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Table S1. The theoretical relationship between interfacial angles and facets for a

concave cube.

VS A | {hko} a (9) {hkO} a (9)
’ (810} 7.1 (520} 218

. (710} 8.1 (730} 232
= [ 610 9.5 210} 26.6
(510} 11.3 (740} 29.7

(410 14.0 1320} 33.7

(720} 15.9 (430} 36.9

(310} 18.4 (540} 38.7

(830} 20.6 (110} 45.0

Miller index is always used to describe crystal plane. The angle 6 between two

mh2+ kik2 + hil2
JO 1+ Y+ k2 +2)

When the z-axis intercept is infinite, the crystal planes are written (hk0). The angle

crystals (h;k;1;) and (hyksl,) is: 0= arc cos(

a between (hk0) and (100) can be calculated by: a= arc cos (L ).
(h* +k%)

The integers are usually written in lowest terms, so we can obtained h and k via the

angle a.!



Table S2. Mass fraction of Pt, Fe and Mn in Pt-Fe-Mn CNC and Pt-Fe-Mn UCNC

measured by ICP-OES.

Pt-Fe-Mn CNC Pt-Fe-Mn UCNC
Pt (wt %) 93.25 92.0
Fe (wt %) 6.03 7.40

Mn (wt %) 0.72 0.55




Table S3. Mass fraction of Pt, Fe and Mn in Pt-Fe-Mn UCNC at different reaction

period measured by ICP-OES.

Pt-Fe-Mn UCNC (mass ratio)

I
Sample Determined by ICP-OES
2h 77.9:21.4:0.77
4h 85.9:13.2: 0.85
6h 92.0:7.4:0.55
8h 93.3:5.88:0.82




Table S4. Comparison of FAOR performance of Pt-Fe-Mn NCs with other Pt-based

alloyed enclosed by HIFs in acidic electrolytes available in literature

Specific activity =~ Mass activity

Sample Electrolyte (mA cm™?) (A mgp¢ ) References
Pt-Fe-Mn 05M HZSO4 +
0.83 0.071 This work
CNC 0.25 M HCOOH
Pt-Fe-Mn 05M HZSO4 +
3.49 0.36 This work
UCNC 0.25 M HCOOH
0.5 M H,SO4 +
Pt CNC 0.51 _ This work
0.25 M HCOOH
0.5 M H,SO4 +
Pt-Mn CNC 0.71 _ This work
0.25 M HCOOH
Pt-Mn-Cu
0.5 M H,SO4 +
ramiform 2.7 0.33 4
0.25 M HCOOH
polyhedron
Pt-Ni1 0.5 M H,SO,4 +
0.13 0.07 5
hexoctahedral 0.25 M HCOOH
Pt-Ni-Cu 0.5 M H,SO4 +
1.5 0.07 6
CNC 0.25 M HCOOH
Pt;Co deeply 0.5 M H,SO, +
2.9 0.72 7
excavated 0.25 M HCOOH




nanocubes
Pt-Cu
concave
octahedron
PtAgCu@Pt
Cu concave

octahedron

Pt3 Sn CNC

0.5 M H,S0, +

0.96
0.25 M HCOOH
0.5 M H,S0, +

1.65
0.5 M HCOOH
0.1 M HCIO, +

5.00

1 M HCOOH

0.31

0.65

10




Table S5. Peak Potential and Onset Potential of CO Oxidation of commercial Pt blak,

Pt/C, Pt-Fe-Mn CNC and UCNC NCs.

peak potential of CO onset potential of CO

sample
oxidation (V) oxidation (V)
Pt black 0.47 0.63
Pt/C 0.51 0.59
CNC Pt-Fe-Mn NCs 0.45 0.58

UCNC Pt-Fe-Mn NCs 0.33 0.52
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Figure S1. (a) TEM of Pt-Fe-Mn UCNC-2 CNs, (b) CV of MOR in a mixture of 0.5
M H,SO, + 2 M CH;O0H at a scan rate of 50 mV s°!, (¢) CV of FAOR in a mixture of

0.5 M H,SO,4 + 0.25 M HCOOH at a scan rate of 50 mV s\
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Figure S2. (a) TEM of Pt-Fe CNC CNs, (b) CV of MOR in a mixture of 0.5 M H,SO,
+ 2 M CH;0H at a scan rate of 50 mV s, (¢c) CV of FAOR in a mixture of 0.5 M

H,SO, + 0.25 M HCOOH at a scan rate of 50 mV s
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Figure S3. CV curves of the Pt-Fe-Mn CNC, UCNC NCs, Pt black, Pt/C in a N-

Purged 0.5 M H,SOj, solution at a scan rate of 50 mV s,
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Figure S4. (a) TEM of Pt CNC CNs, (b) TEM of Pt-Mn CNC CNs, (c) CV of MOR
in a mixture of 0.5 M H,SO,4 + 2 M CH;OH at a scan rate of 50 mV s, (d) CV of
FAOR in a mixture of 0.5 M H,SO, + 0.25 M HCOOH at a scan rate of 50 mV s’!. Pt

CNC and Pt-Mn CNC CNs were prepared as our previous reports.>3



Figure S5. TEM images of the Pt-Fe-Mn (a) CNC and (b) UCNC NCs after the i-t

test.
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