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Abstract. Program FOX for ab initio crystal structure determination from

powder diffraction uses global optimization algorithms to find the correct GIObaI Optl mizatiOn in Dl I ecl SpaCe AppllCaUOnS

structure by making trials in the direct space. It is a modular program, capa- compound  Atoms P 0oc Modeization et CO%  Susces  Trialsag

ole of usin ol criteria for evaluatin el e e I Direct space methods : locating building units (molecules, polyhedrons, atoms) in the cell. < e Himel)
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- : . Monte-Carlo based Optimization 9  Pb+(SO) XHN iR, 100 <50(<30)
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) ] ] . ) ) Explore parameter space and generate “o|” POSS ble CsOHIH 0 2 14,/amd 9 freeatoms (3) Xl iR, 100 <20(<30)
coordinates (Z-matrices), thus allowing natural constrants on interatomic configurations with a Bolzmenm e ETEg LiBH, - RT® 5 Pma 9 Li+(BH) Xs  R,+AB 100 <50(<3)
distances and angles. Identical atoms shared between neighboring building o LiBH, -HT? 4 Pemc 9 Li+(BH) Xs IR, +AB 100 <50(<30
blocks, and specia positions are handled with an automatic, adaptive method Markov chain l configuration yes T e s IZZiZEEEiﬁf & :EWW"+AB = ﬁig
(Dynamical Occupancy Correction). Several algorithms (Simulated Anneal- _ 21 NiOy D O  Cmem 15 freeatoms(sD) N IR, 100 100(60)
Ing, Parallel Tempering) are currently available. The program is based on an Random Random Evaluate Hlelgrel s LE T B D Pemmm 15  freeatoms(SD) N Rup 100 100(60)

. . .. : : configuration > move > configuration |s configuration ErFeD, ., 10D  Pmn2, 60  freeatoms(20D) N iR, + AB 100 500(300)
ObJ ect-oriented CrySta”OgraphIC Ilbrary ObJ CrySt++ (programml ng Ianguage A _better” ? LaMg,NiD.? 8M, | P2Jc 24,  freeatoms(8M) Xs, iR, 100 100(60)
c++). The program and the library are available for Linux and Windows on Available computer programs: 14D 22 frecatoms(14D) N Ry, + AB 100 400(900)
http://objcryst.sourceforge.net. Inorganic and organic structures with the |- optimizedfor specific materia — no Mgir® z | cma | & | meeatoms(ay | XeNE

; . . (organics, zeolithes...) Keep configuration 20 4ir(IrMg),] XstN iR, 75 100(7000)
complexity up to 26 independents atoms are routinely solved from laboratory | . ¢ stomization of Cost Functions 2 with probability - p— i rezz | w4 SN o R - B~
X-ray, Synchrotron or heutron data. - handling of special positions ? P=exp(-ACF/T)—  Annealing Cimetidine® 17 P2/c 14 (C NS Xs iR, 90 4000(2800)
Cost Function (CF) ,/ temperature Al(CH_PO,) 2 26 P-1 24 2Al+3H.CPO, X iR,, *AB 100 750(750)

2 new crystal structure; ® test data available on web; ¢ M=metal atom, D=deuterium
d X|=laboratory X-ray, Xs=synchrotron, N=neutron, XI(s)+N=joint use, XI(s),N=successive use
¢iR,, (weighted, integrated profile), AB (anti-bump)

FOX: Free Objects for Xtallography Building Blocks: Polyhedrons, Molecules
described by Z-matrix

Z-Matrix: describe atom positions using relevant parameters.

| solated atoms : LaMgoNID+
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(i) Thecrysta structure can be described using any combination of building blocks:
isolated atoms, molecules, polyhedrons.
(i) The correct structure can be found without any assumption on the actual

< S — Bond lengths, bond angles and dihedral angles
connectivity between building blocks, nor any a priori knowledge about atoms on

HE P21/c

special positions. - give ‘natural’ constraints to the model Neutron pattern (ILL-D2B), A = 1.594 A
(ii1) Severa optimization algorithms can be used, with easy path from one to another K flescbility (limi
and with easy upgrade of algorithm. All optimized objects (crystal structure, - keep someftlexibility (limit parameters) 600y
powtc)ler ggtatern) can d_eflne their Cost Function (CF) and any combination of CF - reduce the n-dimensional parameter space 540{
G betis=diemaitigi el | . building blocks::
(iv) Itispossibleto usejointly all available diffraction data sets. \
(v) Any modification or upgrade of the program is easy. “
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Special Positions and Connectivity : Algorithms and Cost Functions Molecule : Potassium Hydrogen
Dynamical Occupancy Correction 2R, 3R (+) Tartrate (C, Hs Og K)

Cost Functions are defined for each kind of object : R, R,,, AntiBump, ...
Use aweighted sum of Cost Functions: f = w,; R;+w, R,+w; AntiBump+...
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favorize best configurations
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Tuned for Global Optimization Conclusions Hybrid : Al;(CH3POs3)3

Avoid useless recalculations (auto. store profiles, scattering factors, ...) versatile expandable
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- Smooth correction
- Merging of identical atoms

(c)

_ _ ObjCryst++
Performance : up to 5000 trial structures/s (Athlon 1.4 Ghz, Linux)
R\
Cimetidine : up to 2500 trialg/s for 150 reflections in single-crystal mode, FOX f/.x —
® .
40 % Slower in powder-mode. — ./ gi \,
- any combination of : ", 4 —
‘Smart’ annealing temperature : automatic adaptative tuning of the temperature isolated atoms, molecules, polyhedron .\\ /
to keep the acceptance rate between 10 and 30 % - No assumption on the actual / - /

- no a priori knowledge about
- joint use of diffraction data sets
- easy modifications

‘Smart’ moves for molecules : local minimization after a random move, increase
the success rate
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AlO,+A10+3H,CP, 27 OIZ\,%Dl ution in 6500 ¢

2A1+3H,CPO,, 24 DOF, sdlution in 750 s

- of molecules (restraints) 28000
- Cost Functions (energy, atomic coordination) Laboratory data, 4 = 1.54056 A
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*A' - (structure envelopes, parameter 16000

space modification) 12000
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Avallability (Windows, Linux): http://objcryst.sourceforge.net

Cimetidine : success increases from 80 to 90 % Future developments:

| ntegrated R-factor : summing more than 90% of intensity around each peak
using full observed and calculated patterns : Al
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computer programs;

see also : http://objcryst.sourceforge.net/

and
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Samples or powder patterns
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