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Abstracts: Self-assembled monolayers of octadecanethiol (ODT) on gold have been studied by 
electrochemical impedance spectroscopy (EIS).  The fractional coverage has been examined as a 
function of immersion time of Au in ODT deposition solution.  The fractional coverage exhibits 
two distinct adsorption steps: an initial rapid step followed by a slow one.  The fractional 
coverage of ODT monolayer increases sharply from zero to more than 99% of its maximum within 
the first minute.  However, it takes a day for the fractional coverage to approach its final value.  
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Interest in the properties of organized monolayers has grown enormously in recent years 
because these monolayers can provide a means to control the interface at a molecular 
level1.  The self-assemblies of alkanethiols and their derivatives were probably the most 
intensively studied due to their stability, well-packed structure, ease in preparation, and 
flexibility in designing the tail group2.  The adsorption kinetics of thiol monolayer has 
been studied by using several techniques, including constant angle and ellipsometry3, 
quartz crystal microbalance4, atomic force microscope5 and second harmonic generation6.  
However, the adsorption rate is still in argument.  In this paper, we present the results of 
adsorption kinetics of octadecanethiol (ODT) on gold by ac impedance.  
 
Experimental 
 
The octadecanethiol (ODT, Aldrich) was used as received.  Other chemicals were of 
analytical grade.  All aqueous solutions were prepared with redistilled water.  The 
concentration of ODT in ethanol was 0.1 mmol/L.  The formation process of ODT 
monolayer was described elsewhere7,8.  Electrochemical impedance spectroscopy (EIS) 
was performed in 2 mmol/L Fe(CN)6

3-/4- in 0.1 mol/L KCl by using a PAR Model 388 
electrochemical impedance system.  The electrochemical cell used in EIS experiments 
was described in our previous works7,8. 
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Results and discussion 
 
Figure 1 shows the complex impedance plots of Au|ODT monolayer in Fe(CN)6

3-/4- 
solution when assembling time of ODT monolayer is 5 s.  A rational parameter that can 
be used to characterize adsorption kinetics is the fractional coverage of the monolayer, θ 

6.  However, for film coated electrode, Amatore and co-workers9 pointed out that θ can 
not be simply obtained from the equation 1- θ = Rapp

o/Rapp ( where Rapp
o and Rapp are the 

apparent charge transfer resistances at bare and film covered electrode) when θ is close 
to unit (θ >0.9).  If we use the above-mentioned equation to calculate θ, we find θ >0.98 
for the case shown in Figure 1.  This means we have to use another method, which is 
appropriate for the case that θ is close to unit, to determine the value of θ.  The Warburg 
lines in Figure 1 indicates thiol monolayer contains pinholes.  Finklea et al10 
demonstrate that the pinholes in thiol monolayers can be regarded as microarray 
electrodes.  The equivalent circuit, which contains a solution resistance Rs in series with 
a parallel Faradaic impedance Zf and an interfacial capacitance C, can be used to model 
these microarray electrodes.  The Faradaic impedance Zf is actually composed of a 
charge transfer resistance Rct in series with a mass-transfer impedance containing linear 
and nonlinear diffusion terms. 
 

Figure 1 Complex plan plots of total impedance of ODT coated gold electrodes in 0.2 
mmol/L each Fe(CN)6

3-/4- in 0.1 mol/L KCl.  The frequency range is 0.05 
Hz – 100 kHz.  The adsorption time is 5 s. Electrode area 0.02 cm2. 

 
 
 
 
 
 
 
 
 
 
 
 

Finklea et al10 have studied the Faradaic impedance Zf and obtained that the real 
part of Zf can be expressed as the following at high frequencies: 

Z’ f = Rct/(1-θ) + σω -1/2 + σ(1-θ )-1ω -1/2                      (1) 
σ =  1.414RT /(n2 F2AcD1 / 2 )                                 (2) 
R c t  = RT/ (n2 F2Akoc )                                      (3) 

where ω is the radial frequency, σ is the Warburg impedance slope, A is the geometric 
area of electrode, c is the concentration of the redox couple, D is the diffusion coefficient 
of redox couple (assuming DO equals DR), and R, T, n, F and ko have their usual 
significance.  σω -1/2 represents the linear diffusion and the last term in the eqns.(1) 
corresponds to the effect of non-linear diffusion.  While at low frequencies Z’f is 
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expressed as: 
Z’f = Rct/(1-θ) + ra(0.72/D)1/2σ(1-θ )-1 + σω -1/2                            (4) 

where ra is the radius of pinhole.  Based on eqns.(1) θ can be obtained from the plot of 
Z’f vs ω-1/2.  Figure 2 shows the Z’f vs ω-1/2 plot of Au|ODT monolayer whose 
assembling time is 5 s.  The Faradaic impedance is obtained from the corresponding 
impedance data shown in Figure 1.  The removal of solution resistance Rs and 
interfacial capacitance C from the total impedance is done by Equivcrt.pas software11.  
The values of Rs and C needed for the correction are obtained at the highest frequencies, 
where it is accurate enough to simplify the equivalent circuit to Rs and C in series. 
 

Figure 2  Real part of Faradaic impedance (Z’f) vs ω -1/2 for ODT coated gold electrodes in  
2 mmol/L each Fe(CN)6

3-/4- in 0.1 mol/L KCl.  The values of Z’f are obtained from the 
corresponding impedance data in Figure 1 after correcting for Rs = 370 Ω and C = 1.7×10-8 F. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 The fractional coverage of ODT monolayer as a function of adsorption 
time. 

 
 
 
 
 
 
 
 
 
 
 
 
 

From Figure 2, we note that there are two linear domains at high and low 
frequencies, which is in good agreement with the theoretical prediction of eqns. (1) and 
(4).  The slope of high-frequency line whose correlation factor is greater than 0.98 is 
used to calculate θ.  We can also obtain the Z’f vs ω-1/2 plots with different adsorption 
time and get the corresponding values of θ by using the similar method mentioned above.  
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Then, we can examine θ as a function of assembling time.  The plot of θ vs the 
logarithm of assembling time is shown in Figure 3.  Figure 3 exhibits distinct two 
adsorption steps: an initial rapid step that lasts less than a minute and a slow one that 
takes hours.  During the initial rapid step, θ reaches ca. 99% of its limiting value, which 
is in agreement with the adsorption kinetics studied by using contact angle and 
ellipsometry measurement3.  The determination of adsorption rate constant from θ is in 
progress. 
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