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Supplementary Figure 1. SEM, TEM images and size distributions of (a1-3) c-Cu2O-27, (b1-3) c-

Cu2O-106, (c1-3) c-Cu2O-774 and (d1-3) d-Cu2O-439. 

 

 

  



3 

 

 

Supplementary Figure 2. A) C 1s XPS spectra of as-synthesized Cu2O NCs: (a) c-Cu2O-27, (b) c-

Cu2O-106, (c) c-Cu2O-774, and (d) d-Cu2O-439. C 1s XPS signals at 284.8, 288.4 eV can be ascribed 

to the adventitious carbon and various types of carbonate species. 
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Supplementary Figure 3. Side (a) and edge (b) view of the structure of (4×4×4)-c-Cu2O and side 

view of Cu2O(110) (c). The orange, red, green, and blue spheres represent Cu atom, O atom, Cu atom 

on the edge, and Cu atom shared by three edges, respectively. The Cu and O atoms on the edges of c-

Cu2O NCs exhibit the same coordination structures as those on the Cu2O{110} surfaces. 
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Supplementary Table 1. Calculated densities of Cu(110) edge sites and their fractions related to total 

surface Cu sites on various c-Cu2O NCs. 

 c-Cu2O-27 c-Cu2O-106 c-Cu2O-774 

Fraction of Cu{110} edge sites related 

to total surface Cu atoms 
1.61% 0.42% 0.06% 

Density of Cu(110) edge sites (g-1) 6.44×1018 4.08×1017 7.84×1015 

Defining L (in nm) and a (a = 0.427 nm) as the edge length and lattice parameter of a c-Cu2O NC, the 

number of Cu2O unit cell is (L/a)3, and each Cu2O unit cell contains 4 Cu atoms, thus the total Cu atom 

number (n) of a c-Cu2O NC with an edge length of L can be calculated as: 

34( )
L

n
a

                          (1) 

The number of Cu atoms on each edge is L/a, and 4 Cu corner atoms are shared by three edges. Thus, 

the total number of Cu(110) edge sites (nedge) of a c-Cu2O NC with an edge length of L can be calculated 

as: 

edge 12 8
L

n
a

                     (2) 

The number of Cu2O surface unit cell is (L/a)2, and each Cu2O surface unit cell contains 2 Cu atoms, 

thus the Cu surface atom number of each face of a c-Cu2O NC with an edge length of L can be calculated 

as 2(
𝐿

𝑎
)2. On each of the two basal planes of a c-Cu2O NC, the number of Cu surface atoms is 2(

𝐿

𝑎
)2; 

on each of the two separated lateral planes (not sharing Cu atoms with each other), there are two Cu 

rows shared by the basal plane, and the number of Cu surface atoms is 2(
𝐿

𝑎
)2 − 2

𝐿

𝑎
; on each of the last 

two lateral planes, except for sharing two Cu rows with the basal plane, it also shares one Cu atom in 

each Cu row with the two separated lateral planes, and the number of Cu surface atoms is 2(
𝐿

𝑎
)2 −

4
𝐿

𝑎
+ 2. Thus, the total number of Cu surface atoms (nsurface) of a c-Cu2O NC with an edge length of L 

can be calculated as: 

2
surface 12( ) 12 4

L L
n

a a
                            (3) 

Thus, the fraction (f) of Cu{110} edge sites related to total surface Cu atoms of a c-Cu2O NC with an 

edge length of L can be calculated as:  

edge

surface

n
f

n
                          (4) 

The density of Cu2O is 6 g/cm3, thus the particle number (N) of 1g c-Cu2O NCs with an edge length of 

L can be calculated as:  

21

3

1
10

6
N

L
                           (5) 

And the density of Cu(110) edge sites (Nedge) of a c-Cu2O NC with an edge length of L can be calculated 

as: 
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For our c-Cu2O NCs with size distributions shown in Figure 1, defining i as c-Cu2O NCs with a specific 

edge length, xi as the fraction of c-Cu2O NCs with a specific edge length, fi as the fraction of Cu{110} 

edge sites related to total surface Cu atoms of a c-Cu2O NC with a specific edge length, and Nedge,i as 

the density of Cu(110) edge sites of a c-Cu2O NC with a specific edge length, 

Then the fraction of Cu{110} edge sites related to total surface Cu sites of our c-Cu2O NCs can be 

calculated as ∑ 𝑥𝑖𝑖 𝑓𝑖 

The particle number of our c-Cu2O NCs with an average edge length of L can be calculated as: 

21

3

1
10

6
N

L
                           (7) 

The density of Cu{110} edge sites of our c-Cu2O NCs can be calculated as 𝑁∑ 𝑥𝑖𝑖 𝑛𝑒𝑑𝑔𝑒,𝑖 
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Supplementary Figure 4. In situ DRIFTS spectra of CO adsorption (PCO=250 Pa) on the Cu2O NCs 

at 123 K: (a) c-Cu2O- 27, (b) c-Cu2O-106, (c) c-Cu2O-774, and (d) d-Cu2O-439. 
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Supplementary Figure 5. C3H6 conversion and propylene oxide (PO), acrolein and CO2 selectivities 

of the C3H6 oxidation with O2 catalyzed by (a) c-Cu2O-27, (b) c-Cu2O-106 and (c) c-Cu2O-774 NCs. 

Reaction condition: 200 mg catalyst, 8% C3H6 and 4% O2 balanced with Ar at a flow rate of 50 mL 

min-1. 
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Supplementary Figure 6. C3H6 reaction rate and propylene oxide (PO), acrolein and CO2 selectivities 

of the C3H6 oxidation with O2 catalyzed by d-Cu2O-493 NCs. Reaction condition: 200 mg catalyst, 8% 

C3H6 and 4% O2 balanced with Ar at a flow rate of 50 mL min-1. 
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Supplementary Figure 7. SEM, TEM, and HRTEM images of typical Cu2O NCs evaluated after 

propylene oxidation: (a1)–(a3) c-Cu2O-106 at 90 ℃, (b1)–(b3) c-Cu2O-106 at 150 ℃, (c1)-(c3) c-

Cu2O-774 and (d1)-(d3) d-Cu2O-439 at 210 ℃. The lattice fringes of 0.30 and 0.23 nm correspond to 

the spacing of the Cu2O{110} (JCPDS card No. 78-2076) and CuO{111} (JCPDS card No. 89-5899) 

crystal planes, respectively.  
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Supplementary Figure 8. Cu 2p XPS spectra of (a) c-Cu2O-27, (b) c-Cu2O-106, (c) c-Cu2O-774 and 

(d) d-Cu2O-439 NCs evaluated at different reaction temperatures. 
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Supplementary Figure 9. (a) Cu 2p NAP-XPS and (b) Cu LMM NAP-AES spectra of c-Cu2O-27 NCs 

under 0.6 mbar C3H6+ 0.3 mbar O2 at different reaction temperatures. The used photon energy is 1150 

eV. Corresponding spectra under ultrahigh vacuum condition are also shown. 
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Supplementary Figure 10. In situ DRIFTS spectra of CO adsorption (PCO=250 Pa) at 123 K on (a) c-

Cu2O-27 and (b) c-Cu2O-106 subjected to C3H6 oxidation reaction at different temperatures. 
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Supplementary Figure 11. C3H6 reaction rate of c-Cu2O-27 and c-Cu2O-106 at different temperature 

as a function of the peak area of CO adsorbed on Cu2O{110} edge sites of c-Cu2O-27 and c-Cu2O-106 

derived from corresponding DRIFTS results. 
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Supplementary Figure 12. (a) Stability of c-Cu2O-27 in catalyzing C3H6 oxidation with molecular 

oxygen. (b) Cu 2p XPS spectra of c-Cu2O-27 after the catalytic stability test at 90 ℃. (c) C 1s XPS 

spectra and (d) Transmission infrared of c-Cu2O-27 before and after the catalytic stability test at 90 ℃.  
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Supplementary Table 2. Assignment of vibrational bands observed in the DRIFTS spectra. 

Assignment Wavenumber / cm-1 Ref. 

ν(CH3) in C3H6 gas 2954 2,3 

ν(CH3) in C3H6(a)Cu, C3H6(a)Cu,O & 

C3H6(a)O,O 
2925, 2860 4 

ν(C-H) in HCOO(a) 2960, 2885 5 

ν(CH2) in C3H5(a)O 2834 6 

νas(CO2(a)) 2338, 2190 7 

ν(C=C) in C3H6 gas & CH2=CH-CHO(a) 1652 2-4,8,9 

ν(C=C) in C3H5(a)O 1608 4,10 

ν(C=C) in C3H6(a)Cu 1590 1,11 

ν(C-O) in HCOO(a) 1567, 1368 4-6, 

ν(C=C) in C3H6(a)Cu,O & C3H6(a)O,O 1462 1 

νas(C-C-C) in C3H5(a)Cu 1434  1,4 

δ(-CH3) 1398 4,6 

δ(C-H) 1272, 1252 1,4 
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Supplementary Table 3. Calculated barrier (Ea), reaction enthalpy(ΔE), and Gibbs free energy change 

(ΔG) of the key elementary steps for propylene oxidation to propylene oxide (PO) and acrolein on 

Cu2O{110}.    

Gibbs free energy change is calculated using equation 8. 

G E ZPE T S                                                  (8) 

The most important entropic contributions are assumed from the translational and vibrational entropies, 

which are calculated at 373 K and standard pressure as an example using equations 9 and 10, 

respectively. 

1.5 ln(2 ) 3 ln ln( / ) 2.5trans b bS R Mk T R h R k T P R                     (9) 

1[ ( 1) ln(1 )]b b

hv hv

k T k T

vib

b

hv
S R e e

k T


                                     (10) 

where M, R, kb, h, T, P, and ν are molecular weight, ideal gas constant, Boltzmann constant, Planck 

constant, temperature, pressure, and calculated vibrational frequencies, respectively. 

 

 

 

Reaction step Ea/ev ΔE /eV ΔG/eV 

CH3CHCH2+*→ CH3CHCH2* - -0.53 -0.02 

CH3CHCH2*→ PO*+VO 1.48 1.28 1.41 

O2+VO+*→O2*/VO - -1.65 -0.95 

O2*/VO+*→O*+O*(lattice) 0.32 -0.98 -0.92 

CH3CHCH2+O*→ CH3CHCH2O* - -0.56 -0.05 

CH3CHCH2O*→ PO* 0.37 -0.98 -1.03 

CH3CHCH2+O2+*→ OOMP* - -0.34 -0.07 

OOMP*+*→PO*+O* 0.68 -1.88 -1.87 

CH3CHCH2*+*→ CH2CHCH2*+H* 0.75 -0.17 -0.05 

CH2CHCH2*+O*(lattice)→ CH2CHCHO*+H* 1.05 -0.84 -0.77 

CH2CHCHO*→ CH2CHCHO+*+VO 0.96 0.96 0.48 
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Supplementary Figure 13. Optimized geometries for propylene adsorption on Cu2O(110): (a) C3H6 

binding to a surface Cu atom via its two carbon atoms from -CH2 and -CH groups and (b) C3H6 binding 

to a surface Cu and a surface O atoms via its two carbon atoms from -CH2 and -CH groups. The orange, 

red, gray, and blue spheres represent Cu, O, C, and H atoms, respectively. 
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Supplementary Figure 14. Optimized structures of adsorbed O2 (a) and the transition state of O2 

dissociation (b) on perfect Cu2O(110). The orange, green, and red spheres represent Cu, O in O2, and O 

atoms, respectively. 
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Supplementary Figure 15. Energy profile along with the optimized structures of intermediates and 

transition states for acrolein formation on Cu2O(110). The orange, red, gray, and blue spheres represent 

Cu, O, C, and H atoms, respectively. 
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