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Fig.S1* Schematic of testing conditions

Anode: 2H,0—4H+0,+4e : H, —2H +2¢
Cathode: 2e+CO, + 2H*—CO+H,0:
8e+CO,+8H" — CH,+2H,0

Fig.S2* Cross-sectional (left) and surface (right) view of half cell with BCZYZ
electrolyte on NiO-BCZYZ substrate
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Fig.S3* Bode plot of solid oxide electrolyzer under different external loadings

1 O ):Q O 0.5V, low summit frequency=0.5 Hz
@) O O 1.0V, low summit frequency=6.3 Hz
O O O 1.5V, low summit frequency=12.6 Hz
2 O O 2.0V, low summit frequency=19.5 Hz
O O
& O O
e & Q
< O
g OO
N O

N
,‘ ) A'\\Q,
&) ,,,,»»»»»nm»»»»ii)»i.gffgikkiaaaaaa.\
I N T T D T D I TR

0.1 1 10 100 1000 10000 100000

Frequency (Hz)

Fig.S4* Mass spectroscopy of output gas in electrochemical reduction process
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Fig.S5* Mass spectroscopy of output gas in reverse water gas shift reaction process
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Fig.S6* Mass spectroscopy of 10% methane in argon
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Fig.S7* Mass spectroscopy of 100% CO,
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Fig.S8* Mass spectroscopy of 100% CO
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Fig.S9* Mass spectroscopy of 5% hydrogen in argon
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