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2. Supplementary Information for: Methods 

2.1. Literature Data 

 Computational literature data on hydrogen adsorption shows that the typical coverages 

studied are between 0.25 ML to 1ML and the most common software are VASP and Quantum 

Espresso with various functionals and pseudopotentials. Only the (100), (110), and (111) 

surfaces are considered in this discussion because these have the lowest surface energies and 

thus occur most frequently in the real materials. Many authors report the H-atom adsorption 

data with respect to diatomic hydrogen as the reference state. This was corrected using the 

H2(g) bond dissociation energy obtained from the corresponding DFT functional used in the 

corresponding work, to make the necessary comparisons and the data assessment possible.[1, 

2]  

 For silver, the (100) and (111) have been the most studied surface planes and only one 

reference is available for (110). [3-8] Aluminum data is primarily for the most stable surface 

(111) and only one work focused on hydrogen adsorption on Al(100).[9] Both modelling and 

experimental data show that aluminum is not particularly efficient as H-atom adsorption 

material, but instead absorption to the bulk takes place [10-12]. Gold was also investigated by 

different authors using different methods which lead to data scatter [3, 4, 7, 13, 14]. Copper is 

a significant metal that has been widely investigated by many researchers concerning the (100), 

(110), and (111) surfaces. It is a common observation from all authors that hydrogen adsorbs 

well on Cu surfaces [3, 4, 11, 14-19]. Nickel has been thoroughly investigated at the (100), 

(110), and (111) planes. It is a well-studied element due to its high H-atom adsorption capacity 

which is reflected in the hydrogen adsorption energy [3, 7, 14, 20-23]. Hydrogen adsorption 

on the surfaces of palladium has been well documented and the data scatter is the smallest we 

found among all fcc metals [3, 7, 14, 24-26]. Platinum is one of the costliest metals, yet it leads 

to one of the strongest H-atom adsorption among all fcc metals making it the perfect metal for 

hydrogen fuel cell applications from this technical point of view. It also is the most studied H-

atom adsorbent [3, 4, 7, 24, 27-29]. Rhenium is a particularly stable element at high 

temperatures, accounting for approximately 30% of the catalysts used by volume. It is an 

extremely costly metal because it is one of the rarest materials accessible, yet it is employed in 

catalysis. Experiments and modelling have demonstrated that it is second only to platinum in 

terms of hydrogen adsorption performance [7, 14, 30-33]. Fcc Co is an interesting material for 

energy applications [34, 35]. Thin films of fcc Co have been the goal of several recent studies 

[36, 37]. 
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 The exchange current density is an important parameter for the performance of systems that 

rely on electrodes [38]. The performance of electrodes depends on their composition and 

structure which have a significant impact on the exchange current density (i0). We used (i0) as 

a descriptor to test if the computed data for sets of perfect surfaces and different coverages with 

our averaging procedure can describe experimental data. The experimental data for exchange 

current density (i0) for reactions of hydrogen evolution has been retrieved from the literature 

[39]. Because of significant differences between the values of two references, the i0 for Ag was 

determined as the average between reference [40] and [41]. For the remaining metals, whenever 

multiple values exist, these have also been averaged.  

3. Supplementary Information for: Results and Discussion 

 

 

Figure SI1. ΔEadsH (normalized per H-atom) on Cu(100) as a function of coverage (ML) after 

data from different authors. Orange is reference [4], Blue is reference [19]. 

 

  

Figure SI2. Correlations between the surface independent first stage electronegativity (χ) and 

electron affinity (EA) and the surface dependent work function (W) for the transition metals 

with fcc structure: Ag, Au, Co, Cu, Ir, Ni, Pd, Pt, Rh. (100) blue diamonds, (110) orange 

squares, (111) grey circles.  
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Figure SI3. Coverage dependent adsorption energies (ΔEads) of H-atoms. ΔEads is expressed as 

the total change in energy for the adsorption of the corresponding number of H-atoms for each 

coverage as expressed in equation 4. This data was used to obtain the chemical potentials µi 

for H-atom adsorption for each surface plane of each element.   
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Figure SI4. Coverage dependent adsorption of H-atoms to Ag and Co surfaces. Note the 

different extents of surface reconstruction for the same surface planes and coverages between 

the two metals.  Ag (grey), H (pink), Co (blue).  
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Figure SI5. Adsorption energies per H-atom ΔEadsH (eV) for each surface plane (100), (110) 

and (111) and ML coverages 0.25, 0.5, 0.75 and 1 for the metals with fcc structure:  Ag, Au, 

Co, Cu, Ir, Ni, Pd, Pt, Rh and their dependence on the work function (W) of each of the 

corresponding surfaces (100), (110) and (111) retrieved from literature [42].  
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3.1. Hydrogen adsorption data 

Table SI1. Hydrogen atom adsorption data computed in this work. Monolayer coverage (ML); 

Number of H-atoms nH; adsorption energy for the n H-atoms (ΔE (eV)); adsorption energy per 

H-atom (ΔE (eV)/H-atom); adsorption energy per ML, for ML ≤ 1 (ΔE (eV) /ML).  

Ag(100)  Ag(110)  Ag(111) 

ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV 

Ag) 

/ML 

 ML nH 
ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 

0.25 1 -1.93 -1.93 -7.72  0.25 1 -1.52 -1.52 -6.07  0.25 1 -1.55 -1.55 -6.18 

0.5 2 -3.73 -1.87 -7.46  0.5 2 -4.02 -2.01 -8.04  0.5 2 -2.83 -1.41 -5.66 

0.75 3 -5.90 -1.97 -7.87  0.75 3 -6.02 -2.01 -8.03  0.75 3 -3.90 -1.30 -5.20 

1 4 -8.01 -2.00 -8.01  1 4 -8.23 -2.06 -8.23  1 4 -4.71 -1.18 -4.71 

Au(100)  Au(110)  Au(111) 

ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 

0.25 1 -1.93 -1.93 -7.71  0.25 1 -1.98 -1.98 -7.93  0.25 1 -1.86 -1.86 -7.44 

0.5 2 -3.85 -1.93 -7.71  0.5 2 -3.93 -1.96 -7.85  0.5 2 -3.61 -1.80 -7.22 

0.75 3 -6.39 -2.13 -8.52  0.75 3 -5.77 -1.92 -7.69  0.75 3 -5.22 -1.74 -6.95 

1 4 -8.59 -2.15 -8.59  1 4 -7.65 -1.91 -7.65  1 4 -6.65 -1.66 -6.65 

Co(100)  Co(110)  Co(111) 

ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 

0.25 1 -2.60 -2.60 -10.41  0.25 1 -3.76 -3.76 -15.02  0.25 1 -2.16 -2.16 -8.63 

0.5 2 -5.59 -2.80 -11.18  0.5 2 -5.36 -2.68 -10.73  0.5 2 -4.73 -2.36 -9.45 

0.75 3 -8.33 -2.78 -11.10  0.75 3 -8.06 -2.69 -10.74  0.75 3 -5.97 -1.99 -7.96 

1 4 -11.02 -2.76 -11.02  1 4 -11.70 -2.92 -11.70  1 4 -5.59 -1.40 -5.59 

Cu(100)  Cu(110)  Cu(111) 

ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 

0.25 1 -2.28 -2.28 -9.14  0.25 1 -1.76 -1.76 -7.04  0.25 1 -1.86 -1.86 -7.43 

0.5 2 -4.69 -2.34 -9.38  0.5 2 -4.70 -2.35 -9.40  0.5 2 -4.91 -2.46 -9.82 

0.75 3 -7.03 -2.34 -9.37  0.75 3 -7.02 -2.34 -9.36  0.75 3 -4.77 -1.59 -6.35 

1 4 -9.28 -2.32 -9.28  1 4 -9.32 -2.33 -9.32  1 4 -5.86 -1.47 -5.86 

Ir(100)  Ir(110)  Ir(111) 

ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 

0.25 1 -2.83 -2.83 -11.30  0.25 1 -2.72 -2.72 -10.89  0.25 1 -2.68 -2.68 -10.70 

0.5 2 -5.71 -2.85 -11.42  0.5 2 -5.45 -2.73 -10.90  0.5 2 -5.31 -2.66 -10.62 

0.75 3 -8.39 -2.80 -11.19  0.75 3 -8.06 -2.69 -10.74  0.75 3 -7.92 -2.64 -10.56 
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1 4 -11.11 -2.78 -11.11  1 4 -10.74 -2.69 -10.74  1 4 
-

10.52 
-2.63 -10.52 

Ni(100)  Ni(110)  Ni(111) 

ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 

0.25 1 -2.22 -2.22 -8.89  0.25 1 -2.21 -2.21 -8.82  0.25 1 -2.22 -2.22 -8.88 

0.5 2 -4.42 -2.21 -8.84  0.5 2 -5.33 -2.66 -10.65  0.5 2 -4.28 -2.14 -8.55 

0.75 3 -8.75 -2.92 -11.67  0.75 3 -8.04 -2.68 -10.72  0.75 3 -6.23 -2.08 -8.31 

1 4 -11.29 -2.82 -11.29  1 4 -10.75 -2.69 -10.75  1 4 -8.10 -2.03 -8.10 

Pd(100)  Pd(110)  Pd(111) 

ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 

0.25 1 -2.28 -2.28 -9.12  0.25 1 -2.21 -2.21 -8.84  0.25 1 -2.30 -2.30 -9.19 

0.5 2 -4.55 -2.27 -9.09  0.5 2 -4.40 -2.20 -8.80  0.5 2 -4.53 -2.26 -9.05 

0.75 3 -6.72 -2.24 -8.96  0.75 3 -6.53 -2.18 -8.70  0.75 3 -6.71 -2.24 -8.95 

1 4 -11.04 -2.76 -11.04  1 4 -8.64 -2.16 -8.64  1 4 -8.84 -2.21 -8.84 

Pt(100)  Pt(110)  Pt(111) 

ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 

0.25 1 -2.75 -2.75 -10.99  0.25 1 -2.85 -2.85 -11.42  0.25 1 -2.69 -2.69 -10.74 

0.5 2 -5.52 -2.76 -11.04  0.5 2 -5.68 -2.84 -11.36  0.5 2 -5.31 -2.65 -10.61 

0.75 3 -8.09 -2.70 -10.79  0.75 3 -8.46 -2.82 -11.28  0.75 3 -7.87 -2.62 -10.49 

1 4 -10.69 -2.67 -10.69  1 4 -11.21 -2.80 -11.21  1 4 
-

10.40 
-2.60 -10.40 

Rh(100)  Rh(110)  Rh(111) 

ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH ΔE (eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 
 ML nH 

ΔE 

(eV) 

ΔE 

(eV) 

/H-

atom 

ΔE (eV) 

/ML 

0.25 1 -2.47 -2.47 -9.89  0.25 1 -2.26 -2.26 -9.05  0.25 1 -2.45 -2.45 -9.79 

0.5 2 -4.93 -2.46 -9.85  0.5 2 -4.51 -2.25 -9.02  0.5 2 -4.84 -2.42 -9.67 

0.75 3 -7.26 -2.42 -9.68  0.75 3 -8.01 -2.67 -10.68  0.75 3 -7.18 -2.39 -9.57 

1 4 -10.98 -2.75 -10.98  1 4 -10.69 -2.67 -10.69  1 4 -9.49 -2.37 -9.49 
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