
Two metals ar e bet t er  t han one
Convert ing CO2 into valuable chemicals 
like methane and ethylene offers a 
promising avenue to produce high- value 
fuels and mater ials from an abundant  
resource, but  achieving high eff iciency 
and select ivity requires carefully 
opt imized catalysts. Although copper and 
silver have shown potent ial, they suffer 
from limited eff iciency and select ivity, 
respect ively. This has led researchers to 
explore bimetallic systems that  combine 
the st rengths of both metals to enhance 
act ivity and select ivity.

Ag?Cu bimetallic nanopart icles have 
shown signif icant  promise as catalysts in 
this photocatalyt ic react ion, leveraging 
sunlight  and water to dr ive the 
conversion process. Despite their  
effect iveness, the precise mechanisms 
behind these catalysts remain poorly 
understood, par t icular ly the stabilized 
surface state created by Ag?Cu 
interact ions.

In this study, the researchers sought  to 
explore how the st ructure and 
composit ion of the bimetallic 
nanopart icles evolve dur ing catalyt ic 

act ivity, as well as how these 
t ransformat ions impact  the eff iciency of 
the react ion. Using the ALS, the team 
revealed a dynamic ?shapeshift ing? 
process that  provides cr it ical insights for  
designing improved catalysts for  CO2 
conversion.

Tr acking nanopar t icle 
t r ansfor mat ion
To examine the photocatalyt ic react ion 
process in detail, the research team f irst  
fabr icated model catalysts at  Lawrence 
Berkeley Nat ional Laboratory?s (Berkeley 
Lab?s) Molecular Foundry, creat ing 
spheroidal silver nanopart icles coated 
with copper. They then exposed the 
nanopart icles to CO2 reduct ion 
condit ions at  the ALS while 
simultaneously monitor ing their  
evolut ion using complementary x- ray 
techniques.

The researchers used the ambient-  
pressure soft  x- ray photoelect ron 
spectroscopy and x- ray scat ter ing 
(APPEXS) endstat ion at  Beamline 11.0.2.1, 
which uniquely enables simultaneous 
chemical and st ructural character izat ion 
under in situ react ion condit ions. 

Photoelect ron spectroscopy enabled the 
oxidat ion states of the elements to be 
t racked in real t ime. In parallel, 
grazing- incidence x- ray scat ter ing 
captured morphological changes in the 
nanopart icles, showing how their  shape 
evolved alongside their  chemical 
t ransformat ion.

To corroborate and complement  the ALS 
data, the team used elect ron microscopy 
at  the Molecular Foundry?s Nat ional 
Center for  Elect ron Microscopy to map 
the precise atomic dist r ibut ion of silver 
and copper after  the react ion. They also 
performed molecular dynamics 
simulat ions to model the nanopart icles? 
size, shape, and elect ron dist r ibut ion.

Schemat ic representat ion of the t ransformat ion steps observed on the copper?silver (Cu?Ag) 
nanopart icles during photo-assisted carbon dioxide (CO2) conversion.

Dynamic Sur face Rest r uctur ing in 
Ag?Cu Boosts CO2 Conver sion
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Scient i f ic 
Achievement
Mult imodal in situ x-ray 
experiments at the Advanced 
Light Source (ALS) revealed the 
underlying mechanisms and 
evolut ion of copper?silver 
(Cu?Ag) nanopart icle catalysts 
during carbon dioxide (CO2) 
photoreduct ion.

Signi f icance 
and Impact
The new insights, showing a dynamic 
catalyst restructuring process, could 
improve the select ivity and efficiency 
of CO2 conversion into high-value 
chemicals.



Sur pr ising shapeshi ft ing 
behavior  r evealed
The team?s data revealed that  Ag?Cu 
nanopart icles undergo dramat ic 
rest ructur ing dur ing CO2

  conversion. 
Init ially, copper forms the outer shell 
with an Ag- r ich core. As reduct ion 
progresses, the metals migrate, with silver 
moving to the surface init ially, then 
copper replacing it  when exposed to 
CO2, water, and light , ult imately forming 
an Ag?Cu?O interface. Alongside this 
process, the nanopart icles f lat ten from 
spheroids into hemispheres.

The researchers concluded that  this 
?shapeshift ing? behavior signif icant ly 
enhances the bimetallic part icle catalyt ic 
performance by promot ing charge 
t ransfer and forming a beneficial inter-  
facial phase. In the future, the team plans 
to focus on disentangling the contr i-  
but ions of var ious factors inf luencing 
the process, such as examining other 
bimetallic systems and implement ing 
t ime- resolved measurements to uncover 
kinet ic effects related to atomic 
diffusion, thereby informing the design 
of more stable and eff icient  catalysts for  
elect rochemical applicat ions.
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Left : Ambient-pressure grazing-incidence x-ray scat tering (AP-GIXS) sample scat tering before 
and after carbon dioxide and water (CO2+H2O) exposure. Black and magenta lines indicate the 
nanopart icle size change. Right : (top) Nanopart icle parameters yielded by analysis; (bot tom) 
Scat tering contrast  as a funct ion of the radial distance to the surface of the average-sized 
nanopart icle.
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