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Wetting behavior of H, on cesium
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We have studied the wetting behavior of bh Cs by measuring contact angles and adsorption isotherms as
functions of the temperature. These measurements were made on the same Cs surface and they quantitatively
determine the parameters needed to model the wetting behavior in this system. We find that the wetting
temperature for Klon Cs is 20.520.05 K and the coefficient of the van der Waals attraction is 2700
+300K A%, The data are inconsistent with the usual assumption that the surface tensions at the solid interface
are temperature independef$0163-182608)52432-0

Over the last several years new systems have becomg ultrapure H gas were admitted to the cell through a
available for studies of wetting transitions, namely cryogenitheated fill tube. As the fadsorbed on the surface, the reso-
liquids on the surfaces of alkali metals. Most experimentahant frequency of the microbalance shifted lower by an
studies have involved liquid helium, but,idn Rb(Refs. 1 amountAf, which is proportional to the areal mass density
and 2 and Ne on Rb and C&Ref. 3 have also been inves- of the adsorbed hydrogen. The proportionality constant is
tigated. These systems offer some significant experimentgj 1o5 Hz/H layers. The contact angles were measured on
advantages over more traditional ones which utilize organic‘exacuy the same surface used in the adsorption isotherm ex-

liquids. These include extreme cleanliness and r3|ative%eriments. A capillary was placed about 0.5 mm above the
short thermal and mass equilibration times. As a result, SeVs,rface of the microbalance ,Hjas was metered into the
eral wetting phenomena that had existed only in theory Wer(?:apillary where it liquified and dripped onto the surface. Suf-

experimentally realized for the first time in these SyStemS;icient time for ortho-para conversion was not allowed. Con-

The interplay between theory and experiment in studies o tv th in th : t o P
the new wetting systems has been remarkably vigorous. Ins_e?uen y the b:) n he experiment was - norma d
deed, the field stemmed from a theoretical prediétiand 75%0-H, and 25%p-H,. As more liquid was forced through

many of the experimental results have been anticipated bi'® capillary the droplet grew and the contact line of the
explicit, quantitative theoretical predictioRsQuantitative ~ droplet slowly moved radially outward from the capillary. A
theories are possible because the interactions between tfigital camera and a long focal length microscope were used
adsorbates and the alkali metals are relatively simple antp Photograph the droplet through infrared radiation absorb-
well known. Consequently, quantitative experiments are ofng windows. The advancing contact angle, which is known
interest. to be equal to the thermodynamic contact angle for all but
We present here studies of the wetting behavior of liquidthe most heterogeneous surfat®eias determined from the
H, on the surface of Cs. Above the wetting temperatliyg,  digital images. Liquid could also be removed from the drop-
we have measured adsorption isotherms to locate the prewdét and the receding contact angle determined. Contact angle
ting line. Below the wetting temperature isolated dropletshysteresis on these surfaces was small. The receding contact
can be formed. We have used optical imaging of the dropletangle was only 5%2° smaller than the advancing angle
to measure the contact angle as a function of temperaturacross the temperature range from just above the triple point
The combination of these two measurements is required ttemperature to the wetting temperature. Inspection of the im-
constrain the parameters that determine the location of thages shows that our Cs surfaces were smooth and free of
prewetting line; both measurements have been made on tliefects larger than a few microns. It is interesting to note that
same surface. The results include quantitative measuremerttse contact angle fotHe on the same Cs surface showed the
of T,, and the van der Waals interaction strength between theame large hysteresis is described in Ref. 8.
H, and a Cs surface. The measurements show that the tem- Figure 1 shows an advancing contact angle measurement
perature dependence of surface tensions at the liquid-soliat 16.6 K. The optical axis of the microscope is inclined a
interface are not negligibly weak as has been assififd. few degrees above the Cs surface. Because the substrate is
The experimental techniques we used are similar to thoseeflective, both the free surface of the, idroplet and its
we have employed to study wetting of helium on’C$The  reflection in the Cs surface are visible. The sharp points,
Cs surfaces were prepared by evaporating 40 monolayers ofhere the surface and its reflection meet at the edge of the
Cs from a resistively heated oven containing pure Cs metadroplet, lie on the Cs surface. The 0.4 mm capillary can be
onto both sides of a quartz microbalance. During the evaposeen protruding from the droplet. The contact angle is half of
ration, the cell containing the quartz microbalance was heldhe angle between lines drawn tangent to the free surface and
belown 6 K to eliminate contamination. After evaporation, the its reflection at the edge of the droplet.
microbalance was heated to about 80 K and held there for 30 Figure 2 shows the temperature dependence of the contact
min, while the rest of the cell was again maintained at lowangle, 6. The error bars arec1° and are due largely to un-
temperature. To measure adsorption isotherms, small dosesrtainties in the construction of the tangent lines. Young's
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FIG. 3. S0 as a function ofT. The dashed line shows,, for

. comparison and the solid line is the best fit to the data.
FIG. 1. A hydrogen droplet on a Cs surface. The droplet is P

viewed at grazing incidence so that the free surface and its reflec-

tion are seen. The dark object protruding from the top of the droplefnor_‘dS are data_taken at 24, 23, and 21'3 K respectively.
is a 0.4-mm diameter capillary. During the experiment, the frequency shift was measured as

a function of the pressure. In Fig. 4 we have plotted the
equation gives a simple relationship between the contadféquency shift as a function afx, the difference between
angle and the interfacial surface tensions, the chemical potential and the chemical potential at liquid-
vapor coexistence. All three isotherms have the same shape.
01,08 0)=0g,— 05 =05. 1 At low Ap, less than half a monolayer of,tk adsorbed and
- . the isotherms are flat. AAu is increased, a sharp step ap-
Here, gy, o5,, and o are the liquid-vapor, solid-vapor, o5 in the isotherms. The position and height of the step
and so_lld—I|qU|d s_urface_ter_15|ons, respec_nvely._ The thermoi/ary with temperature. Above this step the adsorbed mass
dynamic prg)lpemes of liquid hydroggn, including, , are smoothly increases and diverges at liquid-vapor coexistence,
well known.™ If one assumes thaio is temperature inde- ,_ g “Similarly shaped isotherms have been measured for
pendent, the contact angle can be calculated from(EQ. “He on Cs(Ref. 7) and H, on Rb (Refs. 1 and Rand are
The dashed curve in Fig. 2.shows thg result, assuming clearly understood. At lower temperatures the abrupt in-
20.4 K. The dashed curve is a poor fit to the data and othet;e 446 in mass marks a prewetting transition, an extension of
choices ofT,, are equally unsuccessful. It is immediately ¢ \yetting transition into the region of the bulk phase dia-
clear thatdos is temperature dependent. gram where the vapor phase is stable. At the prewetting tran-
Equation(1) can be used to extract the temperature desition thin and thick unsaturated films coexist. The locus of
pendence obus from the contact angle data. The data pointSygints in theA u-T plane where prewetting occurs is a line
in Fig. 3 show the result. For comparison, the dotted lin€y first-order surface transitions which ends in a prewetting
showso,, which is remarkably linear if over the entire yicar noint TPW. However, the character of the isotherms
range of our experiment. The data are consistent with th%bove and belowr™" is only subtly differen®” The step
assumption thabo is also linear inT, as shown by the solid does not disappeér but becomes a two-di.mensiczab
straight line in Fig. 3. The temperature dependencaafis compressibility maximum that persists to temperatures much

about a third as strong as the temperature dependenge of . W )
The high-pressure regions of three adsorption isothermrs]Igher thanT.™. The prewetting data for jion Cs are

aboveT,, are shown in Fig. 4. The circles, squares, and dia-
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FIG. 4. Af as a function ofAu. The circles are measured at 24
FIG. 2. The data points are from the analysis of images like thaK, the squares at 23 K, and the diamonds at 21.3 K. The steps are
shown in Fig. 1. The dotted line is an attempt to fit the data with adue to prewetting. The solid curve through the data above the
temperature independedos. The solid line results from fitting prewetting steps is the prediction using the valué\@; from the
procedure with a linearlyi dependento . fitting procedure.
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measurements because if it does, it will be impossible to fit
Eqg. (2) to the data of Fig. 5 with a constant value H€.
Because&do,=o0, atT,,, itis convenient to parametrizéo

as

00y(T)=01,(Tw) + a(T—Ty). ()

With the further assumption thaos does not change sub-
stantially between coexistence amg at prewetting, the
. prewetting line data and contact angle data are sufficient to
determine,T\y, a, andAC;.
-1 s ‘ : ‘ A standardy? analysi$? simultaneously using the data
205 215 225 235 245 from the contact angle and prewetting line experiments was
T (K) used to select the best values and probable errof§,ofa,

FIG. 5. The prewetting line in thA x.-T plane. The data points andACs. XZ was construqted by summing the squares of
are from isotherms like those in Fig. 4. The solid line is the fit to thethe error-normallze_d _deVIatlons between the d_ata in Figs. 3
data. and 5 and the predictions of E@) for the prewetting data or

Eq. (3) for dus. The fitting procedure gavd,,=20.57
shown in Fig. 5. The values d¥x in the center of the abrupt *0-05 K, d0s=(2.97+0.05)—(0.053+0.003)T erg/cn,
rises establish the data points in Fig. 5 and the error bar@nd AC3=1800+300 K A%. The contact angles, values of
span the width of the step. dos, and prewetting line calculated from the fit parameters

For the case of temperature independéat, a model ~&ré shown as solid lines in Figs. 2, 3, and 5. The quality of
that predicts the location of the prewetting line has beerih€ fit apparent in Fig. 5 confirms the linearity Thof éo
developed:?®It is easily generalized to include the tempera-betweenT,, and 24 K. It is interesting to note that because

ture dependence afo. The result is the numerator in E(2) ando,, are both linear ifT, neglect-
ing dog causesAC; to be overestimated, but does not de-
2[8ay(T)—a1,(T)]|3? grade the quality of the fit. By itself the prewetting line data
AupwT) =~ 3(p—p,)(AC)B) - 2 gives no insight intados. The prewetting step height offers

N o a check ofAC;. Intrinsic to the derivation of Eq(2) is a
In Eq. (2), p; andp, are the densities of the bulk liquid and ygjation between the step heightd, and Au: d

vapor andAC3EC§S— C?z, where theCy's are the coeffi- =(AC5;/Au)*3. Using AC;=1800K A® gives the solid
cients of the van der Waals potentials between anmdl-  line in Fig. 4. The fit is acceptable, but because of the cube
ecule and a semi-infinite slab of Cs or bulk.H root, this check on the value &C; is not particularly sen-

Equation(2) shows that the location of the prewetting line sitive.
depends oda(T). AboveT,,, however, the contact angle  The value ofTy, is smaller than the most recent theoreti-
experiment cannot be done and no direct determination ofal prediction of 22 K2 Taking a value of 900 K Afor 022
d0(T) is possible. Since, remains linear inT even Up 10 (Ref. 2 and our value forAC5 gives 2708300 K A3 for

24 K, the highest temperature at which we measured adsorgCs somewhat smaller than the theoretical value of 3300 K
tion isotherms, we shall assume ti#ats does also. Itis clear 2313 The most striking result of our experiment is the tem-

that this assumed linearity must break down at some teMseratyre dependence 66 which is not constant but varies
perature because the extrapolation of the straight line showgy fully £ the rate ofa,, .

in Fig. 3 does not pass throudglos=0 near the bulk liquid- g

vapor critical temperature. It will be apparent if the assump- This work was supported by NSF Grant No.
tion fails in the temperature range of the prewetting lineDMR9623976.
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