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A History of Innovation

2007  GISAXS: first laboratory GISAXS-system
2006 S3-Micro : first point-focusing microfocus SWAXS
2005  sAXeye: first modular 1- and 2-D family

2003 System3 with new optics and sample rotation
SpinCap

1997 EuroSAX: first industrial on-line SAXS

1992 First SWAXS system on the market

© Hecus X-Ray Systems GmbH, Reininghausstrasse 13a, 8 020 Graz, +43 (0)316 48 11 18, office@hecus.at



Overview

System 3

S3-MICRO

The Principle

The Optics

Examples

GISAXS

Measurement

Realization

Hecus

© Hecus X-Ray Systems GmbH, Reininghausstrasse 13a, 8 020 Graz, +43 (0)316 48 11 18, office@hecus.at



© Hecus X-Ray Systems GmbH, Reininghausstrasse 13a, 8 020 Graz, +43 (0)316 48 11 18, office@hecus.at




The Nanoanalytics Family: Modular - Versatile - Comple te
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Modular System

The modular system architecture allows to choose th e optimal
configuration for any needs and budget

SAXS 1D-PSD-50M and/or 2D-CCD

SWAXS 1D-PSD-50M and/or 2D-CCD

Customers can upgrade any Hecus System3
configuration to S3-MICRO.
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Complete System Integration

All functional and supporting elements are integrat ed within one central
control unit based on LabView.

Ease of operation.
Automatic measurement.
Data acquisition in serial measurement.

E.g. temperature series or high-throughput

1-D and 2-D pattern evaluation, ready for presentat ion, is provided by a complete
software package, which includes data evaluation fo r standard SAXS parameters,
such as patrticle size (radius of gyration), specifi c inner surface and average pore size.
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Bridging the Gap

Synchrotron SAXS

Best rotating-anode SAXS

Brilliance

Line-collimation SAXS

© Hecus X-Ray Systems GmbH, Reininghausstrasse 13a, 8 020 Graz, +43 (0)316 48 11 18, office@hecus.at



The S3-MICRO CAMERA

Point-focusing
multilayer mirror

S3-SWAXS camera and
collimator vacuum body

—\WAXS 1D-PSD-50M

50 W -
microfocus ——————— ¢ . e—— SAXS SAXeye 2D-CCD
X-ray source ° or 1D-PSD-50M

Semitransparent beamstop

Sample port
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S3-MICRO Workstation
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S3-MICRO Optics

Highest SAXS Resolution with Compact Camera Size
Key factors
Micro-source size - point focusing

Small beam footprint at detector

High detector resolution
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Point-Focus: True SAXS

Direct analysis of size & shape - no desmearing requi  red
2-D scattering patterns of oriented nanostructures

Grazing-incidence SAXS — GISAXS: nano-film structure
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Fields of Application

R&D

In structural biology, proteomics, nanomaterials,
nanoparticle sizing, thin films, liquid crystals,
phase transitions, heterophase characterization etc.

Quality control

wherever nanostructure counts for product value and
certification

PAT

process analytical technology in pharmaceutical industry
— on-line or in-line process monitoring
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The S3-MICRO Advantage at a Glance

Beam size at sample: 50 x 200 pm?2
Photon flux : up to 2x108 photons/s*

Performance Point focus at detector - monochromatic
SAXS resolution: ;... 3x103 A1
Compactness The most compact SAXS/SWAXS system available:
~ 2 m? bench size
Anode power < 50 W**
No external water cooling
Economy

Low costs of ownership
Modular system architecture — optimally adaptable

* >10 x higher than conventional rotating anode systems
™10 — 100 times less than conventional sealed tube or rotating anode systems
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>
0-5°
SAXS
Nanosized
objects

> 5°

WAXS/XPD

Atomic structure

17

© Hecus X-Ray Systems GmbH, Reininghausstrasse 13a, 8 020 Graz, +43 (0)316 48 11 18, office@hecus.at



50 -
WAXS
40 -
JE—
pE—

Molecular Lattice
Unit Cell Dimensions
Symmetry

Nano-Envelope
Size / Shape

N SAXS

angle (degrees)
N
o
|

10

! ! ! L ! ! L |
10 100 1000
distance (A)

The resolution ( Dy, ) needs to be much better for SAXS than for WAXS.
Conventional diffractometers are insufficient.
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Example: Porous, Semicrystalline Powder

Specific inner surface, pore size

SAXS

Molecular crystal structure

WAXS
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SWAXS — Simultaneous SAXS and WAXS

SAXS WAXS

crystalline

Nanometric
-~ density
fluctuations

Jl/\ amorphous

150 nm 1 10  Angstrom 3
Nanoscale pores/ Atomic / molecular
particles order/disorder
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Complete 3-D Information

Point-focussing SAXS Optics

Scattering by
anisotropic i S
sample

2-D pattern:
symmetry,

Point-beam : :
dimensions

orientation, cell

Scattering by
isotropic e
sample

2-D pattern:

particle / pore
size, shape,
inner surface

Point-beam
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Point-focusing SAXS Optics

‘True SAXS’ - No Slit Smearing

Scattering by
Isotropic
sample

2-D pattern:

particle / pore
size, shape,
iInner surface

Point-beam

Scattering curve

intensity

v

angle
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Limit of SAXS Resolution

The limit of SAXS resolution at small g-valuesisd  etermined by
(a) detector resolution — pixel size, point-spread fu nction
(b) primary beam footprint at the detector

Hecus S3-MICRO;
o pixel ~ 50 um (PSD), or 43 um (CCD)

N
N
N
N
N
N
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* point-spread function ~ 100 ym
e beam footprint ~ 100 pm FWHM

N
N
N
N
N
N
N
N
>

* 2Q,in = 0.5 mrad
*Omin = (Zpyl ) 2Qmin =2.10° A3

Small camera length (a ~300 mm) is achieved by the
small focus size and matching pixel size.
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Comparison of different beam geometries

Hecus S3-MICRO
Convergent beam (<1 mrad) Parallel Beam"

Focus at detector

Detector pixel sees every ray from the correct 2q

Detector pixel sees rays from different angles

Pin-hole collimation

, Focus at sample
Divergent Beam

O

m

m sample

% ~ \

ors
-
S e —

Detector pixel sees rays from different angles Rays with the same 2q are seen at different

pixels
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... heither parallel beam,
... hor pin-hole collimation,

... hor focus at sample are optimal for SAXS

signal distortion

Variation of detector position provides no advantag e.

Older, non-focusing cameras have used variable camera lengths, because of:
large pixel size
larger beam footprint

single-detector operation
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SAXS/SWAXS Range

S3-MICRO covers:

the full SAXS range
between 2000 A and 10 A in one detector (1-D or 2-D)

the WAXS range simultaneously

* by a separate linear detector with adaptable measur ing time
for different signal strengths,

* by 2D-CCD and variable sample-detector distance, wi  th
constant camera length.
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Examples for True SAXS vs. Line-Collimation

Line-Collimation
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0.2 - 0.2 -
0.0 raaadlaaaaly - 0.0 ) raadlaaaalay .
0.0 0.1 0.2 0.4 0.5 .0 0.1 0.2 0.4 0.5

q (1/A) q (1/A)

Monoolein (1-oleoyl-2-glycerol ) in excess water
T =20C lattice =Pn3m a=94A
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Examples for True SAXS vs. Line-Collimation

Line-Collimation
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0.8 | - 0.8 .
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q (1/A) q (1/A)

Silver stearate d = 48.68A
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Examples of S3-MICRO's Superior Performance

The first orders of rat-tail tendon (S3-MICRO)

:|_()5':l beamstop

(d = 660 A)
n=1 S3-MICRO at 50 W
10™

-
S
210° -
5 10°1 9
[
< n=20

10°1

l 1 | )
1000 01 0.2
q (1/A) .
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2D-SAXS with SAXEye-07: Collagen

Reflection order

Reflection order

=
=
>

©
5

R — gth

@
5

— 6th —— 6th
———

~——— Jrdl

— — &

e — st —

beamstop beamstop and 1 st

Rat-tail-tendon dry: d = 660 A
1st order reflection: g = 0.00952 A -1
Exposure: 10 min
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2D-SAXS with SAXEye-07

GISAXS Mode Transmission SAXS Mode
<
-0.3
0.2
~0.1
~0.0
Lipid rhombohedral phase (DOPC) Porous silica powder
on Si chip, dry/vaccum (hexagonal, d=46.4 A)
10 min exposure 2 min exposure
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Examples of S3-MICRO's Superior Performance

Second-time Resolution

2D-CCD pattern of liquid detergent — flow
oriented

d=40.2A
exposure : 10 s

SAXS Resolution up to 2000 A

Rat-tail tendon d = 660A

1000 s exposure

34
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Lupolen measured with S3-MICRO at 50W

(exposure: 100s)

5000 it
] Beamstop at 2000 A
B
3 -
9’/3000— —
Py
Z ]
£ 2000 - 5
+ -
£
1000 —
O t—r——"—TT—— T N
0.00 0.05 0.10 0.15 0.20

a (1/A)
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High-Resolution SAXS on Dilute Systems

Detergent Micelles (1 %) in Water

Scattering Curve o
(background-subtracted) Guinier-Plot of Raw-Data

(0.007 < q<0.3A%Y) (background-subtracted)

250 PO SN W W [N YN YT U U WO WO Y N [N YO TN SN U WO WO W W NN MO

200 R,=34A

]
(@]
]

intensity (a.u.)
o
o
|

50

0.00 005 0.10 0.15 0.20 025 0.30
a (1/A)
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High-Resolution SAXS on Porous Silica (1D-PSD)

2-D hexagonal with d = 46.62 A

™~

Beamstop at
1600 A

Porous silica; S3-Micro: 50 W; Hecus PSD-50M
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Sample Rotation

Sample rotation avoids preferential orientation effect s and enhances signal-noise
ratio, for LC or powder samples

%
*
SWAXS scanning of phase tra) iti(gns

& (

300 s/ Frame
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GISAXS...

... provides information about the depth density profi le and the in-plane
density heterogeneities of thin films

40
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GISAXS

2. BP
_ LS
Oriented \ > 1. BP
multilayer -— |sotropic

liposome

YW¥ scan
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Electron Density Mapping with 2D-GISAXS

GISAXS Mode

A .

<
(e

—0.3

0.2

- 0.1

~0.0

DOPC dry/vaccum
10 min exposure
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GISAXS QC-Application

In mesoporous thin-film synthesis

Im3m Fmmm

Partly oriented mesoporous Titania (TiO2) thin films
substrate via Evaporation-Induced Self Assembly (El

templating agent.
After the deposition, two thermal treatments at 80°

performed.

were synthesized on 20 um thick silicon
SA), using surfactant Pluronic F-127 as

C (sample A) and 120T (sample O) were

43
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1D GISAXS in Laue Geometry

Finger-printing for QC Purposes

Samples were measured in the SAXS range in Laue con dition at 5°grazing angle for 1 hour. No
absorber is needed for specular reflection.
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Thin Solid Films - Reflectometry
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Thin Solid Films - Reflectometry

Positive interference between the reflected and
the refracted beam occurs when:;

46

© Hecus X-Ray Systems GmbH, Reininghausstrasse 13a, 8 020 Graz, +43 (0)316 48 11 18, office@hecus.at



Thin Solid Films - Reflectometry

LB films: Stearic Acid on 50 nm Au Surface

S3-MICRO 50
Watt

Exposure time:
1000 s

Detector: 1D-PSD-
50M .

29
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Thin Solid Films - Reflectometry
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Thin Solid Films - Reflectometry

d =50.1 nm
1.97 nm
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High-Throughput Screening with SAXS

Searching targets for anti-viral therapy

T o7

Viral Fusion Protein: Membrane-Peptide

Viral entry: Viral Fusion s :
creening

Membrane Fusion Protein

Cooperation with Ana J. Perez Berna and Jose Villala  in, Murcia, Spain
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High-Throughput Screening with SAXS

\

Host

Membrane

Viral Membrane

25°

45°

70°

197-214

260-277

274-298

309-326

351-368

25°y

400-417

435-452

547-564

603-620

708-725

45°

J—

70°

........

" umm

EreTI\/I

(1
R A

Fusion Helpg
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High-Throughput Screening with SAXS

Screening of Peptide Library with Differential scan ning calorimetry and
Small-angle x-ray diffraction (SAXS) are a suitable  techniques for finding
regions that promoted non-lamellar phases.

Fusion Peptide

~

/

PreTM

The region 603-620, fusion helper, 274-298, fusion peptide, and 309-326, PreTransmembrane
dominate as a entry target against HCV.
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S3-MICRO Utilizes Three Ideal Elements

3 +
Small source size, optimal Pomt-focusl at detector
brilliance plane Ultimate SAXS resolution
Cu- or Mo anode, max. 50 W FOX 2D X-Ray mirror Xenocs Asymmetric W-block
microfocus (Genix, Xenocs, (Grenoble) collimator, no pin-holes

Grenoble)

In combination with the semitransparent beam-stop u nit this provides ultimate SAXS intensity and
resolution.
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A Wide Range of Sample Environments

Programmable T-control units covering -20 to 300 €

RheoCap: Flow-through capillary cell

SpinCap: powder or liquid sample rotation

Window cell for pastes and powders

GISAXS attachment for grazing-incidence SAXS

High pressure cell up to 2 Kbar (200 Mpa), optional

55
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Flexible Choice of Detector Systems

Whether 1D linear and/or 2D area detector is prefer  able

Hecus S3-MICRO offers all options and combinations

56
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S3-MICRO Installation Requirements

Generator power 110/220 V or 24 V | max 50 Watts
Room temperature 20-25 C
Detector gas for PSD 50 Ar/methane 90/10
Dry vacuum pump* 110/220 V
Peltier chiller* 110/220 V
Total working area ~ 4 m?

* supplied with the system
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Research Collaboration

Hecus X-ray solutions are the result of intense res  earch collaboration
with world leading expert groups in the field of SA XS/ISWAX.

Among them the Institute of Biophysics and Nanosyst ems Research of
the Austrian Academy of Sciences with its Synchrotr on SAXS
Outstation at Elettra Trieste.
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Hecus X-Ray Systems GmbH
Reininghausstrasse 13a
8020 Graz
AUSTRIA
Phone: +43 (0)316 48 11 18
Fax: +43 (0)316 48 11 18-20

E-mail: office@hecus.at

www.hecus.at
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