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Thermally perturbed barodiffusion in a binary liquid mixture
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In a binary liquid, the existence of a gravity-induced concentration gratiemtarodiffusion gradiepis a
requirement for the system to be in equilibrium. In order to study the effect of forces which could drive such
a system from equilibrium, we observe the long-time evolution of gravity-induced concentration gradients in
the presence of small perturbing horizontal temperature gradient85 mK/cm in a system of aniline and
cyclohexane near its critical point. These measurements are unique since previous studies of gravity-induced
concentration gradients in binary liquids have focused only on fast developing gradients created by sedimen-
tation or on the measurement of equilibrium barodiffusion. Our results reveal large variations in the steady
state concentration gradients even in the absence of applied temperature gradients, suggesting that very small
temperature gradients may cause significant fluctuations in a binary liquid system. Additionally, as the applied
temperature gradient increases, the growth of the concentration gradients slows and fluctuations on time scales
much shorter than the expected diffusion time appleat063-651X97)14402-9

PACS numbe(s): 66.10.Cb, 47.27.Te, 61.20p, 05.70.Ln
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A central motivation of this work is a desire to investigate

the limits of equilibrium in a binary liquid mixture. This wherep is the mass density) is the mutual diffusion coef-
question is important because it has been shown that in ficient, ¢ is the mass fraction concentration of the compo-
binary liquid, the structure of the bulk can significantly in- nent,p and T are the pressure and temperature, kpénd
fluence localized structures, such as gravity-thinned wetting; are the barodiffusion and thermodiffusion ratios. Tradi-
layers[1], so that measurement of local equilibrium proper-tionally, the flux due to the pressure term is referred to as
ties requires bulk equilibrium. Apart from one effort to esti- sedimentation or pressure diffusion; we choose to refer to the
mate the size of accidental temperature gradients necessdgng-time interaction between sedimentation and concentra-
to drive a binary liquid from equilibriuni2], the warning of  tion diffusion as barodiffusion. In equilibrium with no tem-
Kayser, Moldover, and Schmidt to avoid convective effectsperature gradients, the gradient resulting from this interac-
that can uncontrollably drive a system from equilibrifi8  tion, the barodiffusion gradient, will be

has not been heeded in recent work on gravity thinned wet-

ting. Some experimental workers have mentioned the pos- Vo= — &V _& @)
sible effects of temperature gradients. For instance, Bonn p P= p PS,

and co-workers have reported that large temperature gradi-

ents resulting from applied temperature ramps can causée second equality holding since the earth’s gravitational
rapid fluctuations in the optical signal used as a probe ofield g provides the pressure gradient in this experiment.
wetting layer thicknessd4]. These and other recent studies, As a critical composition binary liquid approaches its
however, do not estimate the possible size or influence ofritical temperaturdl, the diffusion coefficient vanishes as
unintended stray temperature gradiefjisobably the main D~|T—T¢|”” " with y—»~0.6, and both the barodiffusion
source of these convective effecis their system$5,6]. The  ratio and gradient diverge ak,~|Vc|~|T—T~” with
experiment reported here attempts to investigate the effect of~1.2 [8]. Since the producDk, also diverges near the
thermally induced convection on one bulk structure whichcritical point, the rate of sedimentation diverges while the
arises in a binary liquid, the barodiffusion gradient. rate of diffusion tends to zero.

In a binary liquid, a requirement for being in equilibrium  Once the barodiffusion gradient has formed in a binary
in a gravitational field is the existence of the barodiffusionliquid, one can imagine that an effective way to destroy the
gradient, which arises when the two pure components of thgradient(and therefore drive the system from equilibriuis
(incompressible mixture have different densities. Without to stir the mixture. Two possible ways of introducing this
gravity, a single phase of a binary liquid will be well mixed stirring are by agitating the mixturgnechanical stirringor
and homogeneous; however, if the same mixture is held dty imposing temperature gradients which can create
rest in a gravitational field, it will be energetically favorable buoyancy-driven convectiorn(“*thermal” stirring). While
for the molecules of the denser species to be found lower inertical temperature gradients either stabilize a ligiidat-
the mixture, and a concentration gradient will tend to form.ing from the top or must cross some threshold to introduce
This process, resulting from the pressure gradient providedonvection(the Rayleigh-Beard instability to heating from
by gravity, leads to a mass flux in the system. Including thehe bottom, an incompressible liquid is always unstable to
effects of concentration and thermiore} diffusion, the  heating from the sid¢9]. Thus even very small horizontal
total flux of one componeijtin the liquid mixture will be[7]  temperature gradients could be effective in driving a mixture
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from equilibrium. Accordingly, we choose to use horizontal
temperature gradients to provide the thermal stirring in the
present experiment.

Considering a mixture in which both barodiffusion and
convective stirring occur, each process will have its own
characteristic time scalep, for barodiffusion[10] and 7., for

7
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convection: , Sample Position
Cell Detector
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=2 Tt 3 Temperature Controlled
T ¢ Chamber
These time scales depend on a characteristic lebgtthe FIG. 1. Schematic of the experimental setup. Gravity points in

height of the sampbe the mutual diffusion coefficierd in- the — z direction.
troduced in Eq(1), andU., a characteristic velocity of the
flow field introduced by stirring. We are interested in the g result of the divergent isothermal compressibility of the
relative rates of diffusion and convection, which can be desystem. Near a liquid—liquid critical point, however, the iso-
scribed by the Rset number Pe 7p/7;. When Pe< 1  thermal compressibility is well-behaved while the osmotic
(7p<7), diffusion will be the faster process, and intuitively compressibility divergeg8], leading to different phenomena
one expects the barodiffusion gradient will be able to form.in the two systems. Gravitational effects coupled with hydro-
Likewise, when Pe> 1 (7p>7.), the stirring will be faster, dynamics have been investigated in studies of phase separa-
and one expects the barodiffusion gradient will be destroyedion [14]. One such recent study employs a geometry very
So one can propose that a great enough amount of stirringimilar to the one used in the experiment presented here:
will prevent a binary liquid system from reaching equilib- Platten and Chavepeyer have investigated phase separation
rium, but with weaker stirring, the barodiffusion gradient in the presence of applied horizontal temperature gradients
may not be significantly modified, so that the system willwhich are large enough to drive one side of the system below
reach a state of effective equilibriufg]. its critical temperatur¢l5]. Yet the Platten and Chavepeyer
Motivated by these considerations, Van Vechten andsystem is convection dominat¢éBe> 1), while the experi-
Franck modified Hart’s solution of the Navier-Stokes equa-ment we present here attempts to investigate the regions
tions for a binary liquid mixture confined to a tall s[dtl] in  where Pe is of order unity or below and diffusion becomes
order to predict the size of temperature gradients whictimore important.
could drive a binary liquid from equilibriurf2]. The system Previous experimental investigations of diffusive gravity-
is perturbed with a horizontal temperature gradient periodi¢gnduced concentration gradients in binary liquids have fo-
along the height of the slot, and a constant vertical concencused only on fast developing gradients where sedimentation
tration gradient is imposed. The characteristic velotltyis  dominates or on the measurement of equilibrium barodiffu-
taken to be the average of the magnitude of the velocity fielgion. A magnetic densimeter technique has been used in a
across the mid-height of the slot. Equating the diffusive andather tall(7.6 cm sample with a long equilibration time to
convective time scaleg, and 7 (i.e., setting Pe= 1) deter-  investigate sedimentatiofi6], and further studies of sedi-
mines a crossover temperature gradient below which the aunentation and density inversion in large gravitational fields
thors expect the system to have a barodiffusion gradient sigvere performed using an ultracentrifuge and Schlieren imag-
nifying an effective equilibrium and above which they ing [17]. Giglio and Vendramini used a beam deflection
expect destruction of the barodiffusion gradient. The predictechnique[18], and Maisano, Migliardo, and Wanderlingh
tions of the model depend strongly on the geometry of theused an interferometric techniqyd9] to investigate the
sample as well as the distance from the critical point. For aritical behavior of barodiffusion in samples short enough to
given width, a taller sample will be more susceptible to con-equilibrate in reasonable times. In the present experiment,
vection. As one moves away from the critical point, there areve reinvestigate the development of the equilibrium baro-
two competing effects: the size of the barodiffusion gradientiffusion gradient and observe its evolution in the presence
decreases, which increases the characteristic velocity of thef thermal stirring provided by applied horizontal tempera-
flow thus decreasing,, and the diffusion coefficient in- ture gradients.
creases, decreasing . The diffusion effect dominates, and
in general the region of safe temperature gradients grows as Il EXPERIMENT
the system moves away from the critical point. As an ex-
ample of likely experimental situations, for a 1.5 cm square A schematic diagram of our apparatus is shown in Fig. 1.
cell of near-critical carbon disulfide and nitromethane heldVertical concentration gradients in the sample are measured
abou 1 K from its critical temperature, the region of safe using a beam deflection technique similar to the one used in
temperature gradients is abottl mK/cm; in a cell five the earlier experiments of Giglio and Vendramih8,20. A
times shorter, the range is abati6 mK/cm; and finally, if He-Ne laser beam is directed through a critical-composition
in this shorter cell the temperature is increase® K above  mixture of aniline and cyclohexané.403 vol % aniline
T., the range increases to abatiB5 mK/cm[12]. [21]), which is held in the single-phase region about 206 mK
Gravitational effects in near-critical pure and binary fluidsabove its critical temperaturgé.=29.77°C[22]. Any con-
have been actively studied. Pure fluids near a gas-—liquidentration gradient in the sample will lead to a gradient in the
critical point[13] develop density gradients due to gravity asindex of refraction of the mixture, causing the beam to de-
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CB thermistor placed below the center of the $lwdsitionB2 in
HP ' Fig. 2(@)]. This arrangement keeps the temperature stable to
within 0.8 mK rms during the growth of the barodiffusion
Al Bl Cl gradients. The distance from the critical temperature,
e e T-T,, varies slightly from run to run due to a temperature
(a) S drop of about 10-20 mK that occurs when the mechanical

stirring is turned off during each run. This drop is complete

A2 B2 C2 within about two hours, though, while the run duration is
I 1 em L typically twenty hours. The temperature of the sample for

x each run is taken to be the temperature after the temperature

drops and stabilizes; for the presented ddta, T, ranges

from 189 to 217 mK, with an average value Bf- T.=206

mK. The critical temperature drifted by less than 0.2 mK/day

for the 150 days during which data were taken.

Both horizontal and vertical temperature gradients are
measured with copper-constantan thermocouple pairs resting
in small wells in the cell located in the positions shown in
Fig. 2(a). A thermocouple pair placed across positickd

FIG. 2. (a) Side view of sample cell(b) Top view of cell, andC2 measures the horizontal temperature gradients, while
showing a cross section through the center of the Spsample  the vertical gradients are measured across posi#tdns\2,
slot; M, magnetic stirrerR, reservoir; HP, heat pump; CB, copper B1-B2, andC1-C2. We are able to measure temperature
bridge, A-C, holes for thermistor and thermocouple placement,gradients to better thar0.4 mK/cm. By comparing the
present on each side of the aluminum block. The laser beam travetbermocouple voltages at zero applied temperature gradient
in the y direction. Windows and additional plugged holes used towith the voltages of the shorted nanovoltmeters, we deter-
drill channels and fill cell are not shown. mine that at zero applied temperature gradient, any stray

temperature gradients in the cell are less than 0.5 mK/cm.
flect. The vertical deflection of the laser beam is measured A typical run consists of three stageg$) The sample is
with a single-axis position sensing photodiof#8] and is  mechanically stirred to ensure that it is homogenediis.
related to the vertical concentration gradient in the samplerhe mechanical stirring ceases, allowing a concentration gra-

(b)

dc/dz by the expressionl8] dient to form due to barodiffusiortiii) The mechanical stir-
. ring resumes, destroying the concentration gradient. During a
d_C _ (‘9_”) E 4) run, a horizontal temperature gradient may be applied across
dz \dc p]TIL ' the sample to perturb the systéfthermal stirring”). When

applied, this temperature gradient is present during all three

wherec is the mass fraction concentration of anilidez is  stages of the run. The mechanical stirring for sta@eand
the beam deflection in the vertical directi@ypically rang-  (iii) is provided by the teflon-covered magnetic stirrer in the
ing from zero to 400—80@m during a rum, n is the index reservoir, which acts as a piston when translated by the ex-
of refraction of the mixture] is the depth of the sample ternal magnet.
along the direction of the beam patp0 mm), andL is the The thermal stirring is generated by running a heat current
distance from the sample to the detedf®4 cm). The value horizontally across the sample. The current is provided by a
used for gn/dc), 1 is 0.163[24]. The position detector is 5 thermoelectric heat pump mounted on one arm of the alumi-
mm tall; 90% of the beam’s power falls in a spot of height num block which is thermally connected to the other arm
1.6 mm on the detector. with a copper strigsee Fig. 2a)]. The size of the applied

A diagram of the side and overhead views of the sampldorizontal temperature gradientisI/dx are limited by two
cell is shown in Fig. 2. The sample of aniline and cyclohex-factors: phase separation of the sample and the existence of
ane rests in a slot 10 mm wide 1 mm highx 20 mm deep, unwanted vertical temperature gradients.
which has been spark cut through an aluminum block. The First, if dT/dx is too large, one side of the sample can fall
slot is connected to a larger reservoir by two channels, and lelow the critical temperature and phase separate. This prob-
teflon-covered magnetic stirrer in the reservoir can be trandem is most restrictive when the reservoir is held at the lower
lated by rotating a small magnet outside the sample celtemperature ¢ T/dx<0), because the temperature gradient
Glass windows are mounted to the front and back of the sloéxists across the reservoir as well as the slot. The liquid in
using indium gaskets. The laser beam, of diameter about 1the reservoir will thus phase separate at lower values of
mm, is directed through the center of the slot; since the slod T/dx than will the liquid in the slot.
is only 1 mm high, it blocks part of the incoming beam. The The second limitation, the problem of unwanted vertical
laser power can be adjusted using a polarizer placed in theemperature gradients, results from the asymmetry of the cell
beam path. design—the heat pump produces a small vertical heat current

The sample cell rests on a Delrin platform within a copperacross the slot as well as a horizontal one. These vertical
chamber whose temperature is actively controlled using gemperature gradients are important because, as shown in Eq.
resistance thermometer and resistive strip heaters; a passiéB, they can also contribute to the formation of concentra-
insulating box outside the copper box completes the thermdion gradients(the Soret effegt (We avoid this concern for
stat. The temperature of the sample is monitored using the applied horizontal gradientsT/dx because the cell is ten
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ensure that the system is well mixed and that there is no

24 vertical concentration gradient. At=2 h, the mechanical
18 L (a) | stirring ceases, and a vertical concentration gradient begins
= to grow, reaching a steady value in the lower curve
E (dT/dx=0 mK/cm), but failing to do so during the duration
w 121 fgl""'%.z‘ T of the run in the upper curved{T/dx=39.7 mK/cn). At
g 2 t=18 h, the mechanical stirring resumes, quickly destroying
3y 06 X 1 the concentration gradient. Data points are taken every 6
> X min, but have been thinned in the plots of Fig. 3 for clarity.
® 0.0 wﬁ?ﬁﬁ x dT/dz = 39.7 mK/cm %éﬂmq The rms deviation of the beam in a well mixed sample, less
+ dT/dz = 0.0 mK/cm than 10um, corresponds to a baseline rms deviation in the
—0.6 L L L concentration gradients of less than 0Q® 3 cm™ 1.
0 5 10 15 20 The growth of these concentration gradients is not simple
Time (h) : exponential growth, and many runs clearly exhibit much
more complicated behavior. However, by assuming expo-
3.0 y y y nential decay for the runs which appear to reach a steady
(b) - state, we can determine a characteristifold growth time
L 24r W T for the early behavior of these run@sing a value of
" sl M | 8.6x 10 8 cm¥s for the diffusion constanf25]). Earlier
n" work (all performed with no applied temperature gradignts
o 12} ff has had mixed agreement with the characteristic diffusion
: f time [16,18,19: that of Greeret al. observed time scales
T 0.6 st ;;(,(( g many times faster th_an those predicted By, t.hat of Mai-
3 34 dT/dz = —40.4 mK/cm sanoet al. observed time scales two to three times faster than
0.0 K RS expected, and that of Giglio and Vendramini observed the
o expected time scales. The average value for the six points at

—06 é 1'0 1'5 20 dT/dx=0 (all of which reach a steady stateof
= +1.3) h agrees with the expected value of
Time (h) Tobs= (3.5+ 1. . g p
7p=23.3 h. Including the results of all the runs that came to a
steady state the average characteristic growth time is
FIG. 3. (8 Two typical runs, the lower curve adT/dx=0 (3.7+1.1) h.
(T-Tc=207 mK), the upper at dT/dx=39.7 mK/cm A summary of the results from all our runs is presented in
(T—Tc=211 mK. (b) Two consecutive runs aiT/dx=—-404  Fjg 4. The concentration gradietit/dz att=18 h(the time
mK/cm (T—T.=206 mK illustrating reproducible fluctuations on 5t \which the mechanical stirring resumés plotted against
a fine time scale; the top curve has been shifted up for clarity. Iq e applied horizontal temperature gradieidx. The fig-
each figure the dotted lines indicate the stopping and resumption Qfre 5150 includes the results in terms of the dimensionless
mechanical stirring. concentration and thermal Rayleigh numbers. Rad Ra
_ _ o [26]. In Fig. 4a), the crosses indicate runs in whidt/dz
times wider than it is tall, and thus, as shown by E3), the  reaches a steady value, and the open circles indicate runs in
time for formation of horizontal concentration gradients isnich dc/dz still appears to be changing when the mechani-
100 times longer than the expected vertical diffusion time. ca| stirring resumes. As mentioned earlier, the main source
We carefully characterized the vertical temperature gradientgf error in these data is the possible contribution from Soret
at the center and sides of the slot, and using the Soret Coeé'radients. FotdT/dx| <10 mK/cm, the vertical temperature

ficient from Ref.[20], we conclude that the possible contri- gradients(less than 0.6 mK/cinlead to a possible contribu-
bution of Soret gradients is significantly smaller than theyjon to de/dz of less than 0. 10~ 3 cm~L. This error rises

observed concentration gradients. This effect will be dis‘roughly linearly to 0.4 102 cm L at|d T/dx| = 40 mK/cm,
cussed more completely with the presentation of the results,q at|dT/dx|=85 mK/cm, the error is about 1-010 3
Consideration of the limitations of the thermal stirring led us.,,~1  Another consideration is the fact that the data were
to take data in the range 40<=dT/dx=85 mK/cm. not all taken at exactly the same distance from By as-
For the particular cell geometry, binary liquid, and value gming a scaling with temperature that matches the equilib-
of T—T. used in this experiment, the characteristic velocityj,m scaling,dc/dz~|T—T,| %2 we predict that the effect
at crossove(when 7p=1c) is Uc~0.1lum/s. The previous f the varying values off — T is smaller than 0.210°3
work discussed above predicts that a horizontal temperatui§y,~1 for each data point.
gradient of 34 mK/cm will provide such a flof2]. Not presented with the data in Fig. 4 are the results of
four runs during which unusually large concentration gradi-
ents formed, with values two to five times the average value
at dT/dx=0. These runs were performed soon after the
The results of two typical runs, one with and one withoutsample had phase separatéor example, after a measure-
an applied temperature gradient, are shown in Fig. ®ur-  ment of the critical temperatureThe large concentration
ing time t= 0-2 h, the system is mechanically stirred to gradients relax back to more consistent values over the three

lll. RESULTS
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features occur with an open diamond. These structures
proved to be reproducible in the two cases which we were
able to investigate: Fig.(B) shows the more striking case.
The two runs in this figure, both atT/dx= —40.4 mK/cm,

were taken at staggered times on consecutive days and reveal
significant fluctuations in the concentration gradient which
occur at nearly identical times during the runs.

IV. DISCUSSION

While the behavior of the system does appear to change
as the applied horizontal temperature gradient approaches the
predicted crossover value (P€l), the results presented in
Fig. 4 do not confirm the expectations introduced earlier.

The dotted lines in Fig. 4 show the temperature gradient
at which we expected to see convection begin to dominate
diffusion (the crossover gradientOutside of these lines on
the figure, we expected to sde/dz drop to values close to
zero. Our limited choice of applied temperature gradients
does not allow us to investigate fully the region beyond the
predicted crossover: the three points a0 mK/cm are
barely outside of the crossover region, and the two points at
+85 mK/cm have a concentration gradient comparable to all
the other gradients in the data set. It should be noted that in
a previous data set, we did observe concentration gradients
significantly smaller than the expected equilibrium valliet
still nonzerg at large negative applied temperature gradients
[27]. The predicted crossover temperature gradient does ap-
pear to have meaning, though, because the runs at larger
values ofd T/dx do not reach a steady concentration gradient
within the duration of the run, and all the finer time scale
fluctuations occur at larger temperature gradients as well.
This suggests that convection could be playing a larger role
in the system as the crossover gradient is approached, per-

FIG. 4. Summary of barodiffusion gradiedit/dz at resumption turbing the system and slowing down the approach to a

of stirring versus applied horizontal temperature gradifitdx; ~ Stéady state. _ _ _

(@ +, runs that come to a steady state concentration;those Most strikingly, fluctuations dominate the data. Some in-
which do not.(b) +, runs that do not have finer time scale features;troduction of noise could have been expected, since the pres-
&, those which do exhibit such features. In each plot, the dotte®nce of temperature gradients can drive the system from

lines indicate the crossover gradient predicted by R&fto give ' .
Pe= 1. Uncertainties are discussed in the text. The average distandBere are two clusters of data which vary from their average
from T, for the runs isT—T.=206 mK.

equilibrium, but even at zero applied temperature gradient,

value by =20%. While such fluctuations were not reported
in the earlier work of Giglio and Vendramini and Maisano

days following phase separation. These residual effects peet al, this behavior may not be totally without precedent—
sist for a surprisingly extended time, especially consideringinpublished work and private communication with Giglio
the fact that the sample is mechanically stirred while thecited in Ref.[8] suggest that unwanted horizontal tempera-
temperature rises back aboVg.

The average value afc/dz for the runs at zero applied turbed and unexpected behavior of concentration profiles in
temperature gradient is 2GL0* cm~t. This compares an experiment investigating Soret gradients.

well with the previous experimental work of Giglio and Ven-

dramini, to expect

which

leads

us

ture gradients were suspected of having caused badly dis-

We have eliminated Soret gradients, sample contamina-

a Vvalue oftion, internal waves, and laser heating as causes of the unex-

(1.4+0.2)x10" 2 cm™~! (estimating the error from the scat- pected behavior we have observed. First, one could imagine
ter in their presented datat T—T,.=206 mK [18]. This

value falls in the lower cluster of points dif/dx=0 in Fig.
4. The value from the earlier work of Maisared al., for

which we have not estimated an error,
0.9x10 3 cm~1[19].

that Soret gradients could be enhancing the barodiffusion

gradient, or that they could be growing up outside the laser
beam and then somehow drifting into the beam path. As

is smaller,discussed earlier, however, we find that the vertical tempera-
ture gradients present in the sample are not large enough to

In addition to the diffusive time scale, in more than oneexplain the fluctuations in the barodiffusion gradient.
third of the runs we observe fluctuations in the concentration Next, there was a small amount of filamenty dustlike con-

gradients which occur on finer time scal@mer even than
the thermal relaxation time of abb@ h discussed aboye

tamination restricted to a small volume around the bottom of
one of the slot windows, but it is unlikely that this small

Figure 4b) designates those runs in which finer time scalecontamination significantly affected the hydrodynamics
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of the system. As for the chemical effects of the contaminacase of screened electrostatic interactipn® estimate that a
tion, it has been shown that impurities only cause shifts int-20% variation in the barodiffusion gradient will lead to a
T.: they do not seriously affect equilibrium and dynamic =1-5 % variation in the wetting layer thickneks
properties in the critical region in fluid mixtures, and further, ~ While the effect on a wetting layer is small, it is important
they do not affect critical exponenit8]. Since theT, drift of  to note that it results from a fluctuation which occurs at zero
the sample was less than 0.2 mK/day for over 150 days, weapplied temperature gradient in a system whose geometry is
conclude that the contamination did not affect the chemistryjesigned to restrict the effect of temperature gradiéetsall
of the experiment. that the predicted crossover gradient for this experiment is 34
We eliminate the possibility that internal waves are causmk/cm, while for other typical wetting experiments it can be
ing the observed behavior because the damping time of thesgar 1 mK/cn). Further, since many gravity thinned wetting
oscillations is too short to be responsible for the fluctuationgyperiments are performed at the liquid—vapor interface
we see. Taking\p as the difference in density between the 4_g] in addition to bulk convectiorfwhich is no longer

two liquids, p as the average density of the mixture, andregtricted at the top boundary by a no-slip boundary condi-
(dc/dz), as the vertical concentration gradient undisturbed;on as it is in this experimentthe systems are also suscep-

by internal waves, the Brunt-Veda frequency, hje 1o surface(Marangonj convection, making them even
N=[g(Ap/p)(dc/dz)o]™, vyields an oscillation period of e sensitive to stray temperature gradients.

about 10 §28]. Assuming viscous damping of the intemal ey ond their relevance to wetting, though, the results sug-

waves, we estimate a damping time of about 0.2%. Thus e that even very small temperature gradients, correspond-
these overdamped oscillations occur on a time scale mucl%g to Ra<26 (less than 0.5 mK/cm in this experimgnt

shorter than the time between each data point in a run, ang, 14 provide a strong enough perturbation to drive a system
would not be resolvable in the data._ Further, calculating thgo equilibrium or prevent it from attaining equilibrium
energy of the lowest order “sloshing” mode waves that,iihin many diffusion times.

would result from equipartition, we estimate that the waves
would only make a contribution to the observed barodiffu-
sion gradient of 10'%dc/dz), [30].

Finally, we do not believe that laser heating contributes
significantly to any features of the reported data. That a near- In studying barodiffusion in a binary liquid, we have ob-
critical binary liquid is a delicate system is supported by theserved behavior representative of the expected diffusion time
fact that increasing the laser power distinctly increases that small applied temperature gradients; at larger temperature
noise in the beam deflection; we chose the laser intensity byradients, the characteristic time appears to become larger.
reducing the intensity until we observed smooth data. Therhe most striking features of the results are the fluctuations
power of the beam incident on the sample cell is abouin the concentration gradients which occur in the steady state
90uW, and the transmitted intensity is abouyM¥. We can  values at small temperature gradients, and which occur on
account for most of this attenuatiqia reduction to about finer time scales at larger temperature gradients. The fact that
30uW) by considering the aperturing of the beam by thethe barodiffusion gradient falls in a wide range 0f20%
slot, reflection from the windows, and the critical turbidity of around its average value at zero applied temperature gradient
the sample. There appears to be no correlation between las@ihere we expect equilibrium behaviosuggests that very
intensity and the appearance of short time scale features gmall temperature gradients may cause significant fluctua-
the data(which includes intensities that vary by about a fac-tions in a binary liquid system.
tor of two), and further, it seems unlikely that laser heating One natural extension of this work would be to perform
would cause the reproducible behavior shown in Fig).3  similar experiments in cells of varying geometry. Other work
Concerning the fluctuations between runs, we have seegould also investigate perturbed barodiffusion at varying dis-
similarly large fluctuations atiT/dx=0 in three runs per- tances from the critical point as well as in different binary
formed at more than twice the laser power of the data in Figliquids. More detailed information about the concentration
4, so we conclude that these fluctuations are independent gtadients and possibly the flow in the slot could be obtained
the laser intensity. by using an optical technique which provides more detailed

To investigate one aspect of the significance of the flucspatial information.
tuations observed at zero applied temperature gradient, we Finally, the behavior we have observed is consistent nei-
can approximate the effect that such fluctuations would havener with thermal noise, internal waves, nor the previous ex-
on a gravity-thinned wetting layer formed in a system at bulkiension of Hart’s theory. While the data do suggest that con-
two-phase coexistence. If the wetting attraction is due to disvection begins significantly to influence the system as the
persive forces, the wetting layer thickndsscales with the predicted crossover gradient is approached, the previous
spectator phase heightas|~L~ Y3 for nonretarded disper- theory cannot predict the observed fluctuations. In both
sion and asl~L ™Y for retarded dispersiof31]. For Hart's analysis and the extension made by Van Vechten and
screened electrostatic forced,~[ —(1/2«)In L+const, Franck, the vertical concentration gradient is an imposed
where k1 is the Debye screening lengfi32]. Both the constraint on the system; a more suitable analysis may in-
spectator phase height and the barodiffusion gradient clude the vertical concentration gradient as a time-dependent
dc/dz are proportional to the chemical potential, so that avariable. Also, while much work has been done on chemical
change indc/dz has the same effect as a chang& irGiven  waves in systems with thresholds for convect{@3], our
these relationgand assuming a wetting layer thickness ofresults suggest that studies of systems without such thresh-
about 100 nm and a screening length of about 10 nm for thelds may reveal rich behavior as well.

V. CONCLUSION
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