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1. XPS analysis of heat-treated Cu patterns 

The heat-treated Cu patterns were etched from the surface with etching rate ~1Å /sec and the 

atomic concentration was measured by XPS.  The zero atomic concentration of oxygen after 2000 sec. 

indicates that no oxidation occurred in the core of Cu patterns. The carbon is suspected to be from the 

imperfect removal of surfactant molecules. 

2. Computational details, calculated results and discussion 

Kohn–Sham density-functional theory (DFT) calculations were performed to examine the 

hydrogen transfer mechanism during the crystal-to-crystal conversion process from Cu2O nanoparticle 

to Cu crystal. The Perdew–Burke–Ernzerhof (PBE) functional1 and the double numerical plus 

polarization (DNP) basis sets were employed. The energy-consistent relativistic effective core potential 

was used for Cu atoms.2 The structures of two model clusters, Cu16O11H6 (M1) and Cu22O11 (M2), were 

constructed from the non-polar Cu2O(111) surface (see Figure S1).3 To keep the neutral charge of the 

model cluster, the six oxygen atoms at bottom of M1 cluster were terminated by hydrogen atoms. The 

Cu and O atoms at the surface layer (and the H atoms in M1) were relaxed during the geometric 

optimization, whereas other atomic positions were fixed at their experimental bulk values.4 

Polyacrylamide (PAM) was modeled by isobutyramide ((CH3)2CHCONH2). Figure S2 clearly shows 

that the hydrogen transfer reaction from PAM to Cu2O nanoparticle is thermodynamically favourable 

for both the two model clusters, M1 and M2. The adsorption energies (∆E) are defined as 

E(isobutyramide−Mn) − E(Mn) − E(isobutyramide) (n = 1 and 2). All the calculations were carried out 

by using the DMol3 software package implemented in Materials Studio from Accelrys Inc.5,6  

3. Control experiment with other surfactants.  

To characterize the function of PAM, we have done some control experiment with some other 

surfactants including PVP, PVP, PEG, CTAB, acryl amide, acetamide, N,N-dimethyl acetamide and 

anthranilamide. First, Cu2O NPAs were synthesized according to the method described in experimental 

section, with the exception of the kind of surfactant used. Then the reduction of the Cu2O NPAs was 

conducted similar to the samples with PAM. It is shown from Figure S3 that the conversion behaviours 
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of Cu oxide to Cu metal were much different from that of PAM. Figure S3 (a) and (c) show that the 

reduction reaction was very slow without additional surfactant and the complete conversion of Cu2O to 

Cu was difficult. In the case of PVP, the conversion reaction seems to conduct inside the Cu2O NPAs 

and no extraction of Cu+ ions form the aggregates is observed. (Figure S3 (b)) 
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Figure S1. Optimized structures of model clusters (a) M1 (Cu16O11H6) and (b) M2 (Cu22O11). 

The initial structure of (c) M1 and (d) M2 model clusters are constructed from the non-polar 

Cu2O(111) surface. 
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Figure S2. Optimized structures, adsorption energies (∆E), and hydrogen transfer reaction 

energies of isobutyramide−Cu2O model cluster systems: (a-b) M1 and (c-d) M2. Bond lengths 

are given in Å. 
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Figure S3. The conversion process of Cu2O nanoparticle aggregates to Cu crystals. The 

Cu2O nanoparticle aggregates were prepared without surfactant (a) or using PVP as 

surfactant (b, c). The reduction reaction was conducted without additional surfactant (a, c) or 

with PVP as surfactant. 
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