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Table S1. Chemicals used in the synthesis of the hydrogels

Atomic Composition

CuxSny aerogels CuCl: (mM) SnCls (mM)
determined by ICP-AES
Cu 0.840 0 Cu 100%
Cuog7Sn; 0.798 0.042 Cu:Sn=97:3
CuosSns 0.756 0.084 Cu:Sn=95:5
CuooSnio 0.672 0.168 Cu:Sn=90:10
Sn 0 0.840 Sn 100%




Calculations of Faradaic efficiencies of gaseous products
The volume of the sample loop (Vp) for the gaseous product in our gas
chromatograph is 1 cm® and the flow rate of the gas v = 20 cm*/min. The time it takes

to fill the sample loop is:
Vo 1cm3

v 20 cm3/min

=0.05min =3s (1)
According to the ideal gas law, under the ambient temperature of 25 °C, the amount

of gas in each vial (V=1 cm®) is:
_ PV, 1.013%10° Pa* 1+ 107°m?
" R*T 8314J-K-'-mol-1%298.150 K

The number of electrons required to form 1 molecule of CO, CH4, C2H4, or C2Hs

= 4.086 * 10~> mol  (2)

is respectively 2, 8, 12, or 14. Take Vial 3 and the calculation of CO as an example.
The number of electrons (Nco) needed to get xo ppm of CO is:
Nco = xg *xn* Ny x 2e
= 2514.639 x 107° % 4.086 * 10~ 5mol = 6.02 * 1023mol™ ! = 2e
=1.237 = 107¢ 3)
At the injection time to fill up vial 3, for example, the recorded current is 7y = 7.08
mA (this data is obtained from the chronoamperogram). The total number of electrons

(Ntotal) measured during this sampling period:
N _Ipxt  7.08x107°A % 3s
total = o T 1.602 * 10-19C /e
Hence, the faradic efficiency of CO is (3)/(4):

Nco 1.237 * 1017

100% = ————= = 93.289 5
Neotar ) % 1.326 = 1017 o (5)

= 1.326 x 10'7¢ 4)

FE =
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Figure S1. Cu 2p core level scan of the prepared aerogels: (a) Cu, (b) Cug7Sns, (¢) CuosSns,

and (d) CugoSnjo,
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Figure S2. Sn 3d core level scan of prepared aerogels: (a) CugsSns, (b) CugsSns, and (¢)

CugoSnjo.
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Figure S3. N> physisorption isotherms for the as-prepared aerogels: (a) Cu, (b) Cug7Sn3, (c)

CU9ssn5, and (d) CLI9()SH10,
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Figure S4. H; partial current density at different potentials for Cu, Cug7Sns, CuosSns, CugoSnig

aerogels.




Table S2 The comparison of CO FE, total current density, and CO current density of different Cu
based electrodes at different potentials

Total current density CO current density

Sample FEco (%) (A cm?) (A cm?)

-0.6 Vvs RHE

Cu-In bimetal[1] 90 1.1 1.0

Cu-Sn foam|[2] 90 1.3 1.2

Cu-Sn bimetal[3] 92 1.3 1.2

CuosSns (this work) 87 1.8 1.6
-0.7 V vs RHE

Cu-In bimetal[1] 90 1.7 1.5

Cu-Ag bimetal[4] 46 1.2 0.6

Cu-Sn bimetal[3] 90 2.1 1.9

CuosSns (this work) 90 3.2 2.8
-0.8 Vvs RHE

Cu-Ag bimetal[4] 74 34 2.5

Cu-Sn foam([2] 91 4.9 4.5

Cu-Sn bimetal[3] 92 33 3.0

CuosSns (this work) 92 5.0 4.6
-0.9 Vvs RHE

Cu-Ag bimetal[4] 90 5.9 5.3

Cu-Sn foam|[2] 91 6.8 6.2

CuosSns (this work) 93 7.1 6.6




Figure S5. TEM images of CugsSns aerogel electrode: (a) before electrolysis and (b) after 20

hours of electrolysis.



DFT computations

All calculations were carried out using density functional theory as implemented
in the CP2K package.[5] The generalized-gradient approximation (GGA), as
parameterized by Perdew, Burke, and Ernzerhof (PBE) was utilized to compute the
exchange-correlation energy.[6,7] Dispersion interactions were considered in
calculations by using an empirical correction scheme developed by PBE (D3).[8] All
atoms were described with the DZVP-MOLOPT-GTH pseudopotentials.[9]

-1.54 eV 0.40 eV

Figure S6. Possible positions of an Sn atom replacing a Cu atom on a Cu (100) structure to

form a CugeSn; structure: (a) face, (b) inner.
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Figure S7. Free energies of H adsorbed on the (a) Cu, (b) Cug7Sn3, (c) CugsSns, (d) CugoSnio

(111) facet.
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Figure S8. Free energies of H adsorbed on the (a) Cu, (b) Cug7Sn3, (c) CugsSns, (d) CugoSnig

(100) facet.
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