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High Flux Isotope Reactor
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Spallation Neutron Source
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NOMAD and POWGEN



66 ADD2022

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
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RMC in action

AlPO4
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RMC programs

rmcprofile.pages.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
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RMC c2

Total scattering

PDF

Bragg profile

Constraints/restraints
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BVS

F(Q)

Bragg

EXAFS

PDF

Molecular 
potentials

Polyhedral 
restraints

ED

M G Tucker et al, J. Phys.: Condens. 
Matter 19, 335218 (2007). 
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RMCProfile refinement
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4608 atoms
834 moves
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RMCProfile refinement

4608 atoms
4699 moves
c2 = 92.3
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4608 atoms
RMC converged

c2 = 3.43
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Collapsed to unit cell

Big box models
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Atomic configuration

RMCProfile can fit

Variety of additional constraints

• usually a supercell of the crystallographic unit cell
• 10000 – 50000 atoms

• real space data , i.e. G(r), D(r), T(r)
• reciprocal space data, i.e. F(Q)
• Bragg data (using GSAS output)
• magnetic scattering in reciprocal space
• EXAFS (k- and/or r-space)
• (Electron) single crystal diffuse

• minimum distance “hard sphere Monte Carlo”
• distance window
• molecular potentials (distance and angle)
• polyhedral constraint
• coordination number

Introduction to the RMCProfile7 program

https://rmcprofile.pages.ornl.gov
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Multiphase refinement

RMCProfile can fit 

Variety of additional constraints

Novel 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

Introduction to the RMCProfile7 program
WHAT’S NEW!

*W. Sławiński, J. Appl. Cryst. (2018). 51, 919–923
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RMCProfile7 – multiple phases WHAT’S NEW!
CaF2 and CeO2 with 50%/50% mass fraction
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RMCProfile7 – multiple phases WHAT’S NEW!
CaF2 and CeO2 with 50%/50% mass fraction (69.5%/30.5% mole fraction)

data collected POLARIS @ ISIS Neutron and Muon Source, UK

RMCProfile7 –multiple phases WHAT’S NEW!

CaF2 and CeO2 with 50%/50% mass fraction (69.5%/30.5% mole fraction)

data collected POLARIS @ ISIS Neutron and Muon Source, UK
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RMCProfile7 –multiple phases WHAT’S NEW!

CaF2 and CeO2 with 50%/50% mass fraction (69.5%/30.5% mole fraction)



2929 ADD2022

RMCProfile7 – multiple phases BE AWARE OF

CaF2 and CeO2 with different mass fractions
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RMCProfile7 – potentials WHAT’S NEW!

RMCProfile7 can 
search for 
collections of 
atoms which 
will be 
restrained by 
potentials
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RMCProfile7 – real space data calculation
WHAT’S NEW!

RMCProfile7 can 
calculate REAL 
SPACE data as a 
back Fourier 
Transform of 
F(Q) data

Might be usefull for
• X-Ray PDF data due to the nature of scattering factor f(Q) dependence
• neutron data measured with limited Qmax
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RMCProfile7 – molecule type move
WHAT’S NEW!

RMCProfile7 can:
• translate, 
• rotate,
• swap
molecules
(rigid bodies)

but also
swap atoms with 
moleculed
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M G Tucker et al, J. Phys.: Condens. 
Matter 19, 335218 (2007). 
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Thank you!

‣ Please get in touch tuckermg@ornl.gov
‣ wslawinski@chem.uw.edu.pl

www.rmcprofile.org
rmcprofile.pages.ornl.gov

mailto:tuckermg@ornl.gov
http://www.rmcprofile.org/

