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Using the vibrating-wire microbalance technique we have found that superfluid *He, normal fluid
“He, and *He all wet graphite completely. Incomplete wetting above T, was simulated by intention-
ally introducing a temperature gradient in the apparatus. Data in the thick-film regime are found to
be consistent with the Frenkel-Halsey-Hill model of adsorption. The graphite fiber surface has been
characterized through volumetric adsorption isotherms, revealing additional surface area not previ-

ously accounted for by others using this technique.

I. INTRODUCTION

There are two distinct growth modes that can occur
when an adsorbed film condenses from the vapor phase
onto a solid surface as the vapor pressure is increased to-
ward the saturated value. The film is said to wet the sub-
strate if its thickness diverges with increasing pressure.
If the thickness of the film remains limited to only a few
layers at saturated pressure, nonwetting growth is said to
occur. Recent models! on wetting propose that in the
low-temperature limit it is the relative strength of
adsorbate-substrate and adsorbate-adsorbate interactions
that determines whether a particular physisorption sys-
tem will exhibit wetting or nonwetting behavior. When
adsorbate-substrate interaction dominates, complete wet-
ting is expected. Since the product of the molecular po-
larizabilities provides a fairly reliable estimate of the van
der Waals interaction between two molecules,? an adsor-
bate of sufficiently small polarizability is expected to wet
most substrates. However, experimental studies per-
formed to date appear to show nonwetting growth for a
number of solid films of very low polarizabilities.® The
most reasonable explanation is that the strain induced by
structural mismatch between successive solid layers even-
tually becomes too costly in free energy and wetting is
suppressed.® This consideration leaves liquid helium to
be the ideal system to test the complete wetting predic-
tion in the low-temperature limit.

Although there have been numerous studies on the
thickness of adsorbed helium films on a variety of sub-
strates dating back to the 1930s, conflicting results are
still being reported. A number of early experiments re-
ported the observation that film thickness is limited to 20
layers below T, and a few layers above T',. In a series of
careful ellipsometric measurements on a polished metal
surface that is partially submerged in liquid helium, Jack-
son and co-workers showed that the film thickness above
T, can be increased from less than 10 layers to 100 lay-
ers, close to but less than that found below T, by minim-
izing thermal inhomogeneity along the surface.’ Experi-
mental evidence consistent with complete wetting of “He
on quartz and gold below T, were also found by Hem-
ming® in another ellipsometry study. The most striking
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confirmation of complete wetting below T, is the acous-
tic resonance experiment of Sabisky and Anderson’ per-
formed at 1.38 K on cleaved crystal surfaces. Their ex-
perimental result was found to be in quantitative agree-
ment with the theory of Dzyaloshinski, Lifshitz, and Pi-
taevskii (DLP).> Whereas the results of a recent quartz
microbalance experiment’ were interpreted to indicate
nonwetting of “He on Au or Ag between 1 K and the
liquid-vapor critical point, complete wetting of *He on
gold is found in an even more recent quartz microbalance
experiment.'® Conflicting results are also being reported
for “He on graphite. A volumetric vapor pressure iso-
therm study'! was interpreted to indicate that *He does
not wet graphite above and below 7,. In contrast, a
third sound experiment on graphite fibers'? shows wet-
ting in the superfluid region. In a recent Letter, Taborek
and Senator!’ (TS) reported the observation of a wetting
transition in *“He on graphite associated with the onset of
superfluidity. Using the vibrating-wire microbalance
technique they found complete wetting of superfluid “He
films and incomplete wetting of *He and normal fluid *He
on graphite and platinum fibers. The vibrating wire mi-
crobalance technique used by TS is similar to that
developed for viscosity and liquid density measure-
ments.'* Bartosch and Gregory!® are the first to adopt
this technique to study adsorption of O, on graphite sur-
face by using a graphite fiber as the vibrating element.
The experiment described below also employs the vibrat-
ing graphite fiber technique; in contrast to the experiment
of TS, we find complete wetting on graphite by *He and
“He both above and below T,. The thickening of the ad-
sorbed film is found to be consistent with theoretical ex-
pectation when the vapor pressure is brought close to the
saturation value. In addition, we demonstrate experi-
mentally that a slight thermal gradient can produce a
false nonwetting result.

II. GRAPHITE FIBER CHARACTERIZATION

The fibers used in this experiment are mesophase
pitch-based P-120 graphite fibers.!® In this classification,
the letter P denotes pitch based and 120 is the value of
the tensile modulus in units of million pounds per square
inch (MPSI). Different types of fibers are typically
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characterized through measurements of tensile modulus,
density, thermal and electrical conductivity, electron mi-
croscopy, and x-ray line broadening studies. These prop-
erties yield information regarding the lattice imperfection
of the fibers. What is most relevant for the work reported
here is the result of a x-ray line-broadening study.!” In
this study, the crystallite sizes in the ¢ and along basal
plane direction is found to be more than 200 A for the P-
120-type fibers. Also important is the fact that electron
microscopy studies indicate that although the interior
structure is such that the basal planes are oriented radial-
ly outward from the center, the exposed surface of the
fibers is basal plane.'® Electron microscopy pictures tak-
en by us, shown in Fig. 1, and others reveal the basal
planes on the surface show up as long and narrow facets
(~0.1X10 pm?) that run parallel to the fiber axis. Be-
cause of the ridge-trough structure of these facets, the
surface area available for adsorption is likely to be much
larger than that expected for perfect cylindrical cross sec-
tion. Such an enhancement is clearly observed in our
volumetric and vibrating fiber isotherm studies.
Volumetric vapor pressure isotherms as shown in Fig.
2 were performed with “He at 2.16 K and Xe at 113 K on
a large bundle (total mass 2.26 g) of P-120 graphite fibers
(density=2.18 g/cm®. The fiber bundle was heated in a
quartz tube to approximately 800 °C in flowing N, gas be-
fore being placed in a sample cell. For these measure-
ments pressure is read with a commercial capacitance
gauge. These isotherms, displaying stepwise growth, are
qualitatively similar to that obtained with exfoliated
graphite substrates.'"1%20 Two steps were resolved in the
Xe isotherm, the rounding observed for the second layer
suggest the basal-plane crystallite size on the fiber surface
is on the same order (100X 100 A?), but clearly less than
that of exfoliated substrate such as grafoil. The x-ray
line-broadening interpretation of the crystallite size may
be somewhat optimistic. We believe that the absence of
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FIG. 1. Scanning electron micrograph of a P-120 graphite
fiber. Note the ridge-trough structure of the long and narrow
basal-plane facets that run parallel to the fiber axis. The white
bar indicates a scale of one micron.
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the third layer in the Xe isotherm which is clearly
resolved with exfoliated graphite substrates,'® reflects the
smearing effect of the finite size of single-crystal domains.
Figure 3 shows the adsorption of Xe (as reflected by the
decrease in resonant frequency) as a function of pressure
on a single graphite fiber at 107 K obtained with our mi-
crobalance apparatus. Four steps in frequency versus
pressure are seen near 0 and at 0.42, 0.73, and 0.84 Torr.
Other than that at the lowest pressure, these signatures
correspond to stepwise formation of adsorbed layers on
graphite. As we shall discuss below, the first step is due
to adsorption of the first layer and the hydrodynamic
drag of the vapor. Figure 3 is obtained with an experi-
mental fiber P130-X, also from Amoco Performance
Products. When P-120 fiber is used, the frequency versus
pressure scan is similar but the last step cannot be
resolved. The difference confirms the claim of the
manufacturer that P130-X fiber has more homogeneous
surface.!® The plateau above 0.02 Torr found in the “He
isotherm corresponds to the completion of the second
layer; the first layer is expected to be completed well
below the resolution of any conventional pressure
gauge.?! Our *He isotherm up to 1 Torr is qualitatively
similar to that taken with exfoliated graphite.!"?° We
did not follow the isotherm to higher pressure since va-
por pressure correction, due to the small surface area of
the graphite fibers, rapidly becomes the dominant effect.
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FIG. 2. Adsorption isotherms on graphite fibers of (a) Xe at
T =113 K and (b) *He at T=2.16 K. The arrows indicate the
expected amount of adsorption in the first layer for Xe and in
the first two layers for *He, assuming the fibers are perfect
cylinders with a diameter of 9.5 pm.
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FIG. 3. Resonant frequency of the fiber vs pressure for Xe at
T =107 K, note steps at 0.42, 0.73, and 0.84 Torr.

If we assume all the fibers are perfectly cylindrical in
cross section with an average diameter of 9.5 pum, then
the 2.26 gm bundle should have a geometrical surface
area of 0.43 m2. Using the areal density of the first layer
of Xe on graphite (0.050 A~2 Refs. 19 and 22) and of the
first two layers of *He on graphite (0.195 A2 Ref. 20),
we expect there should be 2.4 X 10'® atoms of Xe in each
layer and 8.4 10'8 atoms in the first two layers of “He.
According to the Xe and *He isotherms shown in Fig. 1
the surface area of the bundle accessible for adsorption is,
respectively, 2.3 and 1.7 times larger than the simple
geometrical value.

III. EXPERIMENTAL APPARATUS

A schematic drawing of the apparatus is shown in Fig.
4. A P-120 graphite fiber, 9 um in diameter and 1.5 cm
long, is mounted under tension to a copper support with
silver epoxy. The fiber is situated horizontally inside a
copper sample cell approximately 5 cm in diameter and 3
cm high, the fiber is 0.5 cm above the bottom of the cell.
A magnetic field of 2.8 kG perpendicular to the fiber axis
is provided by two pole pieces, silver soldered through
the bottom of the cell and connected to a permanent
magnet outside the cell. An in situ diaphragm capaci-
tance pressure gauge is connected to the bottom of the
sample cell via a 0.64-cm-0.d. copper tubing. The active
part of the pressure gauge is an electrode attached to a
0.25 mm thick stainless-steel diaphragm 3 cm in diame-
ter. The capacitance of this movable electrode and a
fixed electrode is measured relative to a standard refer-
ence capacitor using a standard three-terminal bridge
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FIG. 4. Schematic drawings of the central part of the cryo-
stat illustrating positions of heaters and thermometers. IS: in-
termediate stage; FL: fill line; SC: sample cell; NS: permanent
magnet; VC: vacuum can; PG: pressure gauge.

technique. Resolution and stability in the pressure mea-
surement is 1 mTorr, corresponding to a relative resolu-
tion of about 1 part in 10%. Such resolution is important
in a wetting experiment since most of the film growth
takes place in the last 2% of the pressure range. The fill
line to the sample cell is made of a vacuum jacketed thin
wall 0.32-cm-i.d., stainless-steel tubing. All electrical
leads are thermally anchored to an intermediate stage
which acts as a thermal baffle between the sample cell
and bath. The sample cell, fill line, and intermediate
stage are all equipped with thermometers and electrical
heaters. Cooling of the cell is achieved by pumping on a
helium bath with weak thermal links from the bath to the
intermediate stage and from there to the sample cell.
During the experiment, the intermediate stage is typically
0.2 K colder than the cell whereas the fill line is always
kept warmer than the cell. This is accomplished by wind-
ing a heater around the fill line, controlled by a thermom-
eter anchored on the fill line, 4 cm from the cell. The
temperature at the fill line thermometer is kept 1-2 K
above that of the sample cell. During the course of an ex-
perimental run the temperature of the cell is kept con-
stant to within 10 uK, as deduced from pressure fluc-
tuations at the saturated vapor pressure.

The fiber is an element in an ac Wheatstone bridge cir-
cuit which is balanced outside the resonance region.
When the bridge is driven at f =f,, the resonant fre-
quency, an induced voltage 90° out of phase with respect
to the excitation voltage, results from the mechanical os-
cillation of the fiber in the magnetic field. This out-of-
phase signal is used to form a phase-locked feedback loop
which locks the closed-loop frequency of the voltage-



38 COMPLETE WETTING OF HELIUM ON GRAPHITE

217 ,
216
2115 \
2114 i
z 1]
S au3 b -
(&) .
2 — « —
z :
o | I 1 | | | ! ! |
S o o0z 04 06 08 10
e
T T T T
2134} .
* .. T=1980K ]
2133 . i
L (b) .
2132+ t
| | | 1
085 090 095 1.0
P/P,

FIG. 5. Resonant frequency of the fiber as a function of pres-
sure for (a) “He above and below T (b) *He at T=1.980 K. P,
is the saturated vapor pressure. The inset shows the data at 2.25
K on an expanded scale close to Py.

controlled oscillator in the lock-in amplifier to the reso-
nant frequency. The power dissipation due to the drive
current is typically less than 40 pW resulting in a temper-
ature rise in the fiber less than a few microkelvin. Small
doses of ultra-high-purity helium are added to the cell
and the resonant frequency is measured as a function of
pressure. Typical results are shown in Fig. 5.

IV. RESULTS AND DISCUSSION

For pressures well below the saturated vapor pressure,
Py, the frequency shift is due almost entirely to the added
inertia of the surrounding vapor. The hydrodynamics of
a cylinder oscillating in a viscous fluid was first worked
out by Stokes.?® The resonant frequency f of the fiber at
some gas density p, due to the viscous drag is
172
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where f is the resonant frequency in vacuum, p, the
density of the fiber, and k the Stokes k function. This
coefficient k is a nonlinear function of the dimensionless
parameter g given by
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where 7 is the radius of the fiber and 7 the fluid viscosity.
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The value of k changes most rapidly when g is small caus-
ing the frequency to change more rapidly at low gas pres-
sures.

Close to P, the frequency drops quickly with increas-
ing pressure due to the added mass of the film. For a film
of thickness d and density p; the shift in the resonant fre-
quency due to a film absorbed on the surface of a cylinder
is

Af __Prd

I oo 7 (3)

As can be seen from Fig. 5 there is essentially no
difference in the wetting behavior above and below the A
point. Several *He runs were done from 2.0 to 2.8 K and
all runs show the same wetting characteristics. Our value
of Af/f at P, above and below T, is in good agreement
with the data of TS below T,. Only one *He run was
done and is shown in Fig. 5(b). The smaller frequency
drop is due to primarily the smaller value of the liquid
density. Our pressure resolution is sufficient to indicate
that the film is thickening continuously as P, is ap-
proached. The inset in Fig. 4 shows an example of the
frequency shift due to the film close to P, on an expanded
pressure scale. Quantitatively similar results have been
obtained using a P-130X fiber with an operating frequen-
cy of 23 kHz, indicating that our results are independent
of fiber type and frequency. It is with this fiber that three
steps were found in the Xe isotherm shown in Fig. 3.

When an adsorbate completely wets a substrate, the
film thickness is usually compared with the Frenkel-
Halsey-Hill (FHH) relation?*

ksT P, |~
In—

= 1™

, 4)

where a(d) characterizes the strength of the absorbate-
substrate interaction and the —1 exponent reflects the
nature of the van der Waals attraction. The FHH rela-
tion can be considered as an approximation of the DLP
theory in the region where the film is of intermediate
thickness, it is of sufficient thickness (more than two or
three layers) that continuum approximation of the sub-
strate is valid and not so thick that retardation effect be-
comes important.”> In our experimental configuration,
two corrections are expected:'?

—1/3 —-1/3

mgh
kg T ’

ln-—£+—ov
P rkyT

(5)

where m is the mass of a helium atom, o the liquid-vapor
surface tension, v the volume per atom, r the radius of the
fiber, and & =0.5 cm is the height of the fiber from the
bottom of the sample cell. The value of the surface ten-
sion term is 2.0X107* K and the gravity term is
2.4% 1073 K. Therefore, these two correction terms be-
come significant when the pressure is within 0.1% and
0.01%, respectively, of the saturated vapor pressure. We
have used the distance from the fiber to the bottom of the
sample cell instead of the distance to the pressure gauge
because we observed no difference in film thickness before
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and after the pressure gauge was installed. This is
reasonable because the pressure gauge is probably at a
slightly higher temperature than that of the sample cell.
The gauge, as shown in Fig. 4, is cooled through the sam-
ple cell. In any case, and as discussed above, the gravity
term is negligible except for pressure very close to P;
even then the film thickness may be dominated by the
possible surface tension term.

Because of the additional surface area, Eq. (3) is not
strictly applicable to graphite fibers used in our experi-
ment. In the data analysis on the microbalance results
we have found that a correction factor to the geometric
surface area of 2.7 gives the best agreement between
theory and experiment. A value of (43 K)ka(layers)3
(Ref. 26) is used for a(d) in Egs. (4) and (5). For helium
and our experiment setup, this corresponds to a frequen-
cy shift of 0.03 Hz per layer. This correction factor is
higher than the factor of 2 determined from the
volumetric adsorption isotherms. We can think of at
least two possible explanations for the discrepancy.
Firstly, our assumption of uniform diameter and specific
surface area for each fiber used in arriving at the simple
geometrical surface area is unlikely to be exact. Electron
microscope pictures taken by us and other workers'>?’
on several fibers found a variation of diameter of at least
10%. Secondly, the fiber used in the microbalance mea-
surement was heated in situ to at least 600 K inside a
copper cell that was maintained at 4.2 K. Such a clean-
ing procedure was not possible for the bundle of fibers
used in the volumetric vapor pressure isotherm study.
Based on our experience with exfoliated graphite sub-
strates, less rigorous cleaning of the substrate often re-
sults in smaller specific surface area.

An analysis of the T'=2.251 K isotherm is shown in
Fig. 6. A “background” isotherm done at T =2.45 K,
consisting almost entirely of the hydrodynamic frequency
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FIG. 6. Analysis of the T'=2.251 K isotherm according to
Eq. (5). The scale on the right indicates the number of layers us-
ing a value for the sensitivity of 0.03 Hz/layer. The solid line is
the theoretical curve calculated from Eq. (5) showing an ex-
ponent of — % Data are plotted accounting for (solid dots) and
neglecting (crosses) the effect of surface tension. For compar-
ison the dashed line is drawn with an exponent of —0.3.
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shift is subtracted off the 2.251 K isotherm leaving Af,
that part of the frequency shift due to the film. We have
found experimentally that for small changes in tempera-
ture the hydrodynamic contribution can be regarded as
essentially pressure dependent. This procedure slightly
underestimates the true frequency shift because Eq. (4)
predicts that the background taken at 2.45 K also con-
tains approximately three layers when the pressure is at
the value corresponding to P, at 2.251 K. This three lay-
ers correction is subtracted from the 2.45 K isotherm to
be the true hydrodynamically corrected background for
the 2.251 K isotherm. It is evident from Fig. 6 that our
data are in good agreement with the theoretical predic-
tion, including the expected — 1 exponent. It should be
noted that data shown in Fig. 5 ranges from P/P;,=0.88
to 0.9999 or three decades in In(P/P;). To our
knowledge the only other quantitative study of the wet-
ting properties of *“He on graphite compares their data
from P/Py=0.75 to approximately 0.99, or slightly more
than one decade in In(P,/P) (Ref. 9). The reduced pres-
sure range in Fig. 6 is comparable to the experiment of
Sabisky and Anderson.”

Because the surface is partly comprised of flat facets
with dimensions larger than the film thickness, it is possi-
ble that the correction term in Eq. (5) overestimates the
surface tension effect. In Fig. 6 the data are also analyzed
without the surface tension term. The sign and magni-
tude of the deviation of the data from the —1 straight
line as P approaches Py is consistent with the retardation
effect expected of very thick films.2> However, a quanti-
tative comparison of the 3He and *He data in Fig. 5 ap-
pears to support the existence of the surface tension
effect. Using Eq. (5) we have calculated the theoretical
change in film thickness from P/P;=0.99 to 1.00 for
both *He and *He with and without the surface tension
term. Values for the surface tension of *He and “He were
taken from Ref. 28. From Eq. (3) we then calculate the
ratio of the expected frequency shift for *He to that of
“He over the same reduced pressure range. When the
surface tension term is included this theoretical ratio is
0.74, experimentally we measure a value of 0.77. If the
surface tension term is omitted, the value of the ratio be-
comes 0.59. Therefore, although the fiber is not a perfect
cylinder of radius 7, our experimental results clearly sug-
gest that we treat the surface as having an average radijus
of curvature close to the macroscopically measured
value. When the surface tension term is included in the
analysis, it is evident from Fig. 6 that we do not observe
the effect of retardation. It is possible that size effects,
which tend to produce a thicker film than what is pre-
dicted from Eq. (5) [Ref. 29], are nearly canceling out the
effect of retardation.

An important point to consider is whether or not the
ridge-trough structure of the basal plane facets affects the
wetting nature of the film. We have evidence clearly indi-
cating that it does not. Using this same microbalance
technique, we have done isotherms of N, above and
below the triple point T,. Below T, the frequency versus
pressure scan indicates the formation of a film of N, only
a few layers thick. As 7, is approached from below, a
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continuous increase of the maximum film thickness is
found. Above T,, complete wetting is found. This is con-
sistent with triple-point wetting of a wide number of phy-
sisorbed systems observed by a number of other tech-
niques.>!'** The growth mode of Ar on graphite is re-
cently studied by Bruschi, Torzo, and Chan?’ also using a
vibrating microbalance technique with P-100 and P-120
fibers. Instead of passing ac current through the fiber the
fiber is set in resonance by mechanical means. Triple-
point wetting and excellent agreement with the FHH
equation is found over two and a half decades in reduced
temperature [8X 1075 <t =(T,—T)/T, <107%] and be-
tween P/P,=0.92 and P/P,=0.999 68, slightly less
than three decades in In(P,/P). These authors reported
their data in terms of mass loading rather than film thick-
ness. Their data are also consistent with the interpreta-
tion that the available surface area for adsorption is
much more than that of the geometrical value. These re-
sults on the triple-point wetting systems and the apparent
nonwetting result of *He in the presence of a temperature
gradient, discussed below, lead us to conclude that the
ridgelike surface structure contributes only extra surface
area but does not alter the wetting behavior of the ad-
sorbed film. Electron micrograph pictures on the cross
section of a broken fiber indicate the amplitude of the
ridge-trough surface structures is also on the order of 0.1
pm, similar to that of the width. Since the maximum film
thickness in our experiment is only on the order of 100 A,
we do not expect capillary condensation on the surface to
be of importance for most of the thickness range of our
experiment (see thickness scale in Fig. 6). The fact that
we do not see any upward deviation from the expected
and observed-1 power law in Fig. 6 is consistent with this
interpretation.

Because of the similarities between our experiment and
that of TS, we think the most reasonable explanation of
the conflicting results is that the apparent nonwetting
they observe is a result of temperature inhomogeneities in
their sample cell which may be a result of their particular
method of temperature regulation. We were able to
simulate incomplete wetting above T', in the following
manner. By adding a small amount of “He exchange gas
into the vacuum can (VC), the entire low-temperature ap-
paratus reaches a temperature close to that of the bath.
Then, with enough gas in the sample cell to be at P over
the desired temperature range, the exchange gas in the
VC is pumped out and the cell is controlled 0.2 K warm-
er than the bath. In contrast to the experimental
configuration described above, a strong thermal link
(thick copper foil) is now installed connecting the bath
and the fill-line capillary at the location of the fill-line
thermometer. This thermal link ensures that the ther-
mometer region of the capillary is now at a lower temper-
ature than the cell and close to the lowest temperature in
contact with the helium gas. What we found is that heli-
um gas condenses out at this spot leaving the cell under-
saturated, giving rise to an apparent incomplete wetting
observation on the fiber. While maintaining the tempera-
ture of the sample cell, the bath is then allowed to warm
up slowly causing the fill line also to warm up. As the
temperature of the fill line approaches that of the cell,
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FIG. 7. Resonant frequency of the fiber as a function of the
temperature difference between the sample cell and the fill line
above T;,.

helium gas in the cell approaches saturation and the fre-
quency of the fiber drops. Figure 7 shows the resonant
frequency as a function of the temperature difference be-
tween the sample cell and the cold point on the capillary.
The relative temperature scale is established by cross cali-
brating the fill line and sample cell thermometer with the
VC saturated with helium gas. The transition from a film
only a few layers thick to a completely wet thick film
takes place over a temperature range of about 5 mK. We
attempted to repeat the same procedure below T, but
found it difficult to keep the fill line colder than the sam-
ple cell for a time long enough to take data, presumably
because of the large thermal conductivity of the film.

The above result does not explain the *He result of TS,
where their sample cell is immersed in superfluid. One
possibility is that the incomplete wetting is actually a
metastable state resulting from temperature fluctuations.
By making a small temperature change after the com-
pletion of an isotherm, we also found that the resonant
frequency changes to a value that indicates incomplete
wetting. The recovery to the expected wetting value
often requires more than 2 h. This indicates that true
equilibrium conditions are extremely important at and
close to P,

Since we have characterized the graphite fiber sub-
strate in substantial detail, and we have studied a number
of different systems, we are able to give reasonable ex-
planations of a number of anomalous results reported in
other papers. In the original experiment using the graph-
ite fiber microbalance, Bartosch and Gregory reported an
adsorption exponent for O, films below the triple point
significantly different from the expected — 1 value. These
authors have failed to take into account both the “extra”
surface area and the hydrodynamic background. Below
T, where there exists a film only a few layers thick, the
frequency shift is dominated by the hydrodynamic drag.
Failure to account for this effect would certainly lead to
an erroneous value for the adsorption exponent. In con-
trast, Bruschi, Torzo, and Chan,?’ as stated previously,
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do see the expected — 1 exponent in their vibrating fiber
experiment of Ar on graphite, when the hydrodynamic
effect is substracted. It is also worth pointing out that
Bartosch and Gregory have apparently mistaken the ini-
tial hydrodynamic frequency drop to be evidence of the
first layer. In another experiment, Taborek has studied
several classical liquids above their respective triple
points.’! Whereas the hydrodynamic and surface tension
effects were properly accounted for in the experiment, the
“extra’ surface area apparently was not. In the latter pa-
per, P-120 fibers, same as those used here, and fibers
grown by pyrolysis of a hydrocarbon vapor were used by
Taborek. In contrast, Thornel-type fiber, also manufac-
tured by Amoco but of lower quality than P-120 were
used by Bartosch and Gregory.

In summary, using the graphite fiber microbalance
technique we have found complete wetting of helium on
graphite above and below the A point. Moreover, we
have demonstrated experimentally that incomplete wet-
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ting found previously is probably a thermal artifact. A
more careful characterization of the graphite fiber surface
has revealed that the actual surface area of the fiber is at
least twice the geometric surface area. When the addi-
tional surface area is taken into account, we find excellent
agreement between our data and that predicted from the
Frenkel-Halsey-Hill model of adsorption.
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FIG. 1. Scanning electron micrograph of a P-120 graphite
fiber. Note the ridge-trough structure of the long and narrow
basal-plane facets that run parallel to the fiber axis. The white
bar indicates a scale of one micron.



