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Statistical analysis of Morphological (FESEM) study
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Fig. S1 Statistical analysis of FESEM images for bismuthene nanosheets (BiNS) illustrating (a) particle size histograms
and (b) nanosheet thickness histograms. D, and T, represent the peak values of diameter and thickness distribution;
while Din and Tp,in are the respective minimum values measured. SD: standard deviation of the data values. Statistical
analysis has been performed on at least 3 independent images for each sample. For comparison, histograms of (a)
particle size and (b) particle thickness of bulk Bi powder were shown at the bottom.
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Acetonitrile Ethanol Hexane

Fig. S2 FESEM images of bismuthene nanosheets (BiNS 1k) dispersed in various solvents: (a-b) Acetonitrile, (c-d)
DMF, (e-f) Ethanol, and (g-h) Hexane.
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Fig. S3 XPS survey spectra of bulk bismuth and bismuthene nanosheets (BiNS 3k). A C 1s signal originated from

Table S1. Atomic Concentration of Deconvoluted Bi 5d, Bi 4f and O 1s Core Level XPS Signal

adventitious carbon contamination, adsorbed on the sample’s surface.

! Bulk Bi 2 BINS 3k ;

Peak | T ii | i

i Position (eV) ' Atomic% | i Position (eV) ' Atomic% |

Sde, 25814002 |  48.91+0.06 : | 2573001 | 5284+0.04 |

_ BiOxs, | ! 26144012 |  10.67+0.3 : | 2625+01 ! 634012 |
B 5 Sdy, | | 28.83+004 |  39.86+0.1 | | 2875001 | 4086+0.02 |
BiOX,, ! 30.09+096 : 056+0.12 | ' — ' - I

_ 4, ! 158824002 | 5694003 ' | 15877+0.12 | 56.89+0.02 '
Bt 4, | 16413401 | 431+012 | ' 164084012 : 43114002 |
Bi-O | ! 520411042 : 32914031 ' : 52049+033 |  28.94+0.22 '

01s _OH | ! 53065+021 | 67.09+0.2 | \ 53065402 | s557+012 |
o ! _ : - || 531654032 | 1548+035 |

BiOxs;; : Oxide peak adjacent to Bi 5ds/,

BiOxs/, :Oxide peak adjacent to Bi 5ds,

Bi—0 : C atoms directly bonded to oxygen
—OH : Singly bonded Oxygen functional groups

=0 :Doubly bonded Oxygen functional groups
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Table S2. Numerical Analysis of Raman Spectroscopic Data
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Fig. S4 Full-range Raman spectra of bulk bismuth and bismuthene nanosheets (BiNS).
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Fig. S5 The upper panel presents the XRD pattern of bulk Bismuth, magnifying the low intensity signals. For
comparison, the XRD pattern of BiNS 3k is presented in the bottom panel.
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Fig. S6 Cyclic voltammetry (CV) spectra representing the pre-conditioning of (a) bulk Bi and (b) BiNS 3k catalysts, prior
to the ORR activity measurements (0.1 M KOH).
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Fig. S7 The number of electrons (n) transferred (top figure) and the H,0, yield (bottom figure) estimated at various

applied potential.






