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How to do SANS:
Planning and performing an experiment
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Experimental considerations
Instrument selection and sample environments
How to access neutron instruments

Data collection and treatment



What is the purpose?

Scattering in the small-angle arises from inhomogeneities in the
scattering length density profile, p(r).

F(q) = j p(r)e=dridr
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Measured scattered intensity (/(q)) relates to the Fourier transform of the
scattering length density profile — structure of the scatterer.

2 Relates to shape and

di. Ndo size of the scatterer!
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The story of a SANS experiment

What is the question to answer?

Instrument selection.
Beamtime access routes.

Proposal submission and system pre-characterisation.
Experiment plan.

Zoom at ISIS



What is the question?

What can be measured with SANS?

 Probes structures on the 1 to 100’s of nm length scale.

 Features to measure in the right length scale — q-range.

Contrast, deuteration and composition — what can be measured with
neutrons?

* Is there any contrast in the sample?

« Specific deuteration schemes and contrast matching.
« Concentration range — dilute regime vs concentrated regime.

 Does isotopic labelling affect the sample characteristics? (e.g.

surfactant CMC or protein hydrogen bonding).

Data analysis capabilities — from complicated real systems to simple

models.



Anatomy of a SANS instrument
Dynamic and required g-range — gmax/qmin, and max-gmin.
Flux on sample.

Instrument resolution — dqg/q.

Instrument background.
Sample environments.

Instrument availability.



The scattering vector q

The scattering vector describes the change of the wave vector: g=k’-k.
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de Broglie relates the magnitude of the wave to the wavelength — elastic

scattering Ikl=IK’l.

k| = |K'| = m—
B 41 sin@
4= m—

Standardises the region of interest of an scattering experiment.

g is a measure of the reciprocal space.
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g-range and flux

Dynamic and required g-range. LOQ_ISI? .

ncident wavelengths 22-100Aat25Hz, 22-6.7TAor63-100A

« Time-of-flight vs. continuous source.

 Wavelength range and wavelength.

main datactor) 2%

« Detector area.
SANSZd - ISIS

ncident wavelengths Y A0AMT0 M2

« Sample-to-detector distance.

n sample-detector

« Beam collimation. Momentum transter, Q Setences and delector afbale

- Specific geometries (vSANS, uSANS). .
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Flux on sample.

« Source. LOQ - ISIS

« Wavelength range and wavelength. - Bt o B e et & o T
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D‘ll." pr on boam

* Instrument geometry. | -
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Pinhole geometry resolution
« The intensity measured at each nominal Q value is a sum of intensities
from nearby Q vectors - detector pixels having finite sizes, and the
wavelength having a spread of values.
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« Scattering curve is smeared by a resolution function.

« Wavelength spread dominates the resolution at high q, whereas the
geometry contribution is not g dependent.

Resclution Variance

I‘A}

Variance of the Q Resoluton %

H H (13 7 Q) H H
« Difficult to “desmear” data renianly — smear moael functions are used in
analysis.

Mildner et al., J Appl Cryst, 2005



Pinhole geometry resolution

« Geometry contribution — detection element and instrument configuration.

« Wavelength spread contribution — depends on wavelength selection and
instrument geometry.
* Velocity selectors — 10 % to 30 %.
« Monochromators — 0.5 % to 5 %.

e TOF -2 % to 15 %.

Q-range 0.002 nm ™" 10 10 nm’

Size Regime 1 nm %o 2,000 nm

Sowrce Neoutron Gusde (NG-3), cross-section: 60 mm x
150 mm

Monochromator Vilocity selector Mirror HOPG

Wavelength Range 45A012A 53A 4AE6A

Wavelength 12% ~ 40% 1%

Resoktion {(fwhm)

Sowrce-10-Sample Amo 22 min 2 m sleps

Distance

Collimation Curcular Pinhole, Multiple converging beams or
Narow slits

Sample Size 5 mm diameter 10 36 mm x 72 mm

Sample-1o-Detector Fromt Muddle Rear Carnage

Distance O6mwiOm 25mio18m Omw22m

Detectors Fromt Migcle Rear Carmage

Type He(3) lubes Hel3) ubes Scintillalor « CCD

Resolution 8 mm B mm 0.2 mm

fPanols 4 A 1

Sue 2 x 380 mm wide x 1000 mm tall 220 mm wide
2 x 500 mm wide x 380 mm tal 500 men 1l

« SANS configuration is a compromise between flux and resolution.



Instrument background

Stray radiation and electronic noise are the main sources of
background in SANS.

Ways to minimise the instrument background: detector shielding,

instrument geometry (filters or curve guides in TOF instruments) and

detector electronics.

Generally, a monochromated instrument has a lower background than at

TOF equivalent.

This is instrument related bkg, but incoherent scattering arising from the

sample (mainly H) is several orders of magnitude above the former.



How does the instrument looks like?

Detector

, Scattered beam < ~57
Incident bea

Transmitted beam (0°)



Spectral Neutron Distributions

Setting up the instrument I
D22 - ILL

Characteristics to choose: TR R Tp—

« Wavelength or wavelength range.

Monochromator
H velocity sslector Anatole ANA = 10 % (standard
« Detector type and position.
waveiength 4.5 < NA < 40 (for M) = 10 %
. Collimation
* Aperture sizes.
B guide sactions 55 x 40 mm
« Collimation length. 14,20, 28,40, 56, 80,
source-to-sample distances / m 11.2, 14.4, 17.6, variable
apertures a8 19.1
« Sample environment. Pe——
10" 20
Beannaad . 2 Brane typical sample size 10 to 300 mm?
— Current NCNR Cold Source Detector
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Setting up the instrument I

Characteristics to choose:

« Wavelength or wavelength range.
« Detector type and position.

* Aperture sizes.

« Collimation length.

hd S a m p Ie e n Vi rO n m e n t . Aperture ‘small' sample aperture Detect:

These will determine:

- g-range.

* Flux on sample.

* |Instrument resolution.

Recommended to simulate the data.



Setting up the instrument I

Characteristics to choose:

Wavelength or wavelength ranae.
Detector type and position.

Aperture sizes.

Collimation length.

Sample environment. 10

These will determine:

Recommended to simulate the data.

q-range.
Flux on sample.

Instrument resolution.
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Setting up the instrument I

Characteristics to choose:

« Wavelength or wavelength range.

« Detector type and position.

* Aperture sizes.

« Collimation length.

« Sample environment.

These will determine:
 (-range.
* Flux on sample.

* |Instrument resolution.

Recommended to simulate the data.

10 ¢

Resolution spheres

da/q (%)



Setting up the instrument I

Characteristics to choose:

- Wavelength or wavelength range. PDI (8 %) vs resolution (8 %) spheres

10°

« Detector type and position.

10°

* Aperture sizes.
« Collimation length. f 10

« Sample environment. =

10

10

These will determine: 107

 (-range.
* Flux on sample.

* |Instrument resolution.

Recommended to simulate the data.



Setting up the instrument I1

e These will determine:

g-range.
Flux on sample.

Instrument resolution.

« My recommendation for an standard experiment ©

Simulate the data — determine the g-range needed for the experiment

(always be on the safe side).
Estimate the resolution you will need for the experiment — simulations

are also useful here.

Ask the beamline scientist which configuration gives the highest flux
for the g-range and resolution needed.

There will always be a compromise — choose wisely.



Sample environments

Sample cells — highly reproducible, low scattering, low background.
Hold the neutron cell into position to be measured.

Control sample conditions.

Allow in situ measurements of complementary techniques.



Neutron cells

Quartz cells — no SANS signal and low background.

Cell thickness may depend on the H content of the sample.

« 1 mm for samples with more than 50 % H.

« 2 or5 mm for predominately deuterated samples.

-

Cell shape:

« 10 mm width rectangular cell. .
* Cylindrical cell (banjo).

« 20 mm width rectangular cell (tank).

Sample volume for standard cells: 200 yL to 1 mL.

Some sample environments require specific cells (Aluminium, TiZr...).



Standard sample holders and environment control

- Sample changer — computer controlled.

« Designed to hold several cells.

- Temperature controlled sample changer.

« Circulating fluid baths (0 to 100 "C).

 Humidity control.

« Varies the relative humidity (and temperature) of the cell

environment.

From NG7 at Nist.



Standard sample holders and environment control

- -,

Pressure cell.

 Applies pressure on the sample — up to several kbar.

Furnace.

« Up to several 100 °C.

Cryostat.

* Down to few K. From SANS-II at PSI.

Magnetic field control. 1
Z |

« Variable direction and flux density. From Taikan at J-PARC.

From LOQ at ISIS.



Advanced sample environments I

e Shear devices — rheometer and flow cells.

« Shear thinning/thickening fluids.

« Available in most of large neutron sources.

Fo&ster et al.,, Phys Rev Let, 2005

u'?v-
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« Calorimetry stages

« In situ DSC-SANS.
 Available on Quokka at ANSTO.

Pullen et al., Meas Sci Technol, 2014



Advanced sample environments I1I

Mixing devices.

« Stopped-flow and microfluidics.

« Available at most large neutron sources.

Dynamic light scattering stage.

« SANS:1-100’s nm; DLS: 100’s nm — 1 yM.

 Available at some neutron sources.

Kohlbrecher et al., Rev Sci Instrum, 2007

Spectroscopy stage.
« Simultaneous SANS/UV-vis/Fluorimetry.
« Developed by users — C. Dicko (Lund Uni).




Some “creative” sample environments

Rotating cell — for unstable dispersions.
Fibre holder.

Goniometer.

Polymer extruder (for solid polymers).

And many others developed by instrument scientists and users

— Ask around!



Beamtime access routes

Standard proposal round Full experiment
External peer review

2 proposal rounds per year

Typically ~6 months wait
Urgent full experiment
Discretionary access Hot topics

Rolling proposal

Typically ~1 month wait
Short experiment

Collection of preliminary data

Express time — test access
Rolling proposal

Typically few weeks wait
Paid access — full experiment

Industrial consortiums

Proprietary access Rolling proposal
Variable wait



Beamtime access routes

Which Proposal Route for ISIS Beamtime do | need?

Quick

measurement Full proposal

Use Xpress Access

YOU MuUst GIscuss

Yes

Yes

Use Direct Access
ISIS sCientists are
dways wilking to
review proposals

before submission

Use Rapid Access




Proposal guidelines

Proposal structure

Proposal submission

Proposal evaluation

Beamtime allocation

H W b=

Scientific background

Preliminary data
Proposed experiment

Experiment outcome



What is the aim of the experiment?

PrOpOsal structure Why SANS? Which instrument?

MiceBe Morphalogy Changes Driven by Specific Headgroup Interactions in Deep
Futectic Solvents

Why is this relevant?

PUt some Dewp entoctc sobvents (DES) are green solvents obtained through the complesation of a

H halade salt wih 4 hydroges bend doner el . Combinatic ol
refe ren Ces’ It ey ‘—‘myn-l possdilities 1o t:: :b::::: B t:-':k:-l pms«'-‘:lhv:nal
looks

sobvent, enabling solvent properties (o be tuned for particular
e o readBy  avallable, noesctoske and  cheaps valsalde
L= 0 s Laable e haokogies

prOfeSS|0na|. M A been recently demenatrated that these solverts can support amphiphile se¥-
embly s the aence of water Such alternatives Being the possibiity 1o deve lop new,
vetnable  media o surfactast  templateg  microemulsion  formation,  and
formudationn. Owr previous wudies have been designed 1o waderstand the rebatiosahip
betworn B solvent susostructure, studied by neutron @ffraction, and its abdity 1o

shown the frmation of micelles with different
morphobogees Dua those shown by e same
sartactants i water and other polar solvents
Twe mus routes can be Rollowed In order 10
promote Bhe formation of these aggr egates noa
Wheracting  systemis and  Interacting systems
Interatng systems are particularty inmerestng
since the agpregation in DES can be centrolled
T g beadgroup-solvent Interactions,
madtyag De self-assembly and  promoting
morphology ¥ assubons withes the aggregates.’

Pretumsaary dats

We e owrently working on Improving our
enderstandag of De micelisadtoa 0 inef ang
systema Owr previous investigations showed the

g | SANS dets (Samld 195, UK)
ol bem L1 of  dVerem
concestrations of h3DS in S halre
Norsde dwrea Py were odained
hrongh oo refimement of § e
ONET Bt

L] e !
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503 concertraton | mM

Fg 2 Leagh ditridetion of
gy e varyisg the
oancentraion of SIS a pure Aol
ksl wiva

i the solvent which interact with the aslonic
beadgroup. This interaction screens the charge

Preliminary datgms= Mwows wod promotes e

structural characterisation (DLS, SAXS, EM...) or result‘s;”that

may be related to structural features (spectroscopy, NMR).

formation of clongated agpregates. Howewer, 3 reversion = the behuviour has Been
identified around 1.2 wt % of SIS &= DES (Fig 2) Above this transition concentration,
increasing the amount of serfactant i the myvtem leads 1o the micelles becoming
shoeter

tramsition. Our previous work has been hmited i two ways: frstly that we have not
been able 10 measere to seficently low Q % scowrately determine the length of the
micelles and identify the transtion concentration. secondly we have been limited by
Instremental resodetson and hackgroend » deter % the ¢ of the micelle
headgroup regeon

Combining the capuidl

e

% of NGI VSANS mtrussent we will be able to advance our
Wewd e very small angle regeon to keok

undentandag of tha ph
atthe dongation of the mumeles » wrder 4 more precisely bowate B transition pent
Using the hgh resedution mode [ 1% &0/5 PG Monw) we will stuly e high-Q regien of
the scattenng s erder 1o obiain ndormation out the headgrowp reglon A set of
different Isotope mitures will be wsed 1o vmdaneounly refine the structure of the

Neutron technigees have boen fownd eventiad b determne the char scterivtics of the
headgroup solvation The wotope varutes ebtiined through combinations of
deuteraed and hydrogenated compounds beads 10 2 set of contrasts that will allow the
COmPosmon of the Jeadgring reges 16 be Sete rmamnd

We will run several concentrations chese to the flexion point in the micelle growth
(0609 1, 1.2 15 18 wr) in fowr ierent Botopic mixtures

aonline Hondedwes w58 EXperiment plan: samples (contrasts),

WOine dondei s =455 instrument configuration, sample
dCholine chlondeh - wrca « 4505

hheline Hordedwres 4508 €NVIFONMenNt, requested beamtime.

Protosated and dowteratod versoms of the solvest precursers are commercially
available, and deuterated solverts can casilly be synthesized Rollowiag the stndard
procodures for DES. Isctopically Libellod serfactunt (425-SDS and h25.505) are also
¢ clally avadadie. Samples will be peepured beforchand to allow for equilibration
and oaded during the experiment i | mes pah leagth, | om width, quarts Hellssa cells.
Neasurements will be performed 2 30 C % beep the systems above the Kraft
tomperature of the serfactant. We will rem 24 amples + 4 wlvent otopkc mixture
hackgrounds + empty cell We expect rums of ~90 (vSANS+ MighRes-SANS) minutes so
with setup time, and given the satere of Estrement commissioning. we Hherefore
request 3 days in NGS vSANS to carry out the experiment.

pven concemtration A coreshell oyinder madel has bown found to be optimum for
analysng SANS data of this systess. This will prowide 3 detadied pcture of the micelle.
We expect to dlecidate the oot of chollow/sodam competing for adsorbing to the

What comes next? Data analysis, co-refinement

with other techniques, publications, PhD
project...



Proposal guidelines

1. Scientific background

2. Preliminary data
Proposal structure

3. Proposed experiment

4. Experiment outcome
Proposal submission 1. Experiment proposers

Experiment duration

Sample environment

> LD

: Safety considerations
Proposal evaluation

1. External review

2. Internal review

Beamtime allocation



Proposal submission and evaluation

Proposal round — twice per year

Pre-characterisag
Research problem A Can SANS help me?

Write the proposal
Submission (before

Scientific panels e deadline) » Relevance of the science
« Evaluate your proposal @ « Aim of the experiment

» Accept or deny * What is the plan

Getting ready for the experiment:
« Schedule

Chemicals (deuterated chemicals)
Detailed plan

Get ready for some sleepless nights!

Denied Accepted é

Maybe next round...

Deadlines: ILL — 17" Sep 2018, ISIS — 17! Oct 2018.



Proposal guidelines

1. Scientific background

2. Preliminary data
Proposal structure

3. Proposed experiment

4. Experiment outcome
Proposal submission 1. Experiment proposers

Experiment duration

Sample environment

> LD

: Safety considerations
Proposal evaluation

1. External review

2. Internal review

Beamtime allocation



Instrument calibrations

In a perfect SANS instrument.
 Known and constant flux.
 Known spectrum.

* No background.

Sadly, this does not exist and corrections are needed.

To determine these corrections, calibration measurements prior the
experiment are needed.

« Wavelength and wavelength spectrum.

* Incident flux.

« Detector efficiency.

« Deadtime.



Instrument calibrations

Wavelength calibrations — measure a sample with well-defined SANS
peaks or measuring the time-of-flight spectrum.
« Known sample scattering (e.g. silver behenate).

Sitvnt Babanate

| d-spacing= 58.38 A.
1 q-peak=0.01076 Al
|

" J‘ \-_/\,_,,ﬂ-v

Scattenng intematy (cm

Scattering Varlable Q (A )

« Using a small chopper at sample position and pencil detectors.

250 — ‘
Pencil detectors

200 — ’
150 — i

SANS detector




Instrument calibrations

* Incident flux — Measure the direct beam (No sample is included in the
path of the beam) after sample position using a beam monitor or a
SANS detector with attenuated beam.

\ - Incident flux.
\ . « Detector efficienc

. Deadtime.
NG Fia T . BaCkgrOUnd-

Newtron Flux on Sample (Wem' »)

Neutron Wavelengeh (A)

+ Detector efficiency — differences in detector response for each pixel. A
flood source is used to calibrate the detector and obtain the relative
efficiency of each detector element
« Uniform incoherent scatterer (non-q dependent): H20, Plexiglas.

—
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Instrument calibrations

- Deadtime — time for event detection to occur, including detector
response function.

Ratio of Count Rates R

Measurements at increasing count-rate and extrapolate the linear
region to zero.

When the detection response becomes non-linear the detector is
saturated. Measurements should be performed in the linear region

of the detector response.

detector
04

038
036

0.34

0.32

intercept R

0 5000 110" 1.5 10" 2 10" 2510°

1.27 cm Diameter Aperture Count Rate Nm



Data correction

« Making a measurement — contributions to counts on the detector from:
« Scattering from sample — what we came for!!!

« Scattering from other than the sample — radiation that goes
through the sample.

« Background scattering — stray neutrons and electronic noise.

sample
Incident beam
H mr |

cell Stray neutrons
and Electronic noise °

Instrument Sample Cell Background
L. () €@ t A £(i) AQ T, [(Ax/dQ) () d @» @

« Correct measurements and data corrections will allow to
discriminate “what we don’t want” and obtain “what we want”.




Data correction

(i) = @ t A (i) AQ T, ,[(dZ/dQ),(i) d, + (AZ/dR) (i) d] +Lpqt

® — neutron flux. * Tc+s — sample+cell transmission.
t — counting time. * ds— sample thickness.

A — illuminated sample area. dc — cell thickness.

e(i) — detector element efficiency. lokg — instrument bkg.

AQ — detector element solid angle.

lmea

Pauw et al., J Appl Cryst, 2017
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Data correction

Ineas() = @ t A £(i) AQ T, [(d2/d€2) (i) d + (dX/d2) (i) d ] +1pgqt

® — neutron flux. * Tc+s — sample+cell transmission.
t — counting time. * ds — sample thickness.

A —illuminated sample area. * dc— cell thickness.

e(i) — detector element efficiency. * lbkg — instrument bkg.

AQ — detector element solid angle.

In order to determine the scattering cross-section of the sample we
must perform the following measurements.

Scattering with sample.

Scattering with an empty sample holder.

Scattering with the sample position blocked (neutron absorber).
The direct beam intensity with nothing in the neutron beam.
Transmission with the sample.

Transmission with the empty sample holder.

A measurement of the detector response variation (usually done by
the facility before your experiment).

Measurement of the solvent(s) scattering and transmission.

The beamline scientist will be sure that the data reduction procedure
is properly performed.

Pauw et al., J Appl Cryst, 2017



Summary

Set up a plan — does it answer the question?

Choose an instrument attending to the figures of merit — gmin, dynamic
g, instrument resolution and instrument background.

Select the sample environment — which conditions do | need? Any
extra information | can get?

Perform the experiment, reduce the data.

Have fun with the data fitting.



