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Elastic Neutron Scattering

• No exchange of energy Ei-Ef=0

• Examines change in momentum or 

direction.

Inelastic Neutron Scattering

• Examines both energy and change in 

momentum or direction.

Pynn, Neutron Scattering: A Primer  (1989)

𝒔𝒄𝒂𝒕𝒕𝒆𝒓𝒊𝒏𝒈 𝒗𝒆𝒄𝒕𝒐𝒓
𝑸 = 𝒌 − 𝒌′

𝑄2 = 𝑘2 + 𝑘′2 − 2𝑘𝑘′𝑐𝑜𝑠2𝜃

Scattering Concepts
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Measurable quantity in a NS experiment

Coherent and incoherent 

coh and inc dynamic structure factors

Scattering Quantities

𝑺(𝑸,𝝎)Dynamic Structure

Factor
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Types of  Scat ter ing Funct ions
𝑆𝑖𝑛𝑐(𝑄, 𝜔) 𝑆𝑐𝑜ℎ(𝑄, 𝜔)

Dynamic Structure Factors

Intermediate Scattering Functions

𝑆𝑖𝑛𝑐(𝑄, 𝑡) 𝑆𝑐𝑜ℎ(𝑄, 𝑡)

𝐺𝑠𝑒𝑙𝑓(𝑟, 𝑡) 𝐺𝑝𝑎𝑖𝑟(𝑟, 𝑡)

Correlation Functions

Fourier 

Transform

Inverse

Fourier 

Transform

is the probability of finding a particle at position r after time t 

if that same particle was at position 0 at time t=0

𝐺𝑠𝑒𝑙𝑓(𝑟, 𝑡)

𝐺𝑝𝑎𝑖𝑟(𝑟, 𝑡) is the probability of finding a particle at position r after time t 

if there was a particle at position 0 at time t=0
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Types of Scattering and Motions

• Elastic neutron scattering:

is the scattering for which the energy transfer is

identically zero.

• Quasi-elastic neutron scattering:

peaks at zero energy transfer, but is broadened

compared to the instrumental resolution. It arises

from diffusive or diffusive-like processes. 

• Inelastic neutron scattering:

peaks at non-zero energy transfer. This scattering

reflects the vibrational or fast modes of the system. 

Elastic

peak
Quasi-elastic

Inelastic

Energy
Courtesy of C. Brown

𝑺
(𝑸

,𝝎
)
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Scattering Types in Broad Picture
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Broadening - What Can We Learn?

𝐷∇2𝐺𝑠 𝑟, 𝑡 =
𝜕𝐺𝑠(𝑟, 𝑡)

𝜕𝑡

𝐺𝑠 𝑟, 𝑡 =
1

(4𝜋𝐷𝑡) ൗ3 2
exp(−

𝑟2

4𝐷𝑡
)

𝑆 𝑞, 𝑡 = exp(−𝑄2𝐷𝑡)

𝑆 𝑞, 𝜔 =
1

𝜋

Γ(𝑞)

Γ2 + 𝜔2

Fick’s Law
is the solution𝐺𝑠(𝑟, 𝑡)

Lorentzian function

Intensity

EnergyE=0

Q1

Q2

Q2 > Q1

Γ(𝑞)~𝐷𝑄2
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Z. Phys. Chem. 224 (2010) 5-32

N-equivalent sites 

located on a circle

Broadening - What Can We Learn?
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NSE and Complementary Neutron Techniques

Phys. Chem. Chem. Phys., 2015, 17, 26-38
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elements   Incoherent  coherent

σ (H)   ~         82               2

σ (D)   ~           2               5

σ (C)   ~           0               5

σ (O)   ~           0               4

A(H)/B(D)

A(D)/B(H)

Advantage of Hydrogen?
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Instrument resolution

~ slower dynamics that can be resolved

Dynamic range ~ faster 

dynamics that can be analyzed

Resolution: Why is it Important??
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Monochromator

Analyzers

Spallation source 

based

Reactor

based

𝛿𝐸 ~ 2𝐸
∆𝑡𝑝
𝑡0

𝑰𝒏𝒔𝒕𝒓𝒖𝒎𝒆𝒏𝒕 𝒓𝒆𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏 ~ 𝟎. 𝟖𝝁𝒆𝑽

𝑰𝒏𝒔𝒕𝒓𝒖𝒎𝒆𝒏𝒕 𝒓𝒆𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏 ~ 𝟑. 𝟒𝝁𝒆𝑽

λ~ 2d =6.27Å

𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑟𝑎𝑛𝑔𝑒 ~ ± 36𝜇𝑒𝑉

𝐷𝑦𝑛𝑎𝑚𝑖𝑐 𝑟𝑎𝑛𝑔𝑒 ~ ± 100𝜇𝑒𝑉

Backscattering Spectrometers
HFBS

BASIS

Δ𝜆

𝜆
=

Δ𝜃

𝑡𝑎𝑛𝜃
+
Δ𝑑

𝑑
2𝜃 ≈ 180∘IF
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Phase transitions in DMPC
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Incorporation of Aspirin into the DMPC and its Effects
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Incorporation of Aspirin into the DMPC and its Effects

Phys. Chem. Chem. Phys., 2017, 19, 2514

Neat DMPC

DMPC/Aspirin
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local dynamics

Speed up!

Mn=88K

Faster dynamics of 

grafted in 

comparison to 

bulk polymer!

Polymethyl acrylate

Gas Diffusivity in Grafted Nano-Particles & Local Polymer Dynamics

GNPs
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Dense Packing

Mn

Diffusivity of gases, local free volume and 

polymer local dynamics – Strongly correlated!

Phys. Rev. Lett. 123, 158003 (2019), Macromolecules 54, 6968 (2021)

Liquid-like 

Packing

Gas Diffusivity in Grafted Nano-Particles & Local Polymer Dynamics
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Energy of a neutron

Velocity of that neutron

Time of flight of that neutron

Wavelength spread 

of a pulsed beam
Example: L=10m, v=1000m/s, Δλ ~ 0.01 τ ~ 100μs

Time of Flight: Basic Concepts 
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Energy Resolution:

DCS at NIST

Time of Flight: Basic Concepts 
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Matrimid Novel Polymer PIM-1

Phys. Chem. Chem. Phys 20, 1355 (2018), J. Mem. Sci. 537, 362 (2017), submitted

A New Polymer for Gas Separation PIM-1

Stiff PIM chains cause early 

solidification which leads to 

sponge-like structure that allows 

higher compressibility 
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Polycarbonate 

(PC)
Aroclor

Sub-nano Relaxations and Toughness in Polymer Glasses

Excess MSD is a critical, nanoscale indicator of 

macroscopic toughness in PC glasses. Macromolecules 2020, 53, 15, 6672

𝐼(𝑇)

𝑇(𝑇 = 0)
= 𝑒𝑥𝑝 −

𝑄2 < 𝑢2>

3

Mean Squared Displacement <u2>
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Onset of Excess MSD coincides both with crossover 

between the observed BP and QES dominated 

regions as well as the onset of Ductility and 

toughness above Brittle to Ductile transition.

Macromolecules 2021, 54, 5, 2518

Sub-nano Relaxations and Toughness in Polymer Glasses
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MD Simulations and NS

Relaxation of PEO chains –

extremely stretched

PHYSICAL REVIEW E 72, 031808 2005

PMMA: Tg~400K
PEO: Tg~ 200K

400K

Additional peak –

PEO chains caged by PMMA
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Broadband Dielectric Spectroscopy and NS

Biophysical Journal Volume 98 2010 1321–1326
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Thank You!


