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Spectroscopy of condensed matter – exp. techniques
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Spectroscopy of condensed matter – polymers

Sokolov
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Quasi-elastic neutron scattering
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Quasi-elastic neutron scattering is a special inelastic neutron scattering 

• specifically broadening of the elastic line 

owing to non-oscillatory motions  

• inelastic neutron scattering and QENS resolve 

dynamics, in space and time, of atoms and molecules in the sample

• in the first instance QENS resolves an apparent diffusion constant
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Quasi-elastic neutron scattering is a special inelastic neutron scattering 

Quasi-elastic neutron scattering

incident beam side

wave vector ki scattered beam side

wave vector kf

sample

schematic experiment / geometry
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Quasi-elastic neutron scattering is a special inelastic neutron scattering 

Quasi-elastic neutron scattering

incident beam side

wave vector ki scattered beam side

wave vector kf

sample
momentum transfer 

Q = ki – kf

Scattering measured at: 

energy transfer 

E = ℏω = ℏ2 / 2mn ⋅ (ki
2 – kf

2)
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Quasi-elastic neutron scattering is a special inelastic neutron scattering 

Quasi-elastic neutron scattering

incident beam side

wave vector ki scattered beam side

wave vector kf

sample
momentum transfer 

Q = ki – kf

energy transfer 

E = ℏω = ℏ2 / 2mn ⋅ (ki
2 – kf

2)

Scattering measured at: 

E ≠ 0 
different to structure experiments Key techniques : 

� backscattering spectroscopy

� time-of-flight spectroscopy
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Quasi-elastic neutron scattering

Intensity vs. Q and ω represented as:
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Intensity vs. Q and ω represented as:
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incoherent scattering 

Quasi-elastic neutron scattering

in the presence of H, often (*) :
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in the presence of H, often (*) :









+

×=
Ω

∑∑
H

incHincHcohcohcoh

i

f

f

SbSbb

k

k

dEd

d

),(),(

1

,

2

,

,

,,,

2

ωω

σ

βα
αββα QQ

h

incoherent scattering 

Quasi-elastic neutron scattering
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Quasi-elastic neutron scattering

in the presence of H, often (*) :
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incoherent scattering 

Similarly to neutron small-angle scattering:

�the signal in QENS is by default dominated by 

incoherent scattering from H –

but it is good for QENS!

�H/D contrast variation enables species or site 

sensitive probing of the dynamics

�the apparent diffusion constant Dapp/r
2⋅t = 1

10-8 ≲ Dapp = r2/t ≲ 10-4 cm2/s



Quasi-elastic neutron scattering

• Scattering functions (incoherent scattering case):
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Quasi-elastic neutron scattering
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Quasi-elastic neutron scattering

• Scattering functions (incoherent scattering case):
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ensemble statistical / fluctuation representation, 

connects to computer simulations such as molecular dynamics, …
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Processes in the QENS spectral region

• rotational tunneling;

• at higher energy transfers: phonon 

dispersion curves, molecular vibrations, 
vibrational DOS, bonding force fields, 

anharmonicity, …

• rotational diffusion, axes of rotation, 
radius of gyration,….

• translational diffusive paths, jump 
distances, residence times, activation 
energy, diffusion coefficient,….

Quasi-elastic scattering

I(Q,t→∞) → 0

I(Q,t→∞) → cst≠0

0

S
(Q

,ω
)
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Application – polymer blend

Tyagi et al., Macromol. 2007

Poly(vinyl acetate) segmental dynamics 
in blends with poly(ethylene oxide)
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Poly(vinyl acetate) segmental dynamics 
in blends with poly(ethylene oxide)

Tyagi et al., Macromol. 2007

Application – polymer blend



Tyagi et al., Macromol. 2007

Application – polymer blend

Poly(vinyl acetate) segmental dynamics 
in blends with poly(ethylene oxide)



Methyl group dynamics in coenzyme moiety 

ubiquinone Q0 – dynamical disorder in a crystal

Q = 1.4 Å-1

Smuda et al., JPC B 2010

Application – pharmaceutical compound
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Q = 1.4 Å-1

Smuda et al., JPC B 2010

Application – pharmaceutical compound

Methyl group dynamics in coenzyme moiety 

ubiquinone Q0 – dynamical disorder in a crystal



Water-in-oil microemulsion droplet dynamics 

in AOT/butanol/water/n-octane

surface (shape) fluctuations

I(
Q

,t
)/

I(
Q

,0
)

Application – microemulsion

Different technical approach: 

� neutron-spin-echo spectroscopy

� coherent scattering

Zambrano et al., JPCM 2006
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Zambrano et al., JPCM 2006

Application – microemulsion

Water-in-oil microemulsion droplet dynamics 

in AOT/butanol/water/n-octane

surface (shape) fluctuations



• Generally: know in advance as much of the structure as possible –

e.g. wide- or small- angle scattering, optical spectroscopy

Why: Q resolution and range are often very limited on a spectrometer

Complementary methods
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• Generally: know in the advance the thermodynamics

Why: except for special measurements, material must be   

at equilibrium during the QENS experiment

• Relaxation processes may be determined by NMR, 

dielectric spectroscopy, etc. 

Complementary methods

• Generally: know in advance as much of the structure as possible –

e.g. wide- or small- angle scattering, optical spectroscopy

Why: Q resolution and range are often very limited on a spectrometer
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• Generally: know in advance as much of the structure as possible –

e.g. wide- or small- angle scattering, optical spectroscopy

• Generally: know in the advance the thermodynamics

• Relaxation processes may be determined by NMR, dielectric 

spectroscopy, etc…

QENS determines their geometry!

structural relaxation in poly(isobutylene), 

Richter et al. 1998

Complementary methods
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• Computer simulations are essential 

to analyse QENS from complex systems 

Crupi et al., Physica A 2002

Complementary methods

fully hydrated Hb powder

concentrated Hb solution

Stadler et al., J R Soc Interface 2012



• Generally: know in advance as much of the structure as possible –

e.g. wide- or small- angle scattering, optical spectroscopy

• Generally: know in the advance the thermodynamics

• Relaxation processes may be determined by NMR,                

dielectric spectroscopy, etc…

QENS determines their geometry!

• Computer simulations are essential 

to analyse QENS from complex systems

Complementary methods
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The ACNS landscape

• Berrod et al., Nanoscale 8 (2016) 7845

ionic liquids in carbon nanotube confinement

• Shi et al., Phys Rev Lett 117 (2016) 238102

amino acids and peptides in aqueous solutions

• User operation from Sep 2016

• first soft-matter experiments on 
liquid-crystalline mesophases

PELICAN
EMU
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Thank you for your attention

Questions : now or nds@ansto.gov.au




