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The particular zeolite of interest is SSz-
13, a nanoporous aluminosilicate con-
structed of 4-, 6-, and 8-membered rings of
silicon, aluminum, and oxygen atoms. cop-
per ions associate with the framework alu-
minum centers. The structure of cu de-
pends on the number and arrangement of
aluminum within the lattice and the oxidation
state of the copper ions, among other fac-
tors. To determine the relationship between
composition, structure, and catalytic func-
tion, the researchers synthesized and char-
acterized zeolites with a range of elemental
composition. They used the xAS technique
at the mr-cAT 10-id-b and 10-bm-A,b
beamlines to measure the oxidation state of
the copper species and evaluate their local
geometric and electronic structures, as a
function of the zeolite compositions. compli-
mentary x-ray absorption near edge absorp-
tion (xAneS) data, also collected at the mr-
cAT beamline, was used to assess the
copper oxidation state. The researchers
identified and enumerated two types of alu-
minum sites within the zeolite that determine
the cu active site structure: the 1Al site, a
six-membered ring with one aluminum atom
and five silicon atoms, and the 2Al site, a
six-membered ring with two aluminum
atoms and four silicon. 

next, the researchers loaded copper
ions into the zeolites and, again with xAS
and xAneS, studied how these metal ions
embedded themselves into the zeolite min-
eral. They found that the copper atoms pre-
ferred exchanging at the 2Al site, where
they took the form of cuii ions to exchang-
ing at the 1Al site, where they exchanged
in the cuiioh state. To assess the effect of
environmental conditions on the cu oxida-
tion state and coordination environment, the
researchers ran a series of first-principles
simulations at varying conditions, including
temperature, pressure, and reactant chemi-
cal potential. 

The researchers compared these data
to those collected experimentally, and found
quantitative agreement.   

To assess zeolite behavior in a real-
world scenario, the researchers next studied
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W hen copper ions exchange into a zeolite, the mineral be-
comes catalytically active for the selective reduction of ni-
trogen oxides, which are harmful gaseous environmental

pollutants found in engine exhaust, into benign nitrogen. copper-loaded
zeolite catalysts are currently in commercial use on diesel vehicles, but
many questions remain about the interplay between the composition of
the zeolite, the reaction conditions, the active sites, and the catalytic
mechanism. To understand zeolite dynamics, researchers performed
operando x-ray absorption spectroscopy (xAS) experiments on cu-zeo-
lites under reaction conditions at the mr-cAT insertion device and bend-
ing magnet beamlines at the APS and correlated the results with
first-principles simulations. The findings reveal the importance of reaction
conditions to the active site properties and structure, providing critical in-
sight that is needed to tune catalytic activity.

TRACKING THE ACTIVE COPPER SITES IN A
CATALYTIC MINERAL

Fig. 1. EXAFS spectra and corresponding first-principles models distinguish two structural types of ze-
olite-supported Cuii ions.
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copper speciation under the same
working conditions used to catalyze
the reduction of nitrogen oxide
species. They used a custom-built re-
actor at the APS designed to collect
xAS spectra under catalytic conditions,
with the goal of determining the oxida-
tion state of copper sites during the se-
lective catalytic reaction of no with
ammonia to n2. Again, the researchers
performed simulations under the same
set of conditions for comparison. The
structure and dynamics of the copper
ions were found to depend strongly on
the reaction environment. for exam-
ple, cu ions are solvated by water at
ambient conditions, but the hydration
is lost at higher temperatures. cu ions
are also solvated by nh3 under no re-
duction conditions, which importantly
cause mobilization of copper ions
within the zeolite framework.

Together, the experimental data
and simulations were used to develop
a self-consistent picture of the reaction
mechanism on copper ions in different
local zeolite environments. overall
turnover rates and activation energies
of the no reduction reactions were
similar on isolated cu ions, regardless
of zeolite framework.  These findings
have implications for the other
chemistries catalyzed by cu ions ex-
changed in zeolites, including the par-
tial oxidation of methane, a process
that may someday be harnessed by
scientists to generate chemicals and
fuels from abundant raw materials.  —
Erika Gebel Berg
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