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Supplementary Figure 1 The high-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM) images of the samples. HAADF-STEM images of a, b Pt/C; ¢, d PtNi/C; e, f dealloyed

PtCo/C nanosized electrocatalysts.
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Supplementary Figure 2 XRD spectra of Pt/C, PtNi/C and dealloyed PtCo/C catalysts.
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Supplementary Figure 3 The HER activity of the electrocatalysts. a-b The HER polarization curves

measured for a Pt/C; b PtNi/C under different LiOH electrolytes. ¢-d The corresponding Butler-Volmer

fitting results for ¢ Pt/C; d PtNi/C under different conditions. e-f A comparison of the polarization curves

measured for e Pt/C; f PtN1/C in two different electrolytes for a series of concentrations.
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Supplementary Figure 4 The HER/HOR polarization curves obtained for a series of Pt-based nanosized
electrocatalysts in different alkaline environments. The electrocatalysts are: a PtFe/C; b PtCo/C; ¢ PtNi/C;

d dealloyed PtFe/C; e dealloyed PtCo/C; f dealloyed PtNi/C; g PtFe@Pt/C; h PtCo@Pt/C; i PtNi@Pt/C.
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Supplementary Figure 5 The experimental Tafel plots and the corresponding Butler-Volmer fitting data
(BV) for a series of Pt-based nanostructured electrocatalysts in different alkaline solutions. The
electrocatalysts are: a PtFe/C; b PtCo/C; ¢ PtNi/C; d dealloyed PtFe/C; e dealloyed PtCo/C; f dealloyed
PtNi/C; g PtFe@Pt/C; h PtCo@Pt/C; i PtNi@Pt/C.



ao.1s bo.10 . c .
// PtFe/C / ! PtCo/C N ; PtNi/C
; , 1 MKOH A 1 MKOH ! / ——1MKOH
K // ——0.1 M KOH // ’r' ——0.1 M KOH /" ——0.1 M KOH
s 182mvVdec’ ——0.01 MKOH < ; ——O00IMKOH| 005} hotmvdect ~ ——0.01 MKOH
5 0.10 / Buffer = 128 mV dec! | Buffer s / Buffer
= / ) 8 ; = K
% E 0.05F .“_.c’ v %7 mV dec™! /
a , . 5 , 116 mV dec”! S ; /
o 0.05k // 153 mV dec § /// ) 81 mV dec § B ///
o U K K /110 mV dec” o K S/ v / o K A7 mV dec”!
//// e / g ,'// /,/ _.-737mV dec”’ /,'// //'/
T 3 mV dec - 7T 21 mY dec”
0.00 le===a=m= 2oL ! 0.00 b=t ! 0.00 b====x==T70 0L L
0.001 0.01 0.1 0.001 0.01 0.1 0.001 0.01 0.1
log i (mA cm?) log i (MA cm™) log i (MA cm?)
do.10 — ; fo.10 ———
! dealloyed PtFe/C I dealloyed PtCo/C ealloye i
—— 1 MKOH ! Y M Ko 1 M KOH ,
1semvdecty . —0-1MKOH ——0.1 MKOH —O01MKOH
S mveeef / ——0.01MKOH/| _ 005} 001MKOH| < ——0.01MKOH /
5 Buffer % Buffer s / Buffer /
< 131 mV dec” / = K g 140 iV dec”!
% 0.05- K E 106 mV,dec” /99 mV dec”! J/ % 0.05r /
5 ’ 72mV dec”! S S / a .
> S ] / K , [ / )
) s // // 6 a “ * my’ 5 ,’II 1 102mV dec -’86 mV dec™
L /___:::if",éGdeec‘1 - /:__-_:'—f‘féanec" //// /__-"_/_/_.— 24 mV dec”!
0.00 lem==eea=5=77000" L 0.00 le=e=c=a-= =-ila L 0.00 b===s==z22335-7077 L
0.001 0.01 0.1 0.001 0.01 0.1 0.001 0.01 0.1
log i (mA cm?) log i (MA cm™) log i (MA cm?)
gdo.10 ; - ho.10 — i T -
k ! PtFe@PUC /| PtCo@PtC ! PINI@PUC
! ! 1M KOH o 1M KOH —— 1MKOH
/ ——0.1 MKOH , ——0.1 MKOH ——0.1 M KOH J
_ /| ——001MKOH| / ——0.01MKOH 0,051 ——0.01MKOH /
b Buffer > Buffer s Buffer '
s 8 / s
g L t L , ' g 140 fV dec”! - 1
SOOSE o Ve /148 mvdec L1 8005 y5smydect /145 my dec 5 g /135 mV dec
g " 93 mV dec g ; 8 ; S 65 mV dec’)
o ) i e [} ’ / o B /
> , , . > , . 4 2 ‘ J p
3 . . K / 3 p g 71 mV dec 3 ‘ P )
-—”::—"/,,’ 38 mV dec” - - . Anv‘je(ﬂ - ___—,_f_’,/-/%/dec"
AN L 0.00 k====s=5777 L L 0.00 be=zmm=r=r=0000 L
0.01 0.1 0.001 0.01 0.1 0.001 0.01 0.1

log i (MA cm?) log i (MA cm?) log i (MA cm?)

Supplementary Figure 6 Tafel slops for a series of Pt-based nanostructured electrocatalysts in different
alkaline solutions. The electrocatalysts are: a PtFe/C; b PtCo/C; ¢ PtNi/C; d dealloyed PtFe/C; e
dealloyed PtCo/C; f dealloyed PtNi/C; g PtFe@Pt/C; h PtCo@Pt/C; i PtNi@Pt/C.
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Supplementary Figure 7 The XANES spectra for a series of Pt-based nanosized electrocatalysts. The
d-band vacancies were calculated based on the XANES data. a Pt Liedge. b Pt Lin edge.
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Supplementary Figure 8 The experimentally acquired relationship between the H adsorption ability and
the activity (jo) for a series of Pt based materials using different electrolytes. The H adsorption ability of

the electrocatalysts is represented according to the d-band vacancies of each material. The symbols in

the figure refers to Fig. 2.
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Supplementary Figure 9 Raman signal of Pt/C in different alkaline environments. Raman spectra of
Pt/C in 0.1 M (above) and 0.01 M (below) KOH (H20) solutions at the Raman shift range of 2000-
2300 cm.
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Supplementary Figure 10 Raman signal of different electrocatalysts. Raman spectra of: a PtNi/C in 0.1
M (above) and 0.01 M (below) KOH (H20), respectively. b dealloyed PtCo/C in 0.1 M (above) and 0.01
M (below) KOH, respectively.
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Supplementary Figure 11 Raman spectra of Pt/C in different environments. The electrolytes are 0.01

M KOH (top panels) and 0.01 M LiOH-H20 (bottom panels) in D20 solutions, respectively.
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Supplementary Figure 12 Raman spectra of bulk Pt in different environments. The electrolytes are 0.1

M (top panels) and 0.01 M (bottom panels) KOH in D20 solutions, respectively.
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Supplementary Figure 13 Raman spectra of Pt/C in different environments. The electrolytes are 0.1 M

(top panels) and 0.01 M (bottom panels) LIOH-H20 in D20 solutions, respectively.
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Supplementary Figure 14 The activation energy calculated using the relationship between jo and
temperature in different alkaline environments for a series of Pt-based electrocatalysts. The
electrocatalysts are: a Pt/C; b PtFe/C; ¢ PtCo/C; d PtNi/C; e dealloyed PtFe/C; f dealloyed PtCo/C; g
dealloyed PtNi/C; h PtFe@Pt/C; i PtCo@Pt/C; j PtNi@Pt/C.
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Supplementary Figure 15 A comparison of Ea for a series of different Pt-based nanosized

electrocatalysts in different alkaline environments.
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Supplementary Figure 16 Raman spectra of dealloyed PtCo/C in 0.1 M KOH aqueous solution.



