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Abstract: Single atom catalysts (SACs) have been widely studied in the field of electrochemistry due to their high catalyt-
ic activity and excellent stability. SACs not only provide new ideas for the study of catalytic reaction mechanisms, but also
provide a bridge between homogeneous catalysis and heterogeneous catalysis. In this review, in order to reduce the aggrega-
tion and low atom utilization of SACs during the synthesis process, the carrier of SACs was summarized, besides, the synthe-
sis methods of SACs and the mechanism of the electrocatalytic hydrogen evolution reaction (HER) were introduced. For the
electrocatalytic hydrogen evolution reaction, the catalytic activity of SACs, including Pt, Pd, Ru, Co, Mo, Ni, single atom
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Table 1 Comparison of electrocatalytic hydrogen evolution performance between different single atom catalysts and traditional nano-cata-

lysts

Electrocatalyst Electrolyte ooy L Tael Sk}pf’]/ Ref.
(ugg =10 mA -em™?) (mV -dec™)

Pt single atom (Pt-SA)/MXene Acid solution 30 30 [11]
Pd-SA/graphdiyne ( GDY) Acid solution 55 47 [12]
Fe-SA/GD Acid solution 66 37.8 [13]
Co-SA/PTF-600 Acid solution 9% 50 [14]
Ni-SA-MoS,/CC Acid solution 110 74 [15]
Co-NPs-N-C Acid solution 223 91 [16]
Fe,C-Co-NPs/NC Acid solution 298 — [17]
PO-Ni-NPs/Ni-N-CNFs Acid solution 262 97.42 [18]
Ni-NPs/Cu/Cu, 0 Acid solution 457 55 [19]
Pt-NPs@ DNHC Acid solution 41 29 [20]

2 BFEFEAEFNSREEENGETE

2.1 HikiEF
BRI A S R R RS S Ak B A v 2 2 T
REAYRZMRI A Sy R, DT ol F AR 2 35 5 BB i i

AT A ST IS 53 SR It 5 2 A % 5 A A P AT A 2
il RIX — AL, S0k 5 T A 2R AR B RL T LA Ak i A
JEF AT AP E . B Pl 2 R 23 (R 3R 05
PERLA B Ao By, DTS BT A 50 B L 5
FHE, BN EEMIE T 2MA R, flan



553 BE Y. HER SRS BRG] A AR S5 P R ST 2 251

SR, BRELY . IR,
2.1.1 & FBERAK

TV JE (ML) R PE 4 )m (M2) 4 B 7 6 4
(single atom alloys, SAAs) /1, V4R AT, HESE
NERAR 2 SAAs BT IE AL T A 4 T T 5 i A
SE, LU IO 4 e AR L TR RE AT A
PNFFIOfEALPERE ., Li 557 B 7E Ni BCA 4 (PNi AT DNG)
R APIE A 4 B FE 4 T8 A HLHE 22 (metal-organic framework,
MOF) #8}, 76 N B2 4Lk EA T 5T Co/Ni XU
LT CoPNi-N/C il CoDNi-N/C (& 1), X BFhbHRHE N
LA AL T S T4, Co/Ni BUBPENL L, FE R o
PEA BT BB R i AT PERNRRE P

(a]

ZIF-67

i
‘ oo, g
Epitaxial growth Carbonization
CoPNi-MOF
ZIF 67
—
Epitaxial growth

I CoPNi-N/C(a)Fil CoDNi-N/C(b) IIE 1 T 2 2 el 2
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Fig.3 TEM image (a) and HAADF-STEM image (b) of Co-NG cata-
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Fig. 4 Schematic illustration of atomic layer deposition (ALD) mechanism for Pt on NGNs
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Fig. 5 Synthesis pathway of Pt single atom coordination ultrathin MOF nanosheets ( PtSA-MNSs) L401
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Fig. 6 Schematic of the preparation of Cu-SAs/N-C[®!,
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Fig. 7 Gibbs free energy( ACH . ) for hydrogen adsorption of a series of

transition metals over single atom catalyst[n]
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Fig. 8 Schematic diagram of the PtSA-NT-NF synthesis process“z]
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Fig. 9 Schematic illustration for heteratomic-rich Pd-Ag surface*]
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Fig. 10 Linear sweep voltammetry curves (a) and overpotentials at 10 mA «cm™>(b) of pure MoS, and the samples with different Ru
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Fig. 11 Calculated free energy diagram for hydrogen evolution of N1-embedded metal single atom catalysts at a potential U=0 relative to

the standard hydrogen electrode at pH=0 (a) ; free energy calculation diagram of hydrogen produced by selective C—N/C bond

cleavage of N-doped Mo monatomic catalyst (b) (1]
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Fig. 12 Formation process schematic of single atom alloy nanoparticles (a), TEM image of RuAu-0.2 (b), HAADF-STEM image

and elemental mappings of Ru and Au (c¢~{) [s4]
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