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Figure S1. The optimized structures of Au3, Au4, Au10, and Au11 supported on 

CeO2(111) slab.  
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Figure S2. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the atop site of Au10/CeO2(111)-s.
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Figure S3. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the interface-coner site of Au10/CeO2(111)-s.
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Figure S4. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the interface-edge site of Au10/CeO2(111)-s.
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Figure S5. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the edge site of Au10/CeO2(111)-s.
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Figure S6. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the atop site of Au10/CeO2(111)-v.
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Figure S7. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the interface-edge site of Au10/CeO2(111)-v.
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Figure S8. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the interface-corner and edge sites of Au10/CeO2(111)-v.
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Figure S9. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the atop site of Au11/CeO2(111)-s.
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Figure S10. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the interface site of Au11/CeO2(111)-s.
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Figure S11. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the edge site of Au11/CeO2(111)-s.
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Figure S12. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the atop site of Au11/CeO2(111)-v.
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Figure S13. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the interface site of Au11/CeO2(111)-v.
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Figure S14. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the edge site of Au11/CeO2(111)-v.

Figure S15. The local density of states (LDOS) projected on triplet bonds on the 

Au10/CeO2(111)-sto for the adsorption of the substrate at the different sites, together 

with the d-projected LDOS of the Au10/CeO2(111)-v of the Au atom at different sites. 

Free C-C triplet bond and CeO2(111) (top), adsorption (bottom). The Fermi level is 

set to zero. (if-c=interface-corner, if-e=interface-edge)
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Figure S16. The local density of states (LDOS) projected on triplet bonds on the 

Au11/CeO2(111) for the adsorption of the substrate at the different sites, together with 

the d-projected LDOS of the Au11/CeO2(111)-s of the Au atom at different sites. Free 

C-C triplet bond and CeO2(111) (top), adsorption (bottom). The Fermi level is set to 

zero. 

Figure S17. The local density of states (LDOS) projected on triplet bonds on the 

Au11/CeO2(111) for the adsorption of the substrate at the different sites, together with 

the d-projected LDOS of the Au11/CeO2(111)-v of the Au atom at different sites. Free 

C-C triplet bond and CeO2(111) (top), adsorption (bottom). The Fermi level is set to 

zero. 
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Figure S18. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by Au3 cluster on the stoichiometric CeO2(111)(Au3/ 

CeO2(111)-s).
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Figure S19. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by Au3 cluster on the vacancy CeO2(111)(Au3/ CeO2(111)-v).
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Figure S20. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by the free Au3 cluster.

Au-C1 2.08
C1-C2 1.33
C2-C3 1.57
C3-O 1.48
C4-O 1.34

IM1
-31.15(-30.14)

IM2
-35.59(-38.66)

IM3
-40.62(-39.27)

IM4
-39.29(-37.67)

TS1/2
-21.97(-25.44)

TS2/3
-30.66(-31.12)

TS3/4
-30.65(-28.36)

Au-C1 2.23
Au-C2 2.37
C1-C2 1.24

Au-C1 2.06
C1-C2 1.28
C2-C3 2.25

Au-C1 2.00
C1-C2 1.39
C2-C3 1.42
C3-O 2.38
C4-O 1.24

Au-C1 1.98
C1-C2 1.39
C2-C3 1.43
C4-O 1.24

Au-C1 2.01
C1-C2 1.43
C1-O 2.13
C4-O 1.26

Au-C1 2.18
C1-C2 1.47
C1-O 1.47

Au4@CeO2-s + Re
0.00(0.00)

Er(kcal/mol)

Figure S21. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by Au4/CeO2(111)-s.
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C4-O 1.33

IM1
-31.78(-31.05)

IM2
-31.23(-34.77)

IM3
-35.29(-35.14)

IM4
-37.05(-34.83)

TS1/2
-18.38(-21.91)

TS2/3
-22.97(-27.27)

TS3/4
-26.82(-25.87)

Au-C1 2.17
Au-C2 2.13
C1-C2 1.24

Au-C1 1.98
C1-C2 1.39
C2-C3 1.43
C4-O 1.24

Au-C1 2.16
C1-O 1.47

Au-C1 2.07
C1-C2 1.29
C2-C3 2.20

Au-C1 1.99
C1-C2 1.37
C2-C3 1.44
C3-O 2.02
C4-O 1.26 Au-C1 1.99

C1-C2 1.43
C1-O 2.20
C4-O 1.25

Au4@CeO2-v + Re
0.00(0.00)

Er (kcal/mol)

Figure S22. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by Au4/CeO2(111)-v.

Figure S23. The optimized structures and energy profile of cycloisomerisation of ω-

alkynylfuran catalyzed by free Au4 cluster.
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Figure S24. The local density of states (LDOS) projected on triplet bonds on the 

Au4/CeO2(111) for the adsorption of the substrate at the different sites, together with 

the d-projected LDOS of the Au4/CeO2(111) (stoichiometry and vacancy) of the Au 

atom at different sites. Free C-C triplet bond and CeO2(111) (top), adsorption 

(bottom). The Fermi level is set to zero. 
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Table S1. Adsorption energy (Eads, kcal/mol) of the ω-alkynylfuran 

cycloisomerisation catalyzed by the Aun and Aun/CeO2.

Catalysts Eads

initial a treated
Au3@CeO2(111)-s -29.66 -42.58
Au3@CeO2(111)-v -27.99 -40.44
Au4@CeO2(111)-s -31.15 -49.87
Au4@CeO2(111)-v -31.78 -49.92
Au10@CeO2(111)-s

(atop)
-15.08 -33.20

Au10@CeO2(111)-s
(interface-corner)

-6.87 -21.19

Au10@CeO2(111)-s
(interface-edge)

-9.81 -14.51

Au10@CeO2(111)-s
(edge)

-9.16 -18.16

Au10@CeO2(111)-v
(atop)

-17.08 -36.31

Au10@CeO2(111)-v
(interface-corner)

-8.77 -21.08

Au10@CeO2(111)-v
(interface-edge)

-4.26 -28.63

Au10@CeO2(111)-v
(edge)

-7.46 -17.17

Au11@CeO2(111)-s
(atop)

-15.64 -27.38

Au11@CeO2(111)-s
(interface)

-17.77 -34.43

Au11@CeO2(111)-s
(edge)

-10.71 -19.97

Au11@CeO2(111)-v
(atop)

-16.30 -28.56

Au11@CeO2(111)-v
(interface)

-8.91 -19.10

Au11@CeO2(111)-v
(edge)

-15.22 -34.26

a The corresponding values are obtained via removing the CeO2(111) surface.
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Figure S25. The local density of states (LDOS) projected on the d-projected LDOS of 

the Au3/Au4/CeO2(111) (stoichiometry and vacancy) of the Au atom and those of free 

Au3 and Au4 clusters which obtained via removing the CeO2(111) surface. 
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Figure S26. The Mulliken charges of Au atoms (|e|) for the free Au3/Au4 cluster (left), 

Au3/Au4/CeO2 (stoichiometric, middle) and Au3/Au4/CeO2 (stoichiometric, right).


