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standard X-ray tube {upper, left)] was developed by Coclidge around 1812,
Lation s set by the maxbourm power a cooled metal anode can withstand,
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, £ The trajectory of an electron is approximated by a circle of rading p. The radiation
is confined to s narrow cone with an opening sogle of 179 around the instantaneocus velocity.
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‘The brilliapce specirum from a bending saagoed, normalized by the sguace of

the electron eoergy and the bewnn curvent. The abecissa is o =l ({(Prargt. Le, the photon
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=) CS&VLJM’OW moﬁf«x/&w Sc“w@
[/W(Mjbf/( - wcm

coq(/l‘wug



lnsz/y\'im" (05 - | reanc “‘Z %;M

(a) Wiggler
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(b) Undulator

Top view

AN ‘/

Side view
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.. ¢t Rediation from a wiggler (top) and from an undulator {bott.am} The difference
in the pm'ﬁorma.nca of these devices arises from the difference in the masimum angle of the
aloctron oscillations in the borizontal plane: K is around 20 for a wiggler, and 1 for an
undulator The _consequence is ttmt t;he radxauon cone from an undula,tm- is wmprassed by a

radmt.lan, 1/4. The number of mmods N is typlcally &ruund 50,
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Several aspects of an X-ray source determine the quality of the X-ray beam
it produces. These aspects can be combined into a single quantity, called the
brilliance, which allows one to compare the quality of X-ray beam from differ-
ent sources. First of all, there is the number of photons emitted per second.
Next, there is the collimation of the beam. This describes how much the beam
diverges, or spreads out, as it propagates. Usually the collimation of the beam
is given in milli-radian, both for the horizontal and for the vertical direction.
Third, it may be of importance how large the source area is - if it is small,
one may be able to focus the X-ray beam to a correspondingly small image
size. The source area is usually given in mm®. Finally, there is the issue of the
spectral distribution. Some X-ray sources produce very smooth spectra, others
have peaks at certain photon energies. So it matters, when making compar-
isons, what range of photon energies contribute to the measured intensity. The
convention is therefore to deline the photon energy range as a fixed relative en-
ergy bandwidth, which has been chosen to be 0.1%. There are several reasons
why the relative rather than the absolute bandwidth is chosen. One reason is
that. monochromator crystals are often perfect crystals, and )

the relative bandwidth for a perfect crystal in symmernic renection
geomerry is independent of the photon energy, and depends only on the Miller
indices of the reflection. Altogesher then, one defines the figure-of-merit for the
source as:

Photons/second
(mrad)? (wum? source avea) (0.1% bandwidth)

Brilliance =

The intensity in photons per sccond after the monochromator crystal is the
praduct of the brilliance, angular divergences set by the horizontal and vertical
apertures {in milli-radian), the source area (in mm?), and the relative bandwidth
of the monochromator crystal relative to 0.1%.



Spectral brightness
[photons - s - mmi . mr? . (0.1% bandwidth) ]

Wavelength (A)

| 1240 12.4 1.24
1020

] I
PR | u‘
" (]
1018 Undulators
[ ]

- Wigglers~'

: 4
Bends , V

B v ¥

1032 =y — 7 Ge'\f N
| === 1.9GeV ]

1010} cuk] P r.

CK

N & B i

10 (ALK

10° |- -
| Cul |

104 Continuum |

s oeppeed 4oyl

10°
10eV 100 eV 1 keV 10 keV 100 keV

Photon energy



me : of FS fe '7?':‘ ;

ESRF Grenoble: Swiss Norwegian Beam Line SNBL/ERSF:

=
Synchrotron Small Angle x-ray Scattering (SAXS)

ESRF - The European Synchrotron Radiation Facility, Grenoble, France

DUBRLE .

The DUtch-Belgian BeamLinE (DUBBLE)
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Jon Otto
Sticky Note
Presently at NTNU:
Stationary anode microsource
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Polymers:

For bulk- or semicrystalline polymers and
block copolymers, the mesophases are
characterized by SAXS. For polymer
solutions and block copelymer micelles
in solution, the osmotic compressibility,
molecular mass, and radivs of gyration or
correlation can be obtained. Additional
informations on intermicellar interactions
and on the structure and shape of the
micelles can also be examined.

Fibres:

Polymeric fibres, compo-
sites, and natural fibres
are analysed to obtain
orientation and degres
of ordering. Information
on the internal structure of
individual fibres con also

be studied.

Biological materials:

In membranes or bones,
g.g. crosssection shructure
and interlamellar order
ing is analysed. In pro-
teins, DNA, RNA, and
complexes of these SAXS
detects shape, structure,
ond aggregation state.

Metals:

Shape, size, composition,
volume fraction as well
as interparticle correla-
tions of precipitations in
alloys, nanc-crystals, ond
nano-powders are
information abtoined

by SAXS.

Colloids:

Gels, sols, aggregotion
processes, charge or
sterically stabilized sols,
ond templating nanoma
tarials: these are samples
where SAXS can help 1o
derive information about
size, size distribution,
shope of perticles, inter-
pariicle interactions, and
geletation or aggrego-
fion stote,

Complex fluids,

liquid crystals:

SAXS provides information
on size ond shape of
particles, interparticle
interactions, degree of
crystallinity, and phase
fransitions in liquid
erystals.
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BRUKER ADVANCED X-RAY SOLUTIONS

Technical Data

X-ray source: Spot focus ceramic tube for Cu or Co radiation
Focus size: 0.4 x 0.8 mm

maximum power: 1.5 KW for Cu
1.2 KW for Co

X-roy opfics: Cross<oupled Gdbel Mirrors, 3-pinkicle collimation system
Pinhole diameters: 750 pm, 400 um, 1000 um: other diameters
on request
2-pinhole collimation system
Pinhole diometers: 100 pm, 300 pm

Semple stages: XY-stage
Translations of 100 x 80 mm {vertical/horizontal)
positional resolution: 10 pm
Heating units:

Cooling/heating wnit: -30 °C ..+ 120 °C
Heating enit: RT ...+ 300 °C

Sample holders:  Liquid samples:

vacyum fight quartz capillories with 1 mm or 2 mm diameter
Powder and bulk samples

Reference sample holder

Wide angle somple holder

Detector: 2-D Hi STAR detector
Real time data collection ond display, virtually background
free. High quantum efficiency for high sensitivity,
user-selectable 1024 x 1024 or 512 x 512 pixel frames,
115 cm diameter active area

parent wires, alignment accuracy better than10 pm

Resolution: For Copper Ka radiation the resolufion capabilifies for the

various sample-defector. distances are as follows:

Distance/ mm qmin/At Particle size/A

60 03 21

270 0.04 150

&70 0.0 628

1070 0.00628% tor  1000* for
NanoSTAR U NanoSTAR U
0.01 for 628 for

NanoSTARC  NanoSTAR C
With wide angle configuration the maximum angle
is 40° 24heta. *dependent on pinhole combination and size
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“Nanodiffusion” Experiments at Brookhaven National Lab:
Na-(Mg,Li)Si,0,,F,: Sodium-fluorohectorite

Brookhaven National Lab/National Synchrotron Light Source BNL/NSLS:

(a)

Surface Scattering

Clay Sample

®) Bulk Scattering

Scattering Volume

Schematic representation of the experimental arrange-
ment utilized for the analysis of the surface scaitering geomeiry (a)
and of the bulk scattering geometry (b) of the sample.



A schematic drawing of a proposed internal organization of the dehydrated
fluorohectorite. The upper part depicts a possible spatial organization of the clay
grains. The insets (lower part) show how one may imagine stacking and surface
irregularities /pores in the nm-range. Absorption and intercalation of water is also
indicated.

I
‘a4 S Pruchare

@ catin ® SiAl

O O,0H,F @ Li, Mg, Al

The structure of a typical 2:1 layered silicate clay. On
the right the basal spacing dyg is indicated and below are the sym-
bols for some typical elements of clay components.
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Bulk scattering geometry diffraction pattern. For one
water layer (1WL) the peaks 001-004 are present. The symbols O
and “?7 refer to quartz and some unidentified mineral impurities.
For OWL and 2WL only the (001) peaks are shown. The legend
shows typical values of the temperature.
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Basal spacing vs temperature for synthetic Na-
fluorohectorite as determined from the (001) peaks. ’
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APPENDIX X-ray lecture

Storage ring synchrotron radiation sources both planned and operating (October 1999).

Ring Energy
Location (Institution) (GeV) Internet address
Australia Bocmerang 3 —
Brazil
Campinas LNLS-1 135 —
LNLS-2 2 —
Canada
Saskatoon CLS (Canadian Light Seurce) 2529 clsusask eal
China (PRC)
Beijing BEPC (Inst. High Enerzy Pliys) 1528 www friends-partners.org~chima‘ms THEP ot barf himl
BLS (Inst. High Enerzy Phys) 2225 —
Hefai MSEL (Univ., Sci. Tech Clena) 0.8 —
Shanghai SSEF (Inst. Mucl. Res.) 35 —
Demmark
Aarlms ASTRID (I34) 0.6 www.isa.an.dk/
ASTRIDII (ISA) 14 www isa.an.dk/
England
Darasbury SRS (Daresbuy) 2 srs.dl.acuk/index him
DIAMOND (Dareshuy’ Appleton) 30 srs.dlac.uktop/ diamend il
SINBAD (Daresbury) 0.6 —
France
Grenoble ESEF 6 . esrf T
Orzay DCI(LURE) 18 www.Iure, u-psud. i/
SuperACO (LURE) 0.8 —
SOLEIL 275 www.sol.enrs-gif i/
Germany
Berlin BESSY I 08 www bassy.de’
BESSYII =19 www bassy.de BIT
Bom ELSA (Bonn Univ.) 15-35 www-elsa.phivsik uni-bomnn de'elsahome hiwl
Dortmmd DELTA (Dortoumd Undv.) 1.5 www.deliauni-doroomd deheome e himl
Hamburg DORIS I (HASYLABDESY) 45-53 www-hasylab.desy.de’
FETRA I (HASYLAB/DESY) 714 waw-hasylab.dasy.de’
Karlsruhe ANEA TZE) 25 www.fzk da/anka/enghish weleome html
Storage ring synchroiron radiation sources (continued).
Ring Energy
Location (Institution) (GeV) Internet address
India
Indere INDUS-I (Cir. Adv. Tach) 045 www._ee nalberta ca'~nark/cataceal himl
INDUS-I{(Cor. Adv. Tach ) 25 www.ee.nalberta.ca’~nak/cataccsl bl
Traly
Frascati DAFNE 0.51 www. Infinfin it'aceslaratond’
Tnasts ELETTEA (Syuch. Trneste) 1.5-2 wara.elattra tnests W ELETTR A liml]
Japan
Hirgzlrmz HISOF. (Hiroshoma Unav.) 07 www hroshima-n. ac)p/Orzamzation ' sre il
Ichiharz Nano-hana (Jzpan SOF. Inc ) 1.5-2 wwwpnat or Jp AN CO-HAN A an html
Kashiwa VEX (Univ. of Telye-IS5P) 2-25 www isspu-tokyo.ac jp/labs/sorf s indes himl
Enusat=n AURORA (Fatsumaiken Univ.) 06 www ritsumel ac Jp/sa/d]l 1 index-a hiwl
Eyoto K5E (Eyoto Unrversity) 03 wwwal kmer kyoto-uacjpwww Buttons-2 mmzgemap?1 12 64
Wizl Hanma S5Pring-B (TASRT) 8 www.spring8 er jp/
Subaru (Himep Inst. Tach ) 1-1.5 www lzstt imeji-tech ac jp NS Index himl
Okasaka UWVE0R (Inzt. Mol Seienca) 0.75 www ims ac Jp/abont_ims/facilities himl
UVSOR-II (Tnst. Mol. Science) 10 —
Senda TLS (Tohoku Univ.) 13 —
Teukuba TERAS (ElectroTech. Lab.) 0.8 www etl zo jp/etl linac's’
WIT I (ElectroTech. Lab.) 0.6 wwwretl. zo petl linac/s’
WIM IV {ElactroTech Lab) 05 www etl zo jp/etl linac's’
Photon Factary (KEK) 153 phars kek jp
Accunmlater Bang (KEK) 5 pharoer kak jp
Karsa
Pohang Pohangz Light Source 2 pal.postach ac k'
Seoul CESS (Seoul Nat. Univ.) 01 —
Middle Eazt SESAME 1 wiww. welzmann. ac il home/sesame’
Russia
Moscow Siberia I (Kurchatoy Inst.) 043 —
Sibenia IT (Eurchatov Inst ) 25 —
Drabana DELSY (JINE) 0.6-1.2 —
Newvesibirsk VEPP-2M (BINE) 07 ssre inp.nk s/
VEPE-3 (BINF) 22 ssre inp.nsk s/
VEPP-4 (BINP) 57 sare.mp.nsk sw'englishiload plTright=rapp. itml
Siberia-5M (BINF) 08 ssre inp.nk s/
Zalenograd THE (F.V. Lukm Inst.) 1.2-1.6 —
Singapore Halios? (Univ. Sinzapore) 07 www nus.edu sg WU Smfo/SSLS/



Storage ring synchrotron radiation sources (continued).

Ring Energy
Location (Institution) (GeV) Internet address
Spain
Barcelona Catalonuz SF. Lab 253 w15 1832 esreport report. htmal
Swaden
Lumd MAN I (Univ. Lund) 0.55 wnw madab hn seweleome himl
WMAN I (U, Lund) 15 wnw.madab. hnsewelcome bl
Mew Ring (Univ. Lund) 0.7 —
Switzerland
Villigen SLS (Paul Seherrer Inst ) 24 wwnw] psichiwww sls '
Taiwan (ROC)
Heinclu SERC (Synch. Fad. Res. Cu) 13-15 wwny_sire. gov. fw e mam 2000 htm
Thailand
Nakhon Fatchasima SIAM (Swanares Unev. Tech.) 1.0 —
Ukraine
Ehatkow Pulze Stretcher/Synch. Fad. 0.75-2 —
Kiev ISI-800 (UMSC) 0.7-1.0 —
L]
Argomme, [L APS (Argomme MNat. Lab.) 7 epics.aps.anl goviweleome hiwl
Baton Fouge, LA CAMD (Lomisiana State Uiy 14 www.cammd L edu
Beikeley, CA ALS (Lawrence Berkelay MNat. Lab.} 1.5-1% wwnr-als. [blgeials’
Dhoham, NC FELL (Duke Univ.) 1-1.3 monk fel duke edu
Garthersburg, MD SURF OI (NIST) 04 physics.mst. gov/ Mz ResFac/SURF/SURF html
Ithaca, WY CESE (CHESS/ Comeall Unuv) 55 www.chess.comell.adu’
Raleizh WC MC STAR (M. Carclina State Univ.) 25 —
Standord, CA SPEAR2 (SSFL/SLAC) 3 wwnw-sarl.slae.stanford edu/weleome hinl
SPEARS3 (SSEL/SLAC) 3 www-sarl.slae stanford eduwalcome himl
Stoughten, WI Aladdin (Synch. Rad. Cir) 081 www.sre wise.edun/
Upton, NY NSLS I {Brockhaven Nat. Lab.) 0,80 wwwnals.nl gov!
MSLE II (Brookhaven Mat. Lab.) 2528 wwnwnals. ol gov!




