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whatever means has been in focus. A dramatic step forwards 
was due to Ada Yonath 1980 when she managed to get the 
first crystals of ribosomal subunits. Numerous improvements 
of methodology and crystals led to the first structural results 
1998. Year 2000 high resolution structures of both subunits 
became available and the year after a medium resolution 
structure of the whole ribosome. This has made the whole 
field flourish both biochemically and structurally like for all 
fields where the central molecules have been clarified by 
crystallography. 
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Structural biology relies on X-ray crystallography to provide 
much of the three dimensional information on macromolecules 
that informs biological function. To enable problems not 
previously accessible to structure solution to be tackled, 
improved methods must be developed. A notable example of 
this has been the progress in finding protocols to cryocool 
protein crystals prior to 100K data collection to reduce the rate 
of radiation damage by around a factor of 70 compared to that 
at room temperature (RT): from hot to cool and more for less. 
Radiation damage to the sample is an inherent problem when 
utilising ionising X-radiation in macromolecular 
crystallography (MX), and it is now known that radiation 
damage can also be a limiting factor for MX at 100K [1]. 
Following our measurement of 30 MGy (1 Gy =1 J/kg energy 
absorbed) for the experimental dose limit for 100K [2] protein 
crystals, we tried to determine a limit for RT samples. The 
unexpected discovery of an RT inverse dose rate effect over a 
limited dose rate range [3] led us to search for RT scavengers 
[4], which in turn has elucidated the radiation chemistry 
induced in protein crystals when irradiated at 100K. Current 
ongoing methods investigations that will be described include 
studies of 100K and RT radiation damage in macromolecular 
crystals in order to inform both our understanding and putative 
mitigation strategies, and the trace elemental analysis of liquid 
and crystalline proteins using microPIXE (particle induced X-
ray emission), allowing determination of their stoichiometric 
ratio to an accuracy of between 10 and 20% [5]. 
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By the late 1990s, it was clear that the structural complexity 
induced in simple materials by compression was such that 
powder-diffraction methods were no longer able to solve 
complex structures being observed. While single-crystal 
techniques offer the ability to solve such structures, attaining 
the necessary high-quality samples at pressures above 20 GPa, 
perhaps after passing though one or more phase transitions, is 
extremely difficult. But the remarkable behaviour of the alkali 
metals Li and Na at extreme pressures, coupled with 
techniques developed at the SRS and ESRF synchrotrons, has 
enables us to push single-crystal techniques first to 100 GPa 
[1] and, most recently, to 145 GPa [2]. We have found 
previously unimagined structural complexity in both Na and 
Li [3], and have also been able to collect high-quality data 
from weakly scattering samples such oxygen [4] and nitrogen 
[5], including at both high- and low-temperature studies. 
In this talk I will review both the new techniques, and the 
results we have obtained recently on these simple systems. I 
will also look to the future, and give some pointers as to the 
kind of crystallographic experiments that might be conducted 
on the next, “4th”, generation of light sources. 
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A mechanism leading to effects of symmetry breaking in the 
solid state results from the fact that at the nutrient-crystal 
interface incoming building blocks interact under the influence 
of a lower symmetry [1] than in the bulk. In case the 
attachment state shows kinetic stability, symmetry breaking in 
particular growth sectors can occur. A process most 
investigated during the last ten years [2, 3] is 180° 
orientational disorder of incoming dipolar molecules. Because 
of selective recognition at growing surfaces, this kind of 
symmetry breaking can lead to polar property formation. The 
lecture is reviewing the field, including examples from 
supramolecular crystals, single component and solid solution 
molecular materials. Because of generality, the theory applies 
also to the formation of polar tissues [4]. 
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