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Figure 1 Schematic of HER mechanism in acidic electrolyte[1] (color
online).
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Figure 2 Volcano plot for the HER catalyzed by various pure metals
and metal overlayers [2] (color online).
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Figure 3 (a) Models of Mo,C(101) surface and various oxygen
bonding models and (b) the corresponding surface binding energy. Mo,
C, and O are represented by cyan, gray, and red, respectively [12] (color
online).

598

E KSR R, AEE TS E A BT
R P A, R T 13 A 4 s R AR AR,
&EIRIAH AT, FEAHIGRE R, B T KRR
IHIASE R, T & B B A H T 450 Kk 2R
BRI LA ST A RN A A5 B 4 A Ak
R, 48 A R B 7 0 1 BE RS B B 428 11
fE4b57). HAT, HERWIE &8 5V E2a
%%[15]\ %%[1(%22]‘ %[23]‘ !EH[M’ZS]\ %%[26,27]\ ﬁﬂ[%]m
TR = e R, WS R R Y AEHER 4L
TEHEFHARM, HERFERE 54 MR
SRR MR v T R 4 R A FTHER HaL AR Ak 1
fe. LA, WV 4R B ALY E A HER AL 5T B
SROEUSE LR, Hafkda iz EaSBidryc
AL, (BT HHERMEAL T GESR T N EN LA, 45
SR A R R O I I 4 S R s SR R B D RN
L.

YRR E TSRS B R T, e
B AT E B B e RE TR Rk, AT A AL
A, A AR B HERMEAL PERE. WangZE VR BB 1
UF 4 JE R M 1R Co g N A& — P AR S 11 R A AT 480 I 9 A4
A7, (BT U N AL BE D AR 22, SR IR A2, Hd
MRS AR T H B, i85 7K P 5 7 7E I AR 2R
KVIBZHCo(OH), A KL, R IETENH R &b Ab
H, AMEIV-CoN. VINB RSO T, B
FITH RO, FEBE R, V-Co,NGUK X
2137 mVIE AL AT A E 10 mA em ™ HLR S B,
B F Co,N, HEBTPYCHEEALF]. WE 47K, Cui
a0 87 2B 0 S T O R S AR B AL Cuydn, -
NNi;, A HAEHER BT, HHCug 4Ing (NN R AL,
PERERRIE, BT R, AR (A=CuslIn)HUC B A8
TaiE L RE R, #Cug,Ing (NNi; FLA BT 00
HHAE, B9 BURE B ATA RS E A A T/
(KK I3 RS 7124 kg, I F542 mV it A, FLIR 25
HEATIAE10 mA em ™, H HAEFE #1660 h)E, i HLfr
X7 mv, RIHHEREIMERE, BT RHAPYC
(EM170 mV). [Rlbk, 38 34 A 3 1R A ST SR B
HERMEALPERE, X FIF & ket U 4 8 B AL B fi 4k
FIEAH EEE L.

LuoZsU 4Rl 7 — i 7E Co, NG K )5 EBIA
MoN/Co N5 Jii 45 F4 ¥ i {5 SR s, FH 24k 57t Jo 45 44
7 R T (1 L G5 A RN 3 R A v A7 A B] 1 P [



REFRE: b 2021 0 51 E e M

InNNi; CuNNi; Cu, 5Iny sNNi;
@ In @ Cu @Ni ON
b 25
®) —— InNNi
209 —— CuNNi;
Lo ] T Cuostno i S
— 15
% .
& o] rate-detennined step
>
e
D 0s
i
0.0 .
-03
0.5 -0.39 &V
104

[ 12 )
step 1 step 2 step 3
Reaction pathway

© [,
====CuysIng {NNi; 038cV
CuNNi — 1
>
o 0.09 eV
g —
X, N S
O Hee RS
< £
\\
s -032eV
Had

Reaction coordinate

B 4 (a) InNNij. CuNNi;fCugsIng JNNisFIiHERAL (b)
A LE K i B R A R BRI SRR R, (o) IHEASH
CuNNi;. InNNi;FCuy sIng sNNi; HI(100) T _E B Z W Gibbs
BN G R Te L)

Figure 4 (a) The calculation model of InNNi;, CuNNi; and Cugs-
Iny(NNi;. (b) The total energy of different steps in the process of
hydrolysis and dissociation of the intermediate. (¢) The Gibbs free
energy of H,q on the (100) plane of CuNNi;, InNNi; and Cuy sIny sNNi;
is calculated [30] (color online).
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(v) GDY corresponding (a) linear sweep voltammogram (LSV) curve
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Figure 8 Synthetic schematic diagram of foamed CoySg/Ni;S, nano-
wire array [55] (color online).
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Figure 10 Schematic of (a) one-chamber electrolytic cell and (b) two-
chamber electrolytic cell [73] (color online).
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Table 1 Technical indicators of an alkaline electrolytic cell and PEM
electrolytic cell [82]
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Figure 11 Schematic of hydrogen production from water electrolysis
with silicotungstic acid as a medium [87] (color online).
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Figure 13 Schematic of stepwise water electrolysis with a one-step
alkaline water electrolysis cell and nickel hydroxide as an auxiliary
electrode [92] (color online).
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Electrocatalytic hydrogen evolution: From principle to application
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Abstract: With the increasing global population and increasing energy demands, major concerns have been raised over
the security of our energy further. Developing sustainable, fossil-free pathways to produce fuels and chemicals could be
an effective strategy. The characteristics of no carbon dioxide emission and high energy density make hydrogen an ideal
energy carrier. In the energy conversion process, hydrogen can be generated from renewable energy through the
electrocatalytic process and store energy in chemical bonds. It can also be converted back to electronic energy when
needed through fuel cells and other equipment. Therefore, exploring efficient hydrogen production methods and
conversion pathways is the top priority to realize the application of hydrogen energy. In the hydrogen production
strategy, the electrocatalytic pathway has become one of the best solutions for efficient hydrogen production, attributing
to its fast, efficient, and high selectivity, and low-cost performance. Since Faraday first defined the concept of
electrolyzed water in 1833, different types of electrolytic cell devices appeared in the 1920s and 1930s. A variety of
designs for electrocatalytic hydrogen production and coupling reactions have been developed, and great progress has
been made in the technology of hydrogen production by electrolysis. This review focuses on the basic principles of
electrocatalytic hydrogen production, performance evaluation methods, electrocatalyst types, and electrolyzer structure.
Except for the summaries on the latest research progress of electrocatalytic hydrogen production, the existing problems
in the current research and possible solutions have also been prospected.

Keywords: electrocatalytic water splitting, hydrogen evolution reaction, non-noble metal catalyst, electrolytic cell
design
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