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resulting large structural models (sets of thousands of atomic 
coordinates) were subjects of geometrical analyses: distributions of 
the number of first neighbours, as well as local angular correlations 
have been calculated. In the cases of molecular liquids investigated 
(like the case of liquid O2), correlations between orientations of 
neighbouring molecules have been characterized. 
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Keywords: high-pressure X-ray diffraction, diamond anvil cells, 
computer modelling liquids 

MS68.28.4
Acta Cryst. (2005). A61, C88 
X-ray Diffraction Study in Liquid Cs up to 9.8 GPa 
Sara Falconia, Lars Fahl Lundegaarda, Clivia Hejnya, Malcolm 
McMahona , aSchool of Physics and Centre for Science at Extreme 
Conditions,The University of Edinburgh, Mayfield Road, Edinburgh, 
EH9 3JZ, United Kingdom. E-mail: sfalconi@ph.ed.ac.uk 

An x-ray diffraction study of liquid Cs at high pressure and 
temperature has been conducted in order to characterize the structural 
changes associated with the complex melting curve and phase 
transitions observed in the solid phases [1, 2, 3, 4]. At 3.9 GPa a 
discontinuity in the density of the liquid accompanied by a decrease in 
the coordination number from about 12 to 8 marks a change between 
simple and non-simple liquid regime [5].  

The specific volume of liquid Cs, combined with structural 
analysis of the diffraction data, strongly suggest the existence of an 
electronic hybridization above 3.9 GPa similar to that reported on 
compression in the crystalline phase. 

Further, ab-initio calculations with cluster of 264 atoms confirm 
the structural results obtained experimentally and reinforce the 
hypothesis of the electronic hybridization driven by compression of 
the solid and of the liquid.  

[1] Kennedy G.C., Jayaraman A., Newton R. C., Phys. Rev., 1962, 126, 1363. 
[2] Jayaraman A., Newton R. C., McDonough J.M., Phys. Rev., 1967, 159,
527. [3] McMahan A.K., Phys. Rev. B , 1984, 29, R5982. [4] Tsuji K. et al., J. 
Non-Cryst. Sol., 1990, 117/118, 72. [5]  Falconi S. et al., Physical Review 
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Application of high pressure offers wide possibilities to produce 
new materials in crystalline and amorphous states. The Cd-Sb alloy 
system has at ambient pressure one intermediate compound of 
equiatomic composition, CdSb, orthorhombic, space group Pbca, with 
16 atoms in the unit cell. On pressure increase to 7.3 GPa, we 
observed a transition from CdSb-oP16 phase to a new state that is 
interpreted as a two-phase mixture of a simple hexagonal Sb-rich 
phase and a hexagonal close packed phase of (almost pure) Cd. At 8.4 
GPa, lattice parameters are for the sh phase (space group P6/mmm)
a = 3.066(1) Å and c = 2.860(1) Å, and for Cd-hcp phase (space group 
P63/mmc) a = 2.93(1) Å and c = 5.165(1) Å, close to those reported 
for pure Cd at this pressure. On pressure decrease, the two phase 
mixture state is observed down to 1 GPa and below 1 GPa, an 
amorphous phase is observed. The halos of the amorphous phase of 
CdSb sample correspond to Q1=2.004 Å-1 and Q2=2.953 Å-1. The full 
width at half maximum of the halos corresponds to the correlation 
length 12-15 Å. The amorphous phases formed in binary alloys Zn-Sb, 
Cd-Sb and Al-Ge after pressure action are close to tetrahedral nets and 
correspond to nearly 4 el./atom composition [1,2]. 

Partial support from RFBR under grant 04-02-17343 is 
acknowledged. 
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The use of diffraction patterns from aligned molecular beams has 
been proposed as an approach to the structure determination of 
proteins that are difficult to crystallize [1]. Polarized laser light is used 
to align the molecules in the beam. By cooling a beam of hydrated 
proteins to low temperature, sufficient alignment for diffraction 
purposes might be possible. Therefore an arrangement has been 
suggested [2] consisting of continuous, orthogonal, intersecting 
electron (or X-ray), molecular and laser beams. Limited coherence of 
the electron beam ensures that no interference occurs between the 
wavefields scattered by different molecules within the electron beam. 
The diffraction pattern is a sum of the intensities of the identical 
patterns from the many hydrated molecules within the beam at any 
one time. The two-dimensional electron diffraction pattern 
accumulates continuously at the detector for a fixed laser and 
molecular orientation before being read out. Repeating this process for 
many orientations would allow tomographic reconstruction of the 
molecule. An electron diffraction camera with a water droplet source, 
a polarized laser beam and a LaB6 electron gun is currently under 
development. Initially we use micron size water droplets and dope 
them with large particles like TMV, since they are easier to align. 
Preliminary results with this instrument will be presented.  

[1] Spence J., Doak T., Phys. Rev. Lett., 2004, 92, 198102–198104. [2] Spence 
J.C.H., Schmidt K., et.al., Acta Cryst., 2005, A61, 237–245. 
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Electron crystallography of 2D crystals (2D-EX) of membrane 
proteins has allowed atomic models of these proteins to be build (1,2). 
Several advantages of this method over 3D x-ray crystallography can 
be identified, such as preserving the protein in a more native state or 
imaging of the crystal with direct amplitude and phase retrieval. 
Nevertheless, this method has not yet matured to the point of routine 
use. We pursue the goal to establish 2D-EX membrane protein 
crystals as a complementary method (next to x-ray crystallography 
and structural NMR) for resolving atomic resolution structures of 
biological macromolecules. To this end, we are in the process of 
implementing and refining the methods utilized by the pioneers of the 
field (1,2), as well as following novel methodological and algorithmic 
approaches. In parallel, we are developing an image processing library 
and toolkit (3), taylored to the specific requirements of these methods. 

[1] Henderson R., Baldwin J.M., Ceska T.A., Zemlin F., Beckmann E., 
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The integral membrane protein microsomal glutathione transferase 
1 (MGST1) possesses glutathione and peroxidase activity thus 
protecting the organism from toxic substances. We have determined 
the atomic model of MGST1 at 3.5Å resolution by electron 
crystallography of 2-dimensional crystals from two different two-
sided plane groups making it the first membrane enzyme solved to 
atomic resolution by this technique. The MGST1 homotrimer is 
constructed by 12 trans-membrane helices forming three all alpha-up-
down 4-helix bundles with a fold strikingly similar to the cytochrome 
c oxidase subunit I suggesting divergent evolution from a common 
structural ancestor. The MGST1 model reveals inter-subunit 
interaction and strengthens previous suggestions of global 
conformational changes upon glutathione (GSH) binding. Furthermore 
a possible location of the putative hydrophobic binding site is 
suggested.
Keywords: microsomal glutathione transferase 1, membrane 
protein structure, electron crystallography
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Inclusion complexes of -, - and -cyclodextrins with 
poly(ethylene glycol)(PEG) and other polymers were prepared using 
various methods reported so far. The inclusion complexes exhibited 
the following crystalline features.  

1.The inclusion complex of -cyclodextrin/poly(ethylene gycol) 
gave a very spotty hexagonal electron diffraction pattern, which gave 
the hexagonal unit cell. In the case of -cyclodextrin/ poly(propylene 
glycol), a spotty hexagonal electron diffraction pattern was also 
observed. The spotty appearance of these electron diffraction pattern 
is caused by the following host/guest arrangement: The host 
cyclodextrin columns are arranged in ordered way, even though guest 
molecules randomly oriented in the caves of dextrin hosts. 

2.The inclusion complexe of -cyclodextrin with poly(ethylene 
adipate) gave a “superlattice” comprising 8x8 cyclodextrin units, and 
additionally its electron diffraction pattern showed the characteristic 
streaky diffuse scattering due to the attacking fault of the cyclodextrin 
units.

3.The inclusion complexes contained water molecules in them. 
The crystal structure was largely disordered, when water molecules 
were removed by heat treatment. As the original structure was 
recovered by exposing water vapor, the structural order/disorder 
transition occurs reversibly. 
Keywords: cyclodextrin, superlattice, electron diffraction 
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Nanomaterials display unique properties intermediate between 
those of the molecular and macroscopic regimes.  The interest in 
application of nanomaterials has driven a desire to understand the 
fundamental mechanisms and processes involved in nanomaterial 
formation. Generally, nanomaterials are formed under non-
equilibrium conditions with deep supersaturation and are commonly 
formed by extremely rapid growth processes that lead to kinetically 
dominated structural features. Aerosols offer transient and dramatic 
changes in temperature, concentration and stoichiometry that can be 
put to use to produce highly non-equilibrium conditions for 
nanomaterial formation. Our understanding of nanomaterial formation 
under these conditions can be studied in situ using synchrotron based 
techniques.  This presentation will highlight some of the most 
important discoveries made during the past 2 years at ESRF and APS 
(USA) on flames and environmental aerosols. The work was 
supported by the Swiss National Science Foundation, the US National 
Science Foundation and Dupont Corporation. 
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Amphiphilic molecules form a large variety of self-aggregating 
structures that are highly dynamic with time scales ranging from µs to 
weeks. Often morphological changes can be triggered by mixing with 
other surfactants, additives, or solubilisates. In our experiments rapid 
mixing was studied by coupling the stopped-flow technique to high-
flux SANS/SAXS instruments which allows to obtain detailed 
structural information with a time-resolution of 5-50 ms. By this 
method a large variety of different structural transitions were 
investigated, e. g. the formation of unilamellar vesicles by admixing 
oppositely charged surfactant or a cosurfactant. For both cases slow 
formation of monodisperse unilamellar vesicles is observed that takes 
place in a way purely governed by diffusion. Both, kinetics and the 
final structure depend strongly on the electrostatic conditions of the 
system. In other experiments the disintegration of micelles when 
mixing with a bad solvent was followed, which passes through a 
minimum aggregation stage before smaller micellar structures are 
reformed. This applies also to much larger block copolymer micelles 
of the PIB-PAA type. Their response to changes of ionic strength and 
also their complexation with oppositely charged polyelectrolytes was 
studied. For all cases the details of the transformation can be studied 
and in particular it is possible to identify intermediate structures, a 
point which is very important for a systematic control of the dynamics 
of self-aggregating systems.  
Keywords: colloids, amphiphilic molecules, dynamics 
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