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Structure Solution Overview

Diffraction Unit Cell, Structure Structure
Sample ~ > > _ - _
Data Spacegroup(s) Solution Refinement
y I y
Crysfire Get atom positions L east-Squares
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F(hk))| ! Extracted [F(hk])| 2lIEEIE0EEE
v Modeling by atoms or
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Fourier Electronic density (more or less) random search in
recycling v direct space from the model
Structural model degrees of freedom
\/ v \/
Grid Search Monte-Carlo Genetic
Algorithms
FOx °
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Parametrization

Data

Algorithms

Other uses

Availability

FOX features

- Inorganic or organic materials
- description using atoms, polyhedra, molecules
- automatic, smooth correction of special positions

- powder pattern (X-Ray, neutron, multi-phase)

- (pseudo-) single crystal

- joint optimization with several data sets

- use integrated profiles (no need to extract F(hkl))

- Parallel Tempering (Simulated Annealing)
- expandable to new algorithms

- display GSAS/EXPGUI Fourier maps
- simulation of powder & single crystal diffraction

- free (http://objcryst.sourceforge.net and CCP14)
- open source (GPL)
- available for Linux, MacOS X and windows
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Monte-Carlo Algorithm

Parametrization keep configuration =
-> Degrees Of Freedom yes
: evaluation of the new IS configuration
starting random change . .
sonfiguration [ of parameters B configuraion: g better 2
g : Cost (C) C <C.,
keep configuration no
with probability:
—AC B
P=e ' _
Hypersurface / Parallel Tempering
_ Temper ature of simultaneous optimization at different temperatures
5100 Cosis i (DOF) th pl ith Al explore entire hypersurface
| e algorithm Te / |
3-105; / T4 /
o Generate a distribution of Ti X
- s configurations following T1
% _ Boltzmann's law ol 2
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Cost
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Evaluation of Trial

Configurations

obs caIC) Integrated profiles
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(Anti-bump) * No need to know the profiles
4 * Fast
repulsion f/"
Use any combination of
o criteria
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Crystal Structure

Components

o o0°
o © Model = n atoms ? 3N parameters!

Complexity increases exponentially with the number of parameters
[J useapriori information to reduce the number of trials required

inorganic organic

* Low symmetry

* Plane formula

* Conformation information
* Other: NMR

2 A~

Description from bond

* High symmetry
* Special positions
* Local building blocks (polyhedra)

lengths, bond angles
and dihedral angles
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Parametrization of Molecular compounds

\
g

ﬁ)wat X number of atoms
CcC 1
C 11.5
CcC 21.5 1110
_ _ CcC 31.5 2110 10 _
The number of trialsrequired O 112 2120 30 freetorson
varies exponentially with the O 21.4 1110 3 180
O 31.4 2 110 4 180
number of parameters O 41.2 3120 20
o O 1,2 3120 9 180
[J needtouseall theapriori / i/?
information about the atoms o Roliongic
) ) with atom #
coordination: type bq?:;tengtz dihedral
description of all Molecules using Sl angle with
atom #
bond lengths, bond angles and

All the atomic positions are deduced
from the first atom position, the z-
matrix, and 3 angles for the
orientation of the molecule

dihedral angles
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Pitfalls of internal

coordinates (z-matrix)

— Chi*2(X_CI)
6e+06 : , —|— Chi"2(C2-C3 torsion)

Se+06F
4e406F
3e+06}

2e4+06}

le+06}

0 . ! . ! . ! . ! .
0 0.2 0.4 0.6 0.8 1

a torsion angle (moving many atoms) has a
much narrower minimum than a

translation parameter of an individual
atom

[1 even if the number of degrees of
freedom diminishes, the global minimum
IS much narrower

Atoms are deduced from previous atoms
[1 thefirst atomsin the z-matrix must also
be the first to be found
[0 The convergence can depend on the

order of the atoms in the z-matrix

The z-matrix approach reducesthe
parameter space to explore, but makes it
(much) more difficult to find the solution
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Flexible Approach

Idea: keep all the coordination
information, but with aflexible | through Restraints

approach
All atom positions are directly defined by their S
xyz coordinates M\
and X/
the coordination information is introduced by
restraintson:
, (d—d,)
- bond lengths X"= >
o
, (o(—d . )2 - this modélization is independent from
STl = > the order of the atoms
d' (8 (_T S )2 - any type of restraint can be introduced
- Cllealrel EglEs 2= - - any type of movement can be directl
> ytyp y
s done (no need to compute complex
_ _ _ . torsions)
The orientation of the moleculeisdefined by a any cycle can be defined

guaternion (to avoid "gimbal lock" angles)
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With atoms defined independently, it is
vital to have intelligent moves that do
not br eak the restraints

torsion
(single br anch)
torsion f ‘

All torsion & flip moves that do
automatically identified
\ Results:

not break restraints are
Cimetidine: 4.8M -> 1.6M trials

fli
‘ _. : K-tartrate : 800 000 -> 385 000
rF > 50 % faster !
After each random move, a Monte-Carlo test
IS made on the total internal restraint cost 5
to see if the configuration is kept
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Maximum Likelithood

In a"classical approach” :
WARNING : o'=y

[ 2
Approximations ! =y (Y o™ Yt

i

v

assumes that the model can fit perfectly the observed data.
But there can be errorsin the model !
typically positionnal errors during the search for a structure solution

v

with a positionnal error measured by: D (k)={(cos(2mk. A7))
|

v v

Introduce a variance on the Use the "most likely”
cal culated structure factor calculated structure factor

calc ( 1-D ) Zatoms fi <F’calc> - calc

|
\ v :
—(y' )
obs calc
0.2 =g’ +0° X Z

I calc obs O—
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Application to

Global Optimization

1% application:

Incomplete model
v

missing atoms ( H's,
solvant) do not contribute
to the Structure Factor

but increase the variance
D(k)=(cos(2mk AF))=0

(F_Y=DF =0

calc calc

o’ =(1-D? Zamms f

calc j

Markvardsen, David & Shankland,

Acta Cryst A58(2002)

2" application:

model errors

i

Atoms are always misplaced during a
global optimisation

[1 taking into account random
positionnal errors can yield a better
agreement between the incorrect model
and the observed diffraction data

Can it help its convergence ?
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ML for Cimetidine

(b) sigma=0.10

IARSRRRRRRRR RS

b
i

T

anai

TTTT

. oA <tridss X

0.00 1.60M 70,000
0.10 1.01M 58,000
(d) sigma=0.50 0.15 0.90M 94,000

oo b 0.20 0.85M 156,000
. . y
4-108E 5
noe 0.30 0.85M 300,000
WA £
e F p: . . y
3-106 t‘ ‘ /)!4,,;:,: i
il Bk 7 bt
Al et e
) 1.5+10 i
- it g
2+108 S
[ & s
3 A
6F o
10108 1.010 L
.
5
0 5.0.10°

Introducing a "maximum likelihood" positionnal error for all atoms enlargesthe
hypersurface near the global minimum.
[1 Thisincreasesthe radius of convergence of the algorithm, i.e. the probability
to fall in the global minimum
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First organic (hybrid) structure: Al (H,CPQO,),

RMN 8B3C 27Al 31P : jdentification of 5 building blocks
- 3 non-equivalent H,C-PO, fragments

- 2 Al non-equivalent, onein tetrahedral and onein trigonal

2 possible modelsin Fox including the hydrogens improves
e e the search, by steric effect
3 H,C-PO, + 2 Al atoms 3H,C-P+AIO, + AlO,

24 Degrees of Freedom (27 Degrees of Freedom)

5milliontrials/80 min Faas

Chem. Commun. 2002, 808
M. Edgar et al. (S Andrews, Scotland)



Triglycerides

1,3 distearoyl-2-oleoglycerol
O . 4618
5/ 108 6 o

LT
o(c10-c18)” ~
"‘C—e““

. B
octco)
v, P*C10

. *C3g -c@q}; ¢ 49
. I-‘D ]
LAY ST a T "o
»-% G20
4G ¢ Clg
G 55

i Y, G %
O N
{_;EA". t"[;l &‘u
e E“‘m J. Phys. Chem. B108 (2004), 15450)
B' PSP (1,3-di-n-hexadecanoyl-2-n- " . I R L BB Dol
. _f:“ J. van Mechelen, R. Driessen, H. Schen
octadecanoyl glycerol) A FOX + ORGANA
C
53 102 6

up to 56 non-H free torsion angles!

FOX > 2 months
MMW

IUCr XX — Florence 2005




Recent Organic Structures

ZrF(O,PCH )NHCH_C H, o/ lactose2*C_H_O

12 22 11

J. Sol. St Chem. 177 (2004), 4013 Acta Cryst B61 (2005), 455

Jﬁ“'_ "‘u _ _8-8 & §.,
~ e ¢ ¢ ‘h,;_

Dispiro[adamantane-2,2'-tetrahydrofuran-
5',4"-tetrahydrofuran-2",1""-adamantane]
(2,4-bipyriding)].CH} Tetrahedron 61 (2005), 3437

JACS 126 (2004), 14067 |UCr XX — Florence 2005
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(1)
Make multiple runs
(Dash-like)

New features 1
Multiple Solutions

o

Crystals Powder Diffraction | Single Crystal Diffraction Global Optf|

Multiple solutions allow
to see how “stable” the
solution is

1

|Welcome to ObjCryst++!

) RO Fras Objaets far | sipuairag vl 82845 \

|| Fle Objects Help

List of all Optimization objects
Global Optimization: PbS04- joint Optir

Optimized Objects || Run/Stop Solutions

Optimized object:|Crystal:PhS04-Tetrahedron
Optimized object:|PowderPattern:PhS04-XRay
Optimized object: PowderPattern:PbS04-Neutron

e

Algorithm| Parallel Tempering 3

-

Temperature Schedule| Smart o

Temperature Max: 1.0000 Temperature Min: 0.0000 Gamma:|1.0ff

{0 phagd-aiay \

150004
140004
130004
120004
110004
100004
80004
80004
70004
60004
50004
40004
30004
20004

10004
o T

(2)

_: 0, cost=-1.000000, Best Configuration
1, cost= 10558595703, Run #1
2, cost=10557.818359, Run #2
3, cost=10801.209961, Run #3
4, cost=10639.541016, Run #4
5, cost= 10607.801758, Run #5
6, cost=10584.711914, Run #6
7, cost=10689.919922, Run #7
8, cost= 10513127930, Run #8
9, cost=10627.327148, Run #9

: 10, cost= 10551.242188, Run #10
11, cost= 10827.440430, Run #11
12, cost= 10659.208008, Run #12

12

Displacement Amplitude Schedule| Exponential 5

lx=2872 =

18 24 30 36 42 48
9321.80. pixel=#15|

| 13, cost= 10639.384766, Run #13
|14, cost= 10595.214844, Run #14
|| 15, cost= 10641.565430, Run #15

Amplitude Max: 8.0000 Amplitude Min:|0.1250 Gamma:|1.0000

-

Save Tracked Data No (recommended!) 3

Save Best Config Regularly| No

Number of trials per run:/50000

Number of Runs to perform:|-30

|Center@(0.446,0.411,0.488)

Browse solutions .

-

-

L

) Traciad datz

3600004

2700004

1800004

500004

0-

Pb504-|oint Optilﬁization::O‘:erall LogLikelihood
Po504-Tetrahedron:LogLikelihood
PhSO4-Tetrahedron:BumpMergeCost

Pb504-¥Ray:LogLikelihood

.

I\M_
W

! ! I !

3000 6000 8000 12000

15000

il x=3496.777344 y=-97 Al
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New features 2

Time-Of-Flight

* Support for neutron TOF data
i° Support for non constant-step data s
* Double-Exponential Pseudo-Voigt profile (M: Pitt) |

11y

ion | Global Optimization
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New features 3
Bond Valence

R —r.
The valence of each atom depends on (R, ~r,)

. . . . V — Z é 0.37
Its neighbours and their distance:: i neighbours j

\
Q 'c
\alidation tool - (J_ '

) V (K)_ =+0.991 OK!

Use as a cost function ?
Stud_y with R. Cern_y and T. Bataille

http://marie.epfl.ch/orlov/bondval/
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& - - L@ LA Jhtm=f"|F OX Wi ki

CEA

s Développement

{9 [=]Courrier :: Bienvenue sur le web...

FOX
Fox Home Page (wiki)

old Fox Home Page

SourceForge Page
About FOX
Download
Install
Screenshots
Biblio: Fox References
Biblio: Structures solved
Mailing List
Using FOX
Tutorials
FOX Manual (intro.)
- Crystal Structures
- Powder Diffr. data
- Single Crystal data
- Optimization Algo.
FOX Development

Development info

X from CVS

Getting |

User
VincentFavreNicolin
UserPreferences

Browse History

? ) 3;10*.’%6'-@:-
gt N )i" ) \_.'x_'.ll‘—'(

Other News

gifFoxwiki

|y Universite | Labo | Doc | Journausx

| FoxWiki - FOX, Free Objects f..

a L

T 9 [}

|y Linux | Cristallo | Perso/Divers | | G

FOX Wiki

In this wiki, you will find documentation about Fox, 'Free Objects for Crystallography', which is a free, «

determination from powder diffraction.

Nata Bene: as in all @
tutorials and the featur
WikiSandBox page.

iki. you can (and are encouraged to) modify or add pages to the wiki. You are |
quests pages. To learn more about how to modify or add pages to the wiki, loo

Tip: the Dynamical Occupancy Correction can automatically correct atoms overlapping due to special p

activated by default as an option in the Crystal object.
computation.

1. Beginning with Fox

However, if no overlap or special position (s expec

® About Fox: authors, references, bibliography...
O List of erystal structures solved using I

® Screenshots

® Fox Download

® TFox Installation
O under Li

O under Mac OS X
O under windows

ox (very incomplete | Please add yours with links t

http://objcryst.sourceforge.net/cqgi-bin/moin.cgi/FoxWiki

The wiki will replace the current manual

* Easier to update

* Anyone can add information, tips...

‘F ox on MacOS X

r

ﬁ Fox File Objects Window Help
S

FOX: Free Objects for Xtal structures v1.6.2CVS

~List of all Crystals
™ Crystal PoS04-Tets

up: Pama
st of Crystal ScatteringPowers

L m

1L Errork ] LY/ 0.0000

PbSQ4-Tetrahedron

4 U ma.00:32 vincent @

1L¥0.0000

Symbol:0
* List of Crystal Scatterers

¥ 1.5000 ML Errork ) LY 0.0000 Fo

0.0000

_AtomPb

)RV LV 0.3120yR VLV 0.2681 2R ¥/ LV 0.1682 P LY 1.0000
X=2 231.10. X 24
T
Tracked data
PhSO4-Joint Optimization: Overall LogLikelinood | 1400,
PbSO4-Tetrahedron: LogLikelihood | L300 |
720000 PLSO4-Tetranedron: BumpM 3200 4
s PS04 KRy Loglikeibaod | 300
560000- -XRay:LogLikelihoos | a0
700 1
480000 700 ‘
{400000- | §gg i ‘
(320000- o |
[240000- 200 Jt )L \
160000 E o L L ARl

Bﬂﬂﬁﬂ]‘ e,
o ! , | 1 -

0 4000 8000 12000 16000 20000
¥=33726.199219 ,y=291451.875000

Two versions,

* GTK look (faster)
Thanks to Ch. Baerlocher

* Agqualook (nicer, slower, few glitches)
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Future Developments

Next version: sept/oct 2005 (read Fox mailing list for beta versions)

* Molecule modelling:
* Allow restraints to be more strict
* Make restraints behave more like the old z-matrix
* Better support for large Molecules
* Allow rigid sub-groups of atoms
* ? Inter-molecular restraints (to use NMR data — can be costly)

* Bond Valence support (validation & optimization ?)
* Maximum Likelihood (missing & disordered atoms, helping convergence ?)

* Input Molecules formulas directly using OpenBabel (http://openbabel.sf.net)
*e.g. using aSMILES: Phenol = “OC1=CC=CC=C1"

* ? Energy criteria: (difficult since can be computationnaly costly). Need testers with a good
energy scheme & coefficients, the data and the will to test !

* ? Derivative calculations opening the way to other algorithms (least squares, hybrid Monte-
Carlo, global optimization + local minimization,...)

* ? Genetic/Differential Evolution algorithm (would require altering the Mol ecul e approach)

* ? Extract structure factors [when possible], to use Fourier maps for validation/optimization
IUCr XX — Florence 2005
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Users of Fox

Fox is not my research subject anymor e (see P.25.07.5 on nanostructures & anomalous diffraction),
| continue as a hobby 00 help meif you want Fox to improve !

Users advice counts! Send suggestions, bug reports, interesting data !
[0 Get onthe Fox Mailing list to know when beta versions are released

July 9" 2005 .
EU Parliament says no to N KeYeo sk _4 ARISIAMENT S
software patents
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Software Fayre — FOX demonstration
Sunday 28" (10:00-12: 00)
V. Favre-Nicolin & R. Cerny
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