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Figure S1 DEMS calibration experiment for (a) H, and (b) CO, performed in 0.1 phosphate buffer and 0.4 M NaClO,4 at 5 mVs

L and a flow rate of 300 uLmin in Ar sat. and CO sat. conditions respectively. For determining 2 the Faradaic current for
HER and the ionic current at m/z 2 as shown in S1a in the top panel and the bottom panel, respectively, were plugged into

eqn. 3 (see Section 2.4 in the Main Manuscript) where z was taken to be 2. For determining Keo the Faradaic current for CO
oxidation and the ionic current at m/z 28 as shown in S1b in the top panel and the bottom panel, respectively, were plugged
into eqn. 3 (see Section 2.4 in the Main Manuscript) where z was taken to be 2.
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Figure S2 Characterization cyclic voltammograms for different Au catalysts in 0.1 M H,SO, in Ar sat. environment at 50 mV's

1 where the charge of the Au,O, reduction peak was used to calculate the electrochemically active surface area (ECSA) of the
different samples.
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Figure S3 SEM characterization of different nano-porous Au (NpAu) samples, left to right: (a) NpAul, (b) NpAu2, (c) NpAu3
and (d) NpAu4 where the upper row shows the low magnification SEM images and the lower row shows the high
magnification SEM images for the different samples. At the bottom, the residual Ag content (X,g) as determined by the EDX
measurements at low magnification is given for every NpAu sample along with the internal quantification error.



S1. Estimation of diffusion layer thickness, theoretical limiting current

To calculate the diffusion layer thickness, the ferricyanide-ferrocyanide redox couple was
employed (shown in Fig. S4), where the diffusion limited current (]limiting) obtained at -0.15V
(vs Ag/AgCl) was used to calculate the diffusion layer thickness by using Fick’s first law of
diffusion:

0]
nFDFe(CN6)3 - CK3Fe(CN)6

5=

]limiting (Sl)
Where n is no. of electrons involved in the reaction (i.e. n =1) F is Faraday’s constant (96485

Cmol1), DFe(eNe)* is the diffusion coefficient of ferricyanide (7 X 10 cm?2s?), CK3FE(CN)6 is the
bulk concentration of potassium ferricyanide (10 mM). The values obtained for the diffusion
layer thickness in the dual layer thin cell geometry at different electrolyte flow rates are given
in Table S1. Moreover, based on the diffusion layer thickness values, the mass transported
limited current densities (calc. by using eqn. 1), both for CO2RR and bicarbonate-mediated
HER are also calculated in Table S1.

We note that the partial currents due CO2RR and HER remain far below the theoretically
calculated mass transport limiting currents calculated by using bulk concentrations of the
reacting species (see column 4 of Table S1) under the experimental conditions of our
measurements (electrolyte flowrate of 300 pL min!; experimental data shown in Fig. 1 of the
main manuscript).
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Figure S4 Determination of the diffusion layer thickness in the dual thin layer cell: cyclic voltammograms obtained in 0.1 M
NaHCO; and 0.4 M NaClO4 with 10 mM K3Fe(CN)g at a scan rate of 5 mVs™, at different flow rates, where the diffusion limited
currents for ferricyanide reduction at -0.15 V vs Ag/AgCl (indicated by the dotted line) were used to calculate the diffusion
layer thickness by using Fick’s law.

Flow rate Diffusion JCOZRR JHER Limiting(theo.)
('ul-/min) Iayer Limiting(theo.) (mA/sz) in
thickness (mA/cm?) at |0.1 M NaHCO;




(um) 0.5 atm. CO,
200 374.8 -1.40 -6.17
250 336.1 -1.56 -6.89
300 323.7 -1.62 -7.15
350 297.2 -1.76 -7.79
400 293.2 -1.79 -7.89
500 261.4 -2.01 -8.85

Table S1 Diffusion layer thickness (middle column) at different flow rates as calculated from the data shown in Figure S4 by
using Fick’s first law of diffusion, where no. of electrons involved were taken to be 1, concentration of KsFe(CN)s was taken to
be 10 mM, diffusion coefficient of Fe(CN)¢3> was taken to be 7 X 10 cm?s'? and Faraday’s constant was taken to be 96485
Cmol. Thereafter, the theoretical diffusion limited current for CO2RR and bicarbonate mediated HER were calculated under
the condition of our studies by again using Fick’s law where the no. of electrons involved in the reaction was taken to be 2
and the concentration of CO, (aq.) was taken to be 16.5 mM (0.5 atm. CO,), the concentration of HCO3 was taken to be 0.1
M, the diffusion coefficient of CO, was taken to be 1.6 X 105 cm?/s, the diffusion coefficient of HCO5 was taken to be 1.2
X 105 cm?/s and the values for the diffusion layer thickness were taken from the middle column of the table.

S2. Estimation of the local pH and local bicarbonate ion concentration

Both CO2RR as well as bicarbonate mediated HER lead to an increase in the local pH at the
electrode surface, as the former leads to the generation of hydroxyl ions, while the latter
leads to the consumption of the proton donor species i.e. bicarbonate ions. Then under the
steady-state conditions, we can consider that the amount of hydroxyl ions generated and the
amount of protons (i.e. bicarbonate ions) consumed will correspond to their mass transport

flux to the surface. Hence, we obtain the following eqn. forJtot ;
Jtot = JHER T Jco2RR

HCO, -
_ 3 - - OH - -
=k eff F([HCO 3]bulk - [HCO 3]surf) + k eff F([OH ]Surf - [OH ]bulk)
(S2)
Where keff is the effective mass transfer coefficient of HCO5 ions and OH- ions such that

Derr
5

k eff where Deff is the effective diffusion coefficient which depends on the porosity

Dopp= PD

eff =

of the catalyst i.e. . Here, P is porosity of the catalyst corrected by its tortuosity (

. P

o P=— 12 . . e
T) i.e. T where T = P as given by Bruggeman correlation and D is the diffusion
coefficient of the species in the solution phase.! Hence, with increasing coarsening, the
effective diffusion coefficient increases, due to the increasing porosity of the catalyst.! And
changes in the catalyst porosity lead to corresponding changes in the concentration gradients

of these species at the electrode surface. Based on previous studies,! we will assume here

that P (corrected porosity) of our catalysts varies between 0.2 to 0.8 in going from the least
coarsened sample to the most coarsened sample i.e. with decreasing surface roughness. We



note that these are two extreme values and, in the samples used in our studies, we may have
different porosities than these values. However, we will take these two extremes as
representative of the least coarsened sample (NpAu4) and the most coarsened sample
(NpAu1l) in our study, respectively. Moreover, we assume that the effective diffusion layer

thickness (5€ff) is essentially the length of the NpAu sample corrected by its tortuosity (

5€ff = L T; where L is the length of the porous channel i.e. thickness of the catalyst layer).?
Since we do not have the precise value of pore length of our catalysts, here we will assume

that it varies between 250 #m to 200 #m in going from the least coarsened sample (P = 0.2)

to the most coarsened sample (P = 0.8). We note that based on previous studies, we would
expect our pore length to be a bit shorter than 200 #m.3 Here we use slightly higher values of
pore length to see if we will reach mass transport limitations on nanoporous catalysts under
more extreme conditions.

For the solution phase reactions, we will only consider the homogeneous equilibria between

bicarbonate, hydroxyl and carbonate ions i.e. HCO5 , oH" ©C0%; + H20. This is a
reasonable assumption because the rate of homogeneous HCO3 consumption is much faster
than the rate of homogenous CO, consumption.

Then by considering that the homogeneous reaction between one ion of HCO;" and OH-yields
one ion of CO3* and given that bicarbonate and carbonate have nearly identical diffusion

- Dco2 - DHCO =
coefficients ( 3=1.6 X 10° cm¥/s; 3=1.2 X 10° cm?/s), we can assume the
concentration gradient between surfaces and bulk electrolyte is nearly identical for
bicarbonate and carbonate, respectively. This translates into eqn. S3, which states that the
2 -

surface concentration of carbonate [€O0%5]
[HCO 3]bulk minus the surface concentration of bicarbonate [
the bulk concentration of carbonate is negligible):

[COZB_] [Hcoé]bulk_ [HCOE]surf (53)
HCOS |,

surf equals the bulk concentration of bicarbonate
HCO3]

surf (we consider that
surf=
Rearrangement of eqn. S3 and condsidering the homogeneous equilibria of HCO3 (

- 2-
OH™ ©C075 + HZO; Keq= 4.8 X 103 L mol1S?) yields egn. S4, which gives the following
expression for the surface concentration of bicarbonate ions:

[Hcag]bulk
HCOZ]. . =
[1#€03 oy 1+K,,[0H"]

surf (54)

By substituting the expression for [HCO;]SM from eqgn. S4 into egn. S2 we get:

_ HCO S B [HCO S |puar - _ i
Jeor =k eff3F [HCOS']bulk - 5 + kael}f F([oH lsurs = [OH Joutk)
1+ Keq[OH ]surf (55)

The above eqgn. can be rearranged to get a quadratic eqn. for [OH_]Surfwhich can be solved as
follows:

~ -b+ . /b%- 4ac
[OH |5y = ————

2a (S6)

where
a= K, Kk°H

eq eff



HCO S - - Jeot Ke
3 - OH OH - q
b= K,k o [HCO3]bulk +korr —Kegkerr [OH |y - F
- jtot
oH -
c= Ik sf [0H |y - F

In Fig. S5 we have calculated the surface pH (egn. S6) as well as the value of [HCOg]surf (egn.
S4) at 3 different catalyst porosities (P' = 0.8,0.5,0.2), where the catalyst roughness increases
with decreasing porosity. Moreover, we use the Jtot (total geometric current density) value
obtained in Fig. 1d (main manuscript) on flat Au catalysts for all the calculations. We note that
our experimental measurements have shown that the total geometric current density
remains unperturbed with changing catalyst roughness, it’s only the ratio of Jygr and Jeozrr
that changes. Hence, in our calculations, the changes in the local concentration gradients with
changing catalyst roughness are essentially accounted for by the changing effective mass
transfer coefficient of bicarbonate and OH- with changing catalyst porosity.
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Figure S5 Calculated (a)Surface pH (b) [HCO 3 ]Sw”f as a function of applied potential (vs RHE) as obtained from eqn. S6 and

S4 respectively. Here Jtot was taken from the experimentally obtained current densities shown in Fig. 1 (main manuscript)
and O was taken to be 323.7 UM (corresponds to the electrolyte flow rate of 300 HL/min which is used in our experiments).
The changing porosity of the catalyst surface was used to calculate the effective diffusion coefficients of bicarbonate and OH-

- D
HCO -
such that where 3 was taken to be 1.2 X 10°cm?/s and OH ™ was taken to be 5.27 X 10° cm?/s. A

decreasing corrected porosity P represents an increasing catalyst roughness.

In Fig. S5 we see that the surface pH is more alkaline than the bulk pH (bulk pH = 7),
irrespective of the catalyst porosity/roughness. Moreover, as expected, as the catalyst
roughness increases (decreasing porosity P') the surface pH shows a corresponding increase.
At the most negative applied overpotential (-1.25 V vs RHE) the surface pH increases from
11.2 (for P'=O.8) to 12 (for P'=O.2). Hence the surface concentration of hydroxyl ions increases
from 1.9 X 103Mto 1 X 102Min going from the least rough catalyst to the roughest catalyst.
Moreover, this increase in the surface concentration of hydroxyl ions leads to a corresponding
decrease in the surface concentration of bicarbonate ions such that it decreases from 0.095
M for P =0.8 to 0.085 M for P=0.2. And even though the surface concentration of bicarbonate
ions is decreasing with increasing catalyst roughness, they are not yet entirely depleted at the
surface. Moreover, in Fig. S6 we show the calculated current for HER with different catalyst
porosities, and in agreement with the experimental results shown in Fig. 1e of the main
manuscript, we see a suppression in the HER current with increasing catalyst roughness.
Hence, there is a qualitative agreement between our experimental results and the calculated
current densities for HER.
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Figure S6 CalculatedJHER gs obtained by eqn. S2, where the surface concentration of bicarbonate ions was taken from Fig.
S5b and the bulk concentration of bicarbonate ions was taken to be 0.1 M. The diffusion layer thickness was 8 was taken to
be 323.7 KM (corresponds to the electrolyte flow rate of 300 HL/min which is used in our experiments). The changing porosity

of the catalyst surface was used to calculate the effective diffusion coefficients of bicarbonate such that
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Figure S7 Partial current density for CO formation on Flat Au as obtained from the ionic current at m/z 28 by using eqn. 3 (in
the main manuscript) with 0.5 atm. of CO, in 0.1 M NaHCO3 and 0.4 M NaClO, containing electrolyte at (a) different flow

rates and (b) different scan rates.
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Figure S8 Partial specific current density for CO formation as obtained from the ionic current at m/z 28 by using eqn. 3 (Main
Manuscript) with 0.5 atm. CO, in 0.1 M NaHCO3 and 0.4 M NaClO, containing electrolyte (blue) and in 0.1 M NaHCO; and 2
M NaClO, containing electrolyte (purple) at a scan rate of 5 mVs™ and a flow rate of 300 uLmin on (a) NpAu2 and (c) NpAu3
and Partial current density for HER as obtained from the ionic current at m/z 2 by using eqn. 3 (Main Manuscript) with 0.5
atm. CO, in 0.1 M NaHCO; and 0.4 M NaClO, containing electrolyte (red) and in 0.1 M NaHCO; and 2 M NaClO, containing
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electrolyte (orange) at a scan rate of 5 mVs and a flow rate of 300 uLmin on (b) NpAu2 and (d) NpAu 3.
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Figure S9 (a) Partial geometric current density for CO formation on different Au catalysts as obtained from the ionic current
at m/z 28 by using eqn. 3 (Main Manuscript) with 0.5 atm. CO, in 0.1 M NaHCO3 and 2 M NaClO, containing electrolyte at a
scan rate of 5 mVs* and a flow rate of 300 uLmin. (b) Partial geometric current density for HER and (c) Partial specific current
density for HER, as obtained from the ionic current at m/z 2 by using eqn. 3 (Main Manuscript) with 0.5 atm. CO, in 0.1 M
NaHCO; and 2 M NaClO, containing electrolyte at a scan rate of 5 mVs™ and a flow rate of 300 uLmin-*.
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Figure S10 Faradaic efficiency for CO formation of the different Au catalysts in 0.5 atm. CO, and 0.1 M NaHCO3, 2 M NaClO,
containing electrolyte at different potentials (vs. NHE) as obtained from the DEMS measurements by using eqn. 4 (Main

Manuscript).
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