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Commentary

Metal nanoclusters, consisting of a few to a few hundreds of metal atoms, have been of great 
scientific interest due to their potential applications in areas like bio-labeling and catalysis [1-9]. 
To obtain such nanoclusters with precise structures, it is a prerequisite to synthesize 'truly' mono-
disperse metal nanoclusters, in which not only the number of atoms is precise, but each nanoparticle 
also shares the same structure [10-12]. Among the different types of nanoclusters, gold or its alloyed 
nanoclusters protected by thiolate ligands (-SR) serve as a model system and constitute an important 
template for nanotechnology [13-20]. Traditional synthetic methods date back 40 years, with the 
synthesis of poly-disperse gold nanoparticles and the first monodisperse thiolated gold nanoclusters 
[21]. However, the yield was very low [22-24]. Since then, techniques such as, size focusing [25-28] 
photoinduced synthesis [29-32], kinetic control [33-35], two-phase ligand exchange method [36-39], 
and ligand-exchange-induced size/structure transformation [40-45] have been employed to synthesize 
metal nanoclusters with precise structures. However, these traditional methods still have limitations. 
The efficiency of cluster synthesis remains low due to the complexity of the process and the vast 
number of variables involved. Moreover, the strict controls required on stirring and environment 
further complicate the process. This has made it difficult to establish clear relationships between 
the data obtained over decades of research, hindering the development of more efficient synthesis 
methods. Therefore, the development of rapid cluster synthesis methods to obtain more thiolated 
metal nanoclusters with precise structures is a problem facing cluster synthesis. 

Abstract
Understanding the total structure of noble metal nanoclusters has been a major dream of colloid 
chemists, however, relatively low synthesis efficiency is still the main issue of cluster research. In a recent 
publication in Chemistry - A European Journal, Shuxin Wang and co-workers reported the development of a 
machine learning (ML) guided automated high-throughput synthesis platform, which has been crucial for 
accelerating the synthesis of clusters. The authors ingeniously implemented a cyclical feedback mechanism 
involving high-throughput synthesis and machine learning. A series of nanoclusters with atomically 
accurate structures were successfully synthesized, namely, [Au41Cu66(SC6H11)44](SbF6)3, Au40Cu34(4-S-PhF)40, 
Au40Cu34(4-S-PhF)40, Au18Cu32(3,5-C8H9S)36, [Au6Cu6(SPh)12]n, Cu-NC respectively, are abbreviated as Au41Cu66, 
Au40Cu34, Au18Cu32, Au18, Au6Cu6, Cu-NC. This approach not only significantly optimized the synthesis 
pathway, but also offered profound insights into the influence of various reaction variables, thereby 
illuminating fresh perspectives for advancing research in the realm of metal nanoclusters.
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High-throughput platforms, assisted by machine learning, 
offer significant advantages in metal nanocluster synthesis. The 
current high-throughput methods have been widely used in organic 
synthesis and crystallography research [46-50]. High-throughput 
methods allow for the simultaneous testing of numerous conditions, 
significantly accelerating the process. However, the vast amount 
of data generated can be overwhelming. This is where machine 
learning comes in. Machine learning algorithms can analyze 
this data, identify patterns, and even predict optimal synthesis 
conditions, further enhancing efficiency. This combination of high-
throughput experimentation and machine learning has the potential 
to revolutionize the field of nanomaterials, enabling the rapid 
development and optimization of new nanoclusters. Therefore, the 
development of a high-throughput synthesis platform for clusters, 
and data learning on this basis to obtain synthesis rules, will greatly 
improve the efficiency of cluster synthesis and push the boundaries 
of nanocluster research. 

In a new paper published in Chemistry - A European Journal, 
Shuxin Wang, and their team from Qingdao University of Science 
and Technology designed a high-throughput reaction device assisted 

by machine learning. This device is suitable for cluster synthesis, 
improves synthesis efficiency, and has been used to successfully form 
a series of nanoclusters (That is, Au41Cu66, Au40Cu34, Au18Cu32, Au18, 
Au6Cu6, Cu-NC) (Figure 1) [51].

In detail, they engineered a high-throughput synthesis 
platform capable of conducting up to 260 reactions simultaneously, 
successfully synthesizing three nanoclusters (namely, Au41Cu66, Au18, 
Cu-NC nanoclusters) in one go. Subsequently, machine learning was 
introduced to analyze the experimental data to guide the synthesis 
of nanoclusters. The innovative approach of utilizing decision tree 
analysis and random forest models to predict reaction yields not only 
provided insights into the relationship between reaction factors and 
products but also optimized the synthesis pathway for the products 
(Figure 1a). The results indicated three advantages of employing 
machine learning for this data analysis: it accelerated the process 
of discovering new products by reducing the number of required 
reactions; it facilitated the simultaneous regulation of multiple 
variables; and it effectively improved the yield of the products. 
Based on the optimal synthesis routes obtained, the authors, by 
altering ligands and metal types, leveraged the high-throughput 

 

 

 

 
Figure 1. (a) Schematic illustration of the high-throughput synthesis process for nanoclusters. (b) Structure anatomy of Au41Cu66. (c) Structure 
anatomy of Au40Cu34. (d) Structure of Au6Cu6. (e) Structure of Au18Cu32.
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platform to synthesize another three nanoclusters (namely, Au40Cu34, 
Au18Cu32, Au6Cu6, nanoclusters). It's worth noting that, structurally, 
Au41Cu66 emerges as the inaugural alloy nanocluster to integrate a 
cuboctahedral Au1Cu12 metal kernel, exhibiting superior thermal 
stability and oxidation resistance, as evidenced by its characterization 
results (Figure 1b); concurrently, the chiral nature of Au40Cu34 due 
to symmetry breaking (Figure 1c), and the one-dimensional linear 
chain structure of Au6Cu6, present particularly intriguing aspects 
(Figure 1d). These findings are expected to open up new avenues for 
future research on Au-Cu alloys and their applications. Furthermore, 
each iteration of experimental data, when harnessed for subsequent 
machine learning exercises, not only derives further optimized 
synthesis plans for the next experimental synthesis but also forms a 
cyclical feedback loop, significantly enhancing the efficiency of the 
synthesis process.

In summary, in the study of metal clusters, chemical synthesis 
should not restrict the use of any structural molecules designed to 
answer chemical questions. To this end, Shuxin Wang and co-workers 
have implemented a machine learning-assisted high-throughput 
platform to accelerate the discovery of metal nanoclusters. A series of 
Au41Cu66, Au40Cu34, Au18Cu32, Au18, Au6Cu6, Cu-NC nanoclusters 
were successfully synthesized through the high-throughput platform. 
Among them, the discovery of a Au41Cu66 nanocluster with an 
unprecedented AuCu face-centered cubic (FCC) core, a Au40Cu34 
cluster exhibiting chirality due to symmetry breaking, and a unique 
Au6Cu6 cluster featuring a one-dimensional linear chain composed 
of distinct building blocks, were reported meticulously for the first 
time. This innovative approach not only heightened the synthetic 
efficiency of the nanoclusters but also provided robust guidance for 
the synthesis of a broader range of nanoclusters. 
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