
Double-exponential relaxation near the critical point of an ionic micellar system

Ana Martı́n, Francisco Ortega, and Ramo´n G. Rubio
Departamento de Quı´mica Fı́sica I, Facultad de Ciencias Quı´micas, Universidad Complutense, 28040-Madrid, Spain

~Received 17 November 1995; revised manuscript received 18 April 1996!

The system dodecylammonium chloride1water1KCl (0.30M ) has been studied using dynamic light scat-
tering near the liquid-liquid critical point. The correlation functions have been found to be single-exponential
for temperatures well above the critical one, while a new decay process at longer times becomes evident at
uT2Tcu,4 K. The correlation functions can be well fitted either with the sum of two exponentials or with a
double-exponential distribution using Laplace inversion methods. The decay rate associated with the fast
relaxation mode has a diffusive character over the whole temperature range, while the decay rate of the slow
mode is diffusive in the long-wavelength limit; and at higher wave vectorsq shows a crossover from aq2 to
a q3 dependence. The relative weight of the amplitude of the slow relaxation mode decreases as the tempera-
ture and the angle of observation increase. The diffusion coefficient associated with concentration fluctuations
has been calculated from both relaxation modes using the characteristics of the matrix equation that relates the
transport coefficient matrix and the susceptibility matrix for asymmetric binary fluids. It has been analyzed in
terms of the predictions of the mode-coupling theory, and good agreement is found when experimental shear
viscosity data are used together with correlation lengths obtained from static light-scattering measurements.
The apparent relaxation rate associated with the background contribution has a clear diffusive character, i.e.,q2

dependence. It shows a smooth temperature change and far fromTc it agrees with the values expected for the
micellar dynamic.@S1063-651X~96!00711-8#

PACS number~s!: 64.70.2p, 64.60.Ht

I. INTRODUCTION

The behavior of micellar systems near a critical point has
attracted much attention in the last few years@1#. Although
some experiments lead to critical exponents different from
those of the three-dimensional~3D! Ising model, recent work
has clearly established that this is not the case@2#. However,
there exist some specificities linked to the fact that micelles
seem to act as units through the critical region. As discussed
by Fisher@3#, the hydrodynamic radius of the micelles sets a
microscopic scale in the system that can lead to apparent
critical exponents different from the 3D Ising ones. On the
other hand, the value of the critical amplitude of the corre-
lation lengthj0 is frequently an order of magnitude larger
than in simple binary mixtures@4#. According to the Gin-
zburg criterion@5#, this may reduce significantly the size of
the critical region, thus making it more difficult to analyze
some of the experimental results, and making it necessary to
perform the measurements rather close to the critical point.
Similar conclusions, related to the apparent nonuniversal val-
ues of the critical exponents and to the shrunken size of the
asymptotic critical region, are arrived at from a theoretical
model developed by Martinez-Meckleret al. @6#.

Contrary to the relatively well understood critical behav-
ior of the static properties in micellar systems, the situation is
less satisfactory with respect to the critical dynamics. The
critical dynamics of simple binary mixtures has been studied
in detail @7#, and the experimental results show a remarkable
agreement with the predictions of mode-coupling and
renormalization-group theories of dynamic critical phenom-
ena@8–10#. As described by Hohenberg and Halperin@11#,
the key factor for the critical slowing down of the order-
parameter fluctuations is the nondissipative coupling be-
tween the order parameter and the transverse part of the mo-

mentum density. For a real binary fluid, for which the
coexistence curve is asymmetric with respect to the compo-
sition axis, the concentration fluctuations are described by
the order parameter@11#

c~ x̄!5@^rA&rB~ x̄!2^rB&rA~ x̄!#/^r&2, ~1!

whererA andrB are the mass densities of the two species.
The binary fluid has an additional long-wavelength diffusive
mode u( x̄) that in mixtures plays a role analogous to the
thermal fluctuation density in binary fluids near the vapor-
liquid critical line. It is a linear combination ofrA andrB and
the energy densitye( x̄), chosen such thatu( x̄) andc( x̄) are
orthogonal to each other in the sense that their cross-
correlation functions vanish at long wavelengths in equilib-
rium. Note thatc( x̄)5[rB( x̄)/rA( x̄)]2rB/r for small de-
viations from equilibrium, andc( x̄) is loosely referred to as
the concentration fluctuation. The binary fluid has two long-
wavelength~i.e., q→0! diffusive modes. These two normal
modes are the eigenvalues of the matrix equation

D̄q25L̄S21q2 ~2!

that can be explicitly written as
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with the elements of the transport matrix defined according
to

L i , j5 lim
q,v→0

v

iq2
Si , j~q,v!, ~4!
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and theSi , j are the elements of the static susceptibilities
matrix. The indicesi and j are eitherc or u, thus makingS̄
diagonal. In the vicinity of the consolute point onlyScc di-
verges strongly, whileSuu does not. On the basis of the
mode-coupling theories, it has been found that one of the
eigenvalues ofL̄ diverges atTc , while the other one remains
finite @12#. Furthermore, the diverging part ofL̄ is simply
Lcc , so that in the asymptotic critical regionL̄ andS̄may be
simultaneously diagonalized.

For binary liquid mixtures, the decay of the order-
parameter fluctuationsG(q) is most frequently obtained from
photon correlation spectroscopy experiments. Despite the
fact that the theory predicts the existence of two relaxation
modes near a consolute point@11#, there is a very limited
number of experiments reporting nonsingle exponential cor-
relation functionsg1(q,t). Ackerson and Hanley@13# studied
a mixture of methane1ethane near the vapor-liquid critical
point, and found two exponential decays forg1(q,t). Similar
results were reported by Miuraet al. @14# for mixtures of
3He14He. Also the scattering data of Hairet al. @15# and
Yajima et al. @16# on polymer blends near the critical point
have revealed bimodal correlation functions. The authors
have analyzed their results in terms of Eqs.~1!–~4!, conclud-
ing that their systems were still outside the asymptotic scal-
ing regime for the critical dynamics, and therefore a detailed
study of the applicability of the predictions of the mode-
coupling theory for theirLcc data was not possible. Gal-
lagher et al. @17# have reported bimodal autocorrelation
functions in a study of polystyrene suspensions in a near-
critical binary liquid mixture. The low time process~fast
mode! was attributed to the concentration fluctuations, while
the long-time process~slow mode! was attributed to the
Brownian motion of the latex spheres. Finally, Rouchet al.
@18# and Hamanoet al. @19# have reported nonexponential
correlation functions for a microemulsion. They found that in
order to describe the long-time behavior of the correlation
function it was necessary to use a stretched exponential
function: exp@2(Gt)b# with 0,b,1.

We have recently studied the critical behavior of an ionic
micellar system: dodecylammonium chloride~DAC!
1water1KCl, for different salt concentrations. Both the co-
existence curve@20# and the static light-scattering data@21#
confirm that the system can be described with 3D Ising criti-
cal exponents. Preliminary dynamical experiments revealed
correlation functions that depart from a single-exponential
behavior. Therefore we considered it interesting to carry out
a detailed study of the decay rateG(q,T) for the DAC
1water1KCl system near the liquid-liquid critical point, and
a comparison with the mode-coupling predictions forGc .

The rest of the paper is organized as follows. Section II
gives some details of the experimental procedure. The data
and the methods followed from the data analysis are summa-
rized in Sec. III, and the discussion of the results is made in
Sec. IV. Finally, Sec. V summarizes the conclusions.

II. EXPERIMENT

Dodecylammonium chloride~DAC! was synthesized,
from previously distilled dodecylamine~Aldrich RPE! dis-
solved in benzene, by bubbling ‘‘in situ’’ prepared HCl, un-
der continuous stirring. The product was recrystallized in

benzene until no amine was found, and the purity was
checked by spectroscopic methods and differential scanning
calorimetry. Also the critical micellar concentration in pure
deionized water~Millipore Milli-Q ! was determined by con-
ductivity and surface tension, giving a value of 1.531022M ,
in agreement with previously reported data@22#. Potassium
chloride, KCl, was Carlo Erba RPE, purity.99%, and was
dried under vacuum at 100 °C shortly before use.

Dynamic light-scattering measurements were performed
on a modified temperature controlled Malvern Model 7032
apparatus, with a Coherent Model 300 Ar1 laser operating at
514.5 nm, with an angular range of 10°–150°@23#. The wave
vector is defined asq5(4pn/l)sin~Q/2!, where l is the
light wavelength in vacuum,n is the refraction index of the
medium, andQ the scattering angle. The sample cell was
thermostated using a Tronac PTC-41 proportional controller
with a TCP-25-s probe, and the temperature was measuredin
situ with a calibrated platinum resistance thermometer. The
long-term temperature stability was better than 3 mK. The
measuring cell was placed in an isorefractive index bath.

The performance of the light-scattering apparatus was
tested every week using a toluene sample~afterpulsing ef-
fects appear always well below the time window of interest
for our experiments! and poly~styrene! latex samples of well-
defined radius. For temperatures close to the critical one, the
influence of multiple scattering was checked by repeating
measurements with three cells of different path lengths: 3,
10, and 25 mm. Only measurements with negligible contri-
butions from turbidity were retained.

The mixtures were prepared by weight just before use,
with a precision of60.01 mg. The critical coordinates
for a DAC1water1KCl, with @KCl#50.30M , were
wc5~0.9560.02!% andTc5299 45060.005 K,wc being the
weight fraction of DAC in the solution. These values are in
very good agreement with those reported previously@20#.
The samples were filtered using 0.2-mm polycarbonate mem-
branes just before use.

The viscosity measurements were carried out using an
Ubbelhode viscometer, and the data were corrected to zero
shear. The precision in composition and the temperature sta-
bility were the same as for the static light-scattering experi-
ments@21#.

III. RESULTS

The second-order or normalized intensity correlation
function g(2)(t) has been calculated from the experimental
temporal correlation functionG(t) through@24#

g~2!~ t !5
G~ t !

B
, ~5!

where B is the experimental base line. For photocurrents
obeying Gaussian statistics, the normalized first order or
field, g(1)(t), and intensity correlation functions are related
by

g~2!~ t !215bug~1!~ t !u2, ~6!

where the coherence factorb is a t-independent constant,
usually treated as an adjustable parameter for eachG(t) set
of data@25#. Figure 1 shows the normalized~g~2!21! ~here-
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inafter the correlation function! for some of the temperatures
studied, far and nearTc . In all the cases the decay of the
g~2!21 was followed up to times long enough as to reach the
base line~e.g., up to 1 s forDT5uT2Tc50.42 K!.

Far from the critical point, micellar systems usually show
single-exponential correlation functions, and the data are
analyzed using the cumulants method@24–26#, which to a
second order takes the form:

ln@g~2!~ t !21#5 lnb22k1t1k2t
2. ~7!

The first cumulantk1 is related to thez-average diffusion
coefficient byk15^Dm(q)&zq

2, and the variancev5k1/k 2
2 is

related to the polydispersity of the system. Figure 1 shows
the correlation function forDT518.28 K, and the fit to Eq.
~7! with ^Dm&z5~3.1760.04!31027 cm2 s21, v50.197, and
b50.57560.001. Fits of similar quality are found for tem-
peraturesuT2Tcu>4 K. Fitting [g(2)(t)21] to a single ex-
ponential leads to similar results; e.g., for the same data as
above, this procedure leads tob50.56960.002 and
Dm5~2.9560.03!31027 cm2 s21, which, as expected for a
moderately broad distribution, is smaller than thez average.

However, asT approachesTc , the correlation functions
can no longer be described by a single-exponential function
as is clearly seen in Fig. 2 forDT50.42 K. Following the
procedure of Rouchet al. @18# we have tried to fit the results
using a stretched exponential, but, as it can be observed, the
residuals still show systematic trends. Therefore we used a
double exponential as did Ackerson and Hanley@13# and
Hair et al. @15# and Onuki@27#:

g~2!~ t !215b@Afaste
2G fastt1Aslowe

2Gslowt#2, ~8!

whereGfast andGslow are the decay rates andAfast andAslow
the corresponding amplitudes. As can be observed in Fig. 2
the residuals still show systematic trends, although for large
values oft, they are smaller than for a stretched exponential.
Similar results are obtained for the other correlation func-
tions within uT2Tcu<4 K.

In a study of nonionic micellar systems near the critical
point, Dietler and Cannell@2# found a significant contribu-
tion from multiple scattering foruT2Tcu,0.1 K. In some
systems, multiple scattering appears as a high frequency
shoulder in the contribution corresponding to concentration
fluctuations@28#, and shows a diffusive behavior, and there-
fore its decay rate should have aq2 behavior@2,29#. In order
to rule out the fact that the fast contribution appearing in our
results nearTc @and therefore the inability of Eq.~17! to
describe our correlation functions# is due to multiple scatter-
ing, we have carried out measurements foruT2Tcu,0.3 K
using cells of 25 mm and of 3-mm path length instead of the
standard 10-mm cell used for the measurements shown in
Fig. 1. We have found that within experimental uncertainty
there was no significant change in the relative weights of the
two relaxation processes.

Since the time scales of the two relaxations are rather
different ~for u590° andDT50.42 K the corresponding de-
cay rates areGfast57.331023, andGslow54.131024 ms21!,
an alternative method of data analysis can be used. In effect
the correlation function can be expressed as a continuous
distribution of decay rates,G51/t:

g~2!~ t !215bU E
0

`

A~G!e2GtdGU2, ~9!

whereA~G! is the distribution function@26# that can be ob-
tained fromg(2)(t) by Laplace inversion. We have used two

FIG. 1. Experimental correlation functions for the DAC1water
1KCl(0.3M ) system at different temperatures and fixed scattering
angle of 90°. Only part of the experimental data is shown for the
sake of clarity. Note that for temperatures far from the critical one
the correlation function shows a single-exponential decay, while
nearTc there are two decays. The inset shows the short-time be-
havior in detail. The line corresponds to the fit to Eq.~7! for DT
518.28 K. Symbols correspond toDT ~K!: j, 18.28;d, 13.41;m,
8.53; h, 3.83;s, 2.92;n, 2.46;,, 0.98;L, 0.60,3, 0.40;1,
0.29. The data shown forDT ~K!: ., 12.618;l, 7.63,3, 7.09; and
1, 6.01 are those obtained at the laboratory of Professor D. Woer-
mann~Cologne, Germany!.

FIG. 2. ~a! Experimental correlation function for a near critical
temperature~DT50.42 K!. The curves are the best fits to a single
exponential decay~– – –!, a stretched exponential~•••!, and a
double exponential~ !. ~b! Residuals of the best fits correspond-
ing to a stretched exponential and to a double exponential. Note that
the fits to a stretched exponential lead to systematic trends in the
residuals.
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different algorithms to obtainA~G!: one was theCONTIN al-
gorithm developed by Provencher@30#, and the other is
based on the regularization method described by Jakes
~REPESalgorithm! @31,32#. Both algorithms lead to almost
identical results, and are able to accurately reproduce the
experimental correlation functions, as can be observed in
Fig. 2. There is a fundamental difference between describing
the correlation function with Eq.~8! or with Eq. ~9!. In ef-
fect, while in the first case two relaxation processes are as-
sumed, in the second one, two distributions of relaxation
times are taken into account. However, it must be remarked
that the Laplace inversion method leads, in our results, to
distributions of relaxation times that are centered at the val-
ues ofG obtained when using Eq.~8!. Therefore, for the sake
of simplicity, hereafter we will refer to the results obtained
from Eq. ~8!.

Either type of analysis leads to single-exponential corre-
lation functions foruT2Tcu>4 K, while a second process
appears asTc is approached. The slow component becomes
dominant nearTc . The decay rates are shown in Fig. 3. It
can be observed that the fast mode has a diffusive character
through the whole (T,q) experimental range for which two
processes are observed. For the sake of comparison, Fig. 3~a!
also shows the decay rate for the temperature farthest away
from Tc . Theq

2 dependence ofGfast allows one to define a
diffusion coefficientD fast(T)5Gfast(T,q)/q

2 that decreases
with T, as shown in Fig. 4. It must be remarked that there is
a smooth transition between the diffusion coefficientD0 ob-
tained from the single-exponential correlation function mea-
sured at temperatures far away from the critical one and
D fast(T) for the temperature interval in which two processes
can be separated. Figure 4 shows also the correlation length
j results, previously reported for this system@21#. It can be
observed that foruT2Tcu.8 K j changes very little, indicat-
ing that the diffusion coefficient obtained from the single-
exponential correlation functions at the six highest tempera-
tures may be attributed to the diffusion of the micellar
entities, with a small contribution from critical fluctuations.

Figure 3~b! shows thatGslow presents a diffusive character
only for low q’s. The maximum value ofq for which aq2

behavior is observed decreases asT approachesTc . For high
values ofq, Gslow shows aq

3 dependence. This kind of cross-
over has been extensively discussed in the literature for the
decay rate of critical fluctuations@26#. Onuki @27# has also
discussed aq2 to q3 crossover for3He14He mixtures. There
is no contradiction with the results found by Hairet al. @15#
and Yajimaet al. @16# since, as they concluded, their systems
were outside the asymptotic critical region, and therefore
they have not reached the crossover region.

It should also be mentioned that the values of the decay
rates corresponding to the fast peaks are similar to those
corresponding to the dynamics of micelles in noncritical
mixtures, i.e., far fromTc @33#. On the other hand, the values
of G of the slow peaks are of the same order of those usually
assigned to the concentration fluctuations in near critical mi-
cellar systems.

In order to study the critical fluctuations in Sec. IV, it is
useful to introduce an apparent diffusion coefficient associ-
ated with the slow processDslow(T,q) 5Gslow(T,q)/
q2. Dslow will become independent ofq only for low q; i.e.,
outside the crossover region. Our data lead to a ratio

D fast(T)/Dslow(T,q) that ranges from 102 nearTc to 10 for
temperatures far fromTc for the correlation functions ob-
tained atu540°. In general, for a given temperature the
above ratio is larger for larger observation angles. Similar
results ofD fast(T)/Dslow(T) were reported in Refs.@15# and
@16#. Figure 5 shows the ratio of the amplitudes
Aslow(T,q)/@Aslow(T,q)1Afast(T,q)#. These results will be
discussed in Sec. IV.

IV. DISCUSSION

In order to check the predictions of the mode-coupling
theory we must calculateDc5Lcc/Scc from the two contri-
butions to the correlation function. We have followed the

FIG. 3. ~a! Decay rate corresponding to the fast relaxation mode
for two temperatures within the interval for which two modes can
be resolved. For the sake of comparison the results for a far from
critical temperature~where single-exponential behavior is found!
are also included.~b! Decay rate corresponding to the slow relax-
ation mode. Note that, within the experimental range, there is a
crossover from aq2 to aq3 behavior. Lines are an aid to the eye.
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same procedure of Hairet al. @15#, and Yajimaet al. @16#.
The eigenvalues of matrixD̄ in Eq. ~3! are given by

l22~Dc1Du!l1DcDu2D1D250 ~10!

with solutionsl15D fast(T) and l25Dslow(T,q). Since the
trace ofD̄ is invariant under a change of basis, it follows that

Dc~q,T!5D fast~T!1Dslow~q,T!2Du~q,T!, ~11!

which relates the diffusion coefficientDc to the measured
fast and slow modes and to a backgroundDu @14#. As exten-
sively discussed in the literature@34–36#, the background

corresponds to the value that the diffusion coefficient would
have in the absence of any critical anomaly, whence, a
smooth continuation is expected for the background contri-
bution from the noncritical region to the critical point. The
knowledge of the background contribution to any dynamic
property near a critical point is fundamental since it is an
important part of the total value of such property@36#. An
approximate method for estimatingDu(q,T) in our system
follows.

It is well known that

lim
q,«→0

Dc~q,«!50, ~12!

where «5uT2Tcu/Tc , and as a consequence
Du(Tc ,q50)5D fast(Tc)1Dslow~Tc ,q50!. As already men-
tioned, for low values ofq bothGfast andGslow are diffusive,
which greatly facilitates the calculation of the
Du(Tc ,q50)51.3531027 cm2 s21. Hair et al. @15# and Ya-
jima et al. @16# have assumed thatDu is constant through
their experimental temperature interval, despite the strong
change in viscosity of one of their systems~in Ref. @15# the
viscosityh changes from 15 P at 80 °C to 1500 P at 41 °C!.
Such an approach does not seem acceptable in our system. In
effect, as stated above, one must expect that far from the
critical point the background contribution will account for
the whole diffusion coefficient. This means that in our sys-
tem it should essentially coincide with the value ofG/q2

obtained from the single-exponential correlation functions.
As T approachesTc , the background contributionDu should
smoothly link theq-independentD(T@Tc) with the value
Du(Tc ,q50). As shown in Fig. 4, for the six temperatures
farthest away fromTc the diffusion coefficient decreases
with T and is substantially larger thanDu(Tc ,q50). We
still need to specify theq andT dependences ofDu . In order
to do so we again turn to the physical meaning of the back-
ground contribution, and remember that the diffusion coeffi-
cient for noncritical micellar systemsD0 has been most fre-
quently written as

D05
kBT

6phRhS~q50!
, ~13!

whereh is the shear viscosity of the solution andRh the
hydrodynamic radius of the micelles@34#. For dilute micellar
systems and relatively high salt concentration, as in our case,
it is usually found thatS(q50)'1 @37#, thus allowing the
description ofD0 in terms of an apparent hydrodynamic ra-
dius. Ducroset al. @38# have reviewed some of the experi-
ments that suggest thatRh remains approximately constant as
the critical point is approached in several micellar systems.
This assumption has been frequently made in calculating the
background contribution to the total scattering intensity in
the critical region@35,38,39#. Under these assumptions the
valueDu(Tc ,q50) and Eq.~13! lead toRh518.3 nm. This
value is shown in Fig. 4, and essentially agrees with the
value of the correlation length forDT'20 K. Using Eq.~13!
with this hydrodynamic radius and the experimental viscos-
ity data we have calculatedDu(T), which is shown in Fig. 4
as a line. Obviously this approach implicitly assumes a dif-
fusive character forDu @Eq. ~13!#.

FIG. 4. Diffusion coefficientD0 obtained from the single-
exponential correlation functions at temperatures far from the criti-
cal one~j!. The valuesD fast5Gfast/q

2 are also plotted for the sake
of comparison~s!. The bar labeledRh represents the value of the
apparent hydrodynamic value calculated fromDu(Tc ,q50). The
dashed line represents the values ofDu(T) calculated from Eq.~13!
under the assumptions mentioned in the text, and using the value of
Rh mentioned above. Note that, as expected,Du(T) smoothly
changes from the values ofD0 far from Tc to the value
Du(Tc ,q50). Also notice that to a good approximationDu'D fast.
The continuous line represents the correlation lengthj obtained
from Ref. @21#. Notice thatRh is approximately the value ofj for
temperatures well above the critical one.

FIG. 5. Relative weights of the amplitudes of the slow and fast
relaxation modes@Eq. ~8!# for different values ofT andq.
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Now the calculated values ofDc can be compared with
the predictions of the mode-coupling theory. If the weak di-
vergence of the shear viscosityhc is neglected in solving the
coupled integral equations that describe the diffusional mo-
bility and the viscosity,Gc is given by

Gc~q,T!5q2DcK~x!/x ~14!

to lowest order in the solution of the mode-coupling equa-
tions. In Eq. ~14! Dc5RckBT/(6phj), and
K(x)5(3/4)[11x21(x32x21)tan21(x)# is the Kawasaki
universal function withx5jq. In the preceding expressions
Rc51.027.

In order to compare more easily the theoretical predic-
tions with the experimental results, it is customary to reduce
the diffusion coefficient associated with the decay rate as

D*5Dc~6phj/kBTRc!5K~x!/x2. ~15!

Figure 6 shows the results obtained as well as the predictions
given by Kawasaki’s function. The agreement is remarkable,
considering that we have used forj the experimental values
previously obtained from static light scattering@21# and that
the uncertainty for large values ofqj increases due to the
small relative weight of one of the relaxation modes that
makes their separation more difficult.

It is worth noting that, as in Refs.@15# and @16# we have
found thatD fast is much larger thanDslow. As a consequence,
and taking into account Eq.~11!, over most of theT andq
values, we haveDu'D fast, and thereforeDc'Dslow @this is
so from a numerical point of view, but from the physical
point of view Eqs.~3! and ~11! indicate that both modes
contain part of the critical fluctuations#. A complete decou-
pling of the hydrodynamic modes would allow us to interpret
the two contributions in Eq.~18! directly in terms of critical
and noncritical contributions, a result similar to that of Onuki
@27# for 3He14He mixtures. Figure 4 makes this rather clear,
since one can observe that the values ofD fast are almost

coincident with the calculated values ofDu . This figure also
points out that foruT2Tcu,5 K, Du changes very little.

These facts are interesting, since within Onuki’s formal-
ism @27# it is possible to find a relatively simple equation that
relates the amplitudes of the two exponentials in Eq.~8!. In
effect, Onuki predicts

~Aslow1Afast!/Aslow511C~«g1q2j0
2!, ~16!

with g52n51.24,j052.6 nm is again taken from the static
light-scattering experiments, andC is a system-dependent
constant that in our system was found to beC5135. Figure 7
shows that the amplitudes already shown in Fig. 5 can be
very well described by Eq.~16!, thus reinforcing the idea
that, despite the general formalism outlined, in our system
there is a high degree of decoupling between the critical and
noncritical contributions to the experimental correlation
functions.

V. CONCLUSIONS

The dynamics of the DAC1water1KCl(0.30M ) system
has been studied using light scattering. The intensity corre-
lation functions show one decay process foruT2Tcu.4 K,
while closer to the consolute point a second decay process
appears at larger times. The correlation function has been
fitted to a double exponential, and also the distribution of
decay rates has been calculated by Laplace inversion of the
correlation functions. The diffusion coefficient associated
with the concentration fluctuationsDc has been calculated
from their contributions to both relaxation processes, assum-
ing that the hydrodynamic radius of the micelles does not
change in the critical region. Using the experimental values
of the viscosity and the correlation length obtained from
static light scattering, the values ofDc can be well described
by the Kawasaki function arising from mode-coupling theory
using the 3D Ising values for the critical exponents.

Despite the fact that the theory predicts that both relax-
ation modes contain critical and noncritical contributions, the
coupling seems to be small in our system. As a consequence,

FIG. 6. Reduced diffusion coefficient associated with the con-
centration fluctuations. The continuous line corresponds to the Ka-
wasaki function arising from the mode-coupling theory. Note that
theDc* have been calculated using independent experimental values
of the viscosity and of the static correlation length.

FIG. 7. Comparison of the relative weights of the amplitudes of
the two relaxation modes with the predictions of Onuki’s theory,
Eq. ~16!. The line corresponds to a least-squares fit constrained to
intercept the point~0,1!.
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the ratio of the amplitudes of the two relaxation modes can
be described quite well with the theory of Onuki.
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