. Preliminary results have been reported homopolymers containing a EO:PO molar ratio 26:30, as
[25]. in L64; in these mixture¥ refers to the total number of
monomer units, EGPO

2. Experimental
2.3. ESR measurements

2.1. Materials )
ESR spectra were measured with a Bruker ECS106

The copolymer L64, with nominal molecular weight 2900 SPectrometer equipped with the ESP 3240 data system for
and EO content of 40% (w/w) was a gift from BASF acquisition and manipulation and with the ER4121 VT vari-

Corporation and was used as received. The spin probes?Ple temperature unit. The microwave frequency was
5DSA and 10DSA (from Aldrich) and 10DSE (from measured with the Hewlett-Packard 5342A microwave

Molecular Probes, Eugene, OR) were used as received.counter. Spectra were measured with 100 kHz magnetic
Poly(ethylene oxide) (Carbowax300 from Union Carbide, field modulation, modulation amphtqde 0.4.G, microwave
MW 300) and poly(propylene oxide) (PPG425 from ARCO POWer 2mW and 10 scans. TH&N isotropic hyperfine

Chemical Company, MW 425) were also gifts and were splitting, ay, was measured directly from the spectra for
used as received. motionally narrowed lineshapes, or fromy = (Apax +

2Amin)/3, where Ana and Ay, are determined from the
2.2. Sample preparation experimental spectra, as shown by arrows in Fig. 2.

Solutions of L64 in water or in 0.1 M NaOH were
prepared by weighing appropriate amounts in 8 mm i.d.
tubes, which were sealed immediately and centrifuged The principal values of thg- and **N-hyperfine tensors
repeatedly in both directions during 1 week to facilitate for the spin probes cannot be determined from the
mixing [8-10]. The liquid crystalline phases were solid- rigid-limit spectra measured at 77 K, because of the very
like gels and their appearance was checked by examinationy oad fines. For this reason, we adopted the components of
between crossed polarizers. the g tensor determined for the doxyl probes in lyophilized

The spin probes were dissolved in ethanol to a concentra-povine serum albumin (BSA): 27,28}, = 2.0088 g,, =
tion of ~5mM and divided into several vials [26]. After 2 gogg d,, = 2.0027 for all probes. The components of the
evaporation of the solvent overnight in air or in a stream of 14y hyperfine tensor were selected using tkealing
nitrogen, the spin probe film was dissolved in neat or procedure[28]. The values determined in lyophilized BSA
aqueous L64. The solution was shaken by hand for severaI(AXX(BSA) = 6.3G,A,(BSA = 58 G,A,(BSA = 335 G)
minutes, kept in the refrigerator overnight, transferred to \yere scaled to fit the experimental isotropic hyperfine
capillaries made from disposable pipettes and flame-sealedgnstant. The scaling procedure was performedafpe=
for the ESR experiments. The spin probe concentration in 148 g (compared to 15.2 G in BSA). The tensor components
the polymer solutions was= 0.5 mM, low enough to Ax=61G, A,=57G, A,=326G obtained from
prevent linewidth broadening by spin—spin interactions: thjs procedure were used for simulating the ESR spectra.
further lowering of the spin probe concentration had no  ye simulated ESR spectra of the probes in L64 solutions
effect on the ESR linewidths. Probes in two types of L64 for 5 polymer concentration corresponding to the lamellar
solutions were prep_ared, in water and in agueous 0.1_ M phase (L., 70% (w/w) L64), because the dynamical model is
NaOH; the carboxylic groups of SDSA and 10DSA spin gictated by the organized phase: the obvious choice is the
probes are in the undissociated acid form COOH in the yicroscopic order—macroscopic disorder model (MOMD),
former solutions and in the ionized form CO@ the latter.  \yhjch implies that the spin probe reorients in the presence
The pH of the L64 solutions was 11.8, 9.8, 7.5, 6.9 and 6.4 4f an ordering potential due to the surrounding molecules,
for polymer contents of 20, 50, 70, 90 and 100% W/W, characterized by a directar[29]. In the absence of macro-
respectively. No effect on the phase diagram was detectedsqpic orderd is expected to be distributed at random. For
in the basic L64 solutions compared to the neat water solu- ihis reason the simulated spectrum is obtained by a super-
tions [23]. As will be seen later, the ionization of the pqsition of spectral components weighted by @irfor
carboxylic group has important effects on the ESR spectraanglesg between the direction of the external magnetic
of the probes. ~ field H and the directord. Typically 30 6 values in the

For determination of the local degree of hydration interval 0-90 were calculated and superimposed. Spectra
[22-24], ay values of SDSA were measured in aqueous ere calculated on a 586/100 MHz PC, using the EPRLL set

of Z = [watefl/[monomet, the number of water molecules  computer time.

per EO or PO unit. In order to mimic as closely as possible

the local environment in L_64aN V"_J‘Iues O_f SDSA were 4The EPRLL version 1.6 has been kindly provided by Dr D.E. Budil of
also measured as a function df in a mixture of the Northeastern University, Boston, MA.

2.4. Spectral simulations
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Table 1

4685

N hyperfine splittingsay (G), at 325 K ofnDSA and 10DSE probes in L64/wafer

Phase L64 (Wt%) 5DSA 10DSA 10DSE Z [H,0)/[EQ]
0 15.8 (15.8) 15.8 (15.8) ¢

Ly 20 14.8 (14.4) 14.3 (14.3) 14.3 (143) 24.8

L+ L, 50 14.8 (14.4) 14.2 (14.4) 14.3 (14.3) 6.2

Lo 70 14.8 (14.4) 14.6 (14.2) 14.3 (14.3) 2.7

L, 90 14.7 (14.4) 14.2 (14.4) 14.3 (14.3) 0.7

100 14.4 (14.4) 14.2 (14.3) 14.3 (14.3) 0
Zer <1 Zyi=0 Zgi =0

2For each probe we give thag (G) values in the NaOH solutions and in parentheses, the values in water solutions.
b Calculated fromAmi, andAmax values; the estimated errord.15 G. The other values af, were read directly from the spectra; the estimated error in these

values is+0.1 G.
¢ Insoluble in water or 0.1 M NaOH.

4 Sameay, in water or 0.1 M NaOH solutions and independent of L64 content.

3. Results and discussion

The ESR spectra of the spin probes in L64 solutions were

sites in L64/NaOH and L64/water, due to the different pH
values. A similar effect has been reported [33].
The effect of temperature on probe dynamics is seen by

measured at 300 and 325 K. The use of L64 dissolved in comparing the corresponding spectra in the same solvent at
0.1 M NaOH instead of water may lead to some changes 300 K and at 325 K, Fig. 2A with C and Fig. 2B with D. The

in the phase diagram, but from our previous work [24] it
seems that the aggregate interior is little, if at all, affected
by the modification of the pH; we note that in the reverse
micelles based on AOT, the ESR spectrum of 5DSA is
the same for solutions with pH values in the range 6.3—
9.0 [31]. We will use the notation probe/water and probe/
NaOH for samples that do not contain L64; L64/water and
L64/NaOH for the polymer solutions; and probe/L64/water
and probe/L64/NaOH for the polymer solutions containing
the probes.

3.1. Aggregate regions reported by the spin probes

X-band ESR spectra at 300 and 325 K for 5DSA, 10DSA
and 10DSE in L64/water and L64/NaOH systems are

extreme separation at 325K in L64/NaOH is lower
compared to that at 300 K; the only exception is the L64/
NaOH solution containing 50% (w/w) copolymer, which
has about the same extreme separation at both temperatures,
aresult that is difficult to interpret because of the presence of
the hexagonal phase at 300 K and a mixture pfHl , at
325K, as seen in the phase diagram (Fig. 1). In the L64/
water solutions, the spectra are of the motionally averaged
type at 325 K.

For 5DSA at 325 K in L64/NaOH containing 70% (w/w)
polymer (Fig. 2C) the shoulder indicated by the thick
upward arrow suggests the presence of an additional compo-
nent that is similar to that detected for the solution contain-
ing 90% (w/w) polymer (L phase); we therefore propose
that this sample represents a region wherarid L, phases
coexist. The difference with respect to the composition

presented in Figs. 2—4. The rich display of spectral featuresshown in Fig. 1 (only the |- phase) could be due to slight
reflects the different phases at a given temperature, thevariations in the polymer samples measured (for instance a
specific site for each probe and the effect of temperature different molecular weight distribution), or to the presence
on the dynamics. These features will be discussed for eachof NaOH.

probe.
(a) 5DSA.At 300 K the ESR spectra of the probe in neat
water consist of the isotropic triplet (Fig. 2B, lowest spec-

Theay values at 325 K were calculated directly from the
spectra in the L64/water system and from g, and Anin
values in the L64/NaOH system; the results are presented in

trum). The additional broad signal detected in aqueous Table 1. We note the large differenceaipvalues depending

NaOH (Fig. 2A, lowest spectrum) is assigned to probe
aggregation: the probe has a lower CMC in the alkaline

on the solvent: 14+ 0.1 G in L64/water and 18 *+
0.15 G in L64/NaOH.

medium compared to neat water [32]. The spectra change An implicit assumption in the interpretation of the ESR

dramatically upon addition of L64 and well-resolved line-

spectra for the 5DSA probes is that in L64 solutions the

shapes typical of the slow-motional regime are seen in the probe is preferentially intercalated in the polymer aggregates

range of L64 concentrations 20—90% (w/w) in L64/NaOH;
the lineshapes are not as well resolved in L64/water.

ESR spectra at 325 K reveal slow-motional lineshapes in

the presence of NaOH (Fig. 2C) and motionally narrowed
spectra in the absence of NaOH (Fig. 2D). The different

5 Ref. [33] has demonstrated that it is possible to control the location of
the spin label in a lipid—protein system by variation of the pH. Moreover,
the local K, was deduced from the relative intensity of spectral compo-
nents corresponding to the protonated and deprotonated forms of the spin

dynamical regimes are clear evidence for different probe probe.
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and not distributed between the water phase and the aggre14.8 G for 5DSA/L64/NaOH, 14.4 G for 5DSA/L64/water
gates; the absence of the sharp lines typical of the probes inand 14.3 G for 10DSA and 10DSE in neat water and in
neat water (lowest spectra in the four sets presented in Fig.NaOH solutions. Several conclusions can be deduced from
2) in the spectra of the probes in the polymer solutions is these numbers. First, the differeaf values for 5DSA/L64/
proof that this assumption is correct. NaOH and 5DSA/L64/water are representative of sites with
(b) 10DSA.The broad line assigned to probe aggregation different local polarities, higher in L64/NaOH. We can
for 5DSA/NaOH is not detected for 10DSA, as seen in the justify this result by assuming that in 5DSA/L64/NaOH
ESR spectra measured at 300 K (Fig. 3A) and at 325 K the COO group of the probe is anchored at the more
(Fig. 3C); this result is taken as an indication that the hydrated (and more polar) regions of the polymer aggre-
concentration of 10DSA is below the CMC. Since all gates, compared to the undissociated acid form; additional
probe concentrations are essentially the same, this resultsupport for this idea is presented in Fig. 5 (vide infra).
indicates that CMCLODSA) > CMC(5DSA); our previous Second, as we also expect anchoring of the head group in
studies in perfluorinated [26,27,32] and protiated [34,35] 10DSA/L64/NaOH in the more hydrated regions of the
ionomer systems have detected a similar behavior. Theaggregates (as for 5DSA), the loway§ value for 10DSA/
distribution of the probes between the water phase and theL64/NaOH (14.3 G) must be due to the different positions of
aggregates is also affected by the higher CMC of 10DSA the doxyl groups relative to the head group in 5DSA and in
probes, compared to 5DSA: the weak signals shown by 10DSA. The maximum length of the probdg,, can be
arrows in Fig. 3A for polymer content of 20 and 50% (w/w) estimated froml,,,= 1.5+ 1.265m where m is the
in L64/NaOH and for polymer content of 20% (w/w) in L64/  number of carbon atoms [36] the distance from the head
water, represent probes dissolved in water, or associatedgroup to the doxyl group is=8 and = 14 A for 5DSA
with isolated chains or with unimeric micelles. Based on a and 10DSA, respectively. The differergy values for
similar spectral contribution in the ionomers [32,34,35], we 5DSA and 10DSA suggest that, in the range of depths
estimate that the amount of probe in the water, or associatedcovered by the nitroxide moiety in the two probes, the
with single chains or unimeric micelles, is negligible: 1% hydration changes significantly. Moreover, the local hydra-
of the total amount. The signals due to 10DSA in the water tion explored by 5DSA/L64/water is similar to that of
phase or near single polymer chains are not detected atlODSA/L64/NaOH. Third, the fact that for 10DSA tlag
325K, Fig. 3C and D; the absence of these signhals meansvalues in water and NaOH solutions are about the same
that the probe distribution at 325 K is dictated by the higher indicates an essentially constant hydration level below a
hydrophobicity of the polymer at the higher temperature. depth of = 14 A from the location of the headgroup. This
Therefore, the ESR spectra represent probes intercalateadtonclusion is supported by tlag values for 10DSE, a probe
in the aggregates and not an average of contributions fromthat is not expected to be anchored in a region of higher
two or more probe sites. degree of hydration; this probe selects a location deeper in
The presence of NaOH has a less pronounced effect onthe hydrophobic regions, but the hydration is the same as for
the ESR spectra of 10DSA, compared to the effect described10DSA [37]57
above for 5DSA,; only small differences are seen at 325 K, In order to establish a quantitative relation betwegn
Fig. 3c, for L64 contents of 20 and 50% (w/w). Tlag and the local hydration, we have used the variatioapf
values for the 10DSA probes (Table 1) are within experi- values at 325 K for 5DSA with water content (Fig. 5) in
mental error the same in L64/water and L64/Na@K,~ aqueous solutions of the homopolymers PEO and PPO
143+ 015G and in a PEO/PPO mixture that mimics the monomer
(c) 1ODSE This probe is insoluble in neat water and inthe composition of L64. Since these solutions are expected to
NaOH solution, as seen by the very broad lines detected atbe homogeneous on the molecular level, the measayged
300 and 325 K (Fig. 4, bottom spectrum in each set). The values reflect the stoichiometric hydration level expressed
presence of NaOH has essentially no effect on the line- asZ. In the L64 solutions, however, thedfectivehydration,
shapes measured in the presence of L64 at both temperaZ, is a local property determined by the type of aggrega-
tures. The only exception is evident in the solution tion. The calibration curves in Fig. 5 make possible the
containing 20% (w/w) L64: the higher spectral anisotropy determination of the real local hydratiod, in the L64
in L64/NaOH, compared to the L64/water systems, is most system from theay values. ForZ = 0 (in the neat homo-
likely due to a more structured micellar phase. Bhealue polymers) theay values are 14.60 G in PEO, 14.40 G in
for the probe in the L64 solutions at 325 K is the same, PPO and 14.45 G in the PEO/PPO mixture; #evalues
14.3 G, in all solutions, similar to that for 10DSA.

® This chapter gives a simple but lucid description of the polarity effect
on the magnetic parameters on nitroxide probes and shows in Fig. 26 (p

. . . 501) the increase of botl andA,, with increasing solvent polarity.
The data presented in Table 1 indicate that for a given "Fig. 9 in Ref. [23] shows the proposed polarity profile in reverse

probe theay values in _the same solvent (water or O.]: M micelles of L64 in wated-xylene mixtures, deduced from tizg values
NaOH) at 325K are independent of L64 concentration: of cationic andnDSA spin probes.

3.2. Local hydration in L64 aggregates
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Effect of Hydration on ay(5DSA)

T T T T T T T T T i

15.4 . SDSA
j 1 0.52
15.2 - g1 _
15.0 ~ =
o~ ] [n]
O A
~ 14.8 5 .
Z, ]
% 1 @ & C300
1464 M o PPG . {ODSE
1 o o Mixture |
1444 @ . 0.22

!

2 4 6 8 10 12 ! ' :
3310 3360 3410

Magnetic Field (G)
Fig. 5. Variation ofay for 5DSA as a function of water conter, in
Carbowax300 4), in PPG425 [[]) and in a mixture of Carbowax300/  fjg 6. Experimental ESR spectra at 300 K for the indicated probes (full
PPG425 containing the monomer molar ratio 26/81). (For clarity ay lines) and simulated lineshapes (dashed lines) with the order paraeter,
data points at higheZ values were connected, as a guide to the eye. given for each probe. The following parameters were used in the simula-
tions: For 5DSAR, =2X 10 rad’s, Ry =1x 10° rad’s, Y= 27; for

of 5DSA in neat water and in the 0.1 M NaOH solution are 0DSAR, =4Xx 10" rads, R = 1x 10" rads, ¢ = 30% and for 10DSE
the same, 15.80 G. Some deductions on the local polarity v - 4> 10 rads R =1x 10 rads = 30 All spectra were calcu-
PR e . . lated with a linewidth of 0.50 G.

and hydration will now be made by reading the effective

polarity Ze in the L64 system from thay values, by refer-

ence to the calibration curves fey presented in Fig. 8. aggregates and the effect of NaOH is to force the headgroup
The very low ay values for thenDSA probes in L64 of the 5DSA and 10DSA probes into the more hydrated EO

solutions compared to the values in neat water indicate aregions. The>NO group in 5DSA/L64/NaOH is at a

very low level of hydration at the probe sites. Fay = distance of= 8 A from the hydrated EO regions but inside

148 G, as measured for 5DSA/L64/NaOH, we deduce the non-hydrated PO regions of the polymer aggregates.

Zt = 0.5-1 in all L64 phases; this value is close to the This major conclusion is in accord with previous studies

stoichiometric hydration levek, for the L, and L, phases of the binary and ternary reverse micellar phase in L64

[23], but much lower than that for the phase, even if th& with nDSA probes [23] and of all phases in aqueous L64

value is related tall polymer units. For clarity we added in  with cationic spin probes [24].

Table 1 the stoichiometric hydration lev&lcalculated by Further details about the nature of the sites reported by

assuming that the water is associated with EO units only. In the spin probes were obtained by measuring ESR spectra of

the L, phase containing 20% (w/w) L64% = 24.8 when 5DSA/L64/NaOH at 325 K in the 70% (w/w) L64 solution

calculated for the EO units only, 21.5 for the PO units (lamellar phase) as a function of the amount of added

only and = 11.5 if all monomergEO + PO) are consid- cholesterol (up to 10% mol, the maximum amount that
ered; these values are much higher compared tefthetive can be dissolved); the spectra are essentially the same and
hydration, Zg. the correspondingy values are in the range 14.8-14.9 G;

Theay values for all probes in pure L64 are lower than in the results at 300 K are similar. Cholesterol is expected to
pure PEO and close to tlag value in pure PPO (14.40 G). lead to the intercalation of theDSA spin probes deeper
That the probes prefer the environment of PPO is clear from inside the hydrophobic regions [38]. The probe site is not
the calibration curve given in Fig. 5, where at |@walues affected by cholesterol addition, because its headgroup is
the ay values are essentially the same in the mixture and in anchored at a hydrated site and not in the most hydrophobic
pure PPO. We must conclude that the probes explore andpart of the aggregates, in accord with deductions made from
provide evidence for the presence of PO regions of the the calibration curve in Fig. 5.

& One reviewer recommended that in order to mimic as closely as possi- 3.3. The order parameter in the lamellar phase
ble the behavior of L64, the PEO and PPO mixture should be composed of
homopolymers with the same length as in the L64 copolymers, in orderto  To determine the order parameter, we simulated the ESR
minimize the effect of the —OH end groups on the local polarity. We agree spectra of the three probes at 300 K using the microscopic

with this point of view. However, the PPO block in L64 has a molecular . .
mass of 1740 and such a PPO polymer is not expected to be soluble in0rder_macrOSCOpIC disorder (MOMD) model, which assumes

water. The molecular masses we chose are lower than in L64, but arethat in a g?ven domain the direqtor is uniformly Oriented_ in
expected to give us the trend in L64 in terms of probe behavior and location. Space (“microscopic order”) while the morphology consists
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with more disorder in the hydrophobic interidhe para-
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