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“Surface-Supported Cluster Catalysis: Fluxionality, Ensembles, and Role of 

Metastable Sites” 

 

 
Sub-nano surface-supported catalytic clusters covered with adsorbates have many low-energy 

isomers accessible at elevated temperatures of catalysis. The most stable isomer may not be the 

most catalytically active. The statistical ensembles of the catalyst states can change radically 

depending on the nature of the bound intermediate, in the course of the reaction. Isomers generally 

can interconvert, with barriers of varying heights, in response to the environment, i.e. exhibit 

fluxionality.[1] We model such catalysts as statistical ensembles in realistic conditions, using a 

number of novel methods.[2-4] We will show how practically-important properties of cluster 

catalysts, such as size- and composition-dependent activity,[3,5] selectivity,[5,6] and stability 

against deactivation[3,4] can be correctly captured and predicted only within this statistical 

theoretical description. Several cases of oxidative and non-oxidative dehydrogenation on clusters 

of Pt, PtB, Pd, and Cu on various supports will be discussed. In these cases, the stationary older 

picture of a single cluster minimum completely fails to explain or predict the outcome of 

experiment. This work calls for paradigm change in modeling cluster-decorated catalytic interfaces 

and catalytic mechanisms. 

 
Anastassia Alexandrova obtained a B.S./M.S. Diploma with highest honors, from Saratov 

University, Russia. She obtained her Ph.D. in theoretical physical chemistry from Utah State 

University with Professor Alex Boldyrev. Her doctoral work was on novel small inorganic 

clusters and development of predictive theory of chemical bonding for them. She was a 

Postdoctoral Associate in computational biochemistry at Yale University, with Professor 

William Jorgensen, and then an American Cancer Society Postdoctoral Fellow in biophysics 

with Professor John Tully, also at Yale. She joined the faculty of UCLA and CNSI in 2010, and 

was promoted to Associate Professor in 2015. The focus of her laboratory is computational and 

theoretical design and multi-scale description of materials: proteins, enzymes, catalytic 

interfaces, and clusters. She is a recipient of numerous awards, the latest of which are the NSF 

CAREER Award, Alfred Sloan Fellowship 2013, DARPA Young Faculty Award 

2011, Fulbright Fellowship 2016, and ACS WCC Rising Star Award 2016.  
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