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Figure.S1 XRD patterns of V-containing Cs-salt of HPCs with the incorporation of different
transition metals. a: C32_0Vo_3CUo_2PM012040; b: C82_0V0_2F90_2PM012040; C: CSzloVolzceo_gpMolgom;
d: 052_0V0_3Ni0.2PM012040; e: Cs,,Cug,-PM011VOy4g
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Figure S2 XPS spectraof Mo 3d (A)and V 2P (B) for V-containing Cs-salt of HPCs with the
incorporation of different transition metals. a: Cs,0Cug2PM01:VOyq. b: Cs;,0V03CUg2PM012040;
C:Cs20V02F€02,PM012049; d:CSp0V02C€02PM012049; €1 CS20V03Ni0.2PM012,040
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Figure.S3 NHs-TPD patterns of Cs salt of V-containing HPC with the incorporation of different
transition metals.



Table S1 Chemical analysis of the catalysts after calcination at 300°C

Catalysts Atomic ratio

Cs/P M/P V/P Mo/P
(M=Cu, Fe, Ni, or Ce)

Cs2.0V0.3CUg2PMO012049 2.02 0.21 0.30 11.6
Cs2.0CuU02PM011VO4 2.00 0.24 1.10 11.0
CSz_oVo,gNio,2PM01204 1.94 0.22 0.29 11.6
CSz_oVo,zFGo,zPMOlzozl 1.99 0.24 0.22 12.1
C$20V0.2C€02PM01204 1.90 0.23 0.24 12.8

Table S2 Adsorption amount of NH3 on the surface of Cs salt of VV-containing HPC
with the incorporation of different transition metals.

Catalysts Adsorption amount of NH3 (mmol/g) Total acidity
150~350°C  350~450°C  450~600 °C (mmol/qg)
Cs2.0CUp 2PM012049 0.1094 0.5714 0.7437 1.4245
Cs20V03PMO012040* 0.0294 0.5732 0.5610 1.1636
Cs20V0.3CUp2PM012040 0.1191 0.6248 0.9018 1.6457
Cs20CU0.2PM011VO4 0.1676 0.5255 0.7240 14171
Cs20V0.3Nip2PM01,04 0.0565 0.3888 0.9349 1.3802
Cs2.0Vo.2Fep2PM01,04 0.1133 0.3417 0.9512 1.4052
Cs20V0.2Ce0.2.PM01204 0.1548 0.4059 0.8314 1.3921

* : From our previous study in Appl. Catal. A. Gen., 2018, 556:104-112



