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Why this paper?

• This group focuses on the construction of functional metal nanoclusters for catalyzing organic 

transformations. 

• Very recently, they developed a photochemical route for synthesizing atomically precise metal 

nanoclusters from disulfide. A reduction–oxidation cascade mechanism was revealed for this synthetic 

route, which is quite different from the conventional reduction synthesis of metal nanoclusters.

Overall idea of this paper.

• Benefiting from the photochemical process, the as-synthesized nanoclusters feature high structural 

stability toward light irradiation and oxidation conditions. Inspired by the achievements, they envisioned 

the possibility of synthesizing new metal nanoclusters by the photochemical route and applying them in 

photocatalysis.

• In this work, they have synthesized an Au-Cu alloy nanocluster, which features a stable structure with 

formally full +1 charged gold and copper atoms on the surface. 

• The abundant activation sites along with the high stability endow this nanocluster with catalytic 

performance in the functionalization of alkynes under oxidative conditions.

Introduction
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Au8Cu6(SPh)14[P(4-FPh)3]2
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Optimization of reaction conditions

Phenylacetylene Dimethyl phosphate

Blue LED: 456 nm
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The sphere represents the main body of Au8Cu6 nanocluster, and M represents the activation site on the 

surface of the nanocluster.
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The sphere represents the main body of Au8Cu6 nanocluster, and M represents the activation site on the 

surface of the nanocluster.
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For infrared spectra, the comparison of the spectra of Au8Cu6, alkyne 1a, [Au8Cu6 + 1a] and 

[Au8Cu6 + 1a + Li2CO3] demonstrate that vibration of C(sp)–H of alkyne 1a at 3300 cm−1 disappeared in 

[Au8Cu6 + 1a + Li2CO3], while this vibration absorption peak is still visible in [Au8Cu6 + 1a].
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The sphere represents the main body of Au8Cu6 nanocluster, and M represents the activation site on the 

surface of the nanocluster.
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a The experimental (black) EPR spectrum of [Au8Cu6 + Li2CO3 + 1a] in the presence of O2 and light irradiation 

with DMPO as the radical scavenger. The simulated (red) EPR spectrum is composed of the signals of DMPO-

O• (green curve), DMPO-O2
•− (yellow curve), and DMPO-R• (blue curve). b The experimental (black) EPR 

spectrum of [Au8Cu6 + Li2CO3 + 1a + 2a] in the presence of O2 and light irradiation with DMPO as the radical 

scavenger. The simulated (red) EPR spectrum represents the DMPO-PO(OMe)2
•.
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The sphere represents the main body of Au8Cu6 nanocluster, and M represents the activation site on the 

surface of the nanocluster.
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(2,2,6,6-Tetramethylpiperidin-1-yl)oxyl

TEMPO
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a–c Control experiments. d–f Photoluminescent quenching experiments of [Au8Cu6 + Li2CO3 + alkyne 1a] 

with TEMPO (d, f) or H-phosphonate 2a (e, f). Colors in d, e represent the photoluminescent spectra of 

[Au8Cu6 + Li2CO3 + alkyne 1a] under different concentrations of additives (solvent = DCM). Black and red 

curves in f represent the intensity changes of photoluminescent spectra in (d, e).
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The sphere represents the main body of the Au8Cu6 nanocluster, and M represents the activation site on the 

surface of the nanocluster. Blue and red curves represent the two possible pathways of the catalytic 

reaction.
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Summary

• Following the photochemical reduction–oxidation cascade method, they synthesized an 

Au8Cu6 nanocluster that features high durability toward light irradiation and formally full +1 

charged metal atoms on the surface. 

• This nanocluster demonstrates high catalytic activity, switchable selectivity, and catalyst 

recyclability, enabling efficient oxidative functionalization of alkynes. 

• Mono-functionalized alkynylphosphonates and di-functionalized alkenylphosphonates were 

selectively obtained in the presence of O2 and TEMPO as the oxidant, respectively. 

• In-depth mechanism studies revealed the origin of the selectivity. 
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