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Why powders more difficult than single crystals?
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Crystal structure characterization 

(ab-initio solution and/or refinement)
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A better FOX: using flexible modelling and maximum likelihood to improve direct-space ab 

initio structure determination from powder diffraction.

V. Favre-Nicolin and R. Černý, Z. Kristallographie, 219 (2004) 847-856 

FOX, "Free Objects for Crystallography": a modular approach to 

ab initio structure determination from powder diffraction.

V. Favre-Nicolin and R. Černý, J. Appl. Crystallography 35 (2002) 734-743 

FOX, current state and possibilities.

R. Černý, V. Favre-Nicolin, J. Rohlicek, M. Husak, Crystals (2017), 7, 322

Direct space methods of Structure Determination from Powder Diffraction: principles, 

guidelines and perspectives.

R. Černý and V. Favre-Nicolin, Z. Kristallographie, 222 (2007) 105-11

objcryst.sourceforge.net

fox.vincefn.net



Structure solution: Direct space methods

Unit cell and 

space group

Molecular conformation, atomic coordination, chemical 

compositions, additional information

Calculated 

diffraction data

Observed 

diffraction data

Cost Function 

evaluation

Target value reached?

no yes

Solution

Metod of

global

optimization

Full powder 

diffraction profil

or

correlated 

intensities
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FOX: Free Objects for Xtallography

W. Kraus, G. Nolze, PowderCell



Simulated Annealing

Monte-Carlo based Optimization

Explore parameter space and generate “all” possible 

configurations with a Boltzmann-type distribution

Random 

configuration

Random 

move

Evaluate 

configuration

Cost Function (CF)

Metropolis:

Is configuration 

“better” ?

yes

no

Keep configuration 

with probability :

P = exp(-Δ CF / T) Annealing

temperature

Markov chain
Keep 

configuration
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Parallel Tempering & Annealing Temperatures

simultaneous optimization 

at different temperatures

T5

T4

T3

T2
T1

trial #

To automatically choose the temperatures,

in each parallel optimization it is the

average atomic displacement per random

move which is imposed, from 0.01 to 1 Å.

The Temperature is then tuned so that in

each “world” the acceptance rate of new

configurations is from 10 to 30%.

Hypersurface

Cost = f (DOF)
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Dynamical Occupancy Correction

Ab initio structure solution algorithms working in direct space must be able to 

automatically handle (a) atoms which are shared between individual building units, 

and those which (b) are on a special position. In both cases, the algorithm can 

transform two overlapping atoms into a single one by (c) diminishing the occupancy of 

the atoms when their distance falls below a threshold value.
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Flexible approach = isolated atoms + restraints

Idea: keep all the coordination information, but without its pitfalls

Building Units : Description

Introduce a Cartesian coordinate system 

for each Molecule object.



Main FOX interface



Auto-indexing

⚫ Search for peaks
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Profile fitting & Le Bail extraction
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Profile fitting: spacegroup explorer

⚫ Performs a profile fitting for all spacegroup settings allowed by

the unit cell (37 for monoclinic cells, 478 for cubic cells… it can

take a while).

⚫ Spacegroups are listed by increasing GoF up to to 2*min(GoF)
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Fourier maps

⚫ Display Fourier maps (calc, obs, obs-calc)

⚫ Fourier maps are included in the POV-Ray output

Correct Wrong conformation

of internal chain

Wrong position

for side CH
3

group
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Using Molecular Dynamics

Atoms in “restrained” groups are moved using molecular dynamics principles :

⚫ Each atom is given a random vector speed

⚫ The overall Energy is E
kinetic

+ E
restraints

⚫ Atoms are moved according to standard mechanics (force=gradient of E
restraints

) 
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Using Molecular Dynamics

MD moves are computationally expensive

=> they are only tried once in a while

=> the frequency can be chosen (by default: 0=never)

=> the relative energy of the molecule can be chosen to avoid too much distortion

… But remember that SOME DISTORTION IS NECESSARY to reach the 'true' 

conformation of the Molecule, starting from an incorrect one...
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Using Molecular Dynamics + least squares

MD moves allow to solve complex, flexible structures with large cycles...

...but it can take a long time ! 

Using periodic least squares greatly help the convergence, as the least squares 

algorithm moves all the atoms individually (taking into account restraints) and is 

not limited by simple moves, or a Z-matrix description
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Molecular Dynamics + least squares + rigid bodies

SOME DISTORTION IS NECESSARY... but sometimes you really want to avoid it

=> You can create 'rigid groups' of atoms that will only be translated/rotated as a 

rigid body, even during least squares.
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Fullprof export

⚫ 1 !Number of refined parameters

⚫! Zero Code Sycos Code Sysin Code Lambda Code More -> Patt #1

⚫ 0.00415153 0.0 0.00119514 0.0 0.00105758 0.0 0.000 0.0 0

⚫!----------------------------------------------------------------------------

---

⚫! Data for PHASE number: 0 ==> Current R_Bragg for Pattern# 1: 0.00

⚫!----------------------------------------------------------------------------

---

⚫Cimetidine

⚫!Nat Dis Ang Jbt Isy Str Furth ATZ Nvk More

⚫17 17 20 0 0 0 0 1.0 0 1

⚫!Jvi Jdi Hel Sol Mom Ter N_Domains

⚫ 0 3 0 0 0 0 0

⚫!Contributions (0/1) of this phase to the patterns

⚫ 1

⚫!Irf Npr Jtyp Nsp_Ref Ph_Shift for Pattern#0

⚫ 0 0 0 0 0

⚫! Pr1 Pr2 Pr3 Brind. Rmua Rmub Rmuc for Pattern#0

⚫ 1.0 1.0 1.0 1.0 0.0 0.0 0.0

⚫! Max_dst(dist) (angles) Bond-Valence Calc.

⚫ 2.7000 1.5000 0

⚫P 1 21/a 1 <- Space Group Symbol

⚫!Atom Typ X Y Z Biso Occ In Fin N_t Spc / Codes

⚫C1 C 0.566876 0.342198 0.343369 3 1 0 0 0 0

⚫ 0 0 0 0 0

⚫N2 N 0.448664 0.371933 0.388352 3 1 0 0 0 0

⚫ 0 0 0 0 0

⚫C3 C 0.454253 0.405903 0.550729 3 1 0 0 0 0

⚫ 0 0 0 0 0

⚫N4 N 0.586007 0.407123 0.696493 3 1 0 0 0 0

⚫ 0 0 0 0 0

⚫C5 C 0.624978 0.44932 0.859614 3 1 0 0 0 0

⚫ 0 0 0 0 0

⚫N6 N 0.663486 0.486503 1.01791 3 1 0 0 0 0

⚫ 0 0 0 0 0

⚫N7 N 0.367983 0.448348 0.627608 3 1 0 0 0 0

⚫ 0 0 0 0 0

⚫C8 C 0.233019 0.464033 0.453323 3 1 0 0 0 0

0 0 0 0 0
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Fullprof export

! U V W X Y GauSiz LorSiz Size-Model

0.00341898 8.85951e-05 0.00156559 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0

! a b c alpha beta gamma #Cell

Info

10.3942 18.819 6.82503 90 106.437 90

0.0 0.0 0.0 0.0 0.0 0.0

! Pref1 Pref2 alpha0 beta0 alpha1 beta1 ?

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

!Soft distance constraints

C1 N2 1 0 0 0 1.47 0.01

N2 C3 1 0 0 0 1.4 0.01

C3 N4 1 0 0 0 1.4 0.01

N4 C5 1 0 0 0 1.37 0.01

C5 N6 1 0 0 0 1.13 0.01

C3 N7 1 0 0 0 1.4 0.01

N7 C8 1 0 0 0 1.47 0.01

C8 C9 1 0 0 0 1.54 0.01

C9 S10 1 0 0 0 1.82 0.01

S10 C11 1 0 0 0 1.82 0.01

C11 C12 1 0 0 0 1.5 0.01

C12 N13 1 0 0 0 1.37 0.01

N13 C14 1 0 0 0 1.37 0.01

C14 N15 1 0 0 0 1.37 0.01

N15 C16 1 0 0 0 1.37 0.01

C16 C17 1 0 0 0 1.5 0.01

C16 C12 1 0 0 0 1.45 0.01

!Soft angle constraints

C1 N2 C3 1 1 0 0 0 0 0 0 108.862 0.572958

N2 C3 N4 1 1 0 0 0 0 0 0 119.748 0.572958

C3 N4 C5 1 1 0 0 0 0 0 0 119.748 0.572958

N4 C5 N6 1 1 0 0 0 0 0 0 180 0.572958

N2 C3 N7 1 1 0 0 0 0 0 0 119.748 0.572958

N4 C3 N7 1 1 0 0 0 0 0 0 119.748 0.572958

C3 N7 C8 1 1 0 0 0 0 0 0 108.862 0.572958

N7 C8 C9 1 1 0 0 0 0 0 0 108.862 0.572958

C8 C9 S10 1 1 0 0 0 0 0 0 108.862 0.572958

C9 S10 C11 1 1 0 0 0 0 0 0 108.862 0.572958
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Time-Of-Flight

● Support for neutron TOF data

● Support for non constant-step data

● Double-Exponential Pseudo-Voigt profile (M. Pitt)
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Profile fitting with Fox
(Zdenek Matěj from Charles University in Prague)

The idea was to extend Fox for the Rietveld refinement including calculation of diffraction intensities based 

on both the crystal structure and the microstructure models. 

A general interface for description of various line broadening models was introduced by convolution of 

(physically relevant) profile functions (calculated in direct or reciprocal space) like: 

stacking faults model, grain shape function used for calculation of size-broadening, dislocation broadening, 

analytical or measured instrumental functions, physically based micro-deformation (strain) broadening. 

The least-square algorithm hidden in the ObjCryst++ was started, and Fox runs as a Rietveld program.
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Grid-Computing for Fox

For complex structures, a 'grid-computing' version of Fox has been developed 

(Jan Rohlíček, Michal Hušák (ICT Prague)

=> xml files can be uploaded to a server, which distributes the jobs to clients

=> N PCs with 4 cores => speedup of ~ 4N compared to a single instance of Fox 

The server & clients are integrated with Fox... And now we need more testers !
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Multiple Solutions

(1)

Make multiple runs

(Dash-like)
Struct 1

Struct 2

(2)

Browse solutions

Multiple solutions allow to 

see how “stable” the 

solution is
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Conclusion & Acknowledgements

Improvements depend on user feedback !!! Send feedback, feature requests !

open-source project => add your contribution

=> help by testing "development" versions (subscribe to the 

mailing list!)

After 20 years... Fox can now index, fit profiles, 

… and still solve structures !

⚫ Current Fox version allows to solve more flexible structures

Thanks to:

⚫ Vincent Favre-Nicolin 

(CEA and J. Fourier University, Grenoble)

⚫ Jan Rohlíček, Michal Hušák (ICT Prague)

⚫ Lachlan Cranswick... for so many reasons...
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