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“For study of the chemistry of catalysts and other noncrystalline systems this
technique XAS may have a role comparable to that of X-ray and electron diffraction in

crystalline systems.”
van Nordstrand, Adv. Catal. 1960, 12, 149
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These results demonstrate that the EXAFS technique 1.0
can be a powerful tool for studying catalysts in order to
determine the precise structural relationships between
catalytically active sites and the surrounding atoms.
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In summary, the EXAFS data of this investigation il-
lustrate the potential of the method for highly dispersed ©
metal catalysts. The results have a special significance
when one considers the technological importance of cata-
lysts of this type.
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TABLE I. Structural parameters of silica supported Ru~Cu
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« Synthesis and control
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 Thermal properties
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« New materials:
Single atom catalysts
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“You are blind without an experiment :> “You are blind without an experiment
but you are deaf without modeling” ... and you remain blind with i A
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ABSTRACT: The structure and morphology of supported nanoparticle catalysts play important
roles in many industrial reactions. Recent progress has identified key aspects of structure—activity
relationships at the nanoscale and novel methods to study the local environment of the active sites.
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X-ray absorption fine structure (XAFS) spectroscopy, despite being a leading technique for this 5 \,‘?"‘m o_qg’io
purpose, is hampered significantly by its ensemble-averaging nature which often leads to a bias 3 il )
toward a single “representative” structure. Learning heterogeneous distributions of nanostructures E e ”
. : ) . . u oo
at the inter- and intraparticle levels from the average XAFS spectrum is a formidable challenge that S % N 4
can be overcome in some cases described in this Perspective. We also discuss emerging machine E / A
learning techniques for extracting the information about the heterogeneity of metal species from T S~
XAFS data.
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Inter-cluster heterogeneity under in-situ/operando conditions
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Coexistence of order and disorder in nanocatalysts
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Decoding Reactive Structures in Dilute Alloy Nanocatalysts
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H, dissociation over
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H, dissociation over Pd-Au on RCT@SIO, &&
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H, dissociation over Pd-Au on RCT@SIO,
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Thermodynamic modeling:
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H, dissociation over Pd-Au on RCT@SIO,: Reactive Structures 3
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Conclusions

- For dilute Pd-in-Au catalyst, O,- and H,-treated
samples are dominated by Pd; and Pd, ,,
respectively

- Catalytic activity and selectivity are controlled
by pretreatment

Unanswered questions:

1) How to isolate unique ensembles (monomers,
dimers or trimers)?

2) What are the mechanisms responsible for
forming surface ensembles?

3) What is the kinetics of structural
transformations in reaction conditions?

ML-XAS descriptors

elements @ ©®

C (coordination
number)

R (distance)

&=

N\
&6{\30(\" - ES
=

Active structure

®,
'.a's, »,
aeress, oo
s S S i
» »
-
) N, SIS
1‘. L s
e s n
L s
ST ':a

AN

H2+D2=2HD

first-principles-based
microkinetic modeling
transitign state

A
E B

Reaction Coordinat=e

Activity

Energy

Temperature

Computed activation energy Measured activation energy




Acknowledgements
Structure and Dynamics of P Routh K.Zheng Y. Xiang https://www.bnl.gov/chemistry/SDAN/
Applied Nanomaterials R. Shimogawa S.Xiang  R.Aunkon http://you.stonybrook.edu/irenkel
(SBU and BNL): N. Marcella H. Wang

IMASC collaborators:
J. Aizenberg, C. Friend, E. Stach, J. van der Hoeven, A. Foucher, J. Weaver, P. Sautet, M. Tan, B. Kozinsky, D. Lim

7-BM (QAS) beamline staff: L. Ma, S. Ehrlich, T. Akhil
Synchrotron Catalysis Consortium: J. Chen, J. Rodriguez, N. Marinkovic

e my U.S. DEPARTMENT OF Office of T o

&) ENERGY science

mize Tufts Qoo [IERY SR UF sncoxmnees @B

Laboratory University A



	Slide 1: Application of EXAFS to Nanomaterials
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Intra- and inter-particle heterogeneity: A hot topic
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Intra-particle heterogeneity
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Conclusions
	Slide 20: Acknowledgements

