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Advanced Materials - Tendency
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New Phenomena
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X-ray nanobeams

Large SR beam

V4 Nano SR bea

Average properties Specific properties
105— 106 objects illuminated Goal: single nanostructures
Courtesy: C. Mocuta

Trace element analysis Crystallog. orientation Phase Identification
Oxidation states Micro-structures Long-range order

Local structure Grain sizes Atomic lengths
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Synchrotron Wavelength
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High-Resolution X-Ray Nano-Spectroscog

NA Scheme: Spectral, Time & Space Resolved Techniques
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European Synchrotron Radiation Fac

Europe’s largest X-ray User Facility

* A'BRIGHT LIGHT FOR SCIENCE

'VI-"Z:I_partner countries, the European synchrotron'produces the__wﬁrlﬁ-'_s mostintense X-rays for
research. :



Deflecting
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. Beam size: 50 x 50 nm?
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Energy range: 5 — 65 keV .
Photon Flux: 101°-10%? ph/sec
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Hard X-Ray Nano-Spectroscopy

Experiment
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Segura-Ruiz, Martinez-Criado et al. Nano Letters 2011

Martinez-Criado et al. Nano Letters 2012

Nano-XRF & Nano-XRD Time-Resolved Nano XEOL

axperiment (b)

XEOL Inten. (arb. units) XEOL Inten. (arb. units)

v Time (ns)

Segura-Ruiz, Martinez-Criado et al. Nano Letters 2014 Martinez-Criado et al. Advanced Materials 2014

Avanced Hyperspectral Imaging Tools




Hyperspectral Imaging Tools

Homogeneity
(localization, alloy, clusters, segregation effé

XRF Imaging

X-Ray Fluorescence
Secondary phases,

polytypes
Angular-dependent XANES

Crystalllne structure,
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Optical transitions

X-Ray Diffraction X-Ray Excited Optical Luminescence

Local Structural Order
EXAFS
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Bio & Medical Application

Infected RBC

Normal cell

Malaria:
300-500 million clinical cases per year
~1.2 million deaths (mostly children under five) :
Resistance of main parasite to existing drugs - e

Malaria’s front line
Confirmed cases of malaria per 1,000 population at risk, 2013

%) Regional totals, m
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Source: WHO transmission

Essential to constantly develop new anti-malarian drugs



Bio & Medical Application

Ferroquine: new synthetic antimalarian compound

Nano-XRF

Ru-Ka

16 17 18 19 20 21 22
Energy (keV)

malaria pigment, hemozoin (Hz), has an increased iron
ruthenoquine, with similar antimalarian activities
ccumulates in the parasitic food vacuole close
to its membrane.

F. Dubar, S. Bohic et al. Chem. Commun. 48, 910 (2012)



Environmental science

Life cycle of plants grown in nanoparticles contaminated soil

Fruits

Organic & inorgaric
compeunds
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’ contaminant &
nutrient uptake
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Toxicology 269, 105 (2010)



Environmental science

IMPACT of ZnO and CeO, nanoparticles (NPs) = soya crop plants =

a)Pod Specira
LC—Fit
Ln Chirate closest fit

MN55=1.2 x10

bpStem Spectra
LC <Fit Zn nitrate 10%%,
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e)fn-Citrate
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Zinc dissolves and accumulates throughout the plants, whereas
Cerium did not

3 A. Hernandez-Viezcas, Hiram Castillo-Michell et al. ACS Nano 7, 1415 (2013)
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Nano-Materials based Catalysts

Gas Inlet

Si frame
SiNx window

X-ray fluorescence
out

X-rayin

e Partial reduction & reoxidation
e PdC compounds
e NPs effectively shielded

by polymeric species

Normalized Absorption (a.u.)
Normalized Absorption (a.u.)
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D. Martin et al. Catalysis, Structure & Reactivity 3, 63 (2017)




Electronics - LED

Blue Light Emitting Diodes

based on GaN

The Nobel Prize in Physics 2014

Amano

Py
Akasaki

External
Source of
Electrons

(Battery)

—-

Substrate

Source of Holes
(p-type Layer)

Combining of
Holes and Electrons

\ (Active / Emitting Layer)

Source of Electrons
(n-type Layer)

Source: www.nobelprize.org

Nakamura




Electronics - LED

[0001] & +c
[0001] & —c

Ga polarity N polarity

2D LED Wire based LED

D. Salomon et al. Nano Lett. 17, 946 (2017)




Electronics - LED

Fluorescence Fluorescence Phase contrast Fluorescence
mapping tomography imaging (voxel size 25 nm3) mapping

D. Salomon et al. Nano Lett. 17, 946 (2017)



Electronics - LED

Nano-XEOL
Energy (eV)
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Silane induced N-polarity in wires

D. Salomon et al. Nano Lett. 17, 946 (2017)



Electronics - LED

Nano-XRF Nano-XEOL
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D. Salomon et al. Nano Lett. 17, 946 (2017)
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