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Aggregation behavior of a novel anionic amphiphilic molecule, sodi#2-(n-dodecylamino)ethanoyl)-

alaninate (@Ala), was studied in the presence of sodium dodecyl sulfate (SDS) surfactant at different [C
Ala)/[SDS] molar ratios and concentrations. The viscosity of aqueous SDS solution increased in the presence
of Ci Ala surfactant. The bulk viscosity of water was found to increase upon increase of both molar ratio and
total surfactant concentration. The microenvironments of the self-assemblies were investigated using the
fluorescence probe technique. Fluorescence anisotropy studies indicated formation of rodlike micelles. Both
dynamic light scattering and small-angle neutron scattering measurements were performed to obtain the size
and shape of the microstructures. The concentration and composition dependence of the hydrodynamic diameter
of the aggregates were investigated. Transmission electron micrographs revealed the presence of a hexagonal
liquid crystal phase in dilute solutions of the8la—SDS mixture. The micrographs of moderately concentrated
solution, however, showed cholesteric liquid-crystal structures with fingerprint-like texture. Temperature-
dependent phase behavior of the self-assemblies was studied by use of the fluorescence probe technique.

Introduction of anionic and zwitterionic surfactart.26 Recently, we have
observed that, in acidic medium, soditN¥(2-(n-dodecylamino)-
ethanoyl)t-valinate (GzVal) in the presence of SDS gels
water?’ However, the correspondingalanine (G.Ala) and
glycine (G.Gly) derivatives failed to gel water under similar
conditions but resulted in the formation of viscous solution at
neutral pH. This led us to investigate the aggregation behavior
of these mixed-surfactant systems. These surfactants exist in
the zwitterionic form at neutral pH. Thus, in the presence of
SDS a 1:1 complexation can give rise to produce a double-
tailed anionic surfactant with the polar amino acid as headgroup

nonionic’ anionic—cationic® anionic—nonionic®! etc. Al- (see Figure 1 for structure). In this study, an effort has been

though many mixed surfactant systems have been extensivel));age ATI(; l;rr]sjegsseéngutr?aecggn%;egta(tjli(lzfgrt()a?]??\;/cl)(l);rorfaiir;i Zsl,x\;t]erﬁs
studied, there are fewer studies on the ion pair surfactasts, 12

since the latter are insoluble in water. Recently, studies related?S & different concentrations. The self-assembly formation has

to the formation and subsequent growth of vesicles using mixed been stu?llled by use of a nkl;mbder of te.Chl.n'ﬂueS’ such as surfﬁce
surfactants of anionic sodium octyl sulfate (SOS) and cationic tension, fluorescence probe, dynamic light scattering, small-
cetyltrimethylammonium bromide (CTAB) have been re- angle neutron scattering, and electron microscopy.
ported!*~17 Currently “catanionic” (mixtures of cationic and
anionic surfactants) surfactants have attracted tremendou
attention because they form stable unilamellar vesicles in dilute  Materials. The amphiphile @Ala was synthesized and
cation- or anion-rich solution$-2 At higher concentrations,  purified according to the procedure reported elsewfAefe
however, mixed micelles with wormlike morphologies are compound was chemically identified B and'3C NMR, IR
usually observed. On the other hand, at higher molar ratios, thespectra, and elemental analysis. Optical purity was determined
catanionic systems always produce rod- or wormlike micelles by measurement of specific rotation. The fluorescence probes
at all concentrations as indicated by the increase of bulk solution pyrene N-phenyl-1-naphthylamine (NPN), 1,6-diphenyl-1,3,5-
viscosity. The rheological behavior of such surfactant solutions hexatriene (DPH), and SDS were procured from Aldrich and
has been reported.?? were purified by recrystallization from an aceterethanol
Although there are a handful of studies on catanionic mixture. The purity of the probes was confirmed by measure-
surfactant systems, fewer studies have been done on the mixturesent of fluorescence excitation spectra. Doubly distilled water
was used for solution preparation.
*To whom correspondence should be addressed. E-mail: joydey@ Methods. The 'H NMR spectra were recorded on a Bruker
chem.iitkgp.ernet.in. Phone: 91-3222-283308. Fax: 91-3222-255303. 400 MHz spectrometer. UWvisible spectra were recorded on
Indian Institute of Technology. .
* UGC-DAE Consortium for Scientific Research, BARC. a Shimadzu (model 1601) spectrophotometer. The surface
8 Solid State Physics Division, BARC. tension measurements were performed with a Torsion Balance

The micelles composed of mixed surfactants occurring in
biological fluids are very often preferred in industrial prepara-
tions and pharmaceutical and medicinal formulations for the
purpose of solubilization, suspension, dispersionl€tdn fact,
mixed surfactants are used in most practical applications rather
than individual surfactants. Solubilization behavior of different
compounds in the mixed micellar solution of cationic surfactants
has been studied by several researcthigrsThere are many
reports in the literature on studies of different combination of
mixed surfactant system viz. catioricationic/ nonionic—
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. H cOo0 - TABLE 1: Critical Aggregation Concentration (cac), Ycac
NH> N7/ pCao, cacll,o, and Micropolarity (14/13) Values of Various
0-503" 0 H CHg Compositions of G,Ala—SDS Mixtures (2 mM) at 30°C?
Figure 1. Chemical structure of the @Ala—SDS complex. composn  cac (MM) yeac(MN/M)  pCoo  cacleo  14/ls
_ ) o 3:2 0.40 (0.37) 26.0 4.30 8.08 1.12
(S.D. Hurdson & Co., Kolkata, India) by using a Du &uring 1:1 0.35 (0.29) 23.0 447 102 1.12
detachment method. Bulk viscosity of surfactant solutions were 1:2 0.37 (0.32) 21.9 4.00 3.70 1.12
measured with a Brookfield rotational viscometer (model DV- 14 0.45 (0.50) 22.4 4.35 922 111

Il) using cone-plate geometry. A Thermo Orion model 7186A 15 0.61 (0.65) 214 3.85 430 109
digital pH meter was used to measure the pH of the solutions.  2Values within parentheses were obtained from fluorescence mea-
Temperature-controlled measurements were carried out by usesurements.
of a Thermo Neslab RTE-7 circulating bath.

The surfactants were mixed in a volumetric flask in desired

molar ratios using appropriate volumes of respective stock 15-mW He-Ne laser o - 632'8 _nm) was used for the
solution (100 mM) in methanol. The solvent was dried in water méasurement. The scattering radiation was measured ab 90
bath. This ensured ion-pairing at theNH,* group of G.Ala. the incident beam. The intensity autocorrelation functions were

This was confirmed further by the upfield shift of theNH,* ~ analyzed using the cumulant methid.
proton signal (which normally appears in the rarge 8.5 Small-angle neutron scattering measurements were performed

6.028t0 0 ~ 3.3-3.1 in thelH NMR spectrum (see Figure S1 using a SANS diffractometer at Dhruva reactor, BARC,
of the Supporting Information) of the 1:1 mixture. To the dry Mumbai, India3! The diffractometer makes use of a BeO filter

mass thus obtained an appropriate volume of double distilied Which provides mean a wavelength of neutrons 5.2 A with a
water was added to obtain surfactant solution of known Wavelength resolution of 15%. A one-dimensional position

concentration. The BAla—SDS mixtures wittR in the range sensitive detector was used for recording the angular distribution
of 0.2-1.5 were observed to be soluble at all concentrations, Of Scattered neutrons. The range of wave vector trangfer (
The solubility of the 1:1 mixture in the concentration range 7 3'2 6/), where the wavelength of the incident ”eﬁfio'i IS
employed also suggests that,8la is present completely in ~ (5:2 A) and 2 is the scattering angle, was 0.618.30 A% A

the ion-pair state as shown in Figure 1. The pH of the dilute UV 9rade quartz sample cell of path length 5 mm was used for

aqueous solutions of @A\la—SDS mixtures wittR in the range the measurements. The measured scattering intensities of
of 0.2—1.5 was observed to be6.8. neutrons were corrected for background and empty cell scat-

Saturated aqueous solutions of NPN and pyrene were usedering and sample transmission. The intensities were normalized
for sample preparation. Since DPH is insoluble in water, a 1.0 to absolute cross section units, and plots of coherent differential
MM stock solution of the probe in 20% (v/v) methanelater ~ Cross section (@d<) versusQ were obtained. The prolate

mixture was prepared. The final concentration of the probe was eIIipsoi_daI @ = b = c) shape of the micellgs was used i_n the
adjusted to 1.M by addition of an appropriate amount of the ana_1|y$|s of SANS data. The_parameters n the_a_naly5|s were
stock solution. optimized by means of a nonlinear least-square fitting program.

Steady-state fluorescence spectra of pyrene were recorded "€ @ggregation numbeNJ was calculated from the relation

with a SPEX FL 3-11 spectrofluorometer. The emission spectra N = 47a%/3v, where is the volume of the surfactant monomer.
of NPN and DPH, on the other hand, were measured with a 1€ uncertainty in the scattered data was estimated tol986.

Perkin-Elmer LS-55 luminescence spectrometer equipped with Electron micrographs were obtained with a JEOL-JEM 2100

filter polarizers that use the L-format configuration. A quartz JaPan transmission electron microscope operating at an ac-

cell of 1-cm path length was used for all fluorescence measure-célerating voltage of 200 kv at room temperature. Aub
ments. The samples containing pyrene were excited at 335 nmVolume of solution was placed on a 400 mesh size carbon-coated
copper grid, allowed to adsorb for 1 min, blotted with filter

using excitation and emission slits with bandpass 2 and 1.0 nm, Lo ) - h
respectively. On the other hand, the samples containing DPHP&Per, air-dried, and then negatively stained with freshly
and NPN were excited at 350 nm and the emission intensity prepar_ed 1.5% aqueous uranyl acetate. The specimens were kept
was measured in the range 36860 nm. The excitation slit ' desiccators before use.
with bandpass of 2.5 nm and the emission slit with bandpass
between 2.5 and 7.5 nm were used the measurements. All
spectra were blank subtracted. The anisotropy measurements Surface Tension StudiesThe critical aggregation concentra-
were carried out by use of an LS-55 luminescence spectrometertion (cac) values of GAla—SDS mixtures for various composi-
The fluorescence intensity was monitored at 450 nm, and a 430tions were determined by surface tension measurements. The
nm cutoff filter was placed in the emission beam to eliminate cac values thus obtained for different compositions are listed
the effects of scattered radiation. An average of six measure-in Table 1 along with other surface properties. The cac value
ments was always recorded. Unless otherwise mentioned, theincreases slightly as the molar ratio decreases. It is important
temperature of all experiments was kept at:3@.5 °C. to note that the cac values of the mixtures are much less than
Time-resolved fluorescence intensity decay was measured bythat of pure SDS (8.0 mM) in water and pure;8la (0.6 mM)
the time-correlated single-photon counting method using a in alkaline solution (see Supporting Information). Such a large
picosecond diode lasei (= 370 nm, IBH, Glasgow, U.K.,, decrease of cac of SDS can be explained by the formation of
nanoLED-03) as a source for excitation. The typical response mixed micelles containing 1:1 ion-pair complex (Figure 1) and
time of the laser was 70 ps. Fluorescence lifetimes were obtainedSDS surfactant. The ion-pair complex may be considered as a
from analysis the decays using IBH DAS-6 multiexponential double chain carboxylate surfactant. Thus, strong hydrophobic
decay analysis software. Best fitting was judged from jhe interaction among hydrocarbon chains of the constituent sur-
value (0.9-1.3) and from randomness of the residual plot. factants results in a lower cac value. The increase of cac with
The DLS measurements were carried out by a home-built the decrease of molar ratio is due to the increased electrostatic
spectrometer the details of which are available elsewiete. repulsion between surfactant headgroups as a consequence of

Results and Discussion
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Figure 2. Wavelength shift £1) of NPN in the presence of 10 mM  Figure 3. Change of fluorescence anisotropy ¢f the DPH probe as
C1Ala—SDS mixture at different ratiosRj. Inset: Plot ofAl as a a function of molar ratio ) of the G,Ala—SDS mixture (10 mM).
function of [C,Ala—SDS] for 1:5 mixtures. Inset: Plot ofr versus [GAla—SDS] for 1:1 @) and 1:5 @) mixtures.

. ) ) . relative than that in water (1.71), suggesting that the microen-
gradual incorporation of more SDS surfactants in the mixed \;-onments of pyrene molecules are much less polar than bulk
micelle. water. It is important to note that theg/l; index values are also

The mixed-surfactant systems have very good surface activity |ower than that of normal micelles of ionic surfactants for which
compared to pure SDS surfactant as indicated by the respectivahe /15 value is typically~1.40! It is observed that unlike the
veao PC20 (Negative logarithm of surfactant concentration at Aj value thel4/I5 index is independent of composition of the
which the surface tension of water is reduced by 20 units), and mixture. These observations suggest (i) stronger hydrophobic
cacly. The o values of all the surfactant mixtures are greater interaction among hydrocarbon chains of the aggregates which
than 3.0, which suggest that they are good surface-active expels water from the headgroup region and (i) solubilization
agents* The data in Table 1 show that the surface activity is of the pyrene molecules in the more fluid hydrocarbon core of
highest when the surfactants are present in equimolar quantitiesthe aggregates. This means that pyrene and NPN probes report
The large hydrophobic volume of the ion-pair complex is the micropolarity of different regions of the aggregates.
responsible for the higher surface activity. The surface activity Although the micropolarity near the headgroup region decreases
decreases with either increase or decrease of SDS content ofs a result of expulsion of water molecules, the micropolarity

the mixtures. For all the surfactant mixtures, the tendency of of the hydrocarbon core of the aggregates does not change
surface adsorption is higher as compared to micelle formation significantly.
in the bulk water. This is indicated by the c8gf (> 1.0) values. The position of fluorescence maximum of NPN was also
Fluorescence Probe StudiesThe cac values were also measured at different concentrations of theXta—SDS mixture
determined by fluorescence titration method using NPN as at molar ratiosR equal to 1.0 and 0.2. The measurementR at
fluorescent probe. Though NPN is weakly fluorescent in aqueous = 1.0 showed no significant change. In contrast, the solutions
solution, its fluorescence spectrum in nonpolar solvent shows of R = 0.2 showed a gradual decrease/of value with the
a huge increase in intensity accompanied by a large spectralincrease of total surfactant concentration. The data are presented
shift toward shorter wavelength relative to that in wéfeFhe in the plot shown as the inset of Figure 2. The small but
NPN probe also exhibits enhancement of fluorescence intensitysignificant decrease oAl value suggests a decrease of
and blue shift of the position of emission maximum upon its micropolarity of the aggregates. The decreaseAdf with
solubilization near the headgroup region of micelles. In other surfactant concentration might be due to transformation of large
words, the NPN probe reports the polarity of the microenvi- aggregates to smaller micellar structures whose interfacial region
ronment. The NPN fluorescence was therefore measured in theis more polar and less viscous. This is also indicated by the
presence of different concentrations ob&8la—SDS mixtures. fluorescence anisotropy measurements of DPH probe discussed
The cac values obtained from the inflection points of the plots below.
(not shown) of relative intensity versus surfactant concentration To further investigate the microenvironments of the ag-
are included in Table 1. The data show that the cac values gregates formed, we have measured fluorescence anisotropy of
obtained by the two methods, within the experimental error, DPH probe in aqueous mixtures offla and SDS surfactants.
are almost equal. The large blue shift} (=Awater — Asurf), Of In fact, DPH is a well-known membrane fluidity probe and has
the emission spectrum of NPN (not shown) at a total surfactant been used for studying many lipid bilayer membra#fes.
concentration above cac value of,8la—SDS mixture indicates ~ Accordingly, ther-value was measured for different composi-
solubilization of the probe molecules within domains much less tions of surfactant mixtures at a concentration above their
polar than water. The\l value, however, was observed to respective cac values. The relevant data are plotted in Figure 3.
increase (Figure 2) asymptotically when the molar ratio of the As observed, the anisotropy value increases with the increase
amphiphiles in the mixture increased at a given concentration of molar ratio and is consistent with the increaseAdf value
greater than the cac value. This is due to the incorporation of as shown in Figure 2. We have also measured the variation of
more G Ala-containing hydrophobic headgroup in the micelle fluorescence anisotropy of DPH probe as a function of total
interface that results in a reduction of electrostatic repulsion surfactant concentration for two different molar ratios, 1.0 and
between headgroups of SDS surfactant. This has been furthe0.2. The data are presented in the plots as shown in the inset of
substantiated by the lower values of polarity raltidis, of pyrene Figure 3. It is interesting to observe that upon increase of total
probe, which measures micropolarity of the micelle eore  surfactant concentration thevalue increases and decreases
headgroup interfac®:3The relevant data are compiled in Table respectively in the cases & = 1.0 andR = 0.2. The small
1. It can be observed that the values gf; are much smaller increase ofr-value with the increase of molar ratio and
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TABLE 2: Fluorescence Lifetime (z;), Preexponential 0.16
Factors @), 2, Fluorescence Anisotropy (), and
Microviscosity (gm) of DPH Probe in the Self-Assemblies of 0.14
C12Ala—SDS Complex R = 1) at 30°C
concn (MM) 71 (ns) a %2 r 7m?(MmPas) = 0121
0.77 776 1.0 1.196  0.088 33.3 Z 0104
1.9 852 1.0 1.228  0.092 38.7 g
3.85 1.72 0.167 1.174 0.095 41.8 2 0.08
8.8 0.833 <
7.7 1.28 0.199 1.254 0.099 44.8
8.93  0.801 0.061
2 Values were calculated using the longer lifetime component of DPH 0.04 . . . . .
fluorescence. 20 30 40 50 60

Temperature (°C)

concentration (forR = 1.0) might be due to concentration- Figure 4. Variation of fluorescence anisotropy)(of DPH in the
dependent growth of the aggregates. On the other hand, thePreésence of a GAla—SDS mixture R = 1, C = 50 mM) with

decrease of-value in the case oR = 0.2 is indicative of temperature.
transformation of large aggregates into small micellar aggregates 3.0+
as discussed in the preceding paragraph. In fact, transformation
of large vesicles to small micelles with the increase of surfactant 2.5
concentration in the cationic or anionic rich regions of the
mixtures of cationic and anionic surfactants has been reported 2.0
in the literature8-24 =
To estimate the packing of hydrocarbon chains in the 5, 1.5-
interfacial region of the aggregates, we have measured micro- g
viscosity ¢m) at different concentrations of the;#Ala—SDS 2 1.0
(R = 1.0) system from measured fluorescence anisotropy and
lifetime (z5) values (Table 2) using the method reported in the 0.5-
literature3® The anisotropy values and hence thevalues are
higher than that of spherical micelles but less than that of bilayer 0.0 T . . : ; : T
aggregated31t is important to note that there is a significant 0.00 0.05 010 015 020 025 030 0.35
increase ofyy, value with the increase of concentration of Q(A")

surfactant mixture indicating growth of the aggregates in the rigure 5. Plot of scattering intensity d<) versus scattering vector
C12Ala—SDS system in the concentration range examined. This (Q) for C;,Ala—SDS R = 1.0, C = 50 mM) at 50°C.

implies formation of either rodlike or flexible wormlike micelles

in solutions of the @Ala—SDS system. The formation of The plots of the measured scattering intensi/{f2) versus
wormlike micelles as indicated by the relatively lower fluores- scattering vector@) are shown in Figure 5. The scattering
cence anisotropy and microviscosity values is manifested by profile is given by the product of the form factor and the
the higher bulk viscosity of the solution as discussed below. structure factor. The form factor depends on the shape and size
However, the viscosity of the surfactant solutions decreased of the micelles, and the structure factor is decided by the
when heated at higher temperature which might be indicative interaction between the micelles. The scattering data for the
of a phase change from flexible wormlike micelles to small mixed amphiphile system were best fit to the form factor of an
spherical or rodlike micelles. To investigate how the micro- aggregate of cylindrical (ellipsoidal) shape. The structure factor
structure changes with the increase of temperature, the fluo-was calculated using the modified Hayté?enfold type analy-
rescence anisotropy of the DPH probe was measured at differensis®® that considers micelles to be rigid equivalent spheres
temperatures in the range 260 °C in the presence of the;& interacting through screened Coulomb potentials between the
Ala—SDS mixtures. The corresponding plot is depicted in Figure charged mixed micelles under a mean spherical approximation.
4. As seen, the-value is higher at low temperature, which The semimajorg) and semiminorlf) axes of the aggregates
decreases exponentially with the rise in temperature. It should thus obtained are respectively 5.07 and 1.8 nm. The values of
be noted here that in the absence @fAla—SDS mixtures the aggregation numbeNggy and degree of counterion binding
fluorescence intensity as well as thealue of the DPH probe,  (3) were found to be 163 and 0.9, respectively. Prealue is

as expected, is very smalk(.05) and showed only a small very large compared to that for micellar aggregates and is
decrease with the rise of temperature to°@0 Therefore, the consistent with the rodlike micelles. The calculated valué of
lowering of ther-value in the presence ofi@\la—SDS mixtures is closely equal to the hydrocarbon chain length of the
with the increase of temperature must be due to changes in theamphiphiles. The calculated,gg value is also consistent with
microstructures of the aggregates in solution. It appears thatthe micelle size. Thus, it is confirmed that large wormlike
the large rodlike micelles that exist at room temperature perhapsmicelles that exist at room temperature are transformed into
disintegrate to produce smaller aggregates. Indeed the lowersmall rodlike micelles upon heating. In other words, the large
r-value at 60°C corresponds to the value of small micellar wormlike micelles are formed as a result of growth of rodlike
aggregates the microenvironment of which is more fluid in micelles with the increase of concentration and with the decrease
nature36-39 of temperature.

Small-Angle Neutron Scattering Studies.To examine the Viscosity of the Surfactant Solutions. As mentioned earlier,
shape of the aggregates formed at higher temperatures, wdt was observed that the bulk viscosity of water increased upon
performed SANS measurements. The viscous solution wasincrease of concentration of the surfactant mixture. In fact, the
heated first to 50C, and scattered intensity was then measured. rise of bulk viscosity of the surfactant solutions was also
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Figure 7. ConcentrationR = 1.0) and composition (inse€ = 50 for a given concentration (50 mM). The size of the aggregates
mM) dependence of hydrodynamic diametBr, of a GAla—SDS formed by the surfactant mixtures is very large. It is observed
mixture. that the average hydrodynamic diameter of the aggregates

increases with concentration as well as with the increase of
observed when molar ratio of the surfactants in the mixture at molar ratio, which is consistent with the increase of bulk
a particular concentration was increased. The viscosity changeviscosity of the solution as discussed above. This means that
of the solution was therefore systematically studied in the the large aggregates formed by theAla—SDS mixtures are
presence of surfactant mixtures. The plots in Figure 6 show the wormlike micelles. Although the size of the rodlike micelles is

variation of bulk viscosity as a function of [Ala-SDS] and large, the viscosity of the solutions is relatively low. This might
molar ratio R). Itis observed that bulk viscosity of the solution  pe due to the fact that they are not entangled with each other
increases with the increase of both;}&8la—SDS] andR. It which causes rise of bulk viscosity.

has been reported in the literature that increase of viscosity of  Microstructures of the Aggregates Negatively stained TEM
surfactant solution is due to the formation of rodlike micetfe4? micrographs were obtained for both dilute and concentrated

It has also been shown that enhancement of viscosity is solutions of the surfactant mixtures at different molar ratios.
proportional to the size of the rodlike micelles. Surfactant However, in the TEM pictures at higher concentrationd @
solutions containing long threadlike micelles have higher mM) although long rodlike micellar aggregates were seen, due
viscosity because of entanglement of the micelles. Thus, to overloading of samples the clarity was lost. Therefore, we
wormlike micelles are like polymers with the exception that present in Figure 8 the micrographs of only dilute (2 mM) and
micelles are in dynamic equilibrium with their monomers. The semidilute (10 mM) solutions of a;gAla—SDS mixture R =
average micellar length is a thermodynamic quantity, and it 1.0). The image A clearly shows cylinders packed in a hexagonal
responds to changes in solution composition and temperature array and observed normal to the cylinder axes. The cylinders
Normally, micellar length decreases exponentially with the rise with their axes arranged parallel to as well as normal to the
in temperature, which means an exponential decrease of SO|U'[i0rp|ane of the grid are seen. The image provides direct evidence
viscosity. The existence of large aggregates in aqueous solutionsf the columnar hexagonal arrangement of these cylindrical
of C12Ala—SDS mixtures was confirmed by the results of DLS micelles in dilute solutions. The image B shown in Figure 8
studies. reveals the presence of a fingerprint-like structure with circular
Hydrodynamic Diameter of the Aggregates.To measure cylinders in semidilute solutiorf§. The TEM picture clearly
the size of the aggregates formed by the surfactant mixtures,suggests that small rodlike micelles that are formed in dilute
the hydrodynamic diametebf) of the aggregates was measured solutions probably transform into long threads. The formation
by use of DLS technique at different concentrations and of rodlike micelles is also evidenced by the micrograph (picture
compositions of the GAla—SDS mixtures. The GAla—SDS C) of the dilute solution of @Ala—SDS mixtures withR =
mixtures withR = 1.0 exhibit monomodal size distributions  0.2. The picture clearly shows the existence of rodlike micelles
(not shown). The plots in Figure 7 show the variation of of width equal to twice the length of hydrocarbon chain length
hydrodynamic diameter as a function of;f8la—SDS] for a (~2 nm). For the mixtures @ = 0.2, no recognizable structures
given compositionR = 1.0) and as a function of composition could be observed at higher concentratiord@ mM). This
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might be because of smaller size of the aggregates as indicateaf surface tension versus log {£2\la]. This material is available
by the results from fluorescence measurements discussed abovdree of charge via the Internet at http://pubs.acs.org.

The apparent high viscosity of the isotropic solution of 1:1
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