Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2021

Electronic Supplementary Information

Single atom catalysts for boosting electrocatalytic and

photoelectrocatalytic performances

Shijun Tong,* Baihe Fu,? Liyong Gan*® and Zhonghai Zhang*?

2 Shanghai Key Laboratory of Green Chemistry and Chemical Processes, School of Chemistry and
Molecular Engineering, East China Normal University, Shanghai 200241, China.

E-mail: zhzhang@chem.ecnu.edu.cn

bInstitute for Structure and Function and Department of Physics, Chongging University, Chongging,
400030, China.
E-mail: ganly@cqu.edu.cn

Table of Contents:

I. Additional Figures and Tables

Fig. S1 SEM images of NF.

Fig. S2 SEM images of (a) Ni/NF and (b) N-Ni/NF.

Fig. S3 Enlarged AC HAADF-STEM image of Pt single atoms in Fig. 1c.

Fig. S4 HRTEM image of Pt NPs/N-Ni/NF.

Fig. S5 Electrochemical HER performance of Ni/NF deposited at (a) different current density and (b) different time;
N-Ni/NF annealed at (c¢) different time with (d) different amounts of (NH4),CO3, and (e) different temperatures; (f)
Pt;/N-Ni/NF deposited after different potential cycles.

Fig. S6 LSV curves for HER of NF, Ni/NF, N-Ni/NF, Pt NPs/N-Ni/NF, Pt;/N-Ni/NF, and Pt/C in 1 M PBS with
high current density.

Fig. S7 LSV curves for HER of Pt;/N-Ni/NF in acidic, neutral, and alkaline electrolytes.

Fig. S8 Fitted equivalent circuits of EIS data.

Fig. S9 AC HAADF-STEM image of Pt;/N-Ni/NF over 24h stability test.

Fig. S10 The theoretical and experimental values of H, for HER during 24 stability test of Pt;/N-Ni/NF at a constant
current density of 10 mA cm2.

Fig. S11 PEC stability measurements on (a) pristine Cu,O and on (b) Pt;/N-Ni/Cu,0 at potential of 0 V vs RHE.
Fig. S12 Top view of modeled Pt;/N-Ni SAC with the Pt atom located above the (a) first and (b) second Ni layer.
The yellow, red, and pink balls represent Ni, N and Pt atoms, respectively.

Table R1. Equivalent circuit model for EIS plots fitting.

Table S2. EC HER performance of this work and other reported electrocatalysts in neutral media.

Table S3. PEC HER performance of this work and other reported Cu,O based photocathodes.

I1. Additional References


mailto:zhzhang@chem.ecnu.edu.cn
mailto:ganly@cqu.edu.cn

1. Additional Figures and Tables

Fig. S3 Enlarged AC HAADF-STEM image of Pt single atoms in Fig. 1c.



Fig. S4 HRTEM image of Pt NPs/N-Ni/NF.

o o
e ja ;
< <
E -50 E
>
5 -0 -'E -
H 2 5
5 s —0.25Acm 3.
£ —0.50Acm” £
£ —1.00Acm’ £
=1 3
(] Q
4.0 08 0.6 04 02 00 0.2 4.0 08 06 04 02 00 02
Potential / V vs RHE Potential / V vsRHE
o o
5 o|C s Jd
E =50 E -504
;Q 100 E 1004
E 150 .E 150
3 3 —_2.1g(NH,)CO,
£ 20 —A45min £ 2004 L
S Lo —3omin| & L. —429(NH),CO,
3 —s6omin| 3 —8.4g(NH) CO,
40 .08 .06 04 02 00 0.2 40 08 06 04 02 0.0 02
Potential / V vs RHE Potential /V vs RHE
E @ s |f
£ £
5-1 00 :::.. -100
'E 150 Ig 2500CV
e ] $ 200 p—
= 200 —320°C E i
8 —420°C 8 -0
5 520°C 5
O 4o — 3 o
40 08 06 04 02 00 02 40 08 06 -84 02 00
Potential / V vs RHE Potential / V vsRHE

Fig. S5 Electrochemical HER performance of Ni/NF deposited at (a) different current
density and (b) different time; N-Ni/NF annealed at (c) different time with (d) different
amounts of (NH,4),COs, and (e) different temperatures; (f) Pt;/N-Ni/NF deposited after
different potential cycles.
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Fig. S6 LSV curves for HER of NF, Ni/NF, N-Ni/NF, Pt NPs/N-Ni/NF, Pt;/N-Ni/NF,
and Pt/C in 1 M PBS with high current density.
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Fig. S7 LSV curves for HER of Pt;/N-Ni/NF in acidic, neutral, and alkaline
electrolytes.
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Fig. S8 Fitted equivalent circuits of EIS data.



Fig. S9 AC HAADF-STEM image of Pt;/N-Ni/NF over 24h stability test.
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Fig. S10 The theoretical and experimental values of H, for HER during 24 stability test
of Pt;/N-Ni/NF at a constant current density of 10 mA cm2.
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Fig. S11 PEC stability measurements on (a) pristine Cu,0 and on (b) Pt;/N-Ni/Cu,0 at
potential of 0 V vs RHE.

Fig. S12 Top view of modeled Pt;/N-Ni SAC with the Pt atom located above the (a)
first and (b) second Ni layer. The yellow, red, and pink balls represent Ni, N and Pt

atoms, respectively.

Table R1. Equivalent circuit model for EIS plots fitting.

Sample NF Ni/NF N-Ni/NF Pt;/N-Ni/NF
Ry(ohm/cm?) 6.258 5.745 6.041 6.183
Q 0.000159 0.0001787 0.01507 0.1796
R.(ohm/cm?) 817.2 71.16 34.06 3.313

Rs: solution resistance; Q: capacitance of the double layer; R charge transfer resistance.

Table S2. EC HER performance of this work and other reported electrocatalysts

in neutral media.

Electrocatalyst electrolyte 10 (MV) Stability References
Ni()‘33CO()‘67SZ 1.0 M PBS 72 20 hat 70 mV (bT]) S1
9hat~337mV or
CoO/CoSe, 0.5 M PBS 337 S2
2000 cycles
Si0,/PPy NTs-CFs 1.0 M PBS 183 30 h at 200 mV(n) S3
Co-HNP/CC 1.0 M PBS 85 20 h at -150 mA/cm? S4
FeO,/FeP 1.0 M PBS 96 60 h at multi- S5




potential(n)

NiCoPy 1.0 M PBS 63 30 h at-100 mV(n) S6
N-Ni 1.0 M PBS 64 18 h at -20 mA/cm? S7
CrO,/Cu-Ni/Cu
1.0 M PBS 48 24 h at 100 mV(n) S8
foam
Nig.goC0q.115¢€2
1.0 M PBS 82 40 h at 200 mV(n) S9
MNSN/NF
Nig,1CogoP 1.0 M PBS 125 20 h at -30 mA/cm? S10
CoMoS, NTA/CC 1.0 M PBS 104 32 h at 142 mV(n) S11
. 10 h at 96 mV(n) or
Mn-Co-P/Ti 1.0 M PBS 86 S12
1000 cycles
FeP/Ti 1.0 M PBS 102 16 h at -10 mA/cm? S13
CoW(OH), 1.0 M PBS 73.6 70 h at -20 mA/cm? S14
Ni-Mo-S/C 0.5 M PBS 200 30000 s S15
GC|Cu-Cu,O-Pt-1 2.0 M PBS 35 100 h at 55 mV(n) S16
CoP/CC 1.0 M PBS 106 1000 cycles S17
MoP,/MoP 1.0 M PBS 75 4000 cycles S18
. 0.5 M Na,SO4
Ni/NiMoN array 37 24 h at 37 mV(n) S19
+0.5 M PBS
. 24 h at 180 mV(n) or
Mn-Ni-S/NF 1.0 M PBS 84 S20
5000 cycles
v-NiFe LDH 1.0 M PBS 87 1000 cycles S21
10 h at multi-
Fe@N-CNT/IF 1.0 M PBS 130 . S22
potential(n)
71 975,5-C0g.975P 20 h at -10 mA/cm? or
T ET 1.0 M PBS 67 s23
NRCs/CP 1000 cycles
30 h at -10 mA/cm? or
N-CoP/CC 1.0 M PBS 74 S24
1000 cycles
PEI@NiP,-CC 1.0 M PBS 100 20 h at -10 mA/cm? S25
Ru@SC-CDs 1.0 M PBS 66 5000 cycles S26
FePSe;/NC 1.0 M PBS 140.1 24 h at -10 mA/cm? S27
10 h at 40 mV(n) or
Ru-RuO,/CNT 1.0 M PBS 48 S28
1500 cycles
RuS,/S-GO 1.0 M PBS 46 12 h for -50 mA/cm? S29
36 hat 102 mV(n) or
W-CoP NAs/CC 1.0 M PBS 102 S30
2000 cycles
NFP/C 1.0 M PBS 117 12 h at -10 mA/cm? S31
24 h for -10 mA/cm?
or 5000 ADT cycles
) 20 h for -100 mA/cm?
(Feo‘04gN10_952)2P 1.0 M PBS 90 S33
or 1000 cycles
60000 s at -20
CoP/Co-MOF 1.0 M PBS 49 S34

mA/cm? or 2000




cycles

VN@Ni;N-Ni- 30 h at 85 mV(n) or
1.0 M PBS 85 S35
6/CC 3000 cycles
np-CogS4P, 1.0 M PBS 87 20 h for -10 mA/cm? S36
120000 s for -10
N-Co2P/CC 1.0 M PBS 42 mA/cm? or 3000 S37
cycles
Karst NF 1.0 M PBS 110 10 hat210 mV(n) S38
CoS,-(0.2-0.02)-12 1.0 M PBS 182 20 h at -10 mA/cm? S39
Mn-NiO-Ni/Ni-F 1.0 M PBS 80 55 h at 80 mV(n) S40
. 20 h at 125 mV(n) or
Ni(So5S€0.5)2 1.0 M PBS 124 S41
2000 cycles
Cug08C00.92P 20 h at -10 mA/cm? or
1.0 M PBS 81 S42
NAs/CP 3000 cycles
i 10 h at 183 mV(n) or
NiggsSe@NC 1.0 M PBS 183 S43
2000 cycles
10 h at -10 mA/cm? or
RhCoB 1.0 M PBS 113 S44
2000 cycles
12 h for ~ -10 mA/cm?
3D RuCu NCs 0.01 M PBS 73 S45
or 3000 cycles
Fe-
. 1.0 M PBS 127 8 hat-10 mA/cm? S46
(NiSy/MoS,)/CNT
Pt;/N-Ni/NF 1.0 M PBS 33 24 h at -10 mA/cm? This work

2110 = overpotential required to reach current density of -10 mA/cm?. ® n = overpotential.




Table S3. PEC HER performance of this work and other reported Cu,O based

photocathodes.
Photocurrent density (mA cm2)
Photoelectrode References
at 0 V vs RHE
NiMo/Ga,03/Cuy,0O NWs 10 S47
RuOx/TiO,/AZO/Cuy0 NWs 10 S48
Pt/Ti0,/AZ0O/Cu,0 7.6 S49
Ti0,/Ga,0;3/Cu,O/CuSCN 6.4 S50
Ru0,/Ti0,/AZ0O/Cu,0 5.16 S51
NiS/Cu,0/Al 5.0 S52
Ti;C, Ty/Cu,O 4.45 S53
Ni/CuO/Cu,O 4.3 S54
Pt/TiO,/AZ0O/Ga,0;3/Cu,O 4.0 S55
Cu,MoS4/NiO/Cu,0 1.25 S56
Pt;/N-Ni/NF 11.9 This work
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