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Disorder on internet

Eating disorder Sleep disorder

Sexual disorder
Mental disorder
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Disordered things in our everyday life
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Physical meaning of disorder: ∆S > 0

Time
arrow
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Order versus disorder

What do you prefer?

Disorder is
funnier than

order
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Pair correlations in a disordered system
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The PDF and states of matter

G. Cuello (cuello@ill.fr) ILL, Grenoble
NPD: LRO-SRO SFEL, November 7th, 2022 9 / 58



Disorder TotalScatt StrFactorLRO StrFactorSRO Multiatomic IsotopicDiff Instruments Polarised

Disorder in solids and fluids
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Structure by diffraction
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Diffuse scattering

Information about local order
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A typical scattering experiment

From the experimental intensity
to the microscopic properties
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Dynamical Structure Factor

It contains microscopic structural and
dynamical information
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Coherent and incoherent scattering
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Static structure factor
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Reciprocal and real spaces
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Powder diffraction
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Single crystal and Powder Diffraction

Typical instruments
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Debye-Scherrer geometry
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Rietveld refinement
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Thermodiffraction

In situ experiments with changing parameters
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Neutrons and magnetism

Neutron has a magnetic moment
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Weighting Factors

Short parenthesis on form factors
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Isotropic approximation

In the case of disordered systems
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Pair distribution function

Coordination shells
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First sharp diffraction peak
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Static structure factor: Ideal case

Approximations
1 Monochromatic
2 Elastic scattering
3 Single scattering
4 No attenuation
5 No background
6 Monoatomic

λ′ = λ

(CW) Q = 4π
λ sin θ

(TOF) Q = 2mL
ht sin θ

I2θ,λ(Q) = C Φ0(λ)
N

4π
ϵ(λ) (σcoh S(Q) + σinc)

S(Q) =
I2θ,λ(Q)/σcoh
C Φ0(λ) ϵ(λ)

4π

N
− σinc

σcoh
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Real space correlation functions
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Multiatomic systems: Isotopic substitution

A system of linear equations
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Chart of nuclides

Isotopes vary the cross sections for the same Z
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Periodic table

Good candidates for isotopic substitution
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Example: A binary system

Fast ion conductor glasses
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Partial structure factors

Inverse matrix
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Two conduction regimes

The short range order reveals
two conduction regimes
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First difference method

A way to reduce the number of unknowns
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Example: A ternary system

Lithium Ammonia mixtures
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Real space correlations

Ammonia molecules are easily identified
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Second difference method

At least one partial correlation is determined
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Example: A complex system

Cu(II) aqua ion
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Local environment of Cu(II)

Cu-O correlation
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Experiments

Two techniques for Neutron Total Scattering
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Instruments @ ISIS (UK)

Time-of-Flight instruments
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Instruments @ ILL (France)

2-axis instruments
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D4: A dedicated diffractometer at ILL
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The incoherence problem

Water as example
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Polarisation analysis

Principe of functioning
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Experiment on light water

Separation of coherent and incoherent signals
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Beyond the experiments

Numerical simulations
RMC: Reverse Monte Carlo
EPSR: Empirical Potential Structure Refinement

MD: Molecular Dynamics
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Thanks for your attention!
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