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PROGRAM 

Coffee breaks at 10:15-10:45 and 16:15-16:45. Lunchtime at 12:30-14:30. Poster session during coffee breaks, 
lunchtime and at the end of the day (18:30 ~) 

 

20 June: Space groups and their group-subgroup relations I  
 
Theo Hahn, Aachen  
8:30-9:30  Introduction to space groups   
9:30-10:15  Exercises   
 
10:45-11:45  Subgroups of space groups and their structural consequences   
11:45-12:30  Exercises   
 
Hans Wondratschek, Karlsruhe  
14:30-15:30  Supergroups of space groups   
15:30-16:15  Exercises   
 
Ulrich Müller, Marburg  
16:45-17:45  Setting up trees of group-subgroup relations (Bärnighausen trees)   
17:45-18:30  Exercises   
 
21 June: Space groups and their group-subgroup relations II  
 
Ulrich Müller, Marburg  
8:30-9:30  How many independent crystal-structure types are possible for different space groups appearing in 

a Bärnighausen tree?   
9:30-10:15  Exercises   
 
Hans Wondratschek, Karlsruhe  
10:45-11:45  The concept of Hermann-Mauguin symbols   
11:45-12:30  Exercises   
 
14:30-15:30  Hermann-Mauguin symbols: space-group derivation   
15:30-16:15  Exercises   
 
Vojtech Kopský, Prague  
16:45-17:45  Unified system of Hermann-Mauguin symbols   
17:45-18:30  Exercises   
 
« Discussion & Wine »  
18:30-19:00  Cocktail and light foods   
19:00-20:00  Discussion panel   
 
22 June Symmetry aspects of structural phase transitions I  
 
Michele Catti, Milan  
8:30-9:30  Transition states and symmetry in phase transitions I   
9:30-10:15  Exercises and examples   
 
10:45-11:45  Transition states and symmetry in phase transitions II   
11:45-12:30  Exercises and examples   
 
Mois I. Aroyo, Bilbao  
14:30-15:30  Symmetry mode analysis of displacive phase transitions   
15:30-16:15  Exercises and examples   
 
16:45-17:45  The Bilbao crystallographic server: useful databases and crystallographic computing programs 
17:45-18:30  Exercises and examples   
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23 June,morning: Symmetry aspects of structural phase transitions II 
 
Mois I. Aroyo, Bilbao  
8:30-9:30  The Bilbao crystallographic server: useful computer tools in phase-transition problems  
9:30-10:15  Exercises and examples   
 
Artem R. Oganov, Zürich 
10:45-11:45  Isosymmetric phase transitions   
11:45-12:30  Examples and exercises   
 
23 June, afternoon: Tensorial and physical properties of crystals  
 
Michele Catti, Milan  
14:30-15:30  Fundamentals of tensorial properties of crystals   
15:30-16:15  Exercises and examples   
 
Takamitsu Yamanaka, Osaka  
16:45-17:45  Effect of physical parameters on the structure of crystalline solids   
17:45-18:30  Exercises and examples   
 
24 June, morning: Chirality and achirality in crystallography  
 
Howard Flack, Geneva 
14:30-15:30  Part 1   
15:30-16:15  Exercises and examples   
 
16:45-17:45  Part 2  
17:45-18:30  Exercises and examples 
 
24 June, afternoon: Application of modern tensor calculus to engineered domain structures  
 
Vojtech Kopský, Prague 
8:30-9:30  Part 1   
9:30-10:15  Exercises and examples   
 
10:45-11:45  Part 2   
11:45-12:30  Exercises and examples   
 

 

VENUE 

The School is held at the Université Henri Poincaré Nancy I, Faculté des Sciences et Techniques, Amphitheatre No. 8. 
The demonstration of the Bilbao Crystallographic Server is done at the Von Neumann and Montecarlo room of the 
ATELA building (see the map on the next page). 

 

EMAIL AND INTERNET FACILITES 

The workstations in the Von Neumann and Montecarlo room of the ATELA building are available for free to the 
participants of the School to consult their emails.  

Access to the email and internet facilities is limited to the lunch time (12:30-14:30) and in the evening (18:30-19:30). 
On June 21, because of the discussion panel, there is no evening access to email and internet. In case of special needs 
outside these times, contact the organisers.  
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Influence of geometric and electronic factors on the Jahn-Teller effect symmetry and the correlations with 
physical properties 

 

Abderrahim Benabbas (Laboratoire L.I.M.E. University of Jijel BP 98 Ouled-Aissa, 18000 Jijel, Algeria) 
benabbas_am@yahoo.fr 

 

The Jahn-Teller (J.T) effect [1-3] , encountered in a lot of compounds, is at the origin of spectacular and exotic 
properties. This effect concerns some cations having particular electronic configuration and geometric coordination; the 
Cu2+ (3d9) and Mn3+ (3d4) cations in octahedral coordination are frequent examples, where the energy is lowered by a 
tetragonal elongation of the octahedron. The cooperative coupling between J.T ions in crystals is reflected by two 
distinct structural arrangements of the polyhedra: with Ferrodistortive order (figure.1)as in La2CuO4, LaSrMnO4 or 
other Ruddelsden-Popper cuprates and manganites or with Antiferrodistortive one (figure.1) as in KCuF3, Ba2CuF6, 
LaMnO3, KMnF4… Moreover, these J.T distortions can be considered as extreme cases in comparison with apparented 
compounds not containing J.T ions. Up to now, no concrete explanation about such behaviours, is reported in the 
literature. 

 

 

 
 

 

Figure 1 Ferrodistortive ( left ) and Antiferrodistortive ( right ) order of Jahn-Teller distortions. 

 

 

We propose here, an original approach based on multi-scale charge ordering and showing a good accordance with 
experimental data especially concerning the amplitude of the tetragonal distortion. The correlations with physical 
properties are discussed particularly for the HTc cuprates superconductors and CMR manganites. 

 

Keywords: Jahn-Teller effect, tetragonal elongation, cooperative coupling, Ferrodistortive, Antiferrodistortive, charge 
ordering, physical properties, cuprates, manganites. 

 

[1] Jahn HA, Teller E (1937) Proc. Roy. Soc., Ser. A 161: 220 
[2] Reinen D (1979) J. Solid State Chem. 27: 71 
[3] Whangbo M-H, Koo H–J (2002) Solid State Sciences, 4: 335 
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Absolute Configuration of Di-(2-picollyl)sulfurzinc(II) chloride with Enantiomeric Space Group P41212 

 

Ki-Young Choi (Department of Chemistry Education, Kongju National University), Sang Ook Kang, Il-Hwan Suh 
(Department of Material Chemistry, Korea University) ihsuh@korea.ac.kr 

 

The reaction of ZnCl2 with the di-(2-picolyl)sulphur ligand leads to the formation of mononuclear Zn(C12H12N2S)Cl2, 
and its absolute structure with the space group P41212(92) is clearly confirmed by means of the anomalous scattering 
effect. Final reliability index is R1 = 2.12 % [1] with Flack parameter x = 0.025(13) [2]. 

Zn and S atoms in the title molecule lie at special positions satisfying 2[110] so that a half molecule labelled as shown 
in Fig. 1 is an asymmetric unit. 

The coordination geometry around Zn(II) ion is a distorted tetrahedral geometry with Zn-Npy distance of 2.0563(15) Å 
and Zn-Cl distance of 2.2265(5)Å. S-C6 distance is 1.816(2) Å and C6-S-C6(y, x, -z) angle of 101.90(12)º suggests 
there are two lone pairs on sulphur atom. S-C6-C5 = 111.48(14)º is very close to tetrahedral angle. 

 

 
Figure 1 ORTEP diagram [3] showing one molecule, Zn(C12H12N2S)Cl2, with space group P41212 in a unit cell. Zn and S atoms in 

the molecule lie at special positions satisfying 2[110] so that a half molecule labelled is an asymmetric unit. 

 

 
[1] Sheldrick GM (1997) SHELXS97 and SHELXL97. University of Goettingen, Germany  
[2] Flack HD (1983) Acta Crystallogr. A39: 876-881 
[3] Farrugia LJ (1997) J. Appl. Crystallogr. 30: 565 
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Analysis of Hydrogen interactions in Biological Active Organic Molecular Assemblies:  

A case study of study of steroids 

Rajnikant (Condensed Matter Physics Group, Department of Physics, University of Jammu,Jammu Tawi 180 006, 
INDIA) and Dinesh (Condensed Matter Physics Group, Department of Physics, University of Jammu,Jammu Tawi 180 

006, INDIA) dine_nesh@rediffmail.com 

 

The work reported in this paper is based on a comparative analysis of packing interactions [C-H…O, N-H…O 
and N-H…N hydrogen bonded interactions] which play an indispensable role in organic molecular assemblies. Both 
intra and intermolecular interactions have been examined in case of a series of steroidal molecules. In view of some 
recent spurt in literature on weak interactions and their role in organic molecular assemblies, we have selected the 
C-H…O hydrogen bond as a prototype of the entire interaction type and have analysed it in case of series steroids 
whose three-dimensional molecular and crystal structures have been elucidated by us. Taking into account the 
generalized distance and angle cut-off criterion for the intra and intermolecular interactions, as proposed by Desiraju 
and Stenier (1999), we have found that both these kinds of interactions in steroids fall in the range of “intermediate to 
strong and weak interactions”. Graphical projection of interaction data further authenticate our findings. details will be 
presented. 

 

[1] Desiraju GR, Steiner T (1999) The weak hydrogen bond in structural chemistry and biology. IUCr, Oxford Press, 10-11. 

 8



http://www.lcm3b.uhp-nancy.fr/mathcryst/nancy2005.htm   Mathcryst.Satellite@lcm3b.uhp-nancy.fr 

 

Strain tensor on cooling and with high pressure in molecular crystals 

Tatiana N. Drebushchak, Elena V. Boldyreva, Evgenia N. Kolesnik (Institute of Solid State Chemistry and 
Mechanochemistry SB RAS, Novosibirsk State University, Russia) tanya@xray.nsu.ru 

Strain tensors for several molecular crystals formed by nonspherical organic molecules were derived from the 
experimental data on the unit cell parameters. Two types of the experiments were carried out: (1) cooling under ambient 
pressure and (2) increasing hydrostatic pressure at ambient temperature. Distortions in the structures of the molecular 
crystals were analysed in detail. It was found that pressure and temperature, both "isotropic", produce different changes 
in structural parameters. The linear strain after the increase in pressure differs drastically from that after cooling. 
Directions of three principal axes of the pressure-induced strain ellipsoid differ from those of the temperature-induced 
strain ellipsoid. For several molecular crystals the direction of the greatest pressure-induced deformation turns out to be 
equivalent to the direction of the least temperature-induced deformation and vice versa. Many molecular crystals show 
dilation along one or two principal axes of the strain ellipsoid on cooling. 

Structure refinement at several P-T points was used to define the changes in the hydrogen bonds and the intramolecular 
geometry. The analysis of this information allows us to reveal the mechanism of anisotropic deformation. For example, 
the main reason of the dilation of a molecular crystal on cooling is the change in the conformation of the molecule. 

One of the most important results of the work is the conclusion that it is impossible to predict the anisotropy of 
structural deformation of a molecular crystal solely on the base of the data on the changes in bulk volume, even if the 
data for another molecular crystal with similar molecules are known. This is shown in the work for several molecular 
crystals. 

Pressure- and temperature-induced changes in the structure of molecular crystals were investigated for three 
polymorphs (α, β, and γ) of glycine [1, 2], L-serine [3], DL-serine [4], two polymorphs of paracetamol [5-7]. For 
α-glycylglycine and hydrate of glycylglycine the experiments were carried out only with the cooling at ambient 
pressure [8]. All the structures investigated are formed by nonspheric molecules, tied together with a 2D and 3D net of 
hydrogen bonds.  

Acknowledgements. The study was supported by a grant from BRHE (NO-008-X1), grants from RFBR (02-03-33358 
and 05-03-32648), and a grant from the Russian Science Support Foundation (EB). 

 

[1] Boldyreva EV, Drebushchak TN, Shutova ES (2003) Z. Kristallogr. 218: 366-376 
[2] Boldyreva EV, Ahsbahs H., Weber H-P (2003) Z. Kristallogr. 218: 231-236 
[3] Boldyreva EV, Kolesnik EN, Drebushchak T.N., Ahsbahs H., Beukes J.A., Weber H.-P. (2005) Z. Kristallogr. 220: 58-65 
[4] Boldyreva EV, Kolesnik EN, Drebushchak T.N., Sowa H., Ahsbahs H., Seryotkin Yu. V. (2005) Z. Kristallogr. in press. 
[5] Drebushchak TN., Boldyreva EV (2004) Z. Kristallogr. 219: 506-512 
[6] Boldyreva EV, Shakhtshneider TP, Ahsbahs H., Sowa H., Uchtmann H. J. (2002) Therm. Anal. Cal. 68: 437-452 
[7] Boldyreva EV, Shakhtshneider TP, Vasilchenko M.A., Ahsbahs H., Uchtmann H. (2000) Acta Crystallogr B56: 299-309 
[8] Drebushchak TN, Kolesnik EN, Boldyreva EV (2005) Z. Kristallogr. in press. 
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Electron crystallography on Bi12O17Cl2 and Bi12O17Br2 

Tatiana Gorelik, Ute Kolb (Johannes Gutenberg-Universität Mainz, Welderweg 11, 55099 Mainz, Germany), Egbert 
Keller, Volker Krämer (Kristallographisches Institut der Universität Freiburg, Hermann-Herder-Str. 5, D-79104 

Freiburg), gorelik@uni-mainz.de 

Bi12O17Cl2 and Bi12O17Br2 are the phases of the Bi2O3/BiCl3 and Bi2O3/BiBr3 quasibinary phase diagrams located 
closest to the halogenide edge. The materials are of interest because of their applications as catalysts and pigments. 

The two phases - chloride and bromide - form platelet-like crystals with a size of 100-200 nm, way too small for single 
crystal X-ray analysis. On the other hand, as with almost all members of the Bi2O3/BiCl3 and Bi2O3/BiBr3 phase 
families [1], their structures can be derived from a slightly distorted body-centred “tetragonal” substructure with a 
subcell of roughly 4 x 4 x 5 Å3, therefore the powder X-ray profile shows mainly the subcell structure.  

The materials were studied by means of electron crystallography. Single crystals suitable for electron diffraction work 
were oriented inside the microscope along the goniometer axis, and series of electron diffraction patterns were collected 
in the tilt angle range of ±30°.  

A 3D reciprocal volume was reconstructed from this set of diffraction patterns, and the symmetry of the 3D volume was 
analysed. The data showed the subcell, the superstructure as well as their symmetry and orientation relationship. 
High-resolution imaging delivered additional information about the symmetry of main zone projections thus allowing to 
determine unambiguously the space group.  

 

[1] Keller E, Ketterer J, Kraemer V (2001) Z. Kristallogr. 216: 595-599 
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Quartz Twins with Inclined Axes 

Hans Grimmer (Laboratory for Development and Methods, Condensed Matter Research with Neutrons and Muons, 
Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland) hans.grimmer@psi.ch 

Quartz that originally formed as β-quartz (α-quartz) is called high-quartz (low-quartz). The transition being 573 °C at 
ambient pressure all quartz at ambient conditions has the structure of α-quartz, which has a hexagonal lattice with c/a = 
1.10000±5. A notable difference between high and low-quartz concerns the occurrence of twinning. In low-quartz the 
most common twins with inclined axes are Japan twins, in high-quartz Esterel twins (Figure 1).  

 x ⊥ b

y 
|| 

c

z || b
 

Figure 1 Model of an Esterel twin boundary. The large symbols denote oxygen, the small ones silicon. The two crystallites are 
related by a mirror reflection || (1 0 1) followed by a translation in the reflection plane. 

 

Friedel [1] described twins observed in high-quartz in terms of a twin mirror plane and a lattice direction nearly normal 
to it. For the twins known at that time he was able to find a lattice direction inclined to the normal of the twin plane by 
an angle ω<6°, called the obliquity and defining together with a smallest mesh in the twin plane a cell, the volume V of 
which is a small multiple of the cell volume v of the quartz lattice, V = nv, where n<6 is called the twin index. It has 
been shown in [2] that the requirement ω<6°, n<6, known as Mallard's criterion [3], has to be relaxed in view of new 
twin laws in high quartz found after the publication of [1]. 

It will be shown how the Friedel approach can be extended to twinning with inclined axes in low-quartz, by regarding 
the better established laws among those described by Frondel [4].  

The reflection in the twin mirror plane interchanges the lattices of the two components of the twin; however the 
composition plane, i.e. the boundary plane between the two components, may in reality not coincide with the twin 
mirror plane. If this is the case, the lattice formed by the symmetry translations that the two components have in 
common, the so-called coincidence site lattice, lets us recognise the planes in which both crystal lattices have common 
meshes of small area, which are likely boundary planes. Coincidence site lattice descriptions of the various twin laws 
will therefore be presented. 

 

[1] Friede1 G, (1923) Bull. Soc. Fr. Minéral. 46: 79-95 
[2] Grimmer H, Kunze K (2004) Acta Crystallogr A60: 220-232 
[3] Grimmer H, Nespolo M (2005) Z. Kristallogr. (accepted for publication) 
[4] Frondel C (1962) The System of Mineralogy, Vol. III, New York: Wiley 
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Crystal structure investigation of a mixed-valent cobalt arsenate with an open octahedral-tetrahedral framework 

Abderrahmen Guesmi 1, 2 & Ahmed Driss1 (1Lab. de Matériaux et Cristallochimie, Faculté des Sciences, El Manar 
2092, Tunis, Tunisia; 2Institut Préparatoire aux Etudes d’Ingénieur, Rue Ibnou Eljazzar, Monastir 5090, Tunisia) 

e-mail: abderrahmen.guesmi@ipeim.rnu.tn  

 

Keywords: cobalt, mixed-valent compounds, arsenate, X-ray data 

A new synthetic approach for a mixed-valent cobalt arsenate starting with a mixture of cobalt(II/III) oxides is presented. 
The reaction in air ( 600°C) results in the formation of parallelepiped-shaped pink crystals, together with an amorphous 
powder. The presence of Na, Co, As and O was confirmed by EDS (energy dispersive spectroscopy) on a scanning 
electron microscope and IR spectroscopy proved the existence of the arsenate group. 

The structure has been solved and refined from single crystal diffraction data collected with a four-circle diffractometer 
at 298 K [1]. The compound crystallizes in the monoclinic system: a=6.4269(2) Å; b=8.8008(3) Å; c=10.8110(5) Å, 
β=95.985(2)°, space group P21/n, R/Rw=0.054/0.141 and ∆ρ=1.27 e.Å-3. The result corresponds to the empirical 
formula Na3Co2(As2O7)2, the only cobalt site can be seen as being occupied by Co (II) and Co (III) with equal rates. The 
Co-O bond lengths ranging from 1.918(3) to 2.055(3) Å in the octahedra are shorter than those in Co(II) arsenates. The 
calculated valence sums using Co(II) and Co(III) parameters [2; 3] are 2.56 v.u. and 2.43 v.u., respectively. The 
structure is of the open-framework type and is composed of corner-sharing bi-octahedral units and diarsenate groups; 
one of the two sodium cations is split into two independent positions with different occupancies. 

As a last stage of the refinement, we tried also to refine the multiplicity of all sites. The site occupancies do not show a 
significant deviation expect of the cobalt atom which converges to 72.6%. The resulting formula and reliability factors 
are Na3Co1.45(As2O7)2 and R/Rw=0.024/0.062. The mixed-valence and the crystal structure are discussed; a comparison 
is not possible because no mixed-valent cobalt phosphates or arsenates are known. 

 

Co

As1
As2

Na1

Na22

Na2

b

c  
Figure 2 Projection of the structure on (100), the Na–O interactions around Na sites (50% probability level) are shown as broken 

lines 

 

  

[1] Farrugia LJ (1999) J. Appl. Crystallogr 32: 837-838. 
[2] Brown ID (2002) The Chemical Bond in Inorganic Chemistry - The Bond Valence Model. IUCr monographs on 

Crystallography 12, Oxford University Press. 
[3] Adams S; softBV Version 0.96. Bond Valence information and Java based software. 
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Space group determination from electron diffraction for Sr2MnO3.5 and Sr3Mn2O6 

Joke Hadermann (EMAT, University of Antwerp, Belgium), L. Gillie, C. Greaves, A.J. Wright (School of Chemistry, 
Birmingham, UK) joke.hadermann@ua.ac.be 

The compounds Sr2MnO3.5 and Sr3Mn2O6 were studied with electron diffraction to determine their space groups and 
unit cell parameters (Fig.1 and 3, resp.). Both compounds are anion-deficient forms of Ruddlesden-Popper phases, and 
have very similar parent compounds of space group I4/mmm and a-b parameters of approximately 3.8 Å. 

As a result for Sr2MnO3.5 was found SG P21/c, and cell parameters a≈6.85Å, b=c≈10.8Å, ß≈113.2°, and for Sr3Mn2O6 
SG P4/mbm, a=b≈10.8Å, c≈20.3Å. Despite their differences in space group and even in crystal class (resp. monoclinic 
and tetragonal), the use of these results for the refinement with neutron and X-ray powder diffraction lead to the same 
in-plane anion ordering for both structures. This ordering consists of clusters of four corner-sharing pyramids which are 
linked by their corners to the neighbouring clusters. The difference between the structures of the two compounds lies in 
the stacking of the layers.  

a  b c 

Fig.1 (left) ED patterns for the main zones of Sr2MnO3.5 

Fig.2 (top right) a) Projection of the model for Sr2M,O3.5, the triangles
represent MnO5 pyramids, the circles are Sr atoms; b) ordering pattern of the
vacant oxygen chains; c) model for Sr3MnO6+∂ with at the bottom the
positions of the manganese and oxygen atoms at z=0 and at z=1/2.  

Fig.3 (bottom right) ED patterns for the main zones of Sr3Mn2O6+∂.  

  

 

[1] Gillie LJ, Wright AJ, Hadermann J, Van Tendeloo G, Greaces C (2002) Journal of Solid State Chemistry, 167: 145-151 
[2] Gillie LJ, Wright AJ, Hadermann J, Van Tendeloo G, Greaces C (2002) Journal of Solid State Chemistry, 175: 188-196 
[3] Hadermann J, Van Tendeloo G, Abakumov, AM (2005) Acta Crystallographica A61: 77-92 
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Single-Crystal-to-Single-Crystal Photodissociation of dimer of p-Bromonitrozobenzene 

Ivan Halasz, Hrvoj Vančik (Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 106a, 
10000 Zagreb) ihalasz@chem.pmf.hr 

Nitrosobenzenes, with their tendency to dimerise in the solid state, present suitable model compounds for study of 
reaction mechanisms of solid state chemical reactions. Powdered dimeric compound can be converted to monomers by 
UV irradiation and reverted by visible light irradiation or by elevation of temperature [1]. This change is rather fast and 
can be followed by change of colour from white to green. On the other hand, material obtained by sublimation of the 
dimer is also composed of monomers but affords completely different behaviour [2]. This different behaviour is 
evidently due to different phases of the monomer. 

In this work we determined the crystal structure of monomer phase obtained by irradiation od dimmer phase. Single 
crystal of the dimer was irradiated with unfiltered UV radiation in the stream of nitrogen at 100 K while it was still 
mounted on the diffractometer. During irradiation, the crystal was rotated at angular speed of approximately 5 °/s. The 
colour of the crystal changed from colourless to green upon transformation to monomeric phase. 

Both, dimer and monomer crystallize in monoclinic crystal system. Due to irradiation and cleavage of the N−N bond, 
the a axis of the monomeric phase is shortened to approximately half the length than in the dimer phase with no change 
in other parameters. Dimers crystallize in the space group P21/a while the space group of the monomeric phase is P21. 

  

 
Figure 1 Overlaped molecular structures in dimer and monomer phases. 

 

In the dimer phase each molecule is involved in four C−H⋅⋅⋅O hydrogen bonds with four neighbouring molecules 
forming a two dimensional layer with bromine atoms at it’s boundaries. Packing of layers is determined by Br⋅⋅⋅Br 
interactions. Relative movement of molecules during transformation is significant (Figure 1), but the network of 
interactions remains the same. The quality of the crystal was decreased upon transformation. It was noted that the all of 
the unindexed reflections lie in the (a*,b*) plane of the reciprocal space. This indicates that the structural changes occur 
only in the (a,b) plane of the direct space with no movement of the molecules parallel to the c axis. And, as can be seen 
in the crystal structure of the dimer phase, the two-dimensional networks of hydrogen bond are parallel to this plane. 

 

[1] Vančik H, Šimunić-Mežnarić V, Ćaleta I, Meštrović E, Milovac S, J. Phys. Chem. B 2002, 106, 1576-1580 
[2] Vančik H, Šimunić-Mežnarić V, Meštrović E, Halasz I, J. Org. Chem. 2004, 69, 4829-4834 
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A Comparison of Different Programs for Structure Solution and Refinement 

Ivashevskaya S.N.1,2, Boldyreva E.V.1,3, Seryotkin Yu.V.1,4 (1Novosibirsk State University, Research and Education 
Center “MDEST”, Department of Solid State Chemistry, Pirogova, 2, Novosibirsk, 90, 630090 Russia, 2Institute of 
Geology Karelian Scientific Center Russian Academy of Sciences, Pushkinskaya, 11, Petrozavodsk, 185610 Russia, 

3Institute of Solid State Chemistry and Mechanochemistry, Russian Academy of Sciences, Kutateladze, 18, Novosibirsk, 
128, 630128 Russia, 4Institute of Mineralogy and Petrography SB Russian Academy of Sciences, Novosibirsk, Russia) 

sveta@xray.nsu.ru 

 

The art of automatic solving a structure from powder diffraction data is now rapidly progressing due to its importance 
for many practical applications, when growing a crystal suitable for a single crystal structure solution is a very difficult 
task, or is impossible in principle. 

The main problem at all stages of the procedure is a peaks overlap. It is especially difficult when studying organic 
compounds, because the intensities of the peaks decrease drastically with increasing the scattering angle 2ϑ. 

At present a large selection of non-commercial computer software for structure solution and refinement is available. 
The programs use different methods: direct, Paterson, grid search, Monte Carlo, simulated annealing. Often a correct 
solution can be found using a combination of different techniques. 

We compare the pro and contra of applying several different programs for automatic structure solution and refinement 
of the crystals of organic compounds with intermolecular hydrogen bonds and conformationally flexible structural 
fragments under ambient and non-ambient conditions. 

As test samples I have used: 

1. Sodium oxalate [Na2C2O4] 

a. at ambient conditions 

b. at high hydrostatic pressure (7.12 GPa) 

Under high pressure we observe isosymmetric phase transition. The purpose was to understand how different programs 
would work in ambient and non-ambient conditions if we have heavy atoms. 

2. Glycine [C2H5NO2] 

a. at high hydrostatic pressure (0.63 GPa) 

b. at high hydrostatic pressure (7.85 GPa) 

Under high pressure we observe phase transition. The purpose was to understand how different programs would work in 
non-ambient conditions if we have only light atoms. 

 

Acknowledgements. The authors acknowledge financial support of RFBR (grants 02-03-33358 and 05-03-32468), of the 
BRHE (a joint grant REC-008 of CRDF and Russian Ministry of Education NO-008-XI), the National Science Support 
Foundation for EVB (Program “Young Professors”), and a CRDF grant Y2-CEP-08-07 supporting young scientists 
(SNI), grants 15384 (EVB) & 4222 (SNI) of Russian Ministry of Education. Diffraction experiments with sodium 
oxalate were supported by grant no 21-45703.95 from the Swiss National Science Foundation and the European 
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Magnetic non-ferroelastic domain distinction 

 D.B. Litvin (Department of Physics, The Eberly College of Science, The Pennsylvania State University, Penn State 
Berks Campus, P.O. Box 7009, Reading PA 19610-6009, U.S.A.), V. Janovec (Technical University of Liberec, Hálkova 

6, 461 17 Liberec 1, Czech Republic) u3c@psu.edu janovec@fzu.cz 

 

We show that there always exists a coordinate system in which components of property tensors which distinguish 
between the domains of a magnetic non-ferroelastic domain pair differ in the two domains solely by a change in sign. 
We list the 309 classes of twin laws of magnetic non-ferroelastic domain pairs and specify which twin laws are given in 
a coordinate system where the tensor distinction is provided by a change in sign of tensor components. If the twin law is 
not given in such a coordinate system then a new coordinate system, related by a rotation, is specified.  
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The use of synchrotron radiation in structure determination: Merits and Drawbacks  

E. Moreno1, T. Calvet1, R. Cordobilla1, C. Conesa2, M.A. Cuevas-Diarte1, G. Gbabode3, Ph. Negrier3, D. Mondieig3 
(1Department de Cristal.lografia, Mineralogia i Dipòsits Minerals, Facultat de Geologia, Universitat de Barcelona, 

2Accelrys Ltd. 334 Cambridge Science Park, Cambridge CB4 0WN, UK, 3Centre de Physique Moléculaire Optique et 
Hertzienne, UMR5798 au CNRS. Université Bordeaux I) evemoreno@ub.edu 

Among the many topics involved in crystal structure determination techniques from powder diffraction data we 
consider here the relative advantages of using synchrotron radiation versus laboratory powder diffraction data illustrated 
for the particular example of hexadecanoic acid.  

The structure of the C form of C16H32O2 [1] has been solved from both laboratory X-ray diffraction data collected in an 
INEL CPS120 diffractometer and from synchrotron data collected in the BM01B beamline at the ESRF. The same 
strategy was followed in both cases. Indexing of the pattern was perform using X-Cell [2] and the space group was 
assign afterwards as P21/c. Pawley refinement was used to provide a well define profile function and structure solution 
procedure was attempted by direct-space methods following a Monte-Carlo simulated annealing approach and full 
profile comparison as implemented in Powder Solve [3]. After structure solution, Rietveld refinement [4] combined 
with COMPASS [5] force-field energetic minimisations were carried out in order to provide both a structure that is 
chemically stable and in close agreement with the experimental powder pattern. 

A comparison of the structures solved with both sources of radiation is given in Figure 1. Hydrogen bond distance, and 
the most variable internal rotation angle are given in Table1 together with those values of single crystal results. In Table 
2 the root-mean-square (r.m.s) deviation between the coordinates of the different structures is given in order to quantify 
their agreement. 

 
Figure 3 Overlay of the structures solved from synchrotron (black) and conventional (blue) powder diffraction data along the x-z 

plane. 

 
Parameter Synchrotron 

data 
Single 

crystal data 
Conventional data

Compared structures 
r.m.s. (Å) 
Excluding 

hydrogen atoms 

r.m.s. (Å) 
Including 

hydrogen atoms
O1

…O2’(Å ) 2.691 2.621 2.705 INEL-Synchrotron 0.056 0.086 
O1-C1-C2-C3(º) 176.578 177.380 177.940 INEL-Single crystal 0.108 0.136 

    Synchrotron-Single crystal 0.105 0.125 
   

Table 1 Hydrogen bond distance and internal rotation angle of 
C16H32O2 solved from different sources 

Table 2 Root mean square (r.m.s.) deviation between the 
atomic coordinates of the different sets of structures.

The highly collimated nature and the high brightness of synchrotron radiation, in addition to the advantages of having 
tunable radiation over a wide range of wavelengths, provides a significant increase in resolution and a better signal to 
noise ratio. The high resolution achieved solves to some extend the peak overlap problems allowing a more reliable 
peak position determination. In this regard, the indexing procedure is significantly improved by the use of synchrotron 
radiation. However, the structure solution step by direct space techniques is not affected as long as the most important 
requirement is not just high resolution, but a good and accuarte description of the experimental profile by the profile 
function used in the structure solution procedure. Therefore, with direct space techniques the use of conventional 
radiation is as effective as synchrotron radiation obtaining results of the same quality, as demostrated with the example 
above. 

We acknowledge the European Synchrotron Radiation Facility for provision of synchrotron radiation facilities 
and we thank Hermann Emerich for assistance in using beamline BM01B 

[1] Moreno E, Calvet T et. al. (to be published) 
[2] Neumann MA (2003) J. Appl. Crystallogr 36: 356-365 
[3] Engel G. E. Et al., (1999) J. Appl. Crystallogr 32 1169-1179 
[4] Young R A (1995) The Rietveld Method, Oxford University Press; Oxford 
[5] Sun H. (1998) J. Phys. Chem. 102: 7338-7364 
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Different superspace symmetries for lamellar misfit cobalt oxides 

H. Muguerra, D. Grebille (CRISMAT-ENSICAEN Laboratory, UMR CNRS 6508, 6 Bd. Maréchal Juin, 14050 Caen 
Cedex, France), E. Guilmeau (Laboratory of Structural Inorganic Chemistry, University of Liège, Chemistry 

department B6, Sart-Tilman, B4000Liège, Belgium), R. Funahashi (National Institute of Advanced Industrial Science 
and Technology, Midorigaoka, Ikeda, Osaka 563-8577, Japan) herve.muguerra@ensicaen.fr 

 

Lamellar cobalt oxides, which are interesting candidates for thermoelectric applications, are also fascinating for their 
original crystal structures. As a matter of fact, they belong to the so-called planar misfit compounds. Among them, the 
[BiCaO2]2[CoO2]1.69 compound and its corresponding I2 intercalated compound were recently prepared and 
characterized [1]. The first approach of their crystal symmetry was determined by single crystal X ray diffraction using 
the four dimensional super space group formalism for aperiodic structures (Fig. 1). These composite crystals, of 
monoclinic symmetry, are composed of two subsystems exhibiting incommensurate periodicities along b, the binary 
axis direction. The structure can be described as an alternation along c of distorted rock-salt-type slabs, formed of [BiO] 
and [CaO] layers (first subsystem), and of [CoO2] layers (second subsystem) displaying a distorted CdI2-type structure. 

The structure of [BiCaO2]2[CoO2]1.69 looks similar to the previously refined Bi0.87SrO2]2[CoO2]1.82 structure [2] with a 
slightly different ratio, β = b1/b2=1.69, due to the replacement of Sr by Ca. But a more attentive observation of the 
diffraction pattern shows differences of crystal symmetry: the Sr misfit compound is I centred while the Ca compound 
is primitive with a rough C centered pseudo symmetry for the first cell, and a double c parameter and a A centred lattice 
for the second. In order to assume the compatibility between the two lattices, the super space symmetry for aperiodic 
structure must be used. The corresponding super space Laue class is P2/m(0δ1/2). 

In the case of the I2 intercalated compound, a new symmetry was still observed: the first approach was to use a C 
centring for both sub lattices, with a new enhanced c parameter. But different points can be outlined to invalidate this 
hypothesis. A new monoclinic cell was considered to find a super space group compatible with both subsystems. In this 
new lattice, both subsystems were A centered and the corresponding super space Laue class is A2/m(0δ1). 

The first approach of the stacking scheme along the c direction is in agreement with the [Bi0.87SrO2]2[CoO2]1.82 

compound. The same stacking model is observed for the non I2 intercalated phase, BiO-CaO-CoO2-CaO-BiO, with 
some differences due to the steric modification related to the atomic radius of Sr and Ca. In the case of I2 intercalated 
sample, the model confirms the localisation of iodine between the BiO-BiO double layers. 

In conclusion, it is shown that, even with apparently similar structures, these misfit compounds are characterized by 
specific and original superspace symmetries. 

 
 

Figure 1: (a) (0kl) and (b) (1kl) synthetic precession images of the [BiCaO2]2[CoO2]1.69 compound. The indexation is given with the 
H,K,L,M quadruplet. 

 

[1] Guilmeau E, Pollet M, Grebille D, Hervieu M, Muguerra H, Cloots R, Mikami M, Funahashi R (submitted) Physical Review B 
[2] Leligny H, Grebille D, Perez O, Masset AC, Hervieu M, Raveau B (2000) Acta Crystallogr B56: 173-182 
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Landau Theory Applied to the rich magnetic phase diagram in RTiO3 

 

G. Nénert, A. A. Nugroho and T. T. M. Palstra (Solid State Chemistry Department, University of Groningen, 
Nijenborgh 4, NL-9747, AG Groningen) g.nenert@rug.nl 

 

 The lanthanide titanates LnTiO3 (3d1-system) with the GdFeO3 type perovskite structure (space-group Pbnm) 
exhibit a variety of interesting magnetic properties [1]. The LnTiO3 compounds are mostly insulating or barely metallic 
due to strong electron-correlation effects in the relatively narrow 3d electron bands and are a prototypical example for 
the Mott-Hubbard insulator. LaTiO3 presents antiferromagnetic behaviour while the last rare-earths are ferrimagnetic 
[2] or even ferromagnetic for YTiO3. There is a long debate on the existence of orbital ordering in this family of 
compounds. The eventual presence of orbital ordering in this family would appear at the magnetic ordering temperature. 
We have recently reinvestigated some compounds of this family. We have found that there are two critical transition 
magnetic temperatures instead of one as reported before [2]. To explain the experimental observations, we have shown 
on single-crystal magnetic measurement that these two critical temperatures correspond to the ordering of the rare-earth 
atom and of the titanium atom respectively. In order to describe better the diversity of the magnetic orderings in this 
family of compounds, we elaborate a Landau theoretical approach in order to describe the magnetic phase diagram of 
the RTiO3 family. 

 

 

[1] Goodenough JB, Longo JM (1970) Landolt-Bornstein, Group III, in Magnetic and other properties of oxides and related 
compounds, Vol. 4, Springer-Verlag, New York, p.126 

[2] Turner CW, Greedan JE (1980) J. Solid State Chem. 34: 207-213 and references therein 
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Exploring twin laws in Friedelian and hybrid non-merohedric twins 

Massimo Nespolo (LCM3B Université Henri Poincaré Nancy I) massimo.nespolo@lcm3b.uhp-nancy.fr 

A twin law is the set of all twin operations that transform two twinned individuals into each other. A twin element is the 
geometric element about which the twin operation is performed [1]. The twin elements are (pseudo)symmetry elements 
for the twin lattice, which either coincides (exactly or approximately) with the lattice of the individual or is a sublattice 
of it. A (pseudo)symmetry plane is (quasi)normal to a lattice row, and a (pseudo)symmetry axis is (quasi)normal to a 
lattice plane. The exploration of the possible twin laws of non-merohedric twins starts with seeking of pairs of axes / 
planes [uvw] / (hkl) that are quasi-normal and define a cell or relatively small multiplicity. The deviation from the 
normality is measured by the obliquity (angle between the normal to the plane and the twin axis); the multiplicity of the 
twin lattice cell, normalized by the multiplicity of the cell of the individual, is the twin index. 

A large part of twins correspond to low obliquity and low index, the empiric limiting values being 6º for the obliquity 
and 6 for the index [2]. Twins that broadly correspond to this criterion are called “Friedelian twins” [3]. A number of 
examples of “non-Friedelian twins” are known, and several of them can be interpreted as hybrid twins: these are twins 
in which more than one pair [uvw] / (hkl) exist, satisfying at least one of the two criteria (on the obliquity or on the twin 
index). The overall degree of (approximate) overlap of lattice nodes receives thus one contribution from each pair [uvw] 
/ (hkl), and is measured by the effective twin index, which is a function of the twin indices of each pair [uvw] / (hkl) [3]. 

We are developing a software to explore the [uvw] / (hkl) pairs corresponding to possible twin elements of Friedelian 
and hybrid twins. The user gives in input the metric parameters of the lattice of the individual, the range of u,v,w (for 
rotation twins) or h,k,l (for reflection twins) to be explored, and the limits on obliquity and index for a pair [uvw] / (hkl) 
to be accepted as twin elements. The limit on the twin index must be definitely higher than the classic Friedelian value, 
typically in the range 10-20. The program explores all the axis (planes) quasi-normal the plane (axis) under 
consideration within the limits of obliquity and index, and retains up to three pairs 

- [uvw] / (hkl) corresponding to the minimal obliquity 

- [u’v’w’] / (hkl) corresponding to a higher obliquity but a lower index 

- [uvw] / (h’k’l’) corresponding again to a higher obliquity but a lower index 

For a Friedelian twin, these three pairs coincide, and the larger limit given in input for the twin index has no influence 
on the result. For a hybrid twin, the effective twin index is computed. Finally, the (exact or approximate) symmetry of 
the cell of the twin lattice(s) is analysed; the degree of approximation on the angles is imposed by the obliquity; that on 
the linear parameters is chosen by the user. 

The software, now in the phase of internal beta test, will be made available as soon as possible. 

 

[1] Hahn T, Klapper H (2003) Sect. 3.3 in A. Authier (Ed.) International Tables for Crystallography, Vol. D. International 
Union of Crystallography / D. Reidel Publishing Company 

[2] Friedel G (1926) Leçons de Cristallographie, Berger-Levrault, Nancy, Paris, Strasbourg XIX+602 pp 
[3] Nespolo M, Ferraris G (2005) Z. Kristallogr 220: 317-323 
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Crystallographic Sublattices 

John S Rutherford john.rutherford9@btinternet.com 

The concept of a sublattice of a basic crystallographic lattice in two or three dimensions is crucial to the many 
applications of group-subgroup relations in crystallography, and yet relatively little attention has been paid to 
sublattices as a topic for research. In this article we review a number of the relevant results, emphasising particularly 
previously unpublished work on the algebraic aspects, since we have recently summarised the number theory-based 
enumerative methods elsewhere [1]. 

A three-dimensional geometric lattice L can be considered as as infinite Abelian group under addition. A sublattice S of 
L which is also three-dimensional is a subgroup of L, such that the finite quotient group, called the torsion subgroup of 
S, or the colour lattice group 

G ≅ L / S 

is an Abelian group of order the index of S. The sublattice itself in its standard form is represented by an upper 
triangular matrix. The index of the sublattice is given by the trace of this matrix, which is also its determinant, i.e. (abc) 
in the example below. 
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We shall describe the mechanics of an number of processes with regard to sublattices, of which the conversion of a 
sublattice described by an arbitrary basis set in L to this standard form is the first. Next we express the sublattice as the 
intersection of a set of sublattices of individual index a power of a distinct prime, i.e. 

S (n = p1
a p2

b…) = S1 ( p1
a) ∩ S2 (p2

b) ∩ … =  ∩
i

ip )( αS

where where p1, p2 etc. are prime numbers, and ∏=
i

ipn α is the Euclidean factorisation of n.  

This decomposition is important because it corresponds to the Sylow decomposition of the corresponding torsion 
subgroup 

ip
i

AG ⊗≅  

and so allows us to assign a colour lattice group structure to the particular sublattice. 

In addition to these it is useful to be able to carry out two commutative binary operations on sublattices of L; these are 
to find their common sublattice of lowest index in L, which is their intersection  

S∩ = Sa (m) ∩ Sb (n) 

and their common superlattice of highest index in L, given by 

S⊕ = Sa (m) ⊕ Sb (n) 

where ⊕ indicates the direct sum of the sublattices taken as groups. 

If S⊕ = L, then either (m,n) = 1 or all common divisors of m and n are represented by distinct superlattices of Sa and Sb, 
and S∩ has index mn. At the other extreme we have the case where a single common superlattice S⊕ of index (m,n) 
exists and S∩ has index mn/(m,n). In the more general case the indices remain linked as  

|G⊕| |G∩| = mn. 

 

[1] Rutherford JS (2003) Cryst. Eng. 6: 225-234 
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Neutron diffraction study of twins in the phase transition in YBCO 

L Zhang, B Khoshnevisan, D K Ross (Institute for Materials Research, Maxwell Building, University of Salford, Salford 
UK M5 4WT) L.F.Zhang@pgr.salford.ac.uk 

 

The detailed analysis of the diffraction patterns at the tetragonal (Tet.) to the twinned orthorhombic (OI) phase 
transition in YBa2Cu3O6+x , 0<x<1 (YBCOx), is very interesting and important not only for the particular 
properties-related features but for the more general case of transition from higher to lower symmetry, which is 
accompanied by the twinning process. 

YBCOx are the fairly controllability of this phase transition due to oxygen concentration under an in situ process at 
elevated and high temperatures (>400°C) Fig.1 (b), and it is well established that the above structural phase transition 
has then an almost 2-D character [1]. We have already shown that the coexistence of the peaks of both tetragonal and 
orthorhombic twined phases, in certain oxygen content does not contradict the second-order phase transition [2]. In this 
study we introduced the following formula, which indicates the diffraction phase difference between two adjacent 
twins: 

ϕ ≈ 2π (h+k) TS 
Where h, k are the reflection indices, S is the orthorhombicity (1-a/b), and T is the twin’s separation. This formula 
predicts a strong coherence effects between the two twins especially when S and T are bout very small (the condition 
which we believe is fulfilled just after T/OI phase transition). If the phase difference ~ π, the reflection at the position of 
one twin lattice point will interfere destructively with the reflection from the other twin and the constructive 
interference will appear between the twin reflections. This path difference will occur at higher T as S gets smaller. 
Further, for a given S, the condition is satisfied for progressively smaller T as (h+k) increases. For Φ >> π, the 
scattering from one twin will be essentially incoherent with that from the other twin while for Φ << π, the waves from 
each twin are essentially in phase with each other and so one gets a single reflection at the average position with a width 
that depends on the total number of planes in the crystallite. 

We have already completed an in situ powder neutron diffraction study for the effect of twinning in the sample’s pattern 
at high temperatures (500ºC-600ºC) on OSIRIS (ISIS), Fig.1 (a). The failure of a very good fit is because of the obvious 
hkl-dependence line broadening, which is required further study, indicates the presence of twins. 

Future work will concern about the analysis of neutron and synchrotron diffraction for its evolution of the 
hkl-dependent peak width scans, which provide information about the domain and its direction. And Rietveld 
refinement model concerning hkl-dependent peak width is required to be considered for further accurate determination 
of structural information, which interests us in general. 
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Figure 1  (a) Neutron diffraction [100,010.003] overlap at 600°C 750mbar     (b) YBCO isotherm curve at 600℃ 

[1] Salje E, Parlinski K (1991) Supercond. Sci. Tech. 4: 93 
[2] Khoshnevisan B, Ross D K, Broom DP, Babaeipour M (2002) J.Phys.: Condens. Matter 14: 1-16 
[3] Rand M, Langford J, Abell J S, I (1993); Phil. Mag. B68: 17 
[4] Radaelli PG, Segre CU, Hinks DG, Jorgensen JD (1992) Phys. Rev. B45: 4923 
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Some recent progress in coincidence site lattice theory 

Yi Ming Zou (Department of Mathematics, University of Wisconsin-Milwaukee) ymzou@csd.uwm.edu 

 

 
The structure of the coincidence symmetry group of a lattice is analysed from both geometrical and algebraic aspects. 
Particular attention will be given to the generators of the coincidence symmetry group, especially the isometry subgroup 
(the subgroup formed by those coincidence symmetries which are elements of the isometry group of the Euclidean 
space). A decomposition of an arbitrary coincidence element of the coincidence group in terms of simpler generators 
will be given. 
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The symmetry underlying the pressure-induced polymorphism in AgCl 

Julia Contreras-García, M. Marqués, M. Flórez, J. M Recio (Universidad de Oviedo) julia@carbono.quimica.uniovi.es 

Although the B1(rocksalt)-B2(cesium chloride) phase transition mechanism is currently one of the most thoroughly 
described for solid-solid transformations in binary compounds, there is still an open discussion on the energetically 
preferential path [1,2,3]. High pressure experimental results have been reported for alkali halide and silver halide 
crystals in which non-cubic polymorphs involving monoclinic (KOH-type) and orthorhombic (TlI-type or B33) phases 
have been observed along the B1-B2 pressure-induced sequence [4,5]. Previous calculations in several alkali halide 
compounds allowed us to conclude that the polarization contribution to the total crystalline energy is the main 
responsible of the appeareance of polymorphs with ions in non-centrosymmetric positions [6]. Its contribution becomes 
more important as the cation/anion ratio size increases. For silver halides, it is expected that other factors as bond 
covalence may play a key role in the stability of non-cubic polymorphs as pressure is applied. All these experimental 
and theoretical considerations have drawn us to undertake a detailed study of the thermodynamic and mechanistic 
aspects of the polymorphic sequence observed in AgCl. The electronic structure has been determined using the VASP 
code [7], which provides the energy associated to a given crystal structure in the framework of the density functional 
theory. The thermodynamics of AgCl under pressure is very well described with this computational methodology. 
Calculated structural properties, equations of state parameters and stability pressure ranges are in an overall good 
agreement with the available experimental data. On the one hand, these results permit us to extend the knowledge of 
AgCl response to hydrostatic pressure. On the other hand, this agreement allows us to go one step forward and try to 
determine the transtion paths connecting the encountered pressure-induced polymorphs. Concerning all the transitions 
involved, a very trascendental feature has been observed: the space groups of all the phases are supergroups of the 
lowest symmetry phase, P21/m. This finding opens the possibility of a continous study of the transformation under the 
same symmetry group. In fact, this is the highest common subgroup to all the phases, and has also been proved to give 
the lowest energy barrier for the B1-B2 transition in NaCl [3]. Thus, we are trying to dilucidate to which extent the 
stability of certain observed polymorphs influence the appeareance of metastable phases in the transition mechanisms of 
solid-solid transformation. 

Historical reasons have animated us to start with the study of the virtual B1→B2 transition in AgCl. The first approach 
considers the R3m energy surface (Buerger mechanism). The most interesting result is the appearance of relative 
minima in the Gibbs energy profile, a very different transition path shape of that of the B1→B2 mechamism in alkali 
halides. This feature is probably related, as well as the existence of non-cubic structures in the polymorphic sequence, to 
the partially covalent nature of the bonds in our system. For the B1→KOH-type, KOH-type→B33, and B33→B2 
transitions, different aproximations have been dealt with in order to study the changes that take place in the common 
monoclinic cell and their atomic coordinates at different pressures. Preliminary results are reported. The energy surfaces 
have been explored using partial and complete interpolations, depending on the transition characteristics. Full 
optimization of the path resorting to the maximal common subgroup is being carried out in order to check the degree of 
energy reduction in the transition barrier, but the large amount of free parameters are difficulting the task. 

[1] P. Tolédano, K. Norr, L. Ehm, and W. Depmeier (2003) Phys. Rev. B 67: 144106 
[2] H. Stokes, D. M. Hatch, J. Dong, and J. P. Lewis (2004) Phys. Rev. B 69: 174111 
[3] M. Catti (2004) J. Phys. Condens. Matter 16: 3909 
[4] K. Kusaba, Y. Syono, T. Kikegawa, and O. Shimomura (1995) J. Phys. Chem. Solids 56: 751 
[5] S. Hull and D. A. Keen (1999) Phys. Rev. 59: 750 
[6] M. Marqués, M. A. Blanco, M. Flórez, and J. M. Recio (2003) Phys. Rev. B 68: 14110 
[7] G. Kresse and J. Furthmuller (1996) Phys. Rev. B 54: 11169 
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Understanding anhydrous squarates – from “packing of spheres” to interpenetrating nets 

Robert E. Dinnebier, Hanne Nuss, Martin Jansen (Max-Planck-Institute for solid state research, Stuttgart) 
m.jansen@fkf.mpg.de 

Different possible descriptions of a crystal structure may lead to different impressions of it. The “true” structure seems 
to be a weighted average of all possible views.  

Considering as example anhydrous squarates, whose crystal structures were solved from laboratory X-ray powder 
diffraction data, we would like to show that different views can lead to opposed decisions, whether structures are 
similar or not. 

In terms of a description as “packing of spheres”, Li2C4O4 seems to be similar to Cu C4O4. Both can be described as 
AlB2 variants and defect variants, respectively. Considering a “stacking of nets”-view, all alkali squarates can be 
understand as more or less parallel stacked (4.82) nets, whereas CuC4O4 is built out of (4.82) nets that are perpendicular 
to each other.  

 

 
Figure 2 The structures of Li2C4O4 (a,b) and CuC4O4 (c,d). a, c: as AlB2 variants, b, d: as different packing of (4.82) nets 

 

Compound Li2C4O4 [3] Na2C4O4 [3] Rb2C4O4 [3] Cs2C4O4 [3] CuC4O4 [4] 

Space group C2/m (no. 12) P21/c (no.14) C2/m (no. 12) C2/m (no. 12) I2/a (no.15) 

Packing type  

description 

AlB2 CdI2 CdI2 CdI2 AlB2 

(defect variant) 

Net description parallel 

(4.82) nets 

parallel 

(4.82) nets 

parallel 

(4.82) nets 

parallel 

(4.82) nets 

perpendicular 

(4.82) nets 

 

Table 1 Different descriptions lead to different “similarities” 

 

[1] Robl C., Weiss A. (1987) Z. Anorg. Allg. Chem. 546: 161. 
[2] Köferstein R., Robl C. (2003) Z. Anorg. Allg. Chem. 629: 371. 
[3] Dinnebier R. E., Nuss H., Jansen M. Z. Kristallogr. submitted. 
[4] Dinnebier R. E., Nuss H., Jansen M. Z. Anorg. Allg. Chem. submitted. 
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The study of incommensurate structures using first-principles calculations 

Razvan Caracas (Geophysical Laboratory, Carnegie Institution of Washington),  

Xavier Gonze (Université Catholique de Louvain, Unité PCPM) 

e-mail: r.caracas@gl.ciw.edu 

 

The sequence of phase transition in some materials involves incommensurately modulated (IC) structures. The IC 
structures exhibit long range order, revealed by sharp diffraction peaks, but with a non-crystallographic symmetry. 
Much effort was dedicated in the last decades to the refinement and the understanding of these crystal structures. This 
effort has lead to the development of the multi-dimensional crystallography, where these structures are usually 
described in spaces with 4, 5 or 6 dimensions [1-8].  

The theoretical development of the density functional theory [9-11] and the density functional perturbation theory 
[12-15] during the last decades made them powerful tools in the study of these materials [16,17]. We present several 
types of applications of first-principles techniques that are adequate to the study of IC structures. We present (i) 
approximant calculations, suitable for the study of host-guest IC structures, found in certain elemental solids at high 
pressures; (ii) study of the Fermi surface nesting, suitable for charge-density wave-driven transitions, exemplified by 
our results in metallic sulphur at megabar pressures; (iii) displacive instabilities in the average phase and; (iv) analysis 
of the dynamical properties of the average and IC structure exemplified by our results in Pb2MgTeO6 [18-21]. 

 

 

[1] P.M. de Wollf, Acta Cryst. A33, 493 (1997).  
[2] P.M. de Wolff, T. Janssen and A. Janner Acta Cryst. A37, 625 (1981).   
[3] Janner, T. Jannsen and P.M. de Wolff, Acta Cryst. A39, 658 (1983) 
[4] Janner, T. Jannsen and P.M. de Wolff, Acta Cryst. A39, 667 (1983) 
[5] Janner, T. Jannsen and P.M. de Wolff, Acta Cryst. A39, 671 (1983) 
[6] H.Z. Cummins, Phys. Rep. 185, 211 (1990). 
[7] S. van Smaalen, Cryst. Rev. 4, 79 (1995). 
[8] R. Caracas, J. Appl. Crystall., 35, 120 (2002). 
[9] P. Hohenberg and W. Kohn, Phys Rev. 136, 864 (1964). 
[10] W. Kohn and L.J. Sham Phys Rev 140, 1133 (1965). 
[11] R.M. Martin, Electronic structure: basic structure and practical methods, Cambridge University Press 2005. 
[12] S. Baroni, S. de Gironcoli, A. Dal Corso and P. Gianozzi, Rev. Mod. Phys. 73, 515 (2001).  
[13] X. Gonze, Phys. Rev. B55, 10337 (1997).  
[14] X. Gonze and C. Lee, Phys. Rev. B55, 10355 (1997).  
[15] X. Gonze, G.-M. Riganese and R. Caracas, Z. Kristall. 220, 458 (2005). 
[16] R. Caracas and X. Gonze, Comp. Mat. Sci. 22, 112 (2001). 
[17] R. Caracas and X. Gonze, Z. Kristall. 220, 511 (2005). 
[18] R. Caracas and X. Gonze, AIP Conf. Proc., 582, 128 (2001). 
[19] R. Caracas and X. Gonze, Phys. Rev. B 65, 184103 (2002). 
[20] R. Caracas and X. Gonze, AIP Conf. Proc., 626, 303 (2002). 
[21] R. Caracas and X. Gonze, Phys. Rev. B, 71, 054101 (2005) 
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Phase transition in charge transfer complexes 

Pilar García, Slimane Dahaoui, Pierre Fertey, Enmanuel Wenger, Claude Lecomte,  

Laboratoire de Cristallographie et de Modélisation des Matériaux Minéraux et Biologiques,  LCM3B  
CNRS UMR 7036, Université Henri Poincaré, Faculté des Sciences, BP 239, 54506  Vandœuvre-lès-Nancy  

Cédex, France 

pilar.garcia@lcm3b.uhp-nancy.fr 

In the last twenty years charge transfer complexes have been the objet of a great number of studies due to their possible 
application in molecular electronic, as they can tune between different ground states. This type of organic compounds 
are formed by organic planar molecules, donor or acceptor of electrons who alternate along an axis, forming segregated 
(-D-D-D-.. –A-A-A-..) or mixed (-D-A-D-A-...) stacks. The mixed stack complexes undergo an original phase transition 
called neutral-to-ionic transition when the degre of charge transfer between donor and acceptor molecules changes, 
decreasing temperature, applying pressure or photo-irradiation. 

Altough neutral-to-ionic transition has been structurally characterized for some 1:1 complexes, as 
tetrathiafulvalene-chloranil (TTF-CA) [1] or dimethyltetrathiafulvalene-chloranil (DMTTF-CA), their phase transition 
does not present a systematic behavior. However, it has been related to the activation of H bonds between donor and 
acceptor molecules of different stacks and a dimerization process (formation of (DA) pairs) along the stacking axis. 
Neutral-to-ionic transition in 2:1 complexes have been studied by spectroscopic studies, showing an asymmetric charge 
distribution in the D-A-D trimers [2]. 

1:1 and 2:1 charge complexes formed by tetrathiafulvalene (TTF) and bromanil (BA) are studied using single crystal 
X-ray diffraction, with MoKα radiation, at low temperature (100K and 20K).  

Tetrathiafulvalene-bromanil (TTF-BA) is formed by mixed stacks along two independent crystallographic axes and its 
ground state at room temperature is quasi-ionic. At 53K it undergoes a phase transition transition with a dimerization 
process, but the charge transfer between donor and acceptor molecules is hardly changed. The structural phase 
transition at 53K has been evidenced by slope anomalies on the temperature behaviors of the cell parameters. It is 
characterized by the loss of inversion centre of the molecules (change from P-1 space group to  P1 in LT phase ) and a 
dimerization of both kind of stacks, along a and b crystallographic axes [3]. This dimerization joined to the magnetic 
transition to a non-magnetic state in the low temperature phase [4] has been interpreted as a spin-Peierls distortion. 
However, dimensionality of the system is not clearly 1D. A detailed analysis of the short inter-stack contatcs between 
donor and acceptor contacts has evidence the relevance of Br···Br and C-H···Br networks.  

In TTF2-BA , donor and acceptor molecules are packed in a sandwich-herringbone structure, with trimer units (D-A-D). 
Although TTF molecule is not planar in the complex and deviation from planarity becomes more significant at 25K, no 
phase transition has been found. Geometrical parameters of D and A molecules point to a neutral ground state. Thermal 
motion analysis was performed using the TLS formalism for the isolated molecules, 1:1 and 2:1 complexes. Translation 
and libration parameters in TTF2-BA show a strong correlation between donor and acceptor molecules. Contrary to 
TTF-BA, the very close packing in TTF2-BA does not favour the existence of a phase transition with the loss of the 
symmetry. 

 

 

 

[1] Collet E, Buron-Le Cointe M, Lemée-Cailleau M H, Cailleau H, Toupet L, Meven M, Mattauch S, Herger G, Karl N (2001) 
Phys. Rev.. B 63, 054105. 

[2] Matsuzaki S, Hiejima T, Sano M (1992) Solid State Commun. 82, 301-304. 
[3] García P, Dahaoui S, Fertey P, Wenger E, Lecomte C, (2004) Phys. Rev. B in press. 
[4] Girlando A, Pecile C, Torrance J B (1985) Solid State Commun. 54, 753-759. 
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Phase Transition in a new phosphite hybrid material 
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Crystals of m-carboxy phenyl ammonium monohydrogenphosphite C7H8NO2
+, H2PO3

− (m-CPAMP), undergo 
a reversible first order single crystal phase transition at about Tc = 246(2) K as evidenced by the behaviour of the 
unit-cell parameters versus temperature (Table 1) and by differential scanning calorimetry measurements. The average 
structure and unit-cell packing of m-CPAMP at low-temperature (100 K) have been performed from accurate X-ray 
data sets and compared the high-temperature phase (293 K) in order to investigate the mechanism of the phase 
transition. Accurate structural determination has been performed at 293 K and 100K using only the accurate main X-ray 
reflections. The transition may be globally described at the molecular level by the rotation of both cations and anions by 
ca 4.6 ° around the crystallographic b axis induced by their translation along the b direction (Figure 1). 

 

Parameters 100(2) K 293(2)K 

Space group P21/c (No 14) P21/c (No 14) 

a (Å) 12.1405(7) 13.036(3) 

b(Å) 12.4273(9) 11.538(2) 

c(Å) 6.3851(4) 6.6366(13) 

β(°) 100.122(5) 104.73(3) 

V(Å3) 948.35(11) 965.4(3)  
Table1. The unit-cell parameters change versus temperature. Figure1. View of the molecular change versus temperature. 

 

The reconstructed precession images reveal the presence of weak satellite reflections in the (h0l)* reciprocal plane at 
both LTP and HTP (Figure 2). Owing to the very low intensities of the satellite reflections, it was very difficult to refine 
the modulation wavevector q. The best estimates of the q vector at 100 K and 293 K using NADA program [1] are: 

q100 ≈ 0.24(3)a* + 0.49(3)b* + 0.48(4)c*,    q293 ≈ 0.25(2)a* + 0.49(6)b* + 0.49(6)c*. 

  
Figure2. Diffractograms from (h0l)* reciprocal plane : at 100 K and 293 K 

The weakness and the small number of the satellite reflections observed on the laboratory diffraction (Figure 2) does 
not allow a more accurate determination. The question of commensurate or incommensurate can only be answered with 
synchrotron diffraction data. 

[1] Schönleber A, Meyer M, Chapuis G. (2001). J. Appl. Cryst. 34, 777–779. 
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Maximal symmetry transition paths in reconstructive phase transitions 
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cesar@wm.lc.ehu.es 

 

The transition path of a phase transition with no group-subgroup relation between its phases can be defined as the set of 
atomic displacements, and strains that should occur at a local level during the transformation. These transformations 
abound in nature: The reconstructive phase transitions are good examples of such transformations. A transition path 
involves a hypothetical intermediate structural configuration. Its symmetry is given by a common subgroup H of the 
two end-phases space groups G1 and G2 with indices compatible with the diffusionless character of the transition. From 
a symmetry point of view the transition G1→ G2 can be described by two symmetry breaks G1→ H1 and G2→ H2 where 
H1 is isomorphic to H2. It is the pair of isomorphic subgroups (H1, H2) (and not just the space-group type H) that 
describes a possible transition path for G1→ G2. In general, there are several subgroups Hi,k of the same space-group 
type with the required indices, and different pairs (H1,m, H2,n) may indicate different transition-path solutions. However, 
for the complete analysis of the possible transition paths it is sufficient to consider only representatives of the conjugacy 
classes of H1 and H2 with respect to G1 and G2: It is to be expected that physically distinguishable paths would result 
only for subgroups that belong to different conjugacy classes. Additional symmetry constraints follow from the 
compatibility conditions of the occupied atomic positions at both end phases. The different possibilities for the 
symmetry of intermediate states are better classified in terms of the so-called maximal symmetry transition paths: If a 
pair (H1, H2) specifies a transition-path solution then the pairs (Z1, Z2) with Zi<Hi, also fulfil the required symmetry 
conditions. Therefore, the symmetry of any possible transition path must be among the maximal symmetry paths, or 
their subgroups. It is expected that there exists a finite set of maximal symmetry transition paths for a fixed maximum 
cell multiplication of the intermediate state. 

Other geometrical or/and structural conditions can be added to the symmetry analysis in order to establish some kind of 
symmetry-related figure of merit. The Wyckoff-position splitting schemes of the occupied orbits in the intermediate 
symmetry configurations provides the number of free internal degrees of freedom (reaction coordinates) for the 
transformation that maps the two structures, and indicates how they change during the transformation. This symmetry 
information is essential in ab-initio studies of the transformation that can finally discriminate which path is energetically 
favourable between the set of symmetry-possible atomistic mechanisms. 

Recently, we have developed a systematic procedure for the determination of the full set of possible maximal transition 
paths between two structure types with no group-subgroup relation between their symmetries. A computer program has 
been implemented at the Bilbao Crystallographic Server (http://www.cryst.ehu.es) [1] and is available via web server 
with some limitations. Given the structures of the two initial phases specified by the symmetry groups, the lattice 
parameters, and the atomic coordinates in the asymmetric units and the maximum cell multiplication in the intermediate 
state, the program calculates the possible transition paths characterized by a pair of isomorphic subgroups H1 and H2 of 
G1 and G2. Using the available database on maximal subgroups of space groups, a modified version of the 
SUBGROUPGRAPH program determines and classifies the set of subgroups H1 and H2 into conjugacy classes with 
respect to G1 and G2. The procedure is based on the determination of the Hermann group of a group-subgroup pair. The 
WYCKSPLIT program checks the Wyckoff position splitting schemes for the two branches G1 > H1 and G2 > H2. In the 
intermediate state, the sets of occupied Wyckoff orbits and the unit cells have to be compatible under some of the 
operations of the Euclidean normalizer of H. The transformed metric tensor components following the path are related 
to the strains involved in the studied transformation.  

As an illustration, the transformations between zincblende- and rocksalt-structures of SiC [2,3], and wurtzite and 
rocksalt-structures of GaN [4] are discussed. 

 
[1]   Kroumova E., Perez-Mato J.M, Aroyo M.I., Kirov A., Capillas C., Ivantchev S., Wondratschek H., Phase Transitions, 2003, 

76, 155-170.  
[2]   Catti M., Phys. Rev. Lett., 2001, 87, 035504.  
[3]   Perez-Mato J.M, Aroyo M.I, Capillas C., Blaha P., Schwarz, Phys. Rev. Lett., 2003, 90, 4, 049603. 
[4]   Sowa H., Acta Cryst., 2005, A61, 325-330. 
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