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S1. Figures 

 

Figure S1. The optimized structures for the formation of vinylidene-gold intermediates. 

 

Figure S2. Energy profiles, optimized structures, and related parameters of the oxidative dimerization pathway at 

four-six bridge sites. 
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Figure S3. Energy profiles, optimized structures, and related parameters of the oxidative dimerization pathway at 

six-six bridge sites. 
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Figure S4. The energy profile, optimized structures, and related parameters of  6-endo cyclization of phenyl 

propargyl ether to 2H-chromene catalyzed by Au38O.  

 

 

 

 



S6 
 

 
Figure S5. The energy profile, optimized structures, and related parameters of  oxidative dimerisation of phenyl 

propargyl ether to dimeric 2H-chromene at Auδ+-Auδ+ sites of Au38O. 
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Figure S6. The energy profile, optimized structures, and related parameters of oxidative dimerisation of phenyl 

propargyl ether to dimeric 2H-chromene at Auδ+-Au0 sites of Au38O. 
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Figure S7. The optimized structures and related parameters of the coupling of two 2H-chromen-3-yl at Au+-Auδ+ 

(a), Au+-Au0 (b), and Auδ+-Auδ+ (c) sites of Au38O2. 

 

 

Figure S8. The optimized structures and related parameters of the coupling of two 2H-chromen-3-yl at Au+-Au+ (a) 

and Au+-Auδ+ (b) sites of Au38O16. 
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Figure S9. The potential energy profiles of the cycloisomerization/oxidative dimerization of p-fluorophenyl 

propargyl ether catalyzed by Au38 cluster. 
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Figure S10. The potential energy profiles of the cycloisomerization/oxidative dimerization of p-chlorophenyl 

propargyl ether catalyzed by Au38 cluster. 

 

Figure S11. The potential energy profiles of the cycloisomerization/oxidative dimerization of p-bromophenyl 

propargyl ether catalyzed by Au38 cluster. 
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Figure S12. The optimized structures and relate parameters of the cycloisomerization/oxidative dimerization of 

p-fluoro/chloro/bromophenyl propargyl ether catalyzed by Au38 cluster. 

 

 

Figure S13. The potential energy profiles of the cycloisomerization/oxidative dimerization of p-methylphenyl 

propargyl ether catalyzed by Au38 cluster. 
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Figure S14. The optimized structures and relate parameters of the cycloisomerization/oxidative dimerization of 

p-methylphenyl propargyl ether catalyzed by Au38 cluster. 

 

 

Figure S15. The potential energy profiles of the cycloisomerization/oxidative dimerization of p-methoxylphenyl 

propargyl ether catalyzed by Au38 cluster. 
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Figure S16. The optimized structures and relate parameters of the cycloisomerization/oxidative dimerization of 

p-methoxylphenyl propargyl ether catalyzed by Au38 cluster. 
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S2. Discussions on Adsorption of Substrate on Bridge Sites  

 Because there are three bridge sites on the Au38 surface, four bridge adsorption 

structures were obtained, and there were denoted as IM1-B1, IM1-B2, IM1-B3, and 

IM1-B4. All of the bridge adsorption structures could be derived from IM1 (the 

adsorption structure of alkyne on T1 site). The transition states between IM1 and 

IM1-B1~4 were labeled as TS1/B1~4. The optimized structures and related 

parameters were shown in Figure S17. As shown in Figure S17, the conversions of 

IM1 to IM1-B1~4 need overcome about 9 kcal/mol of energy barriers. Clearly, the 

conversions of IM1 to IM1-B1~4 are comparable with the 6-endo and 5-exo 

cyclization processes (IM1 → IM2-s and IM1 → IM2-f). The adsorption at the 

bridge sites is more stable than that on T1 site. The relaxed potential energy surface 

scans found that there were no maxima along the reaction coordinate of the attack of 

Cα or Cβ atom on phenyl ring in IM1-B1~4. It should be ascribed to the strong 

interaction between alkyne group and gold surface. And the intermediates from the 

attack of Cα or Cβ atom on phenyl ring in IM1-B1~4 could not continue the reaction. 

However, the bridge adsorption could be equilibrated with the top adsorption (IM1) 

in reaction system.   
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Figure S17. The optimized structures, related parameters, and relative energies of the 
adsorption of substrate on the bridge sites. 

S3. Details for Energy Decomposition Analysis 

 

 

Scheme S1. Framework of energy decomposition analysis “IM8 → TS8”. 

 

To understand the intrinsic role of the cationic gold species in the coupling of two 

2H-chromen-3-yl, the energy decomposition analysis (EDA)1-3 on the energy barriers 

of coupling step are performed. In Scheme 1, De represented the energy required to 

dissociate the IM8 into Ca and (Ch)2 fragments. De-1 represented the energy required 

to dissociate the (Ch)2 fragment into two 2H-chromen-3-yl (Ch) fragments in IM8. 

∆Ed(2Ch) and ∆Ed(Ca) referred to the energy needed to deform the two 

2H-chromen-3-yl (Ch) and Ca fragments to the geometries they have in TS8, 
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respectively. The interaction energies between the Ca and (Ch)2 fragments in the 

reactants and transition states were represented by ∆Eint-1 (∆Eint-1 = −De) and ∆Eint-4, 

respectively. The interaction energies between the two 2H-chromen-3-yl (Ch) 

fragments in the reactants and transition states were represented by ∆Eint-2 (∆Eint-1 = 

−De-1) and ∆Eint-3, respectively. ∆EB(2Ch) represented the change in interaction 

energy between the two 2H-chromen-3-yl (Ch) fragments from reactants to transition 

states.  ∆EB(Ca-2Ch) represented the change in interaction energy between the two 

2H-chromen-3-yl (Ch) and Ca fragments from reactants to transition states. The 

results of the energy decomposition analysis were presented in Table S1. 

 

Table S1. Energy barriers (∆rEa) and their energy components (units: kcal/mol). 

Catalysts Sites ∆Eint-1 ∆Eint-2 ∆Eint-3 ∆Eint-4 ∆EB(2Ch) ∆EB(Ca-2Ch) ∆Ed(Ca) ∆Ed(2Ch) ∆rEa 

Au38 

Au38O 

Au38O 

Au38O2 

Au38O2 

Au38O2 

Au38O16 

Au38O16 

Au0-Au0 

Auδ+- Auδ+ 

Auδ+- Au0 

Au+- Auδ+ 

Au+- Au0 

Auδ+- Auδ+ 

Au+- Au+ 

Au+- Auδ+ 

-136.72 

-106.97 

-116.09 

-86.04 

-90.05 

-107.09 

-71.62 

-80.53 

0.01 

-0.14 

0.07 

0.03 

-0.26 

-0.10 

-0.25 

-0.68 

-33.77 

-34.68 

-35.54 

-23.45 

-28.40 

-24.26 

-28.76 

-25.42 

-68.15 

-47.50 

-57.86 

-27.13 

-50.49 

-41.62 

-29.60 

-31.13 

-30.53 

-24.57 

-30.81 

-18.35 

-18.74 

-23.50 

-18.54 

-23.63 

68.57 

59.47 

58.23 

58.91 

39.56 

65.47 

42.03 

49.41 

-6.32 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

3.25 

9.97 

4.80 

5.13 

9.40 

0.66 

9.97 

1.11 

31.72 

34.90 

27.42 

40.56 

20.82 

41.97 

23.49 

25.77 
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