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Disordered materials group

NIMRODNear and InterMediate RangeOrder Diffractometer

SANDALSSmall Angle Neutron Diffractometerfor Amorphous and Liquid Samples

GEMGeneral Materials Diffractometer



Typical data...
Crystalline Solid Liquid Glass



Over multiple length-scales...

Mitterdorfer et al. Phys. Chem. Chem. Phys. 16, 16013 (2014)



What is measured?



Structure refinement: Some 
options...

• Direct Fourier transform of the data to 
obtain partial radial distribution 
functions

• Reverse Monte Carlo
• Comparison to molecular simulation
• Refinement using molecular 

simulation



Empirical Potential Structure 
Refinement (EPSR)

Atomistic Simulation
•Run Atomistic simulation of your system using literature (reference/seed) potentials

Compare to data
•Compare to several datasets for the same system using isotopic substitution

Add an empirical potential
•Based on mismatch between simulated and measured diffraction



Example: Micelle formation
Experiment on SANDALS 
using a series of 
isotopically labelled 
C10TAB samples with and 
without acid:
0.4M C10TAB
0.4M C10TAB + 0.2M HBr
0.4M C10TAB + 0.2M HCl



The EPSR models consists of
256 C10TA cationic surfactants
256 Br- anions
31232 Water molecules
Contained in a cubic simulation box of side dimensions 101.71Å
This gives a total of 105216 atoms at a density of 0.1 atomsÅ-3
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Initial configuration
The starting configuration 
was equilibrated under the 
reference potentials. 
This leads to a box in 
which there are no micelles 
present – there is nothing 
in the reference potentials 
that will give rise to the 
spontaneous generation of 
aggregated structures 



Comparison using reference potentials only

Although the reference model gives a 
reasonably close approximation of the 
experimental data, it significantly fails to 
capture the low-Q features indicative of 
micelles in solution.



Comparison of interference differential scattering cross sections calculated from the 
EPSR models of the 25°C data.

A notable achievement of the EPSR refined 
model is the improved agreement with the 
low-Q data that is indicative of the presence 
of aggregated micelle structures in the 
models.



EPSR on 25°C data
After refinement 
against the 
experimental data. 
Micellar aggregates are 
found to have formed 
in the model.



Example: Fluids in pores

Nitrogen in mesoporous silica MCM-41 
at T=87-123K and P=0.7-1bar
EPSR can simulate whole system



EPSR: Structure of MCM-41
• Size of pore fitted on trial an 

error basis
• Dummy atom used to define 

centre of pore, and then 
repulsive potential used to 
define pore size

• Silica framework still fitted by 
EPSR method

• Diameter of 40Å gave best fit in 
Q and r-space. This is larger 
than predicted by BET



EPSR: Structure of N2 in the pore



Looking forward: CG-EPSR
• Iso-octane, Na-AOT (sodium-dioctyl

sulfosuccinate), water reverse micelle 
system in ratios 6:1:5 and 6:1:15

• Each bead treated as having a 
Gaussian distribution of scattering 
length density, and therefore has a 
form factor associated with it

• In current study the number of reverse 
micelles was a tuneable parameter 
using dummy atoms and “container” 
forces (cf MCM-41)



CG-EPSR: reverse micelles

iso-octane:AOT:water = 6:1:5 iso-octane:AOT:water = 6:1:15



CG-EPSR: reverse micelles

iso-octane:AOT:water = 6:1:5 iso-octane:AOT:water = 6:1:15



In summary....
• Molecular simulation with EPSR has 

become a standard technique for 
structural analysis of liquid and 
amorphous systems on the atomic 
scale.

• NIMROD data presents a challenge: How 
to apply these techniques to very long 
length-scales?


