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High-pressure has been shown to be a powerful tool for the study 
of polymorphism in molecular systems, and the effect of pressure on 
soft organic systems is an area of great current scientific interest 
(Boldyreva [1], Oswald et al. [2]).  Most of the research performed at 
the high-pressure beamline at the ESRF (ID30/ID27), however, has 
been confined to characterization of hard materials.  Recent studies by 
Fourme et al. [3] have successfully used ID30 to probe the effects of 
pressure on biological systems.  The study of small molecules at high 
pressure acts as an ideal bridge between these two very different areas 
of research. 

This paper describes structural studies of molecular systems 
performed at the ESRF on ID27.   Gas-driven membrane diamond 
anvil cells (mDAC) were used to perform the experiments at high 
pressure and high temperature.  The facilities available to the user at 
ID27 allow both single-crystal and powder diffraction to be used.  
This is a great advantage for the study of molecular solids since many 
of these systems undergo destructive phase transitions.  The ability 
change collection strategy from single crystal diffraction studies to 
powder studies whilst the sample is still in situ allows the user to 
continue the study to higher pressure despite the deterioration of the 
crystal.   
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A simple "moderate-high" pressure cell for single crystal X-ray 
crystallography at the pressure up to 1KBar has been developed. The 
simple design provides good visibility of the crystal during the data 
collection, straightforward optical alignment, easily controllable 
pressure, no blind areas for X-rays and simple loading procedure. The 
cell can be used for studying crystals under gas as well as hydrostatic 
pressure. The crystal is placed in the quartz capillary, connected by a 
quartz-metal seal to the specially modified high pressure valve. A 
special attachment for the cell mounting on a goniometer of Bruker 
CCD diffractometer has been designed and unusual data collection 
procedure has been developed. Our experience in operating the cell, 
potential pitfalls and possible future applications of the new cell and 
data collection mode will be described. The cell has been tested with 
several molecular organic crystals and the results of the tests will be 
presented.  
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The effect of high pressure on a crystal structure is dependent on 
the delicate balance of forces. Recent work has shown that in many 
cases the application of high pressure has the effect of compressing a 
structure anisotropically. This is exemplified by alanine [1], which 

compresses significantly in the b and c directions, but only slightly in 
the a-direction. 

There are a range of methods for analysing the change in structure 
due to pressure, one which gives a useful overall picture of the 
molecular symmetry works by partitioning the structure into Voronoi-
Dirichlet polyhedra (VDPs) [2]. It is often the case that the application 
of hydrostatic pressure causes the structure to become more locally 
symmetric. Using these VDPs it is possible to see structures tend 
towards standard hard-sphere packing structures such as BCC, FCC 
and HCP as the pressure is increased. 
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Liquid methanol at densities up to ñ/ñ0 =1.7 was studied by NMR 
with a specially designed diamond anvil cell and radio frequency 
probe [1-2]. Methyl and hydroxyl resonances have been separately 
observed at pressures to 43 kbar which exceeds equilibrium freezing 
pressure of methanol. The chemical shift difference between methyl 
and hydroxyl protons increases nonlinearly with increasing density, 
indicating an accelerative decrease in hydrogen bond length (Figure). 
Analysis of spin-lattice relaxation rates of hydroxyl and methyl 
protons indicates that 
compression enhances 
intermolecular proton 
exchange and selectively 
reduces motion of the 
hydroxyl protons. 
Collectively these 
observations reveal that 
hydrogen bonding 
interaction in liquid 
methanol increases 
significantly with 
compression, inhibiting 
the liquid-solid transi-tion 
even above the freezing pressure. 
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The various forms of amorphous ice provide the principal 
experimental tests of the proposal that supercooled liquid water 
undergoes a first order liquid-liquid transition at pressure [1]. Up to 
now most experimental studies of these amorphous ices have been 
performed at ambient pressure on quench recovered samples and 
results have proved inconclusive and in any case do not probe the 
pressure range of the proposed transition. We present in-situ neutron 
diffraction studies of the various forms of amorphous ice which 
provide for the first time and accurate view of the relationships 
between the phases. 


