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Abstract 

The interaction between aromatic thiols and the Au(111) surface is investigated using periodic 

DFT. Different SAM organizations were investigated, namely with different surface 

reconstructions (flat unreconstructed Au(111) and adatom Au(111) surface). DFT energetics on 

geometrically optimized SAMs and electronic analysis by means of projected density of states 

(PDOS) and the Crystal Orbital Hamilton Population (COHP) method, was used to interpret the 

adsorption property differences. It was found that the adsorption energy difference between the 

arylthiol chains adsorbed in T-shaped SAMs and adsorbed on flat unreconstructed Au(111) 

diminishes from long aryl tiols (tpt) to the short ones (dpt and mpt), indicating that the 

unreconstructed surface becomes more competitive energetically for short chain arylthiols (dpt 

and mpt). Moreover, the nature of the Au-S bond was found to be independent of the chain size. 

This leads us to conclude that the reconstruction, if any, is only dependent on the side chain 

interactions. 

 

Keywords: Thiols, SAM, Gold, DFT, Nano 
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1. Introduction 

The adsorption of thiols on gold surfaces is known to form well-defined Self Assembled 

Monolayers (SAM) with a minimum of defaults. The self-assembly phenomenon has been 

described in detail in several reviews,
1-2

 and was first explained by Strong and Whitesides 
3
. 

Particular attention has been paid to alkylthiols, from the smallest one, methylthiol
4-7

 used as a 

case study in physics, to long chain alkylthiols studied in applications such as coating, electronics 

and biological applications.
8-9

 

The characterization of the thiol adsorption on Au surfaces has still some open questions. The 

adsorption site(s), the surface coverage, the surface unit cell of the SAM are starting to be well 

understood. Moreover, recently, we found that a surface reconstruction occurs dependently from 

the alkyl chain length or the type of side chain.
10

 Whereas the formation mechanism of the 

assembly on the surface is not resolved yet,
11

 we expect that the formation of SAMs would be 

also dependent of the chain lengths. 

Other types of thiols have been studied in less extent such as cysteine,
12-14

 methionine,
15

 

butanethiols,
16

 aromatic thiols
17-18

, etc.; some of them are summarized in the work of Costa, et al. 

19
. The arylthiols are used as organic molecules as surface complexing agents, so-called ligands, 

on gold nanoparticles allowing to introduce and managing functionality in application fields such 

as sensors
1
 or biomedicine.

20-22
 Such capping agents can also be adequately chosen and 

introduced during colloidal synthesis to control the growth of nanoparticles, and then to tune their 

size, shape and dispersion state.
23-25

 Of course, thiols form SAMs with different stabilities on the 

other coinage metals, Cu and Ag.
26-27

 

Mixing of different thiols in the SAM has also been studied experimental and theoretically, and 

are used in specific applications such as sensor building and nanoparticles synthesis.
23-25, 28-29

 

The monolayer assembly pattern formed by aromatic thiols is less well defined compared with 

the one formed by alkylthiols. Unit cells comparable with the alkylthiol one, i.e., a (2 3  × 2 3

), but also unit cells containing adatoms are described. This particular situation stimulated us to 

study the competition between both unit cells for monophenylthiol, diphenylthiol and 

triphenylthiol. In this context, we investigate the stability of the possible assemblies formed, as 
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well as the chemisorption (nature of the S-Au bond) using projected density of states (PDOS) and 

the Crystal Orbital Hamilton Population (COHP) method. 

 

2. Methods 

2.1. First Principles Calculations  

Periodic density functional theory (DFT) calculations were performed with the VASP code.
30-33

 

The core electrons were kept frozen and replaced by pseudopotentials generated by the plane 

augmented wave method (PAW).
34-37

 The outermost shell electrons (H: 1s
2
, C: 2s

2
 2p

2
, S: 3s

2
 3p

4
, 

Au: 5d
10

 6s
1
) were treated by means of a plane-wave basis set with a cut-off of 400 eV. The 

generalized gradient approximation (GGA) in the version of Perdew-Burke-Ernzerhof (PBE) was 

used as a functional with an accuracy on the overall convergence tested elsewhere.
38-42

 The 

application of this functional on bulk Au resulted in a theoretical lattice parameter of a0
Au

 = 4.18 

Å. Within the typical margin of error, the constant agree with the experimental data (a0 = 4.08 Å) 

reported in the literature.
43

 The parameterization of the k-points sampling of the Brillouin zone 

based on the Monkhorst–Pack grid
44-45

 was considered. The parameter were increased 

systematically until the change in the absolute energy was less than 10 meV. A grid of (5 × 7 × 1) 

and (5 × 5 × 1) k-points were used for (2 3  × 3 ) and (2 3  × 2 3 ) unit cells, respectively. 

Spin polarizations were considered for the isolated radicals, whereas for the adsorbed systems no 

spin polarization was found. In order to take into account van der Waals interactions in the SAM 

(Self-Assembled Monolayer) system, the DFT-D3
46

 approach of Grimme 
47

 was used, which 

consists in adding a semi-empirical dispersion potential to the conventional Kohn-Sham DFT 

energy. 

2.2. Modeling 

To study the thiol adsorption process two surfaces were considered: a flat Au(111) and a 

nanostructured surface represented by two gold adatoms adsorbed on Au(111), identified as Auad-

Au(111). The former surface was modelled using a (2 3 × 3 ) supercell with 4 metal layers. 

For the nanostructured system, a (2 3  × 2 3 ) supercell with also 4 metal layers plus two gold 
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adatoms was used. For specific details, see Figure 1. The behavior of three different poly-phenyl-

thiols were considered: benzenethiol (mpt or monophenylthiol); 1,1’-biphenyl-4-thiol (dpt or 

diphenylthiol) and 1,1’,4’,1”-terphenyl-4-thiol (tpt or triphenylthiol), and they were compared 

with the 1-dodecanethiol (C12) which has been taken as reference system. Figure 2 shows the 

investigated thiols in their radical forms in gas phase. 

  

(a) 

  

(b) 

Figure 1. Au(111) surfaces used for the thiols adsorption study. (a) Flat surface, (b) nanostructured 

surface. 
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Figure 2. Thiols analyzed: (a) mpt, (b) dpt, (c) tpt and (d) C12. 

In all the calculations a vacuum corresponding to 20 Å was used. For all the systems, the two 

bottom layers were fixed at the next-neighbor distance corresponding to bulk and all the other 

layers plus the thiols were allowed to fully relax. The relaxations were performed within 

conjugate-gradient minimization scheme, and the convergence criterion was achieved if the total 

forces were less than 0.02 eV/Å. 

The adsorption was investigated in all the high symmetry sites for the pure flat surface, and the 

most favorable one is reported in the present contribution. To study the self-assembled monolayer 

(SAM), two adsorbed thiols were considered on the flat surface.  In the case of the nanostructured 

one, the thiols were adsorbed on a gold adatom in pairs, with a pattern where the phenyl chains 

were parallel and perpendicular respect to each other as shown in Figure 1(b). We opted for the 

T-shaped adatom configuration, according to previous STM observations on flat Au(111) 

surfaces.
48

 

2.3. Theoretical description  

The adsorption energies Eads.disp per chain of thiol on the gold surface has been calculated as 

follows:  
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ads.disp ads.PBE dispE E E     

where Eads.PBE is the adsorption energy calculated from the pure DFT-PBE electron energies. 

Eads.PBE was calculated according to the following equation: 

  ads.PBE thiol/Au(111) thiol Au(111)

1
E E n E E

n
     

where Ethiol/Au(111), Ethiol, and EAu(111) are the total electronic energies of the adsorption complex 

formed by thiol, the isolated thiol under its radical form, and the Au(111) slab, obtained after 

separate geometry optimization, respectively. The variable n represents the number of thiols per 

unit cell. 

As it was mentioned previously, the dispersion interaction energy (Edisp) was evaluated by 

means of the DFT-D3 approach.
49

 Then, the adsorption energy of one thiol chain in a perfectly 

ordered SAM is Eads.disp, as shown in eq. (1). 

The Au-S binding energy (Ebind) has been evaluated, with or without dispersion forces, 

considering the adsorption of thiolates at low coverage, i.e., with the adsorbate-adsorbate 

interactions negligible: 

  bind thiol/Au(111) thiol.SAM Au(111)

1
E E E E

n
     

with Ethiol.SAM being the single point (not geometrically relaxed) electronic energy of the thiol 

radicals (2 in the 2 3  × 3  unit cell and 4 in the 2 3  × 2 3  supercell) in the configuration of 

the SAM but without considering the Au(111) slab. 

In this context, an approximation for the interchain interaction energy (Eint.chain), with or without 

dispersion forces, can be obtained as following: 

 int.chain ads bindE E E     

At the pure PBE level for arylthiols, the intermolecular interactions were calculated and they 

resulted to be repulsive (Table 1 and Table 2), due to the omission of the stabilizing dispersion 

intermolecular interactions in the assembly at this calculation level. In order to correct this point, 

calculations at a more advanced level were performed by considering dispersion forces, which 
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are of prime importance when interactions between aromatic groups or alkyl chains are at play. 

Although this refinement lowered the Au-S binding energy, the trend observed was similar than 

that obtained at the PBE level. On the other hand, the contribution of the intermolecular 

interactions was dramatically modified and became attractive, as expected. This result validates 

our procedure for taking into account dispersion interactions.
19

 

Eventually one could also breakdown the adsorption energy separating the molecule and surface 

deformation energies, which are implicitly included in the different energies. However, in order 

to keep the discussion concise they were not discussed, since they do not influence the discussion 

on the relative stability between the arrangements studied here. 

 

3. Results and discussion 

3.1. Energetics of the phenylthiols on gold surfaces 

The alkylthiol adsorption on metal surfaces is a well-reported topic, theoretical and 

experimentally.
10, 50-54

 Nevertheless, there is less information about the adsorption behavior of 

phenyl or phenyl/alkylthiol adsorption on metals, especially discussed in terms of dispersion 

interactions, and the competition between high-density and low-density assemblies. Very 

recently, the effect of dispersion was shown to be important in the adsorption geometry of 

alkylthiols.
55-56

 

In this context, we have investigated the adsorption of three phenylthiols; named mpt, dpt and tpt 

as indicated in section 2.2. in two different configurations: parallel (Figure 3) and T-shaped 

(Figure 4). The adsorption, binding and inter-chain energies for the phenylthiols adsorbed on the 

flat and the nanostructured surface are shown in Table 1 and Table 2, respectively. For 

comparison, C12 thiol (1-dodecanethiol) on a Au(111) surface is added as well (Figure 5). 
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(a) 

 

(b) 

 

(c) 

Figure 3. Optimized thiols on the Au(111) flat surface. (a) mpt, (b) dpt, (c) tpt. 

 

(a) 

 

(b) 

 

(c) 

Figure 4. Optimized thiols on the Au(111) nanostructured surface. (a) mpt, (b) dpt, (c) tpt. 

 

(a) 

 

(b) 

Figure 5. Optimized 1-dodecanethiol (C12) on the Au(111) flat surface. (a) top view (hydrogens were 

hidden and one C12 was colored in red for clarity), (b) side view. 
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Table 1. Adsorption (ΔEads), binding (ΔEbind) and inter-chain (ΔEint.chain) energies for several thiols 

(mpt, dpt, tpt, and C12) on a flat gold surface. All energies are in eV. 

Energy 

(eV) 

mpt dpt tpt C12 

PBE PBE-D3 PBE PBE-D3 PBE PBE-D3 PBE PBE-D3 

ΔEads –0.92 –2.04 –0.70 –2.25 –0.58 –2.53 –1.53 –3.32 

ΔEbind(S-Au) –1.34 –2.12 –1.26 –2.06 –1.26 –2.05 -1.78 –2.60 

ΔEint.chain 0.42 0.08 0.56 –0.19 0.68 –0.48 0.25 –0.72 

 

Table 2. Adsorption (ΔEads), binding (ΔEbind) and inter-chain (ΔEint.chain) energies for several thiols 

(mpt, dpt, tpt, and C12) on a nanostructured gold surface. All energies are in eV. 

Energy 

(eV) 

mpt Dpt tpt 

PBE PBE-D3 PBE PBE-D3 PBE PBE-D3 

ΔEads –1.34 –2.27 –1.20 –2.50 –1.22 –2.92 

ΔEbind(S-Au) –1.63 –2.20 –1.46 –1.99 –1.43 –1.96 

ΔEint.chain 0.29 –0.07 0.26 –0.49 0.21 –0.96 

 

An analysis of our results showed that the adsorption energy of C12 (–3.63 eV) is larger than 

those for the phenylthiols (mpt, dpt, tpt) in both assemblies, parallel and T-shaped. The energy 

difference between the alkylthiol (C12) and the arylthiols increases from tri-, di- to mono- 

phenylthiols, in both configurations when dispersion forces are taken into account. A comparison 

between the dodecanethiol and the triphenylthiol, taken as a reference for all the investigated 

thiols, indicates that stacking methylene groups in alkylthiols is more favorable than the aromatic 

ring stacking (Figure 3 and Figure 5). This trend is explained by the geometrical restraints of the 

aromatic groups respect to the (long) alkyl chains that have more atoms at the optimum distance 

to reach a greater stability.
57

 The interactions between aromatic groups, which show π-π stacking 

have been studied in detail before,
58

 and have also a strong stabilizing effect. However, since the 

dispersive interactions are additive, in our case not even the triphenyl thiol reach the stabilization 

of a C12 long alkyl chain. 

An interesting result is that the adsorption energy, which is also a descriptor for the SAM 

stability, showed that the T-shaped arrangement is in all cases more energetically favorable than 
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the parallel scheme. When dispersion forces are taken into account, the attractive intermolecular 

interactions increase monotonously with the number of phenyl groups in the side chain, as 

expected from π/π (π stacking for parallel phenyl groups) and C-H/π (for close to perpendicular 

phenyl groups) interactions.
49, 59

 These systems became less favorable in the following order 

(Table 1 and Table 2): mpt < dpt < tpt. Quantitatively, adding a new phenyl ring in a mono-

phenylthiol leads to a change in the adsorption energy of approx. 0.25 eV in both configurations. 

However, the addition of a ring in a dpt molecule evidences changes of 0.28 and 0.42 eV for the 

parallel and the T-shaped conformations, respectively; resulting in a significant stabilizing effect 

for the T-shaped SAM. 

Since the stabilization is measured by the adsorption energy and the Au-S bond energy is almost 

constant, the difference between both adsorption energies (parallel and T-shaped) is due to the 

dispersion interactions. It is interesting to note that the parallel π-π interaction is less stable 

probably due to the geometrical restraints in which the molecules are trapped within the SAM 

configuration, which forbids the thiols to reach an optimal intermolecular distance. On the other 

hand, the unit cell containing the adatoms allows a more favorable geometrical configuration than 

that obtained with the flat Au(111), which is in accordance with experimental information.
60-61

 

According to eq. (4), the adsorption energy can be subdivided into two different energy 

contributions: intermolecular interactions (ΔEint.chain) and the binding energy (ΔEbind). Regarding 

to the former, Table 1 and Table 2 show that the intermolecular interactions are stronger in C12 

than between the phenyl chains. However, it should be mentioned that for the case of the tpt on 

the Auad/Au(111) surface, the interchain energies are highly comparable respect to the C12, with 

an interchain energy difference of about |0.08| eV, which is within the expected error bar in a 

DFT calculation (0.1 eV). The dense packing achieved by C12 allows a free energy minimization 

with a high degree of van der Waals interactions between chains;
62-63

 situation that cannot be 

replicated by the tpt in the same flat surface.
64

 However, the gold nanostructuration raises the van 

der Waals interactions for the tpt chains, which are now closer but less packed than C12. 

Additionally, phenyl chain SAMs arrange in configurations that are more complex and change 

more easily between conformations than the akyl chain SAMs. As expected, the rigidity in the 

configurations for the arylthiols increases with the number of phenyl rings due to larger 

interactions between the chains. Interestingly, for all the investigated arylthiols on both surfaces, 
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Au(111) and Auad/Au(111), the binding energy values for the S-Au bond are almost similar and 

around 2.0 - 2.2 eV, which indicates that the adsorption energy is mainly determined by the 

nature of thiol chains and the intermolecular interaction forces that exist between those chains. 

Hence, the changes in the Au-S bond play only a minor role in the differences in surface affinities 

for this kind of ligand. This effect was particularly pronounced between dpt and tpt on both 

configurations, see Table 1 and Table 2. 

It is well accepted from experimental and theoretical viewpoints that the thiol adsorption on a 

Au(111) surface induces a reconstruction phenomenon, involving the formation of thiol-Auad-

thiol moieties,
60, 65-68

 which are even more stable than the assembly thiol-Auad.
61

  Hence, a 

detailed examination of the adsorption energies let us predict that the parallel configuration could 

transform into a T-shaped structure in order to gain stability, and the easiness of this process 

would decrease by increasing the number of phenyl rings (Figure 6). In order to do this, the thiols 

should extract a gold atom from the surface and change their configuration from parallel to T-

shaped. This phenomenon is under discussion nowadays, but some progress has been done for 

molecules as the methylthiol/Au(111).
60-61

 Another possible way to generate adatoms is the 

diffusion of Au atoms on the surface originating from steps and corners.  

A study of the flat surface allowed finding that the distances between the gold atoms implicated 

in the S-Au bond showed an increase of 8.7 % respect to the nearest neighbor distance from the 

bulk. However, this increase was not observed between another whatever two gold atoms, in fact, 

the distance decreased by 4.8 %. The pressure release by the extraction of the adatom could be 

one of the driven forces for the phase change. The presence of two different sulfur-gold interfaces 

–flat (S-Au) and nanostructured (S-Auad) surfaces– suggests a competition between the SAM 

organization and the existence of intermolecular forces. 
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Figure 6. Adsorption energies for each thiol studied (mpt, dpt and tpt) adsorbed on both surfaces: 

flat and nanostructured. 

3.2. Nature of the phenylthiol-Au bond 

The interpretation of the electronic structure of these systems: thiol-Au(111) and thiol-

Auad/Au(111) where thiol = mtp, dpt, tpt; is rather complicated due to the presence of several 

interactions between the adsorbed species as well as the electronic states of the metal surface. 

Therefore, in order to understand the nature of these interactions, the projected density of states 

(PDOS) was examined. The PDOS presented in this contribution were not normalized and the 

energy values are referred to the Fermi level taken as zero energy.  In addition, and for the sake 

of completeness, the nature of bonding/antibonding character of these molecular orbitals was 

studied using the Crystal Orbital Hamilton Population (COHP) method. We will not explain the 

details of this well-known method but we will summarize important remarks about the 

information that can be obtained from COHP. For further information about this method, see the 

work of Dronskowski and Bloechl 
69

. The COHP is a bonding indicator for solid systems that is 

constructed by generating an overlap population-weighted density of states. It is important to 

emphasize that negative values of COHP curves correspond to bonding states, whereas the 

positives are related to the antibonding states. 
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-2,00

flat Nanostructured

mpt 

dpt 

tpt 
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Figure 7. PDOS for the S 3p states for the three phenylthiols studied, adsorbed on the flat Au(111) 

surface (left panel) and on the Auad/Au(111) (right panel). 

Figure 7 shows a comparison between the 3p states of the sulfur presented in the three 

investigated phenylthiols adsorbed on a flat  (left panel) and on a nanostructured (right panel) 

Au(111) surface. As it can be seen, the PDOS profiles for the sulfur atom are practically the same 

for mpt, dpt and tpt in each gold surface. Hence, the nature of the Au-S bond seems to be 

independent of the chain size. These results are in agreement with the binding energy values 

displayed in Table 1 and Table 2, which remain almost unchanged with the chain length. For the 

thiol-Auad/Au(111) system, the 3p states of the sulfur directly bonded to the adatom appeared at 

more positive energies, due to the up-shift in the d- and sp- bands of the substrate. Changes in the 

electronic properties of nanostructured surfaces are expected due to alterations in the geometry in 

comparison to flat surfaces (Figure 8). Hence, the d- and sp- bands are shifted to more positive 

energy values. Furthermore, in the pure Auad/Au(111) surfaces the d-bands become thinner 

indicating stronger electron localization. These changes in the electronic properties enhance the 

surface reactivity of the nanostructured surface respect to the flat one. The higher adsorption 

energies on the nanostructured surface are the proof for this phenomenon (Table 1 and Table 2). 



15 

 

 

Figure 8. PDOS for the pure flat Au(111) (left panel) and the pure Auad/Au(111) (right panel) 

surfaces. 

Seeking for a better understanding of the S-Au bond nature, we performed a detailed analysis of 

the 3p states of the sulfur atom and its interaction with the sp- and d- bands of the surface. The 

Au atom directly bonded to the S of the thiol was selected for the analysis in both systems. In the 

case of the flat surface, the Au-S bond was formed by a S bonded to three gold atoms, which 

exhibit the same PDOS profile. In the case of the T-shaped system, the S-Au bond between the 

adatom and both sulfur atoms showed similar PDOS profiles as well. Figure 9, Figure 10 and 

Figure 11 show the total 3p states of the sulfur in the triphenylthiol with the s-, p- and d- bands of 

gold in both configurations as a reference. Monophenylthiol and diphenythiol are not shown, 

since their PDOS profiles were similar to the one of tpt. The COHP curves were also added to 

help in the interpretation of the bonding/antibonding contributions. Left and right columns 

correspond to Au(111) and Auad/Au(111) surfaces, respectively. 
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Figure 9. PDOS and COHP for the Au 5d state with the S 3p state of the tpt adsorbed on the flat 

(left column) and on the nanostructured (right column) surfaces. 

 

Figure 10. PDOS and COHP for the Au 6p state with the S 3p state of the tpt adsorbed on the flat 

(left column) and on the nanostructured (right column) surfaces. 
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Figure 11. PDOS and COHP for the Au 6s state with the S 3p state of the tpt adsorbed on the flat 

(left column) and on the nanostructured (right column) surfaces. 

Upon adsorption, the 3p states of the thiol become broader and shifted to negative energies in 

comparison to the isolated radical (not shown) due to the interplay with the metal surface. The d-

bands of Au(111) and Auad/Au(111) lie between –8 eV and –3 eV below the Fermi level, with 

their bonding and antibonding contributions of the 3p states –caused by the interaction with the d-

band– filled (Figure 9). Thus, the d-band does not contribute significantly to the adsorption bond, 

which is therefore dominated by the interaction with the sp-band. The s- and p- states of the 

surfaces are affected by the presence of the thiol, since the bonding and antibonding contributions 

appeared below and above the Fermi level, respectively; stabilizing the S-Au bond (Figure 10 and 

Figure 11). Thus, COHP plots allowed us to confirm that the S-Au bond shows mainly a S(3p)-

Au(6sp) character, because the bonding state is located bellow the Fermi level while the 

antibonding state is found above the Fermi level. Obviously, this behavior indicates a strong 

bonding between S(3p)-Au(6s) (Figure 11) and S(3p)-Au(6p) (Figure 10). On the other side, the 

analysis of the COHP profiles for the S(3p)-Au(5d) bond showed a different behavior: the 

bonding and antibonding states were both located bellow the Fermi level, revealing that no bond 

is formed. 
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It should be mentioned that our analysis is mainly focused in the Au-S nature, a more complete 

analysis is out of the scope of this work, which should consider highly entangled interactions: the 

participation of the 3s states of the sulfur, the metal states,  and  all the states of the rest of the 

thiol chain formed by C and H. 

Finally, the corresponding rearrangement of electronic charge upon the formation of the assembly 

of thiols can be obtained by subtracting the charge densities of the non-interacting systems from 

those where the assembly of thiols interact with the Au(111) surface: 

 Au-thiols thiolsAu        

where Δρ is the charge density difference and ρAu-thiols, ρAu and ρthiols are the charge densities of 

the whole system, the isolated Au surface, and the isolated assembly of thiols (both frozen at their 

final equilibrium configuration upon adsorption), respectively. 

The integration of charge density difference throughout the z-axis (Δρz) has been calculated 

according to: 


z dz     

The analysis of this property allows a direct comparison of the amount of charge accumulated or 

depleted at different atomic positions. Figure 12 shows the charge density difference of tpt on 

Au(111) (upper panel) and on Auad/Au(111) (bottom panel).  As it can be noticed, in both cases 

there exists an electron accumulation on the sulfur atom (blue dot), leading to a negative charge. 

However, immediately below, there is a depletion of electron density between the thiol and the 

Au bonded to it, being for the flat surface within the first layer (first red dot) and in the case of 

the nanostructured surface, on the gold adatom (green dot). These results suggest a higher 

electron delocalization in the former case and more discrete/localized states in the latter, which 

confirms our previous assertions. 
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Figure 12. Charge density difference (z-profile and volumetric) for the flat Au(111) surface (upper 

panel) and for the nanostructured (bottom panel). The accumulation of charge is in red and the 

depletion in blue for the volumetric charge density difference. 

 

Conclusions 

In this work the interaction between arylthiols and a Au surface is investigated using periodic 

DFT. Different SAM organizations were described in literature mainly based on differences in 

surface reconstructions (flat unreconstructed Au(111) and adatom Au(111) surface). DFT 

energetics on geometrically optimized SAMs and electronic analysis by means of projected 

density of states (PDOS) and the Crystal Orbital Hamilton Population (COHP) method, was used 

to interpret the adsorption property differences. 

A first conclusion concerning the adsorption geometry underlines the energetically favored T-

shaped adsorption compared with horizontal adsorption on unreconstructed Au(111) surface, for 

the three studied arylthiols. The long chains were found to adsorb stronger compared with the 

short chain thiols. However, the adsorption energy difference between the arylthiol chains 

adsorbed in T-shaped SAMs and adsorbed on flat unreconstructed Au(111) diminishes markedly 

from tpt to dpt (Δ=0.39), and remains almost constant between dpt and mpt (Δ=0.23 and 0.25), 

indicating that the unreconstructed surface becomes more competitive energetically for short 

chain arylthiols. 

Secondly, the nature of the Au-S bond seems to be independent of the chain size. These results 

are in agreement with the binding energy values. For the thiol-Auad/Au(111) system, the 3p states 

of the sulfur directly bonded to the adatom appeared at more positive energies, mainly due to the 



20 

 

up-shift in the bands of the substrate. Another important feature is that the Au-S interaction is not 

altered when the aryl chain is substituted by an alkyl chain.  

This leads us to conclude that the reconstruction, if any, is only dependent on the side chain 

interactions. Strong interchain interactions will stabilize surface reconstructions. However, this 

conclusion is only based on pure thermodynamic considerations. The question that now arises is, 

if this will be supported by kinetical considerations. This point will of course imply the 

proposition and the calculation of possible surface reconstruction reaction pathways, which are 

our next aim. 
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