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Figure S1. (a) Low magnification TEM image of Cu nanowires. (b) TEM image of a 

single Cu nanowire. (c) Cross-section TEM image of a Cu nanowire. Twin boundaries 

can be clearly observed. Five twins are marked by T1-T5. (d) The corresponding 

selected area electron diffraction (SAED).
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Figure S2. (a) High-resolution atomic image of a Cu nanowire with the [0 1 -1] zone 

axis. (b) The corresponding SAED of (a). (c) High-resolution atomic image of a Cu 

nanowire with the [-1 1 0] zone axis. (d) The corresponding SAED of (c). The 

orientation between electron beam and twin structures is shown in Figure b and d, 

respectively.
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Figure S3. (a) Low magnification STEM-HAADF image of Au nanoparticles on a Cu 

nanowire. (b) High magnification STEM-HAADF image of Au nanoparticles on a Cu 

nanowire. (c) Lattice fringes of Au nanoparticles and Cu nanowire characterized by 

STEM-HAADF. (d) Atomic-scale STEM-HAADF image of Au nanoparticle on Cu 

nanowire.
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Figure S4. (a) Low magnification TEM image of partially hollowed Cu nanowire with 

Au nanoparticles. Three locations are marked by red rectangle. (b)-(d) The 

corresponding SAED to the three locations in (a).



6

Figure S5. (a) Low magnification STEM-HAADF image of hollowed Cu-Au nanotube. 

(b)-(d) Atomic-scale STEM-HAADF images of Au nanoparticle on the nanotube.



7

Figure S6. X-ray diffraction of TiO2 nanoparticles with anatase structure.
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Table S1. Comparison of photocatalytic hydrogen production based on Au-Cu 

cocatalysts coupled with TiO2 photocatalysts. Other kinds of noble-metal cocatalysts 

are also shown for comparison.

Co-

catalyst

Photo-

catalyst

Sacrificial 

Agent

Light 

source

Reaction 

temperatur

e

(oC)

Productio

n

(μmol/g/h)

Referenc

e

Au-Cu TiO2 

quantum 

dot

10 vol.% 

Methanol

300 W 

xenon 

lamp

5 13100 This work

Au1-

Cu1

TiO2 

nanosheet

10 vol.% 

methanol

PLS-

SXE300

 710 1

Au-Cu TiO2 (P25)  1000 W 

Xe lamp

60 286 2

Au-Cu TiO2 

nanosheet

0.35 M 

Na2S

0.25 M 

Na2SO3

PLS-

SXE300

 1310 3

Au3-Cu TiO2 

nanotube, 

10 vol.% 

EtOH

UV LED

365  5 

nm

 10560 4

Au-Cu TiO2  UV LED

365  5 

nm

 4100 5

Au-Pt TiO2 

nanosheet

30 vol.% 

Methanol

300 W 

xenon 

lamp

20 8010 6

Au-Pt TiO2 

nanofiber

20 vol.% 

Methanol

300 W 

xenon 

 165 7
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lamp

Ni-Pd TiO2 

nanoparticle

50 vol.% 

Methanol

400 W 

mercury 

arc

 4200 8

Cu-Ag TiO2 

nanoparticle

10 vol.% 

TEOA

150 W 

xenon 

lamp 

(≥400 

nm)

20 1560 9

Au-Ag TiO2 (P25) 20 vol.% 

Methanol

250 W 

Hg lamp 

(350–

450 nm)

60 12820 10

Au-Pt TiO2 (P25) oxalic 

acid

150 W 

UV lamp 

(λ <365 

nm)

 708.5 11

Au-Pt TiO2 (P25) 25 vol.% 

Methanol

Newport 

solar 

simulator

300 W

 1275 12

Au-Pt TiO2 20 vol.% 

Methanol

Nd-YAG 

laser 532 

nm

 6200 13

Ag-Ni TiO2 0.1 M 

Methanol

LED, 

420 nm

 2933.9 14

Au-Pt TiO2 10 vol.% 

Methanol

300 W 

xenon 

arc lamp

 23667 15
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