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TopicsTopics::pp

1 Basic concepts of the X1 Basic concepts of the X‐‐ray analysisray analysis1. Basic concepts of the X1. Basic concepts of the X‐‐ray analysis.ray analysis.

22 Bruker AXS NanoStar with HiStar 2D detectorBruker AXS NanoStar with HiStar 2D detector –– constructionconstruction2.2. Bruker AXS NanoStar with HiStar 2D detector Bruker AXS NanoStar with HiStar 2D detector  construction, construction, 
advantages, analytical possibilities.advantages, analytical possibilities.

3. The use of 2D WAXS and SAXS in various areas of materials 3. The use of 2D WAXS and SAXS in various areas of materials 
sciencescience‐‐ examples.examples.

4. The use of Bruker NanoStar in SEMAT 4. The use of Bruker NanoStar in SEMAT –– organization issues.organization issues.

5. Discussion5. Discussion



Absorption of XAbsorption of X‐‐rays: visualizing the rays: visualizing the 
big invisiblebig invisiblegg

X i it t l
Radiography of human scull

X‐rays in security control

Phase contrast due to different
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Phase contrast due to different 
absorption capability



Scattering of XScattering of X‐‐rays: visualizing the subrays: visualizing the sub‐‐
micrometric structuremicrometric structuremicrometric structuremicrometric structure

PolymersPolymersPolymersPolymers

Biological materialsBiological materials

Metals, alloysMetals, alloys

NanopowdersNanopowders

Solutions with sufficient Solutions with sufficient 
scattering volumescattering volumegg

P tt d b thP tt d b th t t b t t d i ti tht t b t t d i ti thPatterns caused by the nanoPatterns caused by the nano‐‐structure but not depicting the structure but not depicting the 
sample morphology directly !sample morphology directly !



Combination of real XCombination of real X‐‐ray images and ray images and 
patternspatternspatternspatterns

XX‐‐ray scan of sliced rat femurray scan of sliced rat femur
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““NanographyNanography””



What are XWhat are X‐‐rays?rays?

11.. HighHigh‐‐frequencyfrequency ((10101616 –– 10101818 HzHz )) electromagneticelectromagnetic radiationradiation causedcaused byby aa changechangegg q yq y (( )) gg yy gg

inin thethe momentummomentum ofof aa chargedcharged particleparticle (e(e..gg..,, electron)electron) byby::

‐‐ BombardingBombarding aa metalmetal targettarget byby highhigh‐‐speedspeed electronselectrons (vacuum(vacuum tube)tube);;BombardingBombarding aa metalmetal targettarget byby highhigh speedspeed electronselectrons (vacuum(vacuum tube)tube);;

‐‐ AcceleratingAccelerating electronselectrons inin vacuumvacuum andand suddenlysuddenly changingchanging theirtheir pathpath

(synchrotron)(synchrotron);;(synchrotron)(synchrotron);;

‐‐ DeceleratingDecelerating electronselectrons byby specialspecial coatingscoatings (old(old TVTV screens)screens);;

‐‐ NuclearNuclear explosionsexplosions andand cosmiccosmic eventsevents..

22.. InIn agreementagreement withwith thethe wavewave‐‐photonphoton dualism,dualism, XX‐‐raysrays cancan bebe consideredconsidered eithereither asasgg pp ,, yy

packagespackages ofof waveswaves oror asas fluxflux ofof photonsphotons..

33 XX‐‐rayray havehave extremelyextremely highhigh penetrationpenetration abilityability MostMost materialsmaterials (with(with thethe
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33.. XX‐‐rayray havehave extremelyextremely highhigh penetrationpenetration abilityability.. MostMost materialsmaterials (with(with thethe

exceptionexception ofof thethe heaviestheaviest metals)metals) areare transparenttransparent forfor themthem..
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Setups for XSetups for X‐‐ray studies:ray studies:

Grazing incidence Bragg - BrentanoBragg Brentano

www.gisaxs.dewww.gisaxs.de

Transmission 
mode
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XX‐‐ray experiments: WAXS and SAXSray experiments: WAXS and SAXS

WAXSWAXS
diffraction at crystal lattice 
diffraction angles: 2‐170°

SAXSSAXS
scattering at particles or

diffraction angles: 2 170

scattering at particles or 
electron density changes 
scattering angles: 0‐2°

incident
X‐ray beam

d

X ray beam



Setups for XSetups for X‐‐ray studies:ray studies:
WAXS and SAXSWAXS and SAXS

beamstop

WAXS and SAXS WAXS and SAXS 

x‐ray
beam specimen

x‐ray
source

x‐ray
optics Short SD 

distances - WAXS
Detector

4 10 cm

distances WAXS

4-10 cm

Large SD 
distances - SAXS

80 - 106 cm
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Bruker AXS NanoStar Bruker AXS NanoStar –– Key Key 
ComponentsComponents

X‐ray source with 
X‐coupled Göbel Mirrors

Components Components 

X‐coupled Göbel Mirrors

Sample chamber
2‐D detector
And beam stop

Versatile Pinhole
optics

p
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Bruker AXS NanoStar Bruker AXS NanoStar –– Key Key 
ComponentsComponents

X‐ray source with 
X‐coupled Göbel Mirrors

Components Components 

X‐coupled Göbel Mirrors

Sample chamber
2‐D detector
And beam stop

Versatile Pinhole
optics

p
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Bruker AXS NanoStar Bruker AXS NanoStar –– SchemeScheme

X-ray 
Ssource Beam StopXY-Stage

Cross coupled Pinhole system Sample Evacuated DetectorCross-coupled
Göbel Mirrors

Pinhole system Sample Evacuated 
beam path

Detector

Distance 1st – 2nd pinhole: 92.5 cmp
Distance 2nd – 3rd pinhole: 42.8 cm

(3‐pinhole geometry based on an idea by Prof. Jan Skov Pedersen, Univ. Aarhus, DK)( p g y y , , )
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Bruker AXS NanoStar Bruker AXS NanoStar –– Goebel MirrorGoebel Mirror

Goebel Mirror: producing low divergence, parallel XGoebel Mirror: producing low divergence, parallel X‐‐ray beamsray beams

•• graded multilayer (e.g. W/Si or Ni/C)graded multilayer (e.g. W/Si or Ni/C)

•• bent or prebent or pre‐‐figured parabolically for parallel beamfigured parabolically for parallel beam

•• bent elliptically for focussed beambent elliptically for focussed beam
17



Bruker AXS NanoStar Bruker AXS NanoStar –– Slit SystemSlit System

X-ray 
Ssource Beam StopXY-Stage

Cross coupled Pinhole system Sample Evacuated DetectorCross-coupled
Göbel Mirrors

Pinhole system Sample Evacuated 
beam path

Detector

Distance 1st – 2nd pinhole: 92.5 cmp
Distance 2nd – 3rd pinhole: 42.8 cm

((33‐‐ppinhole geometry based on inhole geometry based on an ideaan idea by Prof. Jan Skov Pedersen, Univ. Aarhus, DKby Prof. Jan Skov Pedersen, Univ. Aarhus, DK))
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Bruker AXS NanoStar Bruker AXS NanoStar –– Resolution and Resolution and 
IntensityIntensityIntensityIntensity

pinholesamplesample
detectordetector

Area A
pinhole
scattering

sourcesource
samplesample

divergence α1

primary
beam

divergence α2 Pixel

Optimum: Optimum:  Resolution: Resolution: αα = = αα11 + + αα22

αα11 = = αα2 2 = = αα / 2/ 2

II AA 44 / 16/ 16

Intensity: I Intensity: I ∝∝ A A αα11
22 αα22

22

I I ∝∝ A A αα44 / 16/ 16
Hendricks J. Appl. Cryst. 1978) 19



Bruker AXS NanoStar Bruker AXS NanoStar –– Maximum Maximum 
ResolutionResolution

x
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q q denotes the scattering range in the reciprocal spacedenotes the scattering range in the reciprocal space

minq

RRmaxmax gives the resolution limits of the NanoSTAR in real spacegives the resolution limits of the NanoSTAR in real space

 



Bruker AXS NanoStar Bruker AXS NanoStar –– Resolution and Resolution and 
SDSDSDSD

100 mm

WAXSWAXS

40 mm

650 mm

MAXSMAXSMAXSMAXS

21



Bruker AXS NanoStar Bruker AXS NanoStar –– Resolution and Resolution and 
SDSDSDSD

106106 cm

SAXSSAXSSAXSSAXS

Typical resolution for the NanoSTAR with Cu radiation:Typical resolution for the NanoSTAR with Cu radiation:

Distance 
Sample – Detector Accessible q‐range

Attainable 
Resolution Rmax

1060 mm qmin = 0.008 Å‐1 Rmax = 785 Åmin max

650 mm qmin = 0.01 Å‐1 Rmax = 628 Å

100 mm 0.07 Å‐1 – 3.00 Å‐1 3 Å ‐ 200 Å

40 mm qmax = 2.8 Å‐1 Rmin = 2 Å
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Bruker AXS NanoStar Bruker AXS NanoStar –– Sample Sample 
EnvironmentEnvironmentEnvironmentEnvironment

X-ray 
source Beam StopXY-Stage

Cross-coupled
Göbel Mirrors

Pinhole system Sample Evacuated 
beam path

Detector

Distance 1st – 2nd pinhole: 92.5 cm
Distance 2nd – 3rd pinhole: 42.8 cm
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Bruker AXS NanoStar Bruker AXS NanoStar –– Sample Sample 
EnvironmentEnvironmentEnvironmentEnvironment

sample 
holder 
frame

ideal sample thickness:

IsI0 t = e ‐μ.d = Is/I0

sample 
holder plate

dideal =  1/μ

sample typical thickness
polymers 2 mm
H2O solutions 1 mmH2O solutions 1 mm
wood 200 μm
metals 30 μm

24



Bruker AXS NanoStar Bruker AXS NanoStar –– Sample Sample 
EnvironmentEnvironmentEnvironmentEnvironment

Quartz Cuvettes

A microliter syringe is 
used to fill the sample 
into the cuvette.

Sample holder for 
controlled 
heating/cooling between g/ g
30‐300ºC
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Bruker AXS NanoStar Bruker AXS NanoStar –– Structure Structure 
investigations in polymersinvestigations in polymersinvestigations in polymersinvestigations in polymers

Types of X – ray 
experiments

Absorption by the material
(X‐ray defectoscopy)

Inducing of secondary X‐ray 
radiation in the material( y py)
(X‐ray spectral analysis)

Diffraction by the 
crystalline lattice
(WAXS and SAXS)



Bruker AXS NanoStar Bruker AXS NanoStar –– Structure Structure 
investigations in polymersinvestigations in polymersinvestigations in polymersinvestigations in polymers

Diffraction by the 

Types of X – ray 
experiments

y
crystalline lattice
(WAXS and SAXS)

Absorption by the material
(X‐ray defectoscopy)

Inducing of secondary X‐ray 
radiation in the material

Structure determination by X-
ray scattering methods( y py)

(X‐ray spectral analysis)
ray scattering methods

Diffraction by the 
crystalline lattice
(WAXS and SAXS)

Crystalline 
lattice 

parameters 
(WAXS)

Transcrystalli-
zation and 

polymorphism 
(WAXS)

Lamellar 
organization 

(SAXS)

Degree of 
crystallinity

Orientation of 
the crystallites Size of the 

(WAXS) (WAXS)

crystallinity
(WAXS)

the crystallites 
(WAXS, SAXS)partciles

(SAXS)



XX‐‐ray experiments: WAXS and SAXSray experiments: WAXS and SAXS

WAXSWAXS

SAXSSAXS

d



Orders of magnitude in polymer Orders of magnitude in polymer 
nanostructurenanostructurenanostructurenanostructure

Kepler & Anderson, Adv. In Physics, 1992, 41, 1, 1-57  



Orders of magnitude in polymer Orders of magnitude in polymer 
nanostructurenanostructurenanostructurenanostructure

kebabkebab

shishshish
stacked lamellaestacked lamellae

Lamellar structure and orientation – 2D SAXS



Orders of magnitude in polymer Orders of magnitude in polymer 
nanostructurenanostructurenanostructurenanostructure

Crystallite structure and orientation ‐WAXS



Models of lamellar nanostructureModels of lamellar nanostructure

kebabkebab

shishshish
stacked lamellaestacked lamellae

For more information see the index page of Prof. N. Stribeck at 
http://www.chemie.uni‐hamburg.de/tmc/stribeck/focus/index_e.html



Bruker AXS NanoStar XBruker AXS NanoStar X‐‐ray data station ray data station 
‐‐ SummarySummarySummarySummary

In WAXS modeIn WAXS mode: 
( ) ll h l diff d l di l d(+) all what a normal diffractometer does plus studies related to 
orientation of the crystalline phase.  

(‐) Limited 2Θ range.

I SAXS dI SAXS dIn SAXS modeIn SAXS mode
(+) particles size and size distribution;
(+) particles shape (spherical cubic cylindrical )(+) particles shape (spherical, cubic, cylindrical…)
(+) orientation
(+) main distance between particles….

(‐) Skills and additional software needed for rigorous data 
l tievaluation.



Some practical hints for the users:Some practical hints for the users:

1.Changing the setup:1.Changing the setup:
‐ 2 weeks for WAXS setup, 2 weeks for SAXS setup
All 1 ti d f th h‐ Allow 1 entire day for the change. 

2. “Machine studies”:2. “Machine studies”:2.  Machine studies :2.  Machine studies :
‐Allow 2 more days per month for optical system adjustments, 
calibrations, machine testing and maintenance.

3. Booking the equipment:3. Booking the equipment:
‐ In a weekly users’ meetingIn a weekly users  meeting 




