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ligand effect appeared in ER, which has typically been cancelled 

out in SR by the negative ensemble effect. These findings are 

expected to expose a novel concept of catalyst design that is not 

influenced by conventional ensemble effects. For instance, a 

wider variety of bimetallic composition including second-metal-

rich conditions would be allowed, thereby expanding the 

choices and possibilities of catalyst design for relevant chemical 

conversions.

In summary, we prepared Pd�Zn alloys supported on CZO to 

develop a highly active catalyst for steam reforming of methane 

in an electric field. Results show that Pd1Zn1/CZO catalyst is 

inactive for SR, even at high temperatures, although it is highly 

active for ER. The active sites for SR and ER differ: they are, 

respectively, large Pd�Pd ensemble at the surface of 

nanoparticle and Pd atoms at the metal-support interface. 

Under an electric field, no large Pd�Pd ensemble is necessary 

for methane activation. Moreover, the catalytic activity is 

enhanced further by virtue of the ligand effect by Zn, i.e., 

increased electron density of Pd. Insights obtained through this 

study not only provide improved catalytic performance and 

present an unconventional synergy effect of electric field and 

alloying. These insights unlock a novel approach for unrestricted 

catalyst design derived from ensemble effects.
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