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Scattering Concepts

Elastic Neutron Scattering

No exchange of energy E;-E;=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)
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Scattering Quantities
Measurable quantity in a NS experiment
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Dynamic Structure Factors

< S (0, ) Seon(Q, )
Inverse Intermediate Scattering Functions Fourier

Fourier
Transform Sinc(Q, 1) Scon(Q,t) Transform
Correlation Functions
Goerf (1, 1) Gpair(T, 1)

Gser (7, t) Isthe probability of finding a particle at position r after time t
if that same particle was at position 0 at time t=0

Gpair (7, 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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Quasi-elastic

Inelastic
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Types of Scattering and Motions
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Energy

« 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.

Courtesy of C. Brown
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Scattering Types in Broad Picture
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Broadening - What Can We Learn?

dG,(r,t)
IcK's Law s(r, 1) ot Gs(r, t) Is the solution
Intensity
r2
G ('r’ t) = exp\—
’ (47rDt)3/2 P( 4D t)

l

S(q,t) = exp(—Q*Dt)

l

1 T(q)

E=0 Energy S@®) =T a7 r@ene?
Lorentzian function
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Broadening - What Can We Learn?
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NSE and Complementary Neutron Technigues

Time scale (ps)
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Advantage of Hydrogen

elements Incoherent coherent
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Resolution: Why is it Important?
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Backscattering Spectrometers
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Elastic Intensity
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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
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Gas Diffusivity in Grafted Nano-Particles & Local Polymer Dynamics

Polymethyl acrylate
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Gas Diffusivity in Grafted Nano-Particles & Local Polymer Dynamics

Diffusivity of gases, local free volume and
polymer local dynamics — Strongly correlated!
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Phys. Rev. Lett. 123, 158003 (2019), Macromolecules 54,"6968 (2021)
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Time of Flight: Basic Concepts

)
Energy of a neutron E — lm v = Wk k — n

2m A

Velocity of th hk  h 6.6261-107]s 39567
ty of that neut o _ o _ |
elocity of that neutron v m mA 1.6749 . 10—27kg A[A]

Time of flight of that neutron 7 = LA , o = my/h = 252.77us/(Am)

Wavelength spread % _t Example: L=10m, v=1000m/s, Ax ~ 0.01 t ~ 100us
of a pulsed beam vt
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Time of Flight: Basic Concepts
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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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Sub-nano Relaxations and Toughness in Polymer Glasses
B,Cy: incorporate 1,4-cyclohexyl (Cy) links

Polycarbonate Aroclor
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Sub-nano Relaxations and Toughness in Polymer Glasses
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Peak Amplitude (AU)
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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
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MD Simulations and NS

PMMA: Tg~400K
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Broadband Dielectric Spectroscopy and NS
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Thank You!



