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Figure S1. Three-chamber solid electrolyte reactor. (a) Photograph and (b) GDE and (c) middle chamber. 
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Figure S2. The performance of GDE prepared using method 1. (a) Current; (b) formate concentration; (c) Faradic 
efficiency and (d) pH. 

  

  

Figure S3. Potassium concentration of GDE prepared using method 1 was optimized. (a) Current; (b) formate 
concentration; (c) Faradic efficiency and (d) conductivity. 
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Figure S4. The performance of GDE prepared using method 2. (a) current; (b) formate concentration; (c) Faradic 
efficiency and (d) conductivity. 

  

  

Figure S5. The performance of GDE prepared using method 3. (a) current; (b) formate concentration; (c) Faradic 
efficiency and (d) conductivity. 
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Figure S6. CV of GDE prepared with: (a) Method 1; (b) Method 2; (c) Method 3 and (d) Calculation of double-
layer capacitance (Cdl) from CV curves. 

  
Figure S7. Photographs of the porous AEM, prepared by applying (a) a single pass (porous-once) or (b) two passes 
(porous-twice) of the needle roller on the Fumasep membrane. 

 
Figure S8. The pH of pure formic acid solution collected from the solid electrolyte reactor free of prefabricated 
AEM during continuous operation. 
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Figure S9. Photographs of the cation-infused sandwich-structured GDE: (a) pristine and (b) after long-term 
continuous operation with some filter paper fragments adhering to the surface. 

 

 
Figure S10. Cross-sectional EDS elemental mapping of (a–c) pristine and (d–f) after long-term continuous operation. 
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Figure S11. SEM of the cation-infused sandwich-structured GDE: (a) pristine and (b) after long-term continuous 
operation. 

 

 
Figure S12. The effect of initial formate concentration on the acetogenesis performance of A. woodii. Key 
performance indicators monitored include: (a) formate consumption; (b) acetate production; (c) medium pH; and 
(d) bacterial growth (OD600). 
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Figure S13. During formate conversion using A. woodii, the pH was maintained below 8 by the addition of HCl. 
The key performance indicators monitored were: (a) formate consumption; (b) acetate production; (c) medium pH, 
and (d) bacterial growth (OD600). 

 
Figure S14. The enriched mixed culture for formate conversion was supplemented with 1× (2-BES X1) or 2× (2-
BES X2) concentration of 2-bromoethanesulfonate: (a) Gas proportion in the 2-BES X1 group and (b) Gas 
proportion in the 2-BES X2 group. 

Table S1. Abbreviations and full names of GDE corresponding to preparation methods. 

Abbreviation Full name 
133KBiC Bi+C+133 μL 0.15 M KOH/39BB GDL 
800KBiC Bi+C+800 μL 0.15 M KOH/39BB GDL 

200Naf/133KBiC 200 μL 5%Nafion/Bi+C+133 μL 0.15 M KOH/39BB GDL 
200Sus/133KBiC 200 μL 5%Sustainion/Bi+C+133 μL 0.15 M KOH/39BB GDL 
200Sus/200KBiC 200 μL 5%Sustainion/Bi+C+200 μL 0.15 M KOH/39BB GDL 
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Table S1. Cont. 

Abbreviation Full name 
200Sus200K/BiC 200 μL 5%Sustainion+200 μL 0.15 M KOH/Bi+C/39BB GDL 
200Sus400K/BiC 200 μL 5%Sustainion+400 μL 0.15 M KOH/Bi+C/39BB GDL 
200Sus600K/BiC 200 μL 5%Sustainion+600 μL 0.15 M KOH/Bi+C/39BB GDL 
200Sus800K/BiC 200 μL 5%Sustainion+800 μL 0.15 M KOH/Bi+C/39BB GDL 
200Sus/133K/BiC 200 μL 5%Sustainion/133 μL 0.15 M KOH/Bi+C/39BB GDL 
200Sus/200K/BiC 200 μL5%Sustainion/200 μL 0.15 M KOH/Bi+C/39BB GDL 
200Sus/400K/BiC 200 μL 5%Sustainion/400 μL 0.15 M KOH/Bi+C/39BB GDL 
200Sus/600K/BiC 200 μL 5%Sustainion/600 μL 0.15 M KOH/Bi+C/39BB GDL 
200Sus/800K/BiC 200 μL 5%Sustainion/800 μL 0.15 M KOH/Bi+C/39BB GDL 

Table S2. Metal content of the collected formic acid solution at 0.5, 4.5 and 9.5 h during operation using GDE 
papered with different methods (Method 1, Method 2, and Method 3). 

 Cu (mg L−1) Fe (mg L−1) K (mg L−1) Na (mg L−1) Bi (mg L−1) Ag (mg L−1) 
Method 1-0.5 0.00 0.01 1.94  0.00 0.02 0.00 
Method 1-4.5 0.00 0.00 1.90  0.00 0.00 0.00 
Method 1-9.5 0.00 0.01 1.54 0.00 0.03 0.00 
Method 2-0.5 0.01 0.02 10.28 0.16 0.12 0.00 
Method 2-4.5 0.00 0.01 12.33 0.63 0.08 0.00 
Method 2-9.5 0.00 0.01 6.73 0.18 0.08 0.00 
Method 3-0.5 0.00 0.01 9.71 0.00 0.04 0.00 
Method 3-4.5 0.00 0.01 5.69 0.00 0.01 0.00 
Method 3-9.5 0.00 0.00 3.70 0.00 0.02 0.00 

Table S3. Metal content in formic acid solution after over 130 h of continuous operation with 200Sus/600K/BiC 
at 240 mA. 

 Cu (mg L−1) Fe (mg L−1) K (mg L−1) Na (mg L−1) Bi (mg L−1) Ag (mg L−1) 
Concentration 0.000 0.003 0.098 0.000 0.000 0.000 

Table S4. Cross-sectional EDS mapping analysis of different GDE samples. 

Samples Element Line type Weight % Weight % Sigma Atomic % 

Pristine 
C K series 97.93 0.22 99.68 
K K series 0.80 0.06 0.25 
Bi M series 1.27 0.21 0.07 

Used 
C K series 97.92 0.21 99.87 
K K series 0.03 0.05 0.01 
Bi M series 2.05 0.20 0.12 

Table S5. Performance comparation of pure formic acid production from SSE reactors. 

Catalyst AEM Stability (h) Current Density 
(mA cm−2) Concentration (M) FE (%) Ref. 

Commercial Bi w/o 202 60 0.11 40 This study 
Bi microsheets Sustainion X37–50 Grade 60 110 160 0.13 80 [1] 

Bi2O3 nanosheets Sustainion X37-50 Grade 60 43 56 0.1 80 [2] 
Bi2S3-derived  Sustainion X37-50 Grade RT 280 100 0.3 90 [3] 

SiC/SnBi Sustainion-FA™ 12 100 0.41 83 [4] 
In2O3@C Sustainion X37-50 3 30 0.12 80 [5] 

Single-atom Pb1Cu Dioxide Materials 180 100 0.1 85 [6] 
nBuLi-treated Bi Dioxide Materials 100 30 0.1 78 [7] 

2D-Bi Dioxide Materials 100 30 0.11 80 [8] 
Bi nanowires Sustainion X37-50 Grade 60 120 45 1.1 82.2 [9] 

CuBi-R QAPPT 200 100 0.7 85 [10] 
Bi-HHTP Alkymer alkaline polymer  30 ~80 0.2  90 [11] 

defects-enriched Bi QAPPT 24 N.A. 0.2 ~90 [12] 
CuO/Cu NSO4/CN Sustainion X37-50 Grade 60 N.A. ~18 0.1 87.9 [13] 

asymmetrically 
stretched InO5S N.A. 10 20 N.A. N.A. [14] 

BiSbOx/C Sustainion X37-50 Grade 60 13.3 50 N.A. 88.5 [15] 
BS/VC hybrid Dioxide Materials 120 50 N.A. 80 [16] 

Ag/Sn–SnO2 NSs N.A. 200 100 ~0.1 90 [17] 
Bi−Cu/HMCS Sustainion X37-50 Grade FA 18 100 0.2 N.A. [18] 

InNCN N.A. 160 124.7 N.A. 80.9 [19] 
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