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The gas chromatograph (GC) uses a three-valve, three-column system to achieve
simultaneous analysis of multiple components in one injection, using a column
(capillary column) to separate the sample, and the separated components enter the
detector in turn, a hydrogen flame ionization detector (FID), a thermal conductivity
detector (TCD), with the specific conditions shown in Table S1. Qualitative analysis is
to determine which substances the components are by retention time, and quantitative
analysis is to determine the content of each component by peak area. The standard gases
are a mixture of methane (CH,), ethylene (C,Hy), ethane (C,Hg), carbon monoxide
(CO), hydrogen (H,) and oxygen (O,) at different concentrations, and the FID detector
determines the content of methane, ethylene, ethane and carbon monoxide, and the TCD
detector determines the content of hydrogen and oxygen. The standard spectra are
shown in Fig. S1, and the parameters are shown in Table S2. All the gas control of the
inlet and detector are controlled by using electric pneumatic control (EPC), and the gas
pressure control accuracy reaches 0.001 psi, so the automation degree of the equipment
and the repeatability and accuracy of the experiment are guaranteed.

The products of 2-MI/AI-F-N catalysts in this work in the electrocatalytic
reduction of CO, were determined by gas chromatography. The Faraday efficiency
(FE) of these three materials was obtained by averaging the test results of three times
at each potential. Calculation formula is shown below, and only one spectrogram at -
1.1 V vs. RHE potential is given (Fig. S2 and Table S3,).

Faraday efficiency (FE) calculation formula, using CO as an example:

Neg XZXF  ngyX2X 96485
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n.,: The amount of carbon monoxide substance;

Z: Number of transferred electrons (H, is 2e, CO is 2e, CHy4 is 8¢, C,H, is 12e, so

F: Faraday's constant (F = 96485 C mol~ 1);

Q: The total amount of charge (¢ = I X t);

I: The current on the electrochemical workstation, generally in mA, needs to be



converted into A in calculation.

t: General take 1s directly (t = 1s),

PXxVe 101325 Pa X V¢,
Neo = =

RXT 8314/ mol 'K~ x298.15K
Veo=V X Ceo=Vype Xt

P: Pressure (P = 101325 Pa),

R: Gas constant (R = 8.314] mol~ k- 1)

T: Temperature (I = 298-151()

Vco: Carbon monoxide volume;

Cco: Carbon monoxide concentration measured by GC (ppm);

Vumrc: The mass controller controls the gas flow rate and the unit must be

converted to m? s-!, but the unit usually obtained is mL min-!. (For example, the CO,

1 -6,.3 -1
%4 = X10""m’s
flow rate in this paper is 20 mL min-!, so MF¢ / 3 ).

Table S1 The type of GC column and conditions

Detector FID TCD
Chromatographic column HP-PLOT-Q 30m x 0.32mm X 20pum
Column temperature (°C) 80.0 80.0
Detector temperature (°C) 250.0 160.0
Sample inlet temperature (°C) 250.0
Column flow (mL/min) (constant flow) 3.0 3.0
Air flow (mL/min) 400.0 400.0
Hydrogen flow (mL/min) 60.0 60.0
Make-up gas (mL/min) 10.0 2.0
Split Ratio 10.0: 1 10.0: 1

Carrier gas Ar




w04 A
@
300 - ~ & R
al] in
250 b R b
_ 2004 ;; 3“;” g
=4 -
=150 = a
100 1 §
S0+ {E?‘
0-
0 2 3 4 5 5 7 3 o
[emin]
n1(b) .
3
251 ~§ °
-~ =
— 401 T W
= =
& 13 °
[t
By ji\
A e —
0
I 2 3 4 5 £ 7 8 g
[mum]

Fig. S1 Gas chromatogram for (a) FID detector and (b) TCD detector of standard gas.

Table S2 The data of each substance in the gas chromatogram of standard gas

Gas composition CH,4 C,H4 C,Hg¢ CcO H, 0,
Retention time (min) 1.331 1.735  1.936 6.576  2.093 2.740
Peak height (Pa/250uV) 67.33 125,51 11891 11685 945 474

Peak arca (Pa*s/250uV*s)

Concentration (ppm)

125.54 24594 243.71

205 196

3365.82 74.82 41.29

194 201 500
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Fig. S2 Gas chromatogram for (a) FID detector and (b) TCD detector of 2-MI/Al-F-N.

Table S3 The data of each substance in the gas chromatogram of 2-MI/Al-F-N

Gas composition CO H,
Retention time (min) 6.397 2.057
Peak height (Pa/250uV) 2829.00 44.95
Peak area (Pa*s/250uV*s) 85344.09 300.01

Concentration (ppm) 4072 545




Table S4 Summary of CO,RR to CO performance on different electrocatalysts

Catalyst chlng K&; Elez:;;))lyte Main products Ref.
. :

2-MI/AL-F-N 051 11 O N([ 6%1(303 ng(g?'glo /j‘)’) : VTVLI;S(
Cu-Al/LDHs 50 M (I;ZI)CQ foﬁ;)agz(;/;)% ) [2]
FePc—graphene 1.7 -0.6 0.1 N([6I§§§ICO3 (I;{Cz gg;(://g’ [3]
SnyP3/RGO 68.0 -1.8 [Br?l'i; ?/;F ‘ ng(ééﬁz‘;)’ [4]
Ni(OH),@RGO 23 09 N([ 6%1(303 (I:E Effé;/g [5]
Ni-AlO(OH);@RGO s1 09 U1 1\/([612?(303 Cgf?ﬁ;? ’ [5]
N-NiZnAl CLDHRGO 94  -083 02 3\47'(1)\)120 ng(ézozg)’ 6]
N-dopeofi1 c;aglé)on@Ni ” 097 0.5 1\/(171'(2?(303 CH(z gg(‘)’//g, 7]
Ni/NCTs 343 -1.0 0.51\/£71'<21§ 0 ng(éiz)’ [8]
N-Ta,05/C s 073 0O 1\/E§3a21§c03 (1:2 Efgg;‘)’i © 9]

CN-H-CNT o0s O N([ 6%1(303 CH(z Efizg [10]
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