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Fig.1 (a) Synthesis principles of Fe-doped ZIF-derived catalysts; (b) Accurately controlled sizes of
the Fe-ZIF catalysts from 20 to 1000 nm; (¢—d) HAADF-STEM images of the best performing
Fe-doped ZIF catalyst (50 nm) and EELS analysis ( the inset of d) "’
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Fig.2 (a) The transformation of Ni NPs into Ni single atoms (SAs) ; Structural characterizations: (b) TEM image,
(¢) HRTEM image and (d) EDS mapping of Ni NPs@ NC; (e) TEM image, (f) aberration corrected high-angle annular
dark-field scanning TEM atomic image (the white dashed circles indicate the pores which are produced by Ni NPs
during the thermal diffusion process) and (g) EDS mapping of surface enhanced (SE) porous (P) of SE-Ni SAs@ PNC'?"
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(a) Tllustrations of the three types of catalysts; Pt/CNT, Pt/CNT-IL, and Pt/CNT-IL-SiO,; (b-d) HAADF-STEM

images of 3Pt/CNT (b), 3Pt/CNT-IL (¢), and 3Pt/CNT-IL-Si0,(d) ; (e—g) Pt L;-edge k’-weighted EXAFS

spectra and their best fits for 3Pt/CNT (e), 3Pt/CNT-IL (f), and 3Pt/CNT-IL-SiO,(g) (27]
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Fig.5 (A) Toluene conversion and CO, yield as well as (B) specific reaction rate

normalized per gram of catalyst as a function of temperature over the present catalysts'™*’
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Fig.6 (a) CO probe molecule FTIR spectra collected for Rh/y- Al,0, with varying Rh (%) after in situ 350 °C oxidation
for 30 min and 100 °C reduction in H, for 60 min, followed by saturation with 10% CO at 20 C

The spectra were normalized by the highest intensity feature in this region and vertically separated for clarity;

(b) NO conversion (%) as a function of temperature for a linear temperature ramp of 5 °C/min in dry conditions

(5000 mg/L of CO/1000 mg/L of NO, and (¢) wet conditions (5 C/min in 2% H,0/5000 mg/L of CO/1000 mg/L of NO)

for the series of catalysts characterized in (a) "
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Table 1 The preparation methods, formation mechanism and advantages of different based materials

Preparation methods

Formation mechanism

Advantages

de- 1. Filling the frame of MOFs

with metal ;

Carbon metaerials

rived from MOFs
2. Using the organic ligands as
an “anchor” to adsorb metal

precursors ;

3. Using the size of the metal

precursor to limit the location of

the metal ;

4. Acid treatment

Based on SiO, materials ~ SiO, material can be used as
sacrificial template and support

template

Based on TiO, materials 1. Molten salt methods
2. using oxygen vacancy of TiO,

to Prepare single-atom catalyst;

Based on Al, O, materi- 1. Increasing the number of hy-

als droxyl groups on Al, O; through
surface modification;

2. Element doping;

1. The C-N bond has high sta-
bility, and the formation of the
metal-N  ( M-N_ ) bond
make the N bond fully play the

role of an “anchor” to stabilize

can

the metal ;

2. Space structure restrictions;

The M-O-Si bond can be used to
limit and constrain the target at-
om to prepare a single-atom cat-

alyst

The strong polar force provided
by molten salt helps break the
Ti-O bond and form a new M-O
bond on the surface of TiO,
which is more stable under low
temperature conditions ;

Using oxygen vacancies to stabi-

lize monoatomic components;

The abundant hydroxyl groups at
the end of y-Al, O; can make
the metal present a monoatomic
dispersion on y-Al, 0, ;

The interface formed by element
doping can effectively anchor

single atoms;

1. Different configurations of
metal atoms can be obtained by
adjusting the form of the ligand;
2. The unsaturation sites of
MOFs ligands also provide more
possibilities for the design and
synthesis of single-atom cata-

lysts;

Si-based materials have regular
pores, adjustable acid and alka-
li, and have good thermal and

chemical stability

The strong interaction between
M-Ti-O will make the metal at-
oms more stable and also avoid
the aggregation of metal atoms
during the firing process;

It’ s hard to harden;

Element-doped catalyst can be
applied to higher catalytic tem-

perature
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Recent Advance of Constructed Single-atom Catalysts Based on
Substrates’ Surface and Catalytic Performance

ZHOU Guang-he', HAN Wei-gao™’, ZHANG Xiao-hong' , ZHANG Guo-dong,
TANG Zhi-cheng””
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Abstract; Single-atom catalyst has attracted widespread attentions during these years because of its advantages such
as high catalytic activity, high stability, and high selectivity. In this paper, the preparation methods of single-atom
catalysts based on C, Si, Ti and Al were introduced. The preparation methods, formation mechanism and advanta-
ges of single-atom catalysts prepared with different material substrates are compared. Through an overview of single-
atom preparation, characterization methods and catalytic activity, we hope to provide certain reference and guidance
for the preparation of single-atom catalysts. Studies have shown that the preparation of single-atom catalysts has
changed from noble metal single-atom catalysts to transition metal single-atom catalysts. The substrate of monoatomic
catalysts was also no longer limited to a single form. These changes have made it possible for single-atom catalysts to
move into the traditional field of catalysis. At the same time, the industrial applications of single-atom catalysts were
also introduced.

Key words: single-atom; catalyst; substrate; preparation method



