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(a)  —= Associative 2¢” pathway —= Associative 4¢” pathway —= Dissociative pathway @ Oxygen~ Hydrogen
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Tab.2 Performance of carbon based electrocatalysts

Onsat Catalyst Electron
potential/V loading/{maA transfer
Catalyst typos Sample  FE  Solectivity [ws RHE) em™) Eloctrolytes number Stability Raf.
Porous carbon MCHS = 99.90% 057 o.10 0.1 malfiL 2.15 2500 Pang
Phosphate oycles/RRDE  etal
bulfer saline (1]
{pH=E)
Micrad - > 0% ~0.7 0.51 0.1 rclfL KOH -2 11000 Chen
cycles/RRDE  etal
I52)
Mesol = > 70% ~0.7 0.51 0.1 ol KoM =2 11000
[=Microc) cycles/RRDE
C = 603 098 0.25 0,1 molfL KOH 2,65= 1 h/RRDE Gao
=~3.11 etal.
1531
Heteroatom {non- BM-C = S0% o739 0.51 0.1 mai/L KOH - 50 hf2000 Chen
metallic] daped oycles/RRDE  etal,
carbon [64]
O-CMTs = ~ 0% 0ES 0.50 0.1 mol/L KOH = 10 h/RRDE Luet
al.
[32]
M-FLG ] > 95% 0.80 0.10 0.1 molfL KOH 2.1 8 h/RRDE Li et
100% al.
[55]
HNCS = 80% = 91.9% - 0.10 0.1 rclfL KOH =22 10 h/RRDE Hu et
al.
[65])
NCMK-  72.5% 95%—"958% 0.55 0.05 0.5 malfL 21 6 h/H-type  Sunet
3 H3 50y cell al,
1571
Oyfunctionalized E- - = 100% 0.80 0.0 0.1 molfL KOH - 15 hfH-type  Kim et
carbon mrE0 cell al,
[21)
GNFe.n  95% 97.80% 0.826 0.29 0.1 molfL KOH =3 120h/H-type  Han
cell et al,
[52]
ChC- - ETH - 0.20 30 mmaolfL - 20 h/RRDE Liet
a0 Nﬂ;m. al,
[69)
BC - ET% 043 236 S0 mmol /L - & hy/RRDE Gao
N!,Eﬂ. atal,
(7o)
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Tab.4 Performance of transition metal based electrocatalysts

Onsat Catalyst Electron
potential/V [vs loading/[mg transtar
Sample FE/% Selectivity/% RHE) em™Y) Electrolytos numbar Stability Raf.
NN /C-AQNH;  >T0 >80 0.81 0.05 0.1 maolfL KOH 2.0-2.5 72 hfH-type cell Li et al.
[157]
Cufic = &3 0828 Bl.4 0.1 malfL KOH 26 & h/RRDE u et al,
[158]
HC-Ag/MHCS = ES9=91 082 0.0 0.1 molfL HCIO, =22 48 hy10000 lin &t al.
cycles/RRDE [159]
c-MofNCPs > 80 T7-85 0.65 0.10 0.1 maolfL KOH - 30 h/Flow-cell/10  Jinetal
000 cycles /RRDE [180]
Co-POC-0 Bd.1 54 0.84 0.10 0.1 mulfL KOH - 10 h/RRIDE Li et al.
[161]
InS@C 93.7 ~00 0.82 0.30 0.1 msl/L KOH 2.0-2.5 15 h/RRIDE D et al.
[162)
NiN;S a0 a0 - 0.05 0.1 ml/L KOH 96 hy/H-type cell Ll etal.
[163]
UFey O @HPAC " 56 o 0.08 0.1 molfL KOH Lr 100 hfFlow-call Shi etal.
100 [1&4]
InD@InD; 95.5 97.75-10 0.50 0.09 0.1 molfL K50, 2.02 40 h/RRIDE Zhou et
al, [165]
In-NiD - -k = 0.20 0.1 muolfL KOH 213 130 hyfH-type cell Feng et
al. [166)
NiPSy 94 28 0.564 0.60 0.5 mel/L Nacl - 1000 h/RRDE Zhang et
{simulated al, [155]
seawater)
hAo# >80 492 068 0.02 0.1 muolfL KOH - £0 hfH-type cell Kim et
al. [167]
T-ZrN 93.2 95 - 0.04 1 mal/L KOH 212 540 hfFlow-cell  Liu et al,
[151]
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Tab.5 Synthesis methods of transition metal chalcogenides electrocatalysts

Sample

CaSy

CI:ISE_l

'CUII ‘.Sl:,

sc-CoSe;

BP/Cote;

CoSe, @NCNTs

Mise,

NiSe;- Vs

NI, 5 NS5

goboboobobbuogooon

Synthesis conditions

Synthasis mathod

Hydrothermal and
pyratysis

Hydrothermal and
pyrodysis

oD un;l |;l-5tf; .;hlark.:-n
lon-exchange reaction
Solvothermal
Pyrotysis

Hydrothermal and
Py

Hydrathermal and
pyrolysis

H'gll:l rothermaland
pyratysis

Temparature of solvent and

reaction

120%C/500°C

120 500 *C

300 *C

75

OMF/180°C

8O0 "Ca00 *C

4007C

100 "C/500 and 350 °C

100 *C/400 *C

Morphology and structural charactaristics

Nanawines

Orthorhombdc and cublc CoSe;

Cubic phase

Cubic phase, belt-like morphology

The compasite of orthorhombic CoSe; and NCNTs

nancparticles
The compasite of metallic cubic CoSe; nancbelts and
fewelayer BP nanosheets
Sheet-like rough structure/cubic phase

The nanachain connected by nanopartiches

Sheat-like porous with a rough surfacefcubic phase

Ref.

sheng et al.
[153]

Sheng et al.
1154]
Yuan et al,
|168]

Zhang et al.
[15€]

Zheng et al.
[133]

Zhang et al.
[1653]

Sun et al,
1152]

Wang et al,
[137]

Liang et al,
[L17a)
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