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Abstract

The spreading of a small mercury droplet (150 �m) on thin gold #lms is studied, using
an optical microscope enhanced with a di-erential interference contrast system. The growing
interfaces are analyzed in order to determine the roughness (�) and growth (�) exponents. For
gold #lm thickness of 1500 1A we #nd that �= 0:88± 0:03 and � = 0:76± 0:03, while for gold
thickness of 3000 1A, � = 0:96 ± 0:04 and � = 1:00 ± 0:04. Both sets of exponents satisfy the
scaling relation � + �=� = 2. In both systems the roughness exponent � crosses over to a value
close to 0.5 in the #nal stages of the experiment and for relatively long length scales (order of
a few microns).
c© 2002 Elsevier Science B.V. All rights reserved.
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Spreading of liquids on solids and wetting of solid surfaces contain rich physical,
chemical, and statistical phenomena [1]. In earlier works [2,3], we studied the dynamics
and geometry of the spreading process of a mercury droplet on a thin silver #lm
using an optical microscope equipped with a di-erential interference contrast (DIC)
system (Fig. 1). The Ag #lms were thermally deposited on microscope slides in a
vacuum chamber. The Hg front propagation was recorded by a video camera. The
images were analyzed in order to determine the geometrical and dynamical properties of
the front.
Modern statistical methods [4–7] of analyzing interface lines use two exponents

to characterize the interface and associate it with a speci#c universality class. The
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Fig. 1. A schematic view of the experimental system.

Fig. 2. The function h(x; t) for describing the interface characteristics, representing a top view of the exper-
iment. The width W satis#es Eqs. (1) and (2).

roughness exponent � and the growth exponent � are based on a function h(x; t)
associated with the top view of the front line (Fig. 2). A width function W is then
de#ned as

W 2(L; t) = 〈h(x; t)2〉 − 〈h(x; t)〉2 ; (1)

where L varies from the smallest length scale to the system size L0. The width W
satis#es [5]

W ∼
{
t�; t�t0 ;

L�; t�t0 ;
(2)

where t0 ≈ L�=�.
In the Ag–Hg system [2,3], we have studied the spreading of small droplets (50–

200 �m) of Hg on thin Ag #lms. For Ag #lm thickness of 500–2000 1A we found that
�=0:66±0:03 and �=0:46±0:02, while for #lm thickness of 0:1 mm, �=0:77±0:04
and � = 0:60 ± 0:02. Both sets of exponents satisfy the scaling relation � + �=� = 2.
In both cases, the roughness exponent � has been shown to cross over to about 0.5 in
the #nal stages of the experiment and for relatively long length scales (order of a few
microns).
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In this work, we study the dynamics and geometry of the interface in a similar
system, replacing the thin silver #lms by thin gold #lms. This is done since it was
shown [2,3,8–11] that the roughness of the substrate on which the droplet is running
plays an important role in the characterization of the moving interface. The smoother
the substrate, the smoother is its interface with the droplet. In general, Au surfaces are
found to be much smoother than Ag surfaces [12–15]. Thus, for the Au–Hg system
one expects di-erent roughness and growth exponents compared to the Ag–Hg system.
In addition, the chemical reaction between the droplet and the substrate is an

important mechanism in the process, in particular at its late stages. The reaction Ag–Hg
di-ers from Au–Hg both in the number of possible alloys and in the atomic percent in
a speci#c inter-metallic compound [16]. Possible reactions in the silver–mercury system
are: 4Ag + 3Hg → Ag4Hg3 and 3Ag + 4Hg → Ag3Hg4 while for the gold–mercury
system one has 5Au + Hg → Au5Hg, 3Au + Hg → Au3Hg, 2Au + Hg → Au2Hg and
Au + 2Hg → AuHg2. Therefore, grains of the new alloys that grow on the interface
between the materials di-er from each other in their structure and may yield di-erent
roughness and growth exponents.
The Au #lms, in two di-erent thicknesses, 1500 1A and 3000 1A, were thermally

deposited on microscope slides in a vacuum chamber, in order to create well-controlled
clean smooth surfaces along relatively large distances. The Hg droplet (150 �m in
diameter) was placed on the gold substrate a few minutes after the evaporation.
The experiment was performed at room conditions. The spreading process was moni-
tored, recorded and analyzed using the method described in Ref. [2].
Using Eqs. (1) and (2) we have analyzed the Au–Hg interfaces and found �=0:88±

0:03 (Fig. 3a) and � = 0:76 ± 0:03 (Fig. 3b), in the thin (1500 1A) Au #lm systems,
averaged over #ve experiments. Fig. 3 represents the data of a single experiment.
The two exponents satisfy the well-known scaling relation for isotropic systems � +
�=�=2 [7], within the error bars. When the spreading process completely stopped, we
calculated � again and found that � ≈ 0:85 for short length scales (Lc ¡ 7 �m), and
� ≈ 0:49 for long length scales (Lc ¿ 7 �m) (Fig. 3c).
For thicker gold substrates (3000 1A), the exponents were found to be �=0:96±0:04

(Fig. 4a) and �=1:00± 0:04 (Fig. 4b), averaged over #ve experiments as well. These
exponents, although di-erent from the thinner #lm exponents, still obey the scaling
relation � + �=� = 2. When the spreading process stopped, we calculated � again and
found � ≈ 0:86 for short length scales (Lc ¡ 14 �m), and � ≈ 0:48 for long length
scales (Lc ¿ 14 �m) (Fig. 4c).
The high value of � (close to 1) during the process indicates strong correlation

between the points on the interface. This reIects the high surface tension along the
perimeter of the propagating droplet and a signi#cant wetting process. The smaller
value of � ≈ 0:88 in the thinner system (1500 1A) compared to that in the thicker
one (3000 1A), � ≈ 0:96, is probably due to the underlying glass that disturbs the
wetting by touching the droplet and creating dewetting forces along some of the
points of the interface. Consequently, the interface becomes rougher and the rough-
ness exponent is decreasing. It can also be compared to the Ag–Hg system in which
the in-situ roughness exponents were smaller. This is because the silver has a much
rougher surface that breaks the symmetry of spreading.
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Fig. 3. (a) The roughness exponent �, and (b) the growth exponent �, in the thinner system (1500 1A),
during the experiment; (c) the crossover behavior of the roughness exponent at the end of the process.
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Fig. 4. (a) The roughness exponent �, and (b) the growth exponent �, in the thicker system (3000 1A),
during the experiment; (c) the crossover behavior of the roughness exponent at the end of the process. The
crossover takes place at a larger distance compared to the thinner system shown in Fig. 3.
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Table 1
Summary of roughness and growth exponents

During the process End of process

Thin #lm 1500 1A � = 0:88± 0:03 �L¡7 �m ∼ 0:85
� = 0:76± 0:03 �L¿7 �m ∼ 0:49

Thick #lm 3000 1A � = 0:96± 0:04 �L¡14 �m ∼ 0:86
� = 1:00± 0:04 �L¿14 �m ∼ 0:48

When the spreading process stops, surface tension forces are much smaller than the
chemical reaction between the Hg and the Au substrate and a rougher interface is
formed. The short-scale correlation of points along the interface is due to the reaction
that grows the new nuclei of the inter-metallic compound in a certain structure. For
long scales, there is no correlation between points on the interface since they do not
belong to the same nucleus and the roughness exponent � decreases to about 0.5 [17].
In the thicker #lm (3000 1A), the correlation length is longer (Lc ≈ 14 �m) than in
the thinner system (1500 1A) (Lc ≈ 7 �m), because the bigger gold bulk causes bigger
grains of the new inter-metallic compounds.
To summarize, we presented data on the geometry and dynamics of a gold–mercury

reaction interface in a spreading droplet experiment. The roughness and growth expo-
nents are summarized in Table 1. The crossover behavior of the roughness exponent
sheds light on di-erent mechanisms and correlation lengths in the process.
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