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ΔV, and is related to the 

difference in work function between the substrate and the 

adatoms undergoing UPD.
30, 31

 The ΔV is also influenced by the 

structure of the electrode-solution interface, such as the 

adsorption of solvent molecules to the electrode surface.
33, 

34
  

 Table 4.1 presents the electrochemically measured ΔV 

along with the -DFT calculated ΔV for Cu deposition. The 

potential for bulk Cu deposition in 0.10 M H2SO4 and 0.010 M 

CuSO4 is 0.24 V.
42
 We have also measured the bulk Cu 

reduction potential and obtained the same result (0.24 V) 

(Figure 4.2). The bulk deposition potential is denoted VBulk 

in Table 4.1. Based on the DFT studies discussed above, we 

consider the pair of Cu deposition peaks at 0.41 V and 0.33 

V in the Cu UPD CV (Figure 4.5) to correspond to Cu UPD 

onto the (100) and (111) facets of G6-OH(Pt147), 

respectively (V100 and V111 in Table 4.1). The experimentally 

measured ΔV corresponding to Cu UPD onto the (100) facet of 

G6-OH(Pt147), ΔV100, is 0.17 V (Table 4.1). This is the  



 



 

 

potential difference between VBulk and V100. The 

experimentally measured ΔV for Cu UPD onto the (111) facet 

of G6-OH(Pt147), ΔV111 , is 0.09 V, which is the difference 

between the potentials VBulk and V111. The DFT-calculated ΔV 

for Cu deposition onto the (100) and (111) facets of the 

(SO4
2-
)Pt147

DFT
 model are 0.18 V and 0.13 V, respectively. 

These DFT-calculated ΔV is in excellent agreement with the 

electrochemically measured ΔV, given the 0.1 V error in the 

DFT calculations. We also calculated ΔV for the Pt147
DFT

. For 

the bare Pt147
DFT

 model, ΔV100 and ΔV111 are 0.46 V and 0.28 V, 

respectively (Table 4.1). These values do not compare well 

to the experimental values, and the discrepancy is greater 

than the error in the DFT calculations (0.1 V). This 

demonstrates to a first approximation that accounting for 

solvent molecule interactions in DFT studies produces more 

realistic models and a better comparison to empirical data.

ΔV’

ΔV’ is the difference between the stripping 

potentials corresponding to the stripping of Cu from the 

(111) and (100) facets, V’111 and V’100, respectively, and the 

bulk reduction potential. 



 

G6-OH(Pt147), ΔV’111 was measured as 

0.15 V, and ΔV’100 was found to be 0.29 V (Table 4.1). The 

corresponding DFT-calculated values for ΔV’111 ΔV’100 

were found to be 0.56 V and 0.67 V, respectively. The DFT-

calculated ΔV’ values are significantly larger (beyond the 

DFT error of 0.1 V) than the experimental measurements. 

This implies that there is an unaccounted for error in DFT 

Cu stripping process shown in Figure 4.11. We believe the 

source of this error is the absence of solvent interactions 

in the DFT-modeled stripping process.  

 Ideally, we would like to model the Cu stripping 

process on a solvated Pt@Cu nanoparticle model, to best 

match the Cu deposition process on the (SO4
2-
)Pt147

DFT
 model. 

However, due to computational limitations, we were not able 

to model the stripping process on a fully solvated Pt@Cu 

nanoparticle, as we had done earlier for the Cu deposition 

process. To address this discrepancy in the best manner 

possible, we are in the process of running DFT calculations 

on a solvated hemispherical Pt@Cu nanoparticle. Although 

this is still not the ideal case, we can make some 

meaningful observations in effort to explain the poor 

agreement between the experimentally measured and DFT-

calculated ΔV’. The calculations remain in progress at this 



 

time, but we have obtained some preliminary results. First, 

the presence of adsorbed SO4
2-
 on the Cu shell increases the 

Cu-Cu bond length. We speculate that the presence of the 

SO4
2- 

will weaken the binding energy of the Cu atoms and 

shift the DFT-calculated stripping energy toward lower 

potentials. 
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