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ABSTRACT Understanding nanoparticle structure helps the design of efficient catalysts. Extended X-ray absorption

fine structure (EXAFS) spectroscopy is used to acquire element-specific local geometric and electronic structure,
especially in operando conditions, though the quality of EXAFS is often limited for high-temperature reactions or when
obtained from systems with low metal loading. Recently, machine learning methods have been developed to
quantitively interpret the XANES of monometallic particles including Pt, Ag, Cu system. Here, we apply the machine
leaning method techniques to bimetallic and metal oxide systems. Our approach is well-suited for in-situ structure
studies and on-the-fly and high-throughput XAS data analysis.
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Summary NN-XANES methods have been developed for use with AuPd NPs and Cu

oxide clusters. With experimental validation performed with a set of well-defined AuPd NPs
with sufficient EXAFS quality, we have shown that this method provides partial
coordination numbers that agree with those derived by conventional EXAFS fitting and NN-
EXAFS methods.
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NN is validated by using theoretical data as well as available
experimental EXAFS data for well-defined NPs

Experimental and calculated XANES for AuPd foil, and calculated 
site-specific XANES spectra for non-equivalent sites in AuPd cluster.

Predictions on 
particle 
averaged 
synthetic data. 
Used for 
theoretical 
validation.

Predictions on 
experimental 
data. 
Predictions of C1

verses Pd 
concentration.

XANES spectra are calculated by FEFF and FDMNES codes.
The comparison of experimental and theoretical XANES
for AuPd foils provide the support to do the same
calculation on the small nanocluster.
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Atomistic models

XANES modeling

Experimental and calculated XANES for CuO and Cu2O
foil, and calculated site-specific XANES spectra for non-
equivalent sites in for CuO and Cu2O cluster.

Validation of the NN by using theoretical data and

experimental foil data.

Evaluation of the NN by using theoretical data.

• Use the trained 
NN to evaluate 
the site-
average spectra 
for well-
defined model 
with different 
size and shape.

• The predicted 
results provide 
the trendline 
which shows 
NN can cover a 
larger range of 
clusters with 
different sizes. 
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Synthetic Data Validation

Bimetallic NN-XANES

Metal oxide NN-XANES
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