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Characterization of carbon nanotube— polyoxometalate electrocatalytic interfaces TU
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F.Toma, et al., Nature Chemistry, (2010), 10.1038/NCHEM.761
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Characterization of carbon

Intensity (a.u.)

nanotube— polyoxometalate electrocatalytic interfaces
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Amphiphilic designer-peptides TY,
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Self-assembly
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It's a double helix!
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The self-assembly process TY,
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Scanning SAXS - Biomaterials
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Scanning SAXS-Integral Parameters TU
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Integated Intensity
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Scanning SAXS - Orientation TU
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Scanning SAXS - Tooth TU
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Average scattered intensity [a.u.]
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Biomechanics on Human Aorta: Motivation TY,

Pathology, Clinics

Characterization of vascular disease

Effects of aging

Identification of therapeutic targets (Balloon

Angioplasty)

Graft design

Biomimetic materials

Functional tissue engineering

Mechanobiology

Cross section of a human artery
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Human Aorta: Mechanical Parameters
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Human Aorta: Sample Preparation TU
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An artery, cleaned from
surrounding tissue

cookacus

After dissection into
its major layers
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The final
sample
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Human Aorta: Collagen Fiber Orientation
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Nano — Macro Coupling TU
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Motivation for combined approach: LT & SWAXS TU
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Optical
T axis
Radiation
pressure
dominates

Xeray Bulk: time and assemble averaged properties

i ' Single Particle: local fluctuations
R, S u-shape nanostructure corr.
Gradiemj' 1 | single particle chemistry

dominates

Multiple Particle Trapping: local information on
£

Z Q Adapted from: interaCtiOnS
SRS Grler, Naturo 424, 810 (2005) single shot experiments

18 silica micro-beads
trapped and manipulated to
form the vortices of a
Diamond cell.

(M. Padgett group @ Univ. St. Andrews UK)
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Schematic of the optical manipulation for SAXS TU
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ESRF: ID13

@46 m & @100 m
KB Mirror

Ref. Lenses

Beam size: ~1 um
X-rays: ~13.0 keV
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ik Mar165
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DOE = Diffractive Optic
Element
0O - sample cell (capillary connected
to ufluidics)
1 -IRlaser @ 1064 nm D. Cojoc et al., Proc. SPIE 6326, 63261M (2006)
2 - Phase Programmable Modulator H. Amenitsch, et al., CP879,
(PPM) Hamamatsu SRI:Ninth International Conference, AIP, 1287
3,4 - microscope objectives, (2007)
Nikon, Olympus D. Cojoc et al., APL, 91, 234107, (2007)

5,6 - CCDs
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Motivation to combine LT, liposomes and SAXS TU
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The boundaries of cells are formed by
biological membranes, the barriers that
define the inside and the outside of a cell.
Phospholipids are the major components of

biological membranes that form the structural
matrix intfo which proteins are imbedded.

Lyotropic Phases

In aqueous solution:
self assembly into, e.g.,
unilamellar vesicles

Bilayer' Micelle

multilamellar vesicle:
LIPOSOME
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SAXD of optically trapped liposomes TU
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SAXD of optically trapped liposomes TU
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SAXD of optically trapped liposomes TU
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Scanning Diffraction from two clusters
multiple trapping
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New LT set-up Y
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. Improved Sample container
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Objective

S.Santucci, et al. Biochemistry 2011
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X-ray Diffraction from Starch TU
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Phase Contrast Cartoon Amylopectin Structure WAXD d(100) = 1.5 nm
Image of Potato

Starch Granules

crystalline
Amylopectin
double helices

amorphous

Backbone

Waigh T et al., Macromolecules, 1997

Cartoon Starch Ganule

5x5 pm?

0 10 20 30 40 50 60 70
across granule (um)

H. Lemke et al., Biomacromolecules 2004, 5, 1316-1324
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Scanning diffraction experiment TU
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SAXS of optically trapped starch granules (from potato)

Integrated Intensity
& 1(100) Reflection

Max. exp.
Time: 200 ms!!!

Time: 1.5 s !!!

FoV 40 x 30 um

2.12 min x 4 accel.
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Radiation Damage

Porod constant (au)

Intensity (au.)

Forod exponentia.u )
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Laser Tweezers Protein Crystals TU,

Insulin Crystal

S.Santucci,
C.Riekel et al.
Biochemistry
2011
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Liposomes and SAXS TY,

The boundaries of cells are formed by
biological membranes, the barriers that define
the inside and the outside of a cell.

/

Phospholipids are the major components of biological
membranes that form the structural matrix into which
proteins are imbedded.

In aqueous solution: Lyotropic Phases
self assembly into, e.g.,

unilamellar vesicles Bilayer

2335))

Phospholipid Membrane Stack .-

s
’

~_ ’
N ,

L
ral

=%

multilamellar vesicle: bﬁg@
LIPOSOME ‘
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Small Angle Scattering - Surface Diffraction TU

Grazm
cident beam Scattered beam Incident be Scattered beam
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X—I'ay / &“) f T
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Grazing Incidence Small-Angle
Scattering (GISAS) +
Reflectometry

Small-Angle Scattering
(Diffraction)

1(0)= 1(0.,0,)=

Jd'r-p()-exp(=i-0-7)

Jd'rp(F)-exp(~i-0-F)
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Distorted Wave Born Approximation TU
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Vineyard (1982), Shinha et.al. (1988)
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,2Higher Orders” of DWBA iy

R(a;)

Lazzari R, ISGISAXS: program, J APPL CRYSTALLOGR 35: 406, (2002)
http://www.esrf.fr/computing/scientific/joint_projects/IsGISAXS/isgisaxs.htm

M.P.Tate et al., J.Phys.Chem, 2006
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Distorted Wave Born Approximation TU
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A

X-ray

Fig. (A) the scattering geometry in reciprocal space. (B) Scattering geometry in real space. The
abbreviations are: (ES) Ewald sphere, (DP) diffraction plane, (OPR) out-of plane reflections, (IPR) in-
plane reflections, (ML) multi-layer, (FZ) forbidden zone, (BS) beam stop.

(:(:TP) q School on Synchrotron and on Free Electron amenitsch@tugraz.at & fé _ _

. Laser based Methods- 6.4.2016 amenitsch@elettra.trieste.it




TU

Grazm

Diffraction Pattern DOPC @ Electron Density Reconstruction: -C DPhPC (dg= 44.3 A)
25° C, 35% rel. humidity -D DOPC (dg= 48.7 A), but a=67 A/68 A

Rappolt,M, et.al., Adv. Coll. and Interf. Science, 111 (2004) L. Yang, H.W. Huang, Biophys. J. 84 (2003)
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What do we learn? Membrane Fusion TU
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The radius of the torus seems to be
confined by the head-group size...
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Surface diffraction: Formation of aligned mesoporous thin films Ty,

Sol-gel
chemistry

C. J. Brinker et al. Adv. Mater., 1999, 11, S79.

surfactant

ration
mesophase d evaporatio

Self-
assembly

Mesostructured
hybrids

/

Treatment Triblocks POE-POP-POE SiO, : Si(OR),

MesoporOus HO‘F\/Oﬂ\E(\O%/E\/Oj‘H Ti02 : TiC14 e Ti(OR)4
materials " Lok dm !

with orgqnlsed Diblocks CiE;
porosity {/vo ﬂ\/\/\/\/\/\/\ ALOIAICH
5 | 4 VO,_.: VOCI,

Br- \ e Y,0;: YCl4
Nb,Os : NbCl;

And binaries systems

fAnorg
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The Self-Assembly of thin films as seen by In- Situ SAXS "WTY,

and interferometry

Si
Substrate

Film
mesostructure

) -

X-ray
CCD camera

Solution

Synchrotron
radiation

Visible
CCD
camera

Monochromatic
light source
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Ageing time
Relative Humidity

2DH

'. 0707079797,
Vo yysys P6m
0000 00

%o.'o.o"o.«o.o

Grosso D, et.al., CHEMISTRY OF MATERIALS 174, 931,(2002)
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The Modulable Steady State
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Nanoimprinting and Stability
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