
Spring 2005 Conference 
on EPSRC-ILL 
Millennium Projects 
May 25-27 at ILL Grenoble France 
Our former Associate, the Engineering and Physical Sciences Research Council 
EPSRC has in recent years provided a number of large grants towards the 
improvement of public instruments on the ILL's High Flux European Neutron Source, 
boosting the existing contributions from our multi-national partners towards ILL's 
Millenniumm programme. These projects - super-D2B, D19-detector, SALSA strain 
scanner, Fame38 Engineering laboratory, D-Lab Deuteration laboratory - have now 
started to provide their first results. To celebrate the coming to fruition of these 
investments, and to mark the passing of the UK Associate's baton from EPSRC to 
CCLRC*, we plan to hold a 2-3 day meeting 26-28 May 2005. The first results will 
then be available for all of these projects, and we would hope to be already starting a 
new scientific application phase using the Fame38 infrastructure.  

The ILL reactor will have been running almost non-stop since the middle of February, 
and will continue until early August, 24 hours a day, 7 days a week, providing without 
fail lots of good data in chemistry, physics and biology. The European Synchrotron 
Radiation Facility next door will be preparing to restart. The new building for the 
Partnership in Structural Biology with the neighbouring European Molecular Biology 
Laboratory will soon be operational, and the new ILL building to replace the famous 
"ILLton" will be well underway.  

Grenoble in Spring will again be at the heart of European science and technology, 
with ILL users and instrument scientists alike celebrating their contributions to this 
New Europe, building on the rich heritage of the Old. This is also a good time to show 
the world how ILL Grenoble can be further developed by relatively small investments 
in key areas of the Millennium programme. These new projects will benefit the whole 
of European neutron science and technology, and help attract new European 
partners to ILL - partners who are equal but individual, each with their own special 
contribution. 
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To this date, the bottleneck in biomacromolecular crystallography still remains the growth 
of single crystals with good crystal quality (low mosaicity, long range crystal order, high 
resolution diffraction power) and with good crystal size. 
 
Whereas development of third generation synchrotron sources has allowed X-ray protein 
structures to be solved from crystals of a few 10-4 mm3, a major hurdle to neutron protein 
crystallography is that unusually large crystals (~1mm3) are required to compensate for the 
weak flux of available neutron beams [1]. 
 
Deuteration is a special case of isotopic substitution, and H-D exchange can significantly 
alter the physico-chemical properties of proteins solutions. The fixed-point properties of 
D2O are all significantly different from the corresponding values of H2O. In the same way, 
protein solubility, intermolecular interactions and association between the macromolecules 
in solution are particularly affected by deuteration [2]. Systematic studies of the effects of 
D2O and deuteration on physico-chemical properties of biological macromolecules, 
specifically on their crystallization, are of particular interest in the development of 
techniques that allow getting large high-quality crystals. 
 
We have invented a novel method for the crystallization of proteins allowing alteration and 
optimisation of the conditions in order to grow crystals that are appropriate for neutron 
diffraction analysis. 
 
We propose a rational physico-chemical approach of crystallization based on knowledge of 
the phase-diagram [2]. We have constructed a device, which enables the phase diagram to 
be investigated, the nucleation and crystal growth of biological macromolecules to be 
controlled, and the solubility of seeded H/D-labelled biological macromolecule crystals to 
be manipulated, as a function of the temperature. This semi-automated crystallization tool 
is also intended for in situ observation by optical microscopy and allows sequential image 
acquisition, processing and storage. We report here our first experimental results with 
perdeuterated protein systems. 
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Synthetic and Structural studies of Complexes formed between Bis-intercalator 
molecules and higher order DNA motifs 
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The work presented here describes the binding of small molecules to Holliday junction 
structures, which may have potential in the treatment of malignant disease. A series of 
bis(9-aminoacridine-4-carboxamides have been synthesised. Crystals have been grown 
with the C6 and C4 bis-intercalator molecules and d(CGTACG)2 duplex DNA. Crystals 
have also been grown with the C6 bis-intercalator and d(TCGGTACCGA)4, Holliday 
junction forming DNA. Initial structure solutions show two novel forms of DNA-drug 
binding with the C6 bis-intercalator forming complexes with both duplex and Holliday 
junction forming DNA. The complex formed between the C4 bis-intercalator and the 
d(CGTACG)2 duplex DNA crystallised in a new trigonal lattice suggesting another novel 
binding mode. 
 

The Holliday junction structure, containing four strands of 
d(TCGGTACCGA) with one molecule of the bisintercalator  has currently 
been refined to 2.7 Å resolution using data from beamline X11 at EMBL-
DESY Hamburg.  This work has been supported by "European 
Community - Research Infrastructure Action under the FP6 "Structuring 
the European Research Area Programme" contract number 
RII3/CT/2004/5060008. Anna Brogden is supported by Xenova Ltd, The 
Univesity of Reading, and the London school of Pharmacy. Dr Nick 
Hopcroft is supported by BBSRC grant B19997. 
 

 
 

Binding of the C6-diacridine drug to the Holliday junction structure at 2.7 Å resolution, displacing the 
adenine base from the AT base pairs at the junction. 
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The ability to deuterate samples has for a long time been a key issue for biological neutron 
scattering. As part of the expansion of its life sciences programme the ILL, in collaboration 
with the EMBL-Grenoble, has established a joint laboratory to support the deuteration of 
biological molecules for neutron scattering experiments. This initiative as part of the 
Partnership for Structural Biology Programme provides the tools and facilities required for 
the specific and selective isotopic-labelling of complex bio-molecules such as proteins, 
nucleic acids, lipids and sugars. The provision of these deuterated molecules should greatly 
enhance both the quality and quantity of neutron experiments that can be done at ILL and 
in many cases will make feasible new more sophisticated experiments than can presently 
be performed. 

The laboratory has a young and vigorous research program aimed at developing procedures 
for deuterium labelling and high density cell culture techniques as well as applying these 
methods to provide material for in-house studies. We are optimizing labelling strategies for 
over-expressed proteins, primarily in E. coli and are testing the feasibility of alternative 
labeling strategies. 

 
Access to the Deuteration facility is via a peer review procedure, details of which can be 
found at http://www.ill.fr/deuteration. For approved proposals, users will come to the 
Deuteration Laboratory and work alongside experienced staff in a laboratory that has all of 
the facilities required to produce their deuterated bio-molecules. 

The facility's user program has to date provided a variety of deuterated samples for 
experiments in protein crystallography, fibre diffraction, small angle scattering and 
reflectometry, some examples of which are described in the poster. 

 

http://www.ill.fr/deuteration
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The unique property of the neutron scattering interaction with deuterium being as 

strong as C, N, O means that medium resolution crystal structure studies can discern the 
hydrogenation and hydration of a protein structure. We have used the Institut Laue 
Langevin (ILL) LAue DIffractometer 'LADI' to compare with Ultra-high resolution X-
ray PX to define such details of the lectin concanavalin A (Habash et al 2000 Acta 
Cryst) and performed a 15K nPX analysis of concanavalin A structures between 15K 
and 293K (Blakeley et al 2004 PNAS). This latter study also brings time-resolved freeze 
trapping nPX studies as a potential for the future. New nPX instruments at LANSCE-
USA, the ILL, ISIS 2 UK (proposed), SNS-USA (under construction) and SNS-Japan 
(under construction) will further expand the capabilities including into yet higher 
molecular weight protein complexes and protein DNA complexes. We will review our 
contribution to these developments and also we offer new simulations addressing the 
category of non-crystallographic symmetry cases where we show that even higher 
molecular weight can be examined in nPX studies of deuterium atom placement.  

 
[1] M P Blakeley, M Cianci, J R Helliwell and P J Rizkallah " Synchrotron and neutron 
techniques in biological crystallography" Chem Soc Reviews (2004) 548-557. 
Keywords: neutron protein crystallography; synchrotron radiation; hydrogens and hydration in proteins; non-
crystallographic symmetry. 
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Continuous neutron sources like reactors can deliver a very high time averaged flux to the 
sample [1] using a relatively wide band of wavelengths, while still retaining high 
resolution. For example, the D20 diffractometer at ILL Grenoble, the world’s highest flux 
neutron powder machine, can collect complete patterns in as little as 100 ms, and this has 
been important for the real time study of explosive SHS reactions [2]. The flux on the D20 
sample, at more than 5x107 n.cm−2.sec−1, is 25 times higher than at GEM on the world’s 
current best pulsed source, yet the D20 detector is 15 times smaller than that of GEM. The 
ILL DRACULA [3] proposal would use a 6 times larger 2D PSD and would be unmatched 
for the speed of data collection from small samples, even for the future planned US-SNS 
diffractometers. 
 
DRACULA would be the world’s fastest diffractometer for small samples, such as those 
used for pressure experiments, for very high magnetic fields, for very absorbing materials, 
and in general for new compounds which are usually only available in small quantities. 
With it’s 2D detector, DRACULA could be used for both powders and single crystals, and 
with a relatively small number of detector channels, for very fast real-time experiments. 

 
 

Detector                  Sample 

Monochromator            Source

λ + ∆λ          λ 

 
    D20      GEM   DRACULA  SNS 
Flux average sample    5x107   ~2x106    ~108      ~2.5x107 
Detector solid angle     0.27sr    4.0sr       1.5sr*    3.0sr 
Efficy=Flux*Detector     1.7         1             18         9 
*cf D19: R=760 mm, h=400 mm, 800 linear resistive wires 30ox160o 
 
Fig. 2: Comparison of DRACULA with US-SNS pulsed source. 
 
 
 

Fig. 1: Wavelength focusing gives high flux. 
 
An even wider band of neutron wavelengths is used for quasi-Laue diffractometers such as 
VIVALDI [4] at ILL. Like TOF diffractometers, these machines use an almost white 
neutron beam, but on a reactor this white beam is continuous and the flux on the sample 
correspondingly higher. A new type of quasi-Laue machine, OrientExpress, using CCD 
neutron detectors of even greater efficiency, has recently been developed at ILL by B. 
Ouladdiaf. 
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Measurement of the Strain Response to Applied Uniaxial Stress in Annealed Mild 
Steel 
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This Poster will summarise some of the experimental data taken over the period 1986-
1990 using the Pluto 3-axis instrument at Harwell, the HRPD at ISIS, and D1A at ILL.  
The measurements were made on B3970 mild steel samples which had been annealed in 
vacuum at 850°C for 15 min, followed by a slow, ~2°C/min., linear cool.  Using the 
Harwell stress rig, one of the first such devices for measurements on stressed samples in 
situ on a diffractometer, the samples 6 cm long and 3 mm diameter were subjected to 
tensile and compressive uniaxial loading.  The lattice strain component was measured 
parallel and perpendicular to the applied load direction at stress levels between 0 and 400 
MPa. 
The aim of the measurements was to provide data leading to a thorough understanding of 
the response of various lattice planes hkl to applied stress into the plastic regime.  In the 
elastic regime the elastic constants can be accounted for quite well by the Kröner model.  
As the applied stress increases, it is found that a co-operative relaxation of lattice plane 
strain for all hkl takes place at about 240-250 MPa, with the amount of relaxation varying 
with hkl.  After relaxation the lattice strain increases linearly with stress, but generally 
with somewhat higher elastic constants.  The diffraction peak widths are resolution 
limited in the elastic regime, but broaden rapidly and slightly asymmetrically as the 
plastic strain increases. 
The data have been characterised in terms of parameters for the lattice strain Vs stress 
behaviour of each reflection hkl.  A theoretical analysis of the data in collaboration with 
M R Daymond has been initiated. 
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Magnetism and structure in the magnetocaloric compounds RE5(SixGe1-x)4 
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Many astonishing properties have been recently discovered in the RE5(SixGe1-x)4 rare-earth 
intermetallic materials [1]. A great research activity has been triggered due to an 
exceptional magnetoresponsive behavior such as the giant magnetocaloric effect [2], strong 
magnetoelastic effects [3], and giant magnetoresistance [4]. This phenomenology has been 
associated with the intrinsically sub-nanometric layered crystallographic structure 
combined with a magnetic-martensitic first-order phase transformation [5]. The strong 
magnetoelastic coupling responsible for these phenomena allows the magnetic-
crystallographic transition to be reversibly induced by the change of external parameters 
such as temperature, external magnetic field, or hydrostatic pressure. Therefore, these 
alloys are attractive for their potential applications in magnetic refrigeration and also as 
magnetic sensors/actuators. 
Neutron scattering techniques have played a paramount role in the investigation of the 
most outstanding properties arising from the strong interplay between the crystallographic 
structure and magnetism in the system RE5(SixGe1-x)4 [6-9]. In particular, the high-
resolution D2B diffractometer from ILL (Grenoble, France) has become a powerful tool to 
unveil the magnetic structure of these alloys [7-9]. In this talk, we will focus on the 
temperature and magnetic-field dependence of the magnetic and crystallographic structures 
of this system, emphasizing the extreme importance of the D2B experiments in resolving 
these complex structures. 
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Neutron Macromolecule Crystallography with LADI 
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Protons and water molecules play critical roles in the enzymatic mechanism of many 
enzymes. Direct information on hydrogen positions can be obtained from ultra-high 
resolution X-ray crystallographic data or from neutron crystallographic data at more 
modest resolutions of 1.5 – 2.0 Å.  Neutron crystallography is therefore a useful 
experimental tool to address specific problems where direct visualisation of hydrogen 
atoms is crucial. However, neutron macromolecule crystallography raises many challenges. 
Unusually large crystals (> 1 mm3) are required to compensate the weak flux of available 
neutron beams. Moreover, the large hydrogen incoherent scattering background 
significantly reduces the signal to noise.  
 
Recent advances in instrument technologies in parallel with the development of the 
preparation of 100% D-labelled macromolecules make neutron crystallography an 
appealing technique to address mechanistic and hydration questions on larger biological 
system and smaller crystal than previously possible.  
 
 We will discuss recent examples of neutron protein structures determined with the Laue 
Diffractomer (LADI) neutron-sensitive image plate detector at the ILL. The upgrade of the 
LADI, producing a minimum 6-fold gain will be presented. 



Bent-perfect-crystal (BPC) monochromator at the monochromatic focusing condition 
for residual strain diffractometer 
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In conventional diffractometers with mosaic monochromators due to a nonnegligible 
λ−θ correlation of the monochromatic beam impinging the sample, the resolution 

considerably differs in the parallel (+,-) and anti-
parallel (+,+) settings (see Fig. 1). However, a BPC 
monochromator at monochromatic focusing condition 
can provide equal resolution properties in both settings 
and gives a chance to use both sides of the scattering 
plane e.g. in the strain scanning. Then, if using both 
settings with the equivalent resolution, the measurement 
efficiency could be twice of that related to the 
traditional mode. Neglecting the blurring effect coming 
from the thickness of the curved slab and the width of 
the sample, in the case of the BPC-monochromator the 
angular resolution represented by ∆α2 can be easily 
calculated according to ( ) 



 1−−= MMSSM12 212 fLa∆α∆α , 

where LMS is the monochromator-sample distance, fM=(RM·sin θM)/2 is the focal length 
dependent on the radius of curvature RM, θM  is the Bragg angle and aSM = - tan θS / tan θM is 
the dispersive parameter having the opposite sign in the individual settings. Depending on 

the sign of aSM we arrive at two parabolas representing the behaviour of ∆α2 vs RM (see Fig. 
2). The intersection of the parabolas at RM=LMS/sin θM corresponds to the monochromatic 
focusing condition, when all neutrons coming from the monochromator onto the sample 
have the same wavelength and the left-right asymmetry in λ−θ distribution in the scattering 
plane disappears. In this way we arrive at the same resolution ∆α2 in the parallel and anti-
parallel settings. It can be seen from the experimental data shown on Fig. 3 that in the 
vicinity of RM = 6 m, ∆α2 in both settings becomes equivalent. Then, similarly to the TOF 
technique, it makes possibility to measure two strain components, simultaneously.    
Neutron diffraction  investigations are in this field partially supported by the projects AV0Z10480505,  
GACR  202/03/0891 and MSM2672244501.  
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Figure 1: Sketch of a powder 
diffractometer in the so called 
parallel and anti-parallel settings. 
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Figure 2: Divergence ∆α2 vs crystal curvature for 
∆α1=5x10-3 rad, LMS=2m, aSM=2 and θM=25o. 
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Neutron diffraction analysis of austenite transformation 
 kinetics in Mn-Si TRIP steel 

 
O.Muransky, P.Lukas, P.Sittner, J.Zrnik 

 
 
Abstract 
 
High strength and ductility of the TRIP steels is attributed to the transformation induced 
plasticity effect resulting from the strain induced martensitic transformation of the 
retained austenite in the ferrite/bainite microstructure. The present work reports results of 
in-situ neutron diffraction experiments focused on monitoring the phase evolution in 
TRIP steel samples subjected to tensile loading at room temperature. Comparison of the 
single line profile analysis of reactor data (TKSN-400 at NPI Rez) and multi line profile 
analysis of data obtained at spallation neutron source (ENGIN-X at ISIS RAL Chilton) 
suggests that the former can be used in the first approximation for in-situ monitoring of 
the phase evolution in TRIP steels subjected to mechanical loads. 
 



SALSA, Strain Analyser for Large and Small Scaled engineering Applications 
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Within the framework of ILL’s Millennium Instrument Development Programme, started 
in 2000, ILL in collaboration with a team led by the University of Manchester and funded 
by the UK Engineering & Physical Sciences Research Council set about building an 
instrument dedicated to measuring engineering strain: SALSA ("Strain Analyser for Large 
and Small scale engineering Applications").  
 
SALSA is designed for most flexible sample manipulation and a broad bandwidth of 
applications, requiring high resolution and high penetration. A unique feature is the sample 
manipulator, a hydraulic driven Stewart Platform. This is a robot with six degrees of 
freedom allowing precise scanning of large (500 kg and up to 1.5 m long) samples along 
any trajectory involving translations, tilts and rotations. It is at the same time precise 
enough to position small samples within 10 µm.  
 
The Silicon double focussing, bent crystal monochromator makes very efficient use of the 
neutron beam, supplied by the new super mirror guide and providing the high resolution 
required for strain scanning. Fully automated beam optics, a 2-Dim Position Sensitive 
Detector and a TV-camera based metrological system complete the instrument. For surface 
and interface studies radial 
collimators will be available.  
 
SALSA is now in the 
commissioning phase and will be 
open for users from June 2005 
on. It has already shown its 
capabilities of measuring multi-
pass and friction welds in steel 
and aluminium, quenched nickel 
plates, Ti-alloys for aeronautical 
engineering and composite 
materials. Short acquisition 
times, good angular resolution 
(<0.3° 2θ) and very comfortable 
and precise sample manipulation 
were the first positive 
observations. Figure 1: SALSA with an aero-engine fan-blade on the sample 

stage  
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Combined neutron and synchrotron diffraction data structural 
refinement of R-phase shape memory alloy 
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Abstract  
The R-phase in nickel-titanium (NiTi) shape memory alloy has been widely used in both 
industrial and fundamental research because this alloy has shape memory effect or superelasticity 
and also small thermal hysteresis which are very useful for actuators applications. In order to 
understand the mechanism of the transformation, it is necessary to know the crystal structures of 
the R-phase. The crystallographic preferred orientation (i.e. texture) and the non-transformed 
austenite can cause serious systematic errors in the structural study of the engineering NiTi shape 
memory alloy [1,2]. The crystal structure refinement of R-phase phase in Ti50.75·Ni47.75·Fe1.50 
alloy synchrotron high resolution powder diffraction data using Rietveld refinement with 
generalized spherical harmonic description for preferred orientation correction showed that the 
sample consists of minor cubic phase and the space group was 3P  [2].   
 
In this study, combined refinements of the R-phase in Ti50.75·Ni47.75·Fe1.50 ternary alloy using 
both the neutron and diffraction data sets together were carried out using these space groups, 
giving a final series of models for comparison ( 3P ,  and ). The results showed that the 
reasonable space group for R-phase is 

3P mP31
3P

)2
 as the six refined atomic positions were converging 

and the crystallographic  and  figures-of-merits are 7.59 and 7.32% for synchrotron 
and 10.87 and 9.65% for neutron. Also, the comparison of the Rietveld fit shows that the peak 
intensities are quite different in the two data sets. This is due to the negative scattering length for 
Ti, so that by exploiting combined neutron and X-ray refinements there is excellent discrepancy 
between the two atomic sites. Trial refinements initially using only the synchrotron data 
sometimes found a false minimum with somewhat worse goodness-of-fit indices, however, when 
both data sets were used the same minimum was always recovered [3]. Therefore, it can be 
concluded that the combined synchrotron and neutron structural refinement provides accurate 
crystal structure parameters for R-phase in the 

WPR (FR

3P  model when applying correction to intensities 
using the generalized spherical harmonic description.  
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CRYSTAL STRUCTURE, LOCAL SODIUM ENVIRONMENTS AND ION  
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At 298 K cation conducting mixed antimonate Na0.8Ni0.6Sb0.4O2 exhibits an O3-type 

structure, with sodium ions in a distorted octahedral coordination, space group R-3m, a = 

3.0496(1)Å, c = 16.4060(4)Å. 23Na NMR reveals two main types of sodium local 

environments, ascribed to the different distribution of sodium vacancies in the second 

coordination sphere, (NaO6)Na4 2 and (NaO6)Na5  (populations ratio 2:1 at 215-230 K). 

These data agree with the model of local order for x≈0.79 and disagree with the model of 

random vacancy distribution. The temperature increase results in the sites averaging and 

NMR lines narrowing. The activation energy for the motion of sodium cations within one 

site estimated from 23Na NMR data is ca. 1.0 kJ/mol at 215-288 K, much lower than the 

activation energy of both sodium hopping between the sites in a crystallite (ca. 22 kJ/mol 

at 330-370 K) and long-range transfer in ceramic material (ca. 48 kJ/mol at 294-775 K). 
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Adhesive bonding is finding increasing application in failure critical applications such 
as aerospace and automotive structures. This bonding mechanism is acknowledged as 
superior to riveting in term of structural efficiency because of the weight penalty of 
introducing a mechanical fastener and the improved stress distribution and rigidity of 
the bonded joint.  However, the adoption of adhesively bonded joints in structural 
applications has been inhibited by the lack of trusted design codes.  The complexity of 
the stress distributions in bonded joints has lead to their analysis using finite element 
mechanics (FEM). The FEM models are usually only analysed in 2 dimensions to 
simplify the analysis and there is seldom any experimental verification of the 
predicted stresses and strains. Neutron diffraction provides a method in which strain 
distributions in the interior of metallic components can be mapped with mm 
resolution [1] and an initial investigation using this technique produced results which 
did not agree with accepted FEM calculations [2]. The purpose of the research 
described here was to carry out neutron (interior) strain mapping on double lap shear 
joints (Fig 1) in order to validate 3D FEM calculations of the strain distribution 
produced in loaded joints. 
 
Strain Scanning experiments were carried out using the ENGIN-X diffractometer at 
ISIS on loaded joints made from 7075 Al Alloy bonded with FM73 film adhesive and 
also 7075 Alloy bonded to Carbon Fibre composite using a 1x1x10 mm3 gauge 
volume. The overlap area was 25x25 mm2 and the Al plates were 3.1 mm thick. 
Generally good agreement was found between the FE model and the experimental 
results for the Al/Al joints. However, measurements on the Al/composite joint do not 
conform to the expected strain distribution  
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Figure 1: Co-ordinate system used 
in the measurements 
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IMPase (Myo-Inositol Monophosphatase) is the target of lithium therapy for Bipolar 
Disorder, a disease that affects 1% of the population worldwide [1]. Lithium has a small 
therapeutic range of concentrations before it becomes toxic, and it is also known to cause 
severe side effects. Bipolar patients show high levels of inositol presumably due to 
overactivity of IMPase.  

The aim of this project is to determine the precise binding site(s) for lithium ions 
(see Figure 1, [2]) and thereby detail the mechanism by which IMPase is inhibited. The 
studies will involve determination of the neutron structure of bovine IMPase with lithium 
bound, to define the protonation states of active site groups and to identify the 
physiological metal-binding sites. Since lithium ions do not scatter x-rays strongly, the 
neutron studies will allow us a much improved definition of the lithium binding sites than 
could be achieved by x-ray analysis. The structural information from neutron diffraction 
aim to facilitate the design and development of better therapeutic agents for bipolar 
disorder. 
 

 
 

Figure 1: Modelling of the lithium-inhibited IMPase structure based upon that of the yeast Hal2p 
PAPase–2Mg2+–AMP anion–Li+ complex [3], in which the tetrahedral coordination of Li+ has been 
inferred. Replacement of Mg2+ by Li+ prevents the protonation of the inositolate group after 
phosphoester hydrolysis, trapping inositolate and monophosphate in the active site and effectively 
inhibiting the enzyme (Figure taken from [2]). 
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Prussian Blue, FeIII

4[FeII(CN)6]3·xH2O, is the archetypal mixed-valent molecular 
ferromagnet. It displays ferromagnetic ordering of the high spin Fe(III) spins below Tc=5.5 
K. Arguments based on the charge transfer transition in the optical absorption spectrum at 
14100 cm-1 that gives rise to its well known intense blue colour, led Day and coworkers to 
search for spin transfer from the high-spin Fe(III) to the nominally diamagnetic Fe(II) 
using polarised neutron diffraction.[1] Technical limitations at the time restricted their 
measurements to only 3 reflections. 30 years on, using state-of-the-art nuclear polarised 
3He technology, we re-examined the same sample of deuterated Prussian blue and 
demonstrate conclusively the existence and sign of spin transfer from Fe3+ to the Fe2+.2  
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Super D2b has been used to investigate the structural chemistry and magnetic behaviour of 
a number of new compounds that have been synthesised during the course of our research 
program in solid state chemistry. The modifications made to the instrument have enabled 
us to record data in less than half the time that would have been required before the 
upgrade, and have therefore resulted in a greater throughput of samples. 
 
The interplay between nearest-neighbour (NN) and next-nearest-neighbour (NNN) 
magnetic superexchange interactions  in Ruddlesden-Popper (RP) phases has been the 
focus of much attention recently. The relative strengths of these interactions determines 
whether the compound shows long-range magnetic order or spin-glass behaviour. In order 
to study the  NNN interaction in isolation we have prepared compounds in which the NN 
sites around a magnetic cation are occupied  by a diamagnetic cation. More specifically, 
we have prepared RP phases based on a 1:1 ordered arrangement of Ru5+ and Li+, for 
example n = 1 La2Sr2LiRuO8 and n = 2 A2BaLiRuO7 (A = Nd, Pr). These compounds have 
been studied by magnetometry, neutron diffraction and electron microscopy in order to 
elucidate the details of both the cation ordering and the magnetic ordering. 
 
Transition-metal nitrides constitute an interesting area of solid state chemistry and yet, in 
comparison to mixed-metal oxides, relatively little is known about them. In recent years 
interstitial d-block nitrides have become a focus for our attention. Although a variety of 
methods may be used to synthesise interstitial nitrides, many require complex precursor 
materials. The preparation of these precursors is time consuming and, more significantly, 
the composition of the eventual nitride product is limited by the stoichiometry of the 
precursor. Our reductive-nitridation method is a facile synthetic route which simply 
requires the reduction of stoichiometric mixtures of commercially available binary oxides 
under a nitrogen-containing atmosphere. The method provides an effective route to a wide 
variety of quaternary Fe-containing nitrides with, for example, the filled β-manganese 
structure. These compounds have the general formula M2T3X. Their cubic structure 
consists of a (10,3)-a network of M atoms interlaced with corner sharing T6X octahedra. X 
is commonly boron, carbon or nitrogen. The β-phase of elemental manganese would be 
written as M2T3 in this notation with M = T = Mn; atoms of element X are thus considered 
to be filling an interstitial site in a metal framework.We have investigated the filled β-Mn 
phases Fe2-xMxMo3N (M = Ni, Pd, Pt, Rh; 0.5 < x < 2). All the compositions synthesised 
displayed ferromagnetism and a range of electrical properties was observed across the 
series. This magnetic behaviour contrasts sharply with that of β-Mn itself, which is the 
only form of the element not to order magnetically on cooling. This behaviour can in part 
be attributed to frustration in the crystal structure. No other ferromagnetic β−Mn phases 
are known.  Our intention was to gain further insight into the behaviour of these phases by 
varying the number of valence electrons associated with the substituent metal, with the 
ultimate aim of establishing control over the electronic properties of these phases.  
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In the last decade neutron diffraction has been extensively used for stress analysis in 

components of technological interest. With the increasing number of technological problems 

with an industrial background, almost all the neutron sources have facilities for neutron strain 

measurements. In the last years, a new diffractometer (“DIANE”), entirely dedicated to stress 

analysis, was built up at the Laboratoire Léon Brillouin (LLB) in collaboration with the Italian 

INFM (Istituto Nazionale Fisica della Materia). The instrument has been designed in order to 

meet engineering requirements: good spatial resolution, accurate positioning of the specimen 

in three orthogonal directions and an adequate space for manipulation of heavy and 

cumbersome samples on the diffractometer.  

After a brief presentation of the main characteristics of DIANE, some of the principal activities 

developed at the LLB around this instrument are presented. In particular, large part of this 

activity was dedicated to study the mechanical behavior of Metal Matrix Composites (Al/SiC 

and Ti/SiC) by the characterization of internal residual stresses. Some studies have also 

been done to evaluate microstructural parameters, such as the average size of coherently 

diffracting blocks and the mean-square microstrian, in technological material from diffraction 

data.   

An effort was also done to introduce neutron diffraction technique for stress analysis to 

geological materials, and some examples will be shown. 
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The determination of accurate, reliable stresses is critical to many fields of engineering 

and, in particular, the structural integrity and hence, safety, of many systems. This is 

particularly so for the Nuclear industry where safety is understandably paramount.  

Neutron stress measurement is a non-destructive technique that uniquely provides insights 

into stress fields deep within components and structures. As such, it has become an 

increasingly important tool within the engineering community where the definition and 

application of more precise structural integrity lifing procedures is a major driver in the 

21st century. Accurate structural integrity assessments require a good description of the 

through-wall residual stress field in any component. However, reliable characterisation of 

residual stresses at the non-stress-relieved welds used in large power utility fabrications 

has been notoriously difficult.  Since many of the welds in nuclear power plant are difficult 

to repair or replace it is not surprising that the Nuclear Industry has been one of the 

forerunners in using neutron stress measurements to inform structural integrity assessment 

not least through the validation of finite element simulations.  This talk will provide 

examples of how recent advances in the current state of the art provided by the 2nd 

generation dedicated engineering stress diffractometers currently being designed and 

commissioned world-wide have enabled solutions to industrially relevant Nuclear 

Engineering problems. 

. 
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Structural studies of poly(p-phenylene terephthalamide) (PPTA) fibers using neutron diffraction techniques 
will be described. These studies exploit the use of fibers in which the terephthaloyl moieties of the polymer 
have been selectively deuterated. The neutron fiber diffraction data show conclusively that the terephthaloyl 
moieties (as are the diamine moieties) are positioned at the same height, along the c axis in the crystal unit 
cell, as the terephthaloyl moieties in adjacent sheets. This preliminary study clarifies long-standing questions 
concerning the crystal structure of PPTA and illustrates the unique role that neutron diffraction studies can 
play in polymer structure determination. 
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The mechanosensitive channel protein MscL is part of a sophisticated defence system, 
which bacterial cells have developed to tackle osmotic pressure. In the event of osmotic 
shock, this membrane protein can release pressure differences by opening a pore of 
several nanometres cross section in the cell membrane. The formation of the pore is 
accompanied by considerable conformational changes in the protein and alteration of its 
overall dimensions. We used neutron scattering and reflection techniques to characterize 
these structural changes in the mechanosensitive channel MscL. 
Contrast matching and variation techniques render neutron scattering and reflection a 
powerful technique in the study of membrane systems. Using different levels of 
deuteration, the neutron scattering contrasts of MscL protein, the membrane environment 
and the buffer were adjusted and the different components of the system studied 
individually this way. To achieve a high scattering length density contrast, the protein 
was per-deuterated in the framework of the D-lab at ILL, Grenoble, and reconstituted in 
hydrogenous lipid bilayers. To characterize the protein in its closed and open state, 
measurements were performed before and after the addition of lysolipids which trap 
MscL in its open state.  
In neutron reflection experiment both, supported bilayers of DMPC membranes without 
and with reconstituted MscL protein were established and their scattering length density 
profiles across the membrane could be obtained. The results show a bilayer with extended 
thickness and diluted density for the MscL containing membrane. 

SANS experiments were conducted using MscL 
reconstituted unilamellar DOPC vesicles. The influence 
of MscL on the lipid vesicles was studied as well as the 
protein itself, using suitable contrast matching conditions 
for the buffer. The addition of lysolipids to open the 
channel resulted in significant changes in the scattering 
behaviour. Further work and data analysis is in progress 

to interpret these findings in terms of potential conformational changes. 
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The Early Days of Strain Measurement at UKAEA, its Development Helped by Peter 
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The early days of strain measurement at AERE Harwell, in which the technique using neutron 
diffraction was first developed in the UK, will be briefly reviewed.  The initial motivation was 
the general trend at Harwell to apply the techniques developed by UKAEA for the Nuclear 
Industry to general industrial problems.  The relatively high depth penetration of neutrons into 
most materials was seen to have a big advantage.  The fundamentals of the technique were 
developed and problems arising, mainly of a purely scientific nature, identified.  Of the latter, 
the lattice strain response to stress in the plastic regime was a big question - and this still 
requires much more work today.  Also a new approach to the theory of polycrystalline 
diffraction was required, in which the location of each part of the sample within the 
instrumental gauge volume giving rise to the diffraction peak becomes of importance.   
Nevertheless early applications to investigate stress in samples from the Nuclear Industry were 
found to give important information.  Pressure to extend the use of the technique to make 
profits from general industrial application increased as the nature of UKAEA changed towards 
eventual privatisation as AEA Technology. Examples of this development, including the use 
of other neutron sources which became essential after 1990 when the Harwell reactors were 
both shut down, will be given. 
Alongside the UKAEA work, scientists and engineers in UK Universities began to use the 
technique and help in its development.  These included Peter Webster at Salford, who helped 
establish D1A as the prime ILL instrument but who also worked on D20.  Peter's practical 
approach to problems resulted in many advances, and while the ILL reactor was shut down he 
continued his work at Chalk River, Canada.  Modified diffraction instruments which could be 
used for the technique were being made available on several neutron sources in 1990, and both 
Peter and I, when serving on the ILL Scientific Council, lobbied for a dedicated instrument at 
ILL.  However at that time the priority was to renovate the reactor itself.  Now, some 15 years 
later, we see a dedicated instrument SALSA installed near D1A, along with ENGIN-X at ISIS, 
and new or modified instruments dedicated to the technique at most neutron sources. 
Neutron diffraction strain and stress measurement became more formally standardised for 
industrial use through the recent VAMAS project, in which Peter and his brother George 
played leading roles along with practitioners from around the world.  The move to make the 
use of the technique more efficient, and to help enable engineers who have little knowledge of 
fundamental physics to readily benefit from it, has resulted in the FaME 38 facility here at ILL 
- set up by Peter. 
Neutron diffraction strain measurement has certainly come of age, and an introductory 
textbook is now available [1].  However there remain outstanding many improvements still to 
be made, both in practical execution and in theoretical understanding.  
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This presentation will outline some of the contributions that FaME has made to 
engineering problems over the last couple of years, and discuss their potential impact on 
process control, life prediction, and on advancing the drafting and methodology of codes 
and standards.  It will also indicate several other current areas of innovation and advance 
based around use of synchrotron and neutron radiation.  
 
The particular case studies to be considered are based around the use of strain scanning, 
microhardness and metallographic data to improve prediction of process parameters in 
friction stir welding of 5083 aluminium alloy [1], and to understand how fatigue 
performance of welds in high strength steels might be made more predictable.  The 
approach is generally to map process conditions (travel speed, heat or energy input, and 
filler metal strength) across to strain and hardness gradients, microstructure and dynamic 
performance. 
 

 
Figure 1: Comparison on a consistent dimensional scale of a weld macrograph, strain and microhardness.  

Such plots allow interpretation of the underlying reasons for features in the strain profile. 
 
Figure 1 shows typical data format for the case of high strength steel welds.  The issue here 
is to identify whether the relative peaks and gradients of residual strain and hardness, and 
their relationship with the weld toe position (where cracks nucleate), can be related to the 
fatigue ranking of the various types of butt weld. 
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The “old” D2B has been used in the past years for a number of neutron powder 
diffraction studies in the field of ices and gas hydrates [1]. The “new” D2B offers 
additional advantages for a number of open questions in these fields. It is the purpose of 
this presentation to discuss a number of relevant questions concerning these materials and 
to indicate how diffraction studies on the upgraded D2B may help to answer them. 

Recently, the transition of so-called cubic (“ice Ic”) ice into ordinary hexagonal ice 
(“ice ih”) has received renewed attention. By neutron diffraction studies it was found that 
ice Ic persists to much higher temperatures than previously thought [2]. This finding is 
relevant for atmospheric issues and definitely needs further attention. High-resolution 
neutron powder diffraction will be crucial to establish the defective crystal structure of ice 
Ic and help towards a better understanding of the mechanisms of the final transition into 
ice Ih. 

The original goal of in-situ neutron diffraction studies on high-pressure ices was to 
provide critical tests for empirical water-water potential [1984]. For more than twenty 
years these test largely failed. Recently, DFT and CPMD calculations have demonstrated 
their capabilities in reproducing structural features including the (partial) ordering in high- 
pressure ices and orientational disorder patterns in ice Ih [3]. This is remarkable and 
further detailed crystallographic data are now needed to refine the agreement eventually 
leading to a better understanding of water-water interactions.  

Water-gas interactions are equally interesting. Initial experiments have shown 
remarkable changes in the lattice constants of ice Ih upon inclusion of He. Similar changes 
have been found in ice II with He or Ne inclusions. The determination of the pressure-
dependent filling of these “stuffed” ices needs excellent neutron diffraction data and will 
provide critical tests for gas-water interaction potentials. 

Gas hydrates are of considerable interest in chemical engineering and geosciences. A 
large number of questions remain open. The cage filling in other gas hydrates depend 
critically on the gas-water interactions and provide critical test for improved versions of 
the classical statistical thermodynamic theory used in hydrate prediction by chemical 
engineers in the petrol industry. Excellent diffraction data are needed to determine the cage 
filling under in-situ conditions with the necessary precision and accuracy. Neutron powder 
diffraction is the method of choice to study the cage filling in the recently found H2-THF-
hydrates which shows some promise in H2 storage applications [4].  

The new D2B is in an excellent position to tackle these and a large number of related 
questions and will undoubtedly continue to contribute to the advances in these fields. 
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A new Aurivillius phase (generic formula M2An-1BnO3n+3) has been synthesized with n=3 
and containing manganese, Bi2Sr1.4La0.6Nb2MnO12.  The structure has been investigated by 
X-ray and neutron powder diffraction and found to be tetragonal (I4/mmm) at temperatures 
down to 2K, with a = 3.89970(7) Å, c = 32.8073(9) Å at 2K.  There is significant cation 
disorder between Bi3+ (predominantly on the M sites) and Sr2+ and La3+ which prefer the A 
sites: 19(2)% of Bi3+ occupy the A sites.  This disorder, leading to occupancy of M sites by 
Sr2+, is thought to relieve strain due to size-mismatch between the fluorite-like and 
perovskite-like blocks.  A high level of order exists between Mn and Nb on the B sites, 
with Mn located predominantly (76.1(6)%) in the central B site whilst Nb preferentially 
occupies the lower symmetry, outer B site, where it undergoes an out-of-centre 
displacement towards the fluorite-like blocks.  Magnetic measurements indicate that this 
material displays spin-glass behaviour on cooling.  Synthesis of the Mn4+ analogue 
Bi2Sr2Nb2MnO12 was unsuccessful, possibly due to the small size of the Mn4+ cation. 
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This talk provides an overview of the application of engineering neutron diffraction 
instruments such as Salsa at ILL and ENGIN-X at ISIS to the study of displacive phase 
transformations.  Such transformations are responsible for important aspects of material 
behaviour, such as work hardening of TRIP steels and superelasticity in shape memory 
alloys.  Neutron diffraction is a useful tool for investigating these effects because it 
enables the sampling of large volumes of bulk material in situ whilst subjecting a 
specimen to different external conditions of temperature, stress, electric field, etc. 
 
One key issue for which neutron diffraction is valuable is the examination of variant 
selection, whereby the action of a directional external load causes certain variants of a 
lower symmetry daughter phase to be formed preferentially from a higher symmetry 
parent phase.  This phenomenon can be investigated by measuring the evolution of 
crystallographic texture as loading progresses.   This subject is discussed for a range of 
materials including Fe-Pd shape memory alloy [1] and tetragonal PZT ceramic [2].  A 
strong analogy exists between the stress-induced variant changes exhibited by the former 
and electric field-induced variant changes exhibited by the latter material.  This analogy 
is explored and a common method of analysis presented. 
 
The application of the neutron diffraction method of internal stress measurement is also 
relevant for relating displacive transformations to mechanical behaviour.  An example is 
presented of Fe-Ni-C TRIP steel [3].  Neutron measurements reveal load transfer from 
the parent to evolving daughter phase, suggesting that the phase transformation makes a 
significant contribution to the stabilization of plastic flow.  In shape memory materials, it 
is demonstrated that internal stresses also play a role in reversing variant changes and 
encouraging superelasticity.  
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Investigation of Residual Stress in Single and Multi-Bead on Plate 
 

A.M. Paradowska1, J.W.H. Price1, R. Ibrahim1, T.R. Finlayson1, R. Blevins2 and M. Ripley2 

 
1 Monash University, Australia, 2 ANSTO, Australia.  

 
 
Residual stresses in welded structures result primarily from differential contractions which 
occur as the weld metal solidifies and cools to ambient temperature.  Such stresses have 
important consequences for the performance of engineering components. 
 
In this study fully-restrained weldment samples have been prepared with increasing number 
of beads on the surface of carbon steel plates.  The plate dimensions were                         
100 x 200 x 12 mm3. A single and multi-bead welds were deposited in the centre of the 
plate using the FCAW (flux-cored arc welding) process. 
 
Residual strain measurements have been made using TASS (The Australian Strain Scanner) 
at the HIFAR research reactor.  For the experiment the gauge volume was located 1.5 mm 
below the plate surface containing the weld in each sample, as defined by the entrance and 
exit beam slits.  The scattering geometry involved an approximately diamond-shaped gauge 
volume, as determined by the most suitable wavelength from the Ge monochromator, and 
the αFe (211) Bragg peak at a scattering angle of    approximately 73º.   
 
The longitudinal, y, (parallel to the weld bead), transverse, x, (perpendicular to the beads 
and in the sample surface) and normal, z, (perpendicular to weld and sample surface) 
components of the residual stress field have been determined in each case from the 
appropriate residual strain components, using standard elasticity theory.  
 
In this paper, the experimental measurements of weld stresses generated by single- and 
multi-bead-on-plate welds of low-carbon steel using the FCAW process are presented.  
This research has focussed on the influence of the starting and ending effects during 
welding, and increasing the number of passes (Figure 1) on the residual stress behaviour, 
with the intention of providing key data for the validation of design and fitness-for-purpose 
methodologies and finite-element tools.  
 

 
Figure 1. Illustration of the weldments: a) single bead on plate (Sample I), b) two beads on plate, 50% 

overlapping (Sample II), c) three beads on plate, 50% overlapping (Sample III).  
 
 
Keywords: neutron diffraction, residual strain/stress, low-carbon steel, welding 
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Selective deuteration studies of DNA: new results from D19 and the Deuteration 
Laboratory 

 
I.M. Parrot1,2, V. Laux1, M. Haertlein1, and V. T. Forsyth1,2 

1 Institut Laue Langevin, Grenoble, France, 2 Keele University, Keele, UK 
 
 

X-ray fibre diffraction methods have provided a major contribution to our understanding of a 
wide variety of biological polymers. However they are less effective for study of location of 
water and hydrogen atoms. Here neutron methods can provide vital information. The ability to 
deuterate the biopolymers either throughout the entire molecule or in a more specific way adds a 
powerful dimension to work aimed at investigating hydration patterns or hydrogen positions and 
changes that occur during water-driven transitions. 

 
This presentation will describe neutron fibre diffraction experiments that have just been carried 
out on instrument D19 at the ILL using samples of selectively deuterated DNA made in the 
Deuteration Laboratory. This type of experiment offers a completely different approach in 
structure determination and validation. 
 



Neutron and subatomic X-ray studies of perdeuterated Aldose Reductase  
 
A. Podjarny1, A. Mitschler1, I. Hazemann1, M. Blakeley2, M.T. Dauvergne2, F. Meilleur2, M. 
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4)      Bioscience Division, Structural Biology Center and Midwest Center for Structural      
Genomics, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, Illinois,USA 
#: Current address: Centre for Structural Molecular Biology, Oak Ridge National Laboratory, 
Tennessee, USA. 
 
Human Aldose Reductase (AR), an enzyme in the polyol pathway belonging to the aldo-
ketoreductase family, is implied in diabetic complications. Its ternary complexes (AR-
coenzyme NADPH-selected inhibitor) provide a good model to study the  inhibition and 
enzymatic mechanisms. Indeed, X-ray electron density maps solved at very high resolution of 
AR complexes with different inhibitors (IDD-594, 0.66 Å; IDD-552; IDD-393; Fidarestat, 
0.90 Å) show within the active site crucial protonation states. In some cases,different 
protonation states appear simultaneously, each with a partial hydrogen atom occupation. 
  Therefore, we have started neutron diffraction experiments. First trials based on H2O/D2O 
exchange, using crystals of 0.1 mm3, showed neutron diffraction up to only ~4.5 Å. New 
crystallisation trials, with fully deuterated protein (EMBL,Grenoble) complexed with the 
inhibitor IDD-594, succeeded. The quality of these crystals was tested by X-Ray diffraction. 
Data collection at the SBC-APS achieved a resolution of 0.8 Å at 15K (refined mosaicity 
0.2°) and the structure was refined using SHELX. Neutron Laue diffraction measured on 
LADI (ILL,Grenoble) achieved a resolution of 2.2 Å at room temperature, despite a rather 
small crystal volume of only 0.15 mm3. Growth of larger crystals is under way. 
 
After refinement with CNS, the resulting neutron density maps showed clearly the deuterium 
atoms in the active site region. In particular, the interaction  of Tyr48 with Lys77, important 
for the catalytic reaction, is confirmed by a proton (deuterium) channel between these two 
residues. 
 
This work is supported by the U.S. Department of Energy, Office of Biological and 
Environmental Research under contract No. W-31-109-ENG-38, the Centre National de la 
Recherche Scientifique (CNRS), by collaborative projects CNRS-DFG and ECOS-SUD, by 
the Institut National de la Santé et de la Recherche Médicale and the Hôpital Universitaire de 
Strasbourg (H.U.S), the ILL, the EMBL, and by the Institute for Diabetes Discovery, Inc. 
through a contract with the CNRS. 
 



Residual stresses in friction welded aeroengine components 
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In aeroengine applications the ability to weld components, reliably, reproducibly and with 
high joint efficiencies, is a key technology.  As materials continually improve, the 
challenges of welding become ever more demanding. Many high temperature alloys cannot 
be welded reliably using fusion processes.  As a result, friction-based solid state welding 
techniques are becoming the industrially preferred joining methods using inertia friction 
welding for joining discs/shafts and linear friction welding for joining blades on discs.  
Since aeroengine materials generally have outstanding high temperature mechanical 
properties welding can represent a challenge in terms of residual stress generation during 
joining and stress relief during post weld heat treatment. 
Work will be presented  
The development of improved engineering neutron diffraction strain scanning beam lines 
such as SALSA (ILL, France) and ENGIN-X (ISIS, UK) as well as the development of 
synchrotron high energy dispersive x-ray diffraction have enabled researchers to undertake 
systematic studies of the residual stress profiles in welds and improve our understanding of 
how welding parameters and post weld heat treatments affect the residual stress fields and 
the performance of welded component.  The presentation will give examples of residual 
stress characterisation of inertia and linear friction welds using high energy synchrotron 
and neutron diffraction.  The importance of determining accurately the variation of the 
stress-free lattice parameter across the weld line will be discussed too. 
 



Deformation/transformation processes in NiTi revealed by in-situ neutron  
diffraction and modelling 

 
P.Šittner*, P.Lukáš**, V. Novák*, G.M.Swallove***, A.B.Seaton*** 

Institute of Physics Academy of Sciences of the Czech Republic, Prague Czech Republic* 
Nuclear Physics Institute, Academy of Sciences of the Czech Republic, Řež near Prague, Czech Republic** 

Department of Physics, Loughborough University, Loughborough UK*** 
 
 

Smart materials as shape memory alloys (SMA) are being developed not for only their 
structural properties but for mainly the unique functions they perform under thermal and 
mechanical loads. These functions - basically reversible stress-strain-temperature 
responses due to deformation/transformation processes deriving from martensitic 
transformations -  are therefore of major research interest from the SMA engineering 
application point of view. In order to be successfully utilized in engineering applications 
these functions need to be understood, modelled and precisely predicted. In this respect, 
the fact that multiple reversible hysteretic deformation processes become activated in SMA 
polycrystals exposed to thermomechanical loads seriously complicates the modelling.  The 
only way one can experimentally detect the action of these processes in bulk SMA samples 
exposed to thermomechanical loads is to use dedicated in-situ observation techniques 
which detect the processes, but do not interfere with them.  
   We will try to demonstrate that a combination of  in-situ neutron diffraction experiments 
[1] and micromechanics modelling [2] is a very efficient tool for such purpose. The main 
advantages of the in-situ neutron diffraction method in this respect are its bulk 
penetrability and sensitivity to structural and textural changes and to the lattice strain 
variations accompanying the reversible deformation processes in phase transforming 
materials. It will be shown that activity of individual deformation/transformation processes 
during various thermomechanical load cycles can be unambiguously recognized. 
Furthermore, the observed evolution of the peak intensities and positions can be interpreted 
with the help of micromechanics modelling as the evolution of the phase and martensite 
variant fractions and phase stresses in families of particularly oriented grains. The 
application of the method to the most successful shape memory alloy NiTi will be 
surveyed [1,2] (ENGIN-X at ISIS RAL Chilton, NPI Rez near Prague).    
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Figure 1: A comparison of simulated (a) and experimentally determined (b) lattice plane responses of 

selected austenite hkl reflections of pseudoelastic NiTi polycrystal deformed in compression [1,2]  
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Strong Hydrogen Bonding 
 

Jonathan W. Steed* 
 

Department of Chemistry, University of Durham, South Road, Durham DH1 3LE, UK 
 
 

We have long been interested in the interplay of molecular and crystal structure. Crystal 
assembly is dominated first and foremost by the minimization of repulsive interactions 
between core electrons, but there is then a synergy between various attractive 
intermolecular forces that can represent a continuum of strong and often highly directional 
forces down to van der Waals interactions. In strongly hydrogen bonded systems, 
particularly when the strong hydrogen bonds are relatively isolated, subtle manipulation of 
the hydrogen bonding is reflected in structure change in a way that is predictable and 
understandable. In this presentation I will discuss several systems in which precise 
structure determination using data from D19 along with VIVALDI coupled with energy 
calculations using the PACHA method (in collaboration with Prof. Marc Henry in 
Strasbourg) represent a very powerful tool for the understanding and modulation of solid 
state structure. One such example, in which a gradual order-disorder transition is mediated 
by a well-understood water square is shown in Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Single crystal neutron structure at 4K for [Co(TUP)4(H2O)2](SO4)·2H2O (TUP = tolyl 
ureidopyridine).[1] 
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Manufacture and test of the new D19 banana 
 

T.L. van Vuure, J.-F. Clergeau, B. Guérard 
ILL, BP 156, 38042 Grenoble, France 

 
 

Around the time of the Spring 2005 Conference on EPSRC-ILL Millennium Projects, the 
new D19 banana detector has been assembled and is undergoing a testing phase before its 
final mounting on the D19 instrument. 
 
The individually functional parts of the detector, called 'cradles', were tested separately 
under conditions similar to those in the final banana pressure vessel. The testing methods 
and acceptance/rejection criteria will be introduced, as well as the results. 
 
Some pictures of the detector in various stages of construction will be presented. 
 

 
Figure 1: the D19 banana just before closing the pressure vessel. The 
chrome-coated glass plates resemble mirrors from this distance. The anode 
and cathode wire planes are suspended a few millimeters from this surface, 
and seem to exert an almost irresistible attraction on the fingers of visiting 
dignitaries. 

 
 
The detector measures 160 cm by 40 cm active area. At a distance to the sample of 70 cm, 
this means an angular coverage of 120 x 30 degrees, or 1.16 steradials. Considering that 
individual readout of all channels is expensive, but effective for reducing gamma 
sensitivity, a compromise hybrid readout was chosen where the anode wires are read out 
individually and the horizontal position is determined by charge division over the glass 
plates. 
Position resolution is 2.5 mm horizontally and 3-5 mm vertically. This vertical resolution 
can be achieved only because the parallax effect is reduced by application of an 
electrostatic lens. In absence of this lens, which causes the electric field inside the sensitive 
volume to be focussed toward the sample position, the vertical position resolution near the 
high and low ends of the detector would deteriorate to ~8 mm. 



Deuterium labelling applications in solid state NMR studies of membranes 
 

Anthony Watts, Biomembrane Structure Unit, Biochemistry Department, 
Oxford University, Oxford, OX1 3QU, UK 

and 
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Chilton, Didcot, Oxon, OX11 0QX, UK 
 

 
  Deuterium is a non-perturbing, low gamma NMR spin probe which can be selectively 
incorporated chemical or biosynthetically into most biomolecules to give atomic resolution 
structural and dynamic information. It possesses a strong quadrupolar interaction and thus has a 
high of spectral anisotropy which can yield precise orientational information, as well as molecular 
dynamic details in the ms - µs time domain which is important in biology. We have exploited the 
isotope for studies of membrane structure and dynamics, either alone or by exploiting dipolar 
coupling to other nuclei. 

 We have recently focussed on the use of solid state NMR to define the structure and 
dynamics of binding for small, isotopically (2H, 13C, 19F, 15N) labelled ligands, prosthetic groups or 
solutes in their binding site of a membrane bound protein at near physiological conditions in 
natural membrane fragments or in reconstituted complexes [1, 2,3].  Studies of oriented 
membranes permit the bond vectors of labelled prosthetic groups to be determined to high 
resolution, as shown for retinal-d3 in bacteriorhodopsin [4, 5, 6] and bovine rhodopsin [7] and for 
the agonist, acetyl choline-d9 at its binding site in the receptor [8]. 
  Novel magic angle spinning (MAS) NMR methods on membrane dispersions enable high 
resolution-like NMR spectra to be obtained for isotopically labelled ligands at their binding site in 
functional, membrane proteins. In particular, magic angle oriented sample spinning (MAOSS) give 
sensitivity enhancement of 30 – 50-fold, by reducing the wide deuterium NMR lines and focussing 
their intensity into spinning side bands which contain orientational and chemical shift information 
[ 9]. To yield structural information, dipolar couplings can be reintroduced into the spectrum of 
labelled ligands in their binding sites of membrane-bound proteins to give interatomic distances to 
high precision (± 0.5 Å). As examples of the use of deuterated drug analogues, the structure and 
binding site details for an imidazole-pyridine and ouabains, which inhibit the gastric-H+/K+-
ATPase and Na+/K+-ATPase respectively, have been defined to high resolution (±0.3Å) whilst at 
their binding site at their membrane-bound target [10, 11, 12]. Chemical shifts can be measured 
directly to provide details of the chemical nature (electrostatic, hydrophobic or aromatic) binding 
environment for a bound ligand, as shown for acetyl choline in the acetyl choline receptor [13] and 
deuterium labeling provides local dynamic information for the bound agonist [14, 15] and drug 
partitioning [16]. 
 

 [1]. Watts, A. (2005). Nature Drug Discovery (in press) 
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 [3]. Watts, A. (2002) Molecular Membrane Biology, 19, 267-275 
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The FaME38 Engineering Laboratory 
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 Institute for Materials Research, University of Salford, Salford, M5 4WT, UK  
 
 

The ILL and the ESRF are respectively the European centres for neutron and synchrotron 
radiation research and are located on a shared site in Grenoble, France.  They are each 
probably the best in the world in their fields and jointly they are unique.  Engineering 
research is now conducted at many Central Facilities worldwide, but rarely by engineers 
themselves because the facilities and equipment were in general designed for scientific, not 
engineering, research.  Visiting engineers generally do not have an appropriate or sufficient 
scientific background to make use of the facilities, and most Local Contacts, who 
necessarily are scientists, do not have the specialist engineering knowledge that is required 
to provide the extra support that inexperienced engineering users need. 
 
FaME38, the joint ILL-ESRF support Facility for Materials Engineering, was set up in 
2001 as an additional on-site resource to remedy these deficiencies.  Its objective is to 
encourage and to facilitate materials engineering research, by engineers, initially through 
developing strain-scanning capability.   FaME38 provides a ‘Knowledge Centre’, a ‘User 
Centre’, and a ‘Technical Centre’, with facilities to pre-mount samples and to simulate 
scans off-line so as to optimise beam-time utilisation.  It has materials engineering 
equipment including static and dynamic thermo-mechanical loading equipment and 
software to simplify data collection and processing and to enhance analysis.  It is enabling 
the high potential for engineering research at Central Facilities to be realised efficiently 
and for that potential to be exploited academically and industrially.   
 
The presentation describes the development and activities of FaME38 through its start-up 
phase that will be completed in June 2005.  FaME38 support and resources are provided 
equally to all academic users of ILL and ESRF regardless of their national affiliations.  It 
provides advice and assistance to academics with drafting proposals, preparation for and 
the conduct of experiments and with data analysis.  It is also able to provide a full 
measuring service to industry.   
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Future Prospects for Neutron Strain Scanning 
 

Philip Withers 
 

Manchester Materials Science Centre 
 

 
Neutron strain measurement has come a very long way since the first measurements 
on triple axis spectrometers here on D1A.  Since the first dedicated strain instrument, 
ENGIN, at ISIS, the technique has developed significantly and SALSA is part of that 
trajectory of improvement.  In this lecture I will look at what makes a good instrument 
for strain measurement and consider further directions.  I will examine its advantages 
against the faster and higher resolution synchrotron X-ray method. 
 
In particular I will focus on the role of neutron strain mapping in the development of 
new processes and products as well as the assessment of the structural integrity of 
existing plant.  Key to this development is the relationship between neutron strain 
measurements and finite element modelling. 



The use of deuteration in the study of gene delivery systems by 
neutron scattering  

 
DJ Barlow, P Callow, G Fragneto, M Haertlein, V Laux, MJ Lawrence, I 

Parrot, J Talbot, P Timmins 
 

Vesicles formed from natural phospholipids have been overlooked as DNA 
delivery vectors because of the low affinity shown by zwitterionic lipids for DNA. 
Recent studies however have suggested that the interaction of DNA with 
zwitterionic lipids can be enhanced by the addition of physiological amounts of 
divalent ions such as calcium. The aim of the present work was to establish the 
existence and extent of such interactions using the technique of contrast 
matching (using deuterium substitution) in combination with neutron scattering. It 
is clear from these studies that calcium does promote interactions between 
zwitterionic phospholipids and DNA and that these systems might thus make 
suitable (non-toxic) vectors for gene delivery. 
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