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@’. . Near edge X-ray Absorption Spectroscopy
fj is too Often Neglected
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Resources Available Online
on XAS — XAFS Training Module

INSIL.S

NATIONAL SYNCHROTRON LIGHT SOURCE

XAFS Online Orientation

Welcome to the X-Ray Absorption Fine Structure Online Orientation!

This orientation will provide you with tips that will help you conduct a successful x-ray absorption fine-
structure spectroscopy (XAFS) experiment at the National Synchrotron Light Source (NSLS). We strongly
recommend that you explore it whether you are new to XAFS, new to the NSLS, or just want to get the
most out of your application for beam time. You may also want to come back to this orientation from
time to time to refresh yourself on important points. From this page, you can choose any of the modules

below. Working through the orientation typically takes about an hour, and does not need to be done at
one sitting.

Introduction
to XAFS

Overview of
an Experiment

Formulating Proposal Sample Data Looking Forward
a Problem Writing Preparation Collection to Analysis
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(f" , Structure from Each Constituent
ff Element of a Glass System
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é‘fé} Near-edge Information

« Oxidation State

— Direct fingerprinting

— Theory-backed (eg. FEFF 8)
* Reaction pathways

— Statistical tools

 LUMO occupancy
— Polarization alignment to MO

~
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B How Complicated is an XAS
Fi

Experiment?
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?fg Near-edge Information
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o Near-edge Information

 LUMO occupancy

synchrotron X-rays |

lag

synchrotron X-rays [ o |e~O|2 o C082 0

Ia
TrChemisorbed probe

Chemisorbed probe

Monolayer shell of metal B

Gas chemisorption and electronic structure

(sub)Monoclayer

Gas chemisorption and electronic structure
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In-situ XAS experiment
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Atomic and electronic structure can
be measured as a function of the

| state of charge.
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gfﬁ Time-Resolution of In-situ XAS

Experiment

First charge to 4.8V
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é‘fg XAS of Ni K-edge from 3.7 VV - 4.8 V
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é.f * In-situ XAS Experiment: Narrower

Focus on a Single Plateau
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?f‘-‘g",“"’ XAS of Ni K-edge from 3.7 V - 4.3 V:
¥

15t plateau
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g% Isosbestic Points

If the reactants and the products have equal light absorbtion coefficient at a
specific energy (i.e. aA = aB = a), and the analytical concentration remains
constant, then we have an isosbestic point.

For the reaction:
A— B, where one mol. of reactants produces one mol of products,

the analytical concentration is the same at any point in the reaction:
Cpt Cg=C

The absorption coefficient is:
H=p(apCatagCg)=pa (CAtcB)=pac

Hence, the absorption coefficient at that point remains constant.
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?{‘-‘9"}"” XAS of Ni K-edge from 3.7 V - 4.3 V:
¥

15t plateau
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e XAS of Ni K-edge from 3.7V - 4.3V
1

during 2" charge
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g XAS of Mn K-edge from 3.5V -4.5V: &
¥

1st & 2" charge
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Alamgir Lab Frincipal component Analyslis:
é' 3 Representation of XAS Spectra as an
| m.x.n_Matrix
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* An XAS spectrum can be
represented as a series of
coordinates

 An XAS data set can be expressed
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gf PCA Formulation and Interpretation

In XAS
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é‘ 3 PCA: Components and Reconstruction

experimental
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(- The So-Called Pre-Edge:
e 3 CO K-edge in Li(l—X)COOZ Yol
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{ffg Theoretical fit to real-space data
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{ffg Theoretical fit to real-space data
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B Ex-situ Study of Li Intercalation in
e'fy A,V 40,

« Particularly useful in medical applications
« High power delivery
« Non-toxic
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gf 3 Ag K-edge analysis of Li,Ag,V,0y;
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2. j XANES Using SVO at Ag and V K-edges
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i Soft X-ray XAS:
Low-Z Atom-Specific Information

a Schematic of the Origin of the NEXAFS Signal [| b Molecular Orientation: NEXAFS Polarization Anisotropy
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Sof X-ray XAS: LUMO occupancy

 LUMO occupancy
— QOrientation of molecular orbitals

hrotron X-
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Gas chemisorption and electronic structure (sub)Monolayer Gas chemisorption and electronic structure
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?fy Sof X-ray XAS: LUMO occupancy
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5 .
X3 Concluding Remarks
efj g

« Consider using XANES/NEXAFS in glass research
— You can obtain
 oxidation state information
* molecular orbital information
 time-resolved information
— Lends itself to statistical analysis tools like PCA and LC
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