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Figure S3 TEM images, HRTEM images, HAADSETEM EDS line scans and
mapping scans of fRh/C (AD), PgRhFeC (E-H), PERhCo/C (L), PERhNI/C
(M-P), PtRhCu/C (QT), PERhGa/C (UX), PzRhIn/C (Y-AB), PERhR/C (AC-AF),
respectively. The insets in TEM images are the corresponding size distribution
histograms.
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Figure S4.PXRD patterns of BRhM/C (M= Fe, CoNi, Cu, Ga, In, Sn, Pb).

Table S1.Lattice parameterand crystallitesizes of assynthesized BRhM/C in an
fccstructure &= b = ¢, U= b = 90=9(P) extracted from PXRD patterns
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L Lattice 2d (deg!
Sample Crystalht(: S1z€ parameters

(nm) 2 (nm)® (111) (200) (220)

Pt;Rh/C 0.3882 £0.0003 40.27 46.76 68.35
PtsRhFe/C 9.30 0.3852 £0.0002 40.59 47.20 68.90
Pt;RhCo/C 7.88 0.3849 +0.0004 40.63 47.26 68.90
Pt;RhNi/C 8.87 0.3828 £0.0002 40.86 47.50 69.38
Pt;RhCu/C 8.86 0.3829 £0.0005 40.86 47.54 69.30
Pt;RhGa/C 8.90 0.3873 £0.0003 40.31 46.96 68.50
PtsRhIn/C 7.30 0.3958 £0.0007 39.51 45.89 66.68
Pt;RhSn/C 6.40 0.3973 £0.0003 39.32 45.65 66.50
Pt;RhPb/C 10.6 0.4033 £0.0002 38.68 44.96 65.40
PtsRhPb/C 0.3876 £0.0001 40.31 46.89 68.45

a. Calculated crystal size based $aoherrer formulab. The lattice parameters were

calculated according to the peak positions of (111), (200) and (220). Wavelength
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Table S2 The diameter and atomic ratios of thesgathesized BRhM/C obtained
from ICP-AES and XPS

Diameter Atomic ratio of elements (Pt:Rh:M)
Sample a
(nm) ICP-AES XPS
Pt;Rh/C 7.5+1.2 78:22 68:32
PtsRhFe/C 89+21 61:19:20 47:33:20
Pt;RhCo/C 9.0+1.8 62:18:20 55:26:19
PtsRhNi/C 9.0£1.3 64:18:18 50:27:23
PtsRhCu/C 8.5%1.9 60:18:22 49:28:23
Pt;RhGa/C 8.5+1.8 61:19:20 45:32:23
PtsRhIn/C 8.5+1.7 60:19:21 42:32:26
Pt;RhSn/C 7.4+15 61:19:20 43:30:27
Pt;RhPb/C 10.2+2.2 61:20:19 48:31:21

a. The average sizes of the nanocrystals were obtained from counting at least 100
nanoparticles.
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Figure S5.(A) Stable CV curves of gRhM/C catalysts in 0.1 M HCIOsolution at a
sweep rate of 20 mV™s (B) LSVs curves of BRhM/C catalysts in 0.5 M
CHsCH,OH / 0.1 M HCIQ solution at a sweep rate of 1 mVs current densities are

normalized by ECSA. (C) CA curves ofsRhM/C catalysts at 0.45 V vs RHE in 0.5
M CH3CH,OH / 0.1 M HCIQ solution.



Table S3 Summary of current densities of;RhM/C catalystobtained from LSV
curves recorded at 0.45V, 0.50 V and 0.55 V. Specific activity and mass activity are
normalized by ECSA and Pt mass, respectively.

S I Joasv Josov Jossv
ample
mA cm™ mA mgp; ™ mA cm™ mA cm™
Pt/C 1.38x 10° 3.50 3.30x 10° 8.47x 10°
PtsRh/C 3.31x 10° 0.726 7.70x 10° 1.98x 102
PtsRhFe/C 451x 10° 1.14 1.43x 10? 3.73x 107
PtsRhCo/C 6.36x 10° 1.06 1.95x 102 5.26x 1072
Pt;RhNi/C 5.29x 10° 1.03 1.30x 10?2 3.28x 102
Pt;RhCu/C 7.52x 10° 0.857 1.95x 102 4.99x 107
Pt;RhGa/C 8.41x 10° 2.43 1.78x 1072 3.88x 1072
Pt;RhIn/C 2.14% 10° 3.84 4.65% 107 8.37x 10?
PtsRhSNn/C 9.19x 102 23.4 1.40x 107 1.90x 10*?
Pt;RhPb/C 7.65x 10° 1.33 2.17x 102 5.54x 102
A B
— Pt,SniC
— Pt,RhSn/C

Figure $6. (A) TEM image of P{Sn/C nanocatalysts; (B) PXRD patterns ofSR{C
and P{RhSn/C.
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Table S4 Comparison of EOR activity betweersRthSn/C and the catalysts reported
by previous reports in 0.1 M HCD.5 M CHCH,OH solution. The current density
of specific activity (SA) and mass activity (MA) for all catalyst were normalized by
ECSA and Pt (PtRh) mass, respectively.

0.45V 0.51V
Sample 20 mv st 1mvV s?
MA SA
PtRhSN/C (13) 14.3 mA mg;*
PtRhSn+C (13) 31.3 mA mg;*
PtPdRh NTO (9) 0.0140mA cmi?
PtRhNI/C (14) 2.80 mA m@wn*
PtRhSn/C (14) 12.0 MA M@wn™
36.2 mA mg:*
Pts;RhSN/C (this work) 0.149 mA cnf

30.9 MA Mm@’

Table S5.The diameter and atomic ratios of thgRM/C nanocatalysts after LSV
and CA tests obtained frol@P-AES.

Sample Diameter (nm)? Atomic ratio of elements (Pt: Rh: M)
Pt;Rh/C 7.4+1.9 77:23

Pt;RhFe/C 8.3+1.6 62:18:20

Pt;RhCo/C 7919 63:19:18

PtsRhNI/C 7.7x2.0 66:19:15

PtsRhCu/C 10.3+2.1 64:18:18

Pt;RhGa/C 6.8+x1.4 63:20:17

Pt;RhIn/C 7.4+2.0 64:19:17

PtsRhSn/C 7.3+1.8 65:17:18

PtsRhPb/C 10.4 +2.6 65:21:14

a. The average sizes of the nanocrystals were obtained from counting at least 100
nanoparticlesn TEM images



Figure S7. TEM images of BRRhM/C catalysts after theatalytic tests.A) P&Rh/C,

(B) PtRhFe/C, (C) RRhCo/C, (D) PRhNI/C, (E) PtRhCu/C, (F) PRhGa/C, (G)
P&ROIN/C, (H) PIRhSNn/C, (1) PIRhPb/C after the catalytic tests. The insets in TEM
images are the corresponding size distribution histograms.

Table S6.Assignments of the possible characteristic adsorption bands in[E®DR
41].

Band Position Reported Position Assignment
110061111 1108 CI-O stretching vibration of CI©
12831287 1280 Characteristic absorption ofQ stretching
13521354 1350 C-H strétching of CHCOOH
1718 1705 C=0 stretching vibration of G¥€HO and
2047 20302065 stretching vibration of linear adsorbed C(
2343 2343 O=C=0 asymmetric stretch vibration of &(




Figure S8B. In situ FTIR band intensities of GOCQ_, C=0 and &0 of acetic acid on
different catalysts. (A) Pt/C, (B) #Rh/C, (C) PRhCo/C, (D) PIRhSn/C.

Figure 9. Potential energy profiles of ethanol decomposition on Pt (111) surface.
The bold red line is the patlay of GrH dehydrogenation to form the key
intermediate CECO*. At first the ethanol adsorbs at the top site of Pt atom with
adsorption energy 0f0.28 eV. The GH dissociation of CBCH,OH* is more
therme and dynamic stable thany€l one, then forms C¥HOH* with the G
adsorbed on the top site of Pt. TheHCand OH bond breaking are rather facile to
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