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Figure S1. EDS spectra of a) ZCO-700-NA, b) ZCO-700-250, c) ZCO-700-300, d) ZCO-700-350. 4 

or 5 sets of EDS data were taken from different sites on one sample to minimize the possible error 

because EDS could only show the signal from a small surface area. Higher O: Co ration with rising 

temperature was observed. 
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Figure S2. a) pore size distribution. b) BET plot. In a), large pores formed and took a higher portion 

as temperature elevated. In b), all samples showed a type IV loop, which indicated the porous 

structure of the samples.  
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Figure S3 XPS fitting curve for C 1s orbital of ZCO-700-300. The peak at 284.3 eV was assigned to 

C-C and C=C bonds. The peak at 285.8 eV was associated with C-N bond1, which proved that carbon 

content was doped with nitrogen. 
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Figure S4. a) TGA result of ZIF-67 and ZCO-700-NA. b) TPO results of oxygen absorption on 

ZCO-700-NA. Three adsorption peaks were observed in TPO results at 250, 270 and 290 oC 

respectively. The first peak was assigned to the metallic Co that was not in the framework. This is the 

reason for some Co3O4 presence in ZCO-700-250. A longer calcination time was tested, but nothing 

changed in the electrochemical test. This indicated that there were two kinds of Co. One could be 

oxidized at a lower temperature, and one needs a higher temperature to be oxidized. The second 

adsorption peak was associated with carbon oxidation because the sample was still a mixture of Co 

and Co3O4. The third peak was assigned to the rest of the Co oxidation as a pure Co3O4 XRD pattern 

was observed at ZCO-700-300. 
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Figure S5. XRD data for samples made through two-step calcination. It was obvious that ZCO-700-

250 contains peaks of both Co and Co3O4, which supported that Co was not fully oxidized at 250 oC. 
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Figure S6. LSV comparison between samples prepared at different temperatures. ZCO-700-300 

showed best activity in all prepared samples. 
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Figure S7. Current and faradaic efficiency dependance on potential. 
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Figure S8. XPS of a) Co 2p, b) peak fitted Co 2p3/2 spectrum for ZCO-700-250 after electrolysis c) 

O 1s after electrolysis d) peak fitted O 1s spectrum for ZCO-700-250 after electrolysis. In a), the 

little left shift of the ZCO-700-250 Co 2p3/2 peak and a satellite peak at 786.3 eV are evidence of the 

presence of Co(OH)2. In b), peak fitting was performed for ZCO-700-250 Co 2p3/2 spectrum, which 

fits the peaks with Co(OH)2 and Co3O4 mixture very well. The peaks at 779.5, 781.0, and 782.1 eV 

could be assigned to Co3+, Co2+ in Co3O4, and Co2+ in Co(OH)2, respectively. The distinct peak at 

785.5 eV was assigned to satellite peak, which was unique for Co(OH)2. To further confirm the 

species, O 1s spectrum was also examined. In c), it compares O 1s spectra between ZCO-700-250 

and ZCO-700-300. There was a distinctive peak difference. In d) it showed the peak fitting of O 1s of 

ZCO-700-250. The peaks at 529.6, 531.7 and 533.5 eV are assigned to oxygen connected to cobalt, 

OH group and absorbed water on the sample, which further supported the presence of Co(OH)2. 

Co(OH)2 has been reported to show remarkable OER activity. 
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Figure S9 a) LSV b) EIS comparison with ZCO-700-300, C-Co3O4 and C-Co3O4 with NC. We 

believe C-Co3O4-NC does not form any heterojunction because its preparation is merely through 

physical mixing of Co3O4 and NC. Therefore, C-Co3O4-NC can be used to compare to our MOF-

derived sample with possible formation of heterojunction. As shown in this figure, the charge 

transfer resistance and total activity performance of C-Co3O4-NC is very similar to that of C-Co3O4. 

By comparing their specific activity, the ZCO-700-300 is about 50% greater than C- Co3O4-NC and 

C- Co3O4. Since the Co3O4 in ZCO-700-300 has been oxidized by heating in air. We do not believe 

there is any difference in terms of crystal structure compared to commercial Co3O4. Therefore, we 

can logically assume the better activity could be due to the formation of heterojunction or better 

surface utilization.  
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Figure S10, online GC result of ClER. It should be noted that the possible products other than 

oxygen and chloroethanol or ethylene oxide can be some other partial C2H4 oxidation products or 

total oxidation to CO2.  No signals other than CO2 and C2H4 was observed from the FID detector, as 

shown in this figure. CO2 concentration was similar to the blank test, which means there is no or 

trace amount of C2H4 was oxidized to CO2.   
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Figure S11, NMR results a) Example of 2-chloroethanol b) example of mixing 2-chloroethanol with 

catholyte and forming ethylene oxide and ethylene glycol. Ethylene glycol took up about 3% of the 

whole product. c) calibration curve of known concentration of ethylene glycol with respect to area 

ratio between product and internal reference. d) calibration curve of known concentration of ethylene 

oxide with respect to area ratio between product and internal reference. The internal reference peak 

shift is due to different aqueous environments. The calibration curve intercept was set to 0. 

a) b) 

c) d) 
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Figure S12. Schematic of the H-cell setup with tail gas absorber 
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Table S1. Surface area measured by nitrogen physisorption, and equivalent active content measured 

by TGA.  

Sample name BET surface area (m2/g) Active content/ wt% 

ZIF 67 1304.96 41 

ZCO-700-NA 310.08 54 

ZCO-700-250 203.35 59 

ZCO-700-300 106.90 86 

ZCO-700-350 65.75 98 

ZCO-NA-350 54.73 99 

ZCO-NA-400 36.55 100 

Commercial Nano 

Co3O4 
17.48 100 
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Table S2. Performance comparison with cited works. 

Material 

Equivalent 

Loading 

(mg/cm2) 

Electrolyte 

Concentration 

(M) 

Potential (V 

vs SHE)1 

Current 

Density 

(mA/cm2) 

Faradaic 

Efficiency 

(%) 

Ref 

Co3O4 1 2 1.427 100 82 This work 

IrO2-Co3O4 
0.96 (Co3O4) 

+ 1.13 (IrO2) 
2 1.637 100 99 [1]2 

  0.01 1.887 10 38  

Pt-CNT 0.1 1 1.366 50 N/A [2] 

  0.1 1.475 10 96  

IrO2 1 2 2.8 300 71 [3]2 

CoSb2Ox 
0.096 (Co) + 

0.023 (Sb) 
4 1.833 100 96 [4] 

Co3O4 0.86 0.6 1.4 10 82 [5] 

Co3O4 1.5 0.6 1.6 62 55 [6]3 

Co3O4 0.6 0.5 1.564 20 82 [7] 

Co3O4  0.7 5 1.778 100 86 [8]4 

Notes:  

1) Potentials were converted to SHE based on reported conditions 

2) Results were not IR corrected 

3) Experiment was carried out at pH=8 buffered solution 

4) Experiment was carried out at pH=3 buffered solution 
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