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ABSTRACT: Various molecules are known to form self-
assembled monolayers (SAMs) on the surface of liquids. We
present a simple method of investigating the kinetics of such
SAM formation on sessile drops of various liquids such as
mercury, water and fluorocarbon. To measure the surface
tension of the drops we used an optical tensiometer that
calculates the surface tension from the axisymmetric drop shape
and the Young−Laplace relation. In addition, we estimated the
SAM surface coverage fraction from the surface tension
measured by other techniques. With this methodology we
were able to optically detect concentrations as low as tenths of
ppb increments of SAM molecules in solution and to compare
the kinetics of SAM formation measured as a function of molecule concentration or chain length. The analysis is performed in
detail for the case of alkanethiols on mercury and then shown to be more general by investigating the case of SAM formation of
stearic acid on a water droplet in hexadecane and of perfluorooctanol on a Fluorinert FC-40 droplet in ethanol.

■ INTRODUCTION

Adsorption at interfaces has been studied for well over a
century and is still the subject of substantial research.
Adsorption is the process by which surfactant molecules bind
to a surface while lowering its free energy.1 Many types of
interfaces can be created in this manner, depending on the
surface material and the surfactant molecules.2,3 The resulting
interfaces may be divided into two main categories, multilayers
and monolayers. The latter are usually termed self-assembled
monolayers (SAMs).
Different types of SAMs organize themselves spontaneously

from the gas or liquid phase on the surfaces of oxides, metals,
and semiconductors into a two-dimensional (2D) semicrystal-
line phase. SAMs typically comprise a “headgroup” with specific
surface-binding characteristics, alkyl spacer group and a
“functional group”, which determines the properties of the
newly created, exposed surface once the monolayer is formed.
For a given SAM headgroup it is possible to change the
functional group, thereby tailoring the chemistry of the new
surface formed.
The development of SAMs on surfaces has proved

enormously useful in many areas of science and technology.3

Among the most extensively studied and utilized SAMs are
those of alkanethiols and (to a lesser extent) of disulfides.4

These compounds bind strongly to coinage and noble metals

such as gold,4−6 silver,7−9 copper,10,11 platinum,12,13 palla-
dium,14,15 and mercury.16−18

Beyond their basic research interest, SAMs have numerous
applications, which are due to their ease of preparation that
makes them especially suitable for the fabrication of nano-
structured materials. Examples of potential applications of
SAMs based on their interfacial characteristics are in wetting
and wettability of surfaces,19,20 sensing and sensors,21,22

tribology,23,24 organic electronics,25,26 adhesion,27,28 corrosion
resistance,29,30 nanofabrication,31 and as templates for the
nucleation and growth of crystals.32−38

The process of SAM formation on solid surfaces has also
been intensively studied. This formation usually takes place via
several steps:2 Initially, the adsorption is driven by the diffusive
transport of the SAM molecules in the bulk solution toward the
surface. As a first stage the SAM-forming molecules become
attached to the surface and lay flat on the substrate surface.
Next, the adsorbed molecules group together via their attractive
intermolecular van der Waals forces, forming small islands,
which continue to grow toward each other until they become
large enough to aggregate and eventually coalesce to form a
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single, continuous SAM. The kinetics of such SAM formation
have been studied mainly on solid metals, such as
gold,4,5,10,39−44 silver,45−47 copper,45 palladium,15,48 platinum,49

and other solids, using instruments, techniques or method-
ologies such as the quartz crystal microbalance (QCM),
scanning tunneling microscopy (STM), infrared spectroscopy,
optical ellipsometry, electrochemistry, and X-ray diffractometry
(XRD).
Solid surfaces, in most cases, are not perfect and include

structural defects such as grain boundaries, steps or cracks in
crystalline planes. For instance, thin films formed via physical
vapor deposition (PVD), exhibit particularly small grain sizes
and concomitantly many grain boundaries. Surface roughness,
which is often of the order of the SAM thickness, also hinders
SAM quality. All these imperfections can be reduced by rather
using liquid surfaces. Moreover the adsorption of SAMs and
surfactants on liquids is very important both for fundamental
studies as well as for various applications such as in the field of
food and cosmetics technology (the stabilization of emulsions
and foams).50 There is also an interest in understanding various
biological processes such as protein self-assembly and
organization at interfaces as well as lipids.51

SAMs on liquid mercury have been used to study charge
transport through the SAMs.25,26 In those studies, the mercury
drop serves as an electrode and the SAM is the nanometer-thick
organic layer, through which electrons tunnel to the second
electrode. As noted by Weiss et al. there are reproducibility
issues in the field, partially due to the ordering of the SAM on
the surface.25 Adsorption of SAMs on liquid metal surfaces adds
a dimension of freedom to that of adsorption processes on solid
metal surfaces. This is because of the mobility of the liquid
atoms, which (theoretically) allows for defect-free surfaces.
Here we show that we can study the kinetics of adsorption of

various SAMs and surfactants on liquid droplets in real time.
We have studied alkanthiol adsorption on liquid mercury,
stearic acid on a water droplet in hexadecane and
perfluorooctanol on a Fluorinert FC-40 droplet in ethanol.
These three cases represent 3 major important general systems,
namely liquid metals and reverse monolayers on oils or water.
While straightforward techniques are available for studying

the kinetics of SAM formation on solids, this is a much more
challenging task in the case of liquids. For solids, quartz
microbalance (QCM) has been extensively used,52 or surface
plasmon resonance (SPR);53 however, these methods are not
suitable for liquids. In an attempt to overcome these problem-
related liquid-surfaces, we exploited the phenomenon that the
surface tension of hybrid organo-liquid surfaces (and thereby
the liquid drop’s shape) changes as surfactants adsorb on the
drop’s surface. Altering the surface tension of liquid metals
(eutectic indium−gallium) as an example, has been found
useful in reconfiguring, among other characteristics, the shape
and flow of the droplets.54−56 Unlike the case of solid substrates
where the surface area remains constant, when SAMs form on
the surface tension decreases, thereby changing the droplet area
and promoting the formation of a new interface with
environment. SAMs on liquid mercury57−59 and various other
liquids60,61 have been studied in terms of their two-dimensional
(2D) organization at or near equilibrium, mainly by means of
X-ray diffraction and reflectivity techniques.
In our study we used liquids in the form of sessile droplets

and studied the kinetics of the formation of various SAMs on
their surfaces. For our experiment it is important to note that a
liquid surface such as that of a sessile drop, which is flattened by

gravity, allows the experimentalist to calculate the local surface
tension from the local surface curvature and the difference in
local pressures between the phases on each side of the
interface.62 The equation that relates to these quantities is
known as the Young−Laplace equation, γ = ΔP/C, where γ is
the surface tension, ΔP is the pressure difference between the
two phases at a given point on the interface, and C is the
curvature of the given point on the interface. On the basis of
this relation, commercial optical tensiometers allow fast
calculation of the surface tension of a drop.

■ EXPERIMENTAL SECTION
Our experiments were performed in quartz cuvettes filled with a
solvent and placed in an optical tensiometer as depicted in Figure S1
and Figure 1A. A small droplet of the desired liquid, 2.2 ± 0.1 μL, was

placed at the bottom of the cuvette and its surface tension was
calculated based on its shape, as described below. The surface tension
of the sessile drop was always the highest and its shape the most
spherical (see Figure 1B) prior to the injection of SAM molecules into
the solution, as shown in see Figure 1A. The next step was to add the
desired amount of SAM to the cuvette in order to reach its desired
concentration within the cuvette.

Before performing the time-dependent experiments in the presence
of SAM molecules, it was important to verify that for a given sessile
drop placed in the solvent in the absence of surfactants the measured
surface tension and drop volume were constant over time. These
control experiments, performed for all 3 systems studied herein,
revealed very small fluctuations in surface tension over time as can be
seen below in all the graphs presented in this paper. In addition
performance of surface tension measurements for 10 different sessile
drops over a period of 12 h, at a constant temperature of 30 °C in the
absence of SAM molecules, confirmed that the surface tension
measurements were indeed reliable and constant over time (see Figure
S2). In this regard we have estimated the error (see error assessment
in the Supporting Information). The error can in some cases be rather
high (in the worst case up to a maximum of 25%) due mainly to
vibrations, temperature instabilities and SAM molecule concentration
gradients. We expect the error to be maximal in the initial stage
because a lower surface tension leads to more pronounced deviations
from a cap shape of the drop under gravity. Since we know that the
initial surface tension of every sessile drop used is identical, we
normalize all surface tensions in our analysis to the initial measured
value of the surface tension.

Surface tension was measured with the Attension Theta Lite optical
tensiometer (KSV NIMA Biolin Scientific). This instrument, which is
based on a CCD camera connected to a computer, can be used to
measure the surface tension, contact angle, drop volume, and some
other relevant physical properties. From the digital images acquired
with the CCD camera, the software deduces the surface tension and
contact angle properties. The desired values are computed from the
digital images by means of fitting algorithms. By using the Young−

Figure 1. Kinetics of self-assembled monolayer (SAM) formation. (A)
Experimental setup for placing a mercury droplet in the cuvette, for
measurement by optical tensiometry. (B) Changing shape of mercury
droplet during the decrease of surface tension owing to SAM
formation. A drop with high surface tension is shown on the left and a
drop with low surface tension on the right. (For details see Supporting
Information.)
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Laplace equation that relates the drop shape of a given point on an
interface to the local surface tension (γ), and by knowing the density
difference between the drop material and solution (Δρ), it is possible
to deduce the surface tension of a given drop and by utilizing a simple
axisymmetric fitting:63

ρ γΔ = Δ = +
⎛
⎝⎜

⎞
⎠⎟P gz

R R
( )

1 1

1 2

where g is the gravitational acceleration, z, R1 and R2 are the vertical
height and principal radii of the given point, respectively. The
advantage of this technique compared to contact angle measurements
consists in the absence of substrate effects. Moreover, the density of a
sufficiently large droplet (larger than the capillary length) imparts a
significant density contrast so that gravitation effects result in a visible
deformation even at relatively small surfactant surface coverage. The
surface tension is obtained by taking a snapshot of the drop,
calculating from the image the local curvature of a given point on the
interface, finding the local pressure difference at that given point on
the interface, and using the Young−Laplace equation with gravitational
flattening to calculate the surface tension at that given point.

■ RESULTS AND DISCUSSION
Time Resolved Decrease in Surface Tension. As a test

study as described above, we used a tensiometer to first follow
the changes in the surface tension over time of a mercury
droplet caused by the adsorption of various alkanethiol SAMs
onto it (see setup in Figure S1). Once the alkanethiol
surfactants are added to the cuvette they immediately interact
with the surface of the mercury drop and start forming a SAM
on it, leading to a decrease in its surface tension. As the surface
tension decreases, the shape of each droplet changes and
gradually deviates from a nearly spherical cap shape and adopts
a more ellipsoidal shape (Figure 1), because the decrease in
surface tension results in the decrease in capillary length and
increase in the effect of gravity. Figure 2 depicts a typical result
of a complete experiment in which the surface tension is
computed from the changing shape of the droplet until the
second more slower stage of adsorption sets in.
In addition to this phenomenon observed on mercury we

also studied the SAMs/surfactant adsorption on other liquids,
e.g., on water and organic solvent droplets possessing

considerably lower surface tensions. In the first case we studied
the adsorption of saturated fatty acid (5 mM stearic acid) on
the droplet of water placed in hexadecane solvent. Water and
hexadecane are immiscible while stearic acid does dissolves in
the latter but not in the former. We chose stearic acid as it is
very common in nature and is widely used in detergents, soaps,
various cosmetics and polymer softeners. A typical graph
showing the decrease of the surface tension of water as a
function of time due to the adsorption of stearic acid can be
seen in Figure 2.
It is evident from Figure 2 that a similar behavior to that

observed for the alkanethiol/mercury system can be observed.
The main difference between these two systems is that the
surface tension of mercury is much higher than that of water,
which enhances the effect and that the SAM/liquid interaction
is weaker. Nevertheless, in order to show that one can also use
this methodology to study the adsorption of surfactants even
on liquids with the lowest known surface tensions, we studied
the adsorption of perfluorooctanol (CAS Number 647−42−7)
on the surface of a droplet of Fluorinert FC-40 placed in
ethanol. Fluorinert FC-40 has a surface tension as low as 16
mN/m. A typical graph showing the decrease of the Fluorinert
surface tension as a function of time due to the adsorption of
perfluorooctanol is presented in Figure 3. In both cases we also

performed control experiments, in which we measured the time
dependent surface tension of the droplets, however in the
absence of the surfactant molecules. As can be clearly seen in
both Figures 2 and 3 the time-dependent change in surface
tension in the control experiments is negligible as compared to
the effect of the adsorption.
Again, despite the low surface tension of the Fluorinert FC-

40, it is very clear that one can indeed observe further decrease
in the surface tension due to the surfactant adsorption.

In-Depth Study of the Alkanethiol/Mercury System:
Effect of Chain Length. After showing that our method can
probe the kinetics of formation of a variety of SAMs on various
liquids we focus on one system more in depth. We chose here
to perform this in-depth study on the alkanethiol/mercury

Figure 2. Kinetics of stearic acid (5 mM) SAM formation on water
droplet. The plot shows the change in normalized surface tension as a
function of time due to the adsorption of stearic acid (black line). The
red line is a control experiment of a water droplet in hexadecane in the
absence of the surfactant.

Figure 3. Kinetics of perfluorooctanol (5 mM) SAM formation on
Fluorinert FC-40 droplet. The plot shows the change in normalized
surface tension as a function of time due to the adsorption of
perfluorooctanol (black line). The red line is a control experiment of a
Fluorinert FC-40 droplet in ethanol in the absence of the surfactant.
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system and as a next step we wanted to determine how the
chain length of the adsorbed alkanethiol SAM affects the
kinetics of SAM formation. To this end we carried out a set of
five experiments, each using one of the following five
surfactants: CH3(CH2)7SH (octanethiol), CH3(CH2)9SH
(decane th io l ) , CH3(CH2) 1 1SH (dodecane th io l ) ,
CH3(CH2)13SH (tetradecanethiol) and CH3(CH2)17SH (octa-
decanethiol). In each experiment we maintained the SAM
molecules at a constant concentration (1 mM) for about 12 h.
The results in each case are depicted for a typical experiment in
the plots in Figure 4, showing the surface tensions and the

corresponding total areas of the drop that were measured by
the optical tensiometer as described above. The total area of the
drop is the sum of the area exposed to the SAM solution and
the droplet-cuvette contact area not exposed to the SAM
solution.
During the first few minutes of each experiment depicted in

Figure 4, we see that the time taken for the initial kinetic
change to occur was not constant, despite the fact that the
surfactant was injected at almost the same moment in each case
(at ±2 s). To determine the reason for this we performed 3 to 5
short-term experiments (each less than 1 min in duration) for
each presented case. No constant representative time for the
initial kinetic change was observed. During the first few seconds
after the injection some optical distortions could be observed
within the solution, temporarily affecting the measured shape of
the sessile drop.
As shown in Figure 4 we could measure the changes in

surface tension as a function of time, but we did not have

information on the actual surface coverage of the SAMs on the
droplet surface. Therefore, to correlate the changes in surface
tension with the surface coverage we turned to the study by
Kraack et al., who used X-ray diffraction to study the self-
assembly of different alkanethiols on mercury at equilibrium
(up to full coverage of the 2D crystalline organization).64 For
all alkanethiols up to and including octadecanethiol, those
authors showed that for a coverage area of about 50 Å2/
molecule the surface pressure (i.e., the difference between the
measured and the initial surface tension) was at most 50 mN/
m. Therefore, to compare the kinetics of the different SAM
molecules shown in Figure 2, we chose 50 Å2/molecule as the
reference coverage value and measured the time taken for each
of the different SAMs to reach this value (which corresponds to
a surface pressure of 50 mN/m). Table 1 shows the time (τ)
needed for each specific SAM molecule to reach the surface
area of 50Å2/molecule or less, measured in terms of a surface
pressure of 50 mN/m. We expect to find that the longer
backbone of a SAM molecule corresponds to the faster SAM
formation. This should be true, since longer adsorbate
molecules interact stronger via van der Waals interactions
with the surface of a respective droplet compared to their
shorter counterparts. That is indeed what we observed, except
in the case of tetradecanethiol, which demonstrated the fastest
SAM formation time. One possible reason for the larger change
in surface pressure in the case of longer-chain molecules might
be that these molecules occupy a larger area on the droplet’s
surface at the initial adsorption stage, when the molecules are in
“laying-down” conformation.
In regards to the reason why tetradecanethiol demonstrates

the fastest SAM formation, our speculation is that this is the
optimal length where (i) the van der Waals forces that
constitute the thermodynamic driving force for SAM formation,
increase with molecular weight of the SAM molecule and yet
(ii) the kinetics become slow. In the initial and intermediate
stages, the kinetics are dictated by the diffusion in solution
whereas in the later stage, we expect that the kinetics are
determined by the “tunneling” of the headgroup through the
already partially formed SAM. Both kinetic factors become
slower as we increase the length of the SAM molecule.

Effect of Concentration of SAM Molecules in the
Solvent on the Kinetics of SAM Formation. To determine
how the kinetics of the SAM formation process are affected by
the initial concentration of SAM molecules within the solution,
we repeated the time-dependent experiments but used different
concentrations of SAM molecule. Figure 5 shows a
representative plot depicting changes in kinetics with changes
in concentration of the adsorbed species CH3(CH2)11SH.
It is clear from the figure that the higher the initial SAM

molecule concentration is, the higher SAM formation rate one
obtains. We also observed that the higher the SAM
concentration in the initial surfactant solution is, the greater
change in the surface area of the drop one observes.
Remarkably, although the lowest SAM concentration tested
was as low as 10−7 M, a well-distinguished decrease in surface
tension could still be observed. This clearly indicated that our
sessile-drop procedure, although a macroscopic method, is very

Figure 4. Kinetics of SAM formation and corresponding n-alkane-thiol
surfactant chain lengths at a constant concentration of 1 mM. The
uppermost plot shows the change in surface tension as a function of
time and the lower plot shows the change in the total drop area as a
function of time.

Table 1. Time to 50 mN/m Surface Pressure for Different SAM Chain Lengths

SAM molecule CH3(CH2)7SH CH3(CH2)9SH CH3(CH2)11SH CH3(CH2)13SH CH3(CH2)17SH

τ [s] 9000 60 21 9 19
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sensitive to the adsorption of thiol molecules, so that
concentrations as low as a few tenths of ppb of SAM molecules
could be successfully detected even in the ethanolic solution.
Moreover, detection occurred within a reasonable time period
(a few hours).

Table 2 presents a summary of the time (τ) required to
achieve an occupation of 50 Å2/molecule, for varying
concentrations of dodecanethiol. Use of the corresponding
surface pressure of 50 mN/m as a reference posed a problem
for the very low concentrations (0.001 mM and 0.0001 mM).
For these concentrations the surface pressure did not reach 50
mN/m, and we therefore had to use a lower surface pressure
value to perform qualitative comparisons. Referring again to ref
64, we noted that in the specific case of the dodecanethiol
molecules it is enough to work with a surface pressure of 30
mN/m in order to achieve surface occupation of 50 Å2/
molecule.
Since no theoretical model yet exists that can fully and

accurately describe the adsorption of SAMs on liquid metal
surfaces, we focused on a representative SAM molecule and
tried to fit it to some relevant adsorption models. The case of 1
mM dodecanethiol was chosen for this purpose, because its
samples were the least noisy among all the experiments we
conducted. To fit the experimental data we used the Volmer
isotherm65

γ γ π σ
σ

− ≡ =
−

=
−

kTN
A A

kT
a10

1 1

or, in terms of the dimensionless coverage:

π
σ θ

σ θ
=

−
kT

a1
max

1 max

where γ0 is the initial surface tension, γ is the surface tension for
a given surface coverage σ = N/A, with A and A1 being the total
area and the total excluded area of mercury droplet and
surfactant, respectively; a1 is the excluded area per molecule
and σmax is the largest possible value of coverage in laying-down
conformations.

Langmuir Adsorption. SAM adsorption can be described
in terms of the well-known Langmuir model:66

θ = − − −t( ) 1 e r t t( )0

where t0 accounts for the initial time shift in the experimental
measurements and r is the reaction rate of the adsoption.
Plugging this into the Volmer isotherm we derive a surface
pressure πL for the Langmuir model:

π
σ

σ
=

−
− −

− −

− −

kT

a

(1 e )

1 (1 e )

r t t

r t tL
max

( )

1 max
( )

0

0

The fit of our experimental measurements by the above
equation is shown in Figure 6. The fitting parameters are
kTσmax = 0.0333 eV/Å2, a1σmax = −1.284, and r = 0.0243 s−1,
which provides the time constant 1/r = 41.22 s. Measurements
were carried out at T = 303 K, which yields 1/σmax = 0.78 Å2

and a1 = −1.006 Å2.

Diffusion-Limited Langmuir Adsorption. In diffusion-
limited adsorption, timing of the adsorption process is dictated
by the diffusion rate of the adsorbed species within the solution.
In this case it was assumed that diffusion is the slowest of all the
processes taking place during the adsorption procedure. In such
a case, the coverage is defined as66

θ = − − −t( ) 1 e r t t0

In this case we have the surface pressure πDLL given by

π
σ

σ
=

−
− −

− −

− −

kT

a

(1 e )

1 (1 e )

r t t

r t tDLL
max

1 max

0

0

Figure 5. Kinetics of dodecanethiol SAM formation vs surfactant
concentrations. The upper plot shows the change in surface tension as
a function of time, and the lower plot shows the change in total drop
area as a function of time.

Table 2. Summary of Formation Kinetics for Dodecanethiol
SAM

dodecanethiol concentration [mM] 1 0.1 0.01 0.001 0.0001
τ [s] 4 15 67 230 6490

Figure 6. Dodecanethiol fittings with kinetics isotherm: Langmuir (red
squares), diffusion-limited Langmuir (green diamonds), rate-limited
(black stars) and experimental results (blue circles).
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with the fitting parameters kTσmax = 0.002 eV/Å2, a1σmax = 0.86,
r = 0.54 s−1/2, yielding 1/σmax = 12.5 Å2, a1 = 10.75 Å2, and 1/r
= 1.85 s1/2. The diffusion coefficients (D) can be estimated as
follows:67

πσ
=D

r
C4

2
max
2

0

where C0 is the initial bulk concentration of the adsorbed
species. For C0 = 1 mM we obtain D = 4.14 × 10−7 cm2/s,
which is of the typical order of magnitude for the alkanethiol
systems.68

Rate-Limited Adsorption.We can also consider a scenario
of desorption via a simple multistage process in which the
molecules are first adsorbed onto the surface in a weakly bound
state from which they can either desorb back into the solution
or, at a later stage, bind more strongly to the surface. In this
case the coverage is given by66
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where r′ = (1 + kE)r and kE accounts for the adsorption onto
the precursor state.
In this case, the surface pressure πRL is given by
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The results of the respective fitting are shown in Figure 6.
The fitting parameters are kTσmax = 0.017 eV/Å2, a1σmax =
−0.18, kE = −0.48, and r′ = 0.0243 s−1, yielding 1/σmax = 1.54
Å2, a1 = −0.28 Å2, and 1/r = 41.15 s.
From the three fittings assessed and presented above, it can

be seen that some of the fitting parameters for the Langmuir
and the rate-limited models acquire negative values. This
suggests that neither the Langmuir nor the rate-limited
adsorption can describe the adsorption process in our
experiments. Thus, of the three models tested in this work,
the one that best describes the experimental results is the
diffusion-limited Langmuir model.

■ CONCLUSIONS
In this work we have shown that the kinetics of various SAM
formation can be investigated by a relatively simple method, in
which a sessile drop is measured by optical tensiometry. In this
procedure, probing on the macro scale yields information on
the subnanometer scale. Using this setup we were able to detect
the adsorption of surfactant molecules on short (minutes) as
well as on large (hours) time scales for the concentrations of
SAM molecules in solution, as low as a few tenths of ppb. As
the result we could quantify the kinetics of SAM formation as a
function of different linear alkanethiol concentrations and
different backbone lengths on a liquid mercury drop. We also
demonstrated that we were able to detect the adsorption
kinetics for other systems such as fatty acid on water and
perfluorooctanol on a fluorinated carbon liquid. The results for
the latter liquid with one of the lowest surface tensions known
prove that our method is universal and suitable for studying the
kinetics of adsorption even for the systems that feature very
small reduction of the surface pressure in the course of
adsorption. To the best of our knowledge this is the first study

in which the kinetics of the SAM formation on liquid mercury
has been systematically investigated in situ. Examination of the
relationship between the kinetics of SAM formation and the
backbone length of SAM molecules revealed, in general, that
the longer the chain the faster the formation of the SAM.
Examination of the relationship between the kinetics of SAM
formation and the concentration of SAM molecule demon-
strates that the higher the molecular concentration the faster
the SAM formation. Our results point to the diffusion of thiols
toward the liquid surface, and their subsequent chemical
adsorption, as the main mechanism of adsorption for the
studied systems.
In the specific case of Mercury/thiols, we also showed that in

most of the experiments conducted with a SAM molecular
concentration of 1 mM, the surface coverage had already
reached 50 Å2/molecule within the first few minutes of the
experiment. Although the surface excess usually increases
during adsorption of molecules on solid surface, when
molecules are adsorbed on liquid surfaces the surface excess
might, in principle, decrease. This is because, in contrast to
solids, during adsorption on liquids the surface area of the
liquid increases.
We have no doubt that the method and procedure we used

herein can yield exciting results in many other systems in which
a surfactant adsorbs on the surface of various liquids and yield
valuable insights even on biologically relevant questions.
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