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Diffraction Section @ ORNL
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•9 Instruments

– 4 at the HFIR 

– 5 at the SNS

• 2 Groups

– Powder Diffraction Group

– Single Crystal Diffraction Group

High Flux Isotope Reactor

Spallation Neutron Source

Diffraction section includes 2 groups with 9 instruments
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NOMAD and POWGEN
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The Reverse Monte Carlo algorithm

Generate initial configuration

Move a randomly selected atom a 

random distance

Compute new experimental functions 

and compare with data

Only reject change if comparison is 

worse and with some probability

➥

➥

➥

➥
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Cliffe M J et al
PRL 104 (2010) 1255013

RMC in action: C60

INVERT
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Cliffe M J et al, PRL 104 (2010) 1255013

RMC in action: C60
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RMC in action

Q(Å-1)

r(Å)
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RMC in action

AlPO4
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RMC programs

rmcprofile.ornl.gov

Yuanpeng
Zhang
(ORNL)
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PDFgui

(r-space Reitveld)

RMCProfile

(Reverse Monte Carlo)

Big box vs small box models
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PDFgui

(r-space Reitveld)

RMCProfile

(Reverse Monte Carlo)

Big box models
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Simple 
crystals

Amorphisation 
Disordered 

crystals
Amorphous 

RMCProfile

Disordered materials
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The RMC Method

Reverse Monte Carlo Simulation:

a new technique for the determination of disordered 

structures
McGreevy R L and Pusztai L, Molecular Simulation 1(1988) 359 
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The Reverse Monte Carlo algorithm

Generate initial configuration

Move a randomly selected atom a 

random distance

Compute new experimental functions 

and compare with data 

Only reject change if comparison is 

worse and with some probability

➥

➥

➥

➥
2

2
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RMC 2

Total scattering

PDF

Bragg profile

Constraints/restraints
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BVS

F(Q)

Bragg

EXAFS

PDF

Molecular 

potentials

Polyhedral 

restraints

M G Tucker et al, J. Phys.: Condens. 

Matter 19, 335218 (2007). 

Single Crystal Diffuse
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RMCProfile refinement

4608 atoms
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2 = 3023
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4608 atoms
834 moves
2 = 1629

F(
Q

)
B

ra
gg

 P
ro

fi
le

r(Å)

r(Å)

TOF(us)

Q(Å-1)

RMCProfile refinement

Slides from 
Dave Keen



2020 ADD2026

RMCProfile refinement

4608 atoms
4699 moves
2 = 92.3
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4608 atoms
RMC converged

2 = 3.43
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Collapsed to unit cell

Big box models
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RMCProfile7

• Multiphase refinement

• RMCProfile7 can fit 

• Variety of additional constraints

• Molecule (rigid body) move type

• calculation of all dataset types can be done for multiple phases*

• real space dataset (X-Ray and neutron) can be calculated as a back Fourier 
Transform of reciprocal space dataset

• full GSAS-II compatibility (easy Bragg data extraction)

• molecular potentials (distances, angles, torsion angle, inversion angle, 
planarity + variants)

• potentials and swaps are now compatible

• molecule (rigid body) type move
• swap between atoms and atoms, atoms to molecules and molecules to 

molecules

*W. Sławiński, J. Appl. Cryst. (2018). 51, 919–923
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Example 1. 
ScxV1-xO2-δ X-Ray and neutron 
complementarity

x-ray diffraction neutron diffraction
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ScxV1-xO2-δ X-Ray and neutron 
complementarity

Average structure with δ = 0.25
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Average structure

ScxV1-xO2-δ X-Ray and neutron complementarity
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from Bragg diffraction

• unit cell size

• crystallographic lattice

• average atom positions and 

average distances

• structure composition

from Total Scattering

• local crystal structure

• local distortions and 

dislocations

• individual atom 

positions and distancesⅆ𝑖𝑗 = 𝑟𝑖 − 𝑟𝑗

ⅆ𝑖𝑗 = 𝑟𝑖 − 𝑟𝑗

ScxV1-xO2-δ X-Ray and neutron complementarity



2828 ADD2026

x-ray diffraction neutron diffraction

ScxV1-xO2-δ X-Ray and neutron complementarity
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dSc/V – O = 2.16 Å (from average structure)

2.11 Å

1.75 Å2.13 Å

ScxV1-xO2-δ X-Ray and neutron complementarity
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dSc/V – O = 2.16 Å (from average structure)

2.11 Å

1.75 Å2.13 Å

Sc-O
Sc-OV-O

ScxV1-xO2-δ X-Ray and neutron complementarity
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2.11 Å1.75 Å2.13 ÅSc-O Sc-OV-O

ScxV1-xO2-δ X-Ray and neutron complementarity

neutrons Sc V O

Sc 0.202 -0.006 0.501

V 0.000 -0.008

O 0.311

X-Rays Sc V O

Sc 0.154 0.169 0.308

V 0.046 0.169

O 0.154
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ScxV1-xO2-δ initial vs final configuration

initial configuration final configuration

16x16x16 supercell
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ScxV1-xO2-δ parials

dSc/V – O = 2.16 Å (from average structure)
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ScxV1-xO2-δ post refinement analysis
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ScxV1-xO2-δ post refinement analysis

Distribution of coordination numbers for

[VOn] (yellow) and [ScOn] (blue) polyhedra in

c-Sc2VO5.25 obtained from 10 independent

RMC refinements. Bond lengths are limited to

rmax = 3.0 Å.

Coordination numbers for [VOn] (yellow) and

[ScOn] (blue) polyhedra in c-Sc2VO5.25 Bond

lengths are limited to rmax = 3.0 Å.
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Example 2. 
BaScxTi1-xO3-δ neutron elemental contrast

BaSc0.5Ti0.5O3-δ neutron diffraction
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Example 2. 
BaScxTi1-xO3-δ neutron elemental contrast

BaSc0.5Ti0.5O3-δ neutron diffraction



3838 ADD2026

Example 2. 
BaScxTi1-xO3-δ neutron elemental contrast

BaSc0.5Ti0.5O3-δ neutron diffraction



3939 ADD2026

Example 2. 
BaScxTi1-xO3-δ neutron elemental contrast

BaSc0.5Ti0.5O3-δ neutron diffraction
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Example 2. 
BaScxTi1-xO3-δ neutron elemental contrast

BaSc0.5Ti0.5O3-δ neutron diffraction
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BVS

F(Q)

Bragg

EXAFS

PDF

Molecular 

potentials

Polyhedral 

restraints

M G Tucker et al, J. Phys.: Condens. 

Matter 19, 335218 (2007). 

Single Crystal Diffuse
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Thank you!

‣ Please get in touch tuckermg@ornl.gov

‣ wslawinski@chem.uw.edu.pl

rmcprofile.ornl.govaddie.ornl.gov

rmcprofile.ornl.gov

addie.ornl.gov

mailto:tuckermg@ornl.gov
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