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Gallium-introduced bimetal sites in indium-gallium metal organic framework for

efficient electrocatalytic reduction of carbon dioxide into formate
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1. Chemicals and materials

Gallium Trinitrate Hydrate (III) (Ga(NOs3); xH,0, 99.99%) and Indium (III)
Nitrate Hydrate (In(NOs); xH,O, 99.9%) were purchased from Adamas-beta. P-
Phthalic acid (PTA, 99%) was purchased from Aladdin Scientific Corp. N, N-
dimethylformamide (DMF, 99.5%) was purchased from Tianjin Beichen Fangzheng
Reagent Factory (China). Anhydrous ethanol (C,HsOH, 99.7%) was purchased from
Guangfu Technology Co., Ltd. Potassium bicarbonate (KHCO3, 99.5%) was purchased
from Tianjin Kemiou Chemical Reagent Co., Ltd (China). Deionized water (DI water,
18.25 MQ) produced by a UPR-II-100 L water purification system was used in this
work. All the chemical reagents are analytical grade and used as received without

further purification.
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2. The turnover frequency (TOF, s*!)

TOF of the electrocatalyst was calculated according to the formula:

n=t
TOF =

M, X w+ M,

n: the molar yield of formate, mol.
t: operation time for eCO,RR, s.
My catalyst mass in the electrode, g.

o: In loading in the catalyst, wt%

M, atomic mass of In, 114.82 g-mol-l.
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Fig. S1 LSV curve of the solution after ion exchange.

The test utilized a mixture of 0.5 M KHCOj3 (25 mL) solution and the solution
after ion exchange (5 mL) as the electrolyte. A Pt electrode served as the counter
electrode, Ag/AgCl as the reference electrode, and a glassy carbon electrode as the
working electrode. The results indicated that the reduction peak of In(IIl) to In(0)

appeared near -0.3 V, while the reduction peak of Ga(Ill) to Ga(0) appeared near -0.6
V.
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Fig. S2 The standard curve for the formate product.
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1 Fig. S3 Gas-chromatography of gas product produced for eCO,RR.
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3 Fig. S4 The standard curves for H, and CO product.
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6 Fig. S5 The simulated XRD of (a) GaMOF and (b) InMOF; (c) the XRD patterns of
7 InGaMOFs with different In/Ga ratios.
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6 Fig. S7 The pore size distribution calculated by NLDFT method for GaMOF, InMOF,
7 and InGaMOF(5:1).
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10 Fig. S8 The N, adsorption-desorption isotherms of InGaMOF(5:1) and the physically
11 mixed InMOF+GaMOF.
12



AN W B W

7

8 Fig. S10 The SEM and EDX mapping images of InGaMOF(5:1).
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14 Fig. S11 High resolution XPS spectra for GaMOF, InMOF, and InGaMOFs with different
15 In/Garatios.; (a) Ga 3d + In 4d, (b) In 3d, and (¢) O 1s.
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3 Fig. S12 The i-t curves of GaMOF, InMOF, and InGaMOF(5:1) in CO,-saturated 0.5 M

4 KHCOs.
5
6
(@) mGamor(5:1) B WH, col Nrormate (D) InGaMOF(10:1) | W+, col  Jiormate
1 P SR T DT T T i Y 717 [ T S T R
= 5 = 5
iy i P s 500 4v.4 475 438 3%1_--63 E o G 53.2 501 4}’——--6: %
5 ' ] T 5 goq P49 goq 67 B3 | , =
S 60 o E ¥ & 2 g 60] [ o =
b= 1! 1l 1 ey g 140 £ E T F-40 @
3} 1 kA _ %5 T o 5} 11 5 g T
o 404 ki #os 306 oo 48 S o 40 - B °
T 1’ = © I I 109 ~ =
= 20 o F B8 |20 6 3 I 147 :y 1120 0
a 204 Wi fg/ 1 b 471 % 8 204 1}1 241 494 I// E: B 454 E
= g E5 oy U r, 1K pod 3
16.2 - 52 kg _ied [°S
ol - - - 10 ol - - - I
-05 06 07 -08-09-10-11-12 -05-06 -07 08 -09-10-11-41.2
Potential / V vs. RHE Potential / V vs. RHE

7 Fig. S13 FEs of product distributions and current density at different applied potentials of
8 InGaMOF(0.5:1) and InGaMOF(10:1).
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13 Fig. S14 The i-t curves of InGaMOF(0.5:1)and InGaMOF(10:1) in CO,-saturated 0.5 M
14 KHCO:;.
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2 Fig. S15 FEs of product distributions and current density at different applied potentials of
3 physical mixture sample with In-MOF and Ga-MOF.
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6 Fig. S16 XRD patterns for InGaMOF(5:1) during the eCO,RR test.
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8 Fig. S18 Cy of GaMOF, InMOF, and InGaMOF(5:1).
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Table S1 Mass fractions of In and Ga in the solution after ion exchange.

Element Sample volume Mass fraction
Ga 2mL 0.002%
In 2mL 0.0136%

Table S2 The amount of reactant material

InGaMOF(0.5:1) InGaMOF(5:1) InGaMOF(10:1) InMOF

GaMOF / mg 200 200 200 0
In(IIT) / mmol 0.5 5 10 3
PTA / mmol 3.6 3.6 3.6 3.6

Table S3 Molar ratios of In and Ga in the InGaMOFs.

InGaMOF(0.5:1) InGaMOF(5:1) InGaMOF(10:1)
Feed ICP-OES Feed ICP-OES Feed ICP-OES
In/Ga 0.5:1 0.64:1 5:1 6.52:1 10:1 8.21:1

7 Table S4 The BET values of MOFs.

InMOF  GaMOF InGaMOF(5:1) InMOF+GaMOF

BET Specific
Surface Area / m? g!
The physically mixed 200 mg InMOF and 20 mg GaMOF is noted as INMOF+GaMOF. The In/Ga

407.03 801.88 1509.72 726.79

9 mole ratios of InGaMOF(5:1) and InMOF+GaMOF are equal.

10
11
12

Table S5 Summary of formate production efficacy of different In-based

electrocatalysts reported in literature.
Catalysts FE{ormate (‘I; i?;t}i;é) Ref
InGaMOF(5:1) 93.0% -0.5 This work
InO4-O, 90.2% -0.7 !
Sn doped In,04 87.0% -0.8 2
InN-C 92.2% -0.8 3

mesoporous-In 90.0% -1.05 4
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Cu,In,-OH 85.0% -1.1 3

In-N-C 80.0% -0.8 6
In/ZnO@C 90.0 % -1.2 7
In@InOy 94.0% -1.0 8
In,S;-RGO 91.0% -1.2 ?
C@In,0O;@Bis 90.0% -1.36 10
F doped In(OH); 92.5% -1.2 1
In@MWCNTs 90.0% -1.0 12
In,0;-0, 91.2% -1.27 13
InOOH-O, 92.6% -0.85 14
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