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Several approaches have been made to deal with this issue. One 
classical teaching pamphlet is that produced by Elizabeth A. Wood, 
1972 [1] which was translated to most of the most popular languages. 
More recently this subject has been discussed in several papers by 
Kantardjieff [2].  Concerning Spain, some successful attempts have 
been developed to make crystallography and crystallization close 
to students. One of these is the so call Crystallization in the School 
[3]. This crystal growing competition has been organized since 2008 
involving several high schools within the region of Andalusia (Spain), 
Puerto Rico, Asturias and, during the present academic year, it has been 
extended throughout the whole of Spain. 

Within the Spanish initiative for excellence (CEI), the Summer 
Scientific Campus offered by the University of Oviedo -CEI has the 
aim of promoting the scientific vocations amongst near-future graduate 
students who are immersed during 14 days on different profiles of 
experimental sciences, technologies and innovation within a unique 
environment of cultural exchange, with the experimental science 
activity, through their integration into research projects carried out in 
the university facilities. 

We have developed a proper scenario to incorporate Crystallography 
into the Summer Scientific Campus, presenting the X Ray Diffraction 
topics in a substantive way and trying to attract the enthusiasm of 
youngest into Crystallography, using the Forensic Science as an 
appropriate setup to understand the techniques and authentic processes 
used within a Crime Scene.  Our ‘X-Ray diffraction in the Forensic 
Science Workshop’ introduces and develops the skills, understanding 
and knowledge of X Ray diffraction methods  and their application to 
forensic science. 

Acknowledgements: Spanish MICINN (MAT2006-01997, 
MAT2010-15094, and CSD2006-015, Consolider Ingenio 2010, 
“Factoría de Cristalización”) financial support and FEDER funding is 
acknowledged. 

[1] Crystals: A handbook for school teachers, E.A. Wood, 1972. (Spanish, 
translated by Juan F. Van der Maelen Uria with Carmen Alvarez-Rua Alvarez, 
Javier Borge, and Santiago Garcia-Granda) [2] K.A. Kantardjieff, C. Lind, J. Ng, 
B.D. Santarsiero, J. Appl. Cryst. 2010, 43, 1181. [3] L. Roces, R. Santisteban-
Bailón, C. Ruiz-Martínez, S. García-Granda, J. López-Garriga, J.M. García-
Ruiz, Crystallisation in the School, 1st North African Crystallographic Meeting, 
Casablanca, 2010. 
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Structural basis for the mechanical deformation in organic 
solids
C. Malla Reddy, Soumyajit Ghosh, Department of Chemical Sciences, 
Indian Institute of Science Education and Research, Kolkata, 741252, 
West Bengal, (India). E-mail: cmallareddy@rediffmail.com

Understanding structure-mechanical property correlations is a 
key element in material science and engineering that underlies the 
successful design of materials [1], [2], [3], [4]. Based on mechanical 
behaviour, molecular crystals may be classified into three categories: 
(1) shearing, (2) bending and (3) brittle [5]. Crystals with parallel 
layered structure having strong intralayer and weak interlayer 
interactions show shearing on application of a mechanical stress. 
Bending occurs when the strength of intermolecular interactions in 
orthogonal directions are significantly different. Isotropic crystals 
with comparable intermolecular interactions in the three orthogonal 
directions display brittle nature. The experimental characterization of 
the defects or molecular packing at the deformed region is challenging 

as the organic materials are generally very sensitive to the microscopy 
beams.

In our ongoing study, the mechanism of crystal deformation is 
being investigated by probing the deformed region using a combination 
of techniques like, single crystal X-ray structure determination, micro 
Raman, HRTEM and optical microscopy. The preliminary results on 
bending type crystals suggest that the ordering of molecules at the 
deformed region is not completely random as in amorphous materials, 
but the deformed region turns into the polycrystalline domains with 
slightly altered molecular packing. It was also observed that the severe 
bending in the crystals leads to the formation of grain boundaries within 
which the molecules adopt somewhat distinct (high energy) packing.

[1] C.M. Reddy, S. Basavoju, G.R. Desiraju Chem. Commun. 2005, 2439. [2] C. 
M. Reddy, R.C. Gundakaram, S. Basavoju, M.T. Kirchner, K.A. Padmanabhan, 
G.R. Desiraju Chem. Commun. 2005, 3945. [3] C.M. Reddy, G.R. Krishna, S. 
Ghosh CrystEngComm 2010, 12, 2296–2314. [4] C.C. Sun J. Pharm. Sci. 2009, 
5, 1671. [5] C.M. Reddy, K.A. Padmanabhan , G.R. Desiraju Cryst. Growth 
Des. 2006, 6, 2720.
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Highly symmetric complex intermetallics
Julia Dshemuchadse, Daniel Y. Jung, Walter Steurer, Laboratory 
of Crystallography, ETH Zurich, (Switzerland). E-mail: julia.
dshemuchadse@mat.ethz.ch

A growing number of structurally highly complex intermetallic 
phases is being discovered and described with the emergence of new 
crystallographic methods. We are still not able to understand, why unit 
cells containing hundreds or even thousands of atoms are being formed 
by simple, binary and ternary metallic compounds. To approach this 
important question we are working on a systematization of complex 
intermetallics, starting with the highest-symmetric lattice, i.e. the cubic 
face-centered structures.

There is a bigger group of phases with approximately 400 atoms 
per unit cell - 43 reported structures -, which crystallizes in only two 
different space groups and can be roughly assigned to a common 
aristotype structure. The few structures with even bigger unit cells - 
11 phases with around 1000 atoms per unit cell, not mentioning the 
even bigger Al-Cu-Ta compounds [1] ,[2] - show a slightly broader 
structural variety but can also largely be traced back to some common 
geometrical characteristics. We try to understand all of these structures 
in terms of the cluster approach, describing them as packings or 
coverings of highly symmetric building blocks. In addition, features 
of the average structure and findings from first-principle studies are 
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discussed with respect to complexity and phase formation.

[1] T. Weber, J. Dshemuchadse, M. Kobas, M. Conrad, B. Harbrecht, W. Steurer 
2009. Acta Cryst. B, 65(3), 308–317. [2] M. Conrad, B. Harbrecht, T. Weber, D. 
Y. Jung, W. Steurer 2009. Acta Cryst. B, 65(3), 318–325. 
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Unusual orbital and atomic ordering in tetragonal phase of 
MgTi2O4
Talanov V.M,a  Shirokov V.B.,b Ivanov V.V.,a Talanov M.V.c  a 

Department of Chemical Technology, South-Russian State Technical 
University, Novocherkassk, (Russia). bSouthern Scientific Center of 
Russian Academy of Sciences, Rostov-on-Don, (Russia). cResearch 
Institute of Physics, Southern Federal University, (Russia). E-mail: 
valtalanov@mail.ru

It is theoretically shown that the structure of the tetragonal phase 
MgTi2O4 contains metal pico-and nanoclusters: two types of dimers 
Ti2, two types of helices along the axis of the second and fourth-order 
of tetragonal cell and two types of one-dimensional infinite strands of 
titanium ions. Such unusual structural features of magnesium titanite 
arise due to atomic and d-orbital ordering. 

A theory of structural phase transition in MgTi2O4 is presented: the 
symmetry of the order parameter, thermodynamics and mechanisms of 
formation of atomic and orbital structure of the low-symmetry phase 
MgTi2O4 are studied. The critical order parameter, which induces a phase 
transition, has been stated; it is shown that the calculated structure of 
the tetragonal phase MgTi2O4 is formed as a result of the displacements 
of magnesium, titanium and oxygen, the ordering of oxygen atoms, 
ordering dxy, dxz, dyz – orbitals. It is proved that the contribution of non-
critical representation in the ions displacements is insignificant. 

In the framework of the sixth degree of the components of the 
order parameter of the Landau theory the possible phase diagram is 
constructed and it is shown that the changes of phase states can be 
carried out as a result of phase transitions of second and first order: 
high-symmetry phase borders with two low-symmetry phases along 
the lines of transitions of second order, and the border between low-
symmetry phases is the line of the phase transitions of first order. 

The proposed theory is in accordance with experimental results [1].

[1] M. Schmidt, W. Ratcliff, P.G. Radaelli, K. Refson, N.M. Harrison, S.W. 
Cheong. Phys. Rev. Lett. 2004, 92, 056402-1–056402-4. 

Keywords: Spinel, Orbital, Ordering

MS98.P04
 Acta Cryst. (2011) A67, C805

Self-assembly of nanoparticles into planar modulated 
superstructures
Michael Engel  Department of Chemical Engineering, University of 
Michigan, Ann Arbor, Michigan. E-mail: engelmm@umich.edu

The advance in the synthesis of nanoparticles and colloids opens 
up the possibility to use them as building blocks for self-assembling 
novel materials. Ordered structures are especially interesting because 
they have unique photonic and electronic properties. Among the most 
complex ordered phases are commensurately and incommensurately 
modulated crystals. Although frequently found on the atomic scale in 

the bulk and as ordered structures of noble gases in adsorbed layers, 
modulated phases have so far not been known to self-assemble with 
nanoparticles.

Here, we use computer simulations to study a two-dimensional 
system characterized by a simple isotropic interaction that could be 
realized in future with building blocks on the nanoscale. We find that 
the particles arrange themselves into planar hexagonal superstructures 
whose superlattice vector can be tuned reversibly by changing the 
temperature. Thermodynamic stability is confirmed by calculating 
the free energy with a combination of thermodynamic integration and 
the Frenkel-Ladd method. Different contributions to the free energy 
difference are discussed.

[1] M. Engel, Phys. Rev. Lett. 2011, 106, 095504.
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Crystal structures of new superconducting compounds, LnT2Zn20 
(Ln = La, Pr, T = Ru, Ir)
Yoshitaka Matsushita,a  Takahiro Onimaru,b Keisuke T. Matsumoto,b 
Akira Sato,c and Toshiro Takabatake,b,d   aNIMS Beamline Station at 
SPring-8, National Institute for Materials Science (NIMS), Sayo, 
Hyogo 679-5148, (Japan). bDepartment of Quantum Matter, Graduate 
School of Advanced Sciences of Matter, Hiroshima University, 
Higashihiroshima, Hiroshima 739-8530, (Japan). cMaterials Analysis 
Station, National Institute for Materials Science (NIMS), Tsukuba, 
Ibaraki 305-0044, (Japan). dInstitute for Advanced Materials 
Research (IAMR), Hiroshima University, Higashi-Hiroshima 739-
8530, (Japan). E-mail: Matsushita.Yoshitaka@nims.go.jp

In recent years, the cluster compounds and/or the compounds 
having cage-like substructure have attracted much attention not only 
in chemistry field but also in field of solid-state physics, to show rich 
interesting properties, since the discovery of fullerenes and fullerides. 
For example, in solid-state field, these compounds (especially, having 
rattled atoms in the cluster/cage structure) show various kinds of physical 
properties such as strong electron-phonon coupling superconductivity 
[1], heavy fermion behaviour [2], and thermoelectricity with glass-like 
thermal conductivity [3]. 

Last year, we found new superconducting compounds; LnT2Zn20 
(Ln = La, Pr, T = Ru, Ir), showing superconducting transitions at Tc 
around 0.2 K (LaRu2Zn20), 0.6 K (LaIr2Zn20), and 0.05 K (PrIr2Zn20). 
Especially, PrIr2Zn20 is the second example of superconductor in 
the intermetallic compounds containing Pr atom. [4] Before taking 
superconducting state, these compounds take structural transitions, but 
do not have any magnetic transitions. At room temperature, the crystal 
structure of these compounds basically takes cubic CeCr2Al20-type 
structure (Fd-3m). [5] Details of the crystal structure are not so clear. 

To understand the detail of this crystal structure, we carried out 
single-crystal diffraction technique at 293 K. Our used single crystals 
are grown by Zn self-flax method. [6] In the structure, Ln atom locates 
in the cage structure formed by 16 Zn atoms. On the other hand, T atom 
is surrounded by 12 Zn atoms forming another cage structure. Both Ln 
and T atoms locate at crystallographically independent sites. However, 
some of Zn sites show the site disordering behaviour. More details will 
be presented. 

[1] E.D. Bauer, N.A. Frederick, P.-C. Ho, V.S. Zapf, M.B. Maple: Phys. Rev. 
2002, B 65, 100506. [2] See, for example, J. Phys. Soc. Jpn. 2008, 77 A, and 
references therein. [3] (Ed.) M.G. Kanatzidis, S.D. Mahanti, T.P. Hogan, 
Chemistry, Physics and Materials Science of Thermoelectric Materials: Beyond 
Bismuth Telluride, Kluwer Academics, Plenum Publishers, New York, 2003. [4] 
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