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Abstract: Catalysis by AuCu nanoclusters is a promising scientific field. However, 
our fundamental understanding of the underlying mechanisms of mixing in AuCu 
clusters at the sub-nanometre scale and their physico-chemical properties in both the 
gas-phase and on oxide supports is limited. We have identified the global minima of 
gas-phase and MgO(100)-supported AuCu clusters with 3-10 atoms using the Mexican 
Enhanced Genetic Algorithm coupled with density functional theory. Au and Cu 
adatoms and supported dimers have been also simulated at the same level of theory. 
The most stable composition, as calculated from mixing and binding energies, is 
obtained when the Cu proportion is close to 50%. The structures of the most stable free 
AuCu clusters exhibit Cu-core/Au-shell segregation. On the MgO surface however, there 
is a preference for Cu atoms to lie at the cluster-substrate interface. Due to the interplay 
between the number of interfacial Cu atoms and surface-induced cluster rear- 
rangement, on the MgO surface 3D structures become more stable than 2D structures. 
The O-site of MgO surface is found to be the most favourable adsorption site for both 
metals. All dimers favour vertical (V) configurations on the surface and their adsorption 
energies are in the order: AuCu < CuCu < AuAu < AuCu (where the bold atom is bound 
to the O-site). For both adatoms and AuCu dimers, adsorption via Cu is more favourable 
than Au- adsorbed configurations, but, this disagrees with the ordering for the pure 
dimers due to a combination of electron transfer and the metal-on-top effect. Binding 
energy (and second difference) and HOMO-LUMO gap calculations show that even-
atom (even-electron) clusters are more stable than the neighbouring odd-atom (odd- 
electron) clusters, which is expected for closed- and open-shell systems. Supporting 
AuCu clusters on the MgO(100) surface decreases the charge transfer between Au and 
Cu atoms calculated in free clusters. The results of this study may serve as a foundation 
for designing better AuCu catalysts. 
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Fig. 1: The starting positions for adatoms and V configurations of supported dimers. Mg and 
O atoms are shown (here, and in subsequent figures) in purple and red, respectively, while the 
green spheres represent the starting position of the adatom or the lower atom of the dimer. 

 
 

 
 

Fig. 2: Schematic representation of starting positions for P configurations of supported 
dimers. Au and Cu atoms are represented by M1 and M2 which are shown here in yellow and 
sky-blue colours. For pure systems, i.e. M1=M2, the number of configurations are reduced to 
only 9 as configuration 10 is identical to configuration 4. 









Physico-chemical insights into gas-phase and oxide-supported 

11 sub-nanometre AuCu clusters 

 

suggest a very small difference between the adsorption energies of Cu and Au adatoms 
in both cases (0.07 eV for upper layer relaxation and 0.06 for both layers relaxed), with 
the Cu atom being slightly more strongly bound in each case. Taking into account the 
effect of zero-point energy and substrate relaxation, the Cu and Au adatom adsorption 
energies are almost identical. The Mg and H sites are local minima for adatom 
adsorption, with stronger adsorption (more negative Eads) observed for the larger, more 
polarisable Au atom. 

The adsorption energies of Au2, Cu2 and AuCu dimers, starting from vertical (V) and 
parallel (P) orientations, are shown in Tables 1 and 2, respectively, and are shown 
graphically in Figures S4 and S5 in the Supporting Information. In contrast to the 
adatoms, Au2 dimers are adsorbed more strongly (i.e. have more negative Eads values) 
than Cu2 dimers for all sites, in both the V and P orientations. The O-site is preferred for 
both Au2 and Cu2. The bridge site changes to the O-site, as for the adatoms. Both dimers, 
when initially placed on P site 4 (see Figure 2), relax after DFT minimization to the O-
site V configuration, which has a lower energy than all the P configurations. The most 
stable P configuration generally maximizes metal-oxygen (M-O) bonds and elongates 
the metal-metal (M-M) bond, thus weakening the M-M interaction, as the M-O bonding 
competes with M-M bonding. In contrast, due to the metal-on-top effect [86b], the V 
configurations exhibit both stronger M-O and M-M bonding, as listed in Table S4 in the 
Supporting Information. The reason for the unexpected greater adsorption strength of 
Au2 than Cu2 in the V configurations (in contrast to the trend for the Cu and Au adatoms) 
is because the metal-on-top effect is greater for Au than Cu, due to the greater 
polarizability of Au [86b].  

On the MgO(100) surface, as for the pure dimers, the AuCu dimer also favours V 
configurations (with the O-site again being the preferred binding site), but the Cu-
adsorbed configurations (Au on top of Cu) are more favourable than Au-adsorbed 
configuration (Cu on top of Au). This can be explained by the Cu-O interaction being 
stronger than Au-O: the adsorption energy calculated for a Cu adatom on the O-site is 
larger in magnitude (by approximately 0.02 eV) than the Au adatom (see Table 1). For 
the Cu-adsorbed AuCu dimer, the Cu-O bond is further strengthened because the greater 
electronegativity of Au (compared with Cu) atom results in electron transfer from Cu to 
Au, leaving a positively charged Cu atom, which binds more strongly to the oxide anion. 
As shown in Table 1, the order of dimer adsorption energies (for the O-site V 
configuration) is as follows: AuCu < CuCu < AuAu < AuCu (where the bold atom is 
bound to the O-site). The weaker Au-adsorbed configuration of AuCu (relative to Au2) 
can be explained by the Cu to Au electron transfer weakening the Au-O binding and the 
weaker metal-on-top effect with Cu above Au.  Many P configurations of the AuCu 
dimer (interestingly, not including site 4) relax after local DFT minimization to the (O-
site) V configuration, forming a Cu-O bond.
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Fig. 4: Putative global minimum structures for all compositions of free AuCu nanoalloys with 
sizes N = 3-10. 

Au2Cu1 Au1Cu2 Au3Cu1 Au2Cu2 Au1Cu3 

Au4Cu1 Au3Cu2 Au2Cu3 Au1Cu4 Au5Cu1 

Au4Cu2 Au3Cu3 Au2Cu4 Au1Cu5 Au6Cu1 

Au5Cu2 Au4Cu3 Au3Cu4 Au2Cu5 Au1Cu6 

Au7Cu1 Au6Cu2 Au5Cu3 Au4Cu4 Au3Cu5 

Au2Cu6 Au1Cu7 Au8Cu1 Au7Cu2 Au6Cu3 

Au5Cu4 Au4Cu5 Au3Cu6 Au2Cu7 Au1Cu8 

Au9Cu1 Au8Cu2 Au7Cu3 Au6Cu4 Au5Cu5 

Au4Cu6 Au3Cu7 Au2Cu8 Au1Cu9 










































