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Two-exponential correlation functions near the critical point of a micellar system
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The critical behavior of the dodecilammonium chloride plus water plus KCI system has been studied by
static and dynamic light scattering. The line of critical points intercepts a surface corresponding to first-order
phase transitions at low concentrations of KCI and low temperature, thus leading to the existence of a critical
end point. The correlation length and osmotic susceptibility experimental data can be well described by simple
scaling laws with three-dimensional Ising critical exponents for all the salt concentrations. This suggests that
approaching the surface of first-order phase transitions does not affect the nature of the liquid-liquid critical
point, in agreement with the predictions of Fisher and BarthyBsgs. Rev. B43, 11 177(1991)]. Far from the
critical temperaturd . single-exponential correlation functions are found at all the salt concentrations studied.
However, asT, is approached a new slower relaxation mode appears and becomes dominaht.n€ais
behavior is independent ¢KCl] and thus of the proximity to the first-order transition surface. The two-
exponential decay has been analyzed in terms of the asymriemodel of Hohenberg and HalperiRev.

Mod. Phys.49, 435 (1977)], which allows one to separate the background and critical contributions. The
contribution of the critical concentration fluctuations can be very well described in terms of the mode-coupling
theory. The analysis of the relative weight of the two contributions has allowed us to conclude that background
and critical contributions are very weakly coupl¢81063-651%98)03108-0

PACS numbeps): 64.70—-p, 64.60.Ht

[. INTRODUCTION In recent studies of critical microemulsions Rouch, Tarta-
glia, and Cher{11] and Hamancet al. [12] have reported
In recent years, photon correlation spectroscopy has bawonexponential correlation functions and have described
come a popular technique for studying the dynamics of fluidhem in terms of the so-called droplet model. However,
mixtures near a liquid-liquid critical poiritL]. In the case of  Stauffer has criticized their conclusiofis3]. Miura, Meyer,
nonmicellar systems, the results usually show singleand Ikushimg14] have found two-exponential functions for
exponential correlation functiong]. The decay raté'(T,q)  the *He+*He mixtures. Hairet al. [15] and Yajimaet al.
(q being the wave vector anfl the temperatupeof the cor-  [16] reported a similar behavior for polymer blends near a
relation function or the corresponding diffusion coefficient critical point. Bimodal correlation functions are also ex-
D(T)=T'(T.q=0)/q* is usually associated with the concen- pected for binary mixtures near the gas-liquid critical point
tration fluctuations. They and T dependence oF (T,q) is [17].
frequently described in terms of mode-coupling thel@}
Despite that it is now well established that critical micel-
lar systems belong to the three-dimensiof&) Ising uni-
versality clasq4], the critical behavior of their static prop-
erties appears to be somewhat peculiar due to the fact th
he ran f validi f simpl ling laws for the order _ . . .
:aaerarie?:r ?s sr?uﬂlfayr ?hasn fgrenc?r?%icgllaa: ssys?e{sf]s?rr?ede for asymmetric fluidg§19]. A m(_athod similar to _that of H_a_lr
low value of the Ginzburg number has been associated witft @l [15] has been fo-IIovyed in order to obtain the critical
the large value of the leading amplitude of the correlation2nd background contributions to the order parameter. Good
length in these systenf&]. The behavior of the apparent agreement_wnh the mode-coupling predlcuons was found.
critical exponents in terms of the size of the micelles hadvloreover, it was found that the coupling between the back-
already been discussed in defa|8]. ground and the critical contributions was rather weak. Anisi-
Quite frequently, the correlation functions obtained bymov et al.[20] have addressed the two-exponential decay of
photon correlation spectroscopy for critical micellar systemgdynamic light scattering near vapor-liquid critical points of
have been claimed to show also single-exponential decaynary mixtures and discussed in detail the conditions under
and the diffusion coefficients have been analyzed in terms ofvhich weak or strong coupling between the contributions to
mode-coupling theory9,10]. Moreover, the decay rate fre- the dynamic light scattering are to be expected. Moreover,
quently has been obtained from the experimental datshe theory allows one to calculate the relative amplitudes of
through the cumulants method, i.e., from the informationthe two relaxation modes for a given system if enough infor-
contained in the short-time part of the correlation function. mation about stati¢e.g., density and refractive indeand
dynamic(e.qg., thermal conductivity and viscositgroperties

In a recent work we have also found bimodal correlation
functions for a critical ionic micellar system: dodecilammo-
nium chloride(DAC) plus water plus KCI (0.81) [18]. The
r?sults have been analyzed following the predictions ob-
?ained by Hohenberg and Halperin for the so-caltedhodel

is available.
* Author to whom correspondence should be addressed. Electronic As pointed out previously5,18,21, the DAC plus water
address: RGRUBIO@eucmax.sim.ucm.es plus KCI system has a complex phase diagram. Since the
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FIG. 1. Phase diagram for the DA@vater+KCl system.O,
critical temperaturesT;; @, precipitation temperature$,. The
horizontal lines represent the temperature interval within wiiigh
was reproducible in the one-phase system.

critical line (i.e., theT. vs [KCI] line) intercepts the first-
order phase transition line at a fixed surfactant concentration
corresponding to the formation of a pure solid surfactant
phasg(i.e., the line of so-called Krafft poin{2]), a critical
end point(CEP is expected at low KCI concentrations and
low temperature. It was also shown that the critical expo-
nents corresponding to static properti@gsder parameter,
density, correlation length, and osmotic compressibility)
did not change when the CEP was approached, in accordanc
with the predictions of Fisher and Barbd<8]. However, it
was observed that the range of validity of the asymptotic
scaling laws for the order parameter is reduced when the FiG. 2. Static light-scattering results. Ornstein-Zernike plots for
CEP is approachefb]. critical mixtures corresponding to two different salt concentrations:
The DAC plus water plus KCI system represents a gooda) [KCI]=0.255\ and (b) [KCI]=0.355\.
opportunity to study whether the approach to a CEP has any
influence on the critical dynamics of fluid systems. It is thejgng-term stability of the cell was better than 3 mK. The
purpose of this paper to address this point. __measuring cell was placed in an isorefractive index bath. The
The rest of this paper is organized as follows. Section llperformance of the light-scattering apparatus was tested ev-
gives some details of the experimental procedures. Sectiogy week using a toluene samplafterpulsing effects ap-
Il describes the static light-scattering results obtained for thg)eared always well below the time window of interest for our
critical mixture corresponding to two salt concentrations a”‘%xperiment}sand polystyrene latex samples of well defined
the dynamic light scattering for four critical samples. Sectiongyerage size(Polysciences, Germany For temperatures
IV includes a summary of the theoretical predictions of thegjpse to the critical one the influence of multiple scattering
H model and a discussion of the critical dynamics of thewas checked by repeating measurements with three different
present systems. Finally, Sec. V summarizes the main consath lengths: 3, 10, and 25 mm. Furthermore, no appreciable
clusions. depolarized component corresponding to multiple scattering
has been detected. Only measurements with negligible
double scattering were retained for analysis.
The viscositiesy were measured using an Ubbelhode and
We have used the same chemicals as in a previous work rolling ball viscometer and the data were corrected to zero-
[18]. Light-scattering measurements were performed on ahear conditions. Since viscoelastic effects may appear near
modified temperature controlled Malvern model 7032 systenthe critical point of colloidal system24], measurements in
(256 channels with a Coherent model 300 Arlaser oper- a Bohlin VE rheometer were also carried out. In this paper
ating at 514.5 nm and with an angular range 20°-150°. Thave will discuss data only in the temperature range in which
wave vector is defined ag=(47n/\)sin(Al2), where\ is  no flat region appears in thg(y—0) vs T curve (y repre-
the vacuum wavelength of the light,is the refractive index sents the shear ratéThe temperature stability of the viscos-
of the medium, and is the scattering angle. The sample cellity measurements was-1 mK for the viscometers and
was thermostated using a Tronac PTC-41 proportional con=10 mK for the rheometer.
troller with a TCP-25 probe and the temperature was mea- The critical coordinate3 . ,w, (w. represents the weight
suredin situ with a calibrated platinum thermometer. The fraction of DAC in the samplewere measured both visually

T/Xq) (arb. units )

Il. EXPERIMENT
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IIl. RESULTS
A. Critical coordinates

Figure 1 shows the values @f. for different molar con-
centrations of salt. The critical weight fraction of DAC was
found to be very close to 1%, as in RE5]. The figure also
includes the region at which DAC precipitates. On the right-
hand side of the figure[ KCI]>0.23) the continuous line
corresponds to the precipitation from a two-phase liquid sys-
tem, more specifically, from the phase with the highest con-
centration of DAC(which is the less dend&5]) and hence
they do not correspond to the precipitation from a mixture
with w=w,. In this region, the values of the precipitation
temperaturesT, for a given sample are well reproducible
within =30 mK. However, on the left-hand side of Fig. 1
([KCI]<0.21) the precipitation occurs from a one-phase
system and a large tendency to undercooling was found. The
dashed lines indicate the upper and lower limitsTgf at
which precipitation takes place.

Although this behavior makes it impossible to define pre-
cise coordinates for the CEP, it is clear that the study of the
critical behavior of the system for critical samples corre-
sponding to different values ¢KCI] will reveal any effect
of the proximity of the CEP in the dynamic properties of the
system.

B. Static light scattering

In a previous papef21] we have studied the critical be-
havior of £ and y for some samples with four KCI concen-

the osmotic susceptibility for the critical samples corresponding trations in the range 0.255 KCI]/M <0.305. Since one of

to two salt concentrations. Decimal logarithms are used in the

scissa.

[5] and from turbidity measuremenf&1]. Good agreement
was found between both methods.

abt'he main aims of this work is to compare the critical behavior

of the system far from and near the first-order transition sur-
face, we report here the static light-scattering results of a
mixture  with [KCI]=0.358M, for which T,
=305.908 K£0.003 K, i.e., around 18 K above tiig, line

The samples were prepared in a dust-free environmenshown in Fig. 1, and fo[ KCI]=0.259M, for which T,
filtered through 0.22m Millipore membranes just before use =292.843-0.005K, i.e., aroud 1 K above theT,, line.

and then sealed. All the cells were individually tested for
dust presence at temperatures well abdye

If one neglects the small Fisher expongd6], the inten-
sity of the light scattered at wave vectqris given by the

TABLE I. Static light-scattering results. Shown are the best-fit parameters for the correlation§eargth

the osmotic susceptibility; to simple scaling laws.

=&
[KCI] (M) (T—Te)max (K) &o (nm) v Te (K)
0.355 3.6 1.920.03 0.63@:0.003 305.90&0.003
0.305 3.0 2.3%0.12 0.63x0.01 299.33%0.008
0.265 3.2 2.4*+0.4 0.63*0.03 294.81+0.04
0.258 3.1 2.3x0.3 0.63 +0.02 293.94+0.03
0.255 3.8 2.220.05 0.624-0.05 292.8790.005
XT=Xx108 7

[KCI] (M) (T— T max (K) 10" *xo (arb. unitg Y Te (K)
0.355 3.6 3.830.01 1.20=0.01 305.872:0.005
0.305 3.0 4.1+x0.4 1.24 +0.02 299.336:0.007
0.265 3.2 2.8+0.8 1.24 +0.05 294.81+0.02
0.258 3.1 3.2+0.3 1.23+0.02 293.94+0.01
0.255 3.8 4.6&0.09 1.19x0.01 292.846:0.004
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FIG. 4. Temperature dependence of the correlation function for the critical mixtures corresponding to two vaK@H:qf) 0.355V
and (b) 0.255M. Notice that while a single exponential decay is found at temperatures far Fggnthe correlation functions become
nonexponential fofT—T.|<8 K.

Ornstein-Zernike structure factor T-T,
&= ®)
(@)= o) & C
Ve

After correcting the raw data for turbidity and for the change

Thel(q) values were obtained from the raw data by normal-Of the scattering volume with the scattering angle, we fol-
ization with the intensity scattered by pure toluene under théowed the method described by Aschauer and Bey$6hs
same experimental conditions. The temperature dependenc@dd Sinn and Woermarii27] to obtainl(q=0), & and xr

of |(q:0) and g are described in the asymptotic critical (|n arbitrary Unit$. Scattering data at 325.15 K have been
region by used for determinindis. The results are consistent withga

and temperature-independdgtfor |T—T.|<20 K.
1(q=0)=14(1+&)e "+lg, 2) _ Figure 2 shows that the .datg closely follow Efj). and no

signature of double scattering is observed for low values of

and g. Figure 3 shows the scaling behavior $fand y+ .

§=60e ", ) Table | gives the results of the fits to Eq8) and(4) for the
present sample and for those previously repofgd. As it
XT=XT08 s (4)  can be observed, the values of the critical exponerasd y

remain very close to the 3D Ising predictiofs=0.63 and
wherelg is a noncritical background intensity,and y are  y=1.24 and are unambiguously different from both the
critical exponents, and is the reduced temperature mean field and the Fisher renormalized values. It can also be
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FIG. 5. (8 Comparison between one of the experimental correlation functions and the fits to a double and a stretched exponential. The
distribution of relaxation times obtained from the REPES regularization algorithm is also stimwnd(c) Residuals obtained from the fits
shown in(a). (d) Residuals obtained from the REPES regularization algorithm. The data correspond to the critical mix{u¢€lfor
=0.235 andT—T.=0.5 K. Decimal logarithms are used in the abscissa.

observed that the maximum values|®f-T| for which the gP(t)=A exd —(T't)?], 0<é<1 (8
simple scaling laws can be applied remain roughly indepen-

dent of [KCI]: £€<0.02. This value is almost tenfold the as has been done by Rouch, Tartaglia, and Gh#&h It also
value obtained from the analysis of the order parami@gr shows the residuals for the fit to two exponentials

C. Dynamic light scattering 9™ (1) = Atast €XH — (Ftast) 1+ Agiow €XH — (Fgiout) 1, ©
Previously we have reported results for the system _
[KCI]=0.308V [18]; here we have extended the study to the@S Suggested by Haét al. [15], Ackerson and Hanlej17],
rest of the systems contained in Table 1. The second-orde¥"d Onuki[29]. Equation(9) also arises in a natural way
intensity correlation functiong®(t) has been calculated from the theoretical treatment of Anisimet al.[20]. Asit
from the experimental temporal correlation functi@(t)  ¢@n be observed, the residuals still show some systematic
through[28] trends, though they are slightly smaller than in the case of
the stretched exponential.
2 G In polymer systemsy®—1 is frequently analyzed in
go(n)= B (6)  terms of a continuous distribution of decay rargd’) [1],

whereB is the experimentgl base Ijne. The S_iegert relatipn g@-1=p fwA(F)eXF[—(Ft)]dt 2. 10
has been used for calculating the first-order field correlation 0
function g(t) [28],
Taking into account that micellar systems always present
g@(t)—1=p8gM(1)|?, (7)  some degree of polydispersity, it seems reasonable to expect
a distribution ofI"s. A(T') was obtained frong(®—1 by
where the coherence factdt is a t-independent constant, Laplace inversion using the regularized positive exponential
usually treated as an adjustable parameter for &(@h set sum (REPES algorithm described by Jakg80]. Figure 5
of data. Figure 4 shows the normalizgtf’— 1 (hereinafter shows that the residuals are smaller than in the previous
the correlation functionfor different temperatures and for cases and are randomly distributed. It should be noted that
the systems with the highest and one of the lowest KCI conthe values ofl” at which the peaks oA(I") are centered are
centrations. In all cases the decaygdf’—1 was followed coincident with those obtained from E(). Moreover, the
up to values of large enough to reach the base line. It can berelative weight of the different contributions g2 — 1 ob-
observed that, as for the system witkCl]=0.309M [18], tained from Eqgs(9) and (10) also agree within their esti-
single-exponential correlation functions are obtained formated uncertainty. In all the cases a single-exponential decay
temperatures well abové,. However, ass decreasesy(? is observed for temperatures far away fram, while a sec-
—1 becomes clearly nonexponential, as can be observed nd process appears &s is approached. The slow compo-
Fig. 5 for the sample witfKCI]=0.239M for |T—T| nent becomes dominant as-0.
=2 K and #=30°. The figure also shows the residuals ob- As an example Fig. 6 shows the decay rate of the fast
tained when fitted to a stretched exponential mode for the samples corresponding KCl]=0.355M and
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FIG. 8. Wave-number dependence of the decay rate correspond-
FIG. 6. Wave-number dependence of the decay of the fast comring to the slow contribution to the correlation function. The sym-
ponent of the correlation function. The symbols correspond to difhols correspond to different temperatures and to the critical mix-
ferent temperatures for the critical mixtures with different values oftures with two different values ofKCI]: (a) 0.355\ and (b)
[KCI]: (a) 0.355M and (b) 0.255M. Notice the diffusive character 0.258V. Notice the crossover fromy? (i.e., diffusive to q° behav-

of I';,q for all the temperatures.

ing the distance td .

ior. The crossover point moves to higher valuegjofith increas-
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FIG. 7. Temperature dependence of the effective diffusion co- FIG. 9. Temperature dependence of the apparent diffusion coef-
efficient calculated from the fast contribution to the correlationficient corresponding to the slow contribution to the correlation
function. The data correspond to the critical mixtures for two saltfunction. The symbols correspond to data for the critical mixtures
concentrations. for different salt concentrations.
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which two processes can be detected in the correlation func- <5“3 07f & g e’ * ; 3(5) )
tion. We have also included the decay rate for the tempera-+, XK +09 M
tures far fromTC in which only one relaxation process is 5‘“”06_' *Xs+ 8, v - ° )
observed. Thig)® dependence agrees with the predictions of “zos |- X x v T e . 4
Anisimov et al. [20] and Onuki[29]. It is customary to de- < s o o .
fine an apparent diffusion coefficieB®=[D(q=0)] related T o a i
to I'(q= OT) through D° =limg_o[I'(q, T)/g?]. Figure 7 03F [KC=0.255M x .
showsD{., for the two samples withiKCI]=0.358\ and sl . , . , . ) . , ]
0.255M. As it can be observed, for a givan Dfastlncreases 0.000 0.005 0.010 0.015 0.020
with decreasindKCI]. Far fromT., i.e., in the hydrody- 13

namic region, this behavior is the one usually observed in
noncritical ionic micellar systems, where an increase of the
ionic strength favors the growth of the micellg&d].

Figure 8 showd™Y,,, for the same two samples. It can be
observed that in all the cas&§,,,, presents a crossover from
a g° to a g® dependence, similar to that expected for the
contribution from concentration fluctuatioh%]. This cross-
over takes place at highers as the temperature of the sys-
tem is further away fromT.. The crossover of'%,,, has
been predicted by Anisimogt al. [20]. IV. DISCUSSION

Using T'Y,,, one can define a diffusion coefficieBt,,,
Figure 9 showDJ,, for three of the systems studied; as it _ . . . .
can be observed, the temperature dependencdgf, is For a real binary fluid, for which the coexistence curve is
quite different from that oD%, and is reminiscent of the one asymmetric with respect to the composition axis, the concen-
expected for the contribution of concentration fluctuationsifation fluctuations at the point are described by the order

[32]. In fact, it is possible to descrit@?,,, by a scaling law paramete[19]
c()=[{paype(¥) —(pe)pa(X)1/{p)?, 12

FIG. 11. Temperature and scattering angle dependence of the
felative amplitude of the slow component of the correlation func-
tion. The symbols represent data for the critical mixtures corre-
sponding to two salt concentrations. The lines are an aid to the eye.

pressible fluids, Anisimoet al. [20] predictA¢,s— 0, which
clearly does not correspond to the present experiments.

A. Theoretical background

D2on(8)=D2ee . (11)

Figure 10 shows the excellent agreement of the fits. Valwherep, and pg are the mass densities of the two species.
ues of 0.64-0.04<v*=<0.67+0.01 have been obtained for The binary fluid has an additional long-wavelength diffusive
all the samples studied. These values agree rather well witmode u(x) that in mixtures plays a role analogous to the
the 3D Ising valuev* =v+2z,=0.671 for the diffusion co- thermal fluctuation density in binary fluids near the vapor-
efficient corresponding to the concentration fluctuations. Théiquid critical line. It is a linear combination of the, andpg
values ofT, obtained from the fits oDSIOW to Eq.(11) agree  and the energy densig(x), chosen such that(x) andc(x)
with those reported in Table I. are orthogonal to each other, in the sense that their correla-

Finally, Fig. 11 shows the results found for the ratio of thetion functions vanish at long wavelengths in equilibrium.
amplitudes for the fast and slow relaxation modes. This beNote thatc(x) = [pB(X)/pA(X)] pg/p for small deviations
havior is similar to that reported by Onuki for tiele+*He  from equilibrium andc(x) is loosely referred to as the con-
system[29]. It must be recalled that in the limit of incom- centration fluctuation. The binary fluid has two long-



2158 MARTiN, CASIELLES, MUNOZ, ORTEGA, AND RUBIO PRE 58

6 T 35 T T T T
Angle
(a) X 300 v % (@)
30+ 3% ® 95 4
- 40° o 100°
. 14 @ 105°
4ar 0, b K] *  50° A 110°
[KCI}=0.355 M g o < 25 v 55 o 115
= B 60° © 120°
o K] o 65° 8 125°
Y < o 70 130°
=} o 20 v
ogofod *e A 7 A 135
‘o) ) o o
2k i < * 800 ® 140
00 © ~ o
@ O%aao 9 15
o e
'y
1.0 n 1 " i n )
0 . S | . . . 0 2 4 6 8 10x10°
1 v 2, 2
. (e'+q¢€’)
Xx=q
3.0 . T T T
T Angle
280 4 a0 b T
10 (b) 213 (b) ]
B v 50°
24 o 60
z o [ ] °
<22 o
~ I m
5 2.0 o
- 8
[KCI}=0.255 M &4 b oa
Qu +, 18 v
5 ] I
< 16 F oo
1.4
- [KCi}=0.255 M
1.2 i
1.0 . ) 1 n 1 "
0 2 4 6 8x10°
0 il " 2 1 " " i " 2. 2
1 (€+q¢E)

- : FIG. 13. Comparison of the relative weights of the amplitudes
FIG. 12. Reduced diffusion coefficient associated with the con.0f the two relaxation modes with the predictions of Onuki's theory.
centration fluctuations. The continuous line corresponds to the Ka(® and(b) correspond to critical mixtures for two values [¢(CI].
wasaki function arising from the mode-coupling theory. Note that _
theD?* have been calculated using independent experimental valudtnite [33]. Furthermore, the diverging part dof is simple
of the viscosity and of the static correlation lengte) and (b) A, so that in the asymptotic critical regignandS may be
correspond to two values ¢KCl]. simultaneously diagonalized.

wavelength(i.e., g—0) diffusive modes. These two normal

! . . B. Comparison with experiment
modes are the eigenvalues of the matrix equation

In order to compare the predictions of the mode-coupling

Dg?=A S 1q? (13)  theory with the experimental data, we have to calcule
=A../S.c. from the two contributions to the correlation
that can be explicitly written as function. The eigenvalues of E@L3) are given by
De Di| [Ace A'|[Sid O » A2—(D.+D,A+DD,—D;D,=0, (16)
D2 Du AT Auu 0 SJul’ ( )

with solutions \1=D¢,(T) and \,=Dg(T). Since the
with the elements of the transport matrix defined accordingrace ofD is invariant under a change of basis, it follows that

to
Dc(0,T)=Dias{T) + Dgion( . T) =D y(q,T), (17
w
Ajj= lim 92 S ,(d,), (15 which relates the diffusion coefficie?, to the measured
gw—0'9 fast and slow modes and to a backgroug[14].

. o As extensively discussed in the literatur@4—-36, the
where theS, ; are the elements of the static susceptibilitiespackground corresponds to the value that the diffusion coef-
matrix. The indices andj are eitherc or u, thus makingS  ficient would have in the absence of any critical anomaly.
diagonal. In the vicinity of the consolute point or¢. di-  Therefore, a smooth continuation is expected for the back-
verges strongly, whileS,, does not. On the basis of the ground contribution from the noncritical region to the critical
mode-coupling theories, it has been found that one of thgoint. The knowledge of the background contribution to any
eigenvalues of\ diverges afl ., while the other one remains dynamic property near a critical point is fundamental since it
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is a significant part of the total value of such propdi2g]. V. CONCLUSIONS

We have calculated, using the method described previ-

ously[18], which assumes that the background contribution The critical behavior of an ionic micellar system has been

has a diffusive character. studied by static and dynamic light scattering. Decreasing the
OnceD(q,T) is calculated, the values @(q,T) cal-  salt concentration brings the critical point near a surface of

culated fromDy,g; and Do, caN be compared with the the- first-order transitions. Both the correlation length and the os-

oretical prediction motic susceptibility data can be described by simple scaling

laws with 3D Ising critical exponents irrespective of the

D*=D, _7]§ =K(x)/x2. (18) proximity to the first-order transition, in accordance with the
keTRe predictions of Fisher and Barbof23].
In Eq. (18) R.=1.027,x=q¢, andK(x) is the Kawasaki Single-exponential correlation functions are observed far

from the critical temperature. However, as the critical tem-
perature is approached, the correlation functions become bi-
K(x)=3[1+ x>+ (x3—x"Htan }(x)]. (19 modal and the slowest mode becomes dominant figar
This behavior is in agreement with the predictions of the
Figure _12 shows the expe_rimental results for two KCI CON-3symmetricH model of Hohenberg and Halperja9]. The
centrations and the predictions of E49). The agreementis p,c1qround and critical contributions have been obtained
excellent, which clearly shows that the critical behavior Offrom the two relaxation modes. The apparent diffusion coef-

the concentration fluctuations f_or the present systems dqqﬁient calculated from the background contribution shows a
not differ from that of the nonmicellar ones. The systematic

- smooth continuity from the values calculated far fram
deviations that appear at the lowest valuesg éfcorrespond .
. . . i N from the decay rate that characterize the monomodal corre-
to points of isotherms witA T close to 8°, for which it is not

always easy to obtain a precise separation between the '[V\I/%t'orl functions. . .
The decay rate of the concentration fluctuations shows a

relaxation modes. e > . 3
Onuki [29] has shown that in the limit of no coupling crossover from a diffusivé.e.,q”) behavior to &y° one. The

between modes, the relative weight of the slow mode i@pparent diffusion coefficient corresponding to the critical
given by fluctuations is described very accurately by the predictions of

the mode-coupling theory. These conclusions do not depend
on the salt concentration, i.e., on the proximity to the surface
of first-order transitions. The relative amplitudes of the two
relaxation modes follow the predictions of On{IRB], which

with y=2v=1.24.¢, is taken from the static light-scattering suggest that the coupling between the two modes is very
experiments an@ is a system-dependent constant. Figure 13yeak in the DAG-water+KCl system.

shows that the amplitudes obtained from the experimental

correlation functions conform to Eq20), which reinforces

the previous sugges_tic[tlB]_ that in the DAC plus water plus ACKNOWLEDGMENTS

KCI systems there is a high degree of decoupling between
the critical and noncritical contributions to the experimental . .
correlation functions. As in Fig. 12, one can obserr\)/ed similar This work was supported in part by.the ,DGES under
systematic deviations for low values of the abscissa in FigSrant No. PB96-609 and by the FundatiBama Areces.
13. The origin of these deviations lies also in the difficulty of We are grateful Fo the Sgrwmo .de Espectrosadpr making

a neat separation of the two contributions to the correlatiohe light scattering facility available to us and to Professor
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function

Agont A
slow faSt=l+C(87+q2§g), (20)
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