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contractions and anomalous domain structures were observed.  By 
substiduting D2O at fixing the water concentration, the anomalies 
disappeared gradually. On the other hand, the quenched mixtures of 
RTILs-H2O show a curious “double glass transition”.[6-9] Bonding nature 
of hydrogen plays an important role both on crystal and glassy states.

Recently, we found hierarchal structure in the [DEME][BF4]-
H2O system by small angle X-ray scattering, “prepeak” and 
principal peak on the X-ray diffraction and optical absorption 
in UV-vis region.[10] Even at liquid state, water-mediated 
heterogeneous fluctuations are dominant. Furthermorre, nearly-
free hydrogen bonded water in Raman spectra is detected below 80 
mol% H2O mixtures. Water network over the medium-range is key 
to comprehend the complicated behaviors.
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Monte Carlo (MC) computer simulation of a model structure 
has become a powerful and well-accepted technique for aiding the 
interpretation and analysis of diffuse scattering patterns. The method 
consists of comparing diffraction patterns calculated from a computer 
model of the disordered structure with measured X-ray or neutron 
diffuse intensities. The advantage of the method is that it can be applied 
generally to all systems regardless of their complexity or the size of the 
atomic displacements that might be present. The only limitation is the 
extent to which the MC energy can be made to realistically represent 
the real system energy. At one extreme a very simplified model may be 
useful in demonstrating particular qualitative effects while at the other 
a quantitative and very detailed description of disordered structures can 
be obtained.

Over the last two decades the methodology has developed and 
improved enormously as a direct consequence of the (Moore’s Law) 
increase in the power of computers (a factor of 106). In early studies 
[1], two-dimensional (2D) models representing projections of a crystal 
structure were used, simulations could only be carried out for a limited 
number of MC cycles and only qualitative comparisons were made 
between the model and the observed data. Now it is possible to use fully 
3D models of a sufficient size to allow good representation of statistical 
properties, sufficient MC cycles to ensure that equilibrium distributions 
are attained and realistic interatomic or intermolecular potentials. The 

result is that models can be developed that give truly quantitative fits to 
observed diffuse scattering data and this allows detailed understanding 
of the mechanisms leading to the diffuse scattering [2].

In this paper we describe the advances that have been made and 
illustrate the progress using a variety of examples. These range from 
the different polymorphic forms of the pharmaceuticals benzocaine and 
aspirin, the flexible molecular compound p-(N-chlorobenzylidene)-p-
chloroaniline, to a particularly interesting 19kDa viral protein example 
that exhibits frustration on a 73Å ×73Å triangular lattice.
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The metal substitutes of Prussian Blue are actively investigated 
because of their unique combination of magnetic and optical 
properties. All crystals in this family are disordered and disorder plays 
an important role for local physical properties like, for example, charge 
transfer. Information about the average structure alone is not sufficient 
for an understanding of such properties. By the use of X-ray diffuse 
scattering it is possible to obtain quantitative occupation correlations of 
disordered positions and accurate distances between atoms. Using this 
information one may build fragments of the real structure for modeling 
of physical properties.

In this work we present the results of direct three dimensional 
pair distribution function (3D-PDF) refinements of diffuse scattering 
from the manganese analog of Prussian Blue. The diffuse scattering 
was measured at the Swiss-Norwegian beam line at ESRF Grenoble. 
Qualitative analysis of the PDF showed presence of strong substitutional 
correlations and associated atomic displacements (the so called size 
effect). Direct 3D-PDF fitting is capable of refining all relevant 
correlation parameters. Explicit construction of a physical model is not 
required as it would be in case of the Monte Carlo refinements. 

Keywords: diffuse, disorder, 3D-PDF 

MS30.P18
Acta Cryst. (2011) A67, C420-C421

Modeling diffuse scattering on supercomputers with ZODS
Michal Chodkiewicza,a  Hans-Beat Bürgi,a Thomas Weber,b Vickie 
Lynch,c Tara Michels-Clark,c,d   aInstitute of Organic Chemistry, 
University of  Zürich (Switzerland). bLaboratory of Crystallography, 
ETH Zürich  (Switzerland), cOak Ridge National Laboratory (USA),  
dUniversity of Tennessee (USA).  E-mail: michalc@oci.uzh.ch 

Single crystal structure determination from Bragg diffraction has 
become a largely routine operation. The information obtained is limited, 
however: it is the average over time and space of all crystallographic 
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unit cells in the sample. If a crystal structure shows disorder, i.e. if 
different cells look differently, some of the scattered intensity is lost 
from the Bragg peaks and distributed throughout reciprocal space as 
diffuse scattering. 
 The interpretation of such scattering is far from routine. Sometimes it can 
be done with qualitative arguments and simple simulations; sometimes 
it requires computationally demanding modeling including Monte-
Carlo  (MC) simulations combined with optimization of the parameters 
of the MC simulation [1,2]. Fortunately this computationally most 
demanding approach involving global optimization using differential 
evolution or other population based methods is embarrassingly parallel 
and therefore well suited for taking advantage of the rapidly growing 
accessibility of parallel computers [3].

We develop software (ZODS: Zürich – Oak Ridge Disorder 
Simulations) for analyzing diffuse scattering from disordered single 
crystals whose average structure is (at least approximately) known. 
ZODS aims to take advantage of parallel processing in various 
computational environments ranging from personal computers to 
supercomputers. 

The refinement of the diffuse scattering model is parallelized on two 
levels. (1) A global optimization method calculates an objective function 
at many points in parameter space simultaneously. (2) Calculation of 
the objective function at one point involves simultaneous simulation of 
multiple disordered crystals with the same set of parameters, merging of 
the corresponding intensities and calculation of the objective function 
at that point.

The software is tested for correctness and scalability with 
experimental data for β-NaLaF4 [4] and artificial test data.

[1] T.R. Welberry, Oxford University Press, USA 2010 [2] T. Weber, H.-B. Bürgi. Acta 
Cryst. 2002. A58, 526. [3] H.B. Bürgi, J. Hauser, T. Weber, R.B. Neder.
Crystal Growth & Design 2005 , 5, 2073. [4] A. Aebischer, M. Hostettler, J. Hauser, K. 
Krämer, T. Weber, H.U. Güdel, H.-B. Bürgi. Angew. Chem. Int. Ed. 2006, 45, 2802M.

Keywords: diffuse scattering, supercomputing, software design

MS30.P19
 Acta Cryst. (2011) A67, C421

The disordered and modulated crystal structure of the zeolite 
SSZ-57
Thomas Weber,a Christian Baerlocher,a Lynne B. McCusker,a Lukas 
Palatinus,b Stacey I. Zones,c aLaboratory of Crystallography, ETH 
Zurich (Switzerland). bDepartment of Structure Analysis, Institute of 
Physics, Academy of Sciences of the Czech Republic, Prague (Czech 
Republic). cChevron Energy Technology Co, Richmond, (USA). E-
mail: thomas.weber@mat.ethz.ch

SSZ-57 has the most complex zeolite structure found to date, 
with both modulations and significant disorder. High quality X-ray 
diffraction data could be measured on a ca. 2 x 2 x 8 µm microcrystal 
using a Pilatus 6M pixel detector installed on the beamline X06SA at the 
Swiss Light Source. The high performance of the experimental setup 
allowed a full data set (1800 frames, oscillation angle: 0.1° / frame) to 
be collected in just 15 minutes. The Bragg structure can be described 
in the three-dimensional space group P

  

4 m2 (a = b = 20.091 Å, c = 
110.0 Å). A better representation of the symmetry, of the sparse density 
of Bragg reflections and of systematic extinctions in the diffraction 
pattern, however, was obtained in the four-dimensional super-space 
group I41/amd(00γ)s00s (γ = 0.125), which allowed a refinement with 
only 648 parameters instead of the 5433 parameters required with the 
three-dimensional approach. The framework of SSZ-57 is related to 
that of ZSM-11 (MEL, I

  

4 m2, a = b = 20.12 Å, c = 13.44 Å). The 
MEL units are stacked along c, but the sequences are interrupted by 
12-rings having their channel direction perpendicular to the c-axis. 

MEL units on either side of the 12-rings are rotated with respect to one 
another by 90° around c. Subsequent 12-rings are rotated in the same 
manner, so there are two mutually perpendicular 12-ring channels per 
three-dimensional unit cell. The presence of significant disorder did 
not allow the structure to be understood in detail without considering 
information from diffuse scattering. In particular, the distribution of 
the 12-rings, which is of crucial importance to the understanding of 
the catalytic properties of this zeolite, could not be determined. Monte 
Carlo modeling of the real structure resulted in an excellent agreement 
between the experimental and calculated diffuse scattering with the 
application of just a few rules. When looking along their channel 
directions, the 12-rings can be stacked directly on top of each other, 
or, alternatively and with higher probability, they can be shifted to lie 
above one of the neighboring 10-rings along the positive or negative 
c-directions. Along perpendicular directions in the a,b planes, the 12-
rings form (almost) long-range ordered chains without any off-sets 
along c. The positions of the 12-rings along c are uncorrelated within 
the constraints given by the average structure. Though simple from 
a conceptual point of view, the complexity of the structure required 
a Monte Carlo computer model describing more than 109 atoms. 
The handling of such a huge model only became feasible with the 
application of some simplifications, but these did not seriously hamper 
the modeling of the experimental observations.
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The current trends in Polymer Science evolve towards the 
development of nano-scaled materials. Much effort has been carried 
out in the last decade to understand the influence of confined media 
in fundamental phenomena [1]. There is a general agreement that the 
polymer morphology and nanostructure, which in turn control the 
physical properties of the material, changes under spatial confinement. 
The present work contributes to the understanding of finite size 
effects in polymer materials by means of X-ray scattering methods. 
Nanolayered polymer systems are employed for this purpose.

Multilayered films with thousands of alternating layers of two 
immiscible polymers were prepared using a layer multiplying 
coextrusion process [2]. Films of poly(ethylene terephthalate) (PET) 
and polycarbonate (PC) with individual layer thicknesses of 65 nm 
are here investigated. Both materials are initially in the glassy state.  
Information on the appearance and evolution of PET lamellae (typically 
several nanometers in one dimension) was obtained by means of 
isothermal experiments using small-angle X-ray scattering (SAXS) 
in a synchrotron radiation source. Room temperature wide angle X-
ray diffraction studies were also used to provide complementary 
information of chain orientation.

Real time SAXS studies during the crystallization of nanolayered 
PET at 150 ºC reveal that lamellae oriented with the basal surfaces 
parallel to the layer stacking (flat-on lamellae) appear. The distribution 
of directions normal to the lamellar surfaces broadens as crystallization 
proceeds. This could be explained as arising from the insertion of new 
lamellae with slightly inclined surfaces between the first developed 
crystals. Analysis of the SAXS profiles using the intensity profile 
method allows determining the long period L (periodicity along the 
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