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Abstract

We report an experimental study of wavelength dependent interfacial tension of liquid Ga using X-ray surface

diffusion scattering. The observed surface tension can be explained by Mecke–Dietrich formalism derived from a

microscopic density functional theory when the known stratified liquid–vapor interfacial density profile of Ga and a so-

called individual local pseudo-potential for the pair-interaction potential of liquid metal are used. The quantitative

behavior of the surface tension as a function of wavelength is very sensitive to the forms of both the interfacial density

profile and the asymptotic part of the pair-potential, and is different from that observed from several dielectric liquids

reported previously (Nature 403 (2000) 871; Phys. Rev. Lett. 90 (2003) 216101).

r 2004 Elsevier B.V. All rights reserved.

PACS: 68.03.Cd; 61.10.Nz; 68.03.Fg

Keywords: Liquid surfaces; X-ray surface scattering; Liquid metals

Liquid surfaces are rough at the atomic length
scale. Contributions to the interfacial height
fluctuations of a one component liquid are from
thermal fluctuations and gravity. A fundamental
problem in thermodynamics is to find an accurate
effective Hamiltonian, H, for the description of the
interfacial height–height correlation function. Phe-

nomenological capillary wave theory has been
used to derive the height–height correlation func-
tion, given, in the wave vector space, as

/zðqÞzð�qÞS ¼
1

A

kBT

ðrl � rvÞg þ gq2
¼

1

A

kBT

HðqÞ
; (1)

where A is the area of interface, g is the gravity, q

is the wave vector transfer, rl and rv are the
densities of the liquid and vapor, respectively. In
this representation, g is the macroscopic interfacial
tension and is independent of q [3]. Schwartz et al.
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have first tested Eq. (1) on the surface of water
down to a sub-micron length scale [3]. Their
measurements of X-ray surface diffuse scattering,
using a second generation synchrotron source, off
the height fluctuations at the liquid–vapor inter-
face of water proved that the capillary wave model
for surface roughness can be accurately extended
to a length scale of 400 (A: This was two orders of
magnitude shorter than what had been measured
with laser light scattering previously.

Recently, the height–height correlation function
for several dielectric liquids was measured up to q

values that are beyond qmax � 2p=R (R is at the
first maximum of the pair distribution function),
and the results indicated that the capillary wave
representation of the Hamiltonian is not valid at a
length scale near the bulk correlation length.
Mecke and Dietrich presented a HðqÞ derived
from a microscopic density functional theory for
an inhomogeneous liquid [4], and predicted that,
by defining a wavelength-dependent surface ten-
sion, gðqÞ; the Hamiltonian can be written as

HðqÞ � q2gðqÞ: (2)

This wavelength-dependent surface tension is
sensitive both to the interfacial density profile
and the pair interaction potential of the liquid.
Their theory agreed with the measured height
correlation functions of various dielectric liquids
satisfactorily, when interfacial density profiles
appropriate for those liquids and a pair interaction
in the liquid asymptotically decaying as 1=r6 were
used to derive gðqÞ: The resulting gðqÞ=gð0Þ was
found to decrease as q approach qmax; reach a
minimum value when q=qmax � 0:2 � 0:1; and then
increase strongly as q increases.

In this report, we describe the interfacial
height–height correlation function of liquid Ga
determined by an X-ray diffuse scattering mea-
surement. The liquid–vapor interfacial density
profile of a liquid metal is stratified, that is, non-
monotonic, and the asymptotic falloff of the
effective pair interaction potential has a very
different form from that of a dielectric liquid
[1,2]. Remarkably, we find that the observed gðqÞ
for liquid Ga is similar to that for the dielectric
liquids previously reported, namely gðqÞ=gð0Þ is
also found to decrease monotonically to a mini-

mum near qmax and then increase strongly there-
after. Nevertheless, the location and magnitude of
the minimum of gðqÞ=gð0Þ for the former differ
significantly from that for the latter, and are very
sensitive to both the shape of the density profile
and the asymptotic form of the effective pair
interaction potential.

The X-ray surface diffuse scattering measure-
ment for liquid Ga was carried out at ChemMat-
CARS, Sector 15ID at the Advanced Photon
Source, Argonne National Laboratory. The high-
vacuum sample chamber used in the measurement
and the detailed sample preparation procedure
have been described elsewhere [5,6]. In this
experiment, liquid Ga was kept at 35 1C and at
5 � 10�10 Torr: The experimental setup is illu-
strated in Fig. 1 and detailed performance of the
liquid surface spectrometer was reported elsewhere
[7,8]. X-ray beam (l ¼ 0:8504 (A) was steered down
to the liquid surface with a Si(1 1 1) crystal at a
grazing angle, a; of 0:131; smaller than the critical
angle of liquid Ga (0:191).

Surface diffuse scattering data were collected in
an in-plane geometry (as a function of in-plane
angle, f) with a fixed pickup angle, b; of 31: Sinha
et al. [9] showed that if the incident and pickup
angles are kept small (so that the wave vector
transfer along the normal of the surface, qz; is
negligible compared to that along the plane qxy),
then the intensity of the diffuse scattering, Idiff ; is
directly proportional to the height–height correla-
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Fig. 1. Schematics for the experimental setup. X-ray diffuse

scattering was measured in an in-plane geometry as a function

of f with fixed grazing incident angle, a; and pickup angle, b: S1

represents horizontal and vertical collimation slits for the

incident beam, and S2 and S3 represent two sets of horizontal

and vertical collimation slits, respectively, for the detector.
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