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- What is S(W)AXS?
- How do we do S(W)AXS?

Applications:

-Solution Scattering
-Model membranes
-Grazing Incidence Studies

-Hierarchical Materials
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Otto Kratky
The pioneers of Small Angle Scattering }4

WAXS
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Small — Angle : Supramolecular Envelope
Bragg's law:
sin©/2=A/2d
small O larae d 1(q)
For CuK, 0.154 nm (8 keV) |/ x_ray Ke \
: q
— 20 deg 0.5nm [ 4 k;
| 0.9 deg 10 nm Wolecular Lattice
0.09 deg 100 nm
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SAXS:
peak width (+ shape) — particle size

WAXS:
positions — lattice (type, spacings, strain)
width + shape — particle size

+ lattice strain fluctuations

Courtesy of B. Aichmayer
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Time resolution

Spatial resolution
Sample environment

Availability
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200 s — 30 min 11pus-100s
60 pum- 200 pm 0.1 pm —1 pm
limited almost no limit

40 weeksl/year

2 — 4 weekslyear
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J Parameters
r *Radius of Gyration
Examples: eParticle weight
*Protein solutions «Particle Volume
*Polymer solutions
*Nanoparticles 3
H
Particle Shape
01 02 03 0.4
qA’)
GASBOR, DAMMIN(F), Svergun D.I. et al.
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Scattering curve
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Guinier Range:
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Radius of Gyration e
‘ R? = ir(Apr)d’r
Ellipsoid with semiaxes a,b,c: Sphere with radius r:

a% +b? +¢? R:\F-rzo.ﬁ-r
R:“/f 5
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Scattering Space Function 1
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Transform / max
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Scattering curve Electron Pa'r D|Stance
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General strategy for solving
structural problems with SAXS

XLVI Zakopane, School of
Physics, 16.-21.May 2011

Experimental 1 Structural
data parameters
1(a) R, M, D

4 2
del i 3 Model in
Model in R-space
g-space
Other techniques
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ig(x)  Formfactor
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Dense particles

q

Solution Structure Factor Particle Form Factor
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The “Invariant* Q: Q= >

" 1(@)q’ dg = V(Ap®)

The integral scattering, the ,Invariant’, is equal to the total
irradiated volume times the mean-square electron density
fluctuation — independent of domain shape.

(Debye, Bueche)
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Invariant

o Q has the

Q dimension of
£ areciprocal
= volume

h (nm) -1
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In the case of a two-phase system ( e.g. crystalline/
amorphous polymer), the invariant is related to the

volume fractions ¢, and the electron densities p, and p,

i Sciences

Q L _pa) °¢a¢c

total irradiated
volume
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Towards larger
angles, the
intensity decays
with the fourth

Intensity

(Porod‘s law)

h (nm) -1
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The decay constant k from a two-phase
system is given by

k:“mh4|(h) = 2 c_pa)2

h—o0

K depends on the total inner surface and
the mean-sqgare electron density
fluctuations
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Combining Invariant Q and Tail-End Constant k,
obtained from one single measurement

Kk 27'C'Si

Q o(L-9)

if ¢ is around 0.5, the value of S; is not very sensitive
to variations in ¢.

Combining Scattered Intensity and Invariant Q

2D, Jda-al@ 1
Q [dg-g*-I(a) 27

c
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Substrate Binding Protein Denaturation

Solution Scattering

/

Protein Low

Resolution Structure . .
Protein Interaction

Salt Effects

Nanoparticles
Growth and Modifications
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Insulin Amyloid Fibrils

5 mg/ml in 20% acetic acid with 0.5 M NaCl
A Ig |, relative

T T T

T
0.00 0.05 0.10 015 0.20 s A

B. Vestergaard et al., PLoS Biology 5, e134 (2007)
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A 8 helical oligomers
=> protofilament

B 2 protofilaments
=> protofibril

C 3 protofibrils
=> Insuline amyloid fibril

100A

B. Vestergaard et al., PLoS Biology 5, e134 (2007)
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Membrane Physics

Membranes

/

Drug delivery systems

Cubosomes/Hexosomes

XLVI Zakopane, School of
Physics, 16.-21.May 2011

Lipid Formulations in
Cosmetics - Bicells

Peptide/Model membrane

Lipid/DNA

DNA Delivery Systems
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multilamellar vesicle = 1d crystal

(consists of a stack of bilayers)

R. Bockmann, University of Ziirich.

XLVI Zakopane, School of
Physics, 16.-21.May 2011

peaks from
intraparticle
correlations

q (A"

The problem: peaks + diffuse scattering

What we would like to know:

structure:

* membrane thickness
+ water layer thickness
* lateral area per lipid

mechanical properties:

+ flexibility (bending rigidity)

H. Amenitsch, SAXS beamline @ ELETTRA
& IBN, OEAW, Graz
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structure:

* membrane thickness

+ water layer thickness

* lateral area per lipid
mechanical properties:

+ flexibility (bending rigidity)

00 o1 o2 03 04 0%

G. Pabst, M. Rappolt, H. Amenitsch, P.Laggner, Phys. Rev. E. 62, 4000 (2000).
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Study of Biomimetic Surfaces

Protein Films on Surfaces Surface Chemistry

/

Surface Diffraction &
/ Defects in Lipid Films

Scattering
Self-assembly of Lipid Films

Membrane Physics with
Films

Formation of Lipoplexes on
Surfaces
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Surface Chemistry

OAW

Sustrian Academy

Sketch of the exp. set-
up and 2D diffraction
pattern of POPC and o pp

-2
0.5 M LiCl L o

Sketch and photograph of the
sample cell in transmission
geometry for GISAXS.
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Osmotic Pressure Austrian Academy

... POPC +0.01 mol% Oleyl Alc.
~t +03MLiCI

POPC + 0.1 mol% Oleyl Alc.
+0.3 M LiCl

Amenisch, H., et al., (2004) Langmuir
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Aerosol-Microreactor Mesostructured Si produced by
Evaporation Induced Self Assembly (EISA)*
Droplet (um) *Y. F. Lu et al., Nature
o E i 398, 223-226 (1999).
Humidity l vaporation

Temperature

XLVI Zakopane, School of
Physics, 16.-21.May 2011
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Scientific case

| v=285m ||

CTAB:TEOS:H,0:HCI
molar ratio - 0.14:1:41:0.13
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[Gas inlet

Mesostructured Si produced by Evaporation Induced Self Assembly (EISA)* 5™
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*Y.F. Luetal., Nature 39|8 %23-226 (1999).
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The two density regime model

80 120 160 . .
T p, - silica matrix @)= k[zJ (qu)}
i q
L . . - inner core
model fit using the two density regime model (@R,)
W — . . . : R, — radius of the core, a — cell parameter
R ] $0°C & Silica matrix thickness = (a - 2R,)
= 20F | ® |50 [: -
2 pak \ | 200% 1]TCO | R, (nm) a (nm) Silica matrix(nm)
5 1o} \ (11 4 |80 1.964+0.041 | 4.933+0.001 1.005 £0.043
2 Tko\ . (20
g n,;-\d Y an J k} @] 150 1.8570.035 | 4.666+0.001 0.9516+0.037
£ e ;/ = U“ —': —;[;- 200 1.868+0.037 | 4.664+0.001 0.9282+0.039
q (1/nm) . ¥ . '
1.Shyjumon et al., Langmuir, 2011 37/45
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» Temperature profile inside the dryer
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Dryer

K.Jungnikl, et al.,
Aerosol Science &
Technol. (2010)
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to track the possible phase changes of silica
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Hair/Keratin
Human Aorta Single Muscle Fibers
Hierarchical Materials
Cartilage / \
Tendon Collagen
Bone
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Model OAW

Macroscopic Micro- and nano- Auntron Scadomy
response structure
* geometriC deformation e fiber — matrix Composite
* stress - fiber alignment
* strain - fiber strain
Collagen -
030 —T———T— The most abundant protein
NE 0251 /| ..Diarrleler of
e Collagen molecule F5E%
E 0.20+ - 1.3 nm .‘\1\;{
\g 015+ - Cedtagen fibril “E."EE_‘-‘-’-::' g
g 010k i 50 - 500 nm \ §
g 0.05- N Fascicle ;‘%ﬁ ,
? 0.00 : PR B 50 - 300 ym
0.00 0.04 0.08 0.12
Strain g (1) Tendon fibre %Q
100 - 500 pm g I G
\ 9 o
R

P. Fratzl, Current Opinion in'Colloid and Interface Science, 2003
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Biomaterials: Human Arteries »IBI)
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Stress (N/mm?2)

Sigma of fibre orientation (°)

ain d-spacing (%)

— Straightening

Schmid,F et al., J.Synchr.Rad, (2005)

100pum

H. Amenitsch, SAXS beamline @ ELETTRA
Physics, 16.-21.May 2011 & IBN, OEAW, Graz 41/45

Who are we?

“eIBI I

OAW

Sustrian Academy
of Stiences

sy | - 1

INETITUTE OF BIOPHYSICS AND
MANDSYSTEMS RESEARCH
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H.Amenitsch  B.Sartori ~ M.Rappolt S.Bernstorff C.Morello
Nuc.&Growth, Alig. Systems Lipids, Non Lamellar Systems GISAXS,
Lipids, Biomaterials Drug Delivery Systems Quantum Dots
- 5 =)
-_v' | J
F.Schmid* F.Cacho B.Marmiroli I.Shyjumon* K.Jungnikl* D. Jozi¢
NSF- Human Arteries ~ EU-Project SAXIER  EU-Project NFFA Geopolymers

Microfluidic Scattering in Gasphase (*)former members of the group
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SAXS:
- What is S(W)AXS?
- How do we do S(W)AXS?

Applications: Human
-Solution Scattering Arteries

-Model membranes 2
-Grazing Incidence Studies : S
-Hierarchical Materials

pFluidics Optical Tweezer

Sample cel .l'“ Xermy detecior

microbeam
Degrees of
trasdom for
manipulasen

Mutsple OT

Channels 20 x 50 uym
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