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Abstract 

In this paper we present a comparative analysis of the electrochemical stability of 

alkanethiols, aromatic and heterocyclic thiols on the Au(111) and Au(100) faces in relation to 

the theoretical energetic data. The peak potential and surface coverage are used as the key 

parameters to estimate the electrochemical stability while work function changes, adsorption 

energies and surface free energies calculated from periodic DFT, including van der Waals 

interactions, are used for the theoretical estimation. We find that the peak potentials do not 

correlate with work function changes and adsorption energies in particular for aromatic and 

heterocyclic thiols. In contrast, the reductive desorption potentials for the different thiols 

show a good correlation with the surface free energy of the SAMs estimated by density 

functional theory calculations. Surface coverage is a key factor that controls reductive 

desorption through van der Waals interactions. 
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Introduction 

The electrochemical behavior of self-assembled monolayers (SAMs) of thiols (RS) on gold 

and silver has been widely studied because it provides valuable information about their 

blocking ability for electron transfer, stability potential range and surface coverage (θ). In 

particular the main cathodic peak related to the reductive desorption in aqueous electrolytes 

that appears on a potential linear scan from the open circuit potential to the hydrogen 

evolution reaction potential region exhibits a peak potential (Ep) and a charge density (q) that 

have been widely used to estimate SAM stability and θ, respectively (Figure 1)[1-6]. This 

information is crucial in different applications of thiol SAMs on gold in aqueous solutions, 

such as sensor and biosensors [7], biomimetic systems [8], molecular coatings for 

nano/microfabrication [9] , and building blocks in complex catalytic surfaces [10] .  

It is widely accepted that the thiol (RS) desorption process from a metal (Me) surface can be 

represented by the reaction  

RS-Me+solvent+e
-
= RS

-
solv + Mesolv [1] 

where RS
-
solv + Mesolv stand for the solvated thiolates and metal surface [11]. Experimental 

data for Au(111) reveal that Ep depends on thiol concentration, and it is shifted negatively by 

0.057 V/decade when the thiol concentration is increased,  confirming that the desorption is a 

one-electron process [12]. Note that reaction (1) is a solvent substitution reaction, which 

results in a significant change in the electrode capacitance, and a significant change in the 

potential of zero total charge [13-15]. This fact induced errors in the estimation of θ from q 

values due to the failure to account for the double-layer charging contribution. 
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Figure 1. Upper: Typical reductive desorption voltammograms for aromatic (4MBA)[16] and 

aliphatic (C11) [16] thiols on Au(111). The peak potential value (Ep) and the charge involved 

in the peaks (white areas) are indicated. Lower: representation of the models used for DFT 

calculations: adsorbed thiyls for aromatic and staples moieties for aliphatic thiols. Golden: Au 

surface atoms, orange: Au adatoms, green: S atoms, gray: C atoms, white: H atoms, red: O 

atom. 

 

Experimental data reveal that Ep is independent of the pH for values > 5 [17, 18] but moves 

slightly in the positive direction as the scan rate decreases from 0.05 to 0.005 V s
-1

 [19] 

indicating that reductive desorption is kinetically controlled. It has also been shown that Ep 

values also depend on the solvent [11], and the nature of the cations present in the electrolyte 

[6]. Therefore, a minimal requirement in using Ep as a criterion for SAM stability is that it is 

compared in identical experimental conditions.  

The shape of the current-time transients corresponding to the reductive desorption in aqueous 

alkaline solutions is consistent with a nucleation and growth process of “holes” inside the 

thiol adsorbed layer [19-21]. This process should involve different contributions such as the 

thiol adsorption energy, which contains both the RS-Me bond strength and van der Waals 

interactions (vdW), and the hydration energies of the desorbed RS
-
 species and of the metal 

surface [22].  

The importance of the S-Au bond strength has been clearly demonstrated as Ep becomes more 

negative for the same thiol SAM prepared on the open (100) [23] and Au(110) faces [17, 24], 
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where this bond is stronger, than on the compact Au(111) face [25]. On the other hand, the 

role of van der Waals (vdW) forces has also been revealed by the behavior of alkanethiol 

SAMs on the Au(111) face. In fact, linear Ep vs n (the number of C atoms) plots for n < 12 

and pH values > 5 [1, 26] have been found for these thiols with a slope  0.03 eV/C atom (3 

kJ mol
-1

/C unit), [6] a figure somewhat lower to that expected for vdW interactions in 

hydrocarbon chains 0.08 eV [27, 28] due to the solvent effect in equation (1) [28]. This slope 

has been obtained irrespective of the scan rate used for Ep estimation [19]. The linear 

behavior in the Ep vs n plot for alkanethiols on the Au(111) surface is not surprising as the 

strength of the S-Au bond on the same crystalline face should not change very much with the 

hydrocarbon chain length and alkanethiols reach the same θ value (θ= 0.33) on this face, as 

revealed by STM images [4] and q after double layer correction [17]. Also, other energetic 

contributions such as desorbed thiolate-solvent, and solvent-metal interactions (equation (1)) 

are similar since alkanethiols are poorly soluble or insoluble in aqueous solutions and the 

hydration energy of the Au(111) surface is a constant. Note, however, that the hydrocarbon 

chain dependent shift was also attributed to the decreased ionic permeability in SAMs of 

longer alkanethiols [6].  

The simple behavior observed for the reductive desorption of alkanethiol SAMs becomes 

more complex when aromatic or heterocyclic thiols are included in the same analysis since 

they have different S-Au bond strength [29], intermolecular forces dominated by π-π 

interactions, different surface coverage, and accordingly different surface structures [30]. In 

general they exhibit more positive Ep values than those found for alkanethiol SAMs, a fact 

that has been associated with the aryl group that withdraws electrons from the Au surface 

easier than the aliphatic chains, thus favoring reductive desorption [31]. 

Today, scanning tunneling microscopy (STM) and density functional theory (DFT) 

calculations have provided a great amount of valuable experimental and theoretical 
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information about surface structures, adsorption energies, and surface free energies for a large 

number of thiols on Au(111), and to a lesser extent  on the Au(100) face [32]. Thus, it is now 

accepted that aliphatic SAMs on Au(111) for n < 12 are formed by RS-Auad-SR complexes, 

known as staples, at low and medium surface coverage [33]. Dense (3x4) (n< 3) or c(4x2) 

(3<n<12) [34] lattices (θ = 0.33) formed by staple units have been observed on the Au(111) 

surface. On the other hand,  it is not clear that this is the case for aromatic thiols [35] or 

heterocyclic thiols [34] on the same face Also, today there is no experimental evidence of 

staples for all kinds of thiols on the Au(100) face [30]. Therefore, it is timely to revisit the 

interpretation of peak potentials and electrochemical stability in the light of this information. 

In this work we correlate experimental Ep values reported in the literature for a large number 

of thiols with theoretical information obtained in our laboratory by using a functional 

including vdW interactions in order to understand the factors that control electrochemical 

stability of thiols on gold surfaces better. 

Methodology 

Ep values were taken from previous works. All of them were measured from reductive 

desorption peaks in alkaline solutions with Na
+
 and K

+
 cations at nearly pH 13 and v in the 

0.02 /0.05 V s
-1

 which yields the same slope in the Ep vs n plots as much slower v values [19]. 

The surface structure of each thiol corresponds to the latest information which has been 

reported from STM images. The corresponding references are included in Table 1. The 

nomenclature employed in this paper was Cn for alkanethiols, where n denotes de number of 

carbon atoms with n=1,2,3,4,5,6,8 and 11, 2MBA: 2-mercaptobenzoic acid, 4MBA: 4-

mercaptobenzoic acid, 4MPy: 4-mercaptopyridine, BZ: benzenethiol, and 6MP: 6-

mercaptopurine 
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Computational Methods 

We have performed new DFT calculations for different thiols or taken previous data from our 

Laboratory, all of them using the same functional including van der Waals interactions. In all 

cases we have modeling surface structures already described by STM formed by staples for 

alkanethiols and by thiyl radicals for aromatic thiols, unless otherwise is indicated in the text. 

Density functional calculations have been performed with the periodic plane-wave basis set 

code VASP 5.2.12. [36, 37] We have followed the scheme of non-local functional proposed 

by Dion et al.[38], vdW-DF, and the optimized Becke88 exchange functional optB88-vdW 

[39] to take into account van der Waals (vdW) interactions. The projector augmented plane 

wave (PAW) method has been used to represent the atomic cores [40] with PBE potential.  

The electronic wave functions were expanded in a plane-wave basis set with a 420 eV cutoff 

energy. Optimal grids of Monkhorst-Pack [41] with different k-point meshes have been used 

for numerical integration in the reciprocal space. The Au(100)-(1x1) and Au(111) substrates 

were represented by a five atomic layer and a vacuum of ~17 Å that separates two successive 

slabs. Surface relaxation is allowed in the three uppermost Au layers of the slab.  The atomic 

coordinates of the adsorbed species were allowed to relax without further constraints. The 

atomic positions were relaxed until the force on the unconstrained atoms was less than 0.03 

eV Å
-1

. The adsorbates are placed just on one side of the slab and all calculations include a 

dipole correction. Radical species were optimized in an asymmetric box of sufficient size to 

avoid lateral interactions. The calculated Au lattice constant is 4.16 Å, which compares 

reasonably well with the experimental value (4.078 Å).[42]  

The average binding energy per adsorbed thiol (RS) species on Au surfaces, Eb, is defined in 

Eq. [2]:  

   
 

   
                

    [2] 
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where, E
RS/Au

, E
Au

 and E
RS

 stand for the total energy of the adsorbate-substrate system, the 

total energy of the Au slab, and the energy of the RS radical, respectively, whereas NRS is the 

number of  RS radicals in the surface unit cell. A negative number indicates that adsorption is 

exothermic with respect to the separate clean surface and RS radical.  

On the other hand, the reconstructed energy, Erec, to form the staples is defined by, 

     
   

     
          

  

   
 [3] 

where
R

AuE , 
U

AuE  correspond to the energy of reconstructed Au surface and unreconstructed Au 

surface per cell unit respectively; 
Au

bulkE  is the total energy of a bulk Au atom and adn  is the 

number of Au adatoms in the surface unit cell. This energy is related to the Au adatom 

formation, which yields the RS-Auad-SR moieties. The Erec value has been calculated for all 

alkanethiols from equation [4], its value being between  +0.51 eV.  

Therefore we define  

  
            [4] 

On the other hand, the Gibbs free energy of adsorption of each surface structure ( ) can be 

approximated through the total energy from DFT calculations by using equation [5]:  

  
   

 
   

     [5] 

where A is the unit cell area. Keep in mind that 
   

 
 represents de molecular density that is 

proportional to coverage, .  

We have also evaluated the two contributions to Eb
*
, namely the molecule-molecule (ΔEm-m) 

and the molecule-Au substrate (ΔEm-Au) as, 

      
 

   
           [6] 

         
         [7] 
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The change in the work function, ΔW, caused by SAM formation with respect to the clean 

Au(100) surface is defined as 

                     [8] 

Changes in the vertical component of the surface dipole due to the adsorption of the SAM, 

,[43] are related to ΔW values by 

   
       

  
                 

where N represents the molecular density of the SAM, e the elementary charge and 0 the 

permittivity of vacuum. The change in the surface dipole  involves two components. The 

first component is        the molecular dipole moment of the SAM along the normal 

direction that represents the dipole moment along the surface normal of adsorbates 

embedded in a free-standing SAM (without the substrate). The second one is        the 

change in the surface dipole resulting from the charge transfer between the adsorbate and the 

gold surface. We have calculated      by using  

     
                     

   
 [10] 

 

where  SAMV  and  SAMV  are the asymptotic electrostatic potential on both sides of the 

SAM. Thus,       can be obtained from  and       values. 

 

Results and discussion 

Reductive desorption potentials (Ep), surface coverages (θ), and thiol lattices determined from 

experiments, and energetic parameters (  
 , ), and work function changes (ΔW) estimated 

from DFT calculations for different aliphatic, aromatic and heterocyclic thiols on Au(111) are 

shown in Table 1. Data for some thiols on the Au(100) are also included.  
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In order to obtain a better comparison for the desorption data from the different crystal faces 

we need to refer Ep values to the corresponding potentials of zero charge (Epzc). Values of Epzc 

= 0.23 V and Epzc = 0.08 V (vs SCE) in HClO4 have been reported for the (111)-(11) and 

(100)-(11), respectively [44]. A similar value, Epzc = 0.27 V (vs SCE), for the Au(111) 

surface has also been measured in KClO4 [14]. This is an imporatnt point since differences in 

Epzc explain the behavior for the reduction of cations on these gold surfaces [45]. Therefore, 

hereinafter we will use (Ep-Epzc) with Epzc = 0.23 V for Au(111)-(11) and Epzc = 0.08 V for 

the Au(100)-(11) to cancel this effect. We have assumed that these Epzc values are not 

significatively modified in alkaline solutions since desorption takes place in the double layer 

potential region where OH
-
 adsorption should be negligible. In fact it has been reported that 

at E < -0.5 V, the potential range of Ep shown in Table 1, the OH
-
is totally desorbed from the 

Au(111) electrode surface [46].  

The Epzc is also important to understand the reductive desorption of thiols from the gold 

surfaces since it is related to the work function (W). In fact, measurements of Epzc have been 

performed for thiol SAM covered Au(111) surfaces [47] revealing that they move in the 

negative direction as the hydrocarbon chain increases but they become more positive by 

introducing F atoms at the end of the hydrocarbon chain by changing the dipole moment. 

Considering that W is proportional to Epzc [48] and that thiol adsorption markedly modifies 

the work function of clean metal surfaces [49] we have calculated W and ΔW values of all the 

thiols in their corresponding surface structures. The ΔW values follow the trend expected 

from equation [9] (Table 1). In fact, the magnitude of the perpendicular surface dipole    ) 

increases as the size of the non polarizable molecules increases, while its sign is determined 

by the relative polarizabilities of the head and tail groups of the molecules.  
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Figure 2. ΔW vs Ep-Epzc plot for the different thiol surface structures on Au(111) and Au(100) 

 

Figure 2 shows the ΔW vs (Ep–Epzc) plot, which not only evaluates the energy involved in 

going from the thiol covered surface to the clean metal surface in the desorption process 

(ΔW), but also eliminates the contribution of the crystal face (Ep–Epzc). First, we note that the 

use of (Ep–Epzc) leads to a similar Ep value for the same SAM desorption (C6, 6MP) from 

Au(111) and Au(100) surfaces, revealing the role of the crystal face on Ep. Interestingly, 

results of our calculations show that a good linear correlation is obtained for alkanethiols with 

slope   1e, as expected for the reaction [1]. However, most of the aromatic thiols exhibit 

large changes in ΔW, due to the intrinsic molecular dipole moment [43] even for small (Ep-

Epzc) differences, i.e. Ep certainly does not reflect the changes in the work function for these 

thiols.  

Now, we will consider the adsorption energy as a possible descriptor for the reductive 

desorption of the different thiols from the Au substrates.  

 

 

 

 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 

Table 1 

 
Surface RS Unit Lattice Θ Ep/V Eb*/eV /meV. Å

-2 
ΔW

*
/eV 

A
L

IP
H

A
T

IC
 

Au(111) 

C1 (3x4) 0.33 -0.71[50] -2.41[34] -107.3 -1,22 

C2 (3x4) 0.33 -0.75[51] -2.61[52] -116.4 -1.23 

C3 c(4x2) 0.33 -0.80[53] -2.65[52] -117.6 -1.26 

C4 c(4x2) 0.33 -0.91[6] -2.76[34] -122.8 -1.36 

C5 c(4x2) 0.33 -0.95[6] -2.86[52] -128.2 -1.44 

C6 c(4x2) 0.33 -1.0/1.07[6] -2.98[34] -132.1 -1.41 

C8 c(4x2) 0.33 -1.00[54] -3.17[55] -137.9 -1.37 

C11 c(4x2) 0.33 -1.08[16] -3.52[16] -157.1 -1.49 

Au(100) C6 (2x7) 0.43 -1.14[56] -3.05[57] -151.0 -1.43 

A
R

O
M

A
T

IC
 

Au(111) 

4MBA (√3x4) 0.25 -0.63[16] -2.56[16] -85.4 -0.18 

4MBA c(4x2) 0.33 -0.63[16] -2.49[16] -111.0 -0.30 

2MBA (√3x4) 0.12 -0.49[58] -3.02[58] -50.38 -0.47 

4MPy (√3x5) 0.20 -0.59[59] -2.10[59] -56.2 0.06 

BZ (√3x4) 0.25 -0.58[31] -2.20[60] -73.4 -1.11 

H
E

T
E

R
O

C
Y

C
L

IC
 

Au(111) 6MP (3√3x2) 0.17 -0.67[61] -2.93[60, 61] -65.2 -0.67 

Au(100) 
6MP (3 × √10) 0.22 -0.81[62] -3.24[62] -83.0 -0.74 

6MP (3√2 × √2) 0.33 -0.81[63] -3.34[63] -128.9 -0.77 

 

#(ΔW = Wthiol–Wclean, WcleanAu(111) = 5.46 eV WcleanAu(100) = 5.40 eV ) 

Thus, we plot Eb
*
 vs (Ep-Epzc) in Figure 3. There is a good correlation between aliphatic and 

some aromatic thiols (4MPy, BZ). However other aromatic and heterocyclic thiols exhibit 

more positive (Ep-Epzc) (easier desorption) even when they have similar or larger Eb
*
 than the 

aliphatic thiols, i.e. no simple correlation is possible.  
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Figure 3. Eb* vs Ep-Epzc plot. Blue symbols: alkanethiols on Au(111), light blue symbol: 

alkanethiol on Au(100), green symbols: aromatic/heterocyclic thiols, light green: heterocyclic 

thiols on Au(100). The red symbols correspond to denser surface structures for BZ and 

4MBA and light red to 6MP in Au(100). The slope of the dashed line is 3e. 
 

In order to understand this behavior we have calculated the molecule-Au interaction (ΔEm-Au), 

which includes the S-Au bond in most cases or additional O-Au or N-Au bonds present in 

some molecules, and the magnitude of the molecule-molecule interactions (ΔEm-m) for all 

thiols shown in Table 1. The results of our calculations (Table 2) reveal that ΔEm-Au increases 

slightly with n for alkanethiols, and, more importantly, they are larger than those found in 

aromatic thiols (BZ, 4-MPy and 4-MBA). The exceptions are aromatic and heterocyclic 

molecules that have additional anchors to the Au substrate than the S atom, such as 2-MBA 

(additional O-Au bond) [58] and 6MP (additional N-Au bond) [30, 62]. These molecules 

have ΔEm-Au values similar or higher than C11 (Table 2) although  Ep is much more positive 

(Figure 3). On the other hand, the analysis of ΔEm-Au also gives information about the stability 

of the different thiols in their SAMs. As expected, the DFT results for alkanethiols show that 

these interactions increase linearly with n with a slope 0.08 eV/C atom (Table 2), larger than 

the 0.03 eV/C atom experimentally found,  due to the solvent contribution to the reaction [1]. 

On the other hand, molecules with simple π-π interactions such as the case of BZ have 

molecule-molecule interactions smaller than that found for alkanethiols of comparable size 
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such as C4-C6. This can be explained considering that typical distances between aromatic 

rings in these lattices are 0.4/0.5 nm, i.e. larger than the optimum π-π interaction distances 

(0.32/0.38 nm) [64] . However, this is not the case for aromatic thiols containing heteroatoms 

such as O or N where the magnitude of the vdW is  larger than those estimated for 

alkanethiols. The presence of a heteroatom reduces the spatial extent of the π-electron cloud. 

Thus, a pyridine dimer binds more strongly than the benzene dimer in several configurations 

[65]. In conclusion, the Eb
*
 vs (Ep-Epzc)  cannot  be used to rationalize the reductive 

desorption behavior of thiols. The aromatic (2-MBA, 4-MBA) and heterocyclic (6MP) thiols 

are the main missfitted data, since they have large Eb
*
values, resulting from significant 

molecule-Au (double anchor) and molecule-molecule interactions, although they have an 

enhaced reductive desorption as shown in Figure 3. Also, the slope of the linear Eb
*
 vs (Ep-

Epzc) plot involving alkanethiols yields an unrealistic value of roughly 3 electrons per thiol, in 

contrast to the experimental evidence for the reaction [1]. 

Table 2 

 ALIPHATIC 

Thiol C1 C2 C3 C4 C5 C6 C6/100 C8 C11 

ΔEm-m /eV -0.07 -0.21 -0.23 -0.30 -0.38 -0.44 -0.42 -0.65 -0.95 

ΔEm-Au /eV -2.34 -2.40 -2.42 -2.46 -2.48 -2.54 -2.63 -2.52 -2.57 

 AROMATIC HETEROCYCLIC 

Thiol 4MBA0.25 4MBA0.333 2MBA 4MPy BZ 6MP 6MP/100 6MP/100 

ΔEm-m /eV -0.56 -0.54 -0.11 -0.51 -0.18 -0.35 -0.33 -0.85 

ΔEm-Au /eV -2.00 -1.95 -2.91 -1.59 -2.02 -2.58 -2.91 -2.49 

 

Therefore, it is necessary to continue searching for a good correlation between theoretical and 

electrochemical data. In this sense, there are two experimental characteristics that are 

important to consider. First the aromatic thiols have smaller θ values than the aliphatic ones 

(Table 1), and it is known from STM data that they form more disordered SAMs [31]. On the 

other hand, it has been shown that the structural order of aromatic thiol SAMs on Au(111) 

can be considerably enhanced by increasing the number of phenyl rings in the molecular 

backbone [66-68] and by inserting the alkyl spacer between the phenyl ring and the sulfur 
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atom [69, 70]. Structural order in SAMs is a key point to improve their blocking ability for 

electron tranfer.[62, 71] Also, the introduction of methylene units  leads to benzyl mercaptan 

to increase their coverage to 0.33 in relation to 0.25 observed for benzenethiol, thus resulting 

in better blocking ability [72]. Therefore, one can expect that Ep should depend not only on 

Eb
*
 but also on θ through the SAM order/disorder. 

The Gibbs free energy of adsorption ( ) could end up being  a better descriptor than Eb
*
and 

W in the search for a correlation with Ep, since the desorption potential of a surfactant is the 

potential value at which the surface tension of the electrode/solvent becomes smaller than that 

of the electrode/surfactant (solvent) system. Note that  captures both contributions, Eb
*
and θ, 

(NRS/A is proportional to θ)  (equation [5]). Thus, in Figure 4 we have plotted  vs (Ep- Epzc) 

values for all thiols included in Table 1. A reasonable correlation is observed but with the 

thiols grouped into two families, aromatic/heterocyclic and aliphatic, which exhibit linear 

behavior with similar slopes but shifted by roughly 30 meV Å
-2

, irrespective of the Au face. 

A key piece of information to understand this shift arises from 6MP and 4MBA SAMs on 

Au(100) and Au(111), respectively. A dense 6MP lattice (θ = 0.33) on Au(100) has been 

reported in addition to a diluted lattice with θ = 0.25 [30] (Table 1), both consisting of thiyls 

radicals. We observe that the  value of the dense surface structure overlaps those of 

alkanethiols, which have the same coverage (red symbol in Figure 4), i.e. for the same 

coverage the difference in  disappears. The formation of a dense 4MBA lattice with θ = 0.33 

has also been reported, increasing immersion time/concentration in addition to the diluted 

lattice with θ = 0.25 [16]. In this case DFT calculations for a c(4x2) lattice similar to that of 

alkanethiols (i.e containing staples) leads to a  value that also overlaps the linear plot 

corresponding to aliphatic thiols (red symbol in Figure 4). However, in this case, we have 

different adsorbed species: staples for the dense 4MBA phase and thiyl radicals for the 

diluted 4MBA lattice. In order to estimate the impact of the different adsorbed species in our 
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plots we have estimated the  values of alkanethiols using adsorbed thiyl  radicals rather than 

staples for the same surface coverage. Results (not shown in table 2) show that the  values of 

alkanethiol SAM formed by thiyl radical staples still remain very close to the linear plot of 

alkanethiol SAMs consisting of staples. That is to say the presence of staples or thiyl radicals 

is not a key factor to explain the difference in  values between aliphatic and 

aromatic/heteroclycic thiols. Finally, we have tested our conclusion by estimating the  value 

for a hypothetical benzenethiol lattice formed by staples and θ = 0.33. Again the calculated  

(red symbol in Figure 4) overlaps the linear plot corresponding to alkanethiolates. Therefore, 

we can conclude that NRS/A (θ) is the main parameter that controls the shift in the   vs. Ep 

plot.  

 

Figure 4.  vs Ep-Epzc plot. Blue symbols: alkanethiols on Au(111), light blue symbol: 

alkanethiol on Au(100), green symbols: aromatic/heterocyclic thiols, light green: 

heterocyclic thiols on Au(100). The red symbolds correspond to denser surface 

structures for 6MP, 4MBA and BZ while the solid  lines indicate their shift from the 

upper linear plot.  

 

The scatter in Figure 4 may have been due to the solubility of the desorbed products in the 

alkaline solution, repulsive effects in the SAM introduced by charged functional groups in 

solution or the different adsorption energies of the solvent on the crystal faces, considering 

that reaction [1] is a solvent substitution reaction. For instance, the Ep–Epzc values for C6 and 
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6MP on the Au(111) and Au(100) faces are similar although the  values indicate that they 

are more stable on the Au(100) face. This fact can be explained by considering the larger 

adsorption energy of water on the Au(100) (-0.3 eV) face [73] than on the Au(111) face (-

0.15 eV) [74], which enhances thiol desorption and compensates the large adsorption energy 

of thiols on this face. Also, deviation in the reductive desorption of long alkanethiols, which 

takes place overlapping the hydrogen evolution reaction, is expected as the electrochemical 

reaction competes with the hydrogen induced desorption of thiols. [75, 76] Despite these 

limitations, in particular that the role of solvent is not included in our calculations, the data 

suggest that  is the best parameter to describe the reductive behavior of thiols from the gold 

crystal surfaces. 
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