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Abstract: Multimetallic alloys have increasingly attracted attention as efficient catalyst materials due to 
their greater activity, selectivity, and stability than conventional binary alloys. However, since there are nu-
merous requirements for improved catalytic functions for future innovations, a more sophisticated concept 
of catalyst design having high flexiblity, tunability, and expandability is necessary to construct a truly func-
tional active environment. We have developed a series of ternary alloy catalysts based on binary interme-
tallics AmBn, in which a part of A site is substituted with a third metal A’, namely pseudo-binary alloys: 
(A1−xA’x)mBn. Owing to the ordered structure of the parent intermetallic phase and the wide composition 
width of x, a pseudo-binary alloy has high probability of  close contact of all the constituent elements and 
high tunability of catalytic properties. Moreover, further multimetallization of A and B sites is possible, 
forming a high-entropy intermetallic (HEI) structure, (A1−x−yA’xA’’y)m(B1−p−qB’pB’’q)n. Not only the ad-
vantages seen in the ternary system, HEI can easily isolate the active metal for “site-isolation” and has 
greater thermal stability originating from mixing entropy. We introduce the recent development of highly 
functional catalysts for the oxidative dehydrogenation of propane using CO2 (CO2-ODP) as an example. (CO2

-ODP) is a promising technique for high-yield propylene production and CO2 utilization. The development of 
a highly efficient catalyst for CO2-ODP is of great interest and benefit to the industry and net zero emis-
sions. Here, we report unique catalyst materials and design concepts based on pseudo-binary alloys and HEI 

for this challenging chemistry.  
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