
ORNL is managed by UT-Battelle, LLC for the US Department of Energy

Introduction to Fullprof Suite and 
Sarah Representational Analysis

Ovidiu Garlea 
Neutron Scattering Division, 
Oak Ridge National Laboratory



22 Magnetic Structure Workshop, ORNL, October 2019

Where to download FullProf Suite http://www.ill.eu/sites/fullprof/
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What is the FullProf Suite 
A set of crystallographic programs (FullProf, WinPLOTR, EdPCR, FPStudio…) developed 
for Rietveld analysis of neutron or X-ray powder diffraction, but with capabilities for single 
crystal and many other useful utilities
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Developers of FullProf Suite
Juan Rodríguez-Carvajal (ILL, France)
FullProf, CrysFML, BasIreps, …
Javier González-Platas (ULL, Tenerife, Spain)
CrysFML, GUIs, GFourier, EdPCR

Contributors:
Laurent Chapon & Aziz Daoud-Aladine (ISIS, U.K.) T.O.F., FP_Studio
Thierry Roisnel (LCSIM, Rennes, France): WinPLOTR
Oscar Baltuano (IPEN, Peru): WinPLOTR-2006
Carlos Frontera (ICMAB, Barcelona, Spain): Polarized neutrons

CrysFML: Crystallographic Fortran Modules Library - set of Fortran 95 modules 
developed to facilitate the design and the development of crystallographic 
computing programs.  http://forge.ill.eu/projects/show/crysfml
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Toolbar:

WinPLOTR / WinPLOTR-2006: Visualizing powder diffraction patterns. 
Fitting independent peaks (CW and TOF), interface for FullProf

FullProf : Crystal and magnetic structure refinement, powder/single crystals, polarized 
neutrons, multiple patterns, simulated annealing

EdPCR: Editor of the FullProf input control file
MCIF_to_PCR: Creates a PCR file with magnetic model from mcif file
GFourier and Bond_Str.: Fourier and distance/angle calculations.
K_Search: Searching propagation vectors
BasIREPS: Program for calculating basis functions of Irreducible Representations
Fp_Studio: Program for visualizing crystal and magnetic structures
Check_Group: Program for finding the space group (powders and single crystals)
Datared: Program for single crystal data reduction
GLOpSAnn: Solve crystal structures using Global Optimization with Sim. Ann.
DICVOL04, TREOR90, ITO, CrysCalc …

FullProf Suite
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Documented in “fp2k.inf” or…
to the Fullprof homepage at “What’s new”

FullProf : Updates



77 Magnetic Structure Workshop, ORNL, October 2019

FullProf Suite ToolBar
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FullProf Suite: WinPLOTR

 Reading the X-ray and neutron diffraction patterns
 Automatic peak search for indexing
 Saving peaks as input for DICVOL04, Treor90, K-Search ...
Making individual peak fit
 Exporting a background file
 Invoking other programs of FullProf Suite
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FullProf Suite: WinPLOTR
Access to other programs:
(e.g., periodic table of elements, space 
groups info, molecular weight and unit 
cell volume calculation …)

Individual peak fit
Automatic peak & background search 
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FullProf Suite: WinPLOTR-2006
Search for the magnetic 

propagation vector (k-search)

2D contour plot 3D  surface plot
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Features :
 Multiple data sets: simultaneous treatment of several powder diffraction patterns  

(constant wavelength X-rays & neutrons, TOF neutron, energy dispersive X-rays)
 Combined treatment of single crystal and powder data
 Automatic mode for handling refinement codes and symmetry constraints
 Rigid body refinements + distances and angles restraints
 Special form factors
 The treatment of micro-structural effects
 Sequential refinement

FullProf program
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 Many variables and options 
 Complex to handle

FullProf : How to create the PCR file

 Copy an existing PCR-file and modify it, or

 use EdPCR

 use mcif_to_pcr
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Steps for magnetic structure determination 

I. Well defined crystallographic structure

Peak positions of 
⇐ magnetic reflections

Cell parameters

II. Determine the propagation 
vector(s)

FP_Suite: k-Search

Propagation vector
⇐ Space Group

Atom positions

III. Perform Symmetry Analysis 
FP_Suite -BasIreps, SARAh
Bilbao Cryst. Server, Isodistort

⇐ Atomic components
of Fourier basis functions

IV. Introduce and refine
the magnetic phase 

FP_Suite: FullProf
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Symmetry Analysis using BasIreps

Code of files

Working 
director
y

Title

Space group
symbol or 
generators

Brillouin 
Zone label 

k-vector

Axial/polar

Number of 
atoms Atoms 

positions

Atoms in Unit Cell
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FullProf format

Symmetry Analysis using BasIreps
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FullProf : Magnetic Structure Factor 
magnetic moment

expanded as Fourier series

{ }
{ }
∑ −=

k
k kRSm ljsljs iexp π2

l : index of a direct lattice point
j : index for a Wyckoff site (orbit)
s: index of a sublattice of the j
site

Skjs : Fourier coefficients 
are complex vectors
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real moments
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The magnetic structure factor:
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FullProf: Magnetic Structure Refinement 
many different ways of treating magnetic structures

 Fourier coefficients refinement:

 The magnetic symmetry is introduced together with explicit 
symmetry operators of the crystal structure.
 The refined variables are directly the components of the Skjs vectors. 

{ }1 2k k kS Sjs js j jM exp iπ φ= − A relation exist between Skj1 and Skjs

 Coefficients of basis functions refinement:

 Fourier coefficients as linear combinations of the basis functions of 
the irreducible representation of the propagation vector group Gk

 The basis functions of the IRs are introduced together with explicit 
symmetry operators of the crystal structure.
 The refined variables are directly the coefficients  C1, C2, C3, ….

( )k
kS Sjs n n

n
C jsν ν

λ λ
λ

=∑

.
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FullProf : Symmetry operators between Fourier 
components  (along the crystallographic axes)
Magnetic phase
!
!Nat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More

1   0   0 0.0 0.0 1.0   1   0  -1   0   0          0.000   0   7   0
!
P m m m                  <--Space group symbol
!Nsym Cen Laue MagMat

4   1   3   1
!
SYMM   x,y,z
MSYM   u,v,w,0.0
SYMM   -x,-y,z+1/2
MSYM   -u,-v,w,0.0
SYMM   -x+1/2,y+1/2,-z+1/2
MSYM    u,-v,w,0.0
SYMM   x+1/2,-y+1/2,-z
MSYM   -u, v,w,0.0
!
!Atom Typ  Mag Vek    X      Y      Z       Biso   Occ      Rx      Ry      Rz
!     Ix     Iy     Iz    beta11  beta22  beta33   MagPh
Mn1  MMN3  1  0  0.50000 0.00000 0.00000 0.04338 1.00000   0.000   3.847   0.000

0.00    0.00    0.00    0.00    0.00    0.00   0.00    0.00
0.000   0.000   0.000   0.000   0.000   0.000 0.00000
0.00    0.00    0.00    0.00    0.00    0.00    0.00
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FullProf : Symmetry operators between Fourier 
components  (Polar coordinates)
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FullProf : Symmetry operators corresponding to a 
magnetic space group   (mcif_to_pcr)
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FullProf : Basis functions coefficients (created from Sarah or BasIrep)
!Nat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More

1   0   0 0.0 0.0 1.0   1   0  -2   0   0          0.000   0   7   0
!
P m m m                  <--Space group symbol
! Nsym   Cen  Laue Ireps N_Bas

4     1     1    -1     3
! Real(0)-Imaginary(1) indicator for Ci
0  0  0

!
SYMM x,y,z
BASR   1  0  0   0  1  0   0  0  1
BASI   0  0  0   0  0  0   0  0  0
SYMM -x+1,-y,z+1/2
BASR  -1  0  0   0 -1  0   0  0  1
BASI   0  0  0   0  0  0   0  0  0
SYMM -x+1/2,y+1/2,-z+1/2
BASR   1  0  0   0 -1  0   0  0  1
BASI   0  0  0   0  0  0   0  0  0
SYMM x-1/2,-y+1/2,-z
BASR  -1  0  0   0  1  0   0  0  1
BASI   0  0  0   0  0  0   0  0  0
!
!Atom Typ  Mag Vek    X      Y      Z       Biso   Occ      C1      C2      C3
!     C4     C5     C6      C7      C8      C9     MagPh
Mn1  MMN3  1  0  0.50000 0.00000 0.00000 0.04338 1.00000   0.000   3.847   0.000

0.00    0.00    0.00    0.00    0.00    0.00   0.00    0.00
0.000   0.000   0.000   0.000   0.000   0.000 0.00000
0.00    0.00    0.00    0.00    0.00    0.00    0.00
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FullProf : using Amplimodes (mcif to pcr – Isotropy)
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FullProf : IC using Superspace description (mcif to pcr)
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3D visualization program: FpStudio
 reads ".fst" files - automatically generated by FullProf
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SARAh http://fermat.chem.ucl.ac.uk/spaces/willsgroup/software/

calculates the Irreducible representations and 
basis vectors associated with a space grou, 
propagation vector and atomic positions
Output files includes a tailored summary with
cut-and-paste tables written in LaTeX

Sarah-Representational Analysis Sarah-Refine

adds functionalities to GSAS, FullProf and TOPAS, 
to allow them to refine magnetic structures in 
terms of the basis vectors. It sets up the pcr file 
for the magnetic refinement, and enables the 
searching of magnetic propagation vectors with 
reverse-Monte Carlo routines

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/software/
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SARAh creates a Magnetic phase to use in Fullprof
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SARAh – web Representational Analysis
http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-web-
representational-analysis/

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-web-representational-analysis/
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Thank you !
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