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FROM PXRD

M. Tremayne1, S. Y. Chong1, C. C. Seaton2

1School of Chemistry, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK
2School of Phar macy, Uni ver sity of Brad ford, Brad ford, BD7 1DP, UK

The crys tal struc ture de ter mi na tion of mo lec u lar ma te ri als
from pow der dif frac tion data has been driven in re cent
years by the de vel op ment of di rect space meth ods of struc -
ture so lu tion [1].  These ap proach struc ture so lu tion by
gen er a tion of trial crys tal struc tures, of ten based on the
known con nec tiv ity of the ma te rial, and as sess ment of the
fit ness of each struc ture by com par i son with the ex per i -
men tal data.  Global op ti mi za tion meth ods are then used to
lo cate the global min i mum cor re spond ing to the struc ture
so lu tion.

In this pa per we pres ent the im ple men ta tion of a global
op ti mi za tion tech nique based on the dif fer en tial evo lu tion
al go rithm (DE) [2].  DE is an evo lu tion ary pro cess that
main tains a pop u la tion of struc tures (or mem bers) that are
mu tated and re com bined to gether over a num ber of gen er a -
tions un til the pop u la tion con verges on the global min i -
mum.  The com bi na tion of mu ta tion and re com bi na tion in a 
sin gle step to cre ate a child (eqn. 1), and the de ter min is tic
method of se lec tion by com par i son of a child with its par -
ent, means that DE is both rel a tively sim ple and easy to im -
ple ment, while of fer ing ro bust search ing of min ima.  It can
be con trolled us ing only three op ti mi za tion pa ram e ters (ie.
K and F – the lev els of re com bi na tion and mu ta tion re spec -
tively, and the pop u la tion size Np) and has been used in the
so lu tion of struc tures of in ter me di ate com plex ity with out
the need for mul ti ple runs, and in some cases re quired the
gen er a tion of less than a thou sand trial struc tures.  

Child = Par ent + K(Ran dom1 – Par ent) + F(Ran dom2 –
Ran dom3)              (1)

Ap pli ca tion of the DE method will be il lus trated by the
struc ture so lu tion of a range of or ganic ma te ri als in clud ing
new poly mor phic forms [3], fam i lies of com pounds in
which the pri mary in ter est cen tres on intermolecular ag gre -
ga tion [4] and supra mo lecu lar ma te ri als (Fig ure 1).  All ex -
am ples have been solved from pow der dif frac tion data
col lected on a con ven tional lab o ra tory diffractometer, of -
ten sig nif i cantly af fected by pre ferred ori en ta tion.  The
lim i ta tions of di rect-space meth ods when faced with such
det ri men tal sam ple char ac ter is tics will also be dis cussed. 
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Fig ure 1:  The crys tal struc ture of Ni(cyclam)dihydroxybenzoate solved from PXRD by the DE method.
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A BAYESIAN APPROACH TO PHASE EXTENSION
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   The lack of phase in for ma tion in dif frac tion data has al -
ways made the so lu tion of crys tal struc tures a chal leng ing
prob lem. While the dif fi culty can of ten be re duced by hav -
ing sev eral sets of mea sure ments re lated by known
changes, as in isomorphous re place ment or anom a lous dis -
per sion, most ex per i ments con sist of a sin gle data-set. The
suc cess ful so lu tion of a crys tal struc ture then hinges on the
use of ad di tional in for ma tion, in one way or an other: this
can range from a good ini tial es ti mate of the an swer, or a
gen eral knowl edge of the atomic con nec tiv ity, to just the
phys i cal positivity of the elec tron den sity dis tri bu tion. In
this talk, we con sider the case when part of the struc ture is
known, such as the lo ca tion of the heavier at oms or a
ring-frag ment, and wish to use this knowl edge to help

solve the re main der; in par tic u lar, we fo cus on the sit u a tion
when the dif frac tion data are from a pow dered sam ple. 

We will be gin with an el e men tary out line of the phase
prob lem and a brief re view of the con ven tional heavy-atom 
method. A Bayesian view of the sit u a tion will then be pre -
sented, with an em pha sis on the case of pow der dif frac tion
data, and the the ory il lus trated with sev eral ex am ples.

Sivia, DS, and Da vid, WIF, J Phys Chem Sol ids 62 (2001)
2119-2127.

Hull, S, Keen, DA, Sivia, DS, Berastegui, P, J Solid State Chem
165 (2002) 363-371.

A1 - O3

COMBINED X-RAY POWDER DIFFRACTION AND DFT CALCULATION TO
ELUCIDATE MOLECULAR AND CRYSTAL STRUCTURE OF FLUOROSTYRENES

M. Brunelli1, M.R. Johnson2 and A.N. Fitch1,3 
1European Synchrotron Radiation Facility, B.P. 220, F38043 Grenoble Cedex, France

2In sti tute Laue Langevin, B.P. 156, F38042 Grenoble Cedex 9 France
3 De part ment of Chem is try, Keele Uni ver sity, Staffordshire, ST5 5BG, UK

An ex am ple will be pre sented in which com bi na tion of
struc tural and nu mer i cal stud ies was ap plied to the in ves ti -
ga tion of the pla nar ity of some flu o rine de riv a tive of
styrenes, fluorostyrenes. The in ter est in this de tail of the
mo lec u lar ge om e try of fluorostyrenes came from some re -
cent pub li ca tions, [1, 2] in which a very com plete study of
both the 3 and the 4 con form ers were car ried out us ing IR,
Raman, INS (In elas tic Neu tron Scat ter ing Spec tros copy)
data com bined with the o ret i cal cal cu la tions. DFT (Den sity
Func tional The ory) cal cu la tions on the free mol e cule yield
to the con clu sion that these mol e cules are pla nar, while
MO (Mo lec u lar Or bital) cal cu la tion might give tor sions
an gle dif fer ent from 0 or 180, which is a non-pla nar struc -
ture. In par tic u lar, in the INS data col lected at 20 K, which
is in the solid phase, some dis crep ancy could be ob served
be tween the ob served and the cal cu lated spec tra at high
wavenumbers. There fore, more ac cu rate DFT cal cu la tions
re quired to be per formed in a pe ri odic sys tem and hence in -
for ma tion about their con densed state was needed.

We’ve per formed a sys tem atic study of the solid state
struc ture of 2-, 3-, 4- fluorostyrene us ing X-ray pow der dif -
frac tion in com bi na tion with nu mer i cal cal cu la tion. The

mea sure ments were per formed at the high res o lu tion pow -
der dif frac tion beamline, ID31, at the ESRF, Grenoble
(France). Af ter solification of the sam ples (at around
220 K, 212 K and 245 K, re spec tively), no more phase
changes were ob served in the tem per a ture range
295 - 12 K. The three fluorostyrenes ware found to have
orthorhombic crys tal struc ture at low tem per a ture.

Here we re port the fi nal op ti mized val ued for the tor -
sion an gle from the DTF-VASP cal cu la tions, of 3- and 4-
fluorostyrene. The re sults sug gest that the three
fluorostyrenes in the solid state have tor sion an gle dif fer ent 
from zero.
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A1 - O4

USING THE PARALLEL-TEMPERING ALGORITHM TO OVERCOME COMPLEX
PROBLEMS IN STRUCTURE DETERMINATION OF INORGANIC MATERIALS WITH

LABORATORY X-RAYS

T. Bataille1, N. Mahé1, E. Le Fur2, J.-Y. Pivan2, D. Louër1

Laboratoire de Chimie du Solide et Inorganique Moléculaire (UMR 6511 CNRS), Institut de Chimie
1Université de Rennes, Av e nue du Général Leclerc, 35042 Rennes, France

2Ecole Nationale Supérieure de Chimie, Cam pus de Beaulieu, Rennes, France

Ab in itio struc ture so lu tion of in or ganic com pounds from
pow der X-ray dif frac tion data still does not suc ceed in
many cases. The ma jor prob lem arises from the loss of in -
for ma tion in terms of ac cu rate in te grated in ten si ties, due to
the pro jec tion of the three-di men sional re cip ro cal lat tice
onto the one-di men sional dif frac tion pat tern. This fea ture
is even en larged with the use of con ven tional X-ray sources 
and with dif frac tion line broad en ing ob served, for ex am -
ple, for nanocrystalline com pounds ob tained from solid
state trans for ma tions. While the re cent use of di rect-space
meth ods in or ganic chem is try is of ten suc cess ful, their ap -
pli ca tion in in or ganic chem is try re mains dif fi cult, due to
the great num ber of de grees of free dom gen er ated when
start ing from sin gle at oms in stead of large mol e cules. In
the pres ent study, we dis cuss the ad van tages of us ing a
global op ti mi sa tion pro ce dure rather than the di rect-meth -
ods and dif fer ence-Fou rier syn the ses for solv ing crys tal
struc tures of two in or ganic pow der com pounds. In both
cases, high qual ity pow der data were col lected with a
Siemens D500 diffractometer us ing the Bragg-Brentano

ge om e try and mono chro matic CuKa1 ra di a tion.
Na2[VO(PO4)]2(C2O4).2H2O was hy dro ther mally pre -

pared in pow der form in the course of the in ves ti ga tion of
open-frame work mixed vanado-phosphato-ox a late ma te ri -
als. Pat tern in dex ing with DICVOL04 [1] led to a
monoclinic so lu tion with the unit cell di men sions 

a = 6.349(1) C, b = 17.144(3) C, c = 6.557(1) C, 

b = 106.59(2)°, V = 684.0 C3 [re fined zero-shift 0.011°

(2q), M20 = 48, F32 = 79(0.007,56)]. The con di tions for
non-ex tinc tion were con sis tent with space group P21/m.
The di rect meth ods re vealed only the heavi est elec tron
den sity peaks, but no O at oms were found in or der to dif fer -
en ti ate V and P at oms. The ab sence of pre ferred ori en ta tion 
ef fect al lowed start ing the struc ture so lu tion us ing the par -
al lel tem per ing al go rithm avail able in FOX [2]. The ini tial
model con sisted in one VO6 octahedron, one PO4 tet ra he -
dron, one rigid C2O4 group, two Na at oms and two wa ter O
at oms. A rea son able model was found af ter 4.4 mil lion tri -
als (110 min utes with a PC equipped with a AMD Athlon
1.7GHz pro ces sor), ex cept that one so dium atom needed to
be re placed by the wa ter mol e cule. The fi nal Rietveld re -

fine ment con verged to the sat is fac tory R fac tors Rwp =
0.067, RF = 0.071.

YK(C4O4)2 was pre pared from ther mal treat ment at
240 °C of the in or ganic pre cur sor [Y(H2O)6]K(C4O4)2

(H2C4O4). As for a ma jor ity of de com po si tion prod ucts, its
pow der pat tern ex hib its sig nif i cant dif frac tion line broad -
en ing, i.e. five times larger than the in stru men tal res o lu tion
func tion of the diffractometer. The first 20 lines were in -
dexed with DICVOL04 on the ba sis of a tetragonal sym me -
try, with unit cell di men sions a = 6.2011(5) C, c =

11.639(1) C, V = 447.6 C3 [re fined zero-shift 0.007° (2q),
M20 = 57, F20 = 71(0.006,44)]. The small num ber of Bragg
peak po si tions avail able in the whole pat tern, ag gra vated
with the broad en ing of dif frac tion lines, was not suf fi cient
for a thor ough ex am i na tion of the con di tions for non-ex -
tinc tion. Thus, eleven space groups were re tained in this
sym me try. Struc ture de ter mi na tions with the di rect meth -
ods were at tempted for each se lected space group, lead ing
to non re li able mod els. Con se quently, a struc ture so lu tion
was car ried out in the triclinic space group P1 by means of
the pro gram FOX, start ing from two Y and two K at oms
and four squarate groups. The so lu tion was found af ter 6.3
mil lion tri als (10 hours). From the atomic po si tions dis -
played by the pro gram, sym me try-equiv a lent po si tions
were de duced, which al lowed to find out the cor rect space
group P4/mcc. The fi nal Rietveld re fine ment led to the R
fac tors Rwp = 0.098, RF = 0.035.

It is shown from these two ex am ples that global op ti mi -
sa tion pro ce dures may suc ceed when the di rect meth ods
fail. Fi nally, con sid er ing the crys tal struc ture of the ther mal 

de com po si tion prod uct g-Zn2P2O7 as start ing model (de ter -
mined ab in itio from pow der dif frac tion data [3]), we also
dis cuss the in flu ence of a few pro file pa ram e ters af fect ing
the qual ity of pow der data on struc ture so lu tion us ing the
di rect meth ods and a global op ti mi sa tion al go rithm.

1. A. Boultif, D. Louër (2004), sub mit ted for pub li ca tion.
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POWDER OPTION IN JANA2000: REFINEMENT OF STANDARD AND MODULATED
STRUCTURES FROM X-RAY AND NEUTRON POWDER DATA
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Pro gram Jana2000 is based on the gen er al ized crys tal log -
ra phy fol low ing from the superpace ap proach [1]. This
pro vides a uni form ac cess to both stan dard and mod u lated
struc tures. Cur rently it can be ap plied to sin gle crys tal or
pow der data mea sured with X-rays or neu trons. The pow -
der op tion was in tro duced in the year 2000 [2] in re sponse
to grow ing in ter est among us ers to re fine mod u lated struc -
tures from pow der data. Af ter four years of de vel op ment
the pro gram bears com par i son with es tab lished pow der
sys tems.

The pro file re fine ment in cludes re fine ment of cell pa -
ram e ters and q vec tors, Gaussi an, Lorentzian or
Pseudo-Voight pro files, cor rec tion for anisotropic par ti cle
and strain broad en ing, cor rec tion for asym me try, pre ferred
ori en ta tion, ab sorp tion and sev eral kinds of back ground
de scrip tion. It should be noted that no in dex ation tool is
avail able. As soon as the pro file fit ting is fin ished all tools
hith erto avail able for sin gle crys tals are ac ti vated.
Jana2000 works with struc tures up to 6 di men sions (three q 
vec tors) and can re fine all ba sic struc ture pa ram e ters, an -
har mon ic ADP and co ef fi cients of anom a lous dis per sion. It 
en ables mod u la tion of oc cu pancy, po si tion and ADP (in -
clud ing an har mon ic ones). For stan dard struc tures
multipole re fine ment is avail able, too. The sym me try re -
stric tions of re fined pa ram e ters are cal cu lated au to mat i -
cally. Pow er ful con straints and re strains and a flex i ble rigid 
body ac cess can be used to build very com pli cated struc -
ture mod els. The pro gram can also cal cu late, vi su al ize and

eval u ate more di men sional Fou rier maps, plot var i ous pa -
ram e ters as a func tion of the in ter nal co or di nate t, cal cu late
dis tances and an gles, call ex ter nal pro grams for di rect
meth ods or plot ting crys tal struc tures and many other
things. 

Jana2000 is free soft ware avail able in www-xray.
fzu.cz/jana in clud ing the source code and user man ual with 
solved ex am ples. In the poster we pres ent a pro gram
scheme and two ex am ples. The first one con cerns re fine -
ment of a com pli cated mis fit layer struc ture of
[Ca2CoO3][CoO2]1.62 [3]. The an other one shows re sult of
rigid body re fine ment of P(OC6H5)3) [4]. 
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