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Fig. S1 (a, b, c, d) SEM images for CuNi5:5, (e, f) SEM images for CuNi5:5/rGO1wt%.

Fig. S2 Size distribution of CuNi5:5 bimetal.

The black points in Fig. S2 are CuNi5:5 bimetal and the average particle size is 

about 19.9 nm.
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Fig. S3 XRD patterns of CuNi bimetal with different fractions.
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Fig. S4 UV-visible diffuse reflectance spectrum of rGO.
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Fig. S5 C1s spectrum of GO. 
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Fig. S6 O1s spectrum of CuNi5:5/rGO1wt%.

Fig. S6 presents the O1s spectra for the CuNi5:5/rGO1wt%. The asymmetric peak 

of the O1s spectrum indicated that there may be more than one chemical state with 

similar binding energy. The peaks at 529.2.6 eV and 531.1 eV were related to metal-

oxygen (M-O) and oxygen singly bonded to carbon (C-O), respectively. This 

phenomenon demonstrates that chemical bond was formed between CuNi bimetal and 

rGO, which can promote charge transfer. 
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Fig. S7 XRD patterns of CuNi5:5/rGO1wt% before and after the stability test of 

hydrogen evolution.
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Fig. S8 XPS spectra of CuNi5:5/rGO1wt% before and after the stability test of hydrogen 

evolution, (a) Cu2p and (b) Cu LMM.
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Fig. S9 Photocatalytic H2 evolution of Cu/rGO composites.

Cu was obtained by hydrothermal method as the preparation of CuNi bimetal 

except the existence of Ni2+. Cu/rGO composites were also achieved by hydrothermal 

method as the preparation of CuNi/rGO photocatalyst.
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Fig. S10 Photocatalytic H2 evolution of physical mixture between CuNi5:5 and rGO.

rGO was obtained by hydrothermal method as the preparation of CuNi/rGO 

photocatalyst except CuNi bimetal. Physical mixture of CuNi and rGO nanosheets 

was also investigated for photocatalytic hydrogen evolution. 60 mL deionized water, 



10 mL of lactic acid and 50 mg of CuNi5:5 were added in a 300 mL Pyrex reaction cell. 

The mixture solution was completely degassed about 30 minutes, followed by 

irradiation with a xenon lamp. H2 evolution rate was determined using online gas 

chromatography every hour and this process will take about 5 hours. After 5 hour 

irradiation, 0.5 mg of rGO was added in above solution, followed by degassing and 

irradiation again. H2 evolution rate was also determined by online gas 

chromatography every hour. 
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Fig. S11 Photocatalytic H2 evolution of control experiments, reactor was wrapped 

by tin foil except for the light irradiation direction and the temperature was 

maintained at 278 K by cool following water.

Compared with Fig. 4d, there is no obvious difference on photocatalytic H2 

evolution rate, indicating that near-infrared photocatalytic H2 evolution origin from 

near-infrared light excitation rather than thermal reaction or natural light excitation.
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Fig. S12 Transient photocurrent density responses of CuNi5:5/rGO1wt% under 

near-infrared region.

As shown in Fig. S12, transient photocurrent responses were obtained at 800 

and 900 nm irradiation, suggesting that near-infrared photocatalytic H2 

evolution origins from near-infrared light excitation. Compared with Fig. 5a, 

transient photocurrent values showed significant decline due to decrease of 

light intensity. 

Table S1 BET surface area, average pore diameter and pore volume of samples.

 

Sample                     SBET (m2 g-1)               Pore Volume (cm3 g-1)      Average pore diameter (nm)

CuNi5:5                             63.11                                        0.51                                     26.91 
CuNi5:5/rGO0.1wt%            65.45                                        0.51                                     27.54
CuNi5:5/rGO0.5wt%            67.32                                        0.49                                     27.66
CuNi5:5/rGO1wt%              73.82                                        0.47                                      27.37
CuNi5:5/rGO2wt%              78.03                                        0.43                                      27.51
CuNi5:5/rGO3wt%              84.26                                        0.40                                      27.23

Table S2 Surface element composition of sample C before (1) and after (2) recycling 

photocatalytic reaction determined by XPS.



Sample                                              Elemental  concentration (atom%)

                                     Cu 2p                           Ni 2p                       C 1s                      O 1s      
                                                
1                                          7.81                              7.73                         69.49                    14.97
  
2                                          7.32                               7.11                        68.55                    17.02

Table S3 Quantum efficiency (QE) of CuNi5:5/rGO and CuNi5:5 [1]. 

Sample                                      QE (800nm)%                              QE (900nm)%

CuNi5:5                                         2.50                                                   3.31               
CuNi5:5/rGO1wt%                          6.93                                                   9.48

The quantum efficiency is calculated from equation (1).

𝑄𝐸 =
2 × 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑣𝑜𝑙𝑣𝑒𝑑 𝐻2𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠

𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑝ℎ𝑜𝑡𝑜𝑛𝑠 (𝑁)
× 100%              (1)

N is determined by equation (2):

𝑁 =
𝐸
ℎ𝑐

Where E is the average intensity of irradiation which is determined by ILT 950 

spectroradiometer (International Light Technologies),  is wavelength, h is Planck 

constant and c is light speed.

Table S4 Photo-luminescence life time of samples.

Sample                                  Cu                                 CuNi5:5                                CuNi5:5/rGO1wt%

Life time (ns)                       0.81                               0.96                                     1.18
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