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Tab. 1 Summary of noble metal and alloy nanosheets with

specific facets
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Tab. 2 Summary of noble metal and alloy nanocrystals (NCs) with excavated structures

L 4 .
Morphologiess 'kl ‘>
Types Excavated Excavated Excavated Excavated Excavated Excavated
trisoctahedron rhombic dodecahedron tetrahedron cube octahedron branches
Ideal exposed -
facets {110} {110} {110} {110}+{100} {100} {1120}
Reported cases Au,Au-Pd PtCu,Au-Pd Pd, Rh Pd, Rh, PtCo Pt-Ni
Pt-Sn,Pt-Pd
References 24,25,27 10,24 29,31 28,30 32,33 34 35
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1 A A Bl ek A P 20l B Pd-Pt 299 0K J8 19 45 44 3R AE . (a) 32 75 & Pd-Pt 49K M5 (b) N T4 Pd-Pt 41K %EW; (c1-¢,)
T & PA-Pt A% 72 4540 44K 57 (c-c) T 1T 1A Pd-Pt 44K 267
Fig. 1 Characterization of Pd-Pt nanocages synthesized by template assisted overgrowth and etching method: (a) cubic Pd-Pt nano-
cage!; (b) octahedral Pd-Pt nanocage!; (c,-c,) decahedral Pd-Pt core-shell NCsP7; (c;-c4) decahedral Pd-Pt nanocage.

[l 2 CO W I R il B B0 44 K Fr 19 445 44 R AIE < (2) P 44K Fr 04 (b) Rh 442K 2% (¢) Pt-Cu 44K 5,
Fig. 2 Characterization of nanosheets synthesized by CO confined growth method. (a) Pd nanosheet!", (b) Rh nanosheet™ and

(¢) Pt-Cu nanosheet®™
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Fig. 3 Characterizations of Rh nanoflowers and Rh-based alloy nanoflowers synthesized by reduction of HCHO: (a) Rh nanoflow-

er™; (b) RhNi nanoflower”; (c) RhCoNi nanoflower .
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Fig. 4 Synthesis of excavated polyhedral NCs by site-selec-

tive growth strategy®®”
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Fig. 5 Characterizations of excavated Au, AuPd and Pt-based alloy NCs synthesized by site-selective growth strategies. (a) Ex-
cavated PtCu; alloy NCs!'"; (b) Excavated trioctahedral Au NCs®; (¢) Excavated trioctahedral Au-Pd alloy NCs™; (d)
Excavated cubic Pt-Sn alloy NCs™; (e) Excavated octahedral PtCo alloy NCs™*.
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Fig. 9 The application of noble metal NCs with specific facets and large surface area in specific catalytic reactions: (a-c) Rh

nanoflowers in phenol hydrogenation and cyclohexene hydrogenation™". (d-f) Excavated trisoctehdral Au NCs in hydro-
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Constructions of Noble Metal Nanocrystals with
Specific Crystal Facets and High Surface Area

CHEN Qiao-1i'% LI Hui-qi', JIANG Ya-qi', XIE Zhao-xiong"

(1. State Key Laboratory of Physical Chemisiry of Solid Surfaces, Collaborative Innovation Center of Chemistry
for Energy Materials; Department of Chemistry, College of Chemistry and Chemical Engineering, Xiamem
University, Xiamen 361005, Fujian, China; 2. College of Chemical Engineering, Zhejiang University of
Technology, Hangzhou 310014, Zhejiang, China)

Abstract: Noble metal nanocrystals (NCs) have widespread applications in catalysis. Their catalytic performances are strongly
related to the surface structures while the atomic utilization efficiency of noble metal is considerably correlated with the surface
area. Thus, advantages of both specific surface structure and large surface area are highly required to show off simultaneously so as
to optimize the catalytic performance and decrease the usage of noble metal. However, it seems that the two advantages are incom-
patible with each other in one NC since it is difficult for small NCs to keep their specific facets, while NCs with specific surface
structure usually crystallize into the large size leading to small surface area. The construction of noble metal NCs with specific sur-
face area and large surface area is a great challenge. This review introduces the strategies to prepare noble metal NCs integrated
with both specific surface facets and high surface area from the controllable synthesis of morphologies. The current researches in
this field are summarized by introducing specific cases. Subsequently, typical applications in catalysis are presented to demonstrate
the advantages of noble metal NCs with both specific facets and high surface area. Finally, the perspectives concerning about the

development tendency in this field are put forward.

Key words: noble metal nanocrystals; alloy; surface structure; surface area; controllable synthesis
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