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The small angle X-ray scattering (SAXS) region

Instrumentation, sample prep, data collection and reduction

Basic data processing with examples from BXDS
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BXDS in general user operation since January 2020

BrockhouseX-ray Diffraction and Scattering (BXDS) sector

о άƘŀǊŘ ·-Ǌŀȅέ ōŜŀƳƭƛƴŜǎ όр ς100 keV)

J. Synchrotron Rad., 28 (2021) 961-969

3



WAXS (XRD with area detector)

qx,y

qz

ü Texture on surfaces
ü Degree of orientation
ü % crystallinity
ü Speed/in-situ

Youchao Teng,  Yimin Wu, U. Waterloo

Measure WAXS, voltage and current 
while stretching (0 ς100 N)

Biopolymers for bandages

High-resolution powder diffraction

ü Peak shape analysis
ü Complex mixtures
ü Complex structures

q (Å-1)

J. Reid, synthetic bone compound

CMCF
WLE

SAXS has been running since February 2021

No dedicated SAXS beamline at CLS

SAXS/WAXS

IBM (rapid thermal 
annealing to 1100 °C)

ü Thin film studies: XRD, resistivity, 
roughness, under ultra-high purity gas

S. Dey et al., J. Vac. Sci. Technol. A 35, 03E109 (2017)
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WLE beamline
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no wavelength 
change

Atomic form factors
(or atomic scattering factors)
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X-ray scattering



Collimated, 
monochromatic 

X-rays

n =˂2dsin̒
ά.ǊŀƎƎέ ŘƛŦŦǊŀŎǘƛƻƴ

Constructive interference channels 
scattered intensity into specific directions

d

2ɗ˂

X-ray scattering and diffraction reveals structural order within materials
on the atomic to 100s of nanometer length scale

=˂ 0.8202 Å
(15.1 keV)    

d (nm)

d

q = (4̄ sinɗ)/ɚ

q = 2̄ /d

q (Å-1)

2ɗ

q
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From scattering to diffraction



Probe relatively big things (1 - 150 nm) by measuring elastic X-ray scattering at small angles

Atomic distances, 
spacing between 
planes of atoms, 
bond lengths

{ǘŀǊǘƛƴƎ ŦǊƻƳ ǇƻǿŘŜǊ ŘƛŦŦǊŀŎǘƛƻƴΧ

The nanoworld

=˂ 2dsin̒

SAXS is generally 2̒= 0.05 - 5°
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What is SAXS all about?



SAXS PXRD/WAXS

Chocolate
A.G. Marangoni, U. Guelph

- Intensity vs. Q
- log-log plot

Atomic-scale 

Inter-atomic distances, bond lengths, 
nearestneighbor atoms
Crystal structures with atomic resolution

Q (Å-1)
d (nm)
2ɗ(°)

0.000603
1042
0.0045

0.00603
104
0.045

0.134
4.69
1

0.67
0.938
5

5.87
0.106
45

9.87
0.0637
80

=˂ 0.819 Å 
(15.1 keV)

WAXS

Pair distribution function (PDF)

USAXS

SAXS

Nano-scale

Inter-molecular distances and packing 
arrangements, particle size and shape

X-ray powder diffraction

Protein and single crystal XRD
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D = 3 nm
D = 23 nm

Metallic NPs
R. Scott, A. Stevens, U. Sask.

6.28
1.08

62.8
0.108

d (nm)
2 (̒°)

Q (Å-1)
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How is SAXS related to other X-ray diffraction techniques?
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RSC Adv., 2020, 10, 42098ς42115

All kinds of nanoparticles

M. Yuan et al., Adv. Mater. 2014, 26, 3513ς3519

K. Lu et al., J. Mat. Chem. A 2017, 5, 23960-23966

Geology

Nano-porous materials

Zeolites

M. Liu, Z.M Hudson, UBC

Amphiphiles

Drug delivery, 
Pharmaceuticals 

1) Packing, ordering 
2) Size, size distribution
3) Shape

Food science

S. Perez and E. Bertoft, Starch2010, 62, 389 - 420

Micelles, 
emulsions, 
ǎǳǊŦŀŎǘŀƴǘǎΧ

Biomacromolecules

https://www.techexplorist.com/scientists-investigated-pork-fillet-x-ray-light/11572/

Cellulose
Collagen
Chitosan

Proteins

Applications

Batteries



ü SAXS provides nanoscale information averaged over the beam volume (~mm3)
ü Complementary info: shape, folding/unfolding, assembled state in solution

- FOV decreases as resolution increases 
- Observe a small fraction of the complete sample at a time
- Challenging sample prep at smaller size

ά.ƭƛƴŘ ƳŜƴ ŀƴŘ ŀƴ ŜƭŜǇƘŀƴǘέ

B.R. Pauw, J. Phys.: Condens. Matter 25 (2013) 383201
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SAXS is highly complementary to microscopy

M. Yuan et al., Adv. Mater. 2014, 26, 3513ς3519

10 nm

TEM



Instrumentation, sample prep, data collection and reduction
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Synchrotron

Lab source

ESRF - BM26

1) Special instrumentation required for SAXS
2) SAXS instruments are long!

80°

2 =̒ 3°

PXRD SAXS
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How to measure small angle X-ray scattering?



2 <̒ 5°

2 =̒ 0°

Å Highly collimated hard X-ray beam (multiple slits)

Å Large area detector with beamstop

Å Space for >2 m sample to detector distance

Å Some ability to change detector distance (SAXS/WAXS)

Å All or most components in vacuum

- More flux (better SNR), weakly scattering 
objects (organics/biology)

- Better q resolution
- Time resolved, SAXS mapping
- Choice of many wavelengths

2 =̒ 45°
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SAXS instrumentation basics



CATERETÊ beamline @ SIRIUS 
Campinas, Brazil

Å 4th gen synchrotron, 88 m source to sample

Å Modern large area detector with beamstop

Å 0 - 28 m sample to detector distance

Å All components in vacuum, no windows 
from source to detector

P. R. Willmott, 2022

Dedicated SAXS beamline, new for 2022

3rd gen

4th gen

Hair
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State of the art instrumentation
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https://www.4dlabs.ca/our-capabilities/equipment/small-angle-xray-scattering-system.html

SAXSLAB, Ganesha300XL+
CLS

https://www.mcgill.ca/mc2/instrumentatio
n/x-ray-diffraction/saxs

Anton Paar, SAXSpoint2.0

McGill

https://lab.research.sickkids.ca/sbc-facility/saxs/

U. Toronto

Anton Paar, SAXSpace

https://nuclear.mcmaster.ca/neutron-beams/

MacSANS- Commissioning begins mid-July 2024

SAXS user facilities in Canada

McMaster

SFU

Bruker D8 DISCOVER Plus

U. Alberta

https://www.nanofab.ualberta.ca/2023/news/saxs-
gi-saxs-waxs-are-available-on-bruker-d8d-plus/

U. Montreal

http://airen.bcm.umontreal.ca/biostr
uct/scheduling_saxs/

SAXSLAB, Ganesha



J. Appl. Cryst. (2004). 37, 369-380

3 pinhole layout

Y. Li et al., J. Appl. Cryst. (2008). 41, 1134ς1139
N.M. Kirby et al., J. Appl. Cryst. 46, 1670ς1680 (2013)

low parasitic scatter

1) Beam defining slit
+6.1 m
(1.00 mm x 1.00 mm)

Small air gap for sample (~35 mm)

200 nm SiN window 3) Guard slit (0.80 mm)

2) Anti-scatter slit
+0.9 m
(0.25 mm V x 0.50 mm H)
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CLS SAXS instrument



±ŀŎǳǳƳ ǘǳōŜ όҖ мл-2 Torr)
Beamstopwith photodiode
-2.0 m
(4.0 mm)

моΦрέ YŀǇǘƻƴ ǿƛƴŘƻǿ όмнр ҡƳύ
~2100 pounds

Q ~ 0.005 ς0.5 Å-1

d ~ 125 ς1.25 nm
нʻ ~ 0.05 ς3.7° (see website)

˂   Ґ   мΦнс )   όфΦур ƪŜ±ύ
0.658 Å (18.8 keV) 

Small air gap for sample (~35 mm)

200 nm SiN window 3) Guard slit (0.80 mm)

Q range
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CLS SAXS instrument
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New table
- Easily go between SAXS and WAXS
- qmin from 0.005 Å-1 to 0.003 Å-1

Optional Eiger2 detector
- Strongly scattering samples
- Dynamic processes (sub-second)

HPLC system
- Size exclusion chromatography-coupled SAXS

CLS SAXS instrument

New for next cycle (Jan-June 2025)



Thin flat films on Si wafers, or glass slides 
Min ̒  step = 0.01°

Transmission Grazing incidence

Freestanding, quartz capillaries, or on tape

/ŀƭŎǳƭŀǘŜ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻŦ ȅƻǳǊ ǎŀƳǇƭŜΧ мκŜ ƛǎ ƛŘŜŀƭ
Bring blanks, Bring a range of concentrations
Bring a sample where you know what to expect
MUST buy your own capillaries
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One 30 s exposure for each, not background subtracted

May 17, 2024

No beam (dark current)

Sample preparation and mounting
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1000°C furnace with gas flow

Oxford cryostream(-193 ς+226°C)
Helium box with Linkamheating and cooling 
(-193 - +350°C) 

Automated multi-sample grazing

Multi-sample transmission

Liquid flow cell and syringe pump

StretchingAutomated multisampleHelium box 
for GIWAXS, also with mild heating

Electric field/ElectrochemSAXS

Operando solar cells 
(sunlight, humidity, temperature) In-situ spin coater 

(soon with heating)

Sample preparation and mounting

We are flexible!



During your beamtime, note the wavelength, the 
approximate detector distance, and detector details

GSAS-LL ŘŜƳƻΣ ά/ŀƭƛōǊŀǘƛƻƴ ƻŦ ŀƴ ŀǊŜŀ ŘŜǘŜŎǘƻǊέ

Ring q (A-1) d (nm)
1 0.1076 5.839
2 0.2152 2.920
3 0.3228 1.946
4 0.4304 1.460
5 0.5380 1.168

Acquisition time: 1 s - 90 s
16 bit .tif files (33 MB)
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Q range

Detector acquisition and calibration



Subtract 
blank
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Sample
Blank

Proper units of intensity are cm-1

IF data are scaled to absolute intensity

Au NPs + water + 
quartz + air

water + quartz + air
Same dwell time 
(Top up mode, 0.5%)

Sample

Blank

23 nm diameter Au NPs in water
A. Stevens, U. Sask.

Sample - Blank
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Data correction, and reduction to 1D plot



1) Know what q range you want, and include it in your proposal. We 
can tune the endstationto your problem.

2) Know what your data should look like. Find published examples, 
and bring a known good sample.

3) Get in contact ~2 weeks in advance.

4) Choose quality over quantity: Work up data as you go along, check 
for radiation damage at the start, many blank measurements.

5) LǘΩǎ ȅƻǳǊ ŜȄǇŜǊƛƳŜƴǘΦ

Lipid-polymer micelles in solution
D. Marquardt, U. Windsor

Ten 30 s exposures
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5 tips for a great data collection experience
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Pd nanoparticles in ionic liquids



Data analysis with examples
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~An extension of PXRD
Looking for and analyzing Bragg peaks

I(Q) = S(Q) × P(Q) 

S(Q)is the structure factor
- Inter-particle interferences
- High concentrations (>5% vol.)
- Ordering/packing of particles

P(Q)is the form factor
- Intra-particle interferences
- Low concentration (dilute limit)
- Size/polydispersity/shape of particles
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SAXS PXRD
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Analyzing the whole curve

Metallic NPs
R. Scott, A. Stevens, U. Sask.

Chocolate
A.G. Marangoni, U. Guelph
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Origins of the SAXS signal

d = 23 nm Au

d = 3 nm Pd




