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1. Experimental section

1.1 Chemicals and gas

Deionized water was prepared by Jiangsu university. Sodium carbonate (Na2CO3, 

≥99.5%), Copper nitrate trihydrate (Cu(NO3)2·3H2O, ≥99%), Silver nitrate (AgNO3, 

≥99%), potassium bicarbonate (KHCO3, ≥99.5%), ethanol (CH3CH2OH, ≥99.7%), 

lithium bromide (LiBr, ≥99.5%), N,N-Dimethylformamide (DMF, ≥99.5%) were all 

purchased from Sinopharm Chemical Reagent Co., Ltd. Cocoon is provided by 

Institute of Life Sciences, Jiangsu university. Nafion solution (5%) was purchased 

from Alfa Aesar. High purity carbon dioxide gas (CO2, 99.99%) and high purity argon 

(Ar, 99.999%) were purchased from Jiangsu Zhongpu Gas Co., Ltd (China).

1.2 The preparation of silk fibroin (SF) solution

In the typical process, 5 g of silkworm cocoons were dissolved in 0.02 M Na2CO3 

solution and boiled for 30 min to degumming. The degummed silk was washed with 

pure water, the SF fiber was dried in an oven at 60 ℃ for 10 h. The degummed silk 

was then immersed in a 9.5 M LiBr solution to be dissolved to form protein solution 

at 60 ℃ for 4 h. The protein solution was cooled to room temperature, and dialyzed 

against pure water for 48 h, then centrifuged at 9000 rpm, and the supernatant was 

collected and stored at 4 ℃ for further using.

1.3 Electrochemical section

The catalyst ink was dripped on the surface of glassy carbon electrode, and dried to 

form working electrode at the atmosphere. The working electrode was used to 

evaluate the double-layer charging (Cdl) of the prepared catalyst at the non-Faraday 

interval of −0.11 to 0.04 V vs. RHE. which is directly proportional to ECSA of the 

tested catalyst. The loading of SF-CuAg/CA-N catalyst is 1.43 mg cm−2. The linear 

sweep voltammetry experiment of SF-CuAg/CA-N catalyst was carried out at the 

potential rang of 0 to −1.06 V vs. RHE with the scan rate of 5 mV s−1.

The Faradic efficiency (FE) of gas products of online reaction will be calculated by 

the following formula (Eq. S1)[1]

𝐹𝐸𝑥 =
𝑛𝑥 × 𝐹(𝐶/𝑚𝑜𝑙) × 𝑉(𝑚𝑙/𝑚𝑖𝑛) × 10 ‒ 6(𝑚3/𝑚𝑙) × 𝑣(𝑣𝑜𝑙%) × 1.013 × 105(𝑁/𝑚2)

8.314(𝑁·𝑚/𝑚𝑜𝑙·𝐾) × 𝑇(𝐾) × 𝐼𝑡𝑜𝑡𝑎𝑙(𝐶/𝑠) × 60(𝑠/𝑚𝑖𝑛) (S1)



Where  is the number of electrons required to produce a product molecule (H2, 𝑛𝑥

CO = 2, CH4 =8). 

F is the Faradaic constant (96485 C mol−1).

 is the flow rate of CO2.𝑉

 is the volume ratio of gas product obtained from GC data. 𝑣

The experimental operation was carried out under atmosphere pressure and T of 

298.15 K,  is the cell current of steady-state (C s−1).𝐼𝑡𝑜𝑡𝑎𝑙

The Faradic efficiency (FE) of liquid products was evaluated by the following 

formula (Eq. S2)[2]

𝐹𝐸𝑥 =
𝑛𝑥𝑍𝐹

𝑄 (S2)

Where  is the amount of liquid products, 𝑛𝑥

 is the number of electrons required to produce a product molecule.  is total 𝑍 𝑄

charge during electrocatalysis.

The partial current density of products was obtained according to the formula (Eq. 

S3)[3]

𝑗𝑥 = 𝐹𝐸𝑥 × 𝑗𝑡𝑜𝑡𝑎𝑙 (S3)

Where  is the partial current density of product. 𝑗𝑥

 is the steady-state current density.𝑗𝑡𝑜𝑡𝑎𝑙

1.4 Material characterizations.

Powder XRD patterns of the samples were obtained with an X-ray diffractometer 

(XRD) (Bruker AXS Company, Germany) equipped with monochromized Cu Kα 

radiation source (λ=1.54178 Å). X-ray photoelectron spectroscopy (XPS) analysis 

was obtained using a Thermo Scientific K-Alpha spectrometer equipped with a 

monochromatic Al K radiation source ( =1486.6 eV, operating voltage: 12 kV). ℎ𝑣

Field emission scanning electron microscope (SEM) images were performed with a 

field-emission scanning electron microanalyzer (Hitachi S-4800 II, Japan). 

Transmission electron microscope (TEM, Japan, JEOL-2100F) operated at 100 kV to 

obtain TEM image of the samples. 1H NMR spectroscopy was performed with a 500 



MHz spectrometer (Bruker AVANCE Ⅲ 500).

2.  Supplementary figures

Fig. S1 The physical photograph of the silk fibroin solution 

Fig. S2 Schematic illustration of H-type electrolytic cell in this study.
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Fig. S3 (a) SEM image of SF-CuAg/CA-40%, element mapping of SF-CuAg/CA-40% (b) 

overlay，(c) C, (d) N, (e) Cu, (f) Ag, respectively.
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Fig. S4 Cyclic voltammetry curves of SF-CuAg/CA-20% (a), SF-CuAg/CA-40% (b), SF-

CuAg/CA-60% (c), SF-CuAg/CA-80% (d). The linear relationship between the current density 

and the different scan rates (e).

Fig. S5 SEM images of (a) SF-CuAg/CA-20%, (b) SF-CuAg/CA-40%, (c) SF-CuAg/CA-60%, (d) 
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SF-CuAg/CA-80% after reaction.

3. Supplementary tables
Table S1. XPS analysis results of SF-CuAg/CA-20%, SF-CuAg/CA-40%, SF-CuAg/CA-60% and 
SF-CuAg/CA-80%.

Samples C (at%) O (at%) N (at%) Cu (at%) Ag (at%)
SF-CuAg/CA-20% 74.04% 11.27% 6.91% 4.35% 3.44%
SF-CuAg/CA-40% 74.59% 11.65% 7.09% 5.18% 1.49%
SF-CAAg/CA-60% 73.5% 12.82% 6.98% 5.43% 1.27%
SF-CAAg/CA-80% 75.85% 13.03% 6.95% 3.71% 0.46%

Table S2. ICP analysis results of Ag/Cu atomic ratio of SF-CuAg/CA-20%, SF-CuAg/CA-40%, 
SF-CuAg/CA-60% and SF-CuAg/CA-80%.

Samples Ag/Cu (feed ratios) Ag/Cu (ICP)
SF-CuAg/CA-20% 4:1 3.94:1
SF-CuAg/CA-40% 1.5:1 1.41:1
SF-CuAg/CA-60% 0.67:1 0.67:1
SF-CuAg/CA-80% 0.25:1 0.24:1

Table S3. A comparison of reported Cu-based catalysts for electrochemical CO2-to-CO 
conversion in aqueous solution to SF-CuAg/CA-40%. 

Catalyst Electrolyte Potential 𝐹𝐸𝐶𝑂 JCO 
(mA 
cm−2)

Stability
/potential

Referen
ce

1.9 nm Cu 
nanoparticles

0.1 M KHCO3 −1.1 V vs. 
RHE  

CO (25%) − − [4]

SF-Cu/CA-1 0.1 M KHCO3 −1.26 V vs. 
RHE

CO (83.06%) ~29.4 10 h /−1.26 V [5]

Cu-N4-C/1100 0.1M 
phosphate 

buffer (PBS)+ 
0.1M KHCO3 

−0.9 V vs. 
RHE

CO (98%)  ~7 40 h /−0.8 V [6]

Cu–N2/GN 0.1 M KHCO3 −0.5 V vs. 
RHE

CO (81%)  ~1.62 10 h / −0.5 V [7]

Ag-Cu bimetallic 
aerogel

0.1 M 
NaHCO3

−0.89 V vs. 
RHE  

CO (89.40%)  ~5.86 8 h / −0.89 V [8]

Porous Cu 
hollow fibres  

0.3 M KHCO3 −0.4 V vs. 
RHE

CO (75%) ~7.50 ~0.48 h/−0.4 V [9]

Cu-In alloy  0.1 M KHCO3 −0.6 V vs. 
RHE  

CO (~88%) ~0.58 ~7 h/ −0.6 V [10]

Cu/CA-CO2 -N2 
-700

0.1 M KHCO3 −0.6 V vs. 
RHE

CO (75.6%) ~2.84 10 h /−0.60 V [11]

Au-Cu 0.5 M KHCO3 −0.91 V vs. 
RHE

CO (78%) ~46.8 ~3 h / −0.91 V [12]

SF-CuAg/CA-
40%

0.1 M KHCO3 −1.26 V vs. 
RHE

CO (71%) ~15.77 
(−1.06 

V)

− This 
work
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