PHYSICAL REVIEW E, VOLUME 63, 041605
Casimir force in a critical film formed from an electrolytic solution
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We have studied the thickness of vapor adsorbed films of the critical binary liquid mixture acetic acid plus
nonane adsorbed onto a silicon wafer substrate as a function of temperature near the critical temperature. This
critical film possesses opposite boundary conditions-() at its two surfaces and, due to the dissociation of
acetic acid, both the electrostatic force and the dispersion force affect the adsorbed film thickness. On ap-
proaching the critical temperatufe, an increase in the film thicknekss observed, implying that the sign of
the universal Casimir amplituda* ~ is positive, consistent with theoretical predictions. However, we find
quantitative discrepancies in the valuefof ~ and the form of the critical Casimir pressure scaling function
9+~ compared with previous experimental results. We attribute these discrepancies to the complex nature of
the critical system studied in this experiment.
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[. INTRODUCTION Hence this paper compares finite-size effects within a thin
adsorbedionic film (specifically AN to previous results
Finite-size scaling within thimritical films has been used [2,8] within nonionicfilms.

for many years to extrapolate the results of finite-size simu- The plan of this paper is as follows. In Sec. Il we discuss
lations to larger systenjd], however, it has only been in the factors that determine the equilibrium thickness of the ad-
last couple of years that experimentalists have directly exanmsorbed film. The experimental configuration and the experi-
ined the consequences of critical fluctuations within finite-mental technique of ellipsometry are described in Sec. Ill. In
sized films[2,3]. Within critical films of anAB binary liquid  Sec. IV we report on and discuss the experimental results.
mixture, preferential adsorption of one of the components
occurs at each surface thus giving rise to a variation in the Il. FREE-ENERGY CONSIDERATIONS
composition as a function of depth into the fil#,5]. The ,
composition profile, on each surface, has a width described !f @ molecularly smooth and homogeneous surface is sus-
by the bulk correlation lengt§= .t ¥ where&, is the cor- pended above a critical binary liquid mixture as depicted in

relation length amplitudey (=0.634) is a bulk critical ex- Fig. 1, gthin adsorbed film pf the liquid mixtqre yvill fgrm on
ponent, and=|T—T,|/T, is the reduced temperature. Near this solid surface. At a heightl above the liquid mixture
a continuous or second-order phase transitiodiverges. many factors determine the thickness of this adsorbed film.

When ¢ becomes of the order of the film thickneksthe

adsorption profile at one surface is distorted by the presence vapor € -1.0
film € =1.942

of the other surface; this generates a force between the
boundarie$6], called the critical Casimir force, which exists
over and above any noncritical dispersion and/or electrostatic
forces that may be present. Theoretical results predict that
the Casimir force in a critical film is governed by a universal
Casimir pressure scaling functiah(y) which depends only
upon the ratioy=L/£ [7]. At the critical point, the correla-
tion length é—<, thereforey=0 and the scaling function ‘ adsorbed film
9(0)/2 defines a universal amplitud® known as the Ca-
simir amplitude. The form of the scaling functiaih(y) and

the value of the Casimir amplitud® depend upon the sys-
tem universality clas§.e., Ising,XY, etc) and the boundary
conditions at the two surfaces of the film. Experimental evi-
dence for the existence of a critical Casimir force in thin
adsorbed films has been reported for binary liquid mixtures
near their demixing transitiof2] and for “He near the su-
perfluid transition 3]. In this paper we use the experimental bulk liquid mixture]
technique of ellipsometry to study finite-size effects in the e —
system acetic acid plus nona(N) adsorbed onto a silicon o
wafer substrate. In previous systems, studied by our group, FIG. 1. Schematic diagram showing the vertical Si wafer sub-
both the dispersion force and the critical Casimir force werestrate geometry. The inset depicts the dielectric model used to ob-
present. For the mixture AN, acetic acid dissociates in solutain the adsorption film thicknedsfor films on an oxide coated Si
tion, which gives rise to an additional electrostatic force.wafer.

Si wafer substrate
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For nonionic fluidgfar from the critical temperaturel() the  This discrepancy for the Hamaker constant was attributed to
equilibrium film thickness is determined by a competition the fact that the adsorbed films, in these experiments, formed
between gravity(which thins the layerand the dispersion in the partial wetting regime of the substrate as indicated by
force (which thickens the lay&f9]. Assuming that both sur- contact angle measurements. Equati@jsand (4) assume
faces of the film are sharp and that the capillary-wave fluccomplete wetting of the substrate by the adsorbed [f8in
tuations at the film’s liquid-vapor surface are small, the equi- The dispersion force and the structural force determine

librium film thicknessL(H) is given by the substrate-film interaction strictly for systems involving
nonionic wetting films on uncharged surfaces. More complex
F(L)+pgH=0, (1) effects can occur within these thin adsorbed films if, for ex-

ample, either the substrate is ionizable or the film possesses
ions in solution. For surfaces that undergo surface dissocia-
tion when in contact with a liquid or a thin film, the surface
ecomes charged and the counterions in solution form a dif-
use double layer in the vicinity of the interface which is
described by the Poisson-Boltzmann equafibl. If, in ad-
dition, a dissolved salt or ions are present within the thin film
then this may regulate the surface charge and the distribution
__ 3 of counterions. Kayser has considered these questions in
F(L) ZW(TILS, @ depth for a binary liquid film in contact with an ionizable
whereW(T) is the system dependent Hamaker constant. Theurface with[14] and without[15] a salt present. It is as-
Dzyaloshinskii, Lifshitz, and PitaevskiDLP) theory[11]  sumed in14,15 that adsorption is absent, namely, thand
for dispersion forces provides a more general expression fd8 molecules are randomly distributed throughout the thin
F(L), valid at all thicknessek. It includes both the nonad- film, and that the charged surface only influences the distri-
ditivity of the intermolecular forces and retardation effectsbution of counterions and dissolved salt ions. Kayser's most
and can be used to provide an expressionvibin terms of ~ general expressions are very complicated with many param-
the absorption spectra of the bulk phases. Equatibnand  eters that are difficult to measure or estimate, however, for
( 2) together imply that at a particular heigHt the equilib-  thick films or high surface charge densities his expressions
rium thickness of the adsorbed film can be written as reduce to a simple Langmuir model6] which accounts for
electrical double layer effects

wherep is the density of the liquid and is the acceleration
due to gravity.F(L) is the dispersion force per unit area on
each of the two semi-infinite phases, the solid substrate a
the vapor, when they are separated by a gap of width "
occupied by the liquid film.

For sufficiently thin films {<10—20 nm), in the nonre-
tarded regimeF (L) can be written in the fornj10]

2W 1/3

pgH

A film 0n|y forms provided that the Hamaker constant pos-WhereZ is the ionic Valence¢' is the static dielectric constant
sesses the correct Sign, name!y>0 in Eq (3) This con- of the IIQUId, and all other SymbOIS have their usual meaning.
dition is satisfied automatically for most organic liquids on aThe electrostatic force due to the electrical dogkﬂze_layer pos-
Si wafer due to the large optical dielectric constant for sili-S€sses a much longer rarigs indicated by ~H™"<in Eq.

3 L=(kgT/ze)(meexl2pgH)Y?, (5)

con (esi~15). ( 5)] compared with the nonretarded dispersion fdwbere
On solid substrates the prediction that-H~ Y3 found L~H " Eq.(3). o
confirmation in low-temperature experimefi] where for For the mixture of interest, AN, acetic acid (gEOOH)

thicker films the more general DLP theory fB(L) had to  dissociates in the solvent to form GBOO™ and H" ions,

be used. For film thicknesses, which are of the order of a fewhere the relative concentration of neutral molecules to the
times the molecular diameter, the continuum theory for thdons is determined by the dissociation constant for the reac-
dispersion interaction breaks down and the oscillatory solvation

tion force within the adsorbed film becomes importgig]. o

To account for a solvation force, a monotonic repulsive CH;COOH- CH;COO™ +H (6)

structural interaction term must be included in Et).. The . .
equilibrium thickness of the adsorbed film at a heights I the solvent nonane. lons are certainly present in the bulk

then determined by mixture where the pH2; they are expected to be present
also in the thin adsorbed film. However, the precise condi-

2W  Aexp(—L/9) tions within th(_a thin adsorbed film are not known,. therefore:
F— B — =pgH, (4) rather than using Kayser’'s more general expressions we will

represent the presence of an electrical double layer by a term
. . similar to Langmuir’s resultEq. (5)] for simplicity. For tem-
where & is of order a molecular diameter. Far above the g IEq. (5)] plcity

itical t i dsorbed films f df the bi )Peratures far from the critical temperature we assume that the
critical temperature, adsorbed Tims formed irom the binar equilibrium condition that includes the effects of dispersion,
liquid mixtures methanol plus hexangMH) and

_ ionic and structural forces can be written as
2-methoxyethanol plus methylcyclohexa(dM) against a
Si wafer are well described by E@), although the experi-
mentally determined values for the Hamaker constant do not

C(T) , 2W(T) _ Aexp(~L/5)
agree with the calculated value using the DLP thefdy L2 L3

5 =pgH, (7)
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whereC(T) is a constant that depends upon the ionic prop- . EXPERIMENTAL TECHNIQUE
erties of the substrate and the solvEl4]. Since bothC and

W depend only weakly on the absolute temperaflirever

the small temperature range that we consider here, their terﬁhiCkngss of the vapor-adsorbed .fiIm on the SUbS_tﬂ@' ,
perature dependence can be neglected. The Si wafer was suspended vertically above the liquid mix-

Close to the critical temperatuf®,, concentration fluc- ture inside a cylindrical glass cell where a metal clip me-
tuations within the film give rise to an additional critical chanically held the wafer against a chemically resistant
Casimir pressure between the film boundaries. This criticatainless-steel plate. The temperature of the sample cell is

A phase modulated ellipsometer was used to measure the

Casimir pressur@, is given by[7] controlled by a two stage thermostat constructed from con-
centric metallic shells which are thermally isolated from each
kT L other. These two stages possess a combined thermal stability
pczﬂ ab<_)’ 8  of ~0.1 mK over 2 h and~1 mK over a day, as measured
L3 & by two matched precision thermistapgellow Spring Instru-

ments, Catalog No. 4403flaced at either end of the sample
where the universal surface scaling functidf®(y) is re- cell. A He-Ne laser beam from the ellipsometer, which is
lated to the universal Casimir amplitud€® by the relation  focused to a small spot<0.25 mm), is reflected off the Si
93P(0)=2A%". The superscripab specifies the surface uni- wafer at a heightH above the liquid-vapor surface at an
versality classes on the two confining boundaries of the filmangle of incidence equal to the Brewster angig;
In the limit of a strong surface field, which is expected under(~75.53), for the bare Si wafer. The signal measured by
normal conditions sufficiently close ., one of the com- e ellipsometep, is very sensitive to the surface structure at
ponents exhibits complete saturation against each boundany,ig angle of incidence and can be readily interpreted in
For this situation there are only two different combinationsierms of the film thicknesgL9]. The extreme sensitivity of
of boundary conditionsb that need to be considered for a gjjipsometry and its application in measurements of both the

film of a binary liquid mixture; similar boundary conditions gptical constants and the thickness of thin liquid films are
(++), where the same component preferentially adsorbs gle|| documented in the literatufe0].

both surfaces, and opposite boundary conditiors—(),

where different components adsorb at the two surfaces. The The ellipticity, p=Im(ry/rs),,, measured by the ellip-
Casimir force in a critical film is predicted to depend cru- SOMeter is the imaginary component of the ratio of complex

cially upon the boundary conditions at the surfaces of thideflection amplitudes in thp ands-polarization directions_at
film. the Brewster angle. At this angle the Fresnel term vanishes,

For a critical film on a Si wafer substrate one boundary ofconsequently, Reg/rg), =0 and this condition is used as
the film is the Si wafer, while the other boundary is the freean operational definition in determining the angle of inci-
liquid-vapor surface. For AN, nonane adsorbs at the liquid-denc&g [18]. In the absence of any capillary wave fluctua-
vapor surface(as it possesses the lower surface tensiontions, p is related to the optical dielectric profile(z) at
while acetic acid adsorbs at the liquid-substrate surfase depthz within the interface according to the Drude equation
was verified by noting that the liquid-liquid meniscus against{21]
the Si wafer bends away from the acetic acid rich phase in
the two-phase region of the liquid mixtgreThis mixture
therefore constitutes an experimental realization of-the
boundary condition. For more details about the effect of the
critical Casimir force on a binary liquid film, and relevant
theoretical considerations, see Rd].

Finally, combining Eqs(7) and(8) we obtain the princi- . . .
pal equation, which controls the thickness of the adsorbeq:ere €1 and e; represent the optical dielectric constants of
' the incident g— —«) and the substrate media-{«), re-

film nearTe, spectively. This formula assumes thdt) is locally isotro-
pic and that the thickness of the film is small compared with
£+ ﬂv_ Aexp(—L/d) N kgTc Wb(k) —pgH. (9) the wavelength of the incident light for which\
L2 3 5 L3 g~ Pam =632.8 nm.
A model for €(z) is required in order to determine the

One can extract the functional form of the surface scalingadsorbed film thicknesk from the ellipsometric data. We

function 92° from this equation by experimentally measur- 5SUM€ thai(z) = e¢(=1.942); the dielectric constant of the

ing the adsorbed film thickness as a function of temperaturgqu'd film AN at the C”_t'cal composm_on. Silicon wafers
near the bulk critical temperaturgl?7]. Ellipsometry can nor_mally_posse_ss an oxide layer of thicknei{s-nm) and
measure the average film thickness very accurately with QPtical dielectric constanésio,(=2.123). Therefore a rea-
resolution of ~0.001 nm on a Si wafer substrate. In this Sonable model for the adsorbed film on the Si wafer is the
paper we use this technique to deduce the funoﬂéﬁ for two Iayer model exhibited in the inselto Flg 1. With this
the critical ionic mixture AN in order to compare it with our model ford,L<<\, Eq. (10) implies thatp is proportional to
previous determination from critical nonionic systefag the film thicknesd.,

\/€1+fsf [e(2)— €]l e(2)— €3]
e(2)

- dz (10
N €1 €3 z (10
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TABLE I. Critical liquid mixture properties.

T. m,? e’ £, ¢ wW=0 Cc=0

10°C A S 10%w A S
x) (nm) ) (J/m®) (nm) ) (J/m?) (nm)
31195 0605 1942  0.39 0.8 1.77X107% 033 2.70 1.85X107% 033

?Critical mass fraction of acetic acid for AN.

%Optical dielectric constant at the critical composition for this mixture using data from [27].

“Correlation length amplitude in the one-phase region determined from critical adsorption measurements, as
described in Ref. [23].

a1t ex eq| (ec—1)(ec— eg) Iowgr phases possess gqua_l volume fractions and the menis-
= L cus is situated at the midpoint of the sample volume.
N l—eg €
(ESiOZ_ 1)(65i02_ €s) IV. EXPERIMENTAL RESULTS AND DISCUSSION
+ €sio 1D In Fig. 2 (and Table I} we show the adsorption thickness
2

L as a function ofAT=T-T, collected from a vertically
oriented Si wafer at two different heights in thh@e-phase
Our bare Si wafer surfaces typically gage 0.020+0.001, region for the critical mixture AN. The data are completely
which from Eq.(11), corresponds to an oxide film thickness reproducible for both increasing and decreasing tempera-

of d~2.0 nm. The large real component for the Si opticaltures. As the temperature is reduced towafdsthe film
dielectric constant dsi~15.07) provides a strong depen- thickness increases as a result of the critical Casimir force,

= ; ; ; T +- + -
dence for the ellipticityp upon the film thicknesd. we  Which immediately indicates that both™ ™ and &~ are
measure;With a sensitivity of~10-5 corresponding to a positive, in agreement with theory. Before the surface scal-

) o X ing function 9"~ (L/£€) can be extracted all of the system
:E:kggzzstegzgr\gz 0;?(')?0; namn.g\{?ra?jidoﬁvg.égi size of dependent parametevg,C,A, 5, and&, which appear in Eq.
inciaen N Sp r organic ligui ncon. .(9) must be determined. The correlation length amplitggle
In a typical ellipsometric measurement the temperature i

. . . as been determined using critical adsorption ellipsometric
set and appro_><|ma_uy5I8 h |_s_allpwed for ﬂf system to attain measurements following the procedure in R28] (Table ).
thermal and diffusive equilibrium. Twengy andT measure-

The parameter®V,A, §, andC occur in the noncritical con-
ments are then collected over the next 2 h. From these 2ipytions to the force balance equation for the film; these

measurements the mean and standard deviatiorp fare  terms, which are relatively temperature independent for the
determined. The typical standard deviatiorpdbr each data range of temperatures that we consider, are present at all
point was~3x 10" %, however, different temperature scans temperatures both near to and far fram. W,A,s, andC

on the same liquid exhibited a reproducibility fErof +3 can be determined by examining the variation of the adsorp-

X103, We therefore took this later valueorresponding to  ton thicknessL with heightH for fixed T>T.. In Fig. 3
an error inL of ~+0.3 nm) as a conservative estimate for (@nd Table Il) we showlL versusH for the system AN at a

the error inp.

The (100 Si wafers used in this experiment were pur-
chased from Semiconductor Processing Company. They pos-
sessed a radius of 3.8cm, thickness of 0.2 cm, and had been
diced into quarters for ease of handling. They were polished 15
on one side and possessed ratype phosphorous doping

ZGI L 1 L 1 . ! L

with a resistivity of 1-100) —cm. The polished surface of
these wafers was carefully protected before diamond sawing

L(nm)

A

...~

to a Si substrate size of 3 ¢«il.5 cm. The Si substrate was
carefully cleaned using the standard RCA Si wafer cleaning 1 O
procedureg[22] before mounting inside the cylindrical glass |
sample cell. j

The organic liquids, acetic acid and nonane, used in this 5 — T
experiment had a quoted purity of 99% and 99.9%, respec- 0 10 20 30 40
tively, and were purchased from Aldrich Chemical Com-
pany. The critical mass fractiam, for this mixture(Table )
was determined using the standard procedure of observing FIG. 2. Variation in the adsorption film thicknekss a function
the position of the liquid-liquid meniscus a few mK into the of AT=T—T, for the mixture AN at fixed heightH=1.5 mm
two-phase regime. At the critical composition the upper andsolid circle3 andH=2.8 mm(open circlex

AT(K)
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TABLE Il. One-phase data foAN.

PHYSICAL REVIEW E63 041605

TABLE lll. L vsH data for the system AN al =346 K.

AT(K) L(nm) AT(K) L(nm) H(mm) L(nm) H(mm) L(nm)
H=1.5 mm 1.28 8.75 2.58 6.27
36.69 7.65 3.99 14.13 1.33 8.16 2.68 6.28
30.76 8.41 3.00 14.54 1.38 7.85 2.78 6.24
26.77 9.57 1.94 15.28 1.43 7.71 2.88 6.16
22.81 10.02 1.40 15.79 1.48 7.59 3.28 6.02
18.89 10.66 0.94 16.20 1.53 7.55 3.78 5.85
14.96 11.36 0.56 16.69 1.58 7.42 4.28 5.74
14.00 11.58 0.29 17.29 1.63 7.38 6.2 5.61
11.97 11.94 0.15 17.41 1.68 7.22 8.28 5.48
9.95 12.35 0.14 17.28 1.73 7.16 9.2 5.37
7.98 12.77 0.06 17.73 1.78 7.16 10.2 5.30
5.98 13.45 1.88 6.98 12.2 5.26
H=2.8 mm 1.98 6.86 14.2 5.17
36.61 6.17 2.98 12.17 2.08 6.84 16.2 5.32
31.62 6.61 1.94 12.65 2.28 6.60
25.69 7.60 1.44 13.04
20.85 8.24 0.97 13.38
15.99 9.11 0.72 13.69 eters, is to ignore the dispersion term, which is usually domi-
10.96 9.92 0.45 1400 Nated by the ionic contributiofi5], hence
7.94 10.48 0.20 14.45
5.96 11.03 0.06 14.81 C_Aep-Lly 12
4.00 11.59 L2 o par

temperatureT =346 K, which is=30°C aboveT,, where
the critical Casimir effect is expected to be small aht~

can be neglected. The data exhibited in Fig. 3 can therefo
be analyzed using Ed7). There are rather a large number
(4) of adjustable parameters in EGZ). A reasonable ap-

proximation, which reduces the number of adjustable param

IC N I S I S TR S [N N TN N S T T |

100

9+ L2(nm2)

L(nm)

H(mm)

FIG. 3. Film thicknesd. as a function of heighl for AN at a
temperature off =346 K. The solid line is a fit to Eq12) (which

assumes thatV=0) used in determinind\ and § as described in

the text. The inset illustrates the~H ~*2 dependence for smat
(or largeL) from which the constan€ is determinedwhere the

solid line has a slope of)1The dotted line, in the main figure, is a
fit to Eq. (4) (which assumes thaf=0) used in determining the
effective Hamaker constait as described in the text.

For sufficiently large film thicknessds such thatl/6>1,

the structural contribution is negligible ahd-H ~* (Fig. 3
insed from which the constant can be estimate(Table ).

rAt small L or largeH the data in the Fig. 3 inset no longer
follows alL~H 12 dependence; this indicates that the struc-
tural contribution in Eq.(12) is important in this regime.
From Fig. 3, at sufficiently largél(~12 mm), the adsorp-
tion thicknessL losses its dependence upbéhand L ap-
proaches a constant valu&(~5.3 nm); this implies that the
gravitational ternrpgH in Eq. (12) does not play a major role
in determiningL*. Instead.™ is determined by a competition
between the electrostatic term and the structural term. There-
fore, from Eq.(12), L* is approximately related t@, A, and

6 by the equation

C  Aexp(—L*/6)
L*z:T'

(13

Equation(13) can be used to eliminate the parametdrom
Eqg. (12),

c ¢C .

F—L*Zexp[(L —L)/8]=pgH, (14)
where only the parameteris undetermineds is adjusted to
provide the best description of the crossover frdm
~H™Y2to L=L* behavior in Fig. Isolid line). The param-
etersC, A, andé are listed in Table | for the system AN.

For comparison with the above analysis, where we as-
sume that the ionic contribution dominates the dispersion
contribution, we can consider the opposite extreme, namely,
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. . . ' ' where for clarity only a single height is plotted. For both
0.013 I models W=0 andC=0) and for all values of/=L/¢, the
scaling functiond®~ for AN lies above that of MH and
possesses quite a different shape. This discrepancy cannot be
due to the structural term in E(), which is only important
for L< 4. For the film thicknesses that are considered here,
the contribution from the structural term to the surface scal-
ing function is negligible.
For AN, the data collapse for the functiof™ =~ when
° - plotted againsy=L/¢ is not as good as observed before for
‘0 i the systems MH and MM2]. This may be due to our im-
r perfect understanding of the noncritical part in the force bal-
'0'0020 ' 2 ' 4 ' 6 ance equation for the film thickness. Obviously the system
AN is complex in nature due to the dissociation of acetic
y acid in solution. This contributes an electrostatic term in the
film free energy and a quantitative calculation of this term
FIG. 4. The Casimir pressure scaling functiori ~(y) versus  requires knowledge of the dissociation constant of the reac-
y=L/¢& for the mixture AN in the one-phase region whérés the  tion (6) and the surface charge density of the Si@yer,
film thickness andt is the correlation length. This graph was de- which are difficult to determine for this system. A stringent
termined by substituting the data in Fig. 2 and the parameters froranalysis of the data should take into account both the disper-
Table I (for W=0) into Eq.(9). The symbols have the same mean- sjon term and the electrostatic term in fitting therersusH
ing as in Fig. 2. In the inset we show the same function using Eqdata of Fig. 3 and then use those valueS\edndC in Eq. (9)
(9) but for the parameters from Table | f{@=0. For comparison g gbtain the scaling functio® * ~. Using this procedure for
we also show _the surface scaling function for the nonionic criticala requires the determination of four adjustable parameters
mixture MH (triangles from Ref.[2]. which considerably complicates the analysis. From Fig. 2,
o we note that the film thickneds for both heights still has
we neglect the ionic term=0) and analyze the versusH  guite a large temperature dependence even far away from
data far fromT. using Eq.(4). Such an analysis is strictly T_. This indicates that the critical Casimir force is still large
valid only for nonionic films. The authors used this methodat this temperature and the use of Eg) to analyze theL
to determineW,A, and § for the nonionic binary liquid ad- versusH data may not be completely justified. However,
sorbed films of MH and MM[8]. For the critical mixture various experimental constraints prevented us from acquiring
AN, the dotted line in Fig. 3 is the best fit to the data usingmeasurements of the film thicknesses at any higher tempera-
Eq. (4) with W,A, and § as adjustable parametefBable ) tures than given in this paper. Despite our reservations stated
[24]. As expected the previous analy$hich assumes the above concerning our analysis of the noncritical background
presence of an electrical double layer with*0 andW=0  contributions, the surface scaling functior ~ for theionic
(Fig. 3, solid ling] provides amarginally better description mixture AN is considerably larger and possesses quite a dif-
of the experimental data than the current methotlich as-  ferent shape compared with the corresponding surface scal-
sumes a nonionic film witlC=0 andW=0 (Fig. 3, dotted ing function fornonionic mixtures as represented by MH in
line)]. Fig. 4. This might be caused by our incomplete knowledge
With the system dependent parameters determined, thsf the background contribution or it could be caused by the
universal surface scaling functioh” ~ can be obtained us- presence of a large electric field within the absorbed film,
ing Eq.(9) by studying the adsorption thicknessas a func-  associated with the electric double layer. It is well known
tion of T at fixed H (Fig. 2). Once again to simplify the that electric fields suppress critical fluctuations within critical
complications, instead of using the full version of E8), we  mixtures and alter the position of the coexistence cliR&3.
will consider the special cases when the dispersion term isor the benefit of the reader, in case the noncritical free-
neglected (W= 0) or when the electrostatic term is neglectedenergy contributions and/or the electric-field effects are bet-
(C=0). In Fig. 4(open and solid circlosve show the scal- ter understood at some future date, we provide our film
ing function9™ ~ plotted againsy=L/& for W=0, while in  thickness datd. as a function ofAT=T—T, (at fixed H)
the inset, we show the same function f©©=0. The system and ofH (at fixed T) in, respectively, Tables Il and IlI.
dependent parameters listed in Table | have been used in In conclusion, in this paper we have studied the effect of
both cases. In contrast to the two critical systems MH andhe critical Casimir force on vapor-adsorbed films on mo-
MM studied previously 2] the data does not collapse as well lecularly smooth Si wafers suspended above a critical binary
onto a single universal curve for AN, especially at small andiquid mixture of AN. This system exhibits opposite- ()
large y. At y=0, 9" 7(0)=2A"" and thereforeA*~  boundary conditions within the adsorbed film and, far from
~0.0062, which is~17% larger than our previous determi- the critical temperature, both the van der Waals and the elec-
nation of A*~ [2]; however this value is still significantly trostatic force play roles in determining the adsorbed film
smaller than theoretical expectations wharé™~0.279 to  thickness[Eq. (7)]. On approaching the critical temperature
3.1[25] . On the same figure we also show the surface scalan increase in the adsorbed film thickness is obse(Féax
ing function for the critical nonionic system MHriangle3  2), implying that the sign of the critical Casimir pressure
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scaling functiond™~ and the universal Casimir amplitude crepancies may be due to our inadequate knowledge of the
A™ ™ are positive. Both of these observations are in agreenoncritical part of the film free energy for this system and/or
ment with theoretical expectations and previous experimenthey may be caused by the presence of a large electric field
tal observations. The value &f" ~ found in this experiment within the adsorbed film associated with the electric double
is ~17% larger than an earlier determination for tymn-  |ayer.

ionic) critical mixtures[2]. The functiond™ ~ for AN does

not scale as well when plotted agairyst L/¢; it possesses

quite a different shape and lies above #hé~ function de- This research was supported by the National Science
termined for the nonionic mixture MHFig. 4). These dis- Foundation through Grant No. DMR-9631133.
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