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Sawyer et al., J Adat. Sci. (1993) 28, 225
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scope of micron and submicron beams
status and possible evolution of microSAXS/WAXS cameras

controling and probing of small sample volumes
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ESRF ID13 beamline: focal spots
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SEM: dragline silk fiber
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Micro-SAXS/WAXS
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[ dry collagen

combined SAXS/WAXS on single detector

requires microbeam and high resolution CCD :
Riekel et al., J Appl. Cryst. (2000) 33, 421 ,
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SAXS camera comparison

ESRF-ID13 5 pum beam (13 keV/Si-111)
1:2.3 refractive lens focus + collimator
divergence = 50 urad
Enes = 0.045 nm’!
flux =5%10° ph's

ERL; . 0.9%1.2 pm’ beam (15 keV/Si-111)
1:10 KB-mirror focus

divergence  181,*107_ prad
Qi =0.012 nm’!
flux =1.1*101  ph's

many applications in complex
fluids, colloidal phase
transformations, onset of
crystallization processes ...

consider focusing camerd
with pinhole geomeiry
covering range of Bonse-
Hart camera

* reduce divergence
* pelax on beam size

* increase band width

ERL; ,, S pm beam (15 kev/Si-220)
unfocused + collimator

divergence 17.6,*14.1, prad?
flux = 2.5*10% ph's

ERL-NANOSOFT

F
271 0C N

Bonse-Hart camera: 6

107 102

Pontoni ef ai. PRL (2003) 90, 188301-1

cluster formation

silica spheres (R ~ 67 nm)
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David et al., PSI

zone width: =100 nm

lens diameter:  200,(140)* 50, (25) um Nohammer et al., APL (2005) 86, 163104
focal spot: 3004300 nm? routinely used; 140 nm demons ERL - 100:1 —» 118 nm beam
divergence: 1 mrad divergence= 1.4 mrad

Qnin >0.1 nm' Quin ~ 0.12 nm’!
flux: 1%1010 ph/s (Si-111; 12.7 keV) flux =101 ph/s (Si-111; 15 keV)




Spherulites

mesh-scan: 3%3 i’ grid

ERL-NANOSOFT

lameliar rotation
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3 pm beam: 10 sec/frame

Gazzano et al., Macrom. Ch
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mfcmscopy prospects ESRF

ERL-NANOSOFT

time: 1.1 sec — 36000 frames in 11 hours

muiltiple composite image collection: texture analysis, slow crystallization,
iocomposite materials, local deformation...

REQUIREMENTS
* fast scanning mode: scan sample or focal spot?
* detector: single photon counting detector with fast readout; preferably pixel detector

* goftware: on-line data analysis and display




wcidence microSAXS (microGISAXS) %
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ﬁu evaporation: cluster gradient generation

5 pm beam
a=12 mrad

footprint: 415 pm

detector plane

accessible: diameter, height, distance of clusters




NanoGISAXS e

footprint (@ 12 mrad: =25 pm

/F=13um

beginning
of gradient

TDORBDBDBDE® e

PS layer

S1 substrate



Potential nanoGISAXS applications

beam = 100 nm

divergence =1 mrad

footprint <20 pm

ERL-NANOSOFT

lighter atom surface layers (e.g. proteins), surface layers on fibers, confined environments

Hel.a cell by fluorescence
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nmary of possible ERL SAXS/WAXS optics

t size and divergence: adaptable to sample requirements

modular optics: on axis focusing, possibly by refractive lenses
complimentary add-on optics: for special (e.g. coherency) applications
*  beam size: from m to 107 of nm

*  beam divergence: from mrad to a few prac

* camera length: >700 m in order to obtain working distance for the smalle



scope of micron and submicron beams
status and possible evolution of microSAXS/WAXS cameras

controlling and probing of small sample volumes
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s: microdrop starch granule hydration %

E530 -50 pum drops

%200 pm in ~0.1 msec




retics #4

| R
ﬂ 2Hz = 50 drops*®65pL ESRF

] ERL-MANOSOFT
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Lemke et al., Biomacromofecuies (2004) 5, 1316



Microfluidics: mixing by microdrop generators

ERL-NANOSOFT

"

piezocontrol A#
unit *
@ ®
X-ray beam
triggered SAXS At T Y
CCD 3

* up to 2000 Hz dmp generatinn
*  turbulent mixing

* conformational changes

* onset of precipitation reactions



wellar mixing by microfluidic device

e
o
(SRF
6.3 T 3.0 T ' Y
-
- 1
sphate buffer i ’E‘ I E {
G o ! st 4
g oy .
= i
cytochrome ¢

SCOPE and POTENTIAL
HCl pH 2

* phase transformations, micro-rheology
| * online biology & chemistry
phbsphate Quffer * higher brilliance beams: lateral scans, interfaces
pH7 * integration of micro-sernsors and micro-analysis tools
i
50 um

compactation of protein by SAXS
Pollack et al., PNAS (1999) 96,10115




ed SAXS: stopped flow mixing %

* rapid mixing of reactants in turbulent flow through mixers

* quartz capillary (wall thickness 10 gm, diameter 1.5 mm)

* dead time =4ms

,-.t--"-
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Exit




2d SAXS: stopped flow mixing Hoi

M, + M, witilin 4 ms qfter mixing

: ._.“.."d__ t M, (C;F,5CO,Li; 50 mM)

Ay 1 M (€ HN(CH),0; 50 2
®, ; & O
= 1073
E ik
104,
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ESRF ID02: 100 um beam

s Eran’

ESRFE

ERL-NANOSOFT

disk-1ike micelles with:
radius=7.5 nm; height=4.8 nm

are formed within the

mixing time (< 4 ms)
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nanipulation with optical tweezers _T

ERL-NANOSOFT

@B Amenitsch et al. Graz

[ advanced technology and nanoscience

T A SCrsae, Cﬂjjoc et al.

tecnologle @vanzate & nanoSCienza Trl ESte

7
7:

optical tweezer set-up at the ID13
beamline including capillary holder,
syringe pump and top microscope.

Amenitsch et al., SRI-2006 procedings




image of the two trapping spots A, B in
the capilliary, under which two clusters of
POPE liposoms have been trapped (not
seen due to the intense IR fight). A non
trapped cluster is also indicated

Palmitoyi-Olevi- Phosphatidylethanolamine

y

Intensity fa.u

cal tw eezers

600 - 1% order (d=5.29 nm)

500 —

[ £ I

= = o

= = =
| l |

e

0.8 1.2 1.6

diffraction pattern obtained from a 10
um large clhuster of liposomes with an

about 1 jm beam.
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sample environments

i

1"

atﬁ:)ﬂdamage effects can be limited by active scanning of sample through
‘beam or microfluidic systems

* mixing of nano/picoliter volumes by microfluidic systems can give access to
subms timescales
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