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Nociones sobre la dispersion de rayos X

Difraccion de rayos X por cristales

Jerarquias estructurales y técnicas

Dispersion de rayos X a alto (WAXS) y bajo angulo (SAXS)
Dispersién de rayos X con microfoco (WAXS y uSAXS)
Dispersion de rayos X con incidencia rasante (GIWAXS y GISAXS)
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Estaciones experimentales de dispersion de rayos X en el mundo
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Dispersion de rayos X

Dispersion elastica (dispersion Thomson) Procesos inelasticos
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Dispersion de rayos X

“Scattering” difuso Materia condensada blanda

Diffraction

Liquid crystals

Aplicacion de la radiacion sincrotrén a la caracterizaciéon de materiales. Sevilla, 28 octubre 2010



Difraccion de rayos X
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Difraccion por cristales: Silicio
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Jerarquias Estructurales
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Jerarquias Estructurales: Cristalizacion de polimeros

SAXS; SANS; Dispersién de luz
AFM Microscopia éptica
AFM
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Difraccion de rayos X (WAXS)
Difraccion de neutrones
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Dispersion de rayos X a alto (WAXS) y bajo angulo (SAXS)
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Estacién experimental de WAXS y SAXS

Linea espainola (BM16) en el ESRF

Tubo de vacio
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Detector SAXS | Detector WAXS

Entorno de muestra
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Aplicaciones de la dispersion de rayos X
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Proteinas en disolucion

SAXS 2D Ry; MW; Dy

Reconstruccion
“ab initio” de la
estructura

e PX: Gran cantidad de proteinas no pueden cristalizar

¢ NMR: Limitacion para estudiar proteinas de gran tamaino

e SAXS: Proteinas en condiciones fisiolégicas y bajo
perturbaciones fisicas y quimicas en tiempo real

R.M. Buey et al. Lecture Notes in Physics 776, Springer (2009)
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Sistemas coloidales
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Técnicas simultaneas
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Dispersion de rayos X con microfoco
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Dispersion de rayos X con microfoco

haz de rayos X focalizado (J 1 um)
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Evolucion de la linea de microfoco ID13 (@ ESRF)
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EH1: cristales
difraccion fibra

cabina optica

ondulador
U18: en vacio

sistema de barrido

KB-II

KB-I

microgoniémetro

Be lentes refractvas

espejo elipsoidal

Si-mono

optimizado: 13 keV

A

48

0.08%0.05

45

34.1

2.1%0.2

31

tamaino (um)

divergencia (mrad)

Om

134*25

==

0.21*0.02

Aplicacion de la radiacion sincrotrén a la caracterizacion de materiales. Sevilla, 28 octubre 2010



Microfoco — Nanofoco (ID13@ESRF)

nanofocus optics: mirror/refractive. ..

microfocus optics: mirror/refractive. ..
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Resolucion vs. tamaino de haz
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Aplicaciones de la dispersion de rayos X

con microfoco
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Mecanismos de deformacion

UHMW-PE 2

EHT=20.806 kU WD= 17 nn 18un
14-Jun-1999  Photo No.=1969 Mag= 192 X ESRF

C. Riekel, M.C. Garcia-Gutiérrez, et al.;
] Anal. & Bioanal. Chem. 376, 594 (2003)
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Cristales liquidos discoidales: Propiedades semiconductoras
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Efectos de confinamiento en nanofibras polimeéricas

PVDF nanofibers

AAO Membrane + solution (30wt% PVDF-Dimethylacetamide)
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“Confinement-induced one-dimensional ferroelectric polymer
arrays” M.C. Garcia-Gutiérrez, et al.; Nano Letters 10, 1472 (2010)
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Efectos de confinamiento en nanofibras polimeéricas
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Aplicaciones diversas

“Probing the internal structure of high-performance fibers by on-axis scanning
diffractometry” R. Davies et al. Macromolecules 40, 5038 (2007)

1.2 pm 16.4 um

Tamano de haz =
500nm

Tamano de haz

“X-ray microdiffraction study of SWCNT alignment <100 nm

across a fiber” V. Pichot et al. EPL 79, 46002 (2007) “Coherent X-ray diffraction imaging with nanofocus illumination”

C.G. Schroer et al. PRL 101, 090801 (2008)

100 nm
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Dispersion de rayos X con incidencia rasante
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Dispersién de rayos X con incidencia rasante
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Estacion experimental de SAXS y GISAXS

Linea BW4 en HASYLAB, Hamburgo

Entorno de muestra
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Aplicaciones de la dispersion de rayos X

con incidencia rasante
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Nanoparticulas
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“Combinational investigation of the isolated nanoparticle to coalescent layer transition in a gradient _0 098 0 0 098
sputtered gold nanoparticle layer on top of polystyrene” S. Roth, et al.; Appl. Phys. Lett. 88, 021910 (2006) - -
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Peliculas delgadas con morfologia columnar

GAPVD

05m

P(0,) = 10+ torr

TIO target

“Structure of glancing incidence deposited TiO,
thin films as revealed by GISAXS” L. Gonzalez-
Garcia, et al.; ChemPhysChem 11, 2205 (2010)
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Peliculas delgadas con morfologia columnar

GISAXS
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Estaciones experimentales de dispersion de

rayos X en el mundo
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Synchrotrons
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NSLS (Brookhaven) |
SRC (Stoughton) \
SSRL (Stanford)

SURF (Gaithersburg)

SOUTH AMERICA

LNLS (Campinas)

Synchrotrons
in the world

EUROPE

Germany

ANKA (Karlsruhe)
BESSY (Berlin)
DELTA (Dortmund)
ELSA-II (Benn)
HASYLAB (Hamburg)

Denmark
ASTRID (Aarhus)

nited Kingdom
Spain IAMOND (Dideot)
LSB (Barcelona) SRS, (Daresbury)

France

ESRF (Grenoble)  SWeden
LURE (Orsay) MAX (Lund)
SOLEIL

Switzerland
taly SLS (Villigen)
DAFNE (Frascati)
ELETTRA (Trieste)

Lineas de dispersion de rayos X
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Synchrotrons
in the world

SSRC (Novosibirsk)

South Korea
PLS (Pohang)

China

IHEP (Beijing)
NSRL (Hefei)

Inde SSRC|(Hsinchu)
INDUS (Indore)
Australia

BOOMERANG
Japan
HSRC (Hireshima)
NANO-HANA (Chiba)
NEW SUBARU (Himeji)
PHOTON FACTORY (Tsukuba)
SPRINGS (Himeji)
UVSOR (Okazaki)

X (Tokyo

® Europa: - ESRF: ID2, ID10, ID13, BM16, BM26

- Soleil: SWING
- Diamond: 122

- HASYLAB: BW4

- BESSY: uSpot
- Elettra: BL5.2L

®* América: - APS: 1-ID, 8-ID, 18-ID

-ALS: 7.3.3

* Asia: - Spring-8: BL08B2, BL40B2, BL45XU




Sincrotrén espaiiol (ALBA)

7 lineas aceptadas 12 fase

Soft X-ray beam-line for polarisation-dependant spectroscopies
and microscopies.

Beam-line for electron and soft X-ray emission spectroscopies.
High-resolution powder diffraction beam-line.

High brilliance XAS (X-ray absorption Spectroscopy) beam-line.
Beam-line for non-crystalline diffraction in life and materials
sciences with microfocus option.

Beam-line for macromolecular crystallography.

Beam-line for X-ray microscopy.

Proposal for a beamline on
Non Crystalline Diffraction for Life and Material Sciences
with Modular Microfocus Option on ALBA

December 2004

www.cells.es/Beamlines/NCD
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