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Structural Properties
XASE selective spectiia
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Structurxal Properties

IMIETANOxad ESNAEIEATSIHIONISETAES)

BrecdeeN(s=p/d)

Undercoordimated
vietal

Normalized Absorbance

Number ol Oxyocn

Vacancies ) Energy eV
4970 4980 4990 5000 5010 5020

Energy /eV




M. Fernandez Garcia, [UCr-XAFS-2011

OVERVIEW XANES APPLICATION: CHEMISTRY
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Structural Properties

(€ hin quasiEstoichiometric particles

CRs

e Ce3 <> Vacancies below 5 at. % o' Strain from Ce*" presence
Raman (Ce** < 1.6 at. %)

XANES: Relatively Poor Detection LLimit
PCCP 6 (2004) 3524
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Structural Properties
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Structural Properties Nano-metals
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Structural Propertics Nano-alloys
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Combmation

Fig. 9 Hypothetical bimetallic clusters (Pt = blue, Pd = green): (a) bi-cluster; (b) core—shell; (¢) random; (d) single-half; () bi-cluster homo;
(f) bi-cluster inhomo.

Table 5 1st shell coordination numbers for PtPd bimetalli temns

Degree ol interaction/mixing _ PP PLPd YN PAPd PAPL

8.73 007 B.80 873 0. 0.5
Single-Hall 7.08 158 B.66 T.85 0. 0.57 001
Core—shell 7.73 386 11.59 390 2.92 .82 0. 0.57 [ —i42
Random 363 4.80 842 5.59 .6 . 0. 0.57 0 0.0 008
Decorated 343 300 643 873 0. .50 0.78 0. 0.2
Random (50/50) i 4.26 968 4.20 . ( 0. 0.5 2 ( —0.04
Bi-cluster homo 7.63 092 8.55 325 . . (.82 018 —0.08
Bi-cluster inhomo 7.63 0.24 TER 592 . (.82 018 (.82 0. —0.02
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CONTROL OF STRUCTURE AND MORPHOLOGY: SYNTHESIS

ILiquid Phase: synthesis of: Zeotypes (Co-AlPO)

XAS - XRD Analysis
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Complementary analysis ofithe local/long range order evolution
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ILiquid Phasez synthesis ofi Zeotypes
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Synithesisiof: Oxides

H,O/ Surf.
Samples / 773 K

Samples / 873 K

Solidstate treatment

|

HighrSuriace Axea
Nanostructured Anatase materials
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Solid phase: Initial Precuxsors
XANIES Spectras Pre=edge HXAKS Spectra

Anatase-type Structure
Ti, **

Ti=Ti C.N. 2.2/=10.5

Precursors lack 31D connectivity
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CONTROL OF STRUCTURE AND MORPHOLOGY: SYNTHESIS

Treatment ol Solid precursorss synthesis olfOxides

HXAESSSpectizs = In2nd SShElINEN|

R<4 A may inform about the AUCIEation step
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CONTROL OF STRUCTURE AND MORPHOLOGY: SYNTHESIS
Treatment off Solid precuxsorss synthesisioff Oxides

Multitechnique XAS:; XRD-PDF

3-5/A local oxder — control nlicleation and primary particle size

Thermodynamic factor:
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Treatment o Solid precursors: synthesis olfOxides

XAS Analysis

R>4A mayantormrabout the growiiniprocessi(@atlon 15

XRD Analysis

Growth (D2-D2) =K1 15-30 kJimol™ ; hydration surface layers
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CONTROL OF STRUCTURE AND MORPHOLOGY: SYNTHESIS
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110, Anatase Nanomaterials: Size and Shape
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CONTROL OF STRUCTURE AND MORPHOLOGY: ACTIVITY

31 Size Regions Shape
Size < S-6, nms, 1oy activity. Above 6/nm
NO: clear: differences a/b 1S nm Isotropic Shape enhances Photoactivity




M. Fernandez Garcia, [UCr-XAFS-2011

APPLICATIONS OF X-RAY SPECTROSCOPY IN CHEMISTRY

o SUMm:Lry

SEenerallintrodunctiontXxXAES/ XS

OVervicwaXAINITS/ATXATIS ity e e s iy

SXATISTanalysisfolimateralsis cnesis

-XAES analysis eifindustrial=relaied cliemical propesties




M. Eernandez Garcia, IUCr-XAKES-2011

CHEMICAL ACTIVITY OF MATERIALS

MiutitechniquerSYNCHRONOUS approach
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XAFS-SAXS-WAXS: XAHS=-UV(IMS) approaches

Real=operandor” conditions
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Time dependent Structure — Chemical Activity,
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CHEMICAL ACTIVITY OF MATERIALS

MutitechniquerSYNCHRONOUS approach
Wlodern Fe g e nts
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CHEMICAL ACTIVITY OF MATERIALS

MntitechnmiquerSY AN CHRONOUSapproach
Wlodern geejiiire et

CCD-camera with
scintillator and
§ie..  Microscopic optic

SpatialiResolved ED=XAKS=-IRNIVIS)

21 (3D) sub-pm analysis of industrial Structures
(pellets, monolith)
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CHEMICAL ACTIVITY OF MATERIALS

XASHECHmquessnoyeliexperament
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XAINTTSHechmguessiimesEesolyedistudics
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CHEMICAL ACTIVITY OF MATERIALS

XANES-Fluorescence microscopy: techniques Spatial' Resolution
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XANHSHXRD)Imicrotomography techniquessspatial Resolution

3D Chemical (10x10' nm x 360 %) imaging of “active”
species
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CHEMICAL ACTIVITY OF MATERIALS
HXAKS techniques time-resolved studics

Pdsize-dependences cycling CO/NOat 6731 K

HXATTSFanalysistassumptions

62 constant and/or REharmonicidistrbition
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HXAKS techniques time-resolved studics

Pdisize-dependences cycling €CO/NOrat 673/ I
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CHEMICAL ACTIVITY OF MATERIALS

HXAKS techniques time-resolved studics
Pdisize=dependences cycling €CO/NOat 6731 1K

DynamicsSize
modification PhaseComposition

1/R dependence Pd->PdC,

Dispersion ILoss Increases Size IS constant
as Size Increases
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CHEMICAL ACTIVITY OF MATERIALS
HXAKS techniques time-resolved studics

Pdisize-dependences cycling €CO/N@rat 673/ 1
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XANES/HXAES
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