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Abstract. Measurements are presented of the X-ray specular reflectivity and near-specular diffuse scat-
tering of the interface in a near-critical mixture of hexane and perfluorohexane. A lineshape analysis of
the scattered intensity at each temperature yields values for the interfacial tension and interfacial width.
The temperature variation of the tension and width so-obtained are consistent with current understanding
of this interface, which holds that there is, firstly, an intrinsic width over which the fluid density varies
smoothly from one coexistence composition to the other, and, secondly, that the interface acquires an
additional and larger statistical interfacial width as a result of capillary fluctuations.

PACS. 82.70.Dd Colloids – 42.25.Kb Coherence

1 Introduction

The character of the interface in a binary fluid mixture
near its consolute point remains a topic of longstanding in-
terest [1–8]. Current understanding of this interface holds
that there is, firstly, an intrinsic width over which the fluid
density varies smoothly from one coexistence composition
to the other, and, secondly, that the interface acquires an
additional statistical interfacial width as a result of cap-
illary fluctuations. Both contributions to the interfacial
width increase dramatically as the temperature increases
towards the consolute point, where the interface ceases to
exist.

In previous experimental work on this topic, the role
of capillary fluctuations in roughening and broadening the
interface was inferred from their effect on the specular re-
flectivity and ellipticity of light reflected from the inter-
face in question. In particular, the interfacial width, de-
termined from measurements of the specular reflectivity,
was considerably larger than could be accounted for based
on theoretical calculations of the intrinsic width alone. In
the present paper, we describe measurements of the X-ray
specular reflectivity carried out to determine the interfa-
cial width in a near-critical binary fluid mixture of hexane
and perfluorohexane [9]. We simultaneously measured the
near-specular X-ray diffuse scattering originating in lat-
eral inhomogeneities of the interface, due to capillary exci-
tations. Our measurements directly confirm the existence
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of large-amplitude capillary modes at the interface. The
observed intensities of the diffuse and specular scattering
allow us to determine the interfacial tension and interfa-
cial width by means of a comparison to model profiles,
parameterized by these quantities, and then least-mean-
squares fit to the experimental data. Our fitting results are
consistent with an interfacial tension that varies as the re-
duced temperature raised to the power 2ν = 1.26, where
ν is the correlation length exponent of the three dimen-
sional (3D) Ising universality class [10]. The fitting results
also confirm that as a practical matter the major contri-
bution to the measured interfacial width of a near-critical
interface is a result of interface roughness due to capillary
modes. However, they do indicate the existence of an ad-
ditional intrinsic contribution to the total interface width.
On the technical side, these experiments further demon-
strate the utility of X-ray techniques for the investigation
of interfacial, and not only surface, morphology.

2 Theoretical background

2.1 Interfacial roughness

A nominally flat and smooth fluid interface at thermal
equilibrium will be subject to thermal fluctuations – that
is, there will be capillary modes – and consequently the
interface will acquire a certain roughness [2]. In this sec-
tion, we review the derivation of approximate expressions
for the root-mean-square (rms) roughness and also for cer-
tain related correlation functions. Our approach follows
that of reference [11] and references therein.
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The interfacial energy is given by

H =

∫
d2r

{
γ
√

1 + (∇h)2 +
gρ

2
h2
}
, (1)

where r = (x, y), h is the deviation of the interfacial height
from its equilibrium location (taken to be at z = 0), γ is
the interfacial tension, g is the gravitational acceleration,
and ρ is the difference in density between the fluid on ei-
ther side of the interface. The first term is energy due to
the interfacial area, and second term is a gravitational en-
ergy assuming that the interface is on-average horizontal.
On the basis of an approximate mode-coupling calcula-
tion for an interface between simple fluids, Meunier [12]
has suggested that equation (1) may be satisfactorily rep-
resented as
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∫
d2r

{γ
2

(∇h)2 +
gρ

2
h2 +

κ

2
(∇2h)2

}
, (2)

where κ = 3kBT/8π is an effective bending rigidity. Ap-
plying the equipartition theorem to equation (2), it follows
that

〈|hq|
2〉 =

kBT/A

γq2 + gρ+ κq4
, (3)

where q = (Qx, Qy), q = |q|, A is the interfacial area, and
hq is the amplitude of the capillary mode of wavevector
q, so that

h(r) =
A

2π

∫
d2qhqeiq·r. (4)

Of particular relevance to the present paper is the height-
height correlation function [g(r)], which is given by

g(r) = 〈h(r)h(0)〉 =
A

4π2

∫
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The integral of equation (5) may be evaluated in closed
form as follows:
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where J is the Bessel function andK is the modified Bessel
function. From the height-height correlation function, we
may obtain the mean square interfacial roughness (σ2 =
g(0)) as

σ2 =
kBT

2π
√
γ2 − 4gρκ

ln

√
γ +

√
γ2 − 4gρκ

γ −
√
γ2 − 4gρκ

· (7)

(For small arguments K0(z) ' − ln z + 0.11593.)
Equation (7) may be written more economically if we

define ζ ≡
√
κ/γ, which may be interpreted as the short-

est wavelength for capillary modes, and Lg ≡
√
γ/gρ,

which is the capillary length. In terms of these quantities
and further introducing s ≡

√
1− 4(ζ/Lg)2, the height-

height correlation function may be written
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and the mean square roughness may be written

σ2 =
kBT

2πγs
ln

√
1 + s

1− s
· (9)

In passing, it is worth noting that these expressions may
be useful in the case of thin films on a substrate, where the
van der Waals interaction between the film and the sub-
strate tends to suppress fluctuations in just the same way
as gravity, so that Lg =

√
2πγd4/A, where d is the film

thickness, andA is the appropriate Hamaker constant [13].
It is evident that equations (8, 9) are only sensible for

Lg > 2ζ. In reality, Lg is usually much larger than ζ, so
that

g(r) '
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(10)
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)
. (11)

2.2 Near-critical fluid interface

In this section, we briefly review the properties of near-
critical fluid mixtures and of the interface between them
in the neighborhood of their consolute point at a criti-
cal temperature of Tc and critical density ρc, where the
interface ceases to exist. The difference in density, be-
tween the two phases is ρ = Aρct

β, where A is a con-
stant, t = (Tc − T )/Tc is the reduced temperature, and
β ' 0.32 is the order-parameter critical exponent for
the universality class of the 3D Ising model. Near the
consolute point, it is generally accepted that the inter-
facial tension varies as the inverse square of the cor-
relation length, i.e. γ = BkBTc/ξ

2 = BkBTct
2ν/ξ2

0 ,
where ξ = ξ0t

−ν is the bulk correlation length below
Tc, and ν = 0.63 is the 3D Ising correlation length ex-
ponent. Moreover, according to to the principle of two-
scale factor universality, B ' 0.10 is a universal constant
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[14,15]. It follows that ζ =
√

(3/8πB)ξ0t
−ν = 1.09ξ0t

−ν

and Lg =
√

(BkBTc/gAρcξ
2
0)tν−β/2.

According to reference [4], the intrinsic interfacial den-
sity profile in the direction perpendicular to the interface
(z) is well approximated by

ρ1(z) =
(ρ1 + ρ2)

2
+

(ρ1 − ρ2)

2

√
2 tanh(z/2ξ)√

3− tanh2(z/2ξ)
, (12)

where ξ is the bulk correlation length, and ρ1 and ρ2 are
the densities of the coexisting phases. It turns out that
equation (12) is numerically close to an error function with
a one-sigma width of w ' 2ξ [3], i.e.

ρ1(z) '
(ρ1 + ρ2)

2
+

(ρ1 − ρ2)

2
erf(z/

√
22ξ). (13)

The form of the mean density profile produced by capillary
fluctuations is an error function. The statistical one-sigma
width of interfacial density profile may be written using
the expressions given above as σ = 1.26ξ

√
ln(Lg/ζ). Usu-

ally, Lg/ζ will be large, so that σ may be expected to
be several times ξ. For example, using the values of ρ
and γ presented below in Sections 4.1 and 4.2, respec-
tively, we find for near-critical hexane-perfluorohexane
mixtures that log(Lg/ζ) ' log(6.27 × 106) + 1.1 log(t) '
12.3 (9.7) and σ ' 4.4ξ (3.9ξ) at a reduced temperature
of 0.05 (0.005). Under these circumstances, the dominant
contribution to the total interfacial width is expected to
be associated with capillary modes. It should be noted
however that ζ diverges while Lg vanishes as the conso-
lute point is approached. It follows that the discussion of
Section 2.1 breaks down very close to but below Tc.

2.3 X-ray scattering from an interface

The X-ray scattering from an on-average flat and abrupt
interface, separating fluid medium 1 from fluid medium 2,
consists of a specularly reflected component and a diffuse
component. Expressions for the specular and diffuse com-
ponents within the distorted-wave Born approximation in
terms of the interfacial roughness and the height-difference
correlation function have been given in reference [16]. It
is worthwhile emphasizing that two aspects of the present
experiment facilitate the separation of the specular and
diffuse scattering: first, the especially low interfacial ten-
sion near a consolute point renders the diffuse scattering
of larger intensity and of greater width (because of the
smaller capillary length) than in the more usually studied
case of a fluid-vapor interface. The second factor is the
very fine angular resolution that we employed within the
scattering plane.

The specular reflectivity for X-rays incident (and re-
flected) at an angle α is

R(α) = RF(α)e−σ
2QzQ

t
z , (14)

where

RF(α) =
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sinα−
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sinα+
√

(n2/n1)2 − 1 + sin2 α
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2

, (15)

is the Fresnel reflectivity of an interface separating me-
dia of refractive indices n1 and n2, respectively, Qz =
k1(sinα+ sinβ) is the scattering wavevector in medium 1
(k1 is the X-ray wavenumber in medium 1 and β is the
scattering angle with respect to the interface), and

Qtz = k1

[√
sin2 α+

n2
2

n2
1

− 1 +

√
sin2 β +

n2
2

n2
1

− 1

]

is the wavevector in medium 2. It is worth noting that
for X-radiation propagating in a medium (medium j)
containing only elements of relatively low atomic num-
ber, as in the present experiment, the refractive index is
nj = 1− δj − iεj , with δj = r0λ

2
jρj/2π and εj = λj/4πΛj,

where r0 is the Thomson radius of the electron, λj is the
X-ray wavelength in medium j, ρj is the electron density
of medium j, and Λj is the X-ray absorption length in
medium j. The critical angle for total external reflection
is then αc '

√
2(δ2 − δ1) =

√
r0λ2(ρ2 − ρ1)/π.

We now turn to the diffuse scattering. In the present
experiment the detector acceptance in the direction per-
pendicular to the scattering plane (the Qy direction) is
very large. It follows that the measured intensity is effec-
tively an integral over Qy. Therefore, the resultant inten-
sity of near-specular diffuse scattering as a function of Qx
is predicted to be

ID/IO =
T (α)T (β)r2

0λ1(ρ2 − ρ1)2e−σ
2[(ReQtz)2−(ImQtz)2]

sinα|Qtz|
2

×

∫ ∞
0

dxeiQxxe−x
2∆Q2

x/16 ln 2
(

e|Q
t
z |

2g(x) − 1
)
,

(16)

where ID/IO is the ratio of the diffuse to the incident
intensities and

T (α) =

∣∣∣∣∣∣ 2 sinα

sinα+
√

sin2 α+ (n2/n1)2 − 1
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2

(17)

is the Fresnel transmissivity of the interface, and ∆Qx =
Qz∆β/2, with ∆β the full-width-at-half-maximum of the
detector angular acceptance within the scattering plane,
which we take to be Gaussian. As discussed in refer-
ence [11], equation (16) displays no dependence on the
horizontal detector acceptance because the scattering, al-
though in principle diffuse, is sharply peaked while the
horizontal acceptance is large, so that all scattered X-rays
are collected.

So far in this section, we have supposed an abrupt
interface, in which case equations (14, 16) supplemented
by equations (8, 9) constitute a complete description
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of the X-ray scattering. In this regard, it is notable that,
assuming that the density difference between the coexist-
ing phases is known, which will indeed be the case, the
only quantity determining interfacial properties is the in-
terfacial tension. For an interface possessing an additional
intrinsic width (w), it is shown in reference [20] that we
may continue to employ equations (14, 16), and to reinter-
pret σ as the total interfacial width, including the intrinsic
width as well as the statistical width, i.e.

σ2 = w2 +
kBT

2πγ
ln

(
Lg

ζ

)
. (18)

Supposing that w = w̃ξ, where w̃ is a constant, we may
express the total interfacial width as

σ = ξ
√
w̃2 + 1.58 ln(Lg/ζ). (19)

As discussed above, we may expect w̃ ' 2.

3 Experimental methods

Measurements of the X-ray reflectivity and near-specular
diffuse scattering have emerged as an important means to
study the microscopic and mesoscopic structure through
and across an interface. These techniques have been used,
for example, to study capillary wave fluctuations at the
vapor-liquid [11,17,18] and liquid-liquid interface [19].
There is in addition a substantial and rapidly growing lit-
erature describing the application of neutron reflectivity
to polymer interfaces [21]. In order to apply X-ray meth-
ods to a near-critical liquid-liquid interface, we first had
to overcome a number of problems.

One obstacle is the upper liquid phase itself which
attenuates the incident and reflected X-ray beams. Fol-
lowing the experiments described in reference [19], this
difficulty was similarly mitigated by using a relatively
high X-ray energy in the present experiments, which is
available at MIT-IBM beamline X20B at the National
Synchrotron Light Source (NSLS). Specifically, we used
X-rays of wavelength λ = 0.714 Å, corresponding to an
energy of 17.4 keV.

Another problem is that using higher energy X-rays
unavoidably reduces the critical angle for total external
reflection, which is in any case small for a near critical in-
terface, because the densities of the two coexisting phases
approach each other as the consolute point is approached.
Fortunately, the high X-ray brightness available at the
NSLS allows highly collimated X-ray beams to be used.
Nevertheless, to have as-large-as-possible a critical angle
and to enhance the interfacial diffuse scattering as much as
possible, we chose to examine the interface in mixtures of
hexane (C6H14) and perfluorohexane (C6F14), which were
found to exhibit a consolute point at Tc = 295.8 K and
ρc = 1.14 gcm−3 in reference [9]. We used 98%-pure per-
fluorohexane from PCR Inc. of Gainsville, Florida, and
99.5%-pure hexane from Fluka without further purifica-
tion. The densities of hexane and perfluorohexane are

- - - - - - - - -- - - - - - - - -
α β

   Brass First Stage
Temperature Controlled
          Housing

Second Stage
Temperature
  Controlled
     InsertsTo Detector

Z

Y

X

Acrylic
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Liquid
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Fig. 1. Experimental setup for measuring the X-ray scatter-
ing from a binary fluid interface. The incoming and outgoing
X-ray beams are in the X − Z plane and at angles α and β
from the horizontal interface.

ρH = 0.659 gcm−3 and 1.69 gcm−3, respectively. The dif-
ference in their densities is therefore relatively large for
fluid pairs exhibiting convenient consolute points. Even
so, near the consolute point (which we found to occur at
Tc = 295.17 K and ρc = 1.141 gcm−3, in fair agreement
with Ref. [9]) the critical angle is typically hundredths
of degrees. At such low angles, in addition to fine angu-
lar resolution, it is also necessary to employ small beam
dimensions, and relatively large sample areas, so as to
contain the X-ray footprint within the sample area of in-
terest. Possible complications associated with interfacial
curvature near the walls of the cell indicate that a rel-
atively large interfacial area should be used, in conflict
with the requirement that the sample diameter not signif-
icantly exceed the X-ray absorption length. However, the
small interfacial tension and consequently small capillary
length ameliorate this problem somewhat in near critical
mixtures. The absorption lengths of pure hexane and pure
perfluorohexane are ΛH = 3.00 cm and ΛF = 0.452 cm,
respectively.

The experimental setup is depicted in Figure 1. Except
for the smaller sample cell and fine temperature control
inserts, it is identical to that described in reference [19].
The incoming beam was tilted downward by an angle α
using the Bragg reflection from a single Ge(111) crystal.
The liquid sample was held in a cylindrical acrylic cell
with polyvinylidene fluoride [−(CF2CH2)n−] windows in
order to reduce preferential wetting, and thus meniscus, as
much as possible. The inner diameter of the sample cavity
was 2.5 cm, and to reduce mechanically induced interfacial
vibrations its height was 1 mm [22]. This cell was placed
in a brass housing which provided rough temperature con-
trol (±0.1 K). Fine temperature control (±0.005 K) was
provided by a pair of Peltier heat pumps located close
to the sample cell. This assembly was located on a verti-
cal stage which was adjusted, depending on the incidence
angle, such that the incoming beam always hit the cen-
ter of the interface. The detector was located on a sec-
ond vertical stage and was adjusted so that the signal
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scattered at the desired angle β was sampled. A pair of
slits located just before the sample was used to define the
vertical (5 µm) and horizontal (1 mm) widths of the beam
and thus the illuminated sample area. With this configura-
tion, the beam footprint on the sample at the critical angle
was small enough to reside completely on the fluid-fluid
interface, even at the smallest angles studied. A second
pair of slits placed just before the detector defined the
vertical angular acceptance to be 2 × 10−5 radians while
leaving the horizontal angular acceptance essentially wide
open.

Attenuation of the X-ray beam provides one important
benefit in that it allows a simple and convenient means
for determining the phase diagram. Specifically, at each
temperature the sample height was varied and the X-ray
transmission through the two coexisting phases either side
of the interface was measured, enabling the density of each
phase to be deduced as a function of temperature. This is
accomplished as follows. The fraction of X-rays transmit-
ted through phase j (Pj) is related to the X-ray attenua-
tion length (Λj) and the thickness of the sample cell (d)
via

Pj = e−d/Λj . (20)

It is then straightforward to show that the volume fraction
of perfluorohexane in phase j is

fj =
− lnPj/d− Λ

−1
H

Λ−1
F − Λ

−1
H

, (21)

so that the density of phase j may be deduced as

ρj = fjρF + (1− fj)ρH. (22)

Using the values of ρj and Λj measured at each tempera-
ture, the X-ray refractive index of phase j may be deter-
mined at each temperature.

4 Results and discussion

4.1 Phase diagram

The hexane-perfluorohexane phase diagram, deduced from
the X-ray transmission of each coexisting phase, is shown
in Figure 2 versus temperature and density. The solid cir-
cles are the measured densities. These data are not suffi-
ciently numerous or accurate to improve upon earlier val-
ues for 3D Ising critical exponents. Therefore, we have
chosen to employ the literature 3D Ising critical expo-
nents to describe the data shown here and elsewhere in
this paper [10]. Specifically, the solid line is given by

ρj = ρc(1± 0.5Atβ + Ct1−α) (23)

where t = (Tc − T )/Tc is the reduced temperature, α =
0.11 and β = 0.32 are the specific heat and order pa-
rameter exponents, respectively, of the 3D Ising model
and Tc = 295.17 ± 0.04 K, ρc = 1.141 ± 0.001 g cm−3,
A = 1.899±0.004 and C = 0.51±0.05 are the best values
determined by least-mean-squares fitting. Evidently, the
data are well-described by equation (23).

Fig. 2. Phase diagram of hexane-perfluorohexane near the con-
solute point. Solid circles are data points. The solid line is the
model discussed in the text.

Fig. 3. Measured intensity (circles) versus Qx for several val-
ues of Qz obtained at 286.7 K. The line is the model form
described in the text.

4.2 Interfacial tension

In Figure 3 are profiles showing the observed scattering
versus Qx for several values of Qz, obtained at 286.7 K.
In each profile, the peak at Qx = 0 corresponds to spec-
ularly reflected X-rays. The shape and width of this peak
are determined by the instrumental angular acceptance
and by the interfacial flatness. In particular, we ascribe
the asymmetry of the specular peak in Figure 3 to a slight
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Fig. 4. Measured intensity (circles) versus Qx for several val-
ues of Qz obtained at 293.5 K. The line is the model form
described in the text.

curvature of the interface at this temperature. The inten-
sity of the specular peak evidently decreases with increas-
ing Qz. Away from Qx = 0, there is additional scattering
intensity, which also decreases with increasing Qz. This is
diffuse scattering, which originates from interfacial rough-
ness. With increasing Qz, two peaks emerge symmetri-
cally displaced from the specular location. The displace-
ment of these peaks from the specular position increases
with increasing Qz. In fact, these well-known features, of-
ten called “Yoneda wings” [23], occur whenever the angle
between the interface and the incident or reflected X-ray
beam equals the critical angle for total external reflec-
tion. This is because the Fresnel transmissivity versus an-
gle (Eq. (17)), which appears (twice) in the expression for
the intensity of the diffuse scattering (Eq. (16)), exhibits a
peak at the critical angle. The utility of this phenomenon
in the present experiment is that it is an unambiguous sig-
nature of interfacial diffuse scattering as a result of capil-
lary modes. In particular, the observed diffuse scattering is
not the result of bulk critical fluctuations. (We may expect
that there is scattering as a result of bulk fluctuations near
the interface, which in principle will display Yoneda wings.
However, this scattering is dominated by scattering from
bulk fluctuations from the very much larger illuminated
volume above and not adjacent to the interface, which
would not show Yoneda wings. Consequently, the total of
any scattering from bulk fluctuations will not show the
Yoneda enhancement.)

Analogous data obtained at 293.5 K are displayed in
Figure 4. Qualitatively, these data appear similar to those

Fig. 5. Specular reflectivity (symbols) versus Qz for several
temperatures below the consolute point at 295.17 K. The lines
correspond to the model reflectivity described in the text.

shown in Figure 3. There are important differences, how-
ever. The first is that the relative intensity of the dif-
fuse scattering is larger in comparison to the specular
scattering at 293.5 K than at 286.7 K, suggesting that
the interfacial tension decreases as the consolute point
is approached. Second, the specular peaks appear more
symmetrical than at 286.7 K, corresponding to a flatter
interface at this temperature as a result of the reduced
interfacial tension. The specular peak width at each value
of Qz at this temperature corresponds to what is expected
on the basis of the instrumental resolution. Third, the in-
tensity of the specular scattering decreases much more
rapidly with increasing Qz at 293.5 K than at 286.7 K,
indicating a larger interfacial width at the higher temper-
ature. This behavior is highlighted in Figure 5, which col-
lects the specular reflectivity measured versus Qz at sev-
eral temperatures. In each of these profiles, the reflectivity
is near unity for wavevectors corresponding to incidence
angles less that the critical angle for total external reflec-
tion. The decrease in the critical angle with increasing
temperature corresponds to the decreasing density differ-
ence between the two coexisting phases as the consolute
point is approached. At larger wavevectors, the reflectivity
decreases rapidly. As expected, the fall-off is increasingly
rapid at increasingly higher temperatures. It is apparent
in Figure 4 that the model underestimates the width of
the peak of the Yoneda wings. We do not understand this
observation quantitatively. However, we note that the in-
terfacial roughness near the consolute point is unusually
large. To the contrary, the form of the Fresnel transmis-
sivity, which gives rise to the Yoneda wings, is predicated
on a flat interface. It is therefore perhaps not surprising
that there is a discrepancy.

In order to determine the variation of the interfacial
width and tension with temperature, we fitted the pro-
files obtained at 286.7 K (Fig. 3), at 293.5 K (Fig. 4),
and at several additional temperatures (data not shown)
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Fig. 6. Best fit values of the interfacial tension (circles) at sev-
eral temperatures below the consolute point plotted on a linear
scale. Inset: interfacial tension plotted versus reduced tempera-
ture on a log-log scale. Solid lines correspond to a model power-
law form with the exponent fixed at the expected value of 1.26,
as described in the text.

to the model form

I/I0 = Re−Q
2
x4 ln 2/∆Q2

x + ID/I0 +B, (24)

where R and ID are given by equations (14, 16), respec-
tively, and B represents background scattering, which was
taken to be independent of Qx but not independent of Qz.
Equation (24) was considered a function of Qx and Qz and
for each temperature a single fit was carried out, involv-
ing all of the profiles obtained at that temperature. For
each temperature studied, the quantities varied in the fits
were γ, σ and four parameters to describe the background.
The densities of each phase were determined by measuring
their respective X-ray transmissions, as described above,
and were not varied in the fits. The resultant best fit pro-
files are shown as the lines in Figures 3 and 4. The fits pro-
vide a good description of the data over the whole range
of wavevectors studied and at both temperatures.

The solid lines in Figure 5 correspond to the model for
the specular reflectivity plotted with the best fit parame-
ters. That the critical angle is accurately located at every
temperature confirms that the density difference between
the phases was determined correctly.

The best fit values of the interfacial tension obtained at
several temperatures below the consolute point are plot-
ted in Figure 6. The inset reproduces these results on a
log-log scale. It is apparent that the interfacial tension de-
creases rapidly with increasing temperature, changing by
a factor of more than twenty over the range of temper-
atures studied. As noted above, the interfacial tension is
expected to vary as γ = (BkBTc/ξ

2
0)t2ν , where ν = 0.63 is

the correlation length exponent and B = 0.1 is a universal
constant. Fitting our results for the interfacial tension to
such a power law gives BkBTc/ξ

2
0 = 23.2± 0.8 erg cm−2,

which is shown as the solid lines in Figure 6. Clearly, the

Fig. 7. Best fit values of the interfacial width (circles) at sev-
eral temperatures below the consolute point plotted on a linear
scale. Inset: interfacial width versus reduced temperature plot-
ted on a log-log scale. Dashed lines correspond to the expected
statistical interfacial width (Eq. (11)). Solid lines correspond
to the best fit to equation (19).

model provides an excellent description of the experimen-
tal data. We may deduce that ξ0 = 1.32 Å.

As far as we are aware, measurements of the cor-
relation length for the hexane-perfluorohexane system
are presently not available. An independent measurement
of ξ0 – using small-angle X-ray scattering techniques,
for example – would serve to confirm (or refute) that
B ' 0.1 for hexane-perfluorohexane mixtures. However,
there are published values for the correlation length above
Tc in comparable systems [24]. In particular, Calmetter
et al. [25] studied a critical mixture of aniline and cy-
clohexane, for which the mean volume per particle at
the critical composition is not very different from that of
critical hexane-perfluorohexane mixtures. Calmetter et al.
found that ξ = (2.2 ± 0.1 Å)t−0.63 above Tc. That their
exponent for the correlation length is the same as used
here further facilitates comparison. The ratio of correla-
tion lengths above and below Tc is a universal constant
equal to 1.96 for the 3D Ising model [10]. Therefore, below
Tc, we may expect the correlation length for the analine-
cyclohexane mixture to be ξ = (1.1 Å)t−0.63, which is cer-
tainly similar to the value deduced in the present paper
for hexane-perfluorohexane below Tc.

Shown in Figure 7 are the corresponding best fit val-
ues of the interfacial width (σ), which evidently increases
by a factor of more than five from the lowest to the high-
est temperature studied. We may compare these measure-
ments to the statistical interfacial width predicted from
the measured interfacial tension via equation (11). This
is shown as the dashed line in the figure. Evidently, the
statistical width alone systematically underestimates the
measured interfacial width near Tc. We have therefore fit
these data to equation (19) with w̃ as the only variable
parameter. The result, corresponding to w̃ = 1.7 ± 0.5,
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is shown as the solid line and provides a fair description
of the measured interfacial width. However, it may be seen
that the variation of the measured width versus reduced
temperature appears more rapid than predicted by the
model. The origin of this behavior is uncertain. Neverthe-
less, the best fit value of w̃ is consistent with the expec-
tation that w̃ ' 2 [4]. Although the theoretical variation
of the interfacial width with reduced temperature deviates
from a power law by virtue of its dependence on log(Lg/ζ),
the deviation of the model from a straight line in the in-
set of Figure 7 – that is, from a power law of 0.63 – is
imperceptible.

5 Conclusion

We have carried out measurements of the X-ray specu-
lar reflectivity and near-specular diffuse scattering of the
interface in a near-critical mixture of hexane and per-
fluorohexane. A lineshape analysis of the scattered in-
tensity at each temperature yields values for the inter-
facial tension and width. The temperature variation of
the interfacial tension and width so-obtained are quan-
titatively consistent with theoretical predictions. Finally,
we may note that the present experiment further demon-
strates the potential for X-ray-based investigations of a
myriad of interfacial phenomena, including those asso-
ciated with critical points [26], critical end points [27],
wetting and prewetting [28–30], and the behavior of
polymers at interfaces [31]. The increasing availability of
high-brightness, high-energy X-ray beams (which have sig-
nificantly reduced adsorption compared to lower-energy
X-ray beams) at the new, high-energy, third-generation
synchrotrons – the European Synchrotron Radiation Fa-
cility, the Advanced Photon Source, and SPring-8 – will
facilitate this program.
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