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Fig. S1 shows XPS survey spectra for the Bi catalysts over a wide range of binding energies 

from 000 eV to 1100 eV.
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Fig. S2 (a) SEM images for treated carbon paper (b) TEM images for Bi-B catalysts 

Fig. S2a shows the SEM images for carbon paper. It can be observed the treated carbon 

paper（TCP） comprises of nanofibers and the surface of the TCP is very smooth. Fig. S2b 

displays the TEM images for Bi-B catalysts. From the TEM images, the Bi-B presents 

nanodendrties structures.

To clarify the Bi-B nanodendrites formation process, SEM images for  Bi-B catalysts 

synthesized with different amount of KBr and different growth durations were collected. 

Figure S3 shows the SEM images for Bi-B catalysts synthesized with different amount of KBr 

from 0.01 M -0.5 M. As shown in Figure S3, with the addition of small amount of KBr during 

the electrochemical deposition process, Bi nanoparticles with foam-like, spherical 

morphology can be obtained, which is significantly different with structure of Bi-A composed 

of the irregular pellet. With increase of the KBr amount, the Bi branches appear on the surface 

of the nanoparticles. When the KBr amount increases to 0.2 M, the dendrites with short 

branches have been formed. This demonstrates the Br- can act as capping agent, which can 

facilitate the formation of small size of spherical nanoparticles. The selective adsorption of 

the Br-, the orientated growth occurs, which leads to the formation of larger size branches and 

nanodendrites.

Figure S4 shows the SEM images for Bi-B catalysts synthesized at -0.35 V for different 

(a) (b)
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time (a,b) 50s;  (c,d) 100s (e,f) 200s  (g,h) 400s  (j,k) 600s. It can be observed that the Bi-

B synthesized at -0.35V for 50s, the nanowire can be formed with small particle size. With the 

increase the deposition time, the nanodendrites can be formed. Moreover, the size of the 

nanodendrites and their branches become larger with the deposition time changes from 200s 

to 600s.

Figure S3 (a) SEM images for Bi-B catalysts synthesized with different amount of KBr  

(a,b) 0.01 M  (c,d) 0.05 M (e,f) 0.2 M  (g,h) 0.3 M  (I,J) 0.5 M 

Figure S4 (a) SEM images for Bi-B catalysts synthesized at -0.35 V for different time (a,b) 

50s;  (c,d) 100s (e,f) 200s  (g,h) 400s  (j,k) 600s

Cyclic voltammetry (CV) was performed in the three-electrode system with the N2 

saturated 0.5 M NaHCO3 as electrolyte. CVs were obtained for a potential range in which no 
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faradaic processes were occurring, and the geometric current density was plotted against the 

scan rate of the CV1,2. 

Figure S5. Niquist impedance spectra for different catalysts at the applied potential of -1.8 V 

vs. SCE. 

Figure S6. Applied electrolysis potentials vs. partial current densities for HCOO- production 

on Bi-A and Bi-B, 0.5 M NaHCO3.  
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Figure S7. FEs for HCOO− production of carbon paper at various potentials in 0.5 M NaHCO3, 

pH 7.2.  

The stability was evaluated at -1.8 V for 10 h and 50 h, respectively. During the test, the 

current-time curves were recorded. Before and after the test, the HCOO- concentrations were 

measured respectively. 

Figure S8. Total current density vs time for HCOO- production on Bi-B/TCP electrode
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Figure S9.  Initial FE and FE after 10 h and 50 h for HCOO- and H2 production on Bi-B/TCP 

electrode

Figure S10 SEM images after 10 h and 50 h continuous electrolysis on Bi-B/TCP electrode
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Figure S11 XRD after 10 h continuous electrolysis on Bi-B/TCP electrode

Table S1 Comparison of ERC performance for Bi-B and recent reported non-heavy metal 

electrocatalysts for CO2 reduction to formate

Catalyst/
electrodes Electrolyte Potential/V 

vs. SHE
J HCOO-

(mA cm
-2

)

FEs
% Ref.

Bi –B 0.5 M NaHCO3 -1.558 15.2 96 This work

Ir Pincer /CNT
0.5m LiClO4+ 

0.1 M NaHCO3, 
1% v/v MeCN,

-1.4 15.2 83 Angew. Chem. Int. Ed. 
2014, 53, 8709.

Sn-loading GDE 0.5 M KHCO3 -1.59 17.43 78.6 J. Power Sources 2014 
271, 278.

Polyethylenimine
-NCNT 0.1 M KHCO3 -1.558 9.5 87 J. Am. Chem. Soc. 

2014, 136, 7845.

Pd70Pt30/C 
catalyst

0.1M 
KH2PO4/0.1 M 

K2HPO4)

-0.4 V vs 
RHE 5 88.0 Acs Catalysis 2015, 5 , 

3916.

Pb Na2SO4, H2SO4 ---- 0.115 97 J. Appl. Electrochem. 
1987,17, 159.

[Cu(cyclam)](Cl
O4)2 complex

DMF/H2O (97/3 
v/v)

-2.0 V vs. 
Fc+/Fc 1.3 90 J. Mater. Chem. A, 

2015, 3, 3901–3907

Sn/SnOx, 
composite

0.5 M NaHCO3 -0.7 V RHE < 5 58 J. Am. Chem. Soc. 
2012, 134, 1986

Reference

1. C.W. Li, M.W. Kanan, J. Am. Chem. Soc. 2012, 134, 7231.



8

2. D. Raciti, K. J. Livi, C. Wang, Nano Lett. , 2015, 15, 6829.


