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Supplementary Text 

Supplementary Note 1. Electrode geometry.    

The loading of the electrode was estimated by weighing the gas diffusion electrode after 

application of the ink and thorough drying of the solvent. The loading was estimated to 0.95±0.040 

mg cm–2 as a mean±standard deviation of three distinct measurements.  

 Electrode thickness was estimated by cross-section SEM-EDXS to 75±8.5 µm as a 

mean±standard deviation of 3 measurements (Figure S4) 

 The porosity of the electrode was derived from the measurement of both loading and 

thickness; A model volume of 1 cm2 x 75 µm = 7.5 x 10–3 cm3 was considered. The material density 

was estimated assuming a 9.4% molar Ag content in the Zn-Ag catalyst corresponding to a 17.2 

wt% Ag content (as determined previously by Inductively Coupled Plasma Optical Emission 

spectroscopy in previous publication)[1]. The mass of Nafion in the catalyst layer (<1 wt%) was 

neglected in that estimation. Under those assumptions, material density was estimated to 7.71 g 

cm–3. Porosity was found equal to 98.3% using the following equation:  

 

𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦 = 1 −
𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑥 𝑆

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑙𝑙𝑒𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 
=  98.3%   (S3) 

 

Where the loading is the Zn-Ag catalyst loading (mg cm–2) and S is the electrode surface (1 cm2, 

herein) and the ‘Mass of filled volume’ (mg) is the estimated mass of 7.5 x 10–3 cm3 model volume 

filled with the aforementioned Zn-Ag catalyst.  
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Supplementary Note 2. Modelling of the CO2 concentration at the catalytic interface 

Overview 

In order to investigate the significance of catalyst layer thickness and bulk electrolyte pH, two 

system-level models were developed: a Multiphysics model and an idealized diffusion reaction 

model which may be solved analytically. These two models give similar predictions, and both are 

described below. 

 

Multiphysics model 

System and model geometry 

The experimental reactor geometry is shown in Supplementary Note 2. Fig. 1a, b below. 

Electrolyte flows past a thick (~75 𝜇𝑚) porous catalyst, whose pores are filled with electrolyte. 

CO2 is supplied via a gas diffusion layer (GDL), and reaction is presumed to occur in the vicinity 

of the triple-phase boundary at which the CO2, electrolyte and catalyst meet.  

 The geometry of the Multiphysics model is shown in Supplementary Note 2. Fig. 1c. In 

this model, the complex, porous structure of the catalyst is replaced by a single, cylindrical pore 

of radius r, whose interior is filled with electrolyte and whose walls are coated with solid catalyst 

at which CO2 may be reduced. Diffusion between the catalyst layer and the bulk electrolyte is 

modelled via a 1D static film model, similar to the approach taken by Gupta et al.[2] The thickness, 

𝛿, of this static film (the diffusion boundary layer thickness) was estimated via the following 

expression:[3] 

 

𝛿 =
𝐷

𝑘𝐿
       (S4) 

 

where 𝐷 is the CO2 diffusivity and 𝑘𝐿 is the mass transfer coefficient, which was calculated from 

the Levecque expression for flow between parallel plates:[4] 

𝑘𝐿 =
0.9783𝐷

𝐿
∫ (

𝑣

ℎ𝐷𝑥
)

1

3
 

𝐿

0
𝑑𝑥.     (S5) 

 

Here, 𝐿 is the length of the electrode, 𝑣 is the average electrolyte velocity, and ℎ is the height of 

the reactor. For the parameters used in this system (see Supplementary Note 2. Table 1 below), 

𝛿 = 350 µ𝑚. This is larger than other systems in the literature, which typically report values of 𝛿 

from 80 µm to 150 µm.[2,5]. This is a consequence of the slow electrolyte flow rate and large reactor 

height. Mass-transfer resistance within the GDL is ignored, and so the partial pressure of CO2 at 

the gas-electrolyte interface is assumed to be 1 atm. Based on SEM images, the pore radius, r, was 

set to 1 µm and the pore length was set to 75 µm (see Supplementary Note 2. Fig. 1c). The model 

was used to compare the 75 µm thick catalyst layer with a 100 nm thick sputtered catalyst layer.  

 

In order to simulate the sputtered catalyst, the 75 µm cylindrical pore was replaced by a 100 nm 

long, 1 µm radius pore which extends in the plane perpendicular to the pore.  
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Supplementary Note 2. Fig. 1 (a) Approximate geometry of electrolyte component of the reactor. 

(b) Side view of the reactor, showing electrolyte flowing past the thick (75 µm) porous catalyst 

layer. CO2 is supplied to the catalyst in a gaseous phase via the gas diffusion layer, which also 

provides mechanical support to the catalyst. (c) Idealised model of the reactor. The porous catalyst 

layer is modelled as a single cylindrical, catalyst-coated pore. Convection/diffusion between 

catalyst and bulk electrolyte is modelled via a common, 1D film theory approximation.[2] 

Convection boundary layer thickness is estimated via Sherwood number correlation of 

Levecque.[4] 

 

Physics within the Multiphysics model 

Diffusion-reaction-migration and surface reactions within the idealised cylindrical geometry 

Supplementary Note 2. Fig. 1c above were modelled using the commercial software package 

StarCCM+®.  

 

Surface reactions 

The CO2 reduction reaction (CO2R) is assumed to occur on the surface of the pore wall within the 

75µm catalyst region: 

 

𝐶𝑂2 + 𝐻2𝑂 + 2𝑒− → 𝐶𝑂 + 2𝑂𝐻− 
 

The CO2R reaction is modelled via a CO2 concentration dependent Tafel boundary condition[6]: 

 

𝑗 = 𝑗𝐶𝑂2𝑅
0 𝑐𝐶𝑂2

𝑐𝐶𝑂2
0 𝑒𝑥𝑝 𝑒𝑥𝑝 (−

𝛼𝐶𝑂2𝑅𝐹

𝑅𝑇
 (𝑉 − 𝑈𝐶𝑂2𝑅

0 ))   (S6) 

 

where 𝑉 is the applied voltage, 𝑈𝐶𝑂2𝑅
0  is the standard reduction potential for the CO2R reaction, 

𝛼𝐶𝑂2𝑅 is the Tafel slope, 𝑐𝐶𝑂2
 is the surface CO2 concentration, 𝑗0

𝐶𝑂2𝑅
 is the exchange current 

density, 𝑗 is the CO2R partial current density, and 𝑐𝐶𝑂2

0 = 1 𝑀. As the structured catalysts typically 

operate at CO2R faradaic efficiencies greater than ~85% (see Figure 1C of the main text), the 

formation of H2 and HCOOH on the catalyst surface was not modelled. Including these reactions 
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within the model would have the effect of slightly increasing the rate of OH– production in the 

system.  

 As may be seen in Figure S2, Tafel plots for the Zn-Ag system and a pure Ag system are 

quite similar. Hence, Tafel parameters for a pure Ag system taken from the literature were used 

(Supplementary Note 2. Table 1 below). 

 

Diffusion-reaction-migration within electrolyte 

Diffusion, migration and reaction of CO2, CO3
2−, OH−, K+, Cl− and CO were modelled via the 

Nernst-Planck equation: 

 
𝜕𝑐𝑖

𝜕𝑡
= 𝛻 ⋅ (𝐷𝑖𝛻𝑐𝑖 +

𝑧𝑖𝐹

𝑅𝑇
 𝑐𝑖 𝛻𝜙) + 𝑅𝑖   (S7) 

 

where 𝑐𝑖, 𝐷𝑖, 𝑧𝑖 and 𝑅𝑖 are the molar concentration, diffusivity, charge, and rate of generation of 

species i, respectively, 𝜙 is the electrochemical potential, 𝑇 is the temperature, and 𝑅 is the ideal 

gas constant. Diffusion coefficients for each species are provided in the Table below; electrical 

mobilities are calculated via the Nernst-Einstein equation. The electric potential distribution is 

determined by the condition of charge neutrality. Convection is ignored, as the local Peclet number 

is negligible in the vicinity of the solid surface. CO2 and OH− react with each other according to 

the following reaction, which may be considered irreversible at high pH:[3] 

 

𝐶𝑂2 + 2𝑂𝐻− → 𝐶𝑂3
2− + 𝐻2𝑂 

 

The reaction is modelled as second order so that, 

 

−𝑟𝐶𝑂2
= 𝑘𝑐𝐶𝑂2

𝑐𝑂𝐻− .      (S8) 

 

A value of 𝑘 = 2230 𝑀−1𝑠−1 is used within the model.[6] 

 

The diffusion-reaction-migration equations described above are calculated within both the 

cylindrical pore and also the adjoining convection boundary layer.  

 

Boundary conditions 

The concentration of dissolved gases (CO2 and CO) at the gas-liquid interface is specified via 

Dirichlet conditions, assuming equilibrium between the gas and liquid phases: 

 

𝑐𝐶𝑂2

𝐺𝑎𝑠−𝐿𝑖𝑞 𝐼𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒
= 𝑐𝐶𝑂2

∗ ;                𝑐𝐶𝑂
𝐺𝑎𝑠−𝐿𝑖𝑞 𝐼𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒

= 𝑐𝐶𝑂
∗ ;        (S9) 

 

𝑐𝐶𝑂2

∗  is often set to 0.033𝑀 (the solubility of CO2 in pure water at 25 οC and 1 atm, see, for instance, 

Gupta et al.[2]) However, accounting for the salting out effect[7] and a ~20 οC increase in surface 
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temperature due to heat generation[3] leads to a more modest value of 𝑐𝐶𝑂2

∗ = 0.015𝑀, which is 

used in the model. 𝑐𝐶𝑂
∗  was set to 0 M. Homogeneous Neumann conditions (i.e. no flux) are used 

for all other species and for the electric potential. As described above, Tafel boundary conditions 

are used on the cathode. 

 

For the opposite boundary, at which the diffusion boundary layer meets the bulk electrolyte, 

Dirichlet conditions are used for all species, and 𝜙 is fixed at 0 𝑉.  

● In the case of a 1 M KCl electrolyte, the salt concentrations are taken equal to : 

 

𝑐𝐾+
𝐵𝑢𝑙𝑘 = 1 𝑀;     𝑐𝐶𝑙−

𝐵𝑢𝑙𝑘 = 1 𝑀    (S10) 

 

and all remaining concentrations at the bulk are set to 0 M.  

● In the case of a 1 M KOH electrolyte, the salt concentrations are taken equal to : 

 

𝑐𝐾+
𝐵𝑢𝑙𝑘 = 1 𝑀;     𝑐𝑂𝐻−

𝐵𝑢𝑙𝑘 = 1 𝑀    (S11) 

 

and all remaining concentrations are set to 0 M.  

 

 

Supplementary Note 2. Table 1. 

Parameter Value Reference 

𝐷𝐶𝑂2
 1.91 × 10−9 𝑚2 𝑠−1 [6] 

𝐷𝐾+  1.96 × 10−9 𝑚2 𝑠−1 [6] 

𝐷𝑂𝐻−  5.29 × 10−9 𝑚2 𝑠−1 [6] 

𝐷𝐶𝑂3
2−  0.92 × 10−9 𝑚2 𝑠−1 [6] 

𝐷𝐶𝑂  2.03 × 10−9 𝑚2 𝑠−1 [8] 

𝐷𝐶𝑙−  2.03 × 10−9 𝑚2 𝑠−1 [9] 

𝐷𝐻2
 4.50 × 10−9 𝑚2 𝑠−1 [8] 

𝑈𝐶𝑂𝐸𝑅
0  −0.11 𝑉 [6] 

𝑗𝐶𝑂𝐸𝑅
0  4.71 × 10−4 𝑚𝐴 𝑐𝑚−2 [6] 

𝛼𝐶𝑂𝐸𝑅 0.44 [6] 

𝑈𝐻𝐸𝑅
0  0.0 𝑉 [6] 

𝑗𝐻𝐸𝑅
0  1.16 × 10−6 𝑚𝐴 𝑐𝑚−2 [6] 

𝛼𝐻𝐸𝑅 0.36 [6] 

 

Relation between model and experimental current densities 

The model is capable of simulating diffusion-reaction processes within a single catalyst pore. In 

order to convert the resulting current within a single pore to the current density within the actual 

GDE, j, the following expression is used: 
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𝑗 =
𝐼𝑝𝑜𝑟𝑒

𝐴𝑝𝑜𝑟𝑒
휀    (S12) 

 

where 𝐼𝑝𝑜𝑟𝑒 is the total current passed through the catalyst coating the pore walls (in Amperes), 

𝐴𝑝𝑜𝑟𝑒 is the cross-sectional area of the pore, and 휀 is the porosity of the Zn-Ag catalyst, which is 

found experimentally to be 0.98 according to Supplementary Note 1. 

 

Analytical 1D Diffusion model 

The Multiphysics model described above may be compared with the results of a 1D diffusion 

model, similar to that developed by Gupta et al.[2] In this model, the steady-state concentration 

profile of OH-, 𝑐𝑂𝐻− , may be calculated by solving the following boundary value problem within 

an idealised diffusion boundary layer of thickness 𝛿: 

 

0 =
𝜕2𝑐𝑂𝐻−

𝜕𝑥2      (S13) 

 

𝑐𝑂𝐻−(𝑥 = 𝛿) = 𝑐𝑏𝑢𝑙𝑘,𝑂𝐻−    (S14) 

 

−𝐷𝑂𝐻−
𝜕𝑐𝑂𝐻−

𝜕𝑥
(𝑥 = 0) =

𝑗

𝐹
− [2휀𝑐𝐶𝑂2

𝑠𝑢𝑟𝑓𝑎𝑐𝑒
√𝐷𝐶𝑂2

𝑘2] √𝑐𝑂𝐻−(𝑥 = 0)  (S15) 

 

where 𝑗 is the current density, 𝐹 is Faraday’s constant, the 𝐷𝑖 are the diffusion coefficients of the 

species, 𝑘2 is the second order rate constant for the reaction of CO2 with OH-, which, at high pH, 

has the following stoichiometry: 

 

𝐶𝑂2 + 2𝑂𝐻− → 𝐻2𝑂 + 𝐶𝑂3
2−, 

 

and 휀 is the voidage within the sputtered catalyst layer.  

 

The right-hand side of the boundary condition at 𝑥 = 0, Eq. (S15), includes two flux terms. The 

first term represents the rate of production of OH– occurring at the catalyst surface. As both HER 

and CO2R reactions under basic conditions involve the formation of 1 mol of OH– per mol of 

electrons transferred, the resulting flux of OH– generated at the cathode is equal to 𝑗/𝐹. The second 

term accounts for the rate of consumption of OH− by CO2 molecules dissolving into the electrolyte 

from the gas phase. Such gas-liquid reactions have been widely studied, and if the effect of CO2 

consumption at the cathode is ignored, the rate of consumption of OH– in the vicinity of the catalyst 

surface is given by:[3] 

 

[2휀𝑐𝐶𝑂2

𝑠𝑢𝑟𝑓𝑎𝑐𝑒
√𝐷𝐶𝑂2

𝑘2] √𝑐𝑂𝐻−(𝑥 = 0)  (S16) 
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At very large CO2R partial current densities, the above expression may slightly overestimate the 

OH− consumption rate, as the competitive consumption of CO2 at the catalyst will lower the 

concentration of CO2 molecules in the electrolyte, which in turn will lower the rate of OH– 

consumption. While this idealised 1D model does account for consumption of OH– by CO2 near 

the catalyst surface, it does not account for any other reactions involving OH– occurring in the 

boundary layer. Hence, it should not be used to analyse buffered electrolytes, such as KHCO3. 

 An advantage of the simplified formulation presented above is that the differential 

equations may be solved analytically. First, the GDE’s may be non-dimensionalised as follows: 

 

0 =
𝜕2𝑐̅

𝜕�̅�2     (S17) 

 

𝑐̅(�̅� = 1) = 1     (S18) 

 

−
𝜕𝑐̅

𝜕𝑥
(�̅� = 0) = 𝐷𝑎1 − 𝐷𝑎2 √𝑐̅(�̅� = 0)  (S19) 

 

where the dimensionless variables are defined as: 

 

𝑐̅ =
𝑐𝑂𝐻−

𝑐𝑏𝑢𝑙𝑘,𝑂𝐻−
;      �̅� =

𝑥

𝛿
   (S20) 

 

And where 𝐷𝑎1 and 𝐷𝑎2 are Damkohler numbers for the generation and consumption of CO2 in 

the vicinity of the gas-liquid interface, respectively: 

 

𝐷𝑎1 =
𝑖/𝐹

𝐷𝑂𝐻−
𝑐𝑏𝑢𝑙𝑘,𝑂𝐻−

𝛿

    (S21) 

 

𝐷𝑎2 =
[2 𝑐𝐶𝑂2

𝑠𝑢𝑟𝑓𝑎𝑐𝑒
√𝐷𝐶𝑂2𝑘2]√𝑐𝑏𝑢𝑙𝑘,𝑂𝐻−

𝐷𝑂𝐻−
𝑐𝑏𝑢𝑙𝑘,𝑂𝐻−

𝛿

  (S22) 

 

Dropping the overbars, we note that the solution must be linear, and so must satisfy: 

 
𝜕𝑐

𝜕𝑥
(𝑥 = 0) = −(𝐷𝑎1 − 𝐷𝑎2 √𝑐(𝑥 = 0)) =

𝑐(𝑥=1)−𝑐(𝑥=0)

1
= 1 − 𝑐(𝑥 = 0)  (S23) 

 

Rearranging this we arrive at an implicit expression for 𝑐(𝑥 = 0): 

 

0 =  −𝑐(𝑥 = 0) + 𝐷𝑎1 − 𝐷𝑎2√𝑐(𝑥 = 0) + 1  (S24) 

 

Solving this expression gives: 
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𝑐(𝑥 = 0) = (
−𝐷𝑎2±√𝐷𝑎2

2+4(1+𝐷𝑎1)

2
)

2

    (S25) 

 

Finally, we note that in dimensional form 𝑐(𝑥 = 0) represents the ratio of the surface to the bulk 

concentration, giving: 

 

𝑐𝑂𝐻−
𝑠𝑢𝑟𝑓

𝑐𝑂𝐻−
𝑏𝑢𝑙𝑘 = (

−𝐷𝑎2+√𝐷𝑎2
2+4(1+𝐷𝑎1)

2
)

2

   (S26) 

 

Eq. S26 was used to create the plot shown in Fig. 2D of the main paper, with the same physical 

parameters used in the Multiphysics model.  

 

Comparison between analytical model and Multiphysics model 

In the Figure below, Eq. (S26) is compared with the computed solution from the Multiphysics 

model. For the 1 M KCl case, the models are in excellent agreement. For the 1 M KOH case, the 

Multiphysics model predicts a slightly lower surface pH than the analytical model above. This is 

due to the effect of electromigration, which is not accounted for in the analytical model, and which 

tends to inhibit transport of OH–ions from the bulk to the negative cathode surface. As shown in 

in the Figure below, when electromigration is neglected within the Multiphysics model, agreement 

with Eq. (S26) is restored.  

 

 
Supplementary Note 2. Fig. 2. Surface pH for 1 M KOH and 1 M KCl solutions, as predicted by 

the Multiphysics model and by Eq. (S26). 
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Supplementary Figures 

 

 
Figure S1. Comparison of the Ag mass activity for CO production obtained on pristine Ag foil, 

and 100 nm Ag0.13Zn0.87 thin film in 1 M KCl at a CO2 flow rate of 75 ml min−1. Error bars indicate 

that data are represented as mean ± standard deviation of at least 3 individual experiments.  
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Figure S2. Comparison of the (A) partial current density and (B) the Ag mass activity for CO 

production obtained on pristine Ag and Ag0.13Zn0.87 100 nm film on a GDE in 1 M KCl at a CO2 

flow rate of 75 ml min−1. Error bars indicate that data are represented as mean ± standard deviation 

of at least 3 individual experiments. 
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Figure S3. 75 µm Ag0.13Zn0.87 GDE top views collected by SEM.  
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Figure S4. 75 µm Ag0.13Zn0.87 GDE catalyst layer thickness estimated by SEM-EDXS.  
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Figure S5 Benchmarking of the 75 µm Zn0.87Ag0.13 GDE versus a 25 µm Ag commercial GDE 

and a 100 nm Ag GDE at – 1.3 V vs. NHE. Electrochemical experiments were carried out at 

ambient temperature and pressure at a CO2 flow rate of 75 ml min−1. Error bars indicate that data 

are represented as mean ± standard deviation of at least 3 individual experiments.  
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Figure S6. Constant potentiometric electrolysis (CPE) experiments: FECO (bars, left axis), total 

current densities, jtotal (black symbol, right axis) and partial current densities for CO production, 

jCO (orange symbol, right axis) at –1.3 V vs. NHE in KCl, KI, KBr, KOH and KHCO3 electrolytes. 

In all cases, electrolyte concentration was equal to 1 M and CO2 was fed at 75 mL min-1. 
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Figure S7. Modelled CO2 concentration profile depending on the distance from the electrode 

within two different electrolytes: 1 M KOH (red line) or 1 M KCl (black line).   
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Figure S8. Top view SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 GDE 

after a 15-minute electrolysis at –400 mA cm–2 in 1 M KCl. EDXS mapping shows the overlay of 

Zn (orange), Ag (green) and Cl (blue) only. 

 

  



 

 

18 

 

 
Figure S9. Top view SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 GDE 

after a 15-minute electrolysis at –400 mA cm–2 in 1 M KI. EDXS mapping shows the overlay of 

Zn (orange), Ag (green) and I (blue) only. 
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Figure S10. Top view SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 

GDE after a 15-minute electrolysis at –400 mA cm–2 in 1 M KBr. EDXS mapping shows the 

overlay of Zn (orange), Ag (green) and Br (blue) only. 
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Figure S11. Top view SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 

GDE after a 15-minute electrolysis at –400 mA cm–2 in 1 M KOH. EDXS mapping shows the 

overlay of Zn (orange) and Ag (green) only. 
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Figure S12. Top view SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 

GDE after a 15-minute electrolysis at –400 mA cm–2 in 1 M KHCO3. EDXS mapping shows the 

overlay of Zn (orange) and Ag (green) only.  
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Figure S13. SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 GDE cross 

section after a 15-minute electrolysis at –400 mA cm–2 in 1 M KCl. EDXS mapping shows the 

individual maps and overlays of Zn (orange), Ag (green) and Cl (blue) only. 



 

 

23
 

 
Figure S14. SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 GDE cross 

section after a 15-minute electrolysis at –400 mA cm–2 in 1 M KI. EDXS mapping shows the 

individual maps and overlays of Zn (orange), Ag (green) and I (blue) only. 
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Figure S15. SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 GDE cross 

section after a 15-minute electrolysis at –400 mA cm–2 in 1 M KBr. EDXS mapping shows the 

individual maps and overlays of Zn (orange), Ag (green) and Br (blue) only. 
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Figure S16. SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 GDE cross 

section after a 15-minute electrolysis at –400 mA cm–2 in 1 M KOH. EDXS mapping shows the 

individual maps and overlays of C (red), Zn (orange) and Ag (green) only.  
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Figure S17. SEM imaging and EDXS elemental mapping of the 75 µm Zn0.87Ag0.13 GDE cross 

section after a 15-minute electrolysis at –400 mA cm–2 in 1 M KHCO3. EDXS mapping shows the 

individual maps and overlays of C (red), Zn (orange) and Ag (green) only. 
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Figure S18. (Top) XRD pattern of the bare gas diffusion layer (GDL) with Nafion introduced in 

the same quantity as in the 75 µm Zn0.87Ag0.13 GDE. (Bottom) XRD patterns of the 75 µm 

Zn0.87Ag0.13 GDEs before or after a 15-minute CCE at –400 mA cm–2
 in various electrolytes.  
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Figure S19. 100-hour electrolysis at 100 mA cm-2 and corresponding FEs for CO and H2 

production, cell potentials and energy efficiencies. Electrolysis was run with a 0.1 M Cs2CO3 

anolyte circulated at 30 mL min-1, a Sustainion® anion-exchange membrane and an IrO2 anode.  A 

40°C humidified CO2 stream was flowed at 164 mL min-1 and a cell temperature of 25°C was 

maintained. 
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Supplementary Tables  

Table S1. 100%-iR-corrected potentials obtained on the 100 nm and 75 µm Zn0.87Ag0.13 GDEs 

during constant current electrolysis carried out at –100, –200, –300, –400 and –500 mA cm–2 of 

which results are shown in Figure 1C. In each case, electrolysis was carried out in 1 M KCl, the 

CO2 flow rate was set to 75 mL min–1 and both electrolytes were circulated at 10 mL min–1.  

Zn0.87Ag0.13 GDE 
j / mA cm-2 R / Ohm iRc-E / V vs. NHE 

  Mean  Std dev. Mean  Std dev. 

100 nm 

-100 6.549 N/A -1.29 N/A 

-200 6.624 N/A -1.42 N/A 

-300 6.139 N/A -1.51 N/A 

-400 6.416 N/A -1.62 N/A 

-500 6.942 N/A -1.37 N/A 

75 µm  

-100 7.38 0.09 -1.15 0.01 

-200 7.12 0.16 -1.21 0.01 

-300 6.85 0.07 -1.28 0.01 

-400 6.89 0.18 -1.31 0.04 

-500 7.17 0.30 -1.27 0.17 
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Table S2. 100%-iR-corrected potentials for each electrolyte during constant current electrolysis 

carried out at –100, –200, –300, –400 and –500 mA cm–2 of which results are shown in Figure 2B. 

In each case, the CO2 flow rate was set to 75 mL min–1 and both electrolytes were circulated at 10 

mL min–1. 

Electrolyte j /mA cm-2 jCO / mA cm-2 FEco / % R / Ohm iRc-E / V vs. NHE 

Mean  
Std 
dev. Mean 

Std 
dev. Mean  

Std 
dev. Mean  

Std 
dev. 

1 M KCl 

-100 -96 2.5 95.9 2.5 7.38 0.09 -1.15 0.01 

-200 -183 3.9 91.3 1.9 7.12 0.16 -1.21 0.01 

-300 -262 5.9 87.2 2.0 6.85 0.07 -1.28 0.01 

-400 -344 6.5 85.9 1.6 6.89 0.18 -1.31 0.04 

-500 -425 3.1 85.1 0.6 7.17 0.30 -1.27 0.17 

1 M KI 

-100 -98 6.0 98.0 6.0 6.70 0.15 -1.15 0.08 

-200 -181 8.4 90.5 4.2 6.65 0.41 -1.17 0.07 

-300 -266 4.5 88.6 1.5 6.64 0.32 -1.23 0.11 

-400 -349 20.4 87.3 5.1 6.51 0.23 -1.20 0.12 

-500 -424 21.5 84.9 4.3 6.69 0.04 -1.24 0.07 

1 M KBr 

-100 -95 0.3 94.8 0.3 6.88 0.08 -1.21 0.11 

-200 -176 3.5 88.2 1.7 6.67 0.28 -1.25 0.13 

-300 -263 4.8 87.6 1.6 6.46 0.34 -1.31 0.09 

-400 -337 5.1 84.3 1.3 6.17 0.28 -1.31 0.14 

-500 -399 40.9 79.8 8.2 5.97 0.02 -1.32 0.09 

1 M KHCO3 

-100 -98 3.2 98.0 3.2 10.04 0.63 -1.25 0.27 

-200 -184 4.9 91.8 2.5 9.50 0.63 -1.27 0.29 

-300 -263 14.1 87.8 4.7 8.83 0.25 -1.28 0.20 

-400 -328 9.4 82.0 2.3 8.20 0.21 -1.21 0.12 

-500 -341 19.0 68.1 3.8 9.24 1.07 -1.30 0.03 

1 M KOH 

-100 -93 3.5 93.0 3.5 9.14 0.68 -1.40 0.13 

-200 -173 14.8 86.6 7.4 5.59 0.36 -1.47 0.09 

-300 -245 19.5 81.8 6.5 5.28 0.13 -1.50 0.11 

-400 -306 50.8 77.0 12.9 5.29 0.25 -1.46 0.13 

-500 -370 68.0 73.9 13.6 5.74 0.81 -1.56 0.16 
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Table S3. Electrochemical performances of the non-porous electrodes: Zn foil, Ag foil and 

Zn0.87Ag0.13 thin film. In each case, electrolysis was carried out in CO2-saturated 0.1 M KHCO3 

and CO2 was bubbled at 10 mL min–1 in the catholyte.  

Electrode   R / Ohm 100% iRc-E / V vs. NHE jtotal / mA cm−2 jCO / mA cm−2 

  Mean  Std dev. Mean  Std dev. Mean  Std dev. Mean  Std dev. 

Zn foil 

12.27 4.11 -1.189 0.0002 -0.28 0.01 -0.09 0.01 

9.74 0.74 -1.289 0.0001 -0.65 0.01 -0.32 0.02 

10.05 0.73 -1.388 0.0001 -1.40 0.03 -0.78 0.06 

Ag foil 

10.33 0.34 -1.190 0.0002 -0.27 0.12 -0.18 0.06 

10.25 0.34 -1.289 0.0001 -0.94 0.06 -0.76 0.05 

10.24 0.37 -1.387 0.0003 -2.19 0.12 -1.84 0.07 

Zn0.87Ag0.13 thin 
film 

12.60 1.01 -1.189 0.0001 -0.44 0.09 -0.26 0.04 

13.24 1.38 -1.288 0.0002 -1.10 0.21 -0.77 0.13 

14.24 1.95 -1.385 0.0004 -2.36 0.36 -1.69 0.15 

 

 
  100% iRc-E / V vs. NHE FECO / % FEH2 / % FEFormate / % 

  Mean  Std dev. Mean  Std dev. Mean  Std dev. Mean  Std dev. 

Zn foil 

-1.189 0.0002 33.612 3.617 57.348 8.900 2.077 1.469 

-1.289 0.0001 48.942 3.343 47.866 14.209 1.774 0.628 

-1.388 0.0001 55.286 3.151 43.531 14.500 1.774 0.628 

Ag foil 

-1.190 0.0002 66.777 4.110 22.126 4.835 0.000 0.000 

-1.289 0.0001 80.190 2.951 11.521 2.019 0.956 1.351 

-1.387 0.0003 84.139 1.131 6.629 1.651 1.474 0.255 

Zn0.87Ag0.13 thin 
film 

-1.189 0.0001 60.302 3.291 29.230 3.511 1.072 0.758 

-1.288 0.0002 70.091 2.349 17.701 3.505 0.629 0.033 

-1.385 0.0004 72.706 5.717 19.035 6.677 0.972 0.001 
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Table S4. Reported literature values of single-pass conversions calculated from literature 

references according to the equation: 

𝑆𝑖𝑛𝑔𝑙𝑒 − 𝑝𝑎𝑠𝑠 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 (%) =
𝑗𝐶𝑂(𝐴 𝑐𝑚−2) × 𝑆 (𝑐𝑚2) ×  𝑡 (𝑠 𝑚𝑖𝑛−1) ×  𝑇(𝐾)  ×  𝑅 (𝑚𝐿 𝑎𝑡𝑚 𝐾−1 𝑚𝑜𝑙−1)

𝑛𝑒−  ×  𝐹 (𝑠 𝐴 𝑚𝑜𝑙−1)  × 𝑃 (𝑎𝑡𝑚) ×  𝑓𝐶𝑂2 (𝑚𝐿 𝑚𝑖𝑛−1)
 

Where jCO (A cm−2) is the partial current density, t (s min−1) corresponds to 60 s in 1 min, 

T is the temperature taken equal to 273.13 K, P is the pressure taken equal to 1 atm, R is the ideal 

gas constant and is taken equal to 82.05 mL atm K–1 mol–1, ne– is the number of electrons 

transferred during the CO2-to-CO conversion and is equal to 2, F is the Faraday constant equal to 

96485 s A mol–1 and fCO2 is the CO2 flow rate (mL min−1). 

 

Reference Electrolyte 
CO2 flow / mL 

min−1 
jCO / mA 

cm−2 
Single pass conversion / % 

[10] 3 M KOH 17 440 18.02 

[11] 1 M KOH 7 169 16.84 

[12] 1 M KOH 7 350 34.82 

[13] 1 M KCl 7 160 15.92 

[14] 5 M KOH 20 540 18.80 

[15] 3 M CsOH 17 866 35.48 

[16] 5 M KOH 20 645 22.46 
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