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Examples of Mixtures

In-situ studies: Photocatalysis using Composition dependent changes
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How to deal with Spectral Mixtures?

The goal is to determine:

. * Number of components in the mixture

* (Concentrations of the components

® Speetra of the components: Pure Species

* Identity of Pure Species




Case-1: Mixtures of Known Samples

« Spectra of the components are known
« Concentration of the components are fitted

OB = ) W (E)

Linear Combination Fitting



Case Study-: Cu-Zeolites



I Cu-CHA zeolite: novel highly efficient SCR
catalyst
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IN-Situ XAS
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The Cu-CHA deNO, Catalyst in Action: Temperature-Dependent NH;-
Assisted Selective Catalytic Reduction Monitored by Operando XAS

and XES

Kirill A. Lomachenko, ™ Elisa Borfecchia,*' Chiara Negri,% Gloria Berier,” Carlo Lamberti, "
Pablo Beato,§ Hanne Falsig,§ and Silvia Bordiga'
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Cu-K-edge
operando study of
Cu species

Known reference compounds of Cu Species
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LCF Results

Normalized px(E)
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LCF: Summary

Advantages:
« Works fine quite often

* No problem with the interpretation of the components
« Available in Athena

Main problem: choice of references

Often the references are not readily available at all...




Case-2: Number of Species Is not known

 Number of pure components is not known
« Spectra of most of the pure components are not readily available



Principal Component Analysis (PCA):

A dimensionality reduction technique

e Coinedin 1901 by Pearson Data in Original Coordinates Data in PC Coordinates

 Main Attraction

 Reduce the number of variables to a
manageable number

« Retaining most of the information

« doesn’t need any information outside
of spectral data

Excellent tool for Discovery and Exploratory Analysis



Goal: to determine the minimum number of pure components in the mixture, that
adequately reproduce the whole dataset

Solution: singular value decomposition (SVD) algorithm




Continuing with Cu-CHA: self-reduction

= Reference composition:

Cu/Al = 0.44, Si/Al =

= Multi-technique approach:
XAS & XES + FTIR + DFT

= Activation in O, and He
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Determining the number of components

Norm. ux(E)

Spectra Principal components Scree plot
o 10_; _ . 4 . —e—(0.1; 5)
£ M | —e—(0.3; 5)
Q 11—y | | | (0.1; 14)
i © |PC2 : —e— (0.5; 15)
1 g PC3 1I S 0.01] | | | i B L)
g\ S N— 5=
w o) ]
} 28 C He < PC4 x 10 b 164
int. spectra A remsall PP
400°C He £ PRRS 1E-5 ( )

: : T s ] (a A
8980 8990 9000 9010 9020 = | : : : , B s e e
Incident x-ray Energy (eV) 8980 8985 8990 8995 9000 9005 9010 2 4 5 8 8 10 12

Energy (eV) N. Principal components
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5+ 1 components is a reasonable choice e



Goal: Recovering Spectra ot Pure Species
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Goal: Recovering Spectra of Pure Species

Solution: Multivariate Curve Resolution-Alternate Least Square
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Multivariate Curve Resolution (MCR). Solving the mixture

de Juan et al, Anal. Methods, 2014, 6, 4964-4976 analysis problem
J. Jaumot et al, Chemometrics Intell. Lab. Syst., 2005, 76, 101-110



I ldea: reconstruct the spectra of pure species from the set of experimental data.
D=CST+E

X
Components

o

2
T-dependent _ © Energy
XANES data — o

5

|_

Components

 Number of pure components is determined independently by PCA

e Spectra and concentrations of pure components are deduced iteratively using
constraints for C and S matrices



MCR-ALS
Application in XAS
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MCR ALS analysis of XANES allows to

monitor the evolution of Cu speciation
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MCR-ALS: Additional Constraints

* Concentration Non-Negativity

* Spectra Non-Negativity

* Closure to 1 for Concentrations

Chemometrics and Intelligent Laboratory Systems 140 (2015) 1-12

Contents lists available at ScienceDirect

Chemometrics and Intelligent Laboratory Systems

journal homepage: www.elsevier.com/locate/chemolab

Volume 124, Article No. 124018 (2019) https://doi.org/10.6028/jres.124.018
Journal of Research of National Institute of Standards and Technology

Software Description

MCR-ALS GUI 2.0: New features and applications

Joaquim Jaumot **, Anna de Juan ®, Roma Tauler

* Department of Environmental Chemistry, [DAEA-CSIC, jordi Girona 18-26, Barcelona 08034, Spain
Y Department of Analytical Chemistry, Universitat de Barcelona, Diagonal 645, Barcelona 08028, Spain

https://mcrals.wordpress.com/

pyMCR: A Python Library for
Multivariate Curve Resolution Analysis
with Alternating Regression (MCR-AR)

https://github.com/usnistgov/pyMCR

24



MCR-ALS
Advantages:

®* No need for reference spectra

®  [Less subjective than] Ch

. Ditticulties:

Results might depend on initial guess

* Interpretation of “pure spectra” can be challenging

® Very sensitive to data quality and alignment of the spectra

T TE——— —— . " P —




Case Study-2:
Molten Salt




Dimensionality reduction and Scree Plot

PCA shows the presence of 3 species

XAS: PCA Components
Salt: LiCI-KCI
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Mixture of Ni-complexes
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Mixed spemes

eCl © o® 48 e
<
* If the standards are known: o oy e
* Use LCF to obtain fractions N=6 N=7 N=8

 |If the standards and number of species is NOT known
« Use PCAto learn the number of species.
« MCR-ALS for extraction of pure species.

spectrum

Sum mary \_MCR-ALS £ 4
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After the break: XANES modeling using FEFF by F. Vila



Thank you for
your
attention!
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