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Experimental section

1.1 Materials and characterizations

All the chemicals were commercially available and applied directly without any further 

purification. Powder X-ray diffraction (PXRD) was performed on a Rigaku Ultima IV 

diffractometer (CuKα radiation, λ = 1.5406 Å). FT-IR spectra were recorded on a 

Thermo Electron NEXUS 670 spectrometer as KBr pellets from 4000 to 400 cm-1. An 

ESCA LABMKLL X-ray photoelectron spectrometer with an Al Kα source was 

employed to conduct X-ray photoelectron spectrometry (XPS) measurements. 

Scanning electron microscopy (SEM) and high-resolution transmission electron 

microscopy (HRTEM) images were taken using a JSM-7500F and JEOL JEM 2010F 

at an accelerating voltage of 200 kV, respectively. Thermogravimetric (TG) curves 

were obtained on a TGA-50 thermogravimetric analyzer with a heating rate of 10 oC 

min-1 under air atmosphere. A LabRAM Aramis Raman spectrometer was used to 

record Raman spectra.

1.2. Materials preparation 

1.2.1 Preparation of MOF-74

Original MOF-74 was synthesized according to the previously reported literature.1 2,5-

dihydroxyterephthalic acid (H2DOBDC, 1.2 mmol, 95.8 mg) and Ni(NO3)2
.6H2O (1.0 

mmol, 290.8 mg) were dissolved in 30 mL dimethylformamide/ethanol/H2O 

(DMF/EtOH/H2O, 1/1/1, V/V) mixed solvents in a 50 mL Teflon-lined stainless steel 

vessel. The mixture was transferred to an oven and heated at 120 oC for 48 h. After 

cooling to room temperature, yellow microcrystalline sample can be obtained after 

washing several times with ethanol and filtration. 

1.2.2 Preparation of Co3(PO4)2

A mixture of CoCl2
.6H2O (1.0 mmol, 237.9 mg), NaH2PO4 (2.3 mmol, 320 mg), 3 mL 

DMF and 5 mL H2O was added into a 20 mL Teflon-lined stainless steel vessel after 

stirring for 1 h, heated at 160 oC for 16 h, and then cooled to room temperature. The 

resultant purple powder product can be harvested by centrifugation and washed three 

times with deionized water.



1.2.3 Preparation of Ni3(PO4)2

The preparation procedure for Ni3(PO4)2 was similar to that of Co3(PO4)2 by using 

NiCl2
.6H2O (1.0 mmol, 237.6 mg) in the place of CoCl2

.6H2O.

1.2.4 Preparation of Co3(PO4)2/Ni3(PO4)2/MOF-74-x heterostructures

50 mg MOF-74 powder and 50 mg Co3(PO4)2 sample were added into a mixed solvent 

of DMF/H2O (5 mL/5 mL) under stirring for 2 h. Subsequently, the above mixture was 

transferred into a 20 mL Teflon-lined stainless steel vessel, and heated at 160 oC for 16 

h. The Co3(PO4)2/Ni3(PO4)2/MOF-74-1 composite (gray powder) was obtained after 

cooling to room temperature, washed three times with ethanol, and dried under vacuum 

condition. Other heterogeneous composites were prepared similarly by adjusting the 

reactant ration of MOF-74/Co3(PO4)2 from 2:1 to 4:1.

1.2.5 Electrochemical measurements

All the electrochemical measurements were carried out in a traditional three-electrode 

system at room temperature by using CHI660e electrochemical workstation. A 

modified glassy carbon electrode (GCE, 3 mm inner diameter, 0.0706 cm2), a Hg/HgO 

electrode, and a Pt wire were applied as working, reference and counter electrodes, 

respectively. The catalyst ink was prepared by dispersing the sample (4 mg) into a 

mixed solution (3 mL) containing EtOH (2 mL), deionized water (0.8 mL), and a 5 wt% 

Nafion solution (0.2 mL), followed by ultrasonication for 1 h. The catalyst suspension 

(4 µL) was dripped on the surface of GCE (normalized to the loading area with 0.38 

mg cm-2), and then the working electrode was air-dried and kept in a desiccator. The 

static cyclic voltammetry (CV) measurement was typically performed in N2-saturated 

0.1 M KOH solution, and the electrocatalytic performance of the materials toward 

MOR/EOR was evaluated in N2-saturated 0.1 M KOH + 1.0 M CH3OH (EOR: 0.1 M 

KOH + 1.0 M CH3CH2OH) electrolyte with different scan rates. The working electrode 

was electrochemically activated with a certain cycling window until the CV curves 

tended to coincide before electrochemical tests.



Fig. S1. (a) FT-IR spectra and (b) Raman spectra of MOF-74, Co3(PO4)2, Ni3(PO4)2, 

and as-obtained Co3(PO4)2/Ni3(PO4)2/MOF-74-x heterogeneous composites with 

different ratios.

Fig. S2. TGA curves of MOF-74, Co3(PO4)2, and as-obtained 

Co3(PO4)2/Ni3(PO4)2/MOF-74-2 composite.

As shown in Fig. S2, MOF-74 shows two main steps of mass loss (62.5%), 

corresponding to the release of guest solvent molecules and the decomposition of the 

overall framework. Co3(PO4)2 exhibits a single step of weight loss of 14.3% from 90 to 

560 oC. As predicted, the TGA curve of Co3(PO4)2/Ni3(PO4)2/MOF-74-2 includes the 

pyrolysis processes of the three individual components with a total loss of 24.3%. The 

ICP-MS revealed that the representative heterojunction contains 9.6 wt% Ni and 28.6 

wt% Co.



Fig. S3. N2 adsorption/desorption isotherms of the Co3(PO4)2, Ni3(PO4)2, MOF-74 

and Co3(PO4)2/Ni3(PO4)2/MOF-74-2 samples at 77 K.

Fig. S4. (a), (b) SEM images of the Co3(PO4)2 and (c)/(d) MOF-74 samples.



Fig. S5. TEM images of Co3(PO4)2/Ni3(PO4)2/MOF-74-2 heterojunction.

Fig. S6. (a) XPS survey of MOF-74, Co3(PO4)2 and Co3(PO4)2/Ni3(PO4)2/MOF-74-2; 

(b) Ni 2p, Co 2p and P 2p spectra for MOF-74, Co3(PO4)2 and 

Co3(PO4)2/Ni3(PO4)2/MOF-74-2.



Fig. S7. CV curves of (a) MOF-74, (b) Co3(PO4)2, and (c) Co3(PO4)2/Ni3(PO4)2/MOF-

74-x (x = 1, 2, 3, 4) heterojunctions.

Fig. S8. The linear relationship between current densities and the square root of scan 

rates in 0.1 M KOH + 1.0 M CH3OH for MOF-74, Co3(PO4)2, and 

Co3(PO4)2/Ni3(PO4)2/MOF-74-x (x = 1, 2, 3, 4) heterojunctions.



Fig. S9. (a) CV curves for EOR of different catalysts in 0.1 M KOH with 1.0 M 

CH3CH2OH; (b) Bar chart of mass activities (MA) and specific activities (SA) of as-

obtained catalysts for the EOR; (c) Nyquist curves of EIS for different catalysts; (d) 

LSV curves of Co3(PO4)2/Ni3(PO4)2/MOF-74-2 in 0.1 M KOH solution or with 1.0 M 

CH3CH2OH; (e) Chronoamperometric curve of Co3(PO4)2/Ni3(PO4)2/MOF-74-2 in 0.1 

M KOH + 1.0 M CH3CH2OH solution.

Fig. S10. The linear relationship between current densities and the square root of scan 

rates in 0.1 M KOH + 1.0 M CH3CH2OH for MOF-74, Co3(PO4)2, and 

Co3(PO4)2/Ni3(PO4)2/MOF-74-x (x = 1, 2, 3, 4) heterojunctions.



Fig. S11. (a) PXRD pattern, (b) SEM image, and (c)/(d) TEM images of the 

Co3(PO4)2/Ni3(PO4)2/MOF-74-2 after electrocatalysis (MOR).

Table S1. The comparison of the MOR properties between 

Co3(PO4)2/Ni3(PO4)2/MOF-74-2 and some other reported catalysts.

Electrocatalysts Peak current 

density

(mA cm-2)

Scan rate

(mV s-1)

Experimental

conditions

References

Co3(PO4)2/Ni3(PO4)2/

MOF-74-2

27.5 50 0.1 M KOH + 1.0 M 

CH3OH

This 

Work

NiCu 21 10 0.1 M NaOH + 0.2M 

CH3OH

[1]

2 wt%GO/Co-MOF 17.6 50 1 M KOH+3 M CH3OH [2]



5 wt%GO/Co-MOF 29.1 50 1 M KOH + 3 M CH3OH [2]

Pt1Ni1/C 12 50 1 M KOH + 1 M CH3OH [3]

Ni-BTC/rGO 27.1 50 1.0 M KOH + 3.0 M 

CH3OH

[4]

20% Ni/MIL-110 14.4 50 0.1 M NaOH + 1 M CH3OH [5]

Ni-BTC 27.2 50 1.0 M KOH + 2.0 M 

CH3OH

[6]

Ni100Bi1 35.1 50 1 M NaOH  +  1M CH3OH [7]

NiO-Ni-P 28.6 50 0.5 M KOH  +  1 M CH3OH [8]

Ni nanoflower 21.3 50 0.5 M KOH  +  1 M CH3OH [6]

NiMoO4 49 50 1 M KOH + 2 M CH3OH [9]

Ni-Ni-2 24.6 50 0.1 M KOH + 1.0 M 

CH3OH

[8]

NiPx-R 100 (1.49 V) 0.05 1 M KOH + 0.5 M CH3OH [10]

20% Ni-N-C ~610 mA mg-1 50 1 M KOH + 1 M CH3OH [11]

NiCo-MOF-P 170 50 1 M KOH + 0.5 M CH3OH [12]

Cu/NiMOF@5 wt% 

g-C3N4

103.42 50 1 M NaOH + 3 M CH3OH [13]

MOF-74(Ni)/NiOOH 27.62 50 0.1 M KOH + 1 M CH3OH [14]

Ni-BTC/NiS2 34.36 50 0.1 M KOH + 1 M CH3OH [15]

CuO-C/NiCo2O4 194.6 50 1 M NaOH + 1 M CH3OH [16]

Ni/NiO/RG 79.5 50 1 M KOH + 1 M CH3OH [17]

Ni-MOF nanorods ~18 10 0.1 M NaOH + 0.2 M 

CH3OH

[18]

rGO@Mn-Co/C 235.24 50 1 M NaOH + 3 M CH3OH [19]

a-NiCo-MOFNWs-P 216.8 (0.6 V) 50 1 M KOH + 1 M CH3OH [20]

https://www.mdpi.com/search?q=Ni-BTC
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