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Grenoble has a very high 

Concentration of Scientific Infrastructure

The EPN Campus in Grenoble hostingEMBL, ESRF, IBS and ILL

Partnerships amongthe institutes notably PSB and PSCM



MATERIALS EXPLORATION LEANS ON VARIOUS SOPHISTICATED TOOLS

Europe has the world’s leading 
infrastructure for characterizing 

materials.

Daily Telegraph

Neutron scattering

Nuclear Magnetic Resonance

Synchrotron radiation

Microscopy



Europe has the world’s leading 
infrastructure for characterizing 
materials.

Daily Telegraph

Neutron scattering

Nuclear Magnetic Resonance

X-rays

Microscopy

The neutron is a unique and irreplaceable probe, 

with characteristics that cannot be supplanted by other methods.

EUROPE ENJOYS A VERSATILE AND BROAD NETWORK OF NEUTRON SOURCES

Major neutron sources: 10 in Europe, 6 in North America, 5 in Asia and Oceania



ILL : a remarkable reactor

ESS





The ILL Reactor

A neutron source generating 

5 x 1018 fast neutrons/sec 

at a max power of 58 MW



Neutrons production by controlled chain reaction

A neutron source generating 

5 x 1018 fast neutrons/sec 

at a max power of 58 MW



How neutrons are extracted and guided



How neutrons feed the instrument suite



THE ILL’S INSTRUMENT SUITE

Detect change in 

direction and 

energy. That is it!



Liquids, gases, solid matters may all be studied with neutrons

Understanding materials 

underlies all of modern technology.

Daily Telegraph



Electrically neutral: neutrons can penetrate deeply into matter

Yet they do not damage the 
studied sample 

Plastic components are well resolved by neutrons owing to their hydrogen content 
while the metallic body is penetrated easily
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An engine in action



Neutrons have a spin, therefore a sensitivity to magnetic properties

Beams of polarized neutrons (in which all the spins are aligned) 

allow the characterization of exotic materials with complex structure and behavior

Copper formate: 

crystal structure vs magnetic structure

Arrangement of spins in two 

different types of skyrmions

I. Kezsmarki et al., Nature Materials, 2015, 14, 1116; DOI: 10.1038/nmat4402ptions.



Neutrons wavelengths is comparable to atomic sizes

Adapted to the dimensions of atomic and molecular structures, 
neutrons can « see » atoms, even in complex configurations.

To 0.001 nm

Hot neutrons

From 1000 nm

Cold neutrons



Neutrons interact with nuclei

•  are sensitive to light atoms, particularly hydrogen

•  can exploit isotopic substitution, especially H/D

•  ‘see‘ materials differently to X-rays, complementary

Polyelectrolyte + surfactant complex074902-2 Hoffmann et al. J. Chem. Phys. 143, 074902 (2015)

In particular, NSE allowed to determine the length of the

aggregates, which proved to be difficult using only SANS, as

the onset of the Guinier regime of the rod-like aggregates is

obscured by a structure peak. Additionally, it could be shown

that the PE in the aggregates retains its freedom of movement

to asignificant part and is not frozen in them.

However, so far, adetailed relation between the observed

changesof therheological propertiesandthemesoscopicstruc-

ture is still missing. Therefore, we investigate here the e↵ect

of PE and surfactant concentration and of di↵erent surfactant

typesonthestructure, composition, anddynamicsof theaggre-

gates using SANS and NSE, taking advantage of the unique

ability of neutron scattering to vary the contrast by simply

changing the isotopic composition of the sample and thereby

rendering di↵erent parts of the structure visible. By doing

so, we aim at gaining a better understanding of the relation

between mesoscopic structure and macroscopic viscosity and

to deriveaself-consistent pictureof structureand dynamics in

such systems.

II. MATERIALS AND METHODS

SANS experiments were performed on the instruments

D11 at the Institut Laue Langevin (ILL) in Grenoble, France

andtheinstrument V4at theHelmholtzZentrumBerlin(HZB).

Measurements on D11 were done at a wavelength λ of 6 Å

and for sample-to-detector distances of 1.2, 8, and 34 m to

cover arangeof themagnitudeof thescattering vector Q from

0.018 to 5 1/nm (Q = 4⇡ / λ sin(✓/ 2), with scattering angle✓)

while measurements on V4 were performed at a wavelength

of 4.57 Å at sample to detector distances of 0.84, 3.83, and

14.83 m to cover a Q-range from 0.06 to 7.6 1/nm. Trans-

missions were measured with the attenuated direct beam at 8

(D11) and3.83m(V4). Datareduction wasperformedwith the

softwareLamp (D11) and BerSANS50 (V4). In both cases, the

attenuated direct beam wasused to obtain absolute intensities.

NSE experimentswereperformed on theinstrument IN15

(ILL) with wavelengths of (longest Fourier time in paren-

theses) 10Å (58 ns), 16Å (206 ns), and 22Å (598 ns) to cover

a Q-range from 0.18 to 1.6 1/nm. Details of the experiments

and the methods are explained elsewhere.29,51–53

Rheology measurements were performed on an Anton

Paar Physica MCR 501 (sodium dodecyl sulfate (SDS)) and

with aMalvern InstrumentsGemini 200 HR (sodium dodecyl-

benzenesulfonate(SDBS)), both in cone-plate geometry.

JR 400 (Dow Chemical, USA, seeFig. 1) isacationically

modified hydroxyethylcellulose (cat-HEC) with a molecular

weight of about 500000 g/mol (polydispersity index (PDI)

FIG. 2. Di↵erent contrasts used in the experiments; in bulk contrast (hy-

drogenated compounds and deuterated solvent), both PE and surfactant are

visible; in pecontrast (hydrogenated PE, deuterated surfactant, and deuterated

solvent), only the PE is visible; in surfactant contrast (hydrogenated PE,

deuterated surfactant, and H2O:D2O 8:2 wt:wt assolvent), only thesurfactant

is visible.

= 1.85,19 partial molar density in water 1.66 g/ml) and a

cationic group on 27% of theglucoseunits, resulting in 1000 g

of PE per mol of positive charges.54 Its overlap concentration

is 0.8 wt. %.47 Linear alkylbenzenesulfonate (LAS) (Sasol,

Germany) isan anionic surfactant, consisting of abenzenesul-

fonate headgroup and an alkyl chain with an average length

of 12 carbon atoms. It has an average molecular weight of

318 g/mol, determined by titration with NaOH. Equimolar

amounts of NaOH (97%, Merck, Germany) were added to

obtain sodium dodecylbenzenesulfonate (SDBS).

h-SDS (98.5%) and d-SDS (99.4% isotopic purity) were

purchased from Sigma-Aldrich and MSD Isotopes, respec-

tively, and were used without further purification.

Surfactant concentrations are given as Z = [polymer

charges]/ [surfactant charges] or as molar concentrations. The

PE concentration was either 0.33 (below overlap concentra-

tion) or 1 wt. % (above overlap concentration). Solutions for

neutron scattering experiments were prepared in either D2O

(99.9% isotopic purity, Euriso-top, France) or a mixture of

H2O and D2O (8:2 wt:wt). Solutions for rheology experiments

wereprepared in H2O from aMilliporeSystem. In thecontrast

matching experiments, 3 di↵erent contrasts were used: Full

contrast with h-SDS and D2O as solvent where everything

is visible, PE contrast with d-SDS and D2O, where only the

PE is visible, and finally, surfactant contrast with d-SDS and

H2O:D2O (8:2 wt:wt, see Fig. S155 for the quality of the

matching), where only the surfactant is visible (see Fig. 2).

Experiments with SDBS have only been performed in full

contrast.

III. RESULTS AND DISCUSSION

Adding rather small amounts of anionic surfactant to

semidilute mixtures of the cationically charged PE JR 400

FIG. 1. Chemical structure of JR 400 (x = 0.27) and the surfactants SDS and SDBS.
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Hoffmann et al. J. Chem. Phys. 2015.

Why use neutrons to study soft an biological material?

Josts et al. Structure 2018 Gerelli Y., et al., Langmuir 2012



At the ILL the structure of bio and soft matter is probed by LSS instruments  
(small-angle scattering machines, reflectometers, small-angle diffractometers) 

while their dynamics is studied by neutron spectroscopy with motions probed
from the fs time scale (eV) to ~100ns (neV), using inelastic scattering, 
backscattering, and spin-echo instruments.



Energy 
storage

Structural Signaling

Neutron scattering techniques are 

ideally suited for the study of lipid 

bilayers (5nm thick) that are major 

components of cellular membranes. 

At the ILL, we have been working for 

several years to provide our users 

with well-characterized membrane 

models for physical and biological 

studies.



1. Reflection intensities from 

neutron diffraction data are wavelength-

normalized, scaled, merged and 

converted to structure factor 

amplitudes (Fobs).

2. Phase information from an 

existing model determined using 

X-rays (i.e. C, N, O, S..).

Neutron structure determination with LADI-III

‘Neutron’ structure 

includes the positions of 

ALL atoms!

Structural 
Refinement

Neutrons reveal details of protonation, H-bonding and hydration which are 

essential for determining catalytic pathways and for understanding drug-binding



Protein crystallography with neutrons

Direct observations of the structure and catalytic mechanism of a prototypical kinase enzyme 
(protein kinase A or PKA) → understanding and treating fatal diseases and neurological 
disorders e.g.cancer, diabetes and cystic fibrosis

Gerlits et al., Sci. Adv., 2019; 5: eaav0482. DOI: 10.1126/sciadv.aav0482

• HIV-1 protease is an essential enzyme in the life-cycle of HIV and is a clinical drug target

• Neutron studies have revealed how different clinical inhibitors bind, allowing us to suggest ways 

to enhance the binding and limit drug-resistance.

HIV-1 Protease drug-binding studies

0.2mm3

RT studies of wild-type enzyme drug complexes, triple 

mutant enzyme drug complexes, and at different pHs

J. Med. Chem. (2013) 56, 5631

J. Med. Chem. (2017) 60, 2018

Angewandte Chem. (2016) 55, 4924

TMWT

Andrey Kovalevsky (ORNL, USA)

http://advances.sciencemag.org/content/5/3/eaav0482


Single crystal diffraction – with X-rays!

The access to the DRX instrument is already possible through Easy Access proposals via User Club.

Measuring N & X data – same sample & conditions



In-situ SAXS 
on D22



Watching gold nanoparticles grow: Journal of Applied Crystallography 2020, 53 (3).

In-situ SAXS/SANS



Imaging: D50 → NEXT

Public instrument: Partnership with UGA + HZB

Achievements on D50:

• ~3 micron resolution 

• 1 ms images 

• 1 s tomography

• simultaneous N+X with ~10 
micron resolution (~85% of 
experiments)

Nature Communications
https://doi.org/10.1038/s41467-019-13943-3
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T H E  E U R O P E A N  N E U T R O N  S O U R C E

I N S T I T U T  L A U E  L A N G E V I N

09/11/2020 ILL-ESS User Meeting

http://www.ill.fr



How to request beamtime at the ILL?


