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Table S1 Standard electrochemical reduction potentials.

Reactions E’(V) vs NHE at pH 7
CO, +e~ > COy ~ ~1.90
CO, +2H™' +2e~ - HCOOH —0.61
CO, +2H" +2e~ - CO + H,0 -0.52
CO, +4H" +4e~ > HCHO + H,0 —0.48
CO; + 6H* + 6e~ > CH30H + H,0 —0.38
CO, +8H™' +8e~ > CH, + 2H,0 ~0.24
2HT +2e~ - H, -0.41




Table S2 Comparison of the present work with reported literature.

Materials Cell Main product F.E. (%) Stability (h) Ref.
NCNTs Flow cell CO 80 10 !
N-graphene H-cell HCOOH 66 4 2
PEI-NCNTs H-cell HCOOH 87 24 3
Au/NC H-cell CcoO ~ 83 2 4
Fe-N-C H-cell CO 85 - >
Fe-N-C H-cell CO 91 6 6
Ni-N-C H-cell CO 71.9 60 7
Sn-N-C H-cell HCOOH 74.3 200 8
Fe-Ny- H-cell CO ~ 80 10 9

graphene
Fe;C@NCNTs PEM CO, HCOOH ~90 24 Present
conversion work
cell




Table S3 Elemental compositions of Fe;C@NCNTs and NCNTs has been determined by XPS.

Elemental composition (at %)

Samples
Cls N1s Fe 2p O 1s
Fe;C@NCNTs 91.6 4.2 1.8 24
NCNTs 93.2 4.8 - 2

An appreciably high N-doping of 4.8 at % was obtained for NCNTs and around 4.2 at % was
obtained for Fe;C@NCNTs. XPS revealed low surface metal contents in all the samples in
comparison to that obtained by ICP-OES implying that XPS measurement was only sensitive to
surface elements and in most of the cases the metal nanoparticles were encapsulated by carbon

layers.
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Figure S1. (a) HRTEM image of Fe;C@NCNTs (red dashed lines, shown on either side, distinguish
between the graphitic coating on the encapsulated nanoparticle and the amorphous carbon substrate) and

(b) NLDFT pore-size distribution curve of Fe;C@NCNTs.
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Figure S2. High resolution XPS spectra of (a) C 1s, (b) N 1s, (c) Fe 2p respectively of Fe;C@NCNTs.
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Figure S3. Quantification of formic acid formed from CO, reduction by UV spectroscopy, (a) UV-Vis
absorption spectra for different concentrations of commercial formic acid and (b) Calibration curve for

the measurement of formic acid generated by CO, electroreduction.
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Figure S4. (a) Chromatograms with standard formic acid solutions and (b) HPLC product analysis results

of liquid phase samples generated from electrochemical CO, reduction with Fe;C@NCNTs on both anode

as well as cathode. HCOOH peak appears in both at a retention time of 7.2 min.
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Figure S5. (a) Determination of working potential for PEM CO, conversion cell after 120 min conversion

time for each data and (b) durability test of full cell system for continuous formic acid formation

with Fe;C@NCNTs on both anode as well as cathode.
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