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We describe the results of experiments investigating the growth dynamics of domains which form sponta-
neously in a portion of the one-phase region of a binary fluid mixture in the presence of quenched disorder.
Dilute silica gels imbibed with mixtures of isobutyric acid and water were pressure quenched from an equi-
librium one-phase state to a region of the phase diagram lying within the coexistence curve of the pure, or
gel-free, system, but outside the coexistence curve of the gel-mixture system. Small-angle light-scattering
measurements revealed a ring of scattered light which appeared at large scattering wave vectors and evolved to
smaller scattering wave vectors in a manner consistenttiitdomain growth; no evidence of domain pinning
was observed during the first 1000 s following a quench. Furthermore, most measurements were consistent
with dynamic scaling behavior. An unexpected feature of this system was the rapid growth of long-wavelength
fluctuations immediately following the quendl$1063-651X97)10708-5

PACS numbes): 64.70.Ja, 64.60.Ht, 68.45.Gd

I. INTRODUCTION pure fluid systemghelium in aerogel5] and nitrogen in
aerogel6]) and in one gel-binary mixture systgmobutyric
It is by now well established that three-dimensionalacid—water(IBAW) in silica gel[7]] have revealed similar
random-field Ising magnets, when realized by subjecting atvehavior. In all three cases, the coexistence curve of the gel-
antiferromagnet diluted with impurities to a uniform mag- fluid system is drastically narrowed, is shifted to one side of
netic field, enter a nonequilibrium domain state upon beinghe critical density or concentration of the pure, i.e., gel-free,
cooled in the presence of the random fi¢ld. A sample system, and lies significantly below the coexistence curve of
subjected to such a field-cooling procedure falls out of equithe corresponding pure system. The coexistence curve in
librium above the transition temperature at which long-rangeboth gel-pure fluid systems lies on the high-density side of
order develops in equilibrium. The origin of this behavior is the pure fluid’s coexistence curve, and the coexistence curve
believed to be the preference of spin fluctuations for regionsf the gel-mixture system lies on the water-rich side of the
in which, due to statistical fluctuations, the random field fa-pure mixture’'s coexistence curve. This behavior is consis-
vors a particular spin orientatidi2]. Energy barriers result- tent: the gels attract the fluid phases of helium and nitrogen,
ing from domain-wall pinning by the impurity atoms are then and preferentially attract water over IBA.
predicted to cause exponentially long relaxation times of this In light of the recent measurement of the equilibrium
metastable domain state. phase behavior of the IBAW-gel system, some of the effects
Another class of systems for which quenched, i.e., spaebserved in previous studid8] of the same system are
tially fixed, impurities have major effects is that of fluids or rather surprising. In particular, IBAW-gel samples, suffi-
binary fluid mixtures confined in porous media. In fact, in- ciently rich in water, give every indication of phase separat-
spired by work on magnetic systems and by early work oring when cooled into the vicinity of the coexistence curve of
fluid mixtures in various gel§3], Brochard and de Gennes the pure IBA and water mixture. Each sample has a sharply
[4] suggested that the random-field Ising model might alsalefined temperatur€*, such that when cooled beloW the
apply to these systems. A particularly interesting medium isscattered intensity both increases suddenly and dramatically,
a dilute rigid network, as is found in some silica gels. Theand develops a very slow~10 9§ dynamic time scale.
silica attracts the fluid phase, or preferentially attracts one oSamples held belowwr* for any appreciable time tend to
the two species of a binary mixture; thus it may be thoughbbecome opaque and reequilibrate slowly after being heated
of as exerting a spatially localized field. Because the silicaabove T*. These observations are consistent with domain
concentration is not uniform, even on long length scales, thisormation and growth. The long reequilibration time indi-
field consists of both an average component and a spatiallyates that concentration differences are established on long
fluctuating component. These fluctuations are correlated ovdength scales while the sample is held beld#. Surpris-
a distance which is determined by how the gel is made, anthgly, this behavior occurs in what is now known to be the
can be varied from below 100 A up to thousands of A. onephase region of the IBAW-gel system’s phase diagram
To date, the equilibrium phase behavior of three gel-fluid7]. This behavior is strongly reminiscent of that observed
systems has been investigated. Measurements of two gebr random-field magnets which enter a metastable domain
stateabovethe temperature at which long-range order devel-
ops.
*Present address: Scitech Instruments, North Vancouver, BC, Motivated by this similarity, we have studied the dynam-
Canada V7J 2S5. ics of the process whereby the IBAW-gel system enters its
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version of the “frozen-domain” state. Small-angle light-
scattering measurements were performed while rapidly pres:
sure quenching samples from the stable one-phase state int
the region of the phase diagram where the domains form. We
observed scattering similar in many ways to that which is
seen after similarly quenching a pure binary mixture into its
two-phase regiorf9—11]: a ring of scattered light formed
and grew rapidly in intensity while collapsing toward small
angles. Somewhat surprisingly this process occurred on time
scales quite similar to or even somewhat faster than those
measured previously for pure IBAW mixturdd2], and
continued until the ring of scattered light had collapsed be-
low the smallest accessible scattering wave vektét722
cm™ ). This indicates that domains form and grow until they g5 1. cross-sectional view of the cylindrical apparatus. The

reach sizes of at least J0m, much larger than the correla- ge|.mixture sample is contained in the dotted region. The arrows
tion length of the gel, without showing any detectable sign Ofingicate the flow direction of the water used to control the sample
pinning or slow dynamics. Nevertheless, pinning must ulti-temperature. The sample is bounded by 0.25-mm-thick flexible win-
mately occur because samples left in the domain state haw@ws in the axial direction, and both the sample and the water in the
been observed to remain opaque for wef8 indicating  adjacent chambers are pressure quenched together to minimize axial
that domain coarsening can eventually become very slow dfieat flow. The lens maps light scattered at a given angle onto a
stop altogether. In addition to the growth and collapse of aircle in a plane containing concentric rings of optical fibers leading
peak in the scattering, as is normally observed for a puréo detectordD;—D,.

system undergoing phase separation, we also observed an

effect not seen in pure mixtures: a strong simultaneouggr the gels used in these studiBg~2.2 and¢ =450 A.
growth in the scattering at even the lowésvalues acces-  To imbibe the mixtures into the gels, one window of each
sible. This effect is not observed in either SpinOdal decom'ce” was removed, and IBAW mixtures of various concentra-
position or nucleation for the pure mixture, but has beenjons were placed in contact with the gels. This procedure
previously noted by Lee in a two-dimensional numericalywas carried out at 40 °C in the homogeneous phase of the
simulation of spinodal decomposition in the presence ofBAw mixture. The supernatant mixture, which had a vol-
fixed impurities[13]. ume of at least three times that of the gel, was replaced twice
a day for four days. After equilibration the supernatant mix-
ture was removed, and the cell window was replaced, ensur-
Il. EXPERIMENT ing that the average concentration of the mixture inside the
A. Sample preparation and gel properties gel could not change during the measurements. After the

The rigid silica gels used in these studies all contained 4&Pi§ht—scattering studies were complete, the concentration of
I i 0,
silica by weight(wt %). The gels were prepared from solu- A in the gels was measured with an accuracy-al wt %

tions of tetramethylorthosilicate or TMOG[OCH5],) in by gas chromatography. The final concentrations of isobu-

. . tyric acid in the fluid portions of the samples were 22-, 24-,
water using a two-step procef$4]. They were grown in 31-, and 35-wt % IBA.

stainless-steel scattering cells containing two 0.25-mm-thicK
flexible glass windows clamped 2.0 mm apart, with a clear
diameter of 2.0 cm. The solutions gelled at room tempera- B. Apparatus
ture, and were aged for a time roughly equal to ten times the
gelation time. The gels were never dried.

The light-scattering apparatus used in these measurements
Jwas described previousfiL1], and is shown schematically in
. . Iyig. 1. The scattering cells described above were placed in
SC‘?“er isotropically cinl length _Scales larger than a gel COM&he center section of the apparatus; the sample is shown as
Igt|0n Ie_ngtth (k<£g7), and like mass_frlactals with fractal the dotted region in the center. The two chambers adjacent to
dimensionD at small length scale{-¢£¢ ") [15] Thus the e sample were filled with water. The pressure of the water
structure of the gels is consistent with deviations in Iocaland, thus, that of the sample was controlled by a feedback
silica concentration correlated up to distances of o'er  control system involving a solenoid activated piston, which
These correlations fall off rapidly for length scalesé . could change the pressure by 250 psi in 15 ms. The sample
Fluctuations in silica concentration are present even at |°”Bressure could be varied continuously from atmospheric
length scales, as shown lyindependent scattering at small pressure to 450 psi with a stability of0.5 psi. Quenches
relation functiong(r)=(8¢(r)5¢4(0)), whered¢(r) isthe sample and the water. The net effect was a
deviation of the local silica volume fraction from its averaged(T—T.)/dP=4.08 mK/psi according to published values
¢. For gels such as used heggy) was determined experi- for dT/dP=—55 mK/atm[16] and @T/dP)s=5 mK/atm
mentally, and is consistent with a correlation funct[d] [12]. The sample temperature was controlled by a circulating
o water bath, as shown in Fig. 1, and was stablectth ©K
g(r)=1.8¢% "¢c/(r/ & 5)3 P, (1)  over 24 h.
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Light scattered at an angle was mapped into a ring of o 3¢ LA
diameterf tand in the focal plane of a planoconvex lens of 40 o _
focal lengthf =75 mm. An array of 24 concentric rings com-
posed of 0.5-mm-diameter optical fibers was placed in
the focal plane and centered on the focused transmitted
beam, which passed through a 1.0-mm-diameter hole in the
center of the array and fell on a silicon photodiddig Iden-
tical detectordD,—D,, were used to measure the scattered o
optical power collected by each of the rings of fibers. The 0
range of scattering angles was 0.&6=<12.8°, correspond- - o A
ing to a range of scattering wave vectors 1¥&2:30 570 8ﬁ " 9<><>
cm™ 1. Each ring had a spread #hof A §=0.25°. The entire 25 *
detector array could be sampled at a rate as great as once | |
every 1.0 ms to determine the time-dependent scattering 050 085 050 085 00 s oso Toss
cross sectiors(k,t). The scattered intensity was converted to wt. frac. IBA
absolute units using a previous calibratidri].

35 —

T (°C)

30 -

FIG. 2. Concentration of the nonadsorbed fluid as a function of
IIl. EXPERIMENTAL RESULTS temperature for each sample in the one-phase region. Coexistence
curve data for the pure systdm] are shown as small solid circles.
Stray light affected all of the lower-angle measurements|arge circles, squares, triangles, and diamonds correspond to
especially those made on low IBA concentration samplesamples with fluid portions containing 22-, 24-, 31-, and 35-wt %
which scatter very weakly before the quenches. The amounBA mixtures, respectively. Large solid symbols shadw. The
of stray light was estimated and subtracted from the data bgymbols at the top of the graph indicate the average concentration
using the following facts: the structure factor of the systemof each sample as determined by gas chromatography.
in the one-phase region ksindependent at low [8], and the
stray light was a negligible fraction of the measured scattertering of the highest concentration sample when reducing the
ing at our largesk values. Typical stray light values were temperature; every decrease in temperature resulted in a
equivalent to a scattering cross section of 0.04 ¢émat in-  monotonic increase in the scattering. Consequently, we do
termediatek, to as much as 4 cm' at low k, with an aver-  not believe that this sample spontaneously enters the domain
age value of 0.28 cm. state upon cooling. However, by using rapid pressure
Light-scattering measurements were made for eaclyuenching, we were able to locate an effecfiVevalue for
sample as a function of temperature, while the pure system'this sample, analogous to tfié& values of the other samples.
phase separation temperature was approached from 40 °8apid pressure guenches to below this temperature resulted
Using the measured average concentration of the fluid poiin intensity overshoots, while similar quenches to higher val-
tion of each sample together with the absolute scattered ir4es did not. The effectivd™ value for this sample is also
tensity, we were able to estimdi@] the concentration of the indicated in Fig. 2 as a solid diamond.
fluid not preferentially attracted to the gel, as shown in Fig. The scattered intensity was measured as a function of
2. Analysis of the scattered intensity is consistent with watetime for pressure quenches to various distances balbw
being preferentially attracted by the silica; this fact is alsoResults characteristic of the three lower-concentration
consistent with the chromatography results. Note that theamples are shown in Fig. 3. This figure shows the time
concentration of the nonadsorbed fluid in the 31- and 35dependence of the scattering for the 22-, 24-, and 31-wt %
wt % IBA samples changes drastically near the critical poiniBA samples following a pressure quench which effectively
of the pure system as water is preferentially adsorbed. changed the temperature from 0.3, 0.2, and 0.3°C abéve
The temperatureT* at which the three lowest- to 0.4, 0.5, and 0.4°C beloW*, respectively. The data show
concentration samples entered the domain state was deten increase in scattering of as much as six orders of magni-
mined as follows. As the temperature was decreased in halfude relative to the prequench val(dashed lingduring the
degree steps, both the intensity and the temperature of tHest 1000 s following the quench. Because the laser power
sample were continuously monitored. For the three lowerwas reduced prior to the quench to accommodate the strong
concentration samples, the scattering increased discontingeattering late in the quench, data for early times, such as the
ously at all angles when the sample reached a particular teni0-ms data of Figs.(8) and 3b) are fairly noisy. Approxi-
perature; we interpreted this temperature B5. After  mately 1.0 s after the quench, a peak in the intensity emerges
warming the sample approximately 0.2 °C aboWk, we  at largek. As time progresses, the wave vector of the peak
confirmedT* by making pressure quenches to effective tem-k, decreases, and the amplitude of the p8gh,) increases.
peratures approximately 0.1 °C above and belbfv The By 1000 s the peak position has collapsed below our lowest
results of the former showed a monotonic relaxation to a nevk, and the intensity has started to decrease at all acce&sible
scattering state, while the results of the latter showed definitEven before the peak appears at the largest accessitiie
overshoots in the scattered intensity. Values 16t are  scattering at very lovk increases strongly, apparently inde-
shown as solid symbols in Fig. 2; the concentration of thependent of the peak formation and collapse.
nonadsorbed fluid for these points was estimated by extrapo- Results characteristic of the highest-concentration sample
lating from data at higher temperatufds]. are shown in Fig. 4. This figure follows the time dependence
We did not observe a discontinuous increase in the scanf the scattered intensity for the 35-wt % sample following a
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FIG. 5. Growth of scattered intensity as a function of time fol-
lowing the quench for selected wave vectors far the quench
shown in Fig. 8b), and(b) the quench shown in Fig.(&. Note the

FIG. 3. Structure factor at various times following quenches todifference in the time scales shown.

0.4, 0.5, and 0.4°C below* for the (a) 22-, (b) 24-, and(c)

31-wt % IBA samples respectively. The magnitude of the scattering,q strongk dependence of the growth rate, as would be the
from the samples before the quench was initiated is shown agsse for a diffusive process such as spinodal decomposition

dashed lines.

pressure quench from 0.5 °C above its effecliieto 0.5 °C

or nucleation in pure binary mixtures. In that case, the inten-
sity at eactk during the early stages of growth grows with a
k-dependent growth rate determined by the diffusive time

below. The behavior is similar to that of the low- scale Dk?) 1.

concentration samples in some ways. One noticeable differ- Furthermore, there are striking differences between how
ence from the low-concentration samples is that the changguickly the early increases in the intensity occur in low-
in intensity during the quench is much smaller, only twoand high-concentration samples. Figure 5 shows increases
orders of magnitude in this case. Furthermore, the samplg intensity at several scattering wave vectors for the
relaxes more quickly than the low-concentration samples; byjuenches shown in Figs(l8 and 3c). For the sample which

1000 s, the scattered intensity has relaxed back to valuasontains 24-wt % IBA, the scattered intensity initially shows
observed just after the start of the quench.

Further examination of the data for individuklvalues

a nearly exponential growth at a rate whichkisndepend-
ent. Subsequently, the data fe=20 550 continue to in-

reveals that the way in which the intensity increases follow-crease, and the data fae=30 570 cni! first increase and
ing a quench is unusual. This behavior is shown in Fig. 5then decrease. These differences occur because the peak
During the early stages of the quench, the intensity increasesllapses through=30570 cm * at~700 ms and reaches

virtually simultaneously at all accessibke There is clearly

. | . | : |
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S 2100 s. 3
y - o, 2a10's ]
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3) " o v 100 ms
- 10¢ AAAAAAAA neSAAA.AlomS .
EeAA DD AAAAAE
~ £ 6322000000000000006880000 ]
= 999999§9999999099000000__
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k=20550 cm ! just beyond the time range shown. The
intensity scattered by the 31-wt % IBA sample increases at a
rate which is an order of magnitude faster than that of the
lower-concentration samples, while the intensity scattered by
the highest concentration sample was able to respond as fast
as the control system could vary the pressure. Generally, this
initial increase in the scattered intensity was nondiffusive,
and appeared to stabilize before the peak in intensity moved
in from high k.

We checked for various experimental explanations of this
unusual behavior. The data shown in Figs. 3, 4, and 5 were
corrected for turbidity by dividing by the transmitted beam
power, converted to absolute units, and corrected for stray

FIG. 4. Structure factor at various times following a quench tolight. The raw (precorrecteli data were checked to make
0.5°C below its effectiveT* for the 35-wt % IBA sample. The certain this effect is not due to a sudden drop in transmitted

magnitude of the scattering from the sample before the quench wdstensity. The raw data continue to show an increase in in-
initiated is shown as a dashed line.

tensity, while the transmitted intensity shows a decrease con-
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FIG. 6. Peak positiork,, as a function of time for various FIG. 7. Peak amplitud&(k,,) as a function of time for various

quench depths beloW* for the (a) 22-, (b) 24-, and(c) 31-wt % guench depths beloW* for the (a) 22-, (b) 24-, and(c) 31-wt %

IBA samples. The solid lines have a slopeﬂé and a magnitude IBA samples. The solid lines have a slope of 1.0. Note 8(&t,)
comparable to that measured in pure IBAW mixtures for off-critical evolves nearly linearly in time at all quench depths for these three
quenche$12]. samples.

sistent with the increased turbidity. We checked that thewell-defined peaks. Peaks were generally better defined for
change in intensity is reversible and not due to an increase ifleeper quenches. Figure 6 shows the temporal evolution of
the stray light of the system. We also performed simulations, for the three lower-concentration samples for various
[18] to ensure that these observations are not due to multiplguench depths. Except for the 0.1 °C quench of the 22-wt %
light scattering. sample, the evolution is consistent with~t~ 3. This, in

After a sample had remained in the quenched state foitself, is somewnhat surprising. Theoretical predictions for do-
1000 s, the pressure was increased to return the sample #9ain growth in the presence of quenched disofdét sug-
prequench conditions. The samples appeared to reequilibragest a logarithmic time dependence due to pinning of the
to the prequench state within 15 min, but to obtain reproducdomain walls by impurities in the system. Instead, we found
ible results they had to be left significantly longer betweenthe samet ' dependence observed in pure mixtures for
quenches. After all the desired quenches had been performemains as large as we can measure with this technique, i.e.,
on a sample, it was cooled to a temperature 0.5 °C belovdbout 10um. This length scale is many orders of magnitude
T*, and monitored for at least 12 h. After an initial increaselarger than the correlation length of the gel. Furthermore, the
in scattering, during which the samples became opaque, th&olution ofk,, is largely independent of the quench depth.
scattered intensity decreased atlkallalthough more slowly |n both of these ways, the data are consistent with the behav-
in lower-concentration samples. The intensity scattered byor observed in the pure mixture system during off-critical
the samples appeared to equilibrate to a structure factor conguencheqg12]. However, the magnitude df,, is approxi-
parable to that of the bare gel but with an amplitude largeimately a factor of 2 smaller in the gel-mixture system than it
than prequench values. The samples of this study cleared in the pure system; thus the length scale of the domains for
more quickly than those used in previous experiments, whiclihe gel-mixture system is almost a factor of 2 larger at any
were approximately 10 mm in diameter and 5 mm in heightgiven time than it is for the pure system. This is indicated by
and either took weeks to cledB] or did not clear even the solid lines in Fig. 6, which are representative of quenches
within a period of week§7]. However, no meniscus indicat- G andH of Ref.[12], which correspond to samples contain-
ing bulk phase separation was visible in the present samplgfg about 34- and 32-wt % IBA, respectively. The fact that
even after they had cleared. k., as a function of time is essentially the same for all con-
centrations and all quench depths indicates that the factor of
2 difference is not due to prequench conditions.

Figure 7 shows the time dependence Stk,,) for the

The locationk,, and amplitudeS(k,,) of the peaks as same quenches shown in Fig. 6. The lower-concentration
functions of time were extracted from all data sets havingsampleg22-, 24-, and 31-wt % IBAare generally consistent

IV. ANALYSIS AND DISCUSSION
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FIG. 9. (a) Peak positiork,, as a function of time for various
guench depths below the effecti¥é& for the 35-wt % IBA sample.
The solid line has a slope of % and a magnitude comparable to
that measured in pure IBAW mixtures for off-critical quenches

[12]. (b) Peak amplitudeS(k,,) as a function of time for various
guench depths below the effectifé& for the 35-wt % IBA sample.
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ith t which d d th h depth.
FIG. 8. Graphical test of the dynamic scaling hypothesis for theWI an exponent which depends on the quench dep

quenches shown in Fig. 3. Except for some deviations at early and ] o
late times, these samples appear to obey scaling. for the lower IBA concentration samples, it did not show

linear growth with time, and this sample did not exhibit dy-

with S(k,) t, as is observed for the pure system, althoughnamic scaling. Recall that this sample shows no evidence of
they show some deviation from this behavior at small andspontaneous domain formation on cooling, and that to find a
larget. The deviations at large are the result of multiple temperature analogous 16 for this sample we were forced
scattering, as discussed below, and the deviations at $mallto use pressure quenches; simply reducing the temperature
are consistent with the peak being superimposed on thid to a monotonic increase in the scattered intensity. We
k-independent scattering that develops very quickly after thepeculate that the dynamics of this sample are different from
quench. the others because the equilibrium state of the nonadsorbed

For the pure system, the existence of a single length scafixture lies outside the coexistence curve of the pure mix-
k! characterizing the system dynamics leads to the dynamiiire; this is consistent with the data shown in Fig. 2. The

scaling hypothesif20] which predicts dynamics here may represent a competition between en-
hancement of the adsorbed layer, which tends to drive the
S(k/Kpm 1) =k 3() F (k/Kpn(1)), (2)  nonadsorbed fluid away from the region of domain forma-

tion, and the process of domain formation. Such behavior
where F(x) is a universal scaling function. The result of ¢&n occur only in a system with a conserved order parameter,
plotting the data shown in Fig. 3 in the forki, S(k) as a and should not be observed in dilute antiferromagnets.
function ofk/k, is shown in Fig. 8. Data for most quenches Representative data were corrected for multiple scattering
m . 8. ) . ;
obey scaling fairly well, with significant deviations only at to determine the extent to which this phenomenon has af-

the earliest and latest times. Deviations from the scaling
function at later times in the region beyoke:k,,, are due to

multiple scatteringsee belowy; deviations at early times are T " 00b s
consistent with the early onset kfindependent scattering. g 2%-8 s 1
Figure 9 shows the time dependencekgfand S(k,,,) for 2 ©50 s
quenches of various depths for the 35-wt % IBA sample. = 7305

Behavior of k,, is similar to that seen in the lower- - *50.0 s
concentration samples except for the 0.1° quench. The be- % L0005 ]
havior of S(k,,) is not consistent with linear growth for any 2F s s sl

period of time following a quench. As a result, the data for

the highest concentration sample, as shown in Fig. 10, did
not scale over any significant period of time for any quench
depth. In summary, the highest IBA concentration sample FIG. 10. Graphical test of the dynamic scaling hypothesis for
behaved quite differently from the other samples. The intenthe quench shown in Fig. 4. The 35-wt % IBA sample never obeys
sity S(k,,,) was more than an order of magnitude smaller tharscaling.
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fected our results. Corrections were performed using the akesentative of domain growth has appeared. At long times,
gorithm prescribed by Bailey and Canngll8]. The amount the gel-mixture system appears to remain in a domainlike
of multiply scattered light is simulated to all orders for a trial state which we have not attempted to characterize.
scattering cross section, which is then altered systematically Samples of the gel-mixture system which are sufficiently
until agreement with the data is obtained. The method, whichich in water enter this domain state at temperatures compa-
was previously used to correct measurements of phase sepable to the phase separation temperatures of the pure sys-
ration in a pure binary fluid mixture, nitroethane—3-methyltem. Previous measurements of critical fluctuations in this
pentane, requires the use of a structure factor which is corsystem[21] showed that the correlation length of the fluc-
sistent with the data. The form used to fit the spinodal peakuations grew as this region was approached, but only
in the pure binary mixture datdl8] is also consistent with reached a size comparable to the correlation length of the gel
the binary-mixture—gel data. These corrections show that thbefore the transition to the domain state occurred. A thermo-
main effect of multiple scattering is to broaden the peakdynamically stable two-phase region has been discovered at
There is negligible change in peak position, but there is @&ven lower temperaturg¢3].
small (=15%) increase in the peak height due to contribu- In many ways this behavior is reminiscent of the behavior
tions from odd orders of scattering. DeviationS{k,) from  of doped antiferromagnets cooled in an applied field
a linear relationship witht at late times in the low- These systems are characterized by a disordered state at high
concentration samples is mainly attributable to this effect. temperature, and they fall out of equilibrium at a temperature
Te{H) above the transition to the low temperature phase
V. CONCLUSIONS which does show long-range ordgt]. However, the gel-
. _ mixture system appears to be able to reach equilibrium after
We have observed the growth and coarsening of domaingling into a domain state, whereas the field-cooled mag-
which form spontaneously in the one-phase region of a gelpetic systems apparently remain in the domain state for ex-
mixture system. The domains grow to length scales orders qfemely long times. Further work with the IBAW-gel system
magnitude larger than the correlation length of the gel strucsnould help elucidate the nature of this new region of its

ture (450 A) without showing any evidence of pinning. The phase diagram, and its relationship to the frozen-domain
growth of the domains is characterized by the saffiede-  state of doped antiferromagnets.

pendence observed in pure mixtures when they are quenched

into the two-phase region. For the three low IBAW concen-

tration samples, which spontaneously formed domains on ACKNOWLEDGMENTS
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