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Table S1. Compositions of sandwiched-like Co@Pt/C-1, Co@Pt/C-2 and Co@Pt/C-3 core-shell

catalysts, determined by ICP-AES.

Co@Pt/C-1 90.22/9.78

Co@Pt/C-2 86.29/13.71
Co@Pt/C-3 84.34/15.66
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Table S2. ORR activity date of Co@Pt core-shell structure or PtyCoy alloy NPs from the previous

literatures.
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Figure S1. (@) (b) SEM images, (¢) TEM image and (d) particle-size distribution of the

sandwich-like Co/C NPs.
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Figure S2. Raman spectrum to disclose the graphitization of sandwich-like Co@Pt/C-2 core-shell

catalyst, implying the presence of well-graphitized carbon.
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Figure S3. The HRTEM images and EDS elemental mappings of Co, Pt obtained for the single

sandwich-like core-shell Co@Pt/C-1 (a), Co@Pt/C-2 (b) and Co@Pt/C-3 (c) catalysts.
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Figure S4. Nitrogen adsorption-desorption isotherm of the specific sandwiched structure to reveal

the specific surface area (a) and corresponding pore size distribution (b) of sandwich-like

Co@Pt/C-2 core-shell catalyst.



Ais

1.0
- 0.54
E 0.
< .0.5-
1.0+
1.54

-2.04

~—— Co@Pt/C-1 Initial
e Co@P1t/C-1 20000 cycles

2.5
.0

T

0.2 1.2

06 08 1.0

E (V vs. RHE)

0.4

[—— Co@PUC-1 initial
|~ Co@Pt/C-1 20000cycles

TE== Co@PUC-1 Inttial

03 04 05 06 07 08 09 1.0
E (V vs.RHE)
0.8

R Co@PUC-1 20000 cyc|

0.6

iy

T
e
IS

J(mA cm

0.04

Mass activity Specific activity

—— Co@PUC-3 Initial
1.04— Co@Pt/C-3 20000 cycles
0.5
E o0.
<
E .0s-
1.0
1.5+
20 v y v v v .
00 02 04 06 08 10 1.2
E (V vs. RHE)
d 0J— Co@PtiC-3 initial
}— co@Ptic-3 20000cycles
B E
IR
5
<
E 4]
54
-6 -
03 04 05 06 07 08 09 1.0
E (V vs.RHE)
20 20
f I CogPUC-3 Initial
N Co@PUC-3 20000 cycles
1.64
B -
o 1.24
3
< 0.8+
044
0.04

Mass activity Specific activity

Figure S5. CV and ORR polarization curves of Co@Pt/C-1 (a,b) and Co@Pt/C-3 (c, d) before and

after different potential cycles, respectively. (e) and (f) show the changes of mass activities and

specific activities of Co@Pt/C-1 and Co@Pt/C-3 before and after different potential cycles,

respectively.




Calculation details:
The ORR reaction pathways on the Co@Pt/C core-shell catalyst were computed. The
dissociative mechanism of O, has been detailedly understand by Ngrskov et al, and the four

electron ORR pathway can be calculated by the following steps.*°

0, + 4(H* +e™) - 2H,0 (1)
0, + = 03 2)
05+ e~ +H* - OOH* @)
OOH* 4+ (H* + e7) -» 0* + H,0 4

0"+ (H*+e7) + H,0 » OH* + H,0

Q)

OH* + (H* +e7) + H,0 - 2H,0

(6)

Where, the formula (1) is the total reaction of oxygen reduction, and formulae (2)-(6) are the
elementary steps of oxygen reduction reaction.

The Gibbs free energy change for steps 3-6 can be calculated by following schemes.

AG, = AG(OOH) — AG(0,) + eU + AGpy



AG, = AG(0) — AG(OOH) + eU + AGpy

AG; = AG(OH) — AG(0) + eU + AGpy

AG, = 0 — AG(OH) + eU + AGpy

Where U was the potential of normal hydrogen electrode (NHE) at the standard conditions (T =
298.15 K, P = 1 bar, pH = 0). Here the AG(0,) was set as 4.92 eV, which is difficult to calculate
accurately by GGA-DFT.X The Gibbs free energies of OOH, O and OH were determined by the

equation: AG = AE + AZPE — TAS.
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Figure S6. In the structures of Co@Pt/C core-shell structure and pure Pt, the white and blue balls

are Pt atoms and Co atoms, respectively. (a) and (b) are the side view and top view of Co@Pt/C

core-shell structure. (c) and (d) are the side view and top view of pure Pt.
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