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Introduction

Executive Group
Introduction:
This has been a year of challenge, change and opportunity for
the SR Department. Uncertainty on the closure date of the SRS
ended in March 2005 with the announcement that operations
will continue to December 2008. Work on a sunsetting
programme for the SRS was complemented by a hectic year on
the ERLP project and development of the 4GLS conceptual
design report.
The SRS operated with excellent reliability throughout the year
and achieved operational efficiency figures in excess of 95%
and record stored beam lifetimes of greater than 40 hours over
many consecutive months. This level of achievement brings
credit to all staff at the Laboratory who have set aside their
concerns related to closure and demonstrated their
professionalism in supporting SRS operations. Failure of an
internal vacuum component led to the Easter shutdown being
brought forward and some re-scheduling for users. The work
programme associated with this is well advanced and on target
for completion in June 2006.
Planning for the eventual closure of the SRS has advanced and
a station profile has been discussed extensively with the user
community. At the same time we are pleased to be able to
announce that funding for two, collaborative, bending magnet
beamlines at DLS has been confirmed. These will increase the
phase 2 suite of beamlines at Diamond by recycling SRS
beamlines and by sharing scientific and engineering staff.
At the end of September 2005 Mike Chesters retired from
CCLRC. The SR Department wishes Mike well for the future
and gives him a considerable vote-of-thanks for steering us
through the SRS switch-off decision making period, for setting
out the strategy for migration of the user community from SRS
to Diamond and the establishment of on-going SR activities in
CCLRC after the SRS closes.
Large numbers of staff in the Department
are involved in design work on 4GLS and
are busy taking the ERLP project
forward. In the last few months
considerable progress has been
made on the ERLP photoinjector
and on the assembly of the
beam transport system. The first
of the new superconducting
accelerator modules has been
delivered and delivery of the
second module is imminent.
Commissioning of the
cryoplant is also underway.
The North West Science Fund
grant of £2.9 M has started
and will support challenging
R&D programmes using
photon outputs from the ERLP

in the pulsed THz, IR and X-ray regimes. International
collaborations are growing and opportunities for
instrumentation development with, for example, the European
XFEL project are being explored.
Finally, an impressive Conceptual Design Report for 4GLS has
been completed on time and effort has moved onto the much
more detailed Technical Design Report programme.
Two major events were organised to celebrate 25 years of SRS
operation. The first of these was a user community celebration
at the Palace Hotel in Manchester on 12th September 2005;
highlights of this event are included in the report. In addition
to this staff held their own celebration on 6th October 2005 in
a massive marquee. Ian Munro provided the historic look back
starting with the single sheet document containing the original
proposal for the SRS and moving on through the hectic years
of expansion, development and upgrade. On the lighter side,
Bob Cernik brought the house down with a humorous
photographic presentation of the many individuals and
characters who have contributed to the SRS and made the
Laboratory the dynamic place that it is!
The Department continues to strive to provide the best possible
service to SR users whilst looking to the future and marshalling
its resources to best manage the changes to come.
Pat Ridley, Elaine Seddon, Paul Quinn and Tracy Turner
Synchroton Radiation Department Executive Board.
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Facility Development

The Energy Recovery Linac
Prototype (ERLP) and 4GLS
steam ahead
Undoubtedly, the public highlight of the year was the Daresbury Laboratory Open Day held on the 8th of
October 2005. At this, the public were given guided tours of the partly completed ERLP after having the
opportunity to view, in three-dimensions, a fly-through simulation of the fully-finished machine. A snapshot
from the fly-through is shown in fig 1. The popularity of this approach to explaining advanced accelerators
has prompted the team to undertake a similar fly-through for 4GLS.

A Memorandum of Understanding was recently signed
between CCLRC and Sincrotrone Trieste, cementing the
developing ties between the two institutions on free electron
laser activities. Joint accelerator and photon science activities
are already underway and a joint 4GLS/FERMI@Elettra position
has been filled. The results of dynamics experiments on
surfaces are eagerly awaited.

ERLP
Project highlights include the delivery to Daresbury Laboratory of
both the large gun ceramic and the first of two superconducting
accelerating modules for ERLP, see fig 2. Manufacture of these
key items had been subject to major problems and delays that
have now been successfully resolved. Their arrival signaled
the release of two major bottlenecks to the construction of
the ERLP.

The theme of cooperation and cross-fertilisation of ideas
between communities involved with synchrotron radiation, free
electron lasers and table-top lasers was explored and developed
at a ‘Future Advanced Light Sources’ meeting supported by the
European Science Foundation. Held at Daresbury Laboratory at
the end of March, the meeting was very well attended, attracting
world-leading speakers and proved to be a very fertile ground for
extensive networking.

fig 1 Snapshot from the ERLP simulation.

More information: www.4gls.ac.uk
Supported by: OSI, CCLRC, and NWDA.

The 4GLS advisory and steering committees have gathered
several times over the last year and provided a wealth of sound
direction and advice for the Team. Some members of which are
shown in fig 4.

Work on assembling the beam transport system for ERLP has
progressed well in parallel with other ERLP and 4GLS activities;
over half of the assemblies are complete and the work should
be finished by later in the year.
Laser activities associated with ERLP have picked-up this year. In
addition to members of Central Laser Facility (CLF) working on
the laser system for the photoinjector, a Free Electron Laser (FEL)
seeding expert and expertise in sub-picosecond relativistic
electron beam diagnostics, have strengthened the Team.
Complementary high-power laser expertise will soon follow.

fig 3 A schematic of 4GLS.

fig 2 The ERLP superconducting booster at DL.

4GLS
Release, in March 2005, of funds to undertake detailed 4GLS
design work has led to a surge of activity that has helped to give
substance to the design of the 4GLS machine, which is shown as
a schematic in fig 3. The current status of all elements of the
design work is presented in a lengthy 4GLS Conceptual Design
Report (the 4GLS CDR) that can be found at:
http://www.4gls.ac.uk. This report will be followed next year by a
Technical Design Report (TDR) that will add further detail to the
initial design concepts contained in the CDR.

Northwest Science Fund
Activities on the £2.9M grant awarded by the Northwest
Science Fund ‘kicked-off’ in earnest in December 2005. Key
positions were filled and two lasers specified. The first, a highpower Ti-sapphire based system generating femtosecond pulses
over the range 1800-240 nm, will be used for a programme of
dynamics experiments involving laser light and synchrotron
radiation. The second, a 10 Hz, 0.8 Joule per pulse, 100
femtosecond system is on order, will be placed alongside ERLP
in order to generate short pulses of X-rays by scattering and
shifting in energy the pulses of laser light by the relativistic
electron bunches in the energy recovery linac. This process is
known as Thompson scattering or, more commonly, Compton
back-scattering. A third activity, involving the interaction of
so-called ‘T-rays’ (Terahertz frequency light) on human tissues
and work on a Tissue Culture Facility will start shortly.

fig 4 Some of the 4GLS Team members who
have contributed to the design and build of
ERLP and the 4GLS design studies.

For more information contact:
Elaine Seddon
Tel: 01925 603245
Email: e.a.seddon@dl.ac.uk
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Biology and Medicine

The nitrogen cycle is as important for life on Earth as the photosynthesis cycle. Fixing atmospheric nitrogen
into ammonia and nitrates is essential for plant growth. Re-cycling the fixed nitrogen to the atmosphere
by biological reduction of nitrates to nitrogen gas via nitrite, nitrous oxide and nitric oxide, is termed
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fig 4 The T2Cu site of the enzyme with endogenously-bound NO at
1.12 Å resolution.
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bond breakage to form a stable nitrosyl intermediate, and
clearly reveal the side-on mode of binding of nitric oxide.
The very high resolution of the experiments reveals two
conformations of the Aspartate 98 residue (number 98 of the
336 amino acids), that are linked quantitatively with the
variable occupancies of the Leucine 106 residue (one of several
hydrophobic residues forming the active site cleft), the
substrate, water molecules and the catalytic type 2 copper. In

the nitrite-bound derivative, fig 3, the Aspartate 98 side-chain
assumes a dual ‘gatekeeper’ conformation, linking the proton
access channel to the substrate entry pocket. This second
conformation is absent in the nitric oxide bound structures,
fig 4. In the atomic resolution resting-state structure, fig 1,
where a water molecule is bound to the type 2 copper,
Aspartate 98 again adopts a dual conformation. The two
positions of the Aspartate 98 side-chain are mirrored by two
distinct orientations of the Leucine 106 residue. A clearly
defined and well conserved water network from the type 2
copper atom to the surface is seen in these structures.
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S Antonyuk, R W Strange, G Sawers, RR Eady and
SS Hasnain.
Atomic Resolution Structures of Resting State, Substrate and
Product-Complexed Cu Nitrite provide insight into Catalytic
Mechanism. Proc Natl Acad Sci USA 2005 102, 12041-12046.
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The importance of denitrification lies in its environmental
impact in the removal of polluting nitrates from groundwater
and in the generation of nitrous oxide as a potent greenhouse
gas. This study has used high throughput structure
determination, crystal harvesting and atomic-resolution data to
trap and define different reaction intermediates of a key step
in denitrification, the point where fixed nitrogen in the soil is
first converted to a gaseous product, resulting in a significant
transfer of nitrogen from the soil to the atmosphere.

Supported by: BBSRC, MRC, EPSRC, NWDA and CCLRC.

O

lle257B

The nitrite and nitric oxide bound crystals represent
substrate/product adducts of AcNiR that have remained
essentially stable due to the curtailment of enzyme turnover
under conditions used for the isolation of the enzyme. The
trapping of a stable nitric oxide bound intermediate in the
crystal strongly suggests that nitrite is required for further
turnover of the enzyme, arguing that an ordered displacement
mechanism is required to release nitric oxide and regenerate
the oxidised type 2 copper site.

General References:
The mechanism of nitrite reduction involves the initial binding
of nitrous acid (HNO2) to the type 2 copper of the oxidised
enzyme. This is followed by reduction of the copper atom and
dehydration of bound intermediate, the release of nitric oxide,
and reformation of the oxidised enzyme. Initially, the resting
enzyme had a water molecule bound to the oxidised type 2
copper site. This water is also H-bonded to the negatively

fig 1 The T2Cu site of the resting state enzyme at 0.9 Å resolution.

Crystal harvesting techniques were used to isolate several
novel stable species of Achromobacter cycloclastes Nitrite
Reductase (AcNiR) with bound nitrite or nitric oxide, or both.
Structures of these trapped intermediates were obtained at
atomic resolution, together with that of the resting enzyme at
0.9 Å, fig 1. These are the highest resolution crystal structures
for this class of enzyme, allowing identification of the
substrate channel and the amino acid residues involved in
delivering the substrate from the port of entry to the catalytic
copper. Key structural changes in the positioning of amino acid
residues in the catalytic pocket were also revealed for the first
time. The relationship between the substrate, electron transfer
and proton delivery channels are shown in fig 2. These data,
measured on Station 10.1, have provided unprecedented
insight into the mode of nitrite binding, electron delivery, and

His306B

Surface

fig 2 The T1 to T2 Cu electron transfer pathway, the proton pathway
and substrate entry channel. The proton channel is formed from two
adjacent monomers. Water molecules filling the proton and substrate
entry channels have been omitted for clarity.
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The consecutive reactions of the denitrification pathway are
catalysed by distinct oxido-reductases, enzymes that variously
contain molybdenum, iron, copper or haem centres. The
Molecular Biophysics Group at Daresbury has studied the
copper-containing nitrite reductases (CuNiRs) that catalyse the
reduction of nitrite (NO2-) to nitric oxide (NO). CuNiRs function
as trimeric molecules, with each of the three monomers
containing 336 amino acids and two copper atoms – a
“type 1” copper atom (T1Cu), that is an electron donor to
the “type 2” copper atom (T2Cu), where catalysis takes place.
To understand the enzyme mechanism in detail, protein
crystallography was used to determine the structures of
intermediates in the catalytic cycle.

charged Aspartate 98 residue, fig 1. Nitrite binds to the type 2
copper, fig 3, via O-coordination, displacing the bound water
molecule. The binding of nitrite facilitates electron transfer
from the type 1 copper. On reduction of the type 2 copper a
proton is transferred from the Aspartate 98 to the nitrite,
forming the intermediate Cu+NOOH. Histidine 255 then
donates a second proton that facilitates cleavage of the O-NO
bond to form nitric oxide, fig 5. To complete the cycle, nitric
oxide then dissociates to leave water bound to the oxidised
type 2 copper.

O
Cu2+

H
N
O

O
Cu+

Internal T1 to T2 ET
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fig 5 Proposed catalytic cycle of Nitrite reduction.
fig 3 The T2Cu site of the nitrite-soaked enzyme at 1.10 Å resolution.

For more information contact:
S Antonyuk
Tel: 01925 603625
Email: s.antonyuk@dl.ac.uk

R Strange
Tel: 01925 603441
Email: r.w.strange@dl.ac.uk

9

SRD Annual Report 2005-2006
Biology and Medicine

Around the ring in eighty
days: an exploration of the
RNA degradosome via
many SRS ports

General References:
MF Symmons, GH Jones and BF Luisi.
A duplicated fold is the structural basis for polynucleotide
phosphorylase catalytic activity, processivity, and regulation.
Structure 2000 8, 1215-1226.
AJ Callaghan, JP Aurriko, JG Grossmann, K Kühnel,
L Poljak, P Ilag, C Robinson, V Chandran, AJ Carpousis,
MF Symmons, and BF Luisi.
Studies of the RNA degradosome-organising domain of the
Escherichia coli RNase E. J. Mol. Biol. 2004 340, 965-979.

In the standard dogma of molecular biology, as stated by Francis Crick, genetic information encoded in DNA
is converted into real information by first transcription into an RNA messenger, and second by translation
into a polypeptide, which serves to generate the machines and structural scaffolding upon which the
activity of the cell is dependent. It might seem surprising that the creation of the RNA messages is matched
by their destruction, but these counteracting processes maintain a delicate balance that keeps information
flow optimal.
In bacteria, such as the stomach-dwelling Escherichia coli and
related bacteria, a multi-enzyme assembly known as the RNA
degradosome is involved in the destruction of the short-lived
RNA messages. The activity of the degradosome has been
shown to have a key role in the regulation of gene expression,
as well as checking the fidelity of RNA and processing key RNA

species into their active forms from longer precursors. The
scaffold of the degradosome is formed by the essential
endoribonuclease RNase E. The other components of the
degradosome are an ATP-dependent RNA helicase, a
phosphoryolytic exoribonuclease, and the glycolytic enzyme
enolase. Measurements were carried out at a number of
different stations at the SRS to examine the components and
sub-assemblies of the RNA degradosome in order to understand
its mechanism and generate testable hypotheses about
its function.
It was proposed that RNase E has a quaternary structure
supported by bound metal. In support of this hypothesis, X-ray
data collected at Station 16.5 was used to determine that the
enzyme indeed contained zinc. The same station, using a fine
energy scan, showed that the zinc in RNase E was coordinated
by sulphur atoms, consistent with the suggestion that the metal
is bound by cysteine residues.
In addition to several of the other RNA degradosome
components, X-ray solution scattering was used to obtain a
molecular shape for RNase E catalytic domain using data
collected at Station 2.1. Diffracting crystals of the catalytic
domain of RNase E were obtained. Data collected at the protein
crystallography Station 14.2, were used to solve the crystal
structure of this catalytic domain in complex with singlestranded RNA at 2.9Å resolution, fig 1. This domain is highly
conserved in bacteria, and the crystal structure explains how the
enzyme recognises and splits RNA targets. Structural results also
indicated that the enzyme may undergo an allosteric transition
with the binding of more complex RNA substrates. Incidentally,
there was a good agreement in the shape, determined for
RNase E domain using these low and high resolution techniques.

fig 1 The homo-tetramer of RNase E catalytic domain. The cylinders
represent alpha-helices, and the ribbons beta strands. The pink spheres
represent zinc ions and the grey spheres magnesium ions at the active
sites. The four bound RNA molecules are shown in purple. To emphasise
the subunit arrangement in the tetramer, two of the subunits have been
coloured blue, and their partners grey.

The C-terminal half of RNase E outside the crystallographically
characterised catalytic domain provides the scaffold of the
degradosome. Using Station 2.1 it was possible to show that this
domain has little intrinsic globularity and this was corroborated
by circular dichroism data collected at Station 12.1.

fig 2 A cartoon of the speculative model of the RNA degradosome
assembly, based on crystal structures of the components, such as the
catalytic domain of RNase E shown in fig 1. These lie in the centre of
the assembly, and the other objects that associate with the RNase E
include the enzymes polynucleotide phosphorylase (blue ovals), enolase
(yellow ovals) and the two-domain helicases (cyan and purple ovals).
Both the scaffold domain of RNase E and enolase have been implicated
in the turnover of specific transcripts.

The data enabled identification of the small segments of this
enzyme that mediate the protein-to-protein interactions in the
degradosome. Based on the pattern of sequence conservation,
it was proposed that the RNase E based degradosome
machinery is conserved with similar organisation in other
bacteria. The association of enolase within the RNA
degradosome is mediated by a small segment of roughly a
dozen residues that lie within a natively unstructured
sub-domain of the C-terminal half of RNase E. The crystal
structure of enolase in complex with its recognition site from
RNase E in the degradosome was solved at 1.6 Å resolution.
Recognition is mediated through residues that are well
conserved in RNase E homologues found in bacterial pathogens
of animals and plants, such as Salmonella typhimurium, Yersinia
pestis, Yersinia pseudotuberculosis, Shigella flexneri and Erwinia
carotovora. It is likely that enolase is recruited into RNA
degradosome machinery in these bacilli, where it plays
common regulatory functions related to the response to signals
from phosphosugar stress and other conditions. In addition, the
structure of polynucleotide phosphorylase has been elucidated
with the help of data collected at the PX stations and this is
structurally similar to the RNA degradative machinery of
organisms that have cellular nuclei.
Through heterotypic protein-protein interactions, the
degradosome may serve as a mediator to link cell metabolic
status to global and specific regulation at the post-transcriptional
level. It is desirable to understand how the subunits are
organised in this machine, and how they might interact
together to recognise complex RNA molecules and work in
unison. Fig 2 shows a cartoon schematic model of the RNA
degradosome. The model is highly speculative, but the authors
feel that it is a good guess based on the crystal structure of
the key components and other data on the sub-assemblies
available to date. Further elaboration on this model and how
the degradosome machine might function are to be studied
on the next voyage around the synchrotron.

AJ Callaghan, Y Redko, L Murphy, JG Grossmann,
D Yates, E Garman, L Ilag, CV Robinson, MF Symmons,
K McDowall, and BF Luisi.
The ‘Zn-link’: A metal-sharing interface that organizes the
quaternary structure and catalytic site of the endoribonuclease,
RNase E. Biochemistry 2005 44, 4667-4675.
AJ Callaghan, MJ Marcaida, JA Stead, KJ McDowall,
WG Scott, and BF Luisi.
The structure of E. coli RNase E catalytic domain and
implications for RNA turnover. Nature 2005 437, 1187-1191.
V Chandran, and BF Luisi.
Recognition of enolase in the Escherichia coli RNA
degradosome. J. Mol. Biol. 2006 358, 8-15.
Supported by: Wellcome Trust.

For more information contact:
AJ Callaghan
Tel: 01223 766019
Email:anastasia.callaghan@port.ac.uk

BF Luisi
Tel: 01223 766019
Email:bf120@mole.bio.cam.ac.uk
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Accessing the information
within DNA

PspF1-275 P65 crystallographic hexamer

Understanding how information in DNA can be accessed remains a major challenge, and underpins the
development of strategies to manage many aspects of agriculture, the environment and health care. Gene
transcription is an essential and tightly regulated process. The RNA polymerase complex is conserved from
bacteria to man. Transcription activators and repressors are the final players able to control which genes are
turned on or off when exposed to external and internal stimuli. This research helps to understand the
transcription activation process involving the

σ54 factor in bacteria which use the energy derived from ATP

hydrolysis to induce transcription activation. Recent work identifies an atomic switch pair within the activator
protein that senses the stages of ATP hydrolysis and relays the information through a conformational
signalling pathway to the

Gene expression is regulated at the level of RNA polymerase
(RNAP) activity. To ensure specificity, RNAP is recruited to the
promoter DNA site via its dissociable subunit – the sigma (σ)
factor. In bacteria, two types of σ factors exist, the σ70 and
the σ54. These two classes of σ factors differ, in sequence, in
the promoters they recognise and in their activation mechanisms.
RNAP/σ/promoter DNA form closed complexes that need to be
converted into transcriptionally competent open complexes
before active transcription can occur. While the
RNAP/σ70/promoter DNA closed complex can spontaneously
convert into an open complex, activation of the

A.

L2

L1

Magenta: central β-sheet
Cyan: α-helices
Blue: L1 loop containing the GAFTGA motif
Red: L2 loop

σ54 and RNA polymerase.

B.

α/β
subdomain

RNAP/σ54/promoter DNA closed complex depends on specialised
activator proteins. σ54 transcriptional activator proteins contain
three domains: an N-terminal regulatory domain, a central
domain responsible for ATPase activity, σ54-RNAP interaction and
transcription activation and a C-terminal DNA binding domain.
The central domain belongs to the large AAA+ (ATPase
Associated with various cellular Activities) family of proteins and
is often inhibited by the N-terminal regulatory domain. σ54
transcriptional activators bind Upstream Activating DNA
Sequences (UAS) via their C-terminal domain and form higher
order oligomers. They then contact the σ54-RNAP-promoter DNA
complex via DNA looping. Because σ54 transcriptional activators
exert their action from remote DNA sites and
resemble in this respect the eukaryotic
enhancer-binding activator proteins,
they are also known as bacterial
Enhancer-Binding Proteins (EBPs).

σ54

N
C
α helical
subdomain

PspF1-275

PspF, a model EBP from Escherichia
coli, lacks the N-terminal regulatory
domain and is therefore
constitutively active. It has been
shown to form a stable oligomeric
complex with σ54 at the point of ATP
hydrolysis. This complex induces
changes in promoter DNA that
resemble those occurring during
open complex formation. This state is
thought to represent the functional
state, during which the energy
released from ATP hydrolysis occurring
in the activator is actively transferred to
the promoter DNA and is therefore termed
1-275 6
the ‘energy coupling’ state. The highly
conserved and EBP-specific GAFTGA amino acid
x
motif is the mechanical determinant that is responsible
for the successful transfer of energy from ATP hydrolysis in
Enhancer-Binding Proteins, to the RNA polymerase holoenzyme
via σ54.

(PspF )
ADP.AlF

fig 1 Crystal structure of PspF(1-275) and fitting of the PspF(1-275)
crystal structure into the EM electron density map of the
PspF(1-275)-ADP.AlFx-σ54 complex.

fig 2 Crystallographic P65 PspF hexamer. L1 loop which contains the
highly conserved GAFTGA motif is on the hexamer surface and is
highly flexible. GAFTGA motif is shown to be involved in stable σ54
interactions. Our data identify L2 as an important loop coordinating
the position and functionality of L1.

The lack of structural information has hindered progress
towards understanding the basis of the energy transfer process
required for transcriptional activation. This work combined
different techniques in order to analyse in depth one such
system: 1) Nano-electro spray mass spectrometry was used to
determine the exact stoichiometry of the complex between
PspF’s AAA+ domain, residues 1-275, (PspF(1-275)) and σ54 at
the point of ATP hydrolysis, as mimicked by the in-situ formed
ADP.AlFx, 2) Cryo-electron microscopy was used to determine
the organisation and architecture of the PspF(1-275)-ADP.AlFxσ54 complex , and 3) X-ray crystallography was used to
determine the high resolution structure of PspF(1-275).

To further analyse the cryo-electron microscopy map of the
PspF(1-275)-ADP.AlFx-σ54 complex, the crystal structure of native
PspF(1-275) was solved using MAD phasing and native crystals
diffracting to 1.7Å resolution at Station 14.1, fig 2. The
structure adopted a typical AAA+ fold, consisting of an
N-terminal α/β Rossmann subdomain followed by a small
C-terminal a-helical subdomain. The GAFTGA motif formed
the tip of a loop (L1) inserted into helix3 of the α/β subdomain.
Another loop (L2) consisting of residues 130 to 139 was
inserted between helix4 and strand4 also in the α/β
subdomain. The extremities of both loops (L1 and L2) show
high degrees of flexibility with the tip of L1 being the most
flexible, as no electron density was observed for residues 82-89.
A PspF(1-275) monomer was visually fitted into the cryo-electron
microscopy map as a rigid body. This fitting positioned L1
and L2 loops in close proximity to the connecting densities
contacting σ54. At the point of ATP hydrolysis, certain L1 and
L2 loops extend upwards allowing PspF to stably interact with
σ54. This structural study together with mutagenesis results led
to the identification of a hydrogen bonding network, believed
to be responsible for transmitting changes originating in
the nucleotide binding pocket to the distal L1 and L2 loops
responsible for substrate binding. This data unveils the
mechanism through which ATP hydrolysis is coupled to
conformational and positional changes in both the L1 and L2
loops that ultimately influence the structure of
σ54/RNAP/promoter DNA closed complex, allowing transcription
to initiate.
General References:
M Rappas, J Schumacher, F Beuron, H Niwa, P Bordes,
S Wigneshweraraj, CA Keetch, CV Robinson, MBuck, and
X Zhang.
Structural Insights into the Activity of Transcriptional EnhancerBinding Proteins. Science 2005, 307, 1972-5.
Supported by: BBSRC.

Nano-electro spray mass spectroscopy of the PspF(1-275)ADP.AlFx-σ54 complex established that six monomers of
PspF(1-275) are in complex with a monomeric σ54, consistent
with AAA+ proteins functioning as hexamers.
The 3-dimensional reconstruction of the PspF(1-275)-ADP.AlFxσ54 complex (~240 kDa) obtained by cryo-electron microscopy
of native samples shows a PspF(1-275) hexamer interacting with
one σ54, fig 1. The clear hexagonal PspF ring structure has
dimensions consistent with other hexameric AAA+ proteins.
There is clear ‘horseshoe’ shaped extra density located ~15Å
above the hexameric ring which we attributed to σ54. This
‘horseshoe’ shape extra density resembles the earlier envelope
model of σ54.
The 3D electron density map shows clear densities connecting
the PspF(1-275) ring to σ54. Based on earlier biochemical results,
it was postulated that the connecting densities found almost at
right angle to the PspF(1-275) ring marked the location of
certain GAFTGA motifs within the PspF(1-275) hexamer in
stable association with Region I of σ54.

For more information contact:
Mathieu Rappas and Xiaodong Zhang.
Tel: 020 7594 3151
Email: xiaodong.zhang@imperial.ac.uk
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New light shines on skin
cancer drugs
We all like to feel the warmth of the sun on our skin, but we are also all aware of the dangers of overexposure to ultra-violet light. Skin cancers are the most common form of cancer in Caucasians in the UK and
around the world. One form of skin cancer, melanoma, is responsible for only about 7% of cases but results
in 75% of deaths. New work at Daresbury’s Free Radical Research Facility is uncovering potential targets for

orthoquinone of salsolinol whose oxidative metabolites may be
responsible for neuronal damage in alcoholism, and (3) the
orthoquinone of tetrahydropapaveroline whose oxidative
metabolism may play a role in both alcohol addiction and
Parkinson's disease.

possible using conventional enzymatic oxidation, since in this
case the rate-determining steps are far too slow to attain
sufficient concentrations of orthoquinones. Furthermore, since

eaq- + OH•

H2O

eaq- + N2O → OH• + N2 + OH¯
OH• + Br¯ → OH¯ + Br•
Br• + Br¯ → Br2•¯

new drugs to treat this killer condition.

The series of spontaneous and enzyme-catalysed reactions
through which melanin is synthesized is known as the RaperMason pathway, after the principal early investigators
responsible for delineating the main steps in the sequence.
The currently accepted version of this pathway is shown in
Scheme 1.
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Work by investigators using the Free Radical
Research Facility at Daresbury has focused on one of
the important early steps in the synthesis of
melanin, the spontaneous cyclization of quinone
amines. This step is a crucial stage in determining
not only the rate at which melanin is generated but
is also a point at which the reaction pathway can
branch to produce different types of melanin;
brown/black so-called eumelanin, red/brown
phaeomelanin or, in arthropods, the hardening
(sclerotization) of the exoskeleton. The reactions in
question are fast reactions and can only be studied
by pulse radiolysis. The methodology involves the
indirect radiolytic generation of semiquinone radicals
using the linear accelerator module of the Daresbury
synchrotron, from which the experimental quinones
are formed by rapid disproportionation, Scheme 2.

benzothiazine

kG
PHEOMELANINS

We have previously shown that pulse radiolytic
oxidation of dihydroxybenzenes by one-electron
oxidising radicals, in particular dibromide radical
anions, followed by disproportionation of the
resultant semiquinones, is a unique means of rapidly
generating, within a millisecond or so, high enough
instantaneous concentrations of the corresponding
shortlived orthoquinones to allow the direct
observation of their reactions. This is indeed how
the rate constants given in the legend to Scheme 1
were determined. Such measurements are not

Scheme 1 The Raper-Mason pathway for phase I melanogenesis. All the rate constants for the spontaneous reactions given in this scheme were
measured using the equipment situated at the Free Radical Research Facility at Daresbury, and provide the first direct proof of the Raper-Mason scheme
for early melanogenesis. kA = 3.8 s-1; kB = 5.3 x 106 M-1s-1; kC = 3 x 107 M-1s-1; kD = 8.8 x 105 M-1s-1; kE = 10 s-1; kF = 6.0 s-1; kG = 0.5 s-1; kH = 1.4 x
106 M-1s-1; kI = 1.6 x 105 M-1s-1. An example of the raw data from which such rate constants are obtained is given in fig 1. In this particular case, it
allowed the estimation of kB, the rate constant for the reaction of cyclodopa with dopaquinone to form dopachrome.

Br2•¯+ QH2 → QH• + 2Br¯ + H+
2QH• → Q + QH2
Scheme 2 The figure shows the main primary radical species formed on
radiolysis of water and their reactivity to form one electron oxidant (Br2.-)
followed by the oxidation of stable hydroquinones (QH2) to form
unstable ortho-quinones (Q).

the yields (G values ) for the numbers of primary radicals,
Scheme 2, produced for a given dose of radiation are well
established, this technique allows the accurate measurement of
the concentrations, and hence molar absorption coefficients, of
the orthoquinone reaction products. Examples where the
usefulness of the pulse radiolytic method of preparing
biologically important unstable orthoquinones from the
corresponding stable catechols has been demonstrated, are in
the preparation of (1) the orthoquinone of 3,4-dihydroxymandelic
acid which may be involved in insect sclerotization, (2) the

Further Information: www.frrf.dl.ac.uk
1. EJ Land, CA Ramsden and PA Riley.
Tyrosinase autoactivation and the chemistry of ortho-quinone
amines. Accounts of Chemical Research, 2003, 36, 300-308.
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2. EJ Land, CA Ramsden and PA Riley.
Toxicological aspects of melanin and melanogenesis. In The
Pigmentary System: Physiology and
Pathophysiology, 2nd Edition (eds. JJ Nordlund,
RE Boissy, VJ Hearing, RA King, WS Oetting,
J-P Ortonne), Blackwell Scientific, Oxford. 2006
p. 354-394.

(iii)

Supported by: EU, EPSRC, Unilever and Merck.
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the amino acid, tyrosine, which is converted to dopaquinone
and thereafter, through a series of intermediates, to melanin.
Lack of tyrosinase leads to albinism, a condition in which
melanin is absent.

Melanin is the most widely distributed surface pigment in the
animal kingdom. The major function of the dark pigment is to
act as an absorptive barrier to sunlight. In mammals, melanin is
synthesized in specialized cells called melanocytes. These cells
possess membrane-bound organelles called melanosomes which
are the fusion product of vesicles that contain a protein
framework and modified lysosomes that carry the oxidative
enzymes responsible for the synthesis of melanin. Of these the
principal enzyme is tyrosinase. This can catalyse phenol oxidation
in two ways: by hydroxylation and dehydrogenation of
monohydric phenols (cresolase activity); and by dehydrogenation
of dihydric phenols (catecholase activity). The initial substrate is

The work at Daresbury has recently looked at the influence of
side-chain structure on the mode of reaction of orthoquinone
amines, with a view to developing methods of therapeutic
intervention that could be used to treat malignant melanoma.
Melanoma is a cancer of pigment cells which has an increasing
incidence, affects a young age cohort and has proved difficult
to treat by currently available methods. Since most melanomas
are highly pigmented, one proposed therapeutic approach uses
the synthetic pathway for melanin production as a targeting
strategy for chemotherapy. One mechanism uses a targeted
agent to kill cancerous cells which is released from a drug
precursor molecule by a cyclization-induced labilization of a
hydrolysable linkage. Recent data obtained from four Nsubstituted dopamine derivatives have shown the cyclization
process to be complex with small alterations in side-chain
structure leading to different products. On the basis of these
data some compounds – catechol amides, ureas, and
carbamates – have been excluded from further study but others
are being investigated as potential tyrosinase-activated
antimelanoma drugs.
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fig 1 (i) Shows a plot of the optical absorbance at 480 nm, the wavelength maximum of
dopachrome absorbance, vs. time, following pulse radiolysis of 5 x 10-3 M dopa in the
presence of 7.5 x 10-5 M cyclodopa. The solution was saturated with N2O and also contained
10-2 M KBr and 10-2 M phosphate buffer, pH 7.4. Here most of the dopachrome is formed by
reaction of dopaquinone with cyclodopa. However, some cyclodopasemiquinone, again
absorbing at 480 nm, resulting from the reaction of Br2·¯ with cyclodopa, is also formed in
the experiment. (ii) Shows the contribution to (i) of cyclodopasemiquinone decay to
dopachrome calculated from a separate experiment using cyclodopa alone (+N2O, buffer and
KBr). (iii) Shows the corrected absorbance vs. time plot for the reaction between dopaquinone
and cyclodopa from which kB was calculated.

For more information contact:
Prof. EJ Land
Tel: 0161 445 7694
Email: e.land@mighty-micro.co.uk
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Searching for spin in
semiconductors

0

Over the past 30 years, the continued down-scaling of silicon-based chip technology has allowed the
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microelectronics industry to develop into one of the world’s largest economic sectors. However, fundamental

crystallographic axes of the sample, spectral features with
cubic and uniaxial symmetry can be separately distinguished.
These features can be respectively attributed to localised
manganese 3d states, and to p-d hybridised states close to the
Fermi energy. These conclusions are supported by
measurements as a function of manganese doping, and
comparisons to atomic multiplet calculations. The ability to
determine the symmetry and hybridisation of the dilute
magnetic impurities, in addition to their magnetic properties,
makes XMCD a powerful tool in the quest for new materials
for spin electronics.

limits imposed by current leakage and heat dissipation will soon make further downscaling impossible, so
that alternative technologies are actively being sought. Low-dissipation, non-volatile devices based on the

-10

0
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manipulation of electron spin, in addition to charge, offer one of the most promising routes, and the first
generation of spin-based memory chips, magnetic random access memory (MRAM) are currently moving
into production.

(Ga,Mn)As

(Zn,Mn)O

p↑

↑

EF
↑
p

d↑

fig 1 Manganese ions substituting at the gallium site in GaAs (left)
form a spin-split acceptor level. Interactions between the localised
d-electrons are mediated by host-like itinerant p states, illustrated by
the cartoon on the right.

advantages for applications in spin electronics, including
compatibility with mainstream semiconductor technology,
high-spin polarisation, and the potential for qualitatively new
functionalities due to their close interplay of magnetic, electric
and optical properties.
However, there is a problem. Ferromagnetic semiconductors
lose their magnetic ordering at a critical temperature TC,
which currently lies below –100 °C. Much effort has therefore
been devoted to developing ferromagnetic semiconductors
which are capable of operating well above room temperature.
For example, a TC above room temperature has been predicted

650
Photon energy (eV)

fig 3 High-resolution XMCD spectra from (Ga,Mn)As, showing a
pronounced dependence on the angle between the magnetisation
and the crystallographic axes. Features marked A and B show
respectively a uniaxial and cubic anisotropy.

One of the most promising families of materials for future
generations of spin-based microelectronics are the dilute
ferromagnetic semiconductors. Here, small quantities of
transition-metal ions, such as manganese (Mn) are
incorporated within a semiconductor lattice, e.g. gallium
arsenide (GaAs). Interactions between itinerant electrons and
local magnetic moments give rise to a long-range magnetic
order, as shown in fig 1. Such systems have a number of

d

640
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60 90
Polar angle

640

650
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fig 2 Mn L-edge X-ray absorption spectra for opposite directions (red,
blue) of the magnetisation, and difference (XMCD) spectra (black), of
~3% manganese impurities in gallium arsenide (top) and zinc oxide
(bottom), at temperature 30 K.

for gallium arsenide doped above 10-12% with manganese,
although incorporation at a level so much higher than the
equilibrium solubility represents a considerable challenge. Early
theoretical studies predicted that a much higher TC may be
possible for doped wide bandgap semiconductors such as
gallium nitride (GaN) or zinc oxide (ZnO), but it is now
understood that in these systems the magnetic impurity state
lies too close to the centre of the gap to provide the necessary
itinerant charge carriers. Meanwhile, experimental studies have
continued, and evidence for high temperature magnetic order
has been reported for a number of transition-metal-doped
semiconductor systems. However, due to the small magnetic
signals involved, it is often difficult to rule out the effect of
magnetic phase segregation.

The chemical-specific magnetic information provided by X-ray
Magnetic Circular Dichroism (XMCD) makes this an ideal
technique for unravelling the magnetic order of candidate
ferromagnetic semiconductors. In XMCD, core level X-ray
absorption spectra are measured for different orientations of
the sample magnetisation with respect to the circular
polarisation vector of the incoming X-rays. A number of
established and candidate ferromagnetic semiconductors were
recently investigated on Station 5U.1 using Daresbury’s
Portable Octupole Magnet System (POMS). This system allows
external magnetic fields to be applied along any direction,
giving maximum versatility for magnetic dichroism
experiments.

General References:
KW Edmonds, G van der Laan, AA Freeman, NRS Farley,
TK Johal, RP Campion, CT Foxon, BL Gallagher and
E Arenholz.
Angle-dependent X-ray magnetic circular dichroism from
(Ga, Mn)As: anisotropy and identification of hybridized states’,
Physical Review Letters 2006, 96: 117207.
T Jungwirth, J Masek, KY Wang, KW Edmonds,
M Sawicki, M Polini, J Sinova, AH MacDonald,
RP Campion, LX Zhao, NRS Farley, TK Johal,
G van der Laan, CT Foxon and BL Gallagher.
Low temperature magnetization of (Ga,Mn)As semiconductors.
Physical Review B 2006, 73: 165205.

Films were prepared either by low temperature molecular
beam epitaxy at Nottingham University, or by magnetron
sputtering at Daresbury Laboratory. A set of XMCD
measurements is shown in fig 2. For (Ga,Mn)As, a large
XMCD response is observed, due to the ferromagnetic
ordering of large localised magnetic moments on the
substitutionally incorporated manganese ions (close to
5µB/atom). In contrast, for (Zn,Mn)O only a weak XMCD signal
is obtained, consistent with a paramagnetic ordering of the
dopant ions. Inspection of the absorption spectra also shows
that for (Zn,Mn)O, the lineshape shows the characteristic
multiplet structure of highly localised manganese ions, with
little evidence for interaction with neighbouring ions. In
contrast, for (Ga,Mn)As, the multiplet structure is somewhat
suppressed due to p-d hybridisation.
The intense light from 3rd generation synchrotron sources
provides further opportunity to probe the structure and
symmetry of the dilute magnetic impurities. For example, the
Nottingham-Daresbury team recently observed a remarkable
anisotropy of XMCD spectra from (Ga,Mn)As during
measurements at the European Synchrotron Radiation Facility
(ESRF), shown in fig 3. By rotating the polar and azimuthal
angles of the magnetisation with respect to the

For more information contact:
Dr N Farley
Tel: 01925 603470
Email: n.r.s.farley@dl.ac.uk

Dr K Edmonds
Tel: 01158 467058
Email: kevin.edmonds@nottingham.ac.uk
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Biomimetic membranestructures formed by
amphiphilic block
copolymers in water
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The ability of biological membranes to generate controlled architectures with sizes ranging from nanometres
to micrometres has been mimicked by synthetic amphiphilic copolymers. By understanding how to do
synthetically what nature does automatically, new potential applications in a range of areas will be opened up.

2000
0

enclosed by exploiting the formation of amphiphilic membranes
with thicknesses of a few nanometres and a size that varies
from hundreds of nanometres to even metres. Such a reduction
into two dimensions increases efficiency considerably and opens
opportunities for irreversible charge separation and transitory
storage of energy in the form of chemical potential gradients.

One of the most outstanding examples of self-assembly is the
formation of supra-molecular structures from non-covalent
interactions between water and dual-nature (hydrophilic and
hydrophobic) compounds known as amphiphiles. Surfactants,
detergents, soaps and phospholipids belong to this class of
self-assembly compounds. Phospholipids, particularly, are able
to form supra-molecular membranes that play a central role in
both the structure and function of all animal and plant cells.
Indeed, life in all its diversity involves the chemical and physical
transformation of several biochemical entities such as proteins,
nucleic acid, carbohydrates, lipids etc. Such complex
manipulations take place in highly organised spaces all
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Recently, the ability to engineer functional and dynamic
structures has been mimicked by synthetic amphiphiles. In
particular, new advances in polymer chemistry have allowed
the design of a new class of amphiphilic membranes based on
amphiphilic block copolymers. Synthetic amphiphiles can be
considered as “super” amphiphiles as they
have molecular weights much higher than
Experimental data
biological amphiphiles and therefore they
Monodisperse vesicles
generate highly entangled membranes
providing the final structure with improved
mechanical properties. This unique structure
also has the intrinsic advantage that once it
is formed the kinetics of destabilisation can
be very slow and consequently the lifetime
of these supra-molecular structures is much
0.025 0.030 0.035 0.040
longer than their biological analogues.
q/A
Furthermore, the wholly synthetic nature of
Bulk rehydration
such copolymers allows the application of
different compositions and functionalities
over a wide range of molecular weights and
consequently of membrane thicknesses. This
new class of nanometre-sized aggregates
has important applications for drug delivery
100µm
systems and any other application where
Sonication
molecular-level architecture control is a
significant asset.
-1
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fig 1 (a) EB polymer membrane morphology visualised by negatively-stained TEM micrograph.
(b) SAXS pattern of the EB polymer vesicles' dispersion compared to a theoretical pattern of
monodisperse vesicle dispersion with same membrane thickness. (c) membrane thickness scaling
with the molecular weight. (d) different EB polymer vesicle size as a function of the preparation
method.

At low concentrations, membrane-forming
amphiphiles assemble into membranes
which bend and close to form an aqueous
spherical volume surrounded by the
amphiphilic membrane. This structure is
known as a vesicle. In fig 1a the membrane
morphology formed by poly(ethylene oxide)poly(butylene oxide) (EB) copolymers is

Interconnected
Vesicles

Hexagonal rods

Dry

0.5
Water content / w/w

1

fig 2 Phase diagram of EB copolymer morphology formed in water at different water contents and copolymer molecular weights.
The morphologies have been characterised by both SAXS and TEM.

illustrated by negatively-stained transmission electron (TEM)
micrographs. Hydrophobic membranes are the result of the
entanglement of the hydrophobic “B” blocks and they are
protected from the water by an hydrophilic corona formed by
the “E” blocks.
Such particular core-shell structures can be analysed by
Small Angle X-ray Scattering (SAXS) and the X-ray data for
the results presented in this article were collected on Station
MPW6.2. In fig 1b the SAXS pattern of an EB vesicle
dispersion is plotted and compared with the theoretical
pattern of a monodisperse vesicle dispersion with same
membrane thickness. The vesicle membrane thickness can be
tuned by varying the molecular weight of the block copolymer
and this occurs according to a power law with an exponent
of 2/3, which is typical of strongly segregated systems as
shown in fig 1c. Vesicles, and in particular polymeric vesicles –
contrary to micelles – can have a size ranging from hundreds
of micrometres to tens of nanometres. This is only dependent
on the different protocols used for the formation of the
vesicles. In fig 1d different size polymeric vesicles are shown as
a function of the different methods used for their preparation.
Amphiphilic membranes are the result of the counteracting
interactions of water with the hydrophilic and hydrophobic
polymers that comprise the block copolymer. Such interactions
are strongly dependent on the concentration of amphiphilic
copolymer in water. In fig 2 an isothermal phase diagram
shows the different morphologies formed at different
copolymer concentrations in water and different copolymer
molecular weights. The size of the amphiphile is shown to
drastically affect the different phase sequences formed. When
dry, block copolymers can have either an ordered semicrystalline lamellar structure or a semi-disordered structure.
This depends on how the two blocks that comprise the
copolymer interact with each other. As the water is added to
the copolymer the hydrophilic-hydrophobic interactions drive
the formation of long-range ordered structures, whose

architectures are affected by the size of the amphiphile. As the
water content increases, hexagonal rods, lamellar structures
and “sponge” phases can be observed. At high water content
the amphiphile-water systems go from a long-ranged ordered
phase to isotropically dispersed structures. Such transitions are
strongly affected by the copolymer molecular weight.
Low mass copolymers show a transition from a “sponge”
phase to a vesicular gel made of interconnected vesicles whilst
in high mass copolymers the “sponge” phase breaks into
gel-clusters made up of the regular packing of vesicles. At
very high water contents, any molecular weight copolymers
assemble into dispersed vesicles. Tuning the molecular weight
of the block co-polymer adjusts membrance thickness, and
controlling the water environment affects structure, so
allowing distinct control of the final material. The ability to
exercise this structural tuning will open up a range of possible
applications in for example, drug delivery and detergents.
General References:
G Battaglia and AJ Ryan.
Journal of The American Chemical Society, 2005, 127,
8757-8764.

Supported by: ICI Strategic Technology Group.
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beamline optics. It is a simple to use, wheel-up, plug-and-play facility, enabling spectral imaging of samples
under excitation with synchrotron light across the spectrum, from the UV through the XUV to hard X-rays.
This joint venture between Daresbury Laboratory and Manchester University is perfectly suited to
luminescent solid-state samples, where a direct link between the chemistry, luminescence and micro-structure
needs to be established. Already, the instrument is being used at the Daresbury synchrotron by researchers
from across the globe in a diverse range of fields, including materials science, environmental climate
reconstruction, cultural heritage and archaeology.
One of the bedrock applications of synchrotron radiation is X-ray
absorption spectroscopy (XAS); in its simplest form, the chemical
nature of an absorbing atom can be determined, along with the
chemistry of its environment. The fine structure associated with
the absorption allows intricate analysis of the exact coordination
of the surrounding atoms, and their charge states. Although
XAS can be detected by a wide range of methods, luminescent
samples provide the additional possibility for its detection via the
visible photons emitted, since the XAS features are carried
throughout the energy relaxation processes between the
absorption event and final emission. Where a direct link needs to
be established between the luminescence properties of a sample
and its chemistry/structure, then such optical detection of XAS
(ODXAS) is the method of choice.

For homogeneous samples, volume integrating the XAS
signatures is usually adequate, and the size of the beam is not
of particular significance. However, there are many instances
where being able to image the XAS (and fine X-ray structure) is
of paramount importance. There are a number of ways this can
be achieved: typically, the X-ray beam is brought to a fine focus
using X-ray mirrors or Fresnel lenses, and the focused beam
rastered over the sample. This is an effective method, but each
excitation energy range requires different imaging beamline
optics to cover the entire energy span of a synchrotron. An
alternative is to excite the sample over the full area of interest,
and image the resulting signals: photo-electrons emitted from
the sample, for example, can be imaged to resolutions of around
10 nm, and PEEM (photo-electron emission microscopy) is a
popular experimental method used to
carry out these measurements.
Unfortunately, PEEM provides no link
between structure and luminescence.
Filter wheel -

CLASSIX1 has proved itself to be very user friendly, and has so
far been used most extensively in the extreme ultra-violet on
beamline MPW6.1 (40-450 eV) and the vacuum ultra-violet on
Station 3.1 (4-40 eV); further measurements will be carried out
on harder X-ray beamlines in the near future. Some brief
examples are provided here to give a flavour of the image
quality, and the type of information that is forthcoming. Fig 2
shows results from an array of luminescent boron nitride (BN)
micro-crystals, nominally cubic. However, BN also occurs in a
hexagonal phase, possessing a distinctive π* resonance at 192
eV, which is absent in the cubic phase. Therefore, mapping
changes in the luminescence at this energy enables the location
of any π* bonding to be located (indicated here as dark). As
seen, these resonances are confined entirely to single
contaminant hexagonal-phase crystallites.
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fig 1 left: The CLASSIX1 instrument, under assembly for experiments on beamline MPW6.1 (light baffle
panels have been removed). Right: schematic of the crucial components.
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fig 3 Example of luminescence micro-imaging using CLASSIX1. The
sample is a natural aluminosilicate (feldspar) that has phase-exsolved
into regions of KAlSi3O8 and NaAlSi3O8. The common defect, Fe3+
glows red in both phases, but at slightly different wavelengths,
peaking at 690 nm and 740 nm in the two phases respectively. The
map shown is a false colour image, indicating the distribution of
these two emission bands, false blue representing the 690 nm and
false red, the 740 nm band. Individual emission spectra, at the two
selected points, are shown. Note the very fine exsolution veins at the
bottom of the image.

Fe3+ defects are common in these minerals. They emit in the
deep red but at slightly different wavelengths depending on
the K / Na content. These differences can be mapped for the
phase exsolved sample shown, given false colours (blue and
red) for emission occurring at 690 nm and 740 nm respectively.

monochromator

Because ODXAS is detected using UV,
visible and infrared photons emitted
from a luminescent sample, the
potential arises to use optical
microscopy as a means of X-ray
absorption imaging at resolutions up
to the diffraction limit of the emitted
light, (~200 nm for near UV photons).
This is precisely the approach taken in
the new Daresbury/Manchester
initiative, which has given birth to a
new mobile end-station, with the
acronym CLASSIX1 (Chemistry,
Luminescence And Structure of
Surfaces via micro-Imaging X-ray
absorption spectroscopy: the “1” is
included with future developments in
mind). Fig 1 shows the details of this
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spectroscopy to be undertaken on many standard synchrotron beamlines, without the need for specialized
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A unique and powerful new spectrometer has been developed that allows micro-imaging X-ray absorption
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The most comprehensive information from CLASSIX1, is
available when both the excitation energy and emission
wavelengths are scanned within an embedded data array.
Although this entails significant amounts of memory storage, it
means that both the XAS and luminescence spectra can
instantaneously be recreated for any single point of interest
within the image area. As such, this represents one of the most
powerful spectrometers for combined luminescence/structural
research currently available worldwide.
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Micro-imaging X-ray
absorption spectroscopy –
the easy way

new instrument, together with a simplified schematic of the
core components. Although the actual mechanics are
somewhat involved, the principle is simple. A suite of UV/vis/IR
micro-focus lenses (x 2 to x 80) allows imaging of photons
emitted in the wavelength range 200-1000 nm (1.2-6.2 eV),
captured by an ultra-sensitive
8 x 8 mm single-photon counting UV-to-IR sensitive CCD array
(512 x 512 pixels). With this arrangement, each pixel represents
a sample area of between 8 x 8 µm to 0.2 x 0.2 µm. A filter
wheel, carrying 105 individual filters, allows spectral
characteristics of the emitted photons to be determined. One
filter grouping, for example, comprises a set of 79 band pass
filters covering the full range from 220 to 1000 nm with 10 nm
bandwidth.This is perfect for reconstructing broad-band
emission features within the same imaging mode. Moreover,
with liquid helium sample cooling, measurements in the
temperatures range 30-300 K are standard.
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fig 2 Example of structural/chemical micro-imaging using CLASSIX1
The map represents changes in the luminescence intensity at 192 eV
excitation energy, for an array of boron nitride micro-crystals. Most of
these are cubic phase, where there is no π* resonance, but the
contaminant hexagonal-phase crystals (strong π* resonance) are directly
observable and are shown here as dark spots. The NEXAFS spectra,
extracted at points α and β are shown.

To demonstrate the other aspect of the instrument, the microimaging of luminescence from a naturally occurring phaseseparated KAlSi3O8 / NaAlSi3O8 feldspar is shown in fig 3.

General References:
NRJ Poolton, BM Towlson, B Hamilton and DA Evans.
New instrumentation for micro-imaging X-ray absorption
spectroscopy using optical detection methods.
Nuclear Instruments and Methods B 2006, 246, 445-451.
Supported by: EPSRC and CCLRC
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easily manufactured solar cells based on nanoparticulate titanium dioxide (TiO2). The titanium dioxide is
sensitised to the sunlight by coating with a light-harvesting dye. Understanding the electronic structure at
the p-n junction at the heart of these cells, and the effect on this of dye adsorption is crucial to optimising
the performance of this cell. This is the aim of work underway in Professor Wendy Flavell’s group at
Manchester University.
Remarkably efficient solar cells based on dye-sensitised
nanoporous TiO2 were first produced in 1991, consisting of a
porous TiO2 anatase film prepared on a conducting substrate,
stained by inorganic dyes that absorb visible illumination, and
then filled with a liquid electrolyte. A photon absorbed by the
dye molecule leads to fast transfer of an electron into the ntype TiO2 and to an opposing increase in the charge state of a
molecule in the electrolyte. Electrons diffuse through the TiO2
to the collecting substrate, and ionic countercharge is collected
by a Pt top electrode immersed into the electrolyte.

dye coated
glass
TiO2
Cul

Au contact

CTO

In nanocrystalline form, TiO2 adopts the anatase structure
rather than the widely studied rutile structure. In their work,
Wendy Flavell, Andrew Thomas and their colleagues have
studied model single crystal anatase samples to determine the
electronic structure of clean and dosed surfaces, in addition to
studying nanoparticulate thin films. They have used low energy
synchrotron radiation and electrons to probe the p-n junction
behaviour. Photoemission and NEXAFS (Near-Edge X-ray
Absorption Fine Structure), have been used to study the
interfaces between anatase-phase TiO2 and CuI and between
TiO2 and dye molecules to give information on the electronic
structure and geometry of the adsorbates. These
measurements are complemented by Scanning Tunnelling
Microscopy (STM), used to study the topography and local
surface electronic structure of the clean and dosed surfaces.

CB

S*

e-

Unfortunately, the liquid electrolyte may degrade over a period
of time, and so more recent efforts have been directed towards
creating a solid-state cell by replacing the liquid electrolyte
with a transparent p-type material such as CuI. This ‘all-solidstate’ device is illustrated schematically in fig 1, and is currently
under investigation at Manchester University.
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fig 1 Schematic diagram of the ‘DSSS’ (dye-sensitised solid state) solar
cell and energy level diagram of the p-n junction at the heart of the
cell. Absorption of sunlight causes excitation of the dye, followed by
injection of an electron into the n-type layer (TiO2) and a hole into the
p-type layer (CuI).

NCS
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fig 2 The orientation of the dye sensitiser on the surface revealed by
NEXAFS: Left: the structure of the ruthenium bipyridyl dye sensitiser
Right: The orientation of the ligands on the anatase (101) surface
determined by NEXAFS.
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In the last decade there has been an international effort aimed at developing a new generation of cheap and
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nanoparticulate TiO2 when different lightharvesting dyes are absorbed, as shown in fig 4.
The red dI/dV curve indicates a bandgap for
fig 4 STM reveals the bandgap states created by dye adsorption.
nanoparticulate TiO2 of around 3.2 eV, as expected.
high-power fs laser system recently funded by Northwest
On adsorbing two different dyes, a ruthenium-bipyridyl
Science Fund (NWSF) in combination with the 4GLS prototype
sensitiser (blue curve) and chlorophyll b (pink curve), the
ERLP to study charge transfer between the dye sensitiser and
bandgap is narrowed in a characteristic way for each dye. The
the TiO2 surface.
position of the new states introduced can be identified, and
this allows the team to optimise the choice of dye to achieve
General References:
optimum electron-hole pair separation in the junction. Future
work will include pump-probe measurements using a
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Probing the electronic
structure of novel
dye-sensitised solid-state
solar cells

Of key importance is the determination of how
the dye sensitiser molecule binds to the anatase
surfaces. NEXAFS spectroscopy carried out on
Station 5U.1 at the SRS has been used in
combination with calculations of the energy levels
of the molecules to determine the orientation of
the dye molecule ligands on the anatase surface.
The team have found that the molecule binds in a
bidentate geometry as shown in fig 2.

Tunnelling Current (nA)

Materials and Engineering

n- and p-type materials
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fig 3 Top: atomic resolution STM of the anatase (101) surface
Bottom: valence band photoemission from a CuI pellet, a 7 nm
average particle size anatase thin film and the same surface
dosed with a submonolayer quantity of CuI. Binding energy
shifts show the formation of a p-n junction with significant
band bending (around 0.5 eV).

At room temperature, the electrical conductivity of an 'n-type'
material is provided by a small concentration of electrons
(negative charge carriers, hence the term). The opposite is true
in a 'p-type' material, where the conductivity is due to the
absence of a small number of electrons; effectively the
presence of positive hole carriers. At a p-n junction, where
p- and n-type materials meet, there is a discontinuity in
electron concentration. In order to try to equalise the electron
concentrations, electrons drift from the n- to the p-type
material, causing an electric field across the junction, with
bending of the energy levels of the material at the interface.

For more information contact:
Prof. Wendy Flavell
Tel: 0161 306 4466
Email: wendy.flavell@manchester.ac.uk
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X-ray diffraction discovers
materials in action
One of the exciting scientific trends over the last 2 decades has been the worldwide adoption of synchrotron

operational state of 472 °C with added reduction/oxidation
gas cycles. Whilst the reduction stage took in excess of one
hour to complete, the oxidation stage appeared to be almost
instantaneous. Rietveld’s refinement of catalyst concentration
profiles against time showed that oxidation actually took
around 15 seconds. This surprising unpredicted result only
became evident through Station 6.2’s unique ability to collect
in-situ refinable data over vastly differing timescales i.e.
seconds to hours.

new insights into the way functional materials respond to their
imposed environment and presented here are examples of this,
following the spectacular laser-heated/air-levitated experiments
reported in last year’s annual report.
Fig.1 illustrates well why Station 6.2 is such a powerful
combination. A three-phase catalyst, commonly used in the
production of formaldehyde, was put through its paces.
A specially designed furnace heated the catalyst to an

X-ray and neutron sources as a means to perform in-situ studies, particularly for understanding functional
materials: how they are formed and how they subsequently behave during their service lifetime. Energydispersive diffraction (EDD) has traditionally been one of the most convenient and versatile ways of achieving
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this but now Angle-scanning diffraction is in many cases rivalling EDD as an effective method for observing
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EDD can generate data on the timescales of seconds
and this is fast enough for most solid state or
hydrothermal processes. Additionally high energy white
X-ray beams from a synchrotron wiggler can penetrate
most materials within their environmental enclosure.
However, EDD is famously poor in terms of its
diffraction peak resolution – it gives broad highlyoverlapped diffraction peaks – and this is often a
limiting factor in its exploitation. This was the
background to an original idea way back in 1997,
to build a novel detector that could match or exceed
energy-dispersive rates but maintain good peak
resolution. This new detector was called RAPID2
(Refined ADC (Analogue to Digital Converter) Per
Input Detector version 2) and is still a world leader in
the field of rapid, high resolution powder diffraction
today. The combination of scientists and in-house
detector experts made this development possible.
Similar frustrations were also being felt by members
of the non-crystalline diffraction and X-ray
spectroscopy communities and eventually during the
period 2000 – 2002 an even bigger concept was
born. This was a multiple function station for studying
materials processing with a re-specified RAPID2
detector capable of collecting combined powder
diffraction and small angle scattering data, commonly
known as SAXS/WAXS. The new detector
combination is capable of operating at millisecond
rates or better with no loss in peak resolution. This
concept was subsequently realised with a grant from
the Engineering and Physical Sciences Research
Council (EPSRC) to no less than five institutes
(Aberystwyth, Birkbeck, Cambridge, Daresbury
Laboratory and Sheffield). The new station was sited
on a new multipole wiggler, MPW6.2 on the SRS to
give the highest X-ray flux available on the whole
machine. Station 6.2 then came “on line” collecting
its first set of Powder Diffraction/Small Angle X-ray
Scattering (PD/SAXS) data in 2003. Although the
operating energy range of Station 6.2, which is
currently up to 18 keV, does not match that of typical
EDD stations, the SRS now has the capability to deliver
fast high resolution (refinable) diffraction data from
operational materials. This is opening up completely

fig 2 Upper: A picture of the actual
station 6.2 set-up used to follow the
synthesis of a Si-clathrate; Lower:
Representative diffraction patterns
(showing every 15th ‘30-second’
pattern), from the initial sodium
silicide (bottom left) to final clathrate
(top right). [after P.Hutchins,
P.F.McMillan et al.]
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fig 1 top: A schematic of the in-situ redox furnace used to study a 3-phase catalyst
sample contained within the capillary; middle: in-situ time-resolved diffraction data
during reduction/oxidation cycles, on the timescales of minutes (left) and seconds
(right); bottom: Rietveld refinements of catalyst concentration profiles against time
(minutes and seconds). After SDM Jacques, O Leynaud et al. Reproduced with kind
permission of Angewandte Chemie (Int Ed.), Wiley-VCH Verlag GmbH & Co KG.
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X-ray diffraction discovers
materials in action
- Continued
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fig 4 This figure shows the changing diffraction pattern from the original oxides (blue) through intermediate state (pink, green) to the
final perovskite synthesis (black) lasting ca 6 hours.(after M Thrall et al.)
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multifunctional nature of Station 6.2, it is now possible to
correlate the atomic structure of materials to their physical
function. This opens the way for the specific design of
materials for particular functions. The developments pioneered
by the authors will continue at DIAMOND in the UK and
elsewhere in the world, and new generations of more
powerful sources with even faster detectors will extend the
range and complexity of real materials problems even further.
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fig 3 Left: part of the diffraction sequence of a breathing solid MIL53 with repeated CO2 pressure cycling between 0 and 10 bars (patterns every 2
seconds). Right: an indication of the extreme structure distortion across the cycle (after O Leynaud, Ferey and Millange).

Samples can be loaded into a fine capillary and
representatively subjected to a chosen environment, vacuum,
gas or liquid. There is seemingly no limit to the range of
processing conditions that can be usefully studied. Simply by
connecting the sample capillary in the furnace to a vacuum
line and a mass spectrometer, it is possible to effectively
reproduce and monitor the de-gassing conditions encountered
during dehydration and decomposition processes. An example
is shown in fig 2 of the synthesis of the unique silicon
clathrates, formed by decomposition of, and sodium-vapour
loss from, zintl sodium silicide. Using this set-up, the syntheses
of these lesser known allotropes of silicon are now being
observed in-situ for the first time and the diffraction pattern
series are elucidating the reaction pathways and structural rearrangements involved, which in turn will aid in the design of
semiconductor/superconductor modifications to these clathrate
species.
The opposite of vacuum, i.e. positive gas pressure, can equally
be transmitted to the sample within the capillary. A striking
example of this facility relates to an initial assessment of a
hybrid inorganic-organic nanoporous breathing solid, so-called
because it displays a capacity to inhale large amounts of

S.D.M. Jacques, O Leynard, D Strusevich, AM Beale,
G Saskar, CM Martin, P Barnes.
Redox behavior of Fe-Mo-O catalysts by ultra rapid in-situ
diffraction, Angewandte Chemie 2006 (Int. Ed.) 45, 445.
Supported by: EPSRC, CCLRC.

carbon dioxide/water under pressure. Fig 3 shows the
effect of repeated carbon dioxide pressure cycling between 0
and 10 bars, with patterns every two seconds. The structure is
clearly capable of responding rapidly, in the seconds timescale,
to these pressure changes with large shifts in the peak
positions indicative of a major “concertina” unit cell distortion
to accommodate the changing gas content.
The final example concerns the high temperature synthesis of
A(1-x)BxO3 perovskite structures, tailored for microwave ceramic
applications. The initial oxides are fired to 1400 ºC for
approximately 6 hours, during which the structure is constantly
changing as the sample reacts as shown in fig 4. As the final
perovskite product is formed the reaction slows down then
stops but the ionic mobility on the A and B sites continues
whilst the sample remains at high temperature. This whole
process has been captured at unprecedented high angular
resolution and speed
In conclusion, with the few examples we have given here, it is
clear that real problems in materials synthesis can be studied
very rapidly and with sufficient resolution to be able to
determine atomic structures. Combined with the

For more information contact:
P Barnes
R Cernik
Tel: 020 7631 6817
Email: barnes@img.cryst.bbk.ac.uk Email: B.Cernik@manchester.ac.uk

27

SRD Annual Report 2005-2006
DARTS

Engineering higher affinity
into immune system
proteins
The immature immune system in childhood can produce over reaction to common infections, with the
response often causing most of the distress symptoms, due to a degree of cross-reactivity with self-proteins.
The thymus attenuates the reactivity by eliminating a large number of
cell lines that are too powerful. While this is a good strategy for mild
infections, serious pathogens and inherent disorders such as cancer,
are met with a muted response. Avidex Limited, a small

The next stage of the programme was to mutate the
complementarity determining region (CDR) of the TCR, i.e. the
region of the molecule that makes contact with the MHC,
whilst maintaining its specificity, to avoid unintended cells
being targeted. Phage display, a technique that fuses peptides
to the protein coat, or capsid, that protects the DNA of the
invading organism, was used to generate a large number of
mutants, which were screened in solution for higher affinity
against the targeted MHC. X-ray structure determination of the
wild type and mutant MHC-TCR complexes were carried out on
Stations 14.1 and 14.2, fig 1. The resultant models showed
that appropriate mutations on CDR2, of both TCR chains, were
able to increase the affinity 14,000 fold. Crucially, these
mutations did not affect the binding mode between the TCR
and the peptide marker. The enhanced affinity covered only the
interface with the MHC. The shape complementarity index
between TCR and MHC increased significantly, but was
unchanged for the TCR-peptide interface, fig 2.

pharmaceutical enterprise based in Abingdon, has sought

fig 3 Structure of the mutant CD8 (green and blue), super-imposed on
the structure of the wild type (yellow and orange). The point mutations
are shown as ball-and-stick models.

to reverse the attenuation by engineering higher affinity
Throughout this research programme, technical and analytical
crystallography services were provided by DARTS. Avidex have
used this resource to achieve the clear results they required.
Further innovation is planned as a result.

back into the immune system proteins that recognise
human oesophageal cancer cells.

fig 1 Structure of the mutant TCR-HLA complex, shown as ribbons
inside the semi-transparent solvent accessible surface. The blue and cyan
molecules are the the 2 chains of HLA-A*0201-NY-ESO-1, the green and
orange molecules make up the 1G4 TCR. The peptide marker is shown
as spheres in the middle, almost completely wrapped by the rest of the
complex.

The strategy adopted by Avidex was to produce mutants of the
thymus-derived T-cell receptor, TCR, which binds the cancer
marker presented on the surface of a disease cell, or Antigen
Presenting Cell (APC). The marker is a specific, short peptide
resulting from the degradation of proteins in the disease cell,
'wrapped' in a special carrier, the Major Histocompatibility
Complex, (MHC), also known as the Human Leukocyte
Antigen, (HLA).

General Reference:

The research programme had to overcome a number of
technical difficulties. Human proteins are normally glycosylated,
i.e. they have sugar chains covalently bound to the protein.
Good laboratory practice recommends working with cells other
than human to avoid the risk of infection, so proteins of interest
were expressed by cloning into cells of other organisms.
Eukaryotic cells, i.e. cells containing a nucleus, such as yeast, are
able to produce a fully glycosylated version of the human
protein, but the yield is often very low. Escherichia-coli, a
bacterium that lives in the intestines of healthy humans and
animals, does not glycosylate the proteins it expresses, and
clones of human TCR sequences often do not fold in the same
way as the original. In addition they are often unstable in
solution after refolding. Avidex bypassed this problem by
engineering a covalent bond between the two chains of the
TCR, through a di-sulphide bridge, coupled with a postexpression refolding protocol. The function of the resulting
protein was the same as the original. X-ray diffraction analysis of
crystals of the unbound TCR, carried out on Station 9.6, proved
that the intended mutation performed exactly as predicted by
maintaining the original fold in the stabilised, unglycosylated,
protein.

2. DK Cole, PJ Rizkallah, Feng Gao, NI Watson,
JM Boulter, JI Bell, M Sami, GF Gao and BK Jakobsen,
Crystal structure of HLA-A*2402 complexed with a telomerase
peptide. European Journal of Immunology, 2006, 36, 170-179.

1. SM Dunn, PJ Rizkallah, E Baston, T Mahon, B Cameron,
R Moysey, Feng Gao, M Sami, J Boulter, Yi Li, and
BK Jakobsen, Directed evolution of human T cell receptor
CDR2 residues by phage display dramatically enhances
affinity for cognate peptide-MHC without increasing apparent
cross-reactivity. Protein Science, 2006, 15, 710-721.

fig 2 A detail of the HLA-TCR interface. The peptide is shown as an
opaque surface, around which is wrapped the TCR CDR3, centre. The
CDR2s, right and left, contact the HLA helices, bottom, more efficiently
in the mutant (green) compared with the wild type (yellow), conferring
the highly enhanced affinity.

A parallel programme was conducted by researchers at Avidex
and Oxford University, to enhance the binding between Cluster
of Differentiation 8 (CD8) a membrane glycoprotein found
primarily on the surface of cytotoxic T- cells and the MHC. CD8
is a second messenger found on the T-cell surface, binding to
MHC only after the TCR recognises the MHC. The double key
mechanism of eliciting a response is a safety measure to ensure
that an inappropriate response does not occur upon accidental
binding between MHC and TCR. The latter binding has to be
sustained and backed up by the MHC-CD8 binding in order to
generate the correct response. The mutation in this case was
based on molecular dynamics calculations to identify the best
candidate residue. The eventual enhancement achieved was a
modest 4-fold. The mutant CD8 structure, fig 3, determined
from data collected on Stations 14.1 and 14.2, was used to
explain why the improvement occurred and suggested other
strategies and mutations that might endow CD8 with even
higher affinity.

Supported by: Avidex Limited.
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Nasty things happen to
nice crystals

Atom Colour
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Key:
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= Sulphur

Crystal Information – Generic
All 'Chinese Lanterns' form as body
centred tetragonal (a=b=14 c=26 Å),
space group I4/m with the cation
centred on crystallographic C4h sites.

In March 2004 Station 9.8, the small molecule X-ray crystallography (SMX) facility, on the SRS underwent a
substantial upgrade with the installation of the APEXII diffractometer, a three circle D8 goniometer with
APEXII detector from Bruker-Nonius. This new hardware allowed data collection times to drop from 360 to 80
minutes for a full sphere of data, the whole unique diffraction pattern plus many equivalent reflections. This,
combined with software improvements and alternative scanning modes, allows for even faster, though less

fig 2 Starting structure shown in 'ball and stick' representation for
clarity. Data collected at 10 °C in gas cell. Disordered methanol shown
and H2O omitted. Rf at current stage of processing 5.56%.
Also shown is a 'spacefill' representation of crystal structure to allow
for a more realistic interpretation of the molecules.

commonly used, data collection methods to be employed, bringing the full sphere down to just over 14
minutes and a hemisphere, giving the unique diffraction pattern and fewer equivalents, down to
approximately 11 minutes. With this increase in the data collection speed parametric and dynamic studies of
systems became a reality.
In parallel, the Synchrotron Radiation Department’s Seed Corn
fund provided for the design and construction of an
environmental gas cell. This cell allows a single crystal to be
placed either under vacuum (for dehydration, solvent or guest
removal) or exposed to a gas or gas mixtures. When the gas cell
is combined with the high intensity and low divergence of the
X-rays on Station 9.8, small crystals giving a beneficial surface
to bulk ratio for the experiment can be used. The high intensity
also provides for rapid data collections by reducing counting
times.

Test Case
Sulphur dioxide (SO2) is a greenhouse gas which is produced
through the combustion of fossil fuels such as coal. Its
uncontrolled release has potentially harmful effects on plant and
wildlife through the formation of acid rain, via the reaction of
SO2 with water in the atmosphere. The corrosive rain also has
an impact on man-made structures such as ancient monuments,
statues and buildings. Selective removal of SO2, from flue gases
and exhausts, would be of great benefit to the environment and
could potentially generate a useful end-product.
Work by McAuliffe and Pritchard led to the discovery of a range
of 'Chinese Lantern' complexes which showed the interesting
property of reversible SO2 capture. Understanding how the SO2
is reversibly held in the lantern structure could lead to a system
which would actively react and produce new commercial
products via reversible uptake and release in a catalytic manner,
turning harmful waste into a new commercial product. These
systems were reported to absorb reversibly six equivalents per
lantern of SO2 when measured by thermogravimetric analysis
(TGA). However, due to the reversible and therefore “transient”
nature of the SO2 adsorption it had not previously been possible
to characterise crystallographically the preferential sites in the
lattice for SO2 occupation.

fig 1 The environmental cell in place on the APEXII/D8 diffractometer
Station 9.8.

This unique combination of apparatus and facility allows for an
unprecedented view into the behaviour of guest systems in the
crystal lattice. The environmental cell can be applied to the study
of diverse systems such as gas inclusion complexes, hydrogen
storage, auto-exhaust catalysts, zeolitic gas exchange/filter and
greenhouse gas inhibitors, ranging across many branches of
science. The facility is available to users of the SMX beamlines at
the SRS, upon request through the existing beamtime
application process.

A single crystal, approximately 0.02 x 0.04 x 0.04 mm3,
produced a diffraction pattern of sufficient quality for the
experiment and provided enough information for full structure
solution and refinement, structure A, shown in fig 2.
The sample was then heated for two hours on a ramping
gradient from 10 °C to 130 °C, under vacuum in situ and six
data sets were collected to monitor the removal of solvent.
Once the solvent looked to be sufficiently removed the sample
was cooled back to 10 °C and a further data set was collected.
The data were used to produce structure B, shown in fig 3.
An SO2 and argon (Ar) mixed gas atmosphere was then slowly
introduced into the cell. During this process a total of 18 data
sets were collected to monitor the SO2 uptake. The structure
displayed was solved and refined structure C, fig 4, from the
final data set collected. Data produced from this study is still
being processed but initial unit cell parameters have been
included for comparison.

the range of conditions to which the crystal was exposed, fig 5.
Furthermore, these changes clearly map to logical changes
within the unit cell. With the volume change of the cell
perhaps most markedly showing the effect of removing solvent
(Run 1 to 2) inserting guest molecules (Run 2 to 3) and the
removal of guest molecules (Run 3 to 4).
Examination of the unit cell packing diagrams, fig 6, clearly
indicate that on going from A-PACK to B-PACK the methanol
moiety has been removed leaving a cavity which could host the
incoming SO2. This is corroborated by a reduction in the unit
cell volume of approximately 110 Å3. The uptake of the SO2
moiety in C-PACK and the location of the cavities generated in
the crystallography computer program PLATON, do not look to
be coincidental and when combined with the apparent volume
change of approximately 187 Å3, uptake of SO2 would appear
to be confirmed. Thus constituting the first single crystal X-ray
diffraction structure of a 'Chinese Lantern' complex in which
the location of the SO2 moiety has been determined.

Examination of a plot of the unit cell length of the a-axis in Å
and the unit cell volume in Å3, clearly shows changes across

This system was therefore an ideal candidate for Warren and
co-workers to study with the newly-developed environmental
cell. An experiment was designed to reproduce the TGA
environment used to measure the bulk sample with the added
step of in vacuo heating.
The work reported here is still on-going and the structures
shown have been refined to moderate residual factor (Rf) values,
which give a mathematical comparison between the structural
model and the actual data. The lower the value the better.
Further work is required to study disorder, which is not shown
here. The structures constitute snapshots at key stages of the
experiment.

fig 3 Data collected following cooling from 130 °C to 10 °C. Largest
Q-peak (residual modelled data) located above axial external Br in a
similar position and relative magnitude as found for solvated structure.
Rf at current stage of processing 4.29%. Spacefill plot included for
comparison with fig 2.
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Nasty things
happen to nice
crystals – Continued
fig 6 Three packing diagrams (unit cell in blue) for each of the systems
studied (A-, B- and C-PACK respectively) plus PLATON cavity plot using
crystal data from B. Cavities shown as purple sphere.

The environmental gas cell is a departure from the traditional
SMX experiment and is part of the many new advances to the
experimental arsenal now available to the scientist. Whilst SMX
is perhaps unique as a technique for giving 3-dimensional
structural information when it is combined with the ability to
change the crystals environment dynamically (be that
temperature, atmosphere, pressure or to expose a crystal to
external stimulus, lasers, magnetic fields or electricity) SMX
becomes a truly unrivalled precision scientific tool.

General References:
WI Cross, SM Godfrey, CA McAuliffe and RG Pritchard
Crystal engineering of microporous ‘Chinese-lantern’ compounds
to improve their ability to reversibly adsorb sulfur dioxide.
Chemical Communications 2001, 1764-1765.
fig 4 Data collected at 10 °C under an atmosphere of Ar and SO2. Rf at current stage of structure refinement 7.25%. SO2 moiety located
with refined occupancy factor of 84%. Additional residual electron density is also present in the structure however work to determine its
structural characteristics is on-going. Inset shows the same structure when viewed down the c-axis and comparison between the 'ball and
stick' and 'spacefill' representations allows for a possible interpretation of why the SO2 is located in this particular cavity.
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Spin-resolved two-photon
photoemission by electron
Time-of-Flight
The study of the spin-dependent electron transport close to the Fermi level is a leading scientific area in
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the exploration of new ferromagnetic materials having the higher performances required for spintronics
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applications. In recent years we have developed an electron Time-of-Flight Spin (ToF-Spin) analyser; a world
m
0n
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leading apparatus for performing time- and spin-resolved electron spectroscopy utilising the single bunch
mode of the SRS. In collaboration with the CCLRC Central Laser Facility, this technique has been combined for
the first time with a femtosecond (fs) laser source to perform spin-resolved photoemission at very low
nd

photon energy.
Ferromagnetic materials have an unbalanced number of
electrons with spin up and spin down along the magnetisation
direction. A consequence of this is that electron transport is
strongly dependent on the spin orientation of the electron
travelling in the metal, the so-called spin filtering effect fig 1.
Electrons with a spin aligned with the majority spin state of the
metal have a longer life time and mean free path. Here this
effect is studied by measuring the spin polarisation of the
electrons excited at a few eV above the Fermi energy in a
spin-resolved two-photon photoemission (2PPE) experimental
configuration. The sample was a ferromagnetic amorphous
iron-boron alloy, for which no experimental results on the spindependent transport in the energy region below the vacuum
level had so far been reported.
Experimental
The light source used was a commercial regenerative titaniumsapphire laser delivering photon pulses of 1 mJ at a repetition

2
rate of 1 kHz. The pulse width was typically 100 fs at a photon
wavelength of 800 nm and frequency doubling (i.e. generating
the second harmonic, or light having a wavelength half that of
the fundamental) was obtained in a 1 mm thick β-barium-borate
crystal. The beam was then focused onto the sample with a spot
size of 1.4 mm diameter and an incident angle (with respect to
the surface normal) of 40°.
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The Time-of-Flight analyser consists of a 25 cm long drift tube
with electron optics to decelerate and refocus the electron
beam, as shown in fig 2a. A channel plate detector, mounted
on a translator, was positioned at the end of the Time-of-Flight
analyser, to perform a spin-integrated measurement with very
high efficiency. For the spin-resolved measurement the Timeof-Flight analyser was terminated by a cylinder which carried the
electrons into a Mott polarimeter. The transverse, i.e. horizontal
and vertical, spin polarisation of the photoelectron beam was
detected using a four detector retarding field Mott polarimeter.

fig 1 Illustration of the spin filter effects in ferromagnetic material. Electrons in the majority spin state (red) have a longer mean free path. After
absorption of two photons, excited electrons have enough kinetic energy to leave the sample surface.

Vertical
Axis

fig 2a Sketch of the experimental setup including the laser source, the Time-of-Flight analyser and the Mott polarimeter. The spin-resolved/-integrated
mode of the analyser is controlled externally using the translator. fig 2b Drawing of the ferromagnetic amorphous iron-boron alloy shaped in a closed
loop with the magnetising coil at the back. The normal emission is the optimal geometry to measure the transverse spin polarisation of the
photoelectrons.

The results presented were measured in angle-integrated mode
and the kinetic energy of the electrons in the drift tube was
6 eV. The time taken for an electron to travel from the sample
surface to any of the detectors was measured with a precision
of 120 ps from which the electron’s kinetic energy was
calculated. The ferromagnetic iron-boron ribbon was formed in
a closed loop with an insulated wire coiled around the rear to
magnetise the sample, fig 2b.
The spectra measured in spin-integrated (solid line) and in spinresolved (open circle) modes are presented in fig 3a. The twophoton photoemission process gives rise to that part of the
spectra in the energy range below 1.47 eV where valence band
electrons very close to the Fermi level are excited into empty
states (i.e. unoccupied energy levels). The Fermi edge is
positioned at the steep slope centred at 1.47 eV. The total
photoemission yield was estimated at 0.1 (100) electrons per
photon pulse, for a beam power of 0.035 GW/cm2 in spinintegrated mode and 0.19 GW/cm2 in spin-resolved mode. The
fact that the Fermi edges coincide in both spectra shows that
the space charge effects are negligible under the conditions of
these spin-resolved measurements. At high beam power in
spin-resolved mode, a thermal distribution of hot electrons was

observed having a kinetic energy between 2 eV and 4 eV. The
effective temperature, kT, was estimated to be 0.52 eV by
fitting a curve (solid line) to the thermal distribution. This was
comparable to other measurements performed on a silver (100)
surface. The Fermi energy (corresponding to a kinetic energy of
1.47 eV) was deduced from a fit of the Fermi edge, inset fig 3a,
using a room temperature Fermi-Dirac distribution convoluted
with a Gaussian profile. Using the relation φ=2hυ - EF the
vacuum level of the alloy was evaluated at 4.81 eV in good
agreement with the vacuum level of the clean iron surface
(4.4 eV). The standard deviation of the Gaussian profile, 98
meV, characterised the energy resolution obtained for an angleintegrated measurement. The variation of the electron yield
with the incident beam power is presented in fig 3b, where
each data point is the integral of the electron spectrum. These
measurements follow a power square function (solid line) which
is the signature of the two-photon photoemission process.
Spin-Resolved Two-Photon Photoemission
The electron spin polarisation is defined by the relation
P = (N ↑ - N ↓)/(N ↑ + N ↓) where N ↑ (N ↓) is the number of
photoelectrons with a spin up (down) along a given direction.
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fig 3a Two-photon photoemission electron distribution curves
measured in spin-integrated mode (solid line) and in spin-resolved
mode (open circle). To compensate for the intrinsic loss in the Mott
polarimeter the beam power was increased from 0.035 GW/cm2
(spin-integrated mode) to 0.19 GW/cm2 (spin-resolved mode). A small
thermal distribution of hot electrons can be observed above 2 eV
kinetic energy at high beam power (spin-resolved mode). fig 3b
Variation of the total electron yield with the incident beam power. The
solid line represents the power square fit of the measurements.

CM Cacho, VR Dhanak, LB Jones, CJ Baily, KL Ronayne,
M Towrie, C Binns and EA Seddon, Spin resolved twophoton photoemission on Fe80B20 alloy, Journal of Electron
Spectroscopy and Related Phenomena, 2006.
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Conclusion
The combination of an electron Time-of-Flight Spin analyser
with a femtosecond-laser source proved to be a very efficient
method of performing spin-resolved photoemission
measurements at low photon energy. The two-photon
photoemission measurements carried out on iron-boron alloy
show a large spin polarisation at a few eV above the Fermi level
which is characteristic of the spin-dependent mean free path.
Further measurements in a pump-probe configuration should
be performed in order to measure the lifetime of the excited
electrons for both spin states and to study the spin relaxation
of hot electrons in ferromagnetic metals.

0
10-3

Fig 4a shows the horizontal and vertical spin polarisation
measured across the valence band and the spin-integrated
spectrum versus the excitation energy following the absorption
of the first photon involved in the two-photon photoemission
process. A constant 18% horizontal spin polarisation aligned
with the magnetisation direction of the sample was observed.
The spin polarisation measured at low kinetic energy is mainly
governed by the spin filtering effect occurring in the electron
transport between the bulk and the surface. With an inelastic
mean free path of the order of a few nanometres at very low
kinetic energy, the electrons measured have a long escape
depth. The small vertical spin component measured was
attributed to macroscopic defects and impurities which produce
magnetic domains tilted away from the horizontal axis. The
variation of the total spin polarisation (obtained by integrating
the electron spectra) with the pulsed magnetic field amplitude
is presented in fig 4b. An almost square hysteresis loop can be
observed on the horizontal spin polarisation, characterised by a
very low coercive field of 0.5 Gauss and a 100% remanence
ratio. The high remanence (i.e. high residual magnetic field) of
the sample is crucial for these low kinetic energy photoemission
measurements where no magnetic field can be applied in the
interaction region during the measurements.

-0.5
0
0.5
Pulsed Magnetic Field (Gauss)

1

fig 4a Horizontal and vertical spin polarisation and electron spectrum
measured in two-photon photoemission excitation (Ephoton=3.14 eV). A
clear horizontal spin polarisation is observed along the axis of
magnetisation of the sample. fig 4b Variation of the average spin
polarisation of the electron spectrum with the amplitude of the pulsed
magnetic field. A clear hysteresis loop is observed on the horizontal
spin polarisation. The measurement was performed in the remnant
state of the sample.

For more information contact:
Cephise Cacho
Tel: 01925 603631
Email: cc53@dl.ac.uk

Vin Dhanak
Tel: 01925 603604
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Poisoning the parasites
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planet’s deadliest killers and the leading cause of sickness and death in the developing world. Along with
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HIV/AIDS and tuberculosis, it is one of the ‘diseases of poverty’. Most recent research has focused on the
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development of vaccines and new drug therapies such as artimisinin. An effective and cheap vaccine is still
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artimisinin. Until very recently there has been little direct evidence of how these ‘traditional’ antimalarials
work – a situation this work seeks to address.

In order to understand the process of malaria pigment formation
in vivo, it would be highly advantageous to first elucidate its
chemical mechanism of formation in vitro. It is now well
established that malaria pigment is chemically and structurally
identical to the synthetic haematin product known as
β-haematin, fig 1. X-ray diffraction has shown that β-haematin
is a crystalline cyclic dimer of ferriprotoporphyrin IX, in which
one of the propionate groups of each member of the dimer
coordinates to the Fe(III) centre of its partner. For this work,
β-haematin has been used as a model for the reaction occurring
within the parasite’s food vacuole.
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‘traditional’ antimalarial drugs such as quinine and chloroquine are now used in combined therapies with

One of the first antimalarial drugs to be used was quinine, a
drug that comes from the bark of a tree found in Peru. This
bitter tasting drug was added to tonic water, giving the British
Raj a good excuse to knock back their ‘gin and tonics’. But what
is it about quinine, and other more recent antimalarial drugs,
that prevent people from getting malaria? There is now
considerable evidence that important aminoquinoline
antimalarial drugs, such as chloroquine, act by inhibiting
malaria pigment formation, hence killing the parasite as a result
of the toxic effects of haematin or a haematin-drug complex.
Consequently, knowledge of the mechanism of malaria pigment
formation is important if a more detailed understanding of the
mechanism of action of these drugs is to be obtained. In
addition, haematin biomineralisation in the food vacuole of the
malaria parasite and in some other blood-eating organisms
appears to be an unusual and inherently interesting process.
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some years away and there is already evidence of resistance to artimisinin when it is used alone. More

The unicellular parasite Plasmodium falciparum is responsible for
human malaria. During its pathogenic blood stage, the parasite
lives within the red blood cell of its host. In the human disease,
large quantities of host haemoglobin – the protein responsible
for the transport of oxygen around the body, are ingested into
a specialised organelle in the parasite known as a food vacuole.
This acidic organelle contains a number of specialised proteolytic
enzymes that degrade haemoglobin to peptides that are
ultimately exported to the parasite cytosol and further degraded
to amino acids. The processing of haemoglobin provides
essential amino acids for the parasite. In the process, the four
equivalents of iron-containing haem present in haemoglobin are
released into the food vacuole. Upon its release into free
solution, haem is oxidised to haematin, probably by autoxidation
of the iron from 2+ to 3+. Haematin is known to be toxic to
microorganisms as well as to vertebrates and therefore is likely
to represent a considerable toxic challenge to the malaria
parasite. At least 95% of the haematin is sequestered in a
microcrystalline substance called malaria pigment (haemozoin) in
a biomineralisation type process. This highly insoluble substance
essentially removes haematin from solution within the parasite
food vacuole.
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This year malaria will infect over 300 million people; of these, more than two million will die. It is one of the
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fig 2 Time-resolved XRD (left) and XAS (right) data, following the formation of β-haematin.

Future studies using inhibitors such as quinine, inserted into the
reaction, will determine if this stops the pigment from forming,
giving the first direct evidence of how these drugs work.
It is hoped that this sort of work will help to keep effective and
cheap therapies, that protect people from this killer disease,
readily available in developing countries. For ordinary people
living in areas like East Africa and Asia, research like this is
essential to tackling malaria and reducing its devastating effect.
General Reference:
www.who.int/topics/malaria/en/
Funded by: CCLRC.

Prior to this work, the progress of the reaction had never been
studied in situ by a continuous monitoring method. The
combined X-ray spectroscopic/X-ray diffraction facility (XAS/XRD)
at the SRS on Station 9.3, offers the advantage of being able to
study the process in situ in a semi-continuous manner.
Simultaneous collection of both XAS and XRD data permits both
the propionate-Fe(III) bond formation process and the formation
of β-haematin crystals to be monitored in synchrony, allowing
the process to be described in unprecedented detail.

fig 1 The formation of β-haematin by dimerisation of 2 haematin
molecules with the axial ligand coming from a propionic side chain of
the other molecule.

This work shows that the malaria pigment forms as predicted –
in acid catalysed conversion from solid, amorphous haematin to
crystalline β-haematin, fig 2. This work cannot determine if the
conversion is solid-state, or if a small proportion of the haematin
re-dissolves prior to conversion. However, there is no evidence of
a significant population of an intermediate.

For more information contact:
Dr Ian Harvey
Tel: 01925 603000
Email: i.harvey@dl.ac.uk

Prof. Timothy Egan
Email: tegan@science.uct.ac.za
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Have the pre-Columbian
people from Atacama
suffered the silent death
of arsenic poisoning?

problems are external contamination during burial through
interaction with arsenic containing water, which is in this case
negligible due to the lack of water. Another aspect however is
the external contamination of hair and skin through bathing.
People may have enjoyed using the arsenic rich hot spring
ponds in the region, but preferred different water for drinking?
Can we now discriminate between the externally incorporated
arsenic in hair or skin from that of the ingested metabolised
arsenic? Washing processes aimed at removal of external
contamination have proven unsuccessful in the past.
It seemed well established that ingested arsenic accumulates in
keratinous tissue as soft trivalent arsenic (As(III)), binding to the
sulphur abundant in keratin, while external exposure may result
in different molecular forms of arsenic. Determination of the
oxidation state and the binding ligands of arsenic in hair and
skin in order to identify the molecular occurrence of arsenic in
the mummified remains of the Atacameño people, might shed
new light on the contamination pathway. In this respect, the
ultra-dilute spectroscopy Station 16.5 seemed to be perfectly
suited to perform the necessary analyses. A complementary
approach is to identify the arsenic metabolites MA and DMA in
hair, which are clear indicators of ingested inorganic arsenic.
The aim of this project is to use two analytical approaches to
identify and quantify the amount of arsenic in hair and skin
samples from pre-Columbian mummies: XANES/EXAFS and
high performance liquid chromatography inductively coupled
plasma mass spectrometry (HPLC-ICP-MS) after gentle
extraction.

The Atacama Desert in northern Chile is one of the driest places known on earth. Nevertheless, people lived
in this inhospitable place for centuries. They lived in small oases scattered on the Altiplano of the Andes
3000 metres above the Pacific Ocean. We know very little about this ancient culture of the Atacameño,
although their remains have been found scattered around in the desert near their old settlements which can
be traced back more than 1000 years. Their bodies were found mummified in shallow graves, fig 1, because
lack of both moisture and microbial activity prevented decay, fig 2.
Today the Atacama Desert is known as the major mining region
in Chile and is home to one of the biggest copper mines
(Chuquicamata). People living in this region are exposed to
extremely high levels of arsenic – at least in their drinking water.
The areas around the smelters are extremely contaminated due
to the emission of arsenic, which is always associated with
copper ores.

Additionally, arsenic occurs in the aquifers and the fresh water
streams due to thermal activity. Natural geogenic arsenic has
been measured in concentrations between 0.19 and 21.8 mg/L.
Arsenic concentration above 0.01 mg/L in drinking water
however, causes chronic toxicity which,after prolonged exposure,
leads to keratosis and hyperpigmentation and finally to skin and
internal cancer. A correlation of the amount of ingested arsenic

fig 2 Atacameño mummy reveals that the indigenous people living
in small oases in the Atacama desert were exposed to extremely high
levels of arsenic in the diet.

Hair and skin samples from four mummies were collected by
Drs. Stegen and Queirolo from Universidad Catolica del Norte
(Antofagasta), and compared to modern samples from people
exposed to elevated levels of arsenic in their drinking water (5
to 100 times the recommended WHO guideline of 0.01 mg/L)
in Central India (collected by Dr Patel, India). The samples were
compared with hair and skin samples from a non-exposed
healthy female, which were incubated in arsenite, arsenate or
DMA. These biological samples were compared with wellcharacterised arsenic standards. In addition to the oxo-forms of
As(III) and As(V) and DMA, two thio-DMA species binding to
two sulphur (synthesized by Dr Fricke), as well as As(III)glutathione have been measured, fig 4a.

and cancer has been found worldwide. From Bangladesh to
China and USA, more than 60 million people suffer from
elevated exposure to arsenic, although the mode of action and
why people develop pathological symptoms is still unclear.
Malnutrition has been suggested as the decisive factor for
susceptibility to arsenic derived cancer, but other studies, in
particular in the village of Chiu Chiu in the Atacama desert,
showed that well nourished indigenous people are similarly
affected.

fig 1 Mummified pre-Columbian remains from the culture are found in the Atacama desert in northern Chile.

Therefore, a highly important question is: were the Atacameño
people in pre-Industrial and pre-Columbian time exposed to
high levels of arsenic over centuries? A retrospective exposure
has traditionally been constructed from the analysis of hair
samples using for example PIXE or ICP-MS after total digestion.
Problems arise especially in archeological samples when only
scarce records about preservation methods or used cosmetics
such as arsenic containing minerals are available. Other
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Furthermore, it is also unclear whether prolonged
environmental exposure over generations or genetic difference
has a significant effect how people react to a chronic low level
arsenic exposure. On the one hand the length of exposure and
ethnicity has shown to have a significant influence towards the
ratio of the main arsenic metabolite: methylarsonate (MA) and
dimethylarsinate (DMA), while on the other hand no
significance in their cancer rate or other pathological indicators
such as micronuclei was found between people of Caucasian
or Atacameño.
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fig 3 Arsenic speciation analysis of arsenic metabolites in the hair and
skin extracts from the mummies by using anion exchange HPLC coupled
to ICP-MS. The chromatogram shows the occurrence of mainly arsenate
besides minor amounts of arsenite and their methylated species DMA
and MA.
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The overall arsenic concentration in mummy hair was extremely
high, but variable (9.31 +/- 6.88 mg/kg, n=9), while concentration
in the skin was slightly lower (4.28 +/- 3.11 mg/kg, n=11). For
the XANES and EXAFS spectra, up to 19 scans were necessary to
identify the oxidation state of arsenic in the mummy samples.
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identification of the oxidation state of arsenic and their
methylated metabolities. The complementary HPLC-ICP-MS
method is necessary. The occurrence of DMA in the mummy skin
was confirmed (13%), although the majority of arsenic is
pentavalent inorganic As(V) in hair and skin (60-84%).
This finding is contradictory to the common hypothesis, because
it is clearly shown that the arsenic is not bound to the sulphur in
the keratinous tissues. But, is it possible that the occurrence of
arsenic has changed over time – and, in order to check this,
what can we see in today’s modern skin samples? Two skin
samples from arsenic exposed people contain similar total
arsenic concentrations in the skin (1.62 +/- 0.05 and 19.5 +/0.63, both n=3). The XANES data indicate that the majority of
arsenic is also arsenate (55-80%), but also slightly higher
amounts of As(III) or DMA have been recorded.
This means that not only archaeological but also modern
keratinous tissues bind arsenic not in its trivalent form via thiol
groups, since the absorption edge of the skin samples are
shifted too far to higher energies, fig 4c.

As(V) 4O, arsenite
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The two mummy hair samples, fig 4b, show unambiguously
that the majority of the arsenic is in the pentavalent form (As(V),
74-100%). While minor amounts (in one case 26%) occur in the
hair as As(III) bound to three sulphur atoms, the skin sample
showed 15% DMA and 85% As(V).These results were confirmed
by anion exchange HPLC coupled to ICP-MS as an arsenicselective detector after sample extraction with hot water. The
inorganic species (As(III) and As(V) are easily separated from MA
and DMA, fig 3. It is important to note that trivalent arsenite
cannot be distinguished from the pentavalent thio-DMA using
XANES. Therefore XANES on its own cannot be used for the
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fig 4a X-ray absorption spectra at the As K-edge were collected on
ultra-dilute Station 16.5 at the CCLRC Daresbury SRS operating at 2
GeV with an average current of 150 mA, using a vertically focusing
mirror and a sagitally bent focusing Si(220) double crystal
monochromator detuned to 70% transmission to minimise harmonic
rejection. Linear combinations of XANES spectra from well-synthesized
arsenic standards (e.g., NaAsiiiO2, Na3AsvO4, Me2Asv(=O)OH,
Me2Asv(=S)-SK)) were used for fitting.

2

0

2

1

0

Skin
Skin
Skin
Skin
Skin

incubated with As(lll)
incubated with DMA
Indian 10
Indian (Yu. T.)
Mummy (14060)

-1
11860 11870 11880 11890

Supported by: University of Scotland.

11900

energy (eV)
fig 4c XANES of skin samples from Chilean mummies and from
Indian people exposed to extremely high arsenic level in drinking
water (0.1-1.2 mg/L).

This would mean that arsenic is accumulated in these
keratinous tissues in a different way than originally thought. Is
this pentavalent arsenic possibly the result of a massive external
contamination due to bathing or cosmetics? Fig 4b and 4c
reveal that if hair or skin is soaked in DMA, As(III) or As(V), the
arsenic accumulates in an unexpected manner. The tissue takes
up water, and with it arsenic. It seems that more than half of
the arsenic binds to thiol containing biomolecules (49-66%),
while DMA binds as pentavalent arsenic to two sulphur atoms
and gives a good fit with dithio-DMA. It is surprising that
arsenic does not only bind to sulphur when it is transported to
the keratinocytes but also when it is taken up from outside.
Why don’t we see these effects in the original samples? Can
they all be oxidised to pentavalent arsenicals?

In summary it seems that the indigenous pre-Columbian people
in northern Chile were exposed to extremely high levels of
arsenic and that the majority of arsenic found in the hair and
skin reflects the ingestion of arsenic, rather than cosmetics,
preservation or bathing.

3

1

3

It should be noted that the occurrence of a different molecular
form of arsenic in the original skin and hair samples (Chilean
mummies or modern Indian) compared to the incubated hair
and skin samples points to the possibility to discriminate
between externally incorporated arsenic and arsenic which has
been ingested using XANES.
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Have the pre-Columbian
people from Atacama
suffered the silent death
of arsenic poisoning?
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fig 4b XANES of hair samples from mummies and control hair soaked
in arsenite, arsenate and DMA as standards.
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The UK currently produces approximately 20% of its electricity by nuclear power. This is set to decline sharply
by 2020 as many operational UK nuclear reactors continue to age and will need to be decommissioned.
Faced with these facts, the government has recently announced
in the Energy Review (www.dti.gov) that new nuclear power to
replace old capacity is likely to form a part of our energy supply
in the future. Nuclear reactors are fuelled by a mix of
approximately 3% uranium-235 and uranium-238. Within the
reactor, nuclear fission of uranium-235 generates heat, more
neutrons and a range of radioactive fission products such as
technetium-99 and caesium-137, fig 1 – schematic of nuclear
fission.
Additionally, neutrons can react with uranium-238 in the reactor
to generate the radioactive elements beyond uranium in the
periodic table, including plutonium. After a few years, the fuel in
the reactor becomes inefficient due to the build up of fission
products. At this stage the spent fuel typically contains
approximately 3% highly radioactive fission products, 1%
plutonium with the remainder as uranium, fig 2 – spent nuclear
fuel. In the UK the spent nuclear fuel is reprocessed. In this
industrial process, the fuel components are chemically separated
into three streams: recovered uranium, plutonium and highly
radioactive fission products. Operation of the UK's nuclear
reactors and reprocessing of the spent nuclear fuel has resulted
in both radioactive wastes (www.corwm.org) and a legacy of
radioactively contaminated industrial sites (www.nda.gov.uk).
Synchrotron radiation has been used to study the environmental
behaviour of two key radionuclides, uranium and technetium, in
biogeochemical experiments with natural sediments and in

n

n

235
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n

n

fig 1 When a neutron collides with a fissile nucleus (235U or 239Pu), the
nucleus splits into two fragments (fission products) and 2-3 neutrons are
emitted. The neutrons can go on to propagate further fission reactions
in a chain reaction.

microbiological experiments using pure cultures of bacteria
isolated from sediments.
Technetium-99 (Tc-99) is a fission product formed in high yields
in nuclear reactors. Spent fuel will contain kilogramme quantities
of this long lived (half-life 213,000 years), beta emitting
radionuclide. Technetium is present as a contaminant at sites
where radioactive materials have been processed and stored, for
example, in groundwaters at Sellafield in the UK, and at a
number of sites in the USA. Polluted groundwater systems are
one of the most difficult environments to clean up, however,
anaerobic microbial metabolism, in the absence of oxygen has
significant potential for solving this problem. Micro-organisms
that live naturally in the subsurface can degrade, detoxify or
immobilise contaminants in a process known as bioremediation.
These micro-organisms survive in the absence of oxygen by
using electron acceptors such as Fe(III) instead of oxygen. The
redox behaviour of technetium is a key control on its solubility.
In the presence of oxygen (oxic conditions) the highly soluble
technetium(VII) species dominates forms, which is predicted to
be one of the most mobile of radionuclides in the environment.
Under reducing conditions, i.e. loss of oxygen, the poorly soluble
species technetium(IV) is predicted to form. In laboratory
experiments where oxic surface estuarine muds were incubated
in the presence of technetium(VII), aerobic (oxygen loving)
micro-organisms reduced the levels of oxygen to bring about
anoxic (lack of oxygen) conditions. In this environment, microorganisms that grow and live where there is no oxygen
(anaerobic) “breathe”, using a sequence of chemical oxidants or
“electron acceptors”. As anoxia developed, specialist Fe(III)reducing bacteria gave rise to an accumulation of Fe(II) into the
mud substrate. In microbially active microcosm experiments,
more than 99% of the Tc(VII) added to the experiments under
oxic conditions was removed during Fe(III)-reduction and the
technetium remained associated with the sediments even when
sulphidic conditions developed.
Synchrotron based Extended X-ray Absorption Fine Structure
(EXAFS) spectroscopy experiments on Station16.5 (Ultra-dilute
Spectroscopy) gave information on the fate of the Tc(VII) that
had been removed from solution via microbially-mediated
reduction. Routine laboratory experiments had relatively low
concentrations of Tc present, in order to allow safe analysis of
the biogeochemistry of the systems as microbial anoxia
developed. However, the X-ray absorption spectroscopy (XAS)
experiments needed relatively high technetium concentrations
(1000 µM) to ensure its detection in the samples. The handling

fig 2 Left- Nuclear fuel is highly radioactive when removed from a
reactor and, when stored in water, stimulates the emission of
characteristic blue light (Çerenkov radiation). Centre- For use in a
reactor, fuel is placed in cans, which are held in a fuel assembly. This
arrangement prevents leakage of radioactive contaminants into the
reactor. Right- Some fuels have been stored for long periods under
water and have begun to corrode, creating complex waste
management problems. Modified from (L to R) National Geographic,
Korea Atomic Energy Institute, US Department of Energy.

of Tc-99, which is a beta emitter, is subject to statutory controls
and needs to be performed in a radiochemistry laboratory. For
safe analysis of the samples at Daresbury, sample holders that
would ensure containment of the radioactive samples, in
addition to keeping them anoxic were designed. Analysis of the
samples showed that the technetium present in an Fe(III)reducing sediment, sulphate-reducing sediment and oxic
sample that had been allowed to develop anoxia, was present
as Tc(IV)O2. Thus, as Fe(III)-reducing conditions develop in
sediments, Tc(VII) present in the natural environment will also
reductively precipitate as Tc(IV)O2, or at low concentrations sorb
as Tc(IV).
In addition to the work on technetium, XAS has also been used
to examine the geomicrobiological behaviour of uranium.
Uranium is a contaminant found at sites where uranium mining
and milling has been undertaken, as well as industrial facilities
where nuclear fuel has been prepared and handled. Its
environmental behaviour is again largely dependent on its
oxidation state. Under oxic conditions U(VI) dominates and is
more soluble than U(IV) which forms under reducing
conditions. In contaminated environments, U(VI) reduction is
thought to be controlled by dissimilatory Fe(III)-reducing
bacteria. Reduction of U(VI) by these bacteria occurs via
microbial transfer of electrons onto the U(IV) which acts as a
terminal electron acceptor, a process known as enzymatic
reduction. Enzymatic reduction of U(VI) was reported as early as
1991, and the end product of reduction identified as insoluble
U(IV). However, the mechanism of reduction was unclear.
Recent XAS studies monitoring enzymatic U(VI) reduction by
Geobacter sulfurreducens, a microorganism known to reduce
U(VI) in uranium contaminated environments, indicated that a
transient species, U(V), was present in cell suspension samples
collected during the reduction of U(VI), fig 3. This implied that
Geobacter was enzymatically reducing the soluble U(VI) to U(V)
and the well-known chemical instability of U(V) was then
allowing it to disproportionate chemically, forming the insoluble
U(IV) precipitate. This is directly relevant to the environmental
behaviour of other actinide elements such as neptunium, which
is stable under oxic conditions as Np(V). Recent experiments
have shown that it is not reduced to insoluble Np(IV) by
Geobacter. This suggests that Geobacter species have a high
selectivity for hexavalent actinides such as U(VI), and may not
be capable of enzymatic reduction of Np(V) which may be
recalcitrant to reductive precipitation in contaminated

Fourier Transform Amplitude Arbitrary Units

Using synchrotron radiation
to probe the environmental
behaviour of radionuclides

environments dominated by Geobacter species. The reduction
of radionuclides mediated by micro-organisms is now being
investigated further for its role in the clean up of contaminated
sites. For example, in shallow sub-surface aquifers, in-situ
bioremediation of Fe(III)-reducing bacteria by addition of
organic carbon is being investigated as a novel treatment
technology for Tc(VII) and U(VI) contamination in groundwaters.
Recent work using synchrotron techniques has highlighted that
understanding the mechanisms of reaction in sediments and in
pure culture is essential to understanding the environmental
behaviour of these toxic radionuclides.
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fig 3 Above- Fourier transforms for U(VI)-Geobacter as a function of
time, showing features diagnostic of the U(V) intermediate on both
cells and in solution. Below- estimates of the relative concentrations
of U(VI), U(V) and U(IV) as a function of time.
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Novel nano-magnets
manufactured by friendly
bacteria
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Bacteria have already provided us with refined delights due to their ability to culture food products, such as

Biogenic Co0.92Fe2.23 O4

d6 Oh

Synthetic Co0.99Fe2.09 O4

yoghurt, beer, wine and cheese. Now a group of bacteria that grow in the absence of oxygen (anaerobes)
have been discovered to produce a range of novel nano-magnets. They provide an environmentally friendly
route for the manufacture of nanosize magnetic iron oxide particles that find a wide range of applications in
information storage, colour imaging, bioprocessing, magnetic refrigeration and ferrofluids. X-ray magnetic
circular dichroism (XMCD) using polarised soft X-rays provides a unique tool to
study their properties.
Fe(III)-reducing bacteria are a group
of micro-organisms found in anoxic
(without oxygen) subsurface
sediments. Since oxygen is limited in
these environments, bacteria gain
energy instead by respiring on
oxidised metals in minerals. This
process causes changes in the
mineralogy of the sediments by
altering oxidised minerals to more
reduced forms. Geobacter
sulfurreducens is a bacterium capable
of respiring on amorphous iron(III)
oxides, converting the iron to nanosized magnetic particles of magnetite
(Fe3O4), fig 1, shown in fig 2 with a
size of about 20 nm. Such particles have electrical,
magnetic, and structural properties that differ from coarse
grained materials. The extraordinary capability of bacteria to
produce nano-magnets has not yet been exploited by industry
and we believe such processes to have enormous commercial
potential.

fig 2 A transmission electron microscopy (TEM) image of biogenic
magnetic nanoparticles produced by the Fe(III)-reducing bacterium,
Geobacter sulfurreducens.

a

b

fig 3 A river at Saltburn, Teeside contaminated by acid mine drainage
iron-rich waste material.

Waste iron oxides can contain other important oxidised metals
such as cobalt, nickel and manganese, which can be
incorporated into the spinel structure, changing the chemical
formula to MxFe3-xO4, where M is a cation different from iron.
This changes the magnetic properties of the particles, therefore
it has been important to first study simple synthetic systems
in order to understand the more complicated waste nanomagnets. Using the same Fe(III)-reducing bacterium, a variety of
nanoparticles from iron oxides synthesised in the laboratory,
containing just one or two of the above elements have been
produced. These nano-magnets have been characterised and it
is now possible to compare data from these model materials
with data on the magnets made from waste materials to gain a
better understanding of the ‘manufacturing’ processes.
A powerful technique for probing the structure of magnetic
nano-particles is XMCD. This technique gives direct information
on the site-specific position of iron and other elements within
the mineral. Polarised soft X-ray absorption spectra (XAS) were
collected on Station 5U.1 in a reversible applied magnetic field.
The two XAS spectra for opposite magnetisation directions
were subtracted to give the XMCD spectrum. The measured Fe
L2,3 XMCD was used to obtain the site occupations of the iron
and other cations in the spinel structure.

fig 1 Microcosm experiments showing amorphous iron oxide before
(a) and after (b) the addition of the Fe(III)-reducing bacterium
Geobacter sulfurreducens, resulting in the formation of magnetite
(attracted to the magnet).

Using bacteria to convert iron oxides to fine-grained magnetic
particles also has environmental implications. Bioremediation
has the potential to clean up contaminated environments
inexpensively and effectively. At disused coal mines where acid
mine drainage is a problem, and during the cleaning of water at
treatment facilities, huge quantities of waste iron oxide is
produced. If the iron is released into the environment it is
unsightly and environmentally damaging, fig 3. Also, amorphous
iron oxide does not settle out of solution easily and is difficult to
handle. At present, therefore, the water is removed at great
expense (muck, suck and truck) and the resulting orange sludge
is landfilled at a large environmental cost. However, these waste
materials can be converted to nano-magnets by bacteria
providing a method of recycling troublesome waste material into
high value products.

710
720
Photon energy (eV)
fig 4 Fe L2,3-edge XMCD spectra showing the variation in site
occupancies of Co(II)-substituted magnetite as compared to standards.
Peak positions of the octahedral Fe2+ d6, tetrahedral Fe3+ d5 and
octahedral Fe3+ d5 are indicated.
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The spectra in fig 4 show that when cobalt oxide is added to
iron oxide the bacteria are capable of incorporating cobalt
within the structure of the new magnetic mineral. The blue
curve, which shows the largest first negative peak, represents
standard nano-magnetite produced by bacteria with no other
elements incorporated. The black and red curves show the
effect of adding 5% and 30% cobalt, respectively. The first
negative peak corresponds to the amount of octahedral Fe2+ in
the magnetite, and since it becomes progressively smaller as
more cobalt is added it indicates that Co2+ is replacing
octahedral Fe2+ in the biogenic nanoparticles. The green curve
shows that the same happens when cobalt is incorporated into
an inorganically produced magnetite powder. The chemical
formulae in fig 4 are derived from curve-fitting the respective
spectra.
Fe(III)-reducing bacteria can produce doped nano-sized
magnetic particles from both iron oxide wastes and synthetic
systems. This method is efficient, requires little energy, has
no hazardous wastes and can be used to make tailored
nano-magnets, for a variety of uses, by the electronics industry.
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Metal organic chemical
vapour deposition (MOCVD)
and the adsorbed structure
of single atom catalysts

A

x-ray standing waves

TiO2

In many heterogeneous catalysts the active agent is often an expensive material. In order to achieve economy
and efficiency it pays to ensure this component is very finely divided, such that the active atoms are all
available to the process reagents. Here the structure of a system divided to its limit – single atoms adsorbed
on a support material – is studied as a model of the intermediaries found in real catalysts.
Rhodium is a core component of a wide range of catalysts,
particularly those involved in the catalytic removal of noxious
gases from automobile exhaust engines. Whilst a great deal of
research has been made concerning the structure and
reactivity behaviour of rhodium single crystal surfaces, it has
become clear that under real reaction conditions it cannot be
guaranteed that metallic rhodium is either present or
contributing to the desired reactive chemistry. Models of
fundamental catalytic processes such as carbon monoxide (CO)
oxidation and nitric oxide (NO) reduction, based on metallic
reactivity, are inappropriate when the active element is more
likely to be a range of adsorbed organo-rhodium species such
as Rh(CO2), Rh(NO)+, Rh(NO)- and Rh(NO)2. However, despite
a great deal of catalytic research, relatively little is known
about the detailed adsorption sites and structures of these
species when adsorbed upon the oxide surfaces which make
up the support material in the catalyst. In recent experiments
at the SRS, researchers from the Department of Physics at
Reading University and Dr Newton based at the ESRF, have
begun to investigate the structure of these reactive
intermediates using the technique of normal incidence X-ray
standing waves (NIXSW).

fig 1 Scanning Tunnelling Microscope images of Rh(CO)2Cl
adsorption on the titanium dioxide (110) surface. At early stages in
the adsorption (A) there is little spatial ordering of the molecules,
however at later time an ordered adsorbed monolayer appears (B)
along with nanoparticles of rhodium (C) from decomposed
molecules. 15nm square images taken under UHV.

Structural studies of well defined systems are best carried out
under ultra-high vacuum (UHV) on single crystal support,
where cleanliness and possible adsorption sites can be
controlled. However, this environment does not allow the
creation of single atom rhodium, seen in real catalysts, from
metallic rhodium, as islands form on deposition that cannot
be controllably redispersed to atoms. Instead, rhodium from a
volatile organometallic species, Rh(CO)2Cl dimers, were
deposited by MOCVD onto a titanium dioxide single crystal
support. The chlorine and carbon monoxide ligands protect
the rhodium and reduce the tendency to form rhodium metal
islands. However, in vacuum the loss of carbon monoxide is
irreversible and so rhodium islands tend to form slowly, fig 1,
a process which is exacerbated by free electrons produced in
most surface science experiments. Maintaining an overpressure
of carbon monoxide, which repairs the damage caused during
the experiment, prevents this happening. The sensitivity to
electrons and thermal damage severely restricts the surface
sensitive electron scattering probes, found in low energy
electron diffraction for example, that can be employed to
determine these adsorbate structures.
In the NIXSW technique, element specific surface atomic
positions, relative to the bulk atoms of a single crystal, can be
determined by triangulation of the X-ray absorption response
of the element of interest along different crystallographic
directions of the substrate, fig 2. Photoelectron and Auger
electron emission were used as indicators of X-ray absorption
from the standing wave produced by interference of incident
and back-reflected Bragg reflections from the (110), (220),
(101) and (211) crystal planes of the titanium dioxide (110)
substrate. Analysis of the electron yield, as a function of
synchrotron X-ray energy, which is scanned to satisfy the Bragg
condition, gives structural parameters that describe the
arrangement of atoms with respect to the substrate planes in
that direction, fig 3. Unfortunately, this is generally not the
absolute position. Nearly all the NIXSW work to date, has been
carried out on metal or semiconductor single crystal substrates.
Titanium dioxide presents an additional problem, in that it is
reducible and readily generates bulk defects in response to
cleaning and ordering treatments, which may interfere with

fig 2 Schematic diagram of the standing waves generated by
illumination of the titanium dioxide crystal at the Bragg condition. As
the X-rays scan through the Bragg reflection the local electric field
intensity is enhanced, resulting in an enhanced photoemission of the
atoms located at antinodes of the field. The crystal is oriented in the
vacuum chamber so that specific Bragg conditions are reached.

the production of strong, quantifiable, standing waves. The
analysis of this is another story – very lightly treated substrates
were used to minimise this effect.
A model of the adsorbed structure, consistent with the
measured NIXSW responses has been built, with each atomic
adsorption site having up to four symmetrically equivalent
positions. The model employed two unconstrained atoms, and
their symmetry equivalents, and was optimised computationally
by a combination of genetic algorithms and steepest descent
methods. Both rhodium and chlorine are adsorbed in line with
bridging oxygen atoms in the (001) direction, slightly displaced

B

fig 4A and 4B Derived structure of the adsorbed rhodium-chlorine
complex on the titanium dioxide (110) surface, rhodium atoms in grey,
chlorine in yellow, oxygen in red and titanium in dark grey. 80% of the
rhodium and chlorine atoms were determined to be adsorbed in this
configuration in two symmetrically equivalent domains. Fig 4A is a
side view along the (001) rows of the substrate, fig 4B is a plan view
onto the (110) surface.

– direction from the high symmetry atop bridging
in the (110)
oxygen and 5-fold co-ordinated titanium sites respectively. The
carbon atoms from the carbon monoxide ligands show a low
coherent fraction in NIXSW data in the surface normal (110)
direction and hence a range of adsorption heights must be
present. This immediately excludes a tetrahedral co-ordination
to the rhodium atom, leaving a square, planar, geometry the
most likely, in agreement with vibrational spectroscopy and the
known co-ordination chemistry of RhI(d8) species. NIXSW data
could not be taken for the (211) direction to fully determine
positions and so the atoms have not been shown.
These experiments have enabled the structure of adsorbed
organo-metallic compounds to be determined under ideal
conditions and preliminary work has shown that reactions with
nitric oxide lead to structural changes. Such studies
complement complex catalytic studies on real systems and
present essential data in developing better models.
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fig 3 Typical NIXSW response of rhodium photoelectron spectra,
recorded as a function of photon energy, as it traverses the (110)
Bragg reflection, i.e. normal incidence to the crystal surface. Each data
point comes from a single measurement of the intensity of the
Rhodium photoelectron energy distribution curve. The best fit curve,
in red, yields structural parameters that are used to locate the atoms.
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A simple picture of a molecule, such as carbon dioxide (CO2), would be of several nuclei surrounded by a
cloud of electrons. For carbon dioxide, these nuclei consist of a central carbon nucleus sitting between two
oxygen nuclei. The separation between the nuclei is not rigidly fixed so the molecule may be vibrating.
The electron cloud is made up from many electrons, each in its own orbital. When light is shone upon a
molecule it can cause an electron to transfer from one orbital to another, and there are rules that define
which orbitals the electron may move into. There are some orbitals into which the electron is theoretically not
allowed to move, and these are called forbidden transitions. Nevertheless, forbidden transitions do
occasionally occur, although they are usually difficult to observe.

Collimating
mirror

Focusing
mirror

information about how the vibrational motion of a molecule
changes when it is exposed to a beam of light.
Molecular transitions are governed by electric dipole selection
rules, and these rules allow excitation of any number of
quanta in the totally symmetric vibrational modes
accompanying an electronic transition. Transitions into such
vibrationally-excited Rydberg states are commonly observed
in molecular photoabsorption spectra. Electronic transitions
involving non-totally symmetric
vibrational modes may also occur,
although usually rather weakly,
providing that the accompanying
vibrational excitation corresponds to
an even number of quanta. Transitions
involving an odd number of non-totally
symmetric modes are normally
forbidden, but may become allowed
through vibronic coupling.
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fig 1 A schematic representation of the dispersed fluorescence apparatus.

CCD detector

Looking for these forbidden transitions
is difficult because they are usually very
weak compared to the allowed
transitions. For example, the forbidden
transitions in carbon dioxide are about
a million times less intense than the
allowed transitions. One experimental
method of searching for the existence
of forbidden transitions is to study how
a molecule fluoresces when it is put
into a beam of light because the
fluorescence spectrum depends upon
which transitions have been excited.
The fluorescence spectrum contains
many components, each having a
specific wavelength. By measuring the
wavelengths it is possible to deduce

N2
Fluorescence yield

When an electron makes a transition from one orbital to
another, it does so very quickly, on a timescale much faster
than the nuclear motion. Under these circumstances the
electronic motion and the vibrational motion may be
considered as independent of each other. However, this is not
always the case. Sometimes the electronic and vibrational
motions cannot be considered separately. This is called vibronic
coupling and can give rise to normally forbidden transitions.
Therefore, the study of forbidden transitions provides

The experimental arrangement is shown in fig 1. Synchrotron
radiation from station 3.2 on the SRS was used to excite a
beam of carbon dioxide molecules. Each molecule is initially
in its ground state, but through the absorption of the photon
energy an electronically and vibrationally excited state is formed.
This excited state decays by fluorescence, and the resulting
light is collected and focused by a lens system onto the
entrance of a monochromator. The light is dispersed by the
monochromator into components of different wavelengths
and a spectrum (the light intensity as a function of wavelength)
can be measured. Fig 2 shows an example of a dispersed
fluorescence spectrum for molecular nitrogen. Each line
represents a transition between specific initial and final states.
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fig 3 The fluorescence excitation spectrum of the CO2+B(001) 2∑+g →
~
X(001) 2Πu transistion. The two marked Rydberg series converge onto
~
the C(001) 2∑+u ionisation limit and may be assigned to the 4σg →
nsσg and the 4σg → nd transitions. Both series involve a single
excitation of the asymmetric stretching mode.

The results shown in fig 3 indicate that forbidden transitions
in carbon dioxide are more important than expected and help
us understand the spectroscopy and dynamics resulting from
the interaction of electronic and vibrational motions. This, in
turn, provides new information about photon-molecule
collisions and shows that more sophisticated theoretical
models, which take into account vibronic coupling, need to
be developed. Similar experimental work is now being carried
out on other triatomic molecules to examine their vibrational
motions.
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ideally suited to the investigation of forbidden transitions.
Although nearly all of the fluorescence emitted by the
decaying molecular ions arises from allowed transitions, this,
less interesting, radiation can be filtered out by the
monochromator so that only the radiation due to the
forbidden transitions is detected.

Fluorescence yield

Searching for forbidden
electronic transitions in
molecules

the changes to the electronic and vibrational motions and also
whether the transitions were allowed or forbidden. Suppose
the molecule is exposed to ultraviolet radiation, the type of
light which forms part of the sun’s spectrum. Ultraviolet
radiation cannot be observed by the human eye but it is ideally
suited to the study of molecular behaviour. If the radiation is
absorbed by the molecule, the electronic and vibrational
motions may change, and the molecule is then said to be in
an excited state. Subsequently, this excited state may decay
and some of the radiation can be re-emitted, but now in the
visible part of the spectrum.

391.4

fig 2 Dispersed fluoresence spectrum for molecular nitrogen. Each line
represents a transition between specific initial and final rotational
states.

A dispersed fluorescecnce spectrum can be recorded after
exciting the molecule with a particular wavelength of
radiation. Such an experiment allows the orbital into which
the electron is promoted to be determined and it also allows
the vibrational motion to be studied. Alternatively, a specific
electronic and vibrational transition can be selected by
choosing the appropriate fluorescence wavelength, and a
spectrum recorded as the wavelength of the radiation
absorbed by the molecule is varied. Fig 3 shows this type of
spectrum for a forbidden transition in carbon dioxide where
the final ionic state contains a single quantum of the
asymmetric stretch vibrational mode. The spectrum shows that
the probability of observing these transitions is enhanced
when the excitation energy coincides with a Rydberg state also
containing a single quantum of the asymmetric mode. These
results illustrate that dispersed fluorescence techniques are

General References:
DA Shaw, DMP Holland, IB Poole, S Sodergren,
G Ohrwall, L Karlsson, FT Chau and DKW Mok.
Chem Phys 2006.
Supported by: EPSRC.

For more information contact:
DMP Holland
Tel: 01925 603425
Email: d.m.p.holland@dl.ac.uk

DA Shaw
Tel: 01925 603425
Email: d.a.shaw@dl.ac.uk
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SRS user year 2005-2006
The SRS attracted users from all over the UK, Europe and elsewhere in the world to carry out high quality
experiments.
In 2005-2006 the quantity of beamtime used by each scientific
discipline is shown in fig1. The usage by area has changed
compared to the last year, with growth in chemistry to 28%
(from 23%) countered by reductions in physics (4%) and
materials (1%). The biology programme comprises 22% of the
programme and is unchanged from previous years. The medicine
programme continues to grow but is less than 2% of the whole
programme. The diverse scientific programme has been funded
in the main by CCLRC directly, with the biology programme
boosted via support from the Wellcome Trust. The EU
Framework Programme 6 has funded a facility access
programme as part of the Integrated Activity on Synchrotron
Radiation and Free Electron Laser Science
(see http://www.elettra.trieste.it/I3/), and the second full year of

FAP
Biology and Medicine
Physics
Materials and Engineering
Structural and Environmental Chemistry
The FAPs comprise ~ 60 UK, EU and International scientists, who
assess the scientific quality and timeliness of proposals submitted
to the stations on the SRS, and provide recommendations for

the contract was completed at the end of February 2006. The
SRS commercial service provided through DARTS has provided
additional financial support. Overall the days available to users
(~3700) were at a level comparable to FY0304, despite the loss
of 2 weeks user beam in March 2006 due to an unexpected
water to vacuum leak on the SRS. Fig 2 shows the funding
proportions – Direct, Programme and Rapid are the CCLRC
funded modes of access.
Each year there are two calls for proposals, with deadlines of 1st
May and 1st November. The SRS Facility Access Panels (FAPs)
meet in early July and January to carry out peer review. There
are 4 SRS FAPs – each covering the stations which are managed
by the Science Colleges:

SRS Stations (2005-2006)
2.1, 9.6, 10.1, 11.1, 12.1, 13.1, 14.1, 14.2
1.1, 3.1, 3.2, 4.1, 4.2, 5U.1, 6.1
2.3, 6.2, 16.1, 16.3, 16.4
3.4, 7.1, 9.1, 9.2MF, 9.3, 9.5HPT, 9.8, 13.3, 16.2SMX, 16.5
the allocation of beamtime. The panel membership for
2005-2006 was:

Biology and Medicine

Physics

Materials and
Engineering

T Wess
R Eady
R L Brady
A Liljas
R Bisby
K Rogers
P Laggner
N Hunter
J Sutherland
M Feiters
K Brown
P Gardner
G Truscott
S Eichhorn

R Jones
M Cropper
S Dhesi
L Avaldi
R McGrath
P Hatherly
D P Woodruff
G King
M Kadodwala
C Nicklin
S Thompson
T Hase
B Hamilton
P Sprunger
J O’Shea
S Barrett
A Evans
T Reddish

P Barnes
A Korsunsky
E Heeley
J E Macdonald
P McMillan
K Roberts
M Smith
P Thomas
C Hall
R Freer
W Bras
P Fewster
M Glazer
I Hamley
G Ungar
R Richardson

Structural and
Environmental
Chemistry
R Pattrick
C Hardacre
A Blake
R Morris
N Young
S Redfern
L Benning
H Evans
M Fleet
J S O Evans
M Ormerod
G Mountjoy
R Walton
C Hardacre
A Scheidegger
H Bitter
S Shaw
G Attard
M Elsegood
M Hodson
S Schroeder
F Lahoz
M Walter

MATERIALS

CHEMISTRY

ENVIRONMENT

BIOLOGY & BIOMATERIALS

MEDICINE

TECHNIQUE & DEVELOPMENT

DARTS

PHYSICS

DARTS

PROGRAMME MODE

DIRECT ACCESS

RAPID

EU

WELLCOME TRUST

fig 1 shows the breakdown by scientific discipline.

fig 2 The SRS was funded directly by CCLRC for 94% of the user
access. Wellcome Trust, the EU and DARTS, through commercial usage,
funded the remainder during 2005-2006. The proportions for
2005-2006.

During the year, the proposed station rundown plan was
published on the web, with the SRS switch off date set at the
end of December 2008. The agreed plan will be published once
a budget for operating the SRS until December 2008 is known.
Stations 9.2MF came on line for mini-focus XAS and & 9.5HPT
for high pressure and temperature XRD and the focusing
upgrade for 9.6 was completed. The on-going programme of
detector and instrumentation developments from which users
of Diamond and future sources will benefit has continued,
utilising the extensive SR expertise within the Department and
within Daresbury Laboratory as a whole.

The 7 satellite workshops were in the areas of microfocus
macromolecular crystallography, atomic and molecular: SR
and laser spectroscopy, structure and change, infrared
microspectroscopy, new frontiers in x-ray science, engineering
and processing, and shining synchrotron light on environmental
sciences problems.

The second of a new format annual SR Users Meeting was held
at the Palace Hotel in Manchester on 13th and 14th September
2005. Under the auspices of the SR Forum, CCLRC and DLS
jointly organised the meeting, with SRD Daresbury as the lead
host. The science activity at the meeting is arranged through
parallel satellite workshops interlaced with the main meeting.
The main programme featured plenary lectures from I. Madsen,
G. van der Laan, A. Suits, A. Manceau, D. Moss and P.Coppens,
as well as the usual updates on SRS, Diamond, ESRF and 4GLS.

In 2006 the meeting will be hosted by Diamond at the
Rutherford Appleton Laboratory site. Just prior to the user
meeting, on the 12th September, the 25th anniversary of the
SRS was celebrated. Many past and present users and experts
gathered for a day of reminiscing and excitement for the future
including the speakers – Phil Burke, Phil Evans, John Pendry,
Phil Woodruff, Richard Catlow, Tony Ryan, Keith Codling,
Robert Donovan, Herman Winick, Michael Hart, Michael
Woolfson, Hugh Huxley, Tom Blundell, David Stuart & Janos
Hajdu.
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SRS user year 2005-2006
- Continued
Under the facility access arrangements users of SRS,
ISIS and CLF are asked to complete a common user
feedback questionnaire after each experiment. The
SRS scores consistently highly in areas of scientific
and technical support. Figs 3a & 3b show the survey
results for AP40 (April – September 2003) through
AP45 (October 2005 – March 2006). The target for
the level of user satisfaction was 85%, with 86%
actually achieved for those directly related to the SRS
in the year.

Computing & software
Sample environment equipment
Station information
Station performance
SRS reliability
User Liaison Office
Out-of-hours technical support
Technical support
Out-of-hours scientific support
Scientific support
0

20

40

60

80

100

Percentage
AP45

AP44

AP43

AP42

AP41

AP40

fig 3a SRS user satisfaction.

Satisfaction levels of SRS users over the past 3 years, separated into those
directly related to the SRS facility (fig 3a) and those that are provided by
DL site services (fig 3b).

Services provided by the Library
Processing of claims
Vending areas
Food in the DL restaurant

AP45
AP44
AP43
AP42
AP41

Accommodation, off site

AP40

Accommodation, on site

fig 3b SRS user satisfaction (site services).
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SRS accelerator operations
2005 – 2006
The SRS attracted users from all over the UK, Europe and elsewhere in the world to carry out high quality experiments.

This year there were no major upgrades or developments
planned on the SRS accelerators and the SRS was scheduled to
operate 5000 hours of multibunch. As a result, users have
experienced long periods of efficient SRS operations. Fig 1
shows the monthly operating efficiencies for the year.
Monthly efficiencies in excess of 90% have routinely been
achieved, with the exception of two months which showed a
significant drop in efficiency.

From September 2005 to February 2006 the SRS operated with
excellent efficiencies and lifetimes. Fig 2 shows SRS lifetimes at
200 mA and 150 mA for the year. Lifetimes peaked at the end
of 2005 at over 30 hours lifetime at 200 mA. This level of
sustained reliable operation is a result of a number of
programmes undertaken over the last two years to improve the
reliability of critical systems. For example RF, Cryogenics and
Power Supplies.

In July 2005, a breach in the Bridgewater Canal at Manchester,
resulted in a decrease in primary cooling water for the SRS.
During this time the SRS primary cooling system was constantly
evaluated and modified to maintain operations for as long as
possible. As a result, only the minimum number of hours were
lost over a few days, until the breach was repaired and the
Canal level restored.
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fig 2 SRS Lifetime 2005 – 2006.

As a result of careful planning, use of contingency and
reduction in shutdown time during AP46 and 47, the time lost
to the user community, due to this fault has been reduced to 2
days. This is reflected in the Summary Table.
100

Summary Table
90
80
70

Multibunch

Singlebunch

Total

Scheduled Hours

4809

0

4809

Achieved Hours

4256.83

0

4256.83

Start-up and
Commissioning

60

Number of User Fills

Multibunch

50

Singlebunch

MACHINE - 60%

RF SYSTEM - 4%

WATER - 2%

MAGNET PSU - 2%

30

OTHER - 9%

CONTROLS - 4%

20

MAINS DIP - 4%

ELECTRICAL HARDWARE - 3%

PORTS - 2%

BEAM LOSS CAUSE
UNKNOWN - 3%

40

10

MISCELLANEOUS - 4%

0
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0
274

0

274

Shutdown Hours

3567

Injection Hours

195

Fault Hours

357.17

MB Operating Efficiency (%)

92.57%

Mean Time Between
Failure (MTBF) Hours

43.69

Mean Time To Repair
(MTTR) Hours

5.53

Beam Studies

384

fig 3 Fault Statistics.
fig 1 Monthly operating efficiencies.

However, in March 2006, there was a failure of a copper
cooling pipe the machine vacuum. This led to a water to
vacuum leak, which effected 1/4 of the storage ring and 2 RF
cavities. To recover the accelerator, each vessel in the effected
area, had to be removed and vacuum processed before
reinstallation, to achieve the low pressures required in the
accelerator required for a light source. This is reflected in the
fault statistics, where machine vacuum dominates, see fig 3.

In conclusion the SRS has for the majority of the year operated
reliably and this is indicated by an ‘MTBF’ of over 43 hours, an
improvement of over 4 hours on last years figure. Although,
two serious faults have impacted on the overall efficiency of
the SRS, the operating efficiency still remained in excess of 90%.
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SRS 25:
A jubilee celebration

He reviewed the Laue techniques of 'white' beam diffraction,
to study intermediate steps in the phosphorylase reaction, but
he anticipated the extremely high radiation densities promised
by future sources.
Perhaps the most memorable moment of the day was the
abandonment of the last test match as a draw, which meant
England won the Ashes series against Australia, much to the
bemusement of the uninitiated in cricket! The proceedings
were closed with a forward look by Colin Whitehouse, peering
into the future to forecast what the shape of Daresbury
Laboratory would be like beyond the closure of the SRS.

It is rhetorical, nowadays, to ask why we need a synchrotron. But that was not so in 1980, when the
Synchrotron Radiation Source (SRS) came into operation as the first dedicated high energy source of
synchrotron radiation. The pioneering experiments conducted soon afterwards were beacons of inspiration
the world over. Since then, similar dedicated sources have been designed and commissioned in many
countries, and accelerator scientists are now busy working on a 4th Generation Light Source prototype, 4GLS.
Amid such accelerated evolution, it was appropriate to pause and celebrate the 25 years of continuing success

Some of the 200+ participants who joined the celebration.

at the SRS, and look forward to the future.

Herman Winnick, of Stanford University, showed original
photos of people and machinery, recalling those early days of
new discovery. Michael Hart, of Bristol University, recalled the
development of the beamline optics, particularly
monochromators of various designs.

leading crystallographic computing package developed
with Daresbury Laboratory participation and SRS
association, as described by Phil Evans, from
the MRC-LMB in Cambridge. CCP4
provided the forum, hardware and
organisation for the exchange of
software written in open source by
volunteer scientists willing to share
with others.

The commemorative cake.

A reception was held on 11th September 2005, at the new
Daresbury Innovation Centre building, where past and present
staff, users and experts met with various public figures from
the Northwest of England. The North West Development
Agency sponsorship of the Daresbury Campus concept is a
crucial link in development towards the 'new era' in the life of
Daresbury Laboratory providing the springboard towards 4GLS.
A scientific meeting was held the following day at the Palace
Fields Hotel, Manchester, where many scientists relived the
various developments completed at the SRS. The proceedings
were opened by Colin Whitehouse, Director of CCLRC
Daresbury Laboratory. Phil Burke, of Queen’s University, Belfast,
gave a historical review of setting up the Collaborative
Computational Projects. One of them, CCP4, became a world

A succession of presentations
followed, recalling the impact of
the SRS on the various fields of
scientific development. The
speakers also emphasised the
unique atmosphere of involvement
of the SRS staff, which made the
advances possible. John Pendry, from
Imperial College, London, described
early work on EXAFS theory and the
development of the necessary new
methods. Phil Woodruff, of Warwick
University, highlighted the ‘turning point, breakthrough' experiments in photoemission from solids
and surfaces. Richard Catlow, of the Royal Institute &
University College London, described work on glasses, catalysts
and computational chemistry, leading to advances in microand meso-porous materials based on zeolites, that contributed
to oil refining and other consumer industries. Tony Ryan, of
Sheffield University, credited the unique skills of the SRS staff
for making continuous polymer extruder experiment possible.
Keith Codling, of Reading University, recalled pioneering
spectroscopic studies of atomic and molecular gases at the
SRS, leading to the standard absorption tables (Madden and
Codling) which are still in use today. He too emphasised that
these successes were heavily dependent on the dedicated
support of staff and the flexibility of the beamline set ups.
Robert Donovan, of Edinburgh University, offered some
anecdotes, but concentrated on a forward look in the field of
ion-pair and polarised fluorescence experiments.

The presentation of the historic 'certificate' by Herman Winick and
Keith Hodgson to Ian Munro and Samar Hasnain.

Michael Woolfson, of York University, author of the 1992
report on the SR needs of the UK, addressed the extension of
Direct Methods phasing of crystallographic data to
macromolecular structure solution. This approach relies on very
high resolution data accessible only at sources like the SRS, but
recent developments have extended the applicability to
moderate resolutions. Hugh Huxley, of Brandeis University,
reviewed one of the earliest programmes to use the SRS,
aimed at elucidating the muscle mechanism.

The post-meeting dinner featured the cutting of a 25th
Birthday cake by Tom Blundell and Ian Munro. A signed copy
of the log book entry, dated 30 June 1980, mounted in a glass
frame, was presented by Herman Winick, who lost a bet with
Neil Marks that the first circulating beam would be achieved in
the first half of 1980. Neil won the bet with a few hours to
spare, according to the log book, and Herman recalled how
delighted he was to lose that bet, with the forfeit being a case
of champagne, suitably enjoyed by those present on the day.

The poster session attracted a large number of posters
with lots of small group discussions.

Tom Blundell, of Cambridge University, author of the 1986
report on the SR needs of the UK, recalled the planning and
installation of the High Brightness Lattice and reviewed the
impact of the SRS on Structural Biology, moving from
individual proteins to larger assemblies, systems and
biochemical pathways. David Stuart, of Oxford University, was
full of praise for the great support from the SRS and Ministry
of Agriculture staff during his effort towards solving the
structure of the Foot & Mouth disease virus. The elegant
model became synonymous with the importance of SR
sources. Janos Hajdu, of Uppsala University, ran a slide show of
users from the mid 1980s, working late into the night.
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News and Events
Bioinformatics e-Scientists Gathered at Daresbury Laboratory On 26th September, 2005, DL hosted the Second BioDA
Workshop for GRID developers, service providers and eScientists from the bioinformatics domain. This one-day event
was organised by the Bioinformatics and DAIT (BioDA) project,
a BBSRC-funded collaboration between the Information
Science and Engineering Group and the Cardiff University
School of Computer Science.

Anne Humphreys, DL's Education Officer, demonstrates how ice-cream
can be made in seconds using liquid nitrogen.

Paperclip Physics competition - DL recently hosted the NW
region finals of the Institute of Physics Paperclip Physics
competition when teams had to explain a principle of physics
in five minutes using only items found in the home.
The winning team was from King's School, Macclesfield
with their demonstration of rocket propulsion. Judges included
Prof Bob Cernik and the Reverend David Felix.

School Science Prize 2005 - DL hosted the tenth annual
Awards Evening on 20 October 2005. Pupils from 31 local
secondary schools were awarded prizes and books to celebrate
their achievements in Year 9 science. The young scientists
heard all about the ground-breaking research made possible
by using the synchrotron machine, plus plans for the future of
the wider Daresbury Campus. After touring the SRS area, the
students were joined by their parents for the formal
presentation by Colin Whitehouse in the Lecture Theatre,
followed by a light buffet in the Atrium.
Manchester Schools' Cluster Group visit DL 25 January 2006 DL welcomed a group of 6th form students from the
Manchester area for a chance to see some science in action,
and a look around the SRS. The 'Widening Participation
Scheme' encourages students who are not from a background
of higher education to consider taking science through to
degree level. Barbara Grundy, the trip organiser from
Manchester University, wrote afterwards to Anne Humphreys,
DL's Education Officer who organised the visit, 'The teachers
have been really delighted and said the mentees really enjoyed
it and got a lot out of the experience'.

Particle Physics Masterclass - 78 physics A level students came
to DL and participated in particle physics masterclasses held
over two days. They saw presentations by Naomi Wyles and
David Holder of ASTeC, before going inside the SRS for a
beam-measuring exercise.

SEA's Lunch - Several of DL's Science and Engineering
Ambassadors (SEAs) attended a reception given at Stanley
House in Mellor. Speakers included Liz Towns-Andrews, Brian
Iddin, MP and Claire Curtis-Thomas, MP.
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The performance began with an introduction to Einstein’s life
and involvement with music and how his ideas have shaped
our concepts of space, time and evolution of the Universe.

October 2005 Einsteins Brain Dr Lthygoe
January 2006 Lasers and Scaples Martin Cooper.

Selections from J S Bach’s Sonatas and partitas for solo violin,
performed by critically acclaimed violinist Jack Liebeck,
accompanied the images shown. The lecture, given by Brian
Foster, continued with a discussion of the Standard Model of
particle physics in which the evolution of the Universe after the
Big Bang can be understood. Solo violin music specially written
by two outstanding young UK composers, Emily Hall and
Anna Meredith, illustrated several of the ideas discussed in
the lecture.

May 2005 Silent Land: Neuropsychology Dr Paul Broks.

November 2005 Arsenic Crisis Dr Polya.
February 2006 Rainbows, Halo’s and Glories
Prof. John Inglesfield.

June 2005 Arcs and Sparcs Dr Ken Skeldon.

September 2005
Robots on Loose
Prof. Sharkey.

March 2006 Right Brain Left Brain Dr Diane Simpson
As an extra event in our series of public lectures, DL
hosted 'Superstrings', a lecture with music, linking
Einstein’s favourite instrument, the violin, with many
of the concepts of modern physics.
December 2005 Show Me What You Are Made of Dr Piercey.
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The China-UK N+N Workshop on Synchrotron Science at
Shanghai brought together experts from both countries, UK
and China, to exchange scientific information and to explore
possibilities for working together in the future. The workshop
is a means of introducing and familiarizing British and Chinese
scientists with research programs and opportunities for
collaborations, which carry on into the future.

Almost 3000 members of the public got stuck into science at
the Open day on 8th October 2005. With rockets, virtual
reality, instant ice cream, moon rocks and lots of hands on
science, there was something of interest for visitors of every
age. The Open Day celebrated both Einstein year and the 25th
anniversary of the Synchrotron Radiation Source.

65

SRD Annual Report 2005-2006
Section Publications

PUBLICATIONS 2005
JOURNALS
Abbas, G; Roy, SS; Papakonstantinou, P; McLaughlin, JA
Structural investigation and gas barrier performance of diamond
like based carbon films on polymer substrates
Carbon, 2005, 43, 303-309.
Abbas, GA; Papakonstantinou, P; McLaughlin, JA
Investigation of local ordering and electronic structure in Si- and
hydrogen-doped tetrahedral amorphous carbon thin films
Applied Physics Letters, 2005, 87, 251918.
Abbas, GA; Papakonstantinou, P; McLaughlin, JA;
Weijers-Dall, TDM; Elliman, RG; Filik, J
Hydrogen softening and optical transparency in Si-incorporated
hydrogenated amorphous carbon films
Journal of Applied Physics, 2005, 98, 103505
Acharya, KR; Lloyd, MD
The advantages and limitations of protein crystal structures
Trends in Pharmalogical Sciences, 2005, 26, 10-14.
Addinall, SG; Johnson, KA; Dafforn, T; Smith, C; Rodger, A;
Gomez, RP; Sloan, K; Blewett, A; Scott, DJ; Roper, DI
Expression, purification and crystallization of the cell-division
protein YgfE from Escherichia coli
Acta Crystallographica F: Biology & Crystallization
Communications Online, 2005, 61, 305-307
Affronte, M; Casson, I; Evangelisti, M; Candini, A;
Carretta, S; Muryn, CA; Teat, SJ; Timco, GA;
Wernsdorfer, W; Winpenny, REP
Linking rings through diamines and clusters: Exploring synthetic
methods for making magnetic quantum gates
Angewandte Chemie: International Edition, 2005, 44, 64966500
Allegretti, F; Woodruff, DP; Dhanak, VP; Mariani, C;
Bussolotti, F; D'Addato, S
Self-assembly of an aromatic thiolate on Cu(1 0 0): the local
adsorption site
Surface Science, 2005, 598, 253-262
Allison, N; Finch, AA; Newville, M; Sutton, SV
Strontium in coral aragonite: 3. SR coordination and
geochemistry in relation to skeletal architecture
Geochimica et Cosmochemica Acta, 2005, 69, 3801-3811
Allison, N; Finch, AA; Tudhope, AW; Newville, N; Sutton,
SV; Ellam, RM
Reconstruction of deglacial sea surface temperatures in the
tropical Pacific from selective analysis of a fossil coral
Geophysical Research Letters, 2005, 32

Alphey, MS; Yu, W; Byres, E; Li, D; Hunter, WN
Structure and reactivity of human mitochondrial 2, 4-dienoylCoA reductase; enzyme-ligand interactions in a distinctive shortchain reductase active site
Journal of Biological Chemistry, 2005, 280, 3068-3077
Antonyuk, S; Elam, JS; Hough, MA; Strange, RW;
Doucette, PA; Rodriguez, JA; Hayward, LJ;
Valentine, JS; Hart, PJ; Hasnain, SS
Structural consequences of the familial amyotrophic lateral
sclerosis SOD1 mutant His46Arg
Protein Science, 2005, 14, 1201-1213
Antonyuk, SV; Strange, RW; Sawers, G;
Eady, RR; Hasnain, SS
Atomic resolution structures of resting-state, substrate- and
product-complexed Cu-nitrite reductase provide insight into
catalytic mechanism
Proceedings of the National Academy of Sciences USA, 2005,
102, 12041-12046
Archontis, G; Watson, KA; Xie, Q; Andreou, G;
Chrysina, ED; Zographos, SE; Oikonomakos, NG;
Karplus, M
Glycogen phosphorylase inhibitors: a free energy perturbation
analysis of glucopyranose spirohydantoin analogues
Proteins: Structure Function and Bioinformatics 2005, 61,
984-998
Aromi, G; Bell, A; Teat, SJ; Winpenny, REP
Synthesis and characterisation of a {Ni21Ag} cage
Chemical Communications, 2005, 23, 2927-2929
Aromi, G; Ribas, J; Gamez, P; Roubeau, O; Koojman, H;
Spek, AL; Teat, S; Aclan, EM; Stoeckli-Evans, H; Reedijk, J
Aggregation of [Cu-4(II)] building blocks into [Cu-8(II)] clusters or
a [Cu-4(II)](infinity) chain through subtle chemical control
Chemistry - A European Journal, 2005, 10, 6476-6488
Ascone, I; Fourme, R; Hasnain, S; Hodgson, K
Metallogenomics and biological X-ray absorption spectroscopy
Journal of Synchrotron Radiation, 2005, 12, 1-3
Aurikko, JP; Ruotolo, BT; Grossmann, JG; Moncrieffe, MC;
Stephens, E; Leppanen, VM; Robinson, CV; Saarma, M;
Bradshaw, RA; Blundell, TL
Characterization of symmetric complexes of nerve growth factor
and the ectodomain of the pan-neurotrophin receptor, p75NTR
Journal of Biological Chemistry, 2005, 280, 33453-33460
Baikie, T; Hardy, V; Maignan, A; Francesconi, MG
Negative magnetoresistance in Ba2CoS3
Chemical Communications, 2005, 40, 5077-5079

Bailey, EH; Mosselmans, JFW; Schofield, PF
Uranyl-citrate speciation in acidic aqueous solutions - an XAS
study between 25 and 200 degrees C
Chemical Geology, 2005, 216, 1-16
Balyasnikova, IV; Woodman, ZL; Albrecht, RF; Natesh, R;
Acharya, KR; Sturrock, ED; Danilov, SM
Localization of an N-domain region of Angiotensin-converting
enzyme involved in the regulation of ectodomain shedding
using monoclonal antibodies
Journal of Proteome Research, 2005, 4, 258-267
Barilo, SN; Shirayev, SV; Bychkov, GL; Plakhty, VP;
Shestak, AS; Soldatov, AG; Podlesnyak, A; Conder, K;
Baran, M; Flavell, WR; Furrer, A
Sub-liquidus co-crystallization in the Ln2O3-BaO-CoO system:
growth of large LnBaCo2O5+x (Ln = Eu, Gd, Tb, Dy)
single crystals
Journal of Crystal Growth, 2005, 275, 120-127
Barley, HRL; Clegg, W; Dale, SH; Hevia, E; Honeyman, GW;
Kennedy, AR; Mulvey, RE
Alkali-metal-mediated zincation of ferrocene: synthesis,
structure, and reactivity of a lithium tmp/zincate reagent
Angewandte Chemie: International Edition, 2005, 44,
6018-6022
Battaglia, G; Ryan, AJ
Bilayers and interdigitation in block copolymer vesicles
Journal of the American Chemical Society, 2005, 127,
8757-8764
Beale, AM; Le, MT; Hoste, S; Sankar, G
A time resolved in situ investigation into the formation of
bismuth molybdate catalysts prepared by spray-dried methods
Solid State Sciences, 2005, 7, 1141-1148
Beale, AM; Sankar, G
Following the crystallisation of Bi2Mo2O9 catalyst by combined
XRD/QuEXAFS
Proceedings of Indian National Science Academy (PINSA),
2005, 115, 525-532
Beale, AM; Sankar, G; Catlow, CRA; Anderson, PA;
Green, TL
Towards an understanding state of the oxidation of cobalt and
manganese ions in framework substituted microporous
aluminophosphate redox catalysts: an electron paramagnetic
resonance and X-ray absorption spectroscopy investigation
Physical Chemistry Chemical Physics, 2005, 7, 1856-1860
Beale, AM; Sankar, G; Nicholson, DG; van Beek, W
In situ study of the crystallisation of nano-sized zinc and cobalt
aluminate catalysts prepared from ion-exchanged zeolite
precursors
Physica Scripta, 2005, 115, 678
Beale, AM; van der Eerden, AMJ; Kervinen, K;
Newton, MA; Weckhuysen, BM
Adding a third dimension to operando spectroscopy: a
combined UV-vis, Raman and EXAFS set up to study
heterogeneous catalysts under working conditions
Chemical Communications, 2005, 24, 3015-3017

Beck, AJ; Whittle, JD; Bullett, NA; Eves, P; Mac Neil, S;
McArthur, SL; Shard, AG
Plasma co-polymerisation of two strongly interacting
monomers: acrylic acid and allylamine
Plasma Processes and Polymers, 2005, 2, 641-649
Beecher, N; Carlson, C; Allen, BR; Kipchumba, R;
Conrad, GW; Meek, KM; Quantock, AJ
An X-ray diffraction study of corneal structure in
mimecan-deficient mice
Investigative Ophthalmology and Visual Science, 2005, 46,
4046-4049
Bell, A; Aromi, G; Teat, SJ; Wernsdorfer, W;
Winpenny, REP
Synthesis and characterisation of a {Ni-8} single molecule
magnet and another octanuclear nickel cage
Chemical Communications, 2005, 22, 2808-2810
Bergmann, G; Jackson, PO; Stirner, T; O'Neill, M;
Duffy, WL; Kelly, SM
Photoinduced changes of surface order in coumarin side-chain
polymer films used for liquid crystal photoalignment
Applied Physics Letters, 2005, 87, 061914
Betson, M; Barker, J; Barnes, P; Atkinson, T
Use of synchrotron tomographic techniques in the
measurement of porosity and diffusion parameters for solute
transport in groundwater flow
Transport in Porous Media, 2005, 60, 217-223
Beuth, B; Pennell, S; Arnvig, KB; Martin, SR; Taylor, IA
Structure of a Mycobacterium tuberculosis NusA-RNA complex
EMBO Journal, 2005, 24, 3576-3587
Beutier, G; van der Laan, G; Chesnel, K; Marty, A;
Belakhovsky, M; Collins, SP; Dudzik, E; Toussaint, JC;
Gilles, B
Characterization of FePd bilayers and trilayers using soft X-ray
resonant magnetic scattering and micromagnetic modeling
Physical Review B, 2005, 71, 184436
Bhatt, AI; de Kerdaniel, EF; Kinoshita, H; Liven, FR; May, I;
Polovov, IV; Sharrad, CA; Volkovich, VA; Charnock, JM;
Lewin, RG
Uranium oligomerisation in chloride-based high temperature
melts: in situ XAS studies
Inorganic Chemistry, 2005, 44, 2-4
Birtley, JR; Curry, S
Crystallization of foot-and-mouth disease virus 3C protease:
surface mutagenesis and a novel crystal-optimization strategy
Acta Crystallographica D: Biological Crystallography, 2005, 61,
646-650
Birtley, JR; Knox, SR; Jaulent, AM; Brick, P;
Leatherbarrow, RJ; Curry, S
Crystal structure of foot-and-mouth disease virus 3C protease:
new insights into mechanism and cleavage specificity
Journal of Biological Chemistry, 2005, 280, 11520-11527

69

SRD Annual Report 2005-2006
Section Publications

Black, E; Breed, J; Breeze, AL; Embrey, K; Garcia, R;
Gero, TW; Godfrey, L; Kenny, PW; Morley, AD;
Minshull, CA; Pannifer, AD; Read, J; Rees, A; Russell, DJ;
Toader, D; Tucker, J
Structure-based design of protein tyrosine phosphatase-1B
inhibitors
Bioorganic and Medicinal Chemistry Letters, 2005, 15, 25032507
Blackmore, IJ; Bridgeman, AJ; Narris, N; Holdaway, MA;
Rooms, JF; Thompson, EL; Young, NA
Experimental evidence for a Jahn-Teller distortion in AuCl3
Angewandte Chemie: International Edition, 2005, 44,
6746-6750
Bolanos-Garcia, VM; Beaufils, S; Renault, A;
Grossmann, G; Brewerton, S; Lee, M; Venkitaraman, A;
Blundell, TL
The conserved N-terminal region of the mitotic checkpoint
protein BUBR1: a putative TPR motif of high surface activity
Biophysical Journal, 2005, 89, 2640-2649
Boonserm, P; Davis, P; Ellar, DJ; Li, J
Crystal structure of the mosquito-larvicidal toxin Cry4Ba and its
biological implications
Journal of Molecular Biology, 2005, 348, 363-382
Boote, C; Dennis, S; Huang, Y; Quantock, AJ; Meek, KM
Lamellar orientation in human cornea in relation to mechanical
properties
Journal of Structural Biology, 2005, 149, 1-6
Boote, C; Dennis, S; Meek, KM
Spatial mapping of collagen fibril organisation in primate
cornea
Fibre Diffraction Review, 2005, 13, 62
Bould, J; Kilner, CA; Kennedy, JD
The capture of dioxygen, carbon monoxide and sulfur dioxide
by [PMe2Ph]4Pt2B10H10)
Dalton Transactions, 2005, 9, 1574-1582
Bowes, KF; Clark, IP; Cole, JM; Gourlay, M; Griffin, AME;
Mahon, MF; Ooi, LL; Parker, AW; Raithby, PR; Sparkes, HA;
Towrie, M
A new polymorph of terpyridine: variable temperature X-ray
diffraction studies and solid state photophysical properties
Cryst Eng Comm, 2005, 7, 269-275
Bradley, AE; Hardacre, C; Nieuwenhuyzen, M; Pitner, WR;
Sanders, D; Seddon, KR; Thied, RC
An EXAFS, X-ray diffraction, and electrochemical investigation
of 1-alkyl-3-methylimidazolium salts of [{UO2(NO3)2}2(mu4C2O4)]2ACS Symposium Series, 2005, 901, 32-46
Bradshaw, D; Claridge, JB; Cussen, EJ; Prior, TJ;
Rosseinsky, MJ
Design, chirality and flexibility in microporous molecule-based
materials
Accounts of Chemical Research, 2005, 38, 273-282

Bridges, CA; Darling, GR; Hayward, MA; Rosseinsky, MJ
Electronic structure, magnetic ordering, and formation pathway
of the transition metal oxide hydride LaSrCoO3H0.7
Journal of the American Chemical Society, 2005, 127,
5996-6011

Burrows, HD; Arnaut, LG; Pina, J; Seixas de Melo, J;
Chattopadhyay, N; Alcacer, L; Charas, A; Morgado, J
Characterisation of the triplet state of a fluorene-terthiophene
alternating copolymer
Chemical Physics Letters, 2005, 402, 197-201

Broniec, A; Pawlak, A; Sarna, T; Wielgus, A; Roberts, JE;
Land, EJ; Truscott, TG; Edge, R; Navaratnam, S
Spectroscopic properties and reactivity of free radical forms
of A2E
Free Radiacal Biology and Medicine, 2005, 38, 1037-1046

Bussolotti, F; D'Addato, S; Allegretti, F;
Dhanak, VR; Mariani, C
Molecular orientation of 2-mercaptobenzoxazole adsorbed on
Cu(1 0 0) surface
Surface Science, 2005, 578, 136-141

Brooks, SJ; Evans, LS; Gale, PA; Hursthouse, MB; Light, ME
‘Twisted’ isophthalamide analogues
Chemical Communications, 2005, 6, 734-736

Butenko, YV; Krishnamurthy, S; Chakraborty, AK;
Kuznetsov, VL; Dhanak, VR; Hunt, MRC; Siller, L
Photoemission study of onion-like carbons produced by
annealing nanodiamonds
Physical Review B, 2005, 71, 060408

Brown, K; Vial, SCM; Dedi, N; Long, JM; Dunster, NJ;
Cheetham, GMT
Structural basis for the interaction of TAK1 kinase with its
activating protein TAB1
Journal of Molecular Biology, 2005, 354, 1013-1020
Brustugun, J; Hjorth Tønnesen, H; Edge, R; Navaratnam, S
Formation and reactivity of free radicals in 5-hydroxymethyl-2furaldehyde - the effect on isoprenaline photostability
Journal of Photochemistry and Photobiology B - Biology, 2005,
79, 109-119
Bugaev, LA; Sokolenko, AP; Latokha, YV; Avakyan, LV; van
Bokhoven, JA
Local structure of aluminium in zeolite mordenite as affected
by temperature
Journal of Physical Chemistry B, 2005, 109, 10771-10778
Bullen, NJ; Franken, A; Kilner, CA; Teat, SJ; Clegg, W;
Kennedy, JD
Polyhedral monocarbaborane chemistry reactions of the
[6-Ph-nido-6-CB9H11]- anion with two-electron donors to yield
a series of neutral arachno and closo ten-vertex
monocarbaborane derivatives
Journal of Organometallic Chemistry, 2005, 690, 2815-2828
Burke, IT; Boothman, C; Lloyd, JR; Mortimer, RJG;
Livens, FR; Morris, K
Effects of progressive anoxia on the solubility of technetium
in sediments
Environmental Science and Technology, 2005, 39, 4109-4116
Burrows, AD; Cassar, K; Friend, RMW; Mahon, MF;
Rigby, SP; Warren, JE
Solvent hydrolysis and templating effects in the synthesis of
metal-organic frameworks
CrystEngComm, 2005, 7, 548-550
Burrows, AD; Harrington, RW; Mahon, MF; Teat, SJ
The structural influence of ligand coordination and hydrogen
bonding capabilities in the crystal engineering of metal
thiosemicarbazide compounds with malonate
CrystEngComm, 2005, 7, 388-397

Cabailh, G; McGovern, IT; Vearey-Roberts, A;
Bushell, A; Evans, DA
Growth of metal-phthalocyanine on GaAs(001): a NEXAFS
study
Proceedings of SPIE, 2005, 5826, 37-43
Callaghan, AJ; Marcaida, MJ; Stead, JA; McDowall, KJ;
Scott, WG; Luisi, BF
Structure of Escherichia coli RNase E catalytic domain and
implications for RNA turnover
Nature, 2005, 437, 1187-1191
Callaghan, AJ; Redko, Y; Murphy, LM; Grossmann, JG;
Yates, D; Garman, E; Ilag, LL; Robinson, CV;
Symmons, MF; McDowall, KJ; Luisi, BF
Zn-Link: a metal-sharing interface that organizes the quaternary
structure and catalytic site of the endoribonuclease, RNase E
Biochemistry, 2005, 44, 4667-4675
Cammidge, AN; Nekelson, F; Helliwell, M;
Heeney, MJ; Cook, MJ
A capping methodology for the synthesis of lower mu-oxophthalocyaninato silicon oligomers
Journal of the American Chemical Society, 2005, 127, 1638216383
Campbell, T; Newton, MA; Boyd, V; Lee, DF; Evans, J
Effects of precursor and support variation in the genesis of
uranium oxide catalysts for CO oxidation and selective
reduction of NO: synthesis and characterization
Journal of Physical Chemistry B, 2005, 109, 2885-2893
Carter, WJ; Cama, E; Huntington, JA
Crystal structure of thrombin bound to heparin
Journal of Biological Chemistry, 2005, 280, 2745-2749
Cernik, RJ
The use of softer X-rays for anomalous powder diffraction
Journal of Synchrotron Radiation, 2005, 12, 431-433
Cernik, RJ; Helliwell, JR; Helliwell, M
The uses of softer X-rays in structural studies
Journal of Synchrotron Radiation, 2005, 12, 391-391

Chachaty, C; Rainteau, D; Tessier, C; Quinn, PJ; Wolf, C
Building up of the liquid ordered phase formed by
sphingomyelin and cholesterol
Biophysical Journal, 2005, 88, 4032-4044
Chadwick, AV
Diffusion in nanocrystalline solids
Diffusion Fundamentals, 2005, 2, 44
Chadwick, AV; Pooley, MJ; Savin, SLP
Lithium ion transport and microstructure in nanocrystalline
lithium niobate
Physica Status Solidi C, 2005, 2, 302-305
Chadwick, AV; Savin, SLP; Packer, RJ; Blacklocks, AN;
Davis, RA; Islam, MS
EXAFS studies of lithium manganese oxides
Physica Status Solidi C, 2005, 2, 657-660
Chaikuad, A; Fairweather, V; Conners, R;
Joseph-Horne, T; Turgut-Balik, D; Brady, RL
Structure of lactate dehydrogenase from plasmodium vivax:
complexes with NADH and APADH
Biochemistry, 2005, 44, 16221-16228
Chandra, PM; Brannigan, JA; Prabhune, A; Pundle, A;
Turkenburg, JP; Dodson, GG; Suresh, CG
Cloning, preparation and preliminary crystallographic studies of
penicillin V acylase autoproteolytic processing mutants
Acta Crystallographica F: Biology & Crystallization
Communications Online, 2005, 61, 124-127
Channuan, W; Siripitayananon, J; Molloy, R; Sriyai, M;
Davis, FJ; Mitchell, GR
The structure of crystallisable copolymers of L-lactide, epsiloncaprolactone and glycolide
Polymer, 2005, 46, 6411-6428
Chao, Y; Krishnamurthy, S; Montalti, M; Lie, LH;
Houlton, A; Horrocks, BR; Kjeldgaard, L; Dhanak, VR;
Hunt, MRC; Siller, L
Reactions and luminescence in passivated Si nanocrystallites
induced by vacuum ultraviolet and soft-X-ray photons
Journal of Applied Physics, 2005, 98, 044316
Chavali, GB; Ekblad, CM; Basu, BP; Brissett, NC;
Veprintsev, D; Hughes-Davies, L; Kouzarides, T;
Itzhaki, LS; Doherty, AJ
Crystal structure of the ENT domain of human EMSY
Journal of Molecular Biology, 2005, 350, 964-973
Chen, B; Baumeister, U; Pelzl, G; Kumar Das, M;
Zheng, XB; Ungar, G; Tschierske, C
Carbohydrate-rod-conjugates - ternary rod-coil molecules
forming complex liquid crystal structures
Journal of the American Chemical Society, 2005, 127,
16578-16591
Chen, B; Zeng, X; Baumeister, U; Ungar, G; Tschierske, C
Liquid crystalline networks composed of pentagonal, square,
and triangular cylinders
Science, 2005, 307, 96-99

71

SRD Annual Report 2005-2006
Section Publications

Chen, JL; Stewart-Jones, G; Bossi, G; Lissin, NM;
Wooldridge, L; Choi, EML; Held, G; Dunbar, PR;
Esnouf, RM; Sami, M; Boulter, JM; Rizkallah, PJ; Renner, C;
Sewell, A; van der Merwe, PA; Jacobsen, BK; Griffiths, G;
Jones, EY; Cerundolo, V
Structural and kinetic basis of heightened immunogenicity of T
cell vaccines
Journal of Experimental Medicine, 2005, 201, 1243-1255
Cheng, F; Kelly, SM; Clark, S; Young, NA; Archibald, SJ;
Bradley, JS; Lefebvre, F
Ammonothermal synthesis of a mesoporous Si-Ti-N composite
from a single-source precursor
Chemistry of Materials, 2005, 17, 5594-5602
Cheng, F; Kelly, SM; Young, NA; Clark, S; Francesconi, MG;
Lefebvre, F; Bradley, JS
General method for the preparation of M/Si3N4
nanocomposites via a non-aqueous sol-gel route
Chemical Communications, 2005, 45, 5662-5664
Cheung, YY; Lam, SY; Chu, WK; Allen, MD; Bycroft, M;
Wong, KB
Crystal structure of a hyperthermophilic archaeal
acylphosphatase from Pyrococcus horikoshii - structural insights
into enzymatic catalysis, thermostability and dimerization
Biochemistry, 2005, 44, 4601-4611
Chrysina, ED; Kosmopolou, MN; Kardakaris, R; Bischler, N;
Leonidas, DD; Kannan, T; Loganathan, D;
Oikonomakos, NG
Binding of beta-D-glucopyranosyl bismethoxyphosphoramidate
to glycogen phosphorylase b: kinetic and crystallographic
studies
Bioorganic & Medicinal Chemistry, 2005, 13, 765-772
Chrysina, ED; Kosmopoulou, MN; Tiraidis, C;
Kardakaris, R; Bischler, N; Leonidas, DD; Hadady, Z;
Somsak, L; Docsa, T; Gergely, P; Oikonomakos, NG
Kinetic and crystallographic studies on 2-(beta-Dglucopyranosyl)-5-methyl-1, 3, 4-oxadiazole, -benzothiazole,
and -benzimidazole, inhibitors of muscle glycogen
phosphorylase b. Evidence for a new binding site
Protein Science, 2005, 14, 873-888
Cianci, M; Antonyuk, S; Bliss, N; Bailey, MW; Buffey, SG;
Cheung, KC; Clarke, JA; Derbyshire, GE; Ellis, MJ;
Enderby, MJ; Grant, AF; Holbourn, MP; Laundy, D;
Nave, C; Ryder, R; Stephenson, P; Helliwell, JR;
Hasnain, SS
A high throughput structural biology/proteomics beamline
at the SRS on a new multipole wiggler
Journal of Synchrotron Radiation, 2005, 12, 442-452
Cianci, M; Helliwell, JR; Helliwell, M; Kaucic, V;
Logar, NZ; Mali, G; Tusar, NN
Anomalous scattering in structural chemistry and biology
Crystallographic Reviews, 2005, 11, 245-335

Claydon, JS; Niu, D; Xu, YB; Telling, ND; Kirkman, IW;
van der Laan, G
Spin and orbital moments of ultra-thin Fe films on various
semiconductor surfaces
IEEE Transactions on Magnetics, 2005, 41, 3325-3327
Cole, DK; Rizkallah, PJ; Sami, M; Lissin, NM; Gao, F; Bell,
JI; Boulter, JM; Glick, M; Vuidepot, A; Jakobsen, BK;
Gao, GF
Crystallization and preliminary X-ray structural studies of a
high-affinity CD8 co-receptor to pMHC
Acta Crystallographica F: Biology & Crystallization
Communications Online, 2005, 61, 285-287
Collins, BM; Skinner, CF; Watson, PJ; Seaman, MN;
Owen, DJ
Vps29 has a phosphoesterase fold that acts as a protein
interaction scaffold for retromer assembly
Nature Structural Biology, 2005, 12, 594-602
Colston, SL; Barnes, P; Jupe, AC; Jacques, SDM; Hall, C;
Livesey, P; Dransfield, J; Meller, N; Maitland, GC
An in situ synchrotron energy-dispersive diffraction study of the
hydration of oilwell cement systems under high
temperature/autoclave conditions up to 130 degrees C
Cement & Concrete Research, 2005, 35, 2223-2232
Conners, R; Schambach, F; Read, J; Cameron, A;
Sessions, RB; Vivas, L; Easton, A; Croft, SL; Brady, RL
Mapping the binding site for gossypol-like inhibitors of
Plasmodium falciparum lactate dehydrogenase
Molecular and Biochemical Parasitology, 2005, 142, 137-148
Cooper, A; Nutley, M; MacLean, EJ; Cameron, K;
Fielding, L; Mestres, J; Palin, R
Conformational switches in cyclodextrin-rocuronium complexes
Organic Biomolecular Chemistry, 2005, 3, 1863-1871
Corrias, A; Casula, MF; Navarra, G
An EXAFS study on iron-cobalt-alumina nanocomposites
prepared by the sol-gel method
Physics and Chemistry of Glasses, 2005, 46, 385-388
Corrias, A; Navarra, G; Casula, MF; Marras, S; Mountjoy, G
An X-ray absorption spectroscopy investigation of the
formation of FeCo alloy nanoparticles in Al2O3 xerogel and
aerogel matrices
Journal of Physical Chemistry B, 2005, 109, 13964-13970

Cronin, NB; O'Reilly, A; Duclohier, H; Wallace, BA
Effects of deglycosylation of sodium channels on their structure
and function
Biochemistry, 2005, 44, 441-449
Crumpton, TE; Mosselmans, JFW; Greaves, C
Structure and oxide ion conductivity in Bi28Re2O49, a new
bismuth rhenium oxide containing tetrahedral and octahedral
Re(VII)
Journal of Materials Chemistry, 2005, 15, 164-167
Dalgarno, SJ; Hardie, MJ; Atwood, JL; Warren, JE;
Raston, CL
A complex 3D ‘wavy brick wall’ coordination polymer based on
p-sulfonato-calix[8]arene
New Journal of Chemistry, 2005, 49, 649-652
Daman, O; Wallace, J; Harris, F; Phoenix, DA
An investigation into the ability to define transmembrane
protein spans using the biophysical properties of amino acid
residues
Molecular and Cellular Biochemistry, 2005, 275, 189-197
Davies, AM; Rasia, RM; Vila, AJ; Sutton, BJ; Fabiane, SM
Effect of pH on the active site of an Arg121Cys mutant of the
metallo--lactamase from Bacillus cereus: implications for the
enzyme mechanism
Biochemistry, 2005, 44, 4841-4849
Dawson, A; Allan, DR; Belmonte, SA; Clark, SJ; David,WIF;
McGregor, PA; Parsons, S; Pulham, CR; Sawyer, L
Effect of high pressure on the crystal structures of polymorphs
of glycine
Crystal Growth and Design, 2005, 5, 1415-1427

Douglas, S; Lowe, JP; Mahon, MF; Warren, JE;
Whittlesey, MK
Synthesis and structural characterisation of rhodium hydride
complexes bearing N-heterocyclic carbene ligands
Journal of Organometallic Chemistry, 2005, 690, 5027-5035
Dunn, G; Montgomery, MG; Mohammed, F; Coker, A;
Cooper, JB; Robertson, T; Garcia, JL; Bugg, TD; Wood, SP
The structure of the C-C bond hydrolase MhpC provides
insights into its catalytic mechanism
Journal of Molecular Biology, 2005, 346, 253-265
Dunstan, MS; Thakurta, DG; Draper, DE; Conn, GL
Coevolution of protein and RNA structures within a highly
conserved ribosomal domain
Chemistry and Biology, 2005, 12, 201-206
Ealick, SE; Greenhough, TJ; Babu, YS; Carter, DC;
Cook, WJ; Bugg, CE; Rule, SA; Habash, J; Helliwell, JR;
Stoeckler, JD; Chen, SF; Parks, RE
3-dimensional structure of human erythrocytic purine
nucleoside phosphorylase
Annals of the New York Academy of Sciences, 2005, 451,
311-312
Ederer, DL; Parr, AC; Cole, BE; Stockbauer, R; Dehmers, JL;
West, JB; Codling, K
Vibrational-state dependence of partial cross-sections and
photo-electron angular-distribution through autoionizing
resonances – the N=3 Rydberg state converging to the B 2Σ+
state of CO+
Proceedings of the Royal Society of London A, 2005, 378,
423-435

Deetlefs, M; Hardacre, C; Nieuwenhuyzen, M;
Sheppard, O; Soper, AK
Structure of ionic liquid-benzine mixtures
Journal of Physical Chemistry B, 2005, 109, 1593-1598

Edmonds, KW; Farley, NRS; Johal, TK; van der Laan, G;
Campion, RP; Gallagher, BL; Foxon, CT
Ferromagnetic moment and antiferromagnetic coupling in
(Ga, Mn)As thin films
Physical Review B, 2005, 71, 064418

Dennison, SR; Harris, F; Phoenix, DA
Are oblique orientated alpha-helices used by antimicrobial
peptides for membrane invasion?
Protein and Peptide Letters, 2005, 12, 27-29

Egger, CC; Anderson, MW; Tiddy, GJT; Casci, JL
In situ NMR and XRD studies of the growth mechanism
of SBA-1
Physical Chemistry Chemical Physics, 2005, 7, 1845-1855

Dixon, DP; Fordham-Skelton, AP; Edwards, R
Redox regulation of a soybean tyrosine-specific protein
phosphatase
Biochemistry, 2005, 44, 7696-7703

Ehebauer, MT; Chirgadze, DY; Hayward, P;
Martinez Arias, A; Blundell, TL
High-resolution crystal structure of the human Notch 1 Ankyrin
domain
Biochemical Journal, 2005, 392, 13-20

Costenaro, L; Grossmann, JG; Ebel, C; Maxwell, A
Small-angle X-ray scattering reveals the solution structure of
the full-length DNA Gyrase A subunit
Structure, 2005, 13, 287-296

Djinovic Carugo, K; Helliwell, JR; Stuhrman, H; Weiss, MS
Softer and soft X-rays in macromolecular crystallography
Journal of Synchrotron Radiation, 2005, 12, 410-419

Cotter-Howells, J; Charnock, JM; Winters, C;
Kille, P; Fry, JC; Morgan, AJ
Metal compartmentation and speciation in a soil sentinel: the
earthworm Dendrodrilus rubidus
Environmental Science and Technology, 2005, 39, 7731-7740

D'Muniz Pereira, H; Franco, GR; Cleasby, A; Garratt, RC
Structures for the potential drug target purine nucleoside
phosphorylase from Schistosoma mansoni causal agent of
Schistosomiasis
Journal of Molecular Biology, 2005, 353, 584-599

Eichhorn, SJ; Scurr, DJ; Thompson, SP; Golshan, M;
Cernik, RJ
The role of residual stress in the fracture properties of a
natural ceramic
Journal of Materials Chemistry, 2005, 15, 947-952
Eichhorn, SJ; Young, RJ; Davies, GR
Modelling crystal and molecular deformation in regenerated
cellulose fibres
Biomacromolecules, 2005, 6, 507-513

73

SRD Annual Report 2005-2006
Section Publications

El Omari, K; Bird, LE; Nichols, CE; Ren, J; Stammers, DK
Crystal structure of CC3(TIP30): implications for its role as a
tumor suppressor
Journal of Biological Chemistry, 2005, 280, 18229-18236
El-Agamey, A; Burke, M; Edge, R; Land, EJ;
McGarvey, DJ; Truscott, TG
Photolysis of carotenoids in chloroform: enhanced yields of
carotenoid radical cations in the presence of a tryptophan ester
Radiation Physics and Chemistry, 2005, 72, 341-345
Entwistle, KM; Eichhorn, SJ; Navarajan, N
The derivation of the cellulose microfibril angle by small-angle
X-ray scattering from structurally characterized softwood
cell-wall populations
Journal of Applied Crystallography, 2005, 38, 505-511
Esclapez, J; Britton, KL; Baker, PJ; Fisher, M; Pire, C;
Ferrer, J; Bonete, MJ; Rice, DW
Crystallization and preliminary X-ray analysis of binary and
ternary complexes of Haloferax mediterranei glucose
dehydrogenase
Acta Crystallographica F: Biology & Crystallization
Communications Online, 2005, 61, 743-746
Evans, K; Fordham-Skelton, AP; Mistry, H;
Lawless, AM; Papiz, MZ
A bacteriophytochrome regulates the synthesis of LH4
complexes in Rhodopseudomonas palustris
Photosynthesis Research, 2005, 85, 169-180
Fabbiani, FPA; Allan, DR; Marshall, WG; Parsons, S;
Pulham, CR; Smith, RI
High-pressure recrystallisation - a route to new polymorphs and
solvates of acetamide and parabanic acid
Journal of Crystal Growth, 2005, 275, 185-192
Fabbiani, FPA; Allan, DR; Parsons, S; Pulham, CR
An exploration of the polymorphism of piracetam using high
pressure
CrystEngComm, 2005, 7, 179-186

Flavell, WR; Thomas, AG; Tsoutsou, D; Mallick, AK;
Hollingworth, J; Howlett, J; Patel, S; Seddon, EA;
Stockbauer, RL; Kurtz, RL; Sprunger, PT; Barilo, SN;
Shirayev, SV; Bychkov, GL
Resonant photoemission of transition metal perovskites
Journal of Electron Spectroscopy and Related Phenomena,
2005, 144, 777-782
Flint, J; Bolam, DN; Nurizzo, D; Taylor, EJ; Williamson, MP;
Walters, C; Davies, GJ; Gilbert, HJ
Probing the mechanism of ligand recognition in family 29
carbohydrate binding
Journal of Biological Chemistry, 2005, 280, 23718-23726
Fomina, M; Hillier, S; Charnock, JM; Melville, K;
Alexander, IJ; Gadd, GM
Role of oxalic acid overexcretion in transformations of toxic
metal minerals by Beauveria caledonica
Applied And Environmental Microbiology, 2005, 71, 371-381
Frank, RA; Pratap, JV; Pei, XY; Perham, RN; Luisi, BF
The molecular origins of specificity in the assembly of a
multienzyme complex
Structure, 2005, 13, 1119-1130
Fry, E; Newman, J; Curry, S; Najjam, S; Jackson, T;
Blakemore, W; Lea, S; Miller, L; Burman, A; King, A;
Stuart, D
Structure of foot-and-mouth disease virus serotype A1061
alone and complexed with oligosaccharide receptor: receptor
conservation in the face of antigenic variation
Journal of General Virology, 2005, 86, 1909-1920
Gale, PA; Light, ME; McNally, B; Navakhun, K;
Sliwinski, KE; Smith, BD
Co-transport of H+/Cl by a synthetic prodigiosin mimic
Chemical Communications, 2005, 30, 3773-3775

Falconi, S; Lundegaard, LF; Hejny, C; McMahon, MI
X-ray diffraction study of liquid Cs up to 9.8 GPa
Physical Review Letters, 2005, 94, 125507

Gales, L; Cortes, L; Almeida, C; Melo, CV;
do Carmo Costa, M; Maciel, P; Clarke, DT; Damas, AM;
Macedo-Ribeiro, S
Towards a structural understanding of the fibrillization pathway
in Machado-Joseph's disease: trapping early oligomers of
non-expanded Ataxin-3
Journal of Molecular Biology, 2005, 353, 642-654

Faurie, D; Renault, PO; Le Bourhis, E; Goudeau, P
Determination of elastic constants of a fiber-textured gold film
by combining synchrotron X-ray diffraction and in situ
tensile testing
Journal of Applied Physics, 2005, 98, 093511-093511

Gault, AG; Cooke, DR; Townsend, AT; Charnock, JM;
Polya, DA
Mechanisms of arsenic attenuation in acid mine drainage from
Mount Bischoff, western Tasmania
Science of the Total Environment, 2005, 345, 219-228

Flavell, WR; Quinn, FM; Clarke, JA; Seddon, EA;
Thompson, NR; Bowler, MA; Roper, MD; Smith, SL;
Owen, HL; Muratori, BD; McNeil, BWJ; Hirst, GJ
4GLS - the UK's fourth general light source
Proceedings of SPIE, 2005, 5917, 59170c

Gault, AG; Islam, FS; Polya, DA; Charnock, JM;
Boothman, C; Chatterjee, D; Lloyd, JR
Microcosm depth profiles of arsenic release in a shallow aquifer,
West Bengal
Mineralogical Magazine, 2005, 69, 855-864
Gazi, E; Dwyer, J; Lockyer, NP; Miyan, J; Gardner, P;
Hart, C; Brown, M; Clarke, NW
Fixation protocols for subcellular imaging by synchrotron-based
Fourier transform infrared microspectroscopy
Biopolymers, 2005, 77, 18-30

Gazi, E; Dwyer, J; Lockyer, NP; Miyan, J; Gardner, P;
Hart, CA; Brown, MD; Clarke, NW
A study of cytokinetic and motile prostrate cancer cells using
synchrotron based FTIR-microspectroscopic imaging
Vibrational Spectroscopy, 2005, 38, 193-201
Geraki, K; Farquharson, MJ; Bradley, DA; Hugtenberg, RP
A synchrotron XRF study on trace elements and potassium in
breast tissue
Nuclear Instruments and Methods in Physics Research B, 2005,
213, 564-568
Ghuman, J; Zunszain, PA; Petitpas, I; Bhattacharya, AA;
Otagiri, M; Curry, S
Structural basis of the drug-binding specificity of human serum
albumin
Journal of Molecular Biology, 2005, 353, 38-52
Giorgetti, M; Berrettoni, M; Zamponi, S; Kulesza, P
Cobalt hexacyanoferrate in PAMAM doped silica matrix. 2.
Structural and electronic characterization
Electrochimica Acta, 2005, 51, 511-516
Goh, KL; Hiller, J; Haston, JL; Holmes, DF; Kadler, KE;
Murdoch, A; Meakin, JR; Wess, TJ
Analysis of collagen fibril diameter distribution in connective
tissues using small-angle X-ray scattering
Biochimica et Biophysica Acta – General Subjects, 2005, 1722,
183-188
Goldsmith, PJ; Teat, SJ; Woodward, S
Enantioselective preparation of beta, beta-disubstituted alphamethylenepropionates by MAO promotion of the zinc
Schlenk equilibrium
Angewandte Chemie: International Edition, 2005, 44,
2235-2237
Golshan, M; Liu, J; Laundy, D; Dini, D; Korsunsky, AM
Analysis of plastic deformation and residual elastic strain in a
titanium alloy using synchrotron X-ray diffraction
Journal of Physics D: Applied Physics, 2005, 38, a195-a200
Grant, RP; Buttery, SM; Ekman, GC; Roberts, TM;
Stewart, M
Structure of MFP2 and its function in enhancing MSP
polymerization in Ascaris sperm amoeboid motility
Journal of Molecular Biology, 2005, 347, 583-595
Hamley, IW; Ansari, A; Castelletto, V; Nuhn, H;
Rosler, A; Klok, HA
Solution self-assembly of hybrid block copolymers containing
poly(ethylene glycol) and amphiphilic beta-strand peptide
sequences
Biomacromolecules, 2005, 6, 1310-1315
Hamley, IW; Castelletto, V; Castillo, RV; Muller, AJ;
Martin, CM; Pollet, E; Dubois, PH
Double crystalline diblock copolymers: a study using X-ray
scattering, differential scanning calorimetry, and polarised
optical microscopy
Macromolecules, 2005, 38, 463-472

Hancock, SM; Corbett, K; Fordham-Skelton, AP;
Gatehouse, JA; Davis, BG
Developing promiscous glycosidases for glycoside synthesis:
residues W433 and E432 in Sulfolobus solfataricus betaglycosidase are important glucoside- and galactoside-specificity
determinants
ChemBioChem, 2005, 6, 866-875
Harmer, NJ; Robinson, CJ; Adam, LE; Ilag, LL;
Robinson, CV; Gallagher, JT; Blundell, TL
Multimers of the fibroblast growth factor (FGF)-FGF receptorsaccharide complex are formed on long oligomers of heparin
FEBS Letters, 2005, 393, 741-748
Harmer, NJ; Sivak, JM; Amaya, E; Blundell, TL
1.15 Å crystal structure of the X. tropicalis Spred1 EVH1
domain suggests a fourth distinct peptide-binding mechanism
within the EVH1 family
FEBS Letters, 2005, 579, 1161-1166
Harris, F; Chatfield, LK; Phoenix, DA
Phenothiazinium based photosensitisers – photodynamic agents
with a multiplicity of cellular targets and clinical applications
Current Drug Targets, 2005, 6, 615-627
Harris, RL; Prudencio, M; Hasnain, SS; Eady, RR;
Sawers, RG
Heterologous metalloprotein biosynthesis in Escherichia coli:
conditions for the overproduction of functional coppercontaining nitrite reductase and azurin from
Alcaligenes xylosoxidans
Journal of Synchrotron Radiation, 2005, 12, 13-18
Harrison, WJ; Wendlandt, RF; Charnock, JM;
Henderson, CMB
Spectroscopic investigations of the absorption of As onto
bovine bones
Geochimica et Cosmochemica Acta, 2005, 69, a65-a65
Hartshorn, MJ; Murray, CW; Cleasby, A;
Frederickson, M; Tickle, IJ; Jhoti, H
Fragment-based lead discovery using X-ray crystallography
Journal of Medicinal Chemistry, 2005, 48, 403-413
Hatzopoulos, GN; Leonidas, DD; Kardakaris, R;
Kobe, J; Oikonomakos, NG
The binding of IMP to Ribonuclease A
FEBS Journal, 2005, 272, 3988-4001
Hector, AL; Jackson, AW; McMillan, PF; Shebanova, O
Amorphous Ti3N4 and formation of nanocrystalline TiN
Proceedings of the Materials Research Society Symposium,
2005, 848
Hector, AL; Levason, W
Periodates of tetravalent titanium, zirconium, hafnium and
thorium: synthesis, characterisation and EXAFS study
European Journal of Inorganic Chemistry, 2005, 16, 3365-3370
Held, G; Jones, LB; Seddon, EA; King, DA
The effect of oxygen adsorption on the chiral platinum {531}
surface
Journal of Physical Chemistry B, 2005, 109, 6159-6163

75

SRD Annual Report 2005-2006
Section Publications

Helliwell, JR
Protein crystal perfection and its application
Acta Crystallographica D: Biological Crystallography, 2005, 61,
793-798
Helliwell, JR; Helliwell, M; Jones, RH
Ab initio structure determination using dispersive differences
from multiple-wavelength synchrotron-radiation powder
diffraction data
Acta Crystallographica A: Foundations of Crystallography, 2005,
61, 568-574
Helliwell, M; Jones, RH; Kaucic, V; Logar, NZ
The use of softer X-rays in the structure elucidation of
microporous materials
Journal of Synchrotron Radiation, 2005, 12, 420-430
Heraud, P; Wood, BR; Tobin, MJ; Beardall, J;
McNaughton, D
Mapping of nutrient-induced biochemical changes in living
algal cells using synchrotron infrared microspectroscopy
FEMS Mircobiology Letters, 2005, 249, 219-225
Hirohata, A; Kurebayashi, H; Okamura, S; Masaki, T;
Nozaki, T; Kikuchi, M; Tezuka, N; Inomata, K;
Claydon, JS; Xu, YB
Magnetic properties of L2sub1-structured CO2(Cr, Fe)Al films
grown on GaAs(001) substrates
Journal of Applied Physics, 2005, 97, 10C308
Holbourn, KP; Sutton, JM; Evans, HR; Shone, CC;
Acharya, KR
Molecular recognition of an ADP-ribosylating Clostridium
botulinum C3 exoenzyme by RaIA GTPase
Proceedings of the National Academy of Sciences USA, 2005,
102, 5357-5362
Holland, DMP; Potts, AW; Trofimov, AB; Breidbach, J;
Schirmer, J; Richter, T; Eriksson, S; Karlsson, L
An experimental and theoretical study of the valence shell
photoelectron spectrum of tetrafluoromethane
Chemical Physics, 2005, 308, 43-57
Holland, DMP; Shaw, DA; Walker, IC; McEwen, IJ;
Apra, E; Guest, MF
A study of the valence shell photoelectron and photoabsorption
spectra of CF3SF5
Journal of Physics B: Atomic Molecular and Optical Physics,
2005, 38, 2047-2067
Holloway, DE; Chavali, GB; Hares, MC; Subramanian, V;
Acharya, KR
Structure of murine angiogenin: features of the substrate-and
cell-binding regions and prospects for inhibitor-binding studies
Acta Crystallographica D: Biological Crystallography, 2005, 61,
1568-1578
Hough, MA; Ellis, MJ; Antonyuk, S; Strange, RW;
Wawers, G; Eady, RR; Hasnain, SS
High resolution structural studies of mutants provide insights
into catalysis and electron transfer processes in copper nitrite
reductase
Journal of Molecular Biology, 2005, 350, 300-309

Howle, CR; Ali, S; Tuckett, RP; Shaw, DA; West, JB
Characterisation of a new VUV beamline at the Daresbury SRS
using a dispersed flourecence apparatus incorporating CCD
detection
Nuclear Instruments and Methods in Physics Research B, 2005,
237, 656-665

Hunter, TM; McNae, IW; Liang, X; Bella, J; Parsons, S;
Walkinshaw, MD; Sadler, PJ
Protein recognition of macrocycles: binding of anti-HIV
metallocyclams to lysozyme
Proceedings of the National Academy of Sciences USA, 2005,
102, 2288-2292

Howle, CR; Collins, DJ; Tuckett, RP; Malins, AER
Threshold photoeletron-photoion coincidence spectroscopy
study of CHCl2F+, CHClF2+ and CH2ClF+: steric influence of
the chlorine, fluorine and hydrogen atoms
Physical Chemistry Chemical Physics, 2005, 7, 2287-2297

Ibison, M; Cheung, KC; Siu, K; Hall, CJ; Lewis, RA;
Hufton, A; Wilkinson, SJ; Rogers, KD; Round, A
Diffraction-enhanced imaging at the UK Synchrotron Radiation
Source
Nuclear Instruments and Methods in Physics Research A, 2005,
548, 181-186

Howle, CR; Mayhew, CA; Tuckett, RP
Selected ion flow tube study of the reactions between gas
phase cations and CHCl2F, CHClF2, and CH2ClF
Journal of Physical Chemistry A, 2005, 109, 3626-3636
Huang, BQ; Hirst, AR; Smith, DK; Castelletto, V;
Hamley, IW
A direct comparison of one-and two-component dendritic
self-assembled materials: elucidating molecular recognition
pathways
Journal of the American Chemical Society, 2005, 127,
7130-7139
Hudson-Edwards, KA; Jamieson, HE; Charnock, JM;
Macklin, MG
Arsenic speciation in waters and sediment of ephemeral
floodplain pools, Ríos Agrio-Guadiamar, Aznalcóllar, Spain
Chemical Geology, 2005, 219, 175-192
Hughes, H; Allix, MMB; Bridges, CA; Claridge, JB;
Kuang, XJ; Niu, HJ; Taylor, S; Song, WH; Rosseinsky, MJ
A polar oxide with a large magnetization synthesized at
ambient pressure
Journal of the American Chemical Society, 2005, 127,
13790-13791
Humphrey, SM; Redshaw, C; Holmes, KE; Elsegood, MRJ
Acid/amide bonding for anthranilic acid derivatives: crystal
structures of [W(X)C13 (HO2CC6H4NH2)](X=O,NPh)
Inorganica Chimica Acta, 2005, 358, 222-226
Hungria, AB; Browning, ND; Erni, RP; Ferandez-Garcia, M;
Conesa, JC; Perez-Omil, JA; Martinez-Arias, A
The effect of Ni in Pd-Ni/(Ce, Zr)Ox/Al2O3 catalysts used for
stoichiometric CO and NO elimination. Part 1: Nanoscopic
characterization of the catalysts
Journal of Catalysis, 2005, 235, 251-261
Hungria, AB; Fernandez-Garcia, M; Anderson, JA;
Martinez-Arias, A
The effect of Ni in Pd-Ni/(Ce, Zr)Ox/Al2O3 catalysts used for
stoichiometric CO and NO elimination. Part 2: Catalytic activity
and in situ spectroscopic studies
Journal of Catalysis, 2005, 235, 262-271
Hunter, D; Macmaster, R; Roszak, AW;
Riboldi-Tunnicliffe, A; Griffiths, IR; Freer, AA
Structure of myelin P2 protein from equine spinal cord
Acta Crystallographica D: Biological Crystallography, 2005, 61,
1067-1071

Iglesias-Juez, A; Martinez-Arias, A; Newton, MA;
Fiddy, SG; Fernandez-Garcia, M
Redox behaviour of Pd-based TWC's under dynamic conditions:
analysis using dispersive XAS and mass spectrometry
Chemical Communications, 2005, 32, 4092-4094
Ioannou, I; Hall, C; Hoff, WD; Puglsey, VA; Jacques, SDM
Synchrotron radiation energy-dispersive X-ray diffraction
anaylsis of salt distribution in Lépine limestone
Analyst, 2005, 130, 1006-1008
Islam, FS; Pederick, RL; Gault, AG; Adams, LK; Polya, DA;
Charnock, JM; Lloyd, JR
Interaction between the Fe(III)-reducing bacterium Geobacter
sulfurreducens and arsenate, and capture of the metalloid by
biogenic Fe(II)
Applied And Environmental Microbiology, 2005, 71, 8642-8648
Iyer, S; Holloway, DE; Kumar, K; Shapiro, R; Acharya, KR
Molecular recognition of human Eosinophil-derived neurotoxin
(RNase 2) by placental ribonuclease inhibitor
Journal of Molecular Biology, 2005, 347, 637-655
Izquierdo, M; Davila, ME; Avila, J; Ascolani, H;
Teodurescu, CM; Martin, MG; Franco, N; Chrost, J;
Arranz, A; Asensio, MC
Epitaxy and magnetic properties of surfactant-mediated growth
of bcc cobalt
Physical Review Letters, 2005, 94, 187601
Jackson, GJ; Woodruff, DP; Chan, ASY; Jones,
RG; Cowie, BCC
The local structure of SO2 and SO3 on Ni(111)
Surface Science, 2005, 577, 31-41
Jackson, MD; Thornton, JMC; Lewis, D; Robinson, A;
Fahy, M; Aviary, A; Weightman, P
Unoccupied states in the band gap of d-doped Si in GaAs
probed by Auger resonance spectroscopy
Physical Review B, 2005, 71, 075313
Jacques, SDM; Pile, K; Barnes, P; Lai, X; Roberts, KJ;
Williams, RA
An in-situ synchrotron X-ray diffraction tomography study of
crystallisation and preferred crystal orientation in a stirred
reactor
Crystal Growth and Design, 2005, 5, 395-397

Janes, RW
Bioinformatics analyses of circular dichroism protein reference
databases
Bioinformatics, 2005, 21, 4230-4238
Janes, RW; Cuff, AL
Overcoming protein denaturation caused by irridation in a
high-flux synchrotron radiation circular dichroism beamilne
Journal of Synchrotron Radiation, 2005, 12, 524-529
Jaouen, N; Wilhelm, F; Rogalev, A; Tonnerre, JM;
Johal, TK; van der Laan, G
Ag- and W-induced magnetic moment in 3d multilayer
IEEE Transactions on Magnetics, 2005, 41, 3334-3336
Jenkins, CL; Thiyagarajan, N; Sweeney, RY; Guy, MP;
Kelemen, BR; Acharya, KR; Raines, RT
Binding of non-natural 3'-nucleotides to ribonuclease A
FEBS Journal, 2005, 272, 744-755
Jenkins, SL; Almond, MJ; Atkinson, SDM; Knowles, JP
Gas-solid reactions of single crystals: a study of reactions of
NH3 and NO2 with single crystalline organic substrates by
infrared microspectroscopy
Spectrochum Acta A, 2005, 62, 1131-1139
Joerger, AC; Ang, HC; Veprintsev, DB; Blair, CM; Fersht, AR
Structures of p53 cancer mutants and mechanism of rescue by
second-site suppressor mutations
Journal of Biological Chemistry, 2005, 280, 16030-16037
Johnston, A; Florence, AJ; Kennedy, AR
Carbamazepine furfural hemisolvate
Acta Crystallographica E: Structure Reports Online, 2005, 61,
01777-01779
Jones, LF; Raftery, J; Teat, SJ; Collison, D; Brechin, EK
Manganese (III) fluoride as a new synthon in Mn cluster
chemistry
Polyhedron, 2005, 24, 2443-2449
Jozic, D; Cardenes, N; Deribe, YL; Moncalian, G; Hoeller, D;
Groemping, Y; Dikic, I; Rittinger, K; Bravo, J
Cbl promotes clustering of endocytic adaptor proteins
Nature Structural Biology, 2005, 12, 972-979
Juarez, AM; Sokell, E; Bolognesi, P; King, GC; Cubric, D;
De Simone, M; Coreno, M
Beta-parameter measurements of state selected rotational
transitions near the v+=0 threshold of para-H2
Journal of Physics B: Atomic Molecular and Optical Physics,
2005, 38, 2109-2118
Kappler, U; Bailey, S
Molecular basis of intramolecular electron transfer in sulfiteoxidizing enzymes is revealed by high resolution structure of a
heterodimeric complex of the catalytic molybdopterin subunit
and a c-type cytochrome subunit
Journal of Biological Chemistry, 2005, 280, 24999-25007

77

SRD Annual Report 2005-2006
Section Publications

Katchkkanov, V; O'Donnell, KP; Dalmasso, S; Martin, RW;
Braud, A; Nakanishi, Y; Wakahara, A; Yoshida, A
Photoluminescence studies of Eu-implanted GaN epilayers
Physical Status Solidi B - Basic Research, 2005, 242, 1491-1496
Kelly, JF; Fisher, GR; Barnes, P
Correlation between layer thickness and periodicity of long
polytypes in silicon carbide
Materials Research Bulletin, 2005, 40, 249-255
Khijniak, TV; Slobodkin, AI; Corker, V; Renshaw, JC;
Livens, FR; Bonch-Osmolovskaya, EA; Birkeland, NK;
Medvedeva-Lyalikova, NN; Lloyd, JR
Reduction of uranium(VI) phosphate during growth of the
thermophilic bacterium Thermoterrabacterium Ferrireducens
Applied And Environmental Microbiology, 2005, 71, 6423-6426
Klabunde, T; Wendt, KU; Kadereit, D; Brachvogel, V;
Burger, HJ; Herlimg, AW; Oikonomakos, NG;
Kosmopoulou, MN; Schmoll, D; Sarubbi, E;
Von Roedern, E; Schonafinger, K; Defossa, E
Acyl ureas as human liver glycogen phosphorylase inhibitors for
the treatment of type 2 diabetes
Journal of Medicinal Chemistry, 2005, 48, 6178-6193
Klok, HA; Vandermeulen, G; Nuhn, H; Rosler, A;
Hamley, IW; Castelletto, V
Peptide mediated formation of hierarchially organized solution
and solid state polymer nanostructures
Faraday Discussions, 2005, 128, 29-41
Kontopidis, G; Wo, SY; Zheleva, DI; Taylor, P; McInnes, C;
Lane, DP; Fischer, PM; Walkinshaw, MD
Structural and biochemical studies of human proliferating cell
nuclear antigen complexes provide a rationale for cyclin
association and inhibitor design
Proceedings of the National Academy of Sciences USA, 2005,
102, 1871-1876
Kosmopoulou, MN; Leonidas, DD; Chrysina, ED;
Eisenbrand, G; Oikonomakos, NG
Indirubin-3'-aminooxy-acetate inhibits glycogen phosphorylase
by binding at the inhibitor and the allosteric site. Broad
specificities of the two sites
Letters in Drug design and discovery, 2005, 2, 377-390
Koumanov, KS; Tessier, C; Momchilova, AB; Rainteau, D;
Wolf, C; Quinn, PJ
Comparitive lipid analysis and structure of detergent-resistant
membrane raft fractions isolated from human and ruminant
erythrocytes
Archives of Biochemistry and Biophysics, 2005, 55, 367-367
Kraft, T; Mahlmann, E; Mattei, T; Brenner, B
Initiation of the power stroke in muscle: insights from the
phosphate analog AlF4
Proceedings of the National Academy of Sciences USA, 2005,
102, 13861-13866

Kruas, H; Mikhailik, VB; Ramachers, Y; Day, D;
Hutton, KB; Telfer, J
Feasibility study of a ZnWO4 scintillator for exploiting materials
signature in cryogenic WIMP dark matter searches
Physics Letters B, 2005, 610, 37-44
Kudera, S; Carbone, L; Casula, MF; Cingolani, R; Falqui, A;
Snoeck, E; Parak, WJ; Manna, L
Selective growth of PbSe on one or both tips of colloidal
semiconductor nanorods
Nano Letters, 2005, 5, 445-449
Kulkarni, JS; Kazakova, O; Erts, D; Morris, MA;
Shaw, MT; Holmes, JD
Structural and magnetic characterization of Ge0.99Mn0.01
nanowire arrays
Chemistry of Materials, 2005, 17, 3615-3619
Laity, PR; Taylor, JE; Wong, SS; Khunkamchoo, P; Norris, K;
Cable, M; Andrews, GT; Johnson, AF; Cameron, RE
The effect of polyurethane composition and processing history
on mechanical properties
Journal of Macromolecular Science-Physics, 2005, 44, 261-287
Land, EJ; Perona, A; Ramsden, CA; Riley, PA
Oxidation of N-substituted dopamine derivatives: irreversible
formation of a spirocyclic product
Organic Biomolecular Chemistry, 2005, 3, 2387-2388
Langdon, CJ; Winters, C; Charnock, JM; Piearce, TG;
Lee, PH; Semple, KT; Meharg, AA; Sturzenbaum, SR;
Morgan, AJ
Immunoperoxidase detection of metallothionein and ligand
arsenic complexation in the earthworm Lumbricus rubellus
inhabiting arsenic-rich soil
Environmental Science and Technology, 2005, 39, 2042-2048
Lau, TL; Ambroggio, EE; Tew, DJ; Cappai, R; Masters, CL;
Fidelio, DG; Barnham, KJ; Separovic, F
Amyloid-beta peptide disruption of membranes and the effects
of metal ions
Journal of Molecular Biology, 2005, 356, 759-770
Laye, RH; Larsen, FK; Overgaard, J; Muryn, CA;
McInnes, EJL; Rentschler, E; Sanchez, V; Teat, SJ;
Guedel, HU; Waldmann, O; Timco, GA; Winpenny, REP
A family of heterometallic wheels containing potentially
fourteen hundred siblings
Chemical Communications, 2005, 9, 1125-1127

Lennie, AR
Ikaite (CaCO3.6H3O) compressibility at high water pressure: a
synchrotron X-ray diffraction study
Mineralogical Magazine, 2005, 69, 325-335
Leonard, TA; Butler, PJ; Löwe, J
Bacterial chromosome segregation: structure and DNA binding
of the Soj dimer – a conserved biological switch
EMBO Journal, 2005, 24, 270-282
Levdikov, VM; Blagova, EV; Brannigan, JA; Wright, L;
Vagin, AA; Wilkinson, AJ
The structure of the oligopeptide-binding protein, AppA, from
Bacillus subtilis in complex with a nonapeptide
Journal of Molecular Biology, 2005, 345, 879-892
LeVent, S; Pilling, MJ; Gardner, P
A theoretical study of inverse features in far-infrared RAIRS
spectra from non-metallic substrates
Surface Science, 2005, 587, 150-158
Lewis, GR; Steele, G; McBride, L; Florence, AJ;
Kennedy, AR; Shankland, N; David, WIF;
Shankland, K; Teat, SJ
Hydrophobic vs. hydrophilic: ionic competition in remacemide
salt structures
Crystal Growth and Design, 2005, 5, 427-438
Leyssens, K; Adriaens, A; Dowsett, MG; Schotte, B;
Oloff, I; Pantos, E; Bell, AMT; Thompson, SP
Simultaneous in situ time resolved SRARD and corrosion
potential analyses to monitor the corrosion on copper
Electrochemistry Communications, 2005, 7, 1265-1270
Li, P; Ahrens, B; Feeder, N; Raithby, PR; Teat, SJ; Khan, MS
Luminescent digold ethynyl thienothiophene and
dithienothiophene complexes; their synthesis and structural
characterisation
Dalton Transactions, 2005, 5, 874-883
Liddell, K; Thompson, DP; Bräuniger, T; Harris, RK
M2(Si, Al)4(N, C)7 (M = La, Y, Ca) carbonitrides: I. Synthesis
and structural characterisation by XRD and NMR
Journal of the European Ceramic Society, 2005, 25, 37-47
Liddell, K; Thompson, DP; Teat, SJ
M2(Si, Al)4(N, C)7 (M = La, Y, Ca) carbonitrides: II. The crystal
structure of Ca0.8Y1.2Si4N6.8C0.2
Journal of the European Ceramic Society, 2005, 25, 49-54

Lee, CF; Allen, MD; Bycroft, M; Wong, KB
Electrostatic interactions contribute to reduced heat capacity
change of unfolding in a thermophilic ribosomal protein L30e
Journal of Molecular Biology, 2005, 348, 419-431

Lin, P; Clegg, W; Harrington, RW; Henderson, RA
Synthesis and characterization of a Mo/Ag/Rb heterotrimetallic
cluster with double-cage architecture
Dalton Transactions, 2005, 14, 2349-2351

Lee, SJ; Matsuura, Y; Liu, SM; Stewart, M
Structural basis for nuclear import complex dissociation
by RanGTP
Nature, 2005, 435, 693-696

Lin, P; Clegg, W; Harrington, RW; Henderson, RA
Synthesis and structures of 5-(pyridyl)tetrazole complexes
of Mn(II)
Dalton Transactions, 2005, 14, 2388-2394

Liu, D; Rudland, P; Sibson, D; Platt-Higgins, A;
Barraclough, R
Human homologue of cement gland protein, a novel
metastasis-inducer associated with breast carcinomas
Cancer Research, 2005, 65, 3796-3805
Liu, J; Kim, K; Golshan, M; Laundy, D; Korsunsky, A
Energy calibration and full-pattern refinement for strain analysis
using energy-dispersive and monochromatic X-ray diffraction
Journal of Applied Crystallography, 2005, 38, 661-667
Liu, J; Zheng, Y; Liao, YP; Zheng, XB; Ungar, G; Wright, PV
Organisation in two series of low-dimensional polymer
electrolytes with high ambient lithium salt conductivity
Faraday Discussions, 2005, 128, 363-378
Liu, K; Xia, Z; Zhang, Y; Weg, Y; Wang, D;
Brandenburg, K; Harris, F; Phoenix, DA
Interaction between the movement protein of barley yellow
dwarf virus and the cell nuclear envelope: role of a putative
amphiphilic alpha-helix at the N-terminus of the movement
protein
Biopolymers, 2005, 79, 86-96
Liu, KK; Yang, Y; Ahearne, M; Then, K; El Haj, AJ
Mechanically characterizing and stimulating tissue-engineered
corneal stromal equivalent
Investigative Ophthalmology and Visual Science, 2005, 86,
a29-a30
Liu, L; Golshan, M; Laundy, D; Korunsky, AM
Energy calibration and full-pattern refinement for strain analysis
using energy-dispersive and monochromatic X-ray diffraction
Journal of Applied Crystallography, 2005, 38, 661-667
Lloyd, MD; Pederick, RL; Natesh, R; Woo, LWL;
Purohit, A; Reed, MJ; Acharya, KR; Potter, NL
Crystal structure of human carbonic anhydrase II at 1.95
angstrom resolution in complex with 667-cournate, a novel
anti-cancer agent
Biochemical Journal, 2005, 385, 715-720
Lloyd, MD; Thiyagarajan, N; Ho, YT; Woo, LW;
Sutcliffe, OB; Purohit, A; Reed, MJ; Acharya, KR;
Potter, BV
First crystal structures of human carbonic Anhydrase II in
complex with dual Aaomatase-steroid sulfatase inhibitors
Biochemistry, 2005, 44, 6858-6866
Lobley, CM; Ciulli, A; Whitney, HM; Williams, G;
Smith, AG; Abell, C; Blundell, TL
The crystal structure of Escherichia coli ketopantoate reductase
with NADP+ bound
Biochemistry, 2005, 44, 8930-8939
Londesborough, MGS; MacLean, EJ; Teat, SJ;
Thornton-Pett, M; Kennedy, JD
Macropolyhedral boron-containing cluster chemistry. Synchrotron
X-ray structural analysis of [(PMe2Ph)2Pd2B16H20(PMe2Ph)2] and
[(PMe2Ph)3Pt2B16H18(PMe2Ph)]: models of intermediates to
more condensed metallaboranes from the [(PMe2Ph)2PtB8H12]
therm
Chemical Communications, 2005, 12, 1584-1586

79

SRD Annual Report 2005-2006
Section Publications

Long, AJ; Clifton, IJ; Roach, PL; Baldwin, JE;
Rutledge, PJ; Schofield, CJ
Structural studies on the reaction of isopenicillin N synthase
with the truncated substrate analogues -(L--aminoadipoyl)-Lcysteinyl-glycine and -(L--aminoadipoyl)-L-cysteinyl-D-alanine
Biochemistry, 2005, 44, 6619-6628

Martinez-Arias, A; Hungria, AB; Ferandez-Garcia, M;
Iglesias-Juez, A; Conesa, JC; Mather, GC; Munuera, G
Cerium-terbium mixed oxides as potential materials for anodes
in solid oxide fuel cells
Journal of Power Sources, 2005, 151, 43-51

Lu, YX; Claydon, JS; Ahmad, E; Xu, YB; Ali, M; Hickey,
BJ; Thompson, SM; Matthew, JAD; Wilson, K
Hybrid Fe3O4/GaAs(100) structure for spintronics
Journal of Applied Physics, 2005, 97, 10C313

Mason, NJ; Dawes, A; Mukerji, R; Drage, EA; Vasekova, E;
Webb, SM; Limao-Vieira, P
Atmospheric chemistry with synchrotron radiation
Journal of Physics B: Atomic Molecular and Optical Physics,
2005, 38, s893-s911

Lu, YX; Claydon, JS; Ahmad, E; Xu, YB; Thompson,
SM; Wilson, K; van der Laan, G
XPS and XMCD study of Fe3O4/GaAs interface
IEEE Transactions on Magnetics, 2005, 41, 2808-2810

Mathisen, K; Nicholson, D; Fitch, A; Stockenhuber, M
Selective catalytic reduction of NOx over micropourous
CuAPO5: structural charaterisation by XAS and XRD
Journal of Materials Chemistry, 2005, 15, 204-217

Lubbert, A; Castelletto, V; Hamley, IW; Nuhn, H; Scholl,
M; Bourdillon, L; Wandrey, C; Klok, HA
Nonspherical assemblies generated from polystyrene-b-poly
(L-lysine) polyelectroyte block copolymers
Langmuir, 2005, 21, 6582-6589

McCabe, RW; Rodger, A; Taylor, A
A study of the secondary structure of Candida antarctica lipase
B using synchrotron radiation circular dichroism measurements
Enzyme and Microbial Technology, 2005, 36, 70-74

Lynn, AK; Nakamura, T; Patel, N; Porter, AE; Renouf, AC;
Laity, PR; Best, SM; Cameron, RE; Shimizu, Y; Bonfield, W
Composition-controlled nanocomposites of apatite and
collagen incorporating silicon as an osseopromotive agent
Journal of Biomedical Materials Research - Part A, 2005, 74,
447-453
Mackie, RA; Holland, DMP; Shaw, DA
A dissociative photoionisation study of the O2+ B 2Σg- v+=2
state
Journal of Physics B: Atomic Molecular and Optical Physics,
2005, 38, 161-171
Maheswaran, S; Chastanet, G; Teat, SJ; Mallah, T;
Sessoli, R; Wernsdorfer, W; Winpenny, REP
Phosphonate ligands stabilize mixed-valent {MnIII20-xMnIIx}
clusters with large spin and coercivity
Angewandte Chemie: International Edition, 2005, 32,
5044-5048
Marshall, LJR; Williams, JR; Almond, MJ; Atkinson,
SDM; Cook, SR; Matthews, W; Mortimore, JL
Analysis of ochres from Clearwell Caves: the role of particle size
in determining colour
Spectrochum Acta A, 2005, 61, 233-241
Martínez, AP; Fabra, MJ; García, MP; Lahoz, FJ;
Oro, LA; Teat, SJ
Mononuclear rhodium and iridium compounds with pyridylpyrazole ligands
Inorganica Chimica Acta, 2005, 358, 1635-1644
Martinez-Arias, A; Hungria, AB; Ferandez-Garcia, M;
Conesa, JC; Munuera, G
Preferential oxidation of CO in a H2-rich stream over CuO/CeO2
and CuO/(Ce, M)Ox (M=Zr, Tb) catalysts
Journal of Power Sources, 2005, 151, 32-42

McCann, R; Roy, SS; Papakonstantinou, P;
Abbas, G; McLaughlin, JA
The effect of thickness and arc current on the structural
properties of FCVA synthesised ta-C and ta-C:N films
Diamond and Related Materials, 2005, 14, 983-988
McCann, R; Roy, SS; Papakonstantinou, P;
Bain, MF; Gamble, HS; McLaughlin, JA
Chemical bonding modifications of tetrahedral amorphous
carbon and nitrogenated tetrahedral amorphous carbon films
induced by rapid themal annealing
Thin Solid Films, 2005, 482, 34-40
McDonough, MA; Kavanagh, KL; Butler, D; Searls, T;
Oppermann, U; Schofield, CJ
Structure of human phytanoyl-CoA 2-hydroxylase identifies
molecular mechanisms of Refsum disease
Journal of Biological Chemistry, 2005, 280, 41101-41110
McDonough, MA; McNeill, LA; Tilliet, M; Papamicael, CA;
CHEN, QY; Banerji, B; Hewitson, KS; Schofield, CJ
Selective inhibition of factor inhibiting hypoxia-inducible factor
Journal of the American Chemical Society, 2005, 127,
7680-7681
McGregor, N; Ayora, S; Sedelnikova, S; Carrasco, S;
Alonso, JC; Thaw, P; Rafferty, J
The structure of bacillus subtilis RecU Holliday junction
resolvase and its role in substrate selection and sequencespecific cleavage
Structure, 2005, 13, 1341-1351
McKeown, NB; Msayib, KJ; Ooi, L; Makhseed, S;
Helliwell, M; Warren, JE
A phthalocyanine clathrate of cubic symmetry containing
interconnected solvent-filled voids of nanometer dimensions
Angewandte Chemie: International Edition, 2005, 44,
7546-7549

McMahon, MI
Structures from powders and poor-quality single crystals at high
pressure
Journal of Synchrotron Radiation, 2005, 12, 549-553

Mirleau, P; Wogelius, R
Importance of organosulfur utilization for the survival of
Pseudomonas putida in soil and rhizosphere
Applied And Environmental Microbiology, 2005, 71, 6571-6577

McMahon, MI; Nelmes, RJ
Observation of a wurtzite form of gallium arsenide
Physical Review Letters, 2005, 95, 215505

Modi, R; Hix, GB; Tremayne, M; MacLean, EJ
Polymorphism in nickel phosphonates: synthesis of layered and
microporous Ni(O3PCH2C(O)NH2)⋅H2O
New Journal of Chemistry, 2005, 29, 427-429

McNae, IW; Kan, D; Kontopidis, G; Patterson, A; Taylor, P;
Worrall, L; Walkinshaw, MD
Study protein ligand interactions using protein crystallography
Crystallographic Reviews, 2005, 11, 67-71

Moggach, SA; Allan, DR; Lozano-Casal, P; Parsons, S
High-pressure polymorphism of cyclopentanol (C5H10O). The
structure of cyclopentanol phase-V at 1.5 GPa
Journal of Synchrotron Radiation, 2005, 12, 590-597

Meek, KM; Hayes, S; Boote, C
The effect of swelling on the lamellar arrangement of the
corneal stroma
Investigative Ophthalmology and Visual Science, 2005,
46, 2183

Moggach, SA; Allan, DR; Parsons, S; Sawyer, L; Warren, JE
The effect of pressure on the crystal structure of hexagonal Lcystine
Journal of Synchrotron Radiation, 2005, 12, 598-607

Meek, KM; Tuft, SJ; Huang, Y; Gill, PS; Hayes, S;
Newton, RH; Bron, AJ
Changes in collagen orientation and distribution in keratoconus
corneas
Investigative Ophthalmology and Visual Science, 2005, 46,
1948-1956

Mota, R; Parafita, R; Giuliani, A; Hubin-Franskin, MJ;
Lourenco, JMC; Garcia, G; Hoffmann, SV; Mason, NJ;
Ribeiro, PA; Raposo, M; Limao-Vieira, P
Water VUV electronic state spectroscopy by synchrotron
radiation
Chemical Physics Letters, 2005, 416, 152-159

Mikhailik, VB; Kraus, H; Balcerzyk, M; Czarnacki, W;
Moszynski, M; Mykhaylyk, MS; Wahl, D
Low temperature spectroscopic and scintillation characterization
of Ti-doped Al2O3
Nuclear Instruments and Methods in Physics Research A, 2005,
546, 523-534

Mountford, AJ; Clegg, W; Harrington, RW;
Humphrey, SM; Lancaster, SJ
New titanium and zirconium complexes with M-NH2 bonds
formed by facile deprotonation of H3N⋅B(C6F5)3
Chemical Communications, 2005, 15, 2044-2046

Mikhailik, VB; Kraus, H; Miller, G; Mykhaylyk, MS; Wahl, D
Luminescence of CaWO4, CaMoO4 and ZnWO4 scintillating
crystals under different excitations
Journal of Applied Physics, 2005, 97, 083523-083523
Miles, AJ; Whitmore, L; Wallace, BA
Spectral magnitude effects on the analyses of secondary
structure from circular dichroism spectroscopic data
Protein Science, 2005, 14, 368-374
Miles, AJ; Wien, F; Lees, JG; Wallace, BA
Calibration and standardisation of synchrotron radiation and
conventional circular dichroism spectrometers. Part 2: Factors
affecting magnitude and wavelength
Spectroscopy, 2005, 19, 43-51
Millard, TH; Bompard, G; Heung, MY; Dafforn, TR; Scott,
DJ; Machesky, LM; Fütterer, K
Structural basis of filopodia formation induced by the
IRSp53/MIM homology domain of human IRSp53
EMBO Journal, 2005, 24, 240-250
Miller, SR; Slawin, AMZ; Wormald, P; Wright, PA
Hydrothermal synthesis and structure of organically templated
chain, layered and framework scandium phosphates
Journal of Solid State Chemistry, 2005, 178, 1738-1752

Mulligan, A; Dhanak, V; Kadodwala, M
A high resolution photoemission study of nanoscale aluminium
oxide films on NiAl(110)
Langmuir, 2005, 21, 8312-8318
Mure, M; Brown, DE; Saysall, C; Rogers, MS;
Wilmot, CM; Kurtis, CR; McPherson, MJ;
Phillips, SEV; Knowles, PF; Dooley, DM
Role of the interactions between the active site base and the
substrate Schiff base in amine oxidase catalysis. Evidence from
stuctural and spectroscopic studies of the 2-hydrazinopyridine
adduct of Escherichia coli amine oxidase
Biochemistry, 2005, 44, 1568-1582
Mure, M; Kurtis, CR; Brown, DE; Rogers, MS;
Tambyrajah, WS; Saysell, C; Wilmot, CM; Phillips, SE;
Knowles, PF; Dooley, DM; McPherson, MJ
Active site rearrangement of the 2-Hydrazinopyridine adduct in
Escherichia coli amine oxidase to an azo copper(II) chelate form:
a key role for tyrosine 369 in controlling the mobility of the
TPQ-2HP adduct
Biochemistry, 2005, 44, 1583-1594
Mykhaylyk, OO; Solonin, YM; Batchelder, DN; Brydson, R
Transformation of nanodiamond into carbon onions: a
comparative study by high-resolution transmission electron
microscopy, electron energy-loss spectroscopy, X-ray diffraction,
small-angle X-ray scattering, and ultraviolet Raman
spectroscopy
Journal of Applied Physics, 2005, 97, 074302

81

SRD Annual Report 2005-2006
Section Publications

Nakamura, T; Takahashi, N; Poolton, NRJ; Malins, AER
Optical and structural properties of CVD-grown single crystal
SiO2 using optically detected XAS
Applied Surface Science, 2005, 244, 318-321

Noorsal, K; Mantle, MD; Gladden, LF; Cameron, RE
Degradation and drug-release studies of a poly(glycolide-cotrimethylene carbonate) copolymer (Maxon)
Journal of Applied Polymer Science, 2005, 95, 475-486

Netshisaulu, TT; Chadwick, AV; Ngoepe, PE; Catlow, CRA
Spectroscopic and computer modelling studies of mixed-cation
superionic fluorites
Journal of Physics and Condensed Matter, 2005, 17,
6575-6586

O'Donnell, KP; Edwards, PR; Fernandez-Torrente, I;
Wang, K; Martin, RW; Korouchi, M; Nanishi, Y
The composition dependence of the optical properties of InNrich InGaN grown by MBE
Mat. Res. Soc. Symp. Proc, 2005, 831, 119

Newman, M; Murray-Rust, J; Lally, J; Rudolf, J;
Fadden, A; Knowles, PP
Structure of an XPF endonuclease with and without DNA
suggests a model for substrate recognition
EMBO Journal, 2005, 24, 895-905

O'Donnell, KP; Katchkanov, V; Wang, K; Martin, RW;
Edwards, PR; Hourahine, B; Nogales, E;
Mosselmans, JFW; De Vries, B
Site multiplicity of rare earth ions in III-nitrides
Mat. Res. Soc. Symp. Proc, 2005, 831, 527

Newton, MA; Fiddy, SG; Guilera, G; Jyoti, B; Evans, J
Oxidation/reduction kinetics of supported Rh/Rh2O3
nanoparticles in plug flow conditions using dispersive EXAFS
Chemical Communications, 2005, 1, 118-120

O'Donnell, KP; Pereira, S; Martin, RW
Wishful physics - some common misconceptions about InGaN
Physica Status Solidi A - Applied Research, 2005, 195, 532-536

Nichol, GS; Clegg, W
5-Butyl-5-ethylbarbituric acid: a phase transition at low
temperature
Acta Crystallographica C: Crystal Structure Communications,
2005, 61, O297-O299
Nichol, GS; Clegg, W
6-Methyl-2-pyridone: an elusive structure finally solved
Acta Crystallographica C: Crystal Structure Communications,
2005, 61, O383-O385
Nichol, GS; Clegg, W
Hydrogen-bonding and carbonyl-carbonyl interactions in
violuric acid methanol solvate
Acta Crystallographica C: Crystal Structure Communications,
2005, 61, O718-O721
Nichol, GS; Clegg, W
5-(1-Cyclohexen-1-yl)-1, 5-dimethylbarbituric acid
(hexobarbitone): a low-temperature redetermination
Acta Crystallographica E: Structure Reports Online, 2005, 61,
O1004-O1006
Noble, CG; Hollingworth, D; Martin, SR;
Ennis-Adeniran, V; Smerdon, SJ; Kelly, G; Taylor, IA;
Ramos, A
Key features of the interaction between Pcf11 CID and RNA
polymerase II CTD
Nature Structural Biology, 2005, 12, 144-151
Nogales, A; Mitchell, GR
Development of highly oriented polymer crystals from row
assemblies
Polymer, 2005, 46, 5615-5620
Nollmann, M; Byron, O; Stark, WM
Behaviour of Tn3 resolvase in solution and its interaction
with res
Biophysical Journal, 2005, 89, 1920-1931

Oikonomakos, NG; Kosmopoulou, MN; Chrysina, ED;
Leonidas, DD; Kostas, ID; Wendt, KU; Klabunde, T;
Defossa, E
Crystallographic studies on acyl ureas, a new class of glycogen
phosphorylase inhibitors, as potential antidiabetic drugs
Protein Science, 2005, 14, 1760-1771
Omegna, A
Effect of temperature on aluminum coordination in zeolites H-Y
and H-USY and amorphous silica-alumina: an in situ Al K edge
XANES study
Journal of Physical Chemistry B, 2005, 109, 9280-9283
Openshaw, AEA; Race, PR; Monzo, HJ;
Vasquez-Boland, JA; Banfield, MJ
Crystal structure of SmcL, a bacterial neutral sphingomyelinase
C from listeria
Journal of Biological Chemistry, 2005, 280, 35011-35017
Oudenhuijzen, MK; van Bokhoven, JA; Miller, JT;
Ramaker, DE; Koningsberger, DC
Three-site model for hydrogen adsorption on supported
platinum particles: influence of support ionicity and particle size
on the hydrogen coverage
Journal of the American Chemical Society, 2005, 127,
1530-1540
Pantos, E; Kockelmann, W; Chapon, L; Lutterotti, L;
Bennet, SL; Tobin, MJ; Mosselmans, JFW; Pradell, T;
Salvado, N; Buti, S; Garner, R; Prag, AJNW
Neutron and X-ray characterisation of the metallurgical
properties of a 7th century BC Corinthian-type bronze helmet
Nuclear Instruments and Methods in Physics Research B, 2005,
239, 16-26
Parras, P; Castelletto, V; Hamley, IW; Klok, HA
Nanostructure formation in poly(gamma-benzyl-L-glutamate)poly(ethylene glycol)-poly(gamma-benzyl-L-glutamate) triblock
copolymers in the solid state
Soft Matter, 2005, 1, 284-291

Pascu, SI; Jarrosson, T; Naumann, C; Otto, S; Sanders,JKM
Cation-reinforced donor-acceptor pseudorotaxanes
New Journal of Chemistry, 2005, 29, 80-89
Pascua, C; Charnock, J; Polya, DA; Sato, T; Yokoyama, S;
Minato, M
Arsenic-bearing smectite from the geothermal environment
Mineralogical Magazine, 2005, 69, 897-906
Peacock, CL; Sherman, DM
Sorption of Ni by marine Fe-Mn nodules and crusts: surface
complexation and structural incorporation of Ni by birnessite
Geochimica et Cosmochemica Acta, 2005, 69, A610-A610
Peacock, CL; Sherman, DM
Surface complexation model for multisite adsorption of
copper(II) onto kaolinite
Geochimica et Cosmochemica Acta, 2005, 69, 3733-3745
Pennington, DA; Clegg, W; Coles, SJ; Harrington, RW;
Hursthouse, MB; Hughes, DL; Light, ME; Schormann, M;
Bochmanna, M; Lancaster, SJ
The synthesis, structure and ethene polymerisation catalysis of
mono(salicylaldiminato) titanium and zirconium complexes
Dalton Transactions, 2005, 3, 561-571
Petry, S; Brodersen, DE; Murphy, FV; Dunham, CM;
Selmer, M; Tarry, MJ; Kelley, AC; Ramakrishnan, V
Crystal structures of the ribosome in complex with release
factors RF1 and RF2 bound to a cognate stop codon
Cell, 2005, 123, 1255-1266
Pilling, MJ; Cousins, A; Waugh, KC; Surman, M; Gardner, P
Combined far-ir RAIRS and XPS studies of TiCl4 adsorption and
reaction on Mg and MgCl2 films
Surface Science, 2005, 587, 78-87
Pilling, MJ; Gardner, P; Le Vent, S
Considerations of optical anisotropy in the simulation of
reflection absorption infrared spectra
Surface Science, 2005, 582, 1-13
Poolton, NRJ; Hamilton, B; Evans, DA
Synchrotron-laser pump-probe luminescence spectroscopy:
correlation of electronic defect states with X-ray absorption in
wide-gap solids
Journal of Physics D: Applied Physics, 2005, 38, 1478-1484
Pradell, T; Molera, J; Roque, J; Vendrell-Saz, M;
Smith, AD; Pantos, E; Crespo, D
Ionic-exchange mechanism in the formation of medieval lustre
decorations
Journal of the American Ceramic Society, 2005, 88, 1281-1289
Prior, TJ
A synchrotron study of mercury (I) acetate
Acta Crystallographica E: Structure Reports Online, 2005, 61,
m1523-m1524

Proctor, MR; Taylor, EJ; Nurizzo, D; Turkenburg, JP;
Lloyd, RM; Vardakou, M; Davies, GJ; Gilbert, HJ
Tailored catalysts for plant cell-wall degradation: redesigning
the exo/endo preference of Cellvibrio japonicus
arabinanase 43A
Proceedings of the National Academy of Sciences USA, 2005,
102, 2697-2702
Pym, ATG; Hozatian, ASH; Marrows, CH; Hickey, BJ;
Hase, TPA; Tanner, BK
The out-of-plane correlation length of the conformal roughness
in Co-Pd multilayers
Physica B, 2005, 357, 170-174
Pym, ATG; Rozatian, ASH; Marrows, CH; Brown, SD;
Bouchenoire, L; Hase, TPA; Tanner, BK
The in-plane length scale of the conformal interface roughness
as a function of bilayer repeat number in Co/Pd multilayers
Journal of Physics D: Applied Physics, 2005, 38, 190-194
Quinn, PJ; Tessier, C; Rainteau, D; Koumanov, KS; Wolf, C
Structure and thermotropic phase behaviour of detergentresistant membrane raft fractions isolated from human and
ruminant erythrocytes
Biochimica et Biophysica Acta - Biomembranes, 2005, 1713,
5-14
Rappas, M; Schumacher, J; Beuron, F; Niwa, H;
Bordes, P; Wigneshweraraj, S; Keetch, CA;
Robinson, CV; Buck, M; Zhang, X
Structural insights into the activity of enhancer-binding proteins
Science, 2005, 307, 1972-1975
Redshaw, C; Elsegood, MRJ
Synthesis of bis(bora)calix[4]arenes bearing perfluoroaryl
substituents
Chemical Communications, 2005, 40, 5056-5058
Redshaw, C; Elsegood, MRJ; Holmes, KE
Synthesis of hexa- and dodecanuclear organoaluminum ring
structures incorporating the ‘magic’ Ph2C(X) group (X=O-, NH-)
Angewandte Chemie: International Edition, 2005, 44,
1850-1853
Redshaw, C; Homden, DM; Rowan, MA; Elsegood, MRJ
Niobium-based ethylene polymerization procatalysts bearing
di- and triphenolate ligands
Inorganica Chimica Acta, 2005, 358, 4067-4074
Renouf, AC; Rose, J; Farrar, D; Cameron, RE
A degradation study of a new PLLA-based biomaterial
Biomaterials, 2005, 26, 2415-2422
Renouf, AC; Rose, J; Farrar, D; Cameron, RE
A micromechanical study of PLLA with controlled microstructure
Biomaterials, 2005, 26, 5771-5782
Renshaw, JC; Butchins, LJC; Livens, FR; May, I; Charnock,
JM; Lloyd, JR
Bioreduction of uranium: environmental implications of a
pentavalent intermediate
Environmental Science and Technology, 2005, 39, 5657-5660

83

SRD Annual Report 2005-2006
Section Publications

Rios, S; Martin, CM; Whittle, KR
On the nanostructure of radiation-amorphised zircon and
pyrochlores: a small angle X-ray scattering study
Zeitschrift fur Kristallographie, 2005, 220, 748-755
Rose, A; South, O; Harvey, I; Diaz-Moreno, S;
Owen, JR; Russell, AE
In situ time resolved studies of hydride and deuteride formation
in Pd/C electrodes via energy dispersive X-ray absorption
spectroscopy
Physical Chemistry Chemical Physics, 2005, 7, 366-372
Round, AR; Wilkinson, SJ; Hall, CJ; Rogers, KD;
Glatter, O; Wess, T; Ellis, IO
A premiminary study of breast cancer diagnosis using
laboratory based small angle X-ray scattering
Physics in Medicine and Biology, 2005, 50, 4159-4168
Rousse, G; Klotz, S; Saitta, AM; Rodriguez-Carvajal, J;
McMahon, MI; Couzinet, B; Mezouar, M
Structure of the intermediate phase of PbTe at high pressure
Physical Review B, 2005, 71, 224116
Rowland, HAL; Gault, AG; Charnock, JM; Polya, DA
Preservation and XANES determination of the oxidation state of
solid phase arsenic species in shallow sedimentary aquifers in
Bengal and Cambodia
Mineralogical Magazine, 2005, 69, 825-839
Roy, SS; Papakonstantinou, P; McLaughlin, JA;
Maguire, P; McCann, R
The structure of amorphous carbon nitride films using a
combined study of NEXAFS, XPS and Raman spectroscopies
Thin Solid Films, 2005, 482, 145-150

Ryan, AJ; Crook, CJ; Howse, JR; Topham, P; Jones, RAL;
Geoghegan, M; Parnell, AJ; Ruiz-Perez, L; Martin, SJ;
Cadby, A; Menelle, A; Webster, JRP; Gleeson, AJ; Bras, W
Responsive brushes and gels as components of soft
nanotechnology
Faraday Discussions, 2005, 128, 55-74
Salis, A; Meloni, D; Ligas, S; Casula, MF;
Monduzzi, M; Solinas, V; Dumitriu, E
Physical and chemical adsorption of mucor javanicus lipase on
SBA-15 mesoporous silica: synthesis, structural characterization
and activity performance
Langmuir, 2005, 21, 5511-5516
Salvado, N; Buti, S; Tobin, MJ; Pantos, E;
Prag, AJNW; Pradell, T
Advantages of the use of SR-FT-IR microspectroscopy:
applications to cultural heritage
Analytical Chemistry, 2005, 77, 3444-3451

Seixas de Melo, J; Sobral, AJFN;
d'A Rocha Gonsalves, AM; Burrows, HD
Singlet and triplet energy transfer in a bichromorphic system
with anthracene covalently linked trhough sulfonamide to a
meso-tetraphenylporphyrin
Journal of Photochemistry and Photobiology A - Chemistry,
2005, 172, 151-160
Shaw, DA; Holland, DMP; Rennie, EE; Shpinkova, LG
A fluorescence polarisation study of the O2+ A 2Πu → X 2Πg
and the B 4Sg → a 4Πu transitions in the excitation range
17-25eV
Journal of Physics B: Atomic Molecular and Optical Physics,
2005, 38, 173-188
Shaw, S; Pepper, SE; Bryan, ND; Livens, FR
The kinetics and mechanics of goethite and hematite
crystallization under alkaline conditions, and in the presence of
phosphate
American Mineralogist, 2005, 90, 1852-1860

Salvini, G; Headspith, J; Thomas, SL; Derbyshire, G;
Dent, A; Rayment, T; Evans, J; Farrow, R;
Diaz-Moreno, S; Ponchut, C
Detectors for energy-dispersive EXAFS (EDE) experiments
Nuclear Instruments and Methods in Physics Research A, 2005,
551, 27-34

Shetsov, MB; Chen, Y; Gollnick, P; Antson, AA
Crystal structure of Bacillus subtilis anti-TRAP protein, an
antagonist of TRAP/RNA interaction
Proceedings of the National Academy of Sciences USA, 2005,
102, 17600-17605

Sandy, J; Holton, S; Fullam, E; Sim, E; Noble, M
Binding of the anti-tubercular drug isoniazid to the arylamine
N-acetyltransferase protein from Mycobacterium smegmatis
Protein Science, 2005, 14, 775-782

Short, RJ; Hand, RJ; Hyatt, NC; Mobus, G
Environment and oxidation state of molybdenum in simulated
high level nuclear waste glass compositions
Journal of Nuclear Materials, 2005, 340, 179-186

Savin, SLP; Chadwick, AV; O'Dell, L; Smith, ME
EXAFS studies of confined nanocrystalline oxides
Physica Status Solidi C, 2005, 2, 661-664

Siu, KW; Butler, SM; Beveridge, T; Gillam, JE; Hall,CJ;
Kaye, AH; Lewis, RA; Mannan, K; McLoughlin, G;
Pearson, S; Round, AR; Schultke, E; Webb, GI;
Wilkinson, SJ
Identifying markers of pathology in SAXS data of malignant
tissues of the brain
Nuclear Instruments and Methods in Physics Research A, 2005,
548, 140-146

Rozanowska, M; Cantrell, A; Edge, R; Land, EJ;
Sarna, T; Truscott, TG
Pulse radiolysis study of the interaction of retinoids with peroxyl
radicals
Free Radiacal Biology and Medicine, 2005, 39, 1399-1405

Sayed, Z; Harris, F; Phoenix, DA
A study on the bacterial photo-toxicity of phenothiazinium
based photosensitisers
FEMS Mircobiology Letters, 2005, 43, 367-372

Rozatian, ASH; Marrows, CH; Hase, TPA; Tanner, BK
The relationship between interface structure, conformality and
perpendicular anisotropy in CoPd multilayers
Journal of Physics and Condensed Matter, 2005, 17,
3759-3770

Schulte, K; Wang, L; Moriarty, PJ; Purton, J; Patel, S;
Shinohara, H; Kanai, M; Dennis, TJS
Well-shielded cerium atoms: electronic structure of adsorbed
Ce@C-82 on Si surfaces
Physical Review B, 2005, 71, 115437

Rujiwatra, A; Mander, GJ; Kepert, CJ; Rosseinsky, MJ
Synthesis and characterization of subcell-supercell related
ethylenediamine-pillared zinc hydroxysulfates
Crystal Growth and Design, 2005, 5, 183-189

Schussler, H; Navaratnam, S; Distel, L
Rate constants for the reactions of DNA with hydrated
electrons and with OH radicals
Radiation Physics and Chemistry, 2005, 73, 163-168

Ruzheinikov, SN; Taal, MA; Sedelnikova, SE;
Baker, PJ; Rice, DW
Substrate-induced conformational changes in Bacillus subtilis
glutamate racemase and their implications for drug discovery
Structure, 2005, 13, 1707-1713

Schuttelkopf, AW; Hardy, LW; Beverley, SM; Hunter, WN
Structures of leishmania major pteridine reductase complexes
reveal the active site features important for ligand binding and
to guide inhibitor design
Journal of Molecular Biology, 2005, 352, 105-116

Sleeman, MC; Sorensen, JL; Batchelar, ET;
McDonough, MA; Schofield, CJ
Structural and mechanistic studies on carboxymethylproline
synthase (CarB), a unique member of the crotonase superfamily
catalyzing the first step in carbapenem biosynthesis
Journal of Biological Chemistry, 2005, 280, 34956-34965
Smith, JMA; Helliwell, JR; Papiz, MZ
Absorption of X-radiation by single crystals of proteins
containing labile metal components – the determination of the
number of iron atoms within the central core of ferritin
Inorganica Chimica Acta, 2005, 106, 193-196
Smith, MJ; Clegg, W; Nguyen, KA; Rogers, JE;
Pachter, R; Fleitzc, PA; Anderson, HL
Synthesis and crystal structure of a push-pull quinoidal
porphyrin: a nanoporous framework assembled from cyclic
trimer aggregates
Chemical Communications, 2005, 19, 2433-2435
Snell, EH; Helliwell, JR
Macromolecular crystallization in microgravity
Reports on Progress in Physics, 2005, 68, 799-853
Spencer, J; Read, J; Sessions, RB; Howell, S;
Blackburn, GM; Gamblin, SJ
Antibiotic recognition by binuclear metallo-beta-lactamases
revealed by X-ray crystallography
Journal of the American Chemical Society, 2005, 127,
14439-14444
Spencer, PD; Wilkins, SB; Hatton, PD; Brown, SD;
Hase, TPA; Purton, JA; Fort, D
Soft X-ray diffraction study of magnetic ordering in holmium
Journal of Physics C: Condensed Matter, 2005, 17, 1725-1733
Spooren, J; Walton, RI; Millange, F
A study of the manganites La0.5M0.5MnO3 (M=Ca, Sr, Ba)
prepared by hydrothermal synthesis
Journal of Materials Chemistry, 2005, 15, 1542-1551

Skipper, LJ; Sowrey, FE; Pickup, DM; Drake, KO;
Smith, ME; Saravanapavan, P; Hench, LL; Newport, RJ
The structure of a bioactive calcia:silica sol-gel glass
Journal of Materials Chemistry, 2005, 15, 2369-2374

Stamler, R; Kappe, G; Boelens, W; Slingsby, C
Wrapping the alpha-crystallin domain fold in a chaperone
assembly
Journal of Molecular Biology, 2005, 353, 68-79

Skipper, LJ; Sowrey, FE; Pickup, DM; Newport, RJ;
Drake, KO; Lin, ZH; Smith, ME; Saravanapavan, P;
Hench, LL
The atomic-scale interaction of bioactive glasses with simulated
body fluid
Materials Science Forum, 2005, 480, 21-25

Strange, RW; Ellis, M; Hasnain, SS
Atomic resolution crystallography and XAFS
Coordination Chemistry Reviews, 2005, 249, 197-208

Skipper, LJ; Sowrey, FE; Rashid, R; Newport, RJ; Lin, Z;
Smith, ME
X-ray diffraction and solid state NMR studies of the growth of
hydroxyapatite on bioactive calcia : silica sol-gel glasses
Physics and Chemistry of Glasses, 2005, 46, 372-376

Stucki, M; Clapperton, JA; Mohammad, D; Yaffe, MB;
Smerdon, SJ; Jackson, SP
MDC1 directly binds phosphorylated histone H2AX to regulate
cellular responses to DNA double-strand breaks
Cell, 2005, 123, 1213-1226

85

SRD Annual Report 2005-2006
Section Publications

Sui, KKW; Butler, SM; Beveridge, T; Gillam, T; Hall, CJ;
Kaye, AH; Lewis, RA; Mannan, K; McLoughlin, G;
Pearson, S; Round, AR; Schtultke, E; Webb, GI;
Wilkinson, SJ
Identifying markers of pathology in SAXS data of malignant
tissues of the brain
Nuclear Instruments and Methods in Physics Research A, 2005,
548, 140-146
Sullivan, JE; Holdgate, GA; Campbell, D; Timms, D;
Gerhardt, S; Breed, J; Breeze, A; Bermingham, A;
Pauptit, RA; Norman, RA; Embrey, KJ; Read, J;
van Scyoc, WS; Ward, WH
Prevention of MKK6-dependent activation by binding to p38á
MAP kinase
Biochemistry, 2005, 44, 16475-16490
Sun, Z; Almogren, A; Furtado, PB; Chowdhury, B;
Kerr, MA; Perkins, SJ
Semi-extended solution structure of human myeloma
immunoglobulin D determined by constrained X-ray scattering
Journal of Molecular Biology, 2005, 353, 155-173
Sundara Baalaji, N; Acharya, KR; Singh, TP;
Krishnaswamy, S
High-resolution diffraction from crystals of a membrane-protein
complex: bacterial outer membrane protein OmpC complexed
with the antibacterial eukaryotic protein lactoferrin
Acta Crystallographica F: Biology & Crystallization
Communications Online, 2005, 61, 773-775
Swaminathan, GJ; Myszka, DG; Katsamba, PS; Ohnuki, LE;
Gleich, GJ; Acharya, KR
Esoinophil-granule major basic protein, a C-type lectin, binds
heparin
Biochemistry, 2005, 44, 14152-14158
Taboada, P; Velasquez, G; Barbosa, S; Castelletto, V;
Nixon, SK; Yang, Z; Heatley, F; Hamley, IW; Ashford, M;
Mosquera, V; Attwood, D; Booth, C
Block copolymers of ethylene oxide and phenyl glycidyl ether:
micellization, gelation, and drug solubilization
Langmuir, 2005, 21, 5263-5271
Takahashi, N; Nakanishi, S; Itoh, H; Koshiba, S; Shen, TH;
Zhang, T; Tanaka, S; Takahashi, K; Kamada, M
Photoelectron spectroscopic study of Fe films on NEA surface
Journal of Electron Spectroscopy and Related Phenomena,
2005, 144, 483-486
Taylor, JE; Laity, PR; Freeburn, S; Wong, SS;
Norris, K; Cameron, RE
Effects of processing and pre-treatment methods on the
biostability of pellethane for medical device applications
Biomaterials, 2005, 26, 6467-6476
Liu, KK; Yang, Y; Ahearne, M; Then, K; El Haj, AJ
Mechanically characterising and stimulating tissue engineered
corneal stroma
International Journal of Experimental Pathology, 2005, 86,
A29-A30

Thomas, AG; Flavell, WR; Charwin, C; Rayner, S;
Tsoutsou, D; Kumarasinghe, AR; Brete, D; Johal, TK;
Patel, S; Purton, J
Adsorption of bi-isonicotinic acid on anatase TiO2(101) and
(001) studied by photoemission and NEXAFS spectroscopy
Surface Science, 2005, 592, 159-168
Timco, GA; Batsanov, AS; Larsen, FK; Muryn, CA;
Overgaard, J; Teat, SJ; Winpenny, REP
Influencing the nuclearity and constitution of heterometallic
rings via templates
Chemical Communications, 2005, 29, 3649-3651
Tobin, JG; Moore, KT; Chung, BW; Wall, MA; Schwart, AJ;
Ebbinghaus, BB; Butterfield, MT; Teslich, NEJR; Bliss, RA;
Morton, SA; Yu, SW; Komesu, T; Waddill, GD;
van der Laan, G; Kutepov, AL
Actinides 2005 - basic science, applications and technology.
Experimental benchmarking of Pu electronic structure
Mat. Res. Soc. Symp. Proc, 2005, 893, jj03-04
Tobin, JG; Moore, KT; Chung, BW; Wall, MA; Schwartz, AJ;
van der Laan, G; Kutepov, AL
Competition between delocalization and spin-orbit splitting in
the actinide 5f states
Physical Review B, 2005, 72, 085109

Van Duijneveldt, JS; Klein, S; Leach, E; Pizzey, C;
Richardson, RM
Large scale structures in liquid crystal/clay colloids
Journal of Physics C: Condensed Matter, 2005, 17, 2255-2267
Van Thor, JJ; Georgiev, GY; Towrie, M; Sage, JT
Ultrafast and low barrier motions in the photoreactions of the
green fluorescent protein
Journal of Biological Chemistry, 2005, 280, 33652-33659
Vlachos, D; Craven, AJ; McComb, DW
Specimen charging in X-ray absorption spectrocopy: coorection
of total electron yield data from stabilised zirconia in the energy
range 250-915ev
Journal of Synchrotron Radiation, 2005, 12, 224-233

Watson, KA; Chrysina, ED; Tsitsanou, KE; Zographos, E;
Archontis, G; Fleet, GWJ; Oikonomakos, NG
Kinetic and crystallographic studies of glucopyranose
spirohydantoin and glucopyranosylamine analogues inhibitors
of glycogen phosphorylase
Proteins Structure, Function and Bioinformatics, 2005, 61,
966-983

Volkovich, VA; May, I; Griffiths, TR; Charnock, JM; Bhatt,
AI; Lewin, B
Structures of chloro-uranium species in molten LiCl-BeCl2
eutectic: a combined X-ray and electronic absorption
spectroscopy study
Journal of Nuclear Materials, 2005, 344, 100-103

Wien, F; Miles, AJ; Lees, J; Cuff, AL; Janes, RW;
Wallace, BA
A new circular dichroism reference dataset covering fold space
Biophysical Journal, 2005, 88, 2727a-2727a

Walker, D; Verma, PK; Cranswick, LMD; Clark, SM;
Jones, RL; Buhre, S
Halite-sylvite thermoconsolution
American Mineralogist, 2005, 90, 229-239

Ton-That, C; Welland, ME; Larsson, JA; Greer, JC;
Shard, AG; Dhanak, VR; Taninaka, A; Shinohara, H
Electrostatic ordering of the lanthanum endoatom in La@C-82
adsorbed on metal surfaces
Physical Review B, 2005, 71, 45419-45425

Wallace, BA
Shining new light on protein structure and function thru
Synchrotron Radiation Circular Dichroism (SRCD) spectroscopy
Austrailian Biochemist, 2005, 36, 47-50

Tschope, A; Markmann, J; Zimmer, P; Birringer, R;
Chadwick, AV
N2O temperature-programmed oxidation and EXAFS studies
on the dispersion of copper in ceria supported catalysts
Chemistry of Materials, 2005, 17, 3935-3943

Wang, G; Platt-Higgins, A; Carroll, J; de Silva Rudland, S;
Winstanley, J; Barraclough, R; Rudland, P
Induction of metastasis by S100P in a rat mammary model and
its association with poor survival breast cancer patients
Cancer Research, 2005, 66, 1199-1207

Tuckett, RP
Vacuum-UV chemical physics in the gas phase using
synchrotron radiation
Spectroscopy Europe, 2005, 17, 18-24

Wang, GZ; Zhang, S; Fernig, DG; Martin-Fernandez, M;
Rudland, PS; Barraclough, R
Mutually antagonistic actions of S100A4 and S100A1 on
normal and metastatic phenotypes , S, DG, M, PS, R
Oncogene, 2005, 24, 1445-1454

Turkington, DE; MacLean, EJ; Lough, AJ; Ferguson, G;
Glidewell, C
Supramolecular structures of 1-phenylethylammonium tartrates
Acta Crystallographica B: Structural Science, 2005, 61, 103-114
Ungar, G; Putra, EGR; de Silva, DSM; Shcherbina, MA;
Waddon, AJ
The effect of self-poisoning on crystal morphology and
growth rates
Advances in Polymer Science, 2005, 180, 45-87
Ungar, G; Zeng, XB
Frank-Kasper, quasicrystalline and related phases in liquid
crystals
Soft Matter, 2005, 1, 95-106

Watson, AJ; Fyfe, PK; Frolov, D; Wakeham, MC;
Nabedryk, E; van Grondelle, R; Breton, J; Jones, MR
Replacement or exclusion of the B-branch bacteriopheophytin
in the purple bacterial reaction centre: the HB cofactor is not
required for assembly or core function of the Rhodobacter
sphaeroides complex
Biochimica et Biophysica Acta - Bioenergetics, 2005, 1710,
34-46

Wang, L; Schulte, K; Woolley, RAJ; Kanai, M; Dennis, TJS;
Purton, JA; Patel, S; Anderson, J; Gorovikov, S;
Dhanak, VR; Smith, EF; Cowie, BCC; Moriarty, P
Morphology, structure and electronic properties of Ce@C82
on Ag:Si(111)-(root3xroot3)R30degrees
Surface Science, 2005, 564, 156-156
Wang, RK; Dubois, A; Yang, Y
Ultrahigh resolution optical imaging of cellular structures of
high scattering biological tissues with whole field optical
coherence microcopy
Proceedings of SPIE, 2005, 5690, 39-43
Watson, AA; O'Callaghan, CA
Crystallization and X-ray diffraction analysis of human CLEC-2
Acta Crystallographica F: Biology & Crystallization
Communications Online, 2005, 61, 1094-1096

Wien, F; Miles, AJ; Lees, JG; Hoffmann, S; Wallace, BA
VUV irridation effects on protein in high flux Synchrotron
Radiation Circular Dichroism (SCRD) spectroscopy
Journal of Synchrotron Radiation, 2005, 12, 517-523
Wien, F; Wallace, BA
Calcium fluoride micro cells for synchrotron radiation circular
dichroism spectroscopy
Applied Spectroscopy, 2005, 59, 1109-1113
Wilkinson, SJ; Rogers, KD; Hall, CJ; Lewis, RA; Round, A;
Pinder, SE; Boggis, C; Hufton, A
Small angle diffraction imaging for disease diagnosis
Nuclear Instruments and Methods in Physics Research A, 2005,
548, 135-139
Williams, GR; O'Hare, D
Factors influencing staging during anion-exchange intercalation
into [LiAl2(OH)6]X⋅mH2O (X = Cl-, Br-, NO3-)
Chemistry of Materials, 2005, 17, 2632-2640
Wilson, J; Berry, I
The use of gradient direction in pre-processing images from
crystallization experiments
Journal of Applied Crystallography, 2005, 38, 493-500
Wiltshire, RJK; King, CR; Rose, A; Wells, PP; Hogarth, MP;
Thompsett, D; Russell, AE
A PEM fuel cell for in situ XAS studies
Electrochimica Acta, 2005, 50, 5208-5217
Wojtowicz, T; Ruterana, P; Rouseau, N; Halambalakis, G;
Briot, O; Katchkanov, V; Dalmasso, S; Martin, RW;
O'Donnell, KP
Structural and optical characterization of highly Er and Eu
doped GaN layers grown by MBE
Physica Status Solidi C, 2005, 1, 2577

87

SRD Annual Report 2005-2006
Section Publications

Wolfenden, S; Charnock, JM; Hilton, J; Livens, FR;
Vaughan, DJ
Sulfide species as a sink for mercury in lake sediments?
Environmental Science and Technology, 2005, 39, 6644-6648
Wood, CM; Nicholson, JM; Lambert, SJ; Chantalat, L;
Reynolds, CD; Baldwin, JP
High-resolution structure of the native histone octamer
Acta Crystallographica F: Biology & Crystallization
Communications Online, 2005, 61, 541-545
Woodruff, DP
Surface structure determination using X-ray standing waves
Reports on Progress in Physics, 2005, 68, 743-798
Worgan, JS
Energy dispersive detectors for synchrotron radiation
Nuclear Instruments and Methods in Physics Research A, 2005,
201, 85-91
Zeng, X; Ungar, G; Imperor-Clerc, M
A triple-network tricontinuous cubic liquid crystal
Nature Materials, 2005, 4, 562-567
Zeng, XB; Ungar, G; Spells, SJ; King, SM
Real-time SANS study of transient phases in polymer
crystallization
Macromolecules, 2005, 38, 7201-7204
Zhang, S; Wang, G; Fernig, DG; Rudland, PS; Webb, SED;
Barraclough, BR; Martin-Fernandez, ML
Interaction of metastasis-inducing S100A4 protein in vivo by
fluorescence lifetime imaging microscopy
European Biophysics Journal With Biophysics Letters, 2005, 34,
19-27
Zhang, S; Wang, G; Liu, D; Bao, Z; Fernig, D; Rudland, P;
Barraclough, R
The C-terminal region of S100A4 is important for its
metastasis-inducing properties
Oncogene, 2005, 24, 4401-4411
Zubek, M; Thompson, DB; Bolognesi, P; Cooper, D;
King, GC
Measurements of angular distributions for photoionisation of
mercury into the 5d 2D5/2 ionic state over the energy range
from 15 eV to 17 eV
Journal of Physics B: Atomic Molecular and Optical Physics,
2005, 38, 1657-1665

BOOKS
Fomina, M; Burford, EP; Gadd, GM
Fungi in Biogeochemical Cycles, ed. GM Gadd
(Cambridge University Press, Cambridge)
2005
Katrusiak, AF; McMillan, PF
High Pressure Crystallography
2005, 81-100

King, GC
Electron Scattering from Atoms, Molecules, Nuclei and Bulk
Matter
(eds CT Whelan and NJ Mason, Kluwer Academic/Plenum
Publishers, New York) 2005
Land, EJ; Ramsden, CA; Riley, PA
The pigmentary system: physiology and pathophysiology 2005
Molera, J; Pradell, T; Salvado, N; Vendrell, M
From mine to microscope - studies in honour of Mike Tite,
(eds. A Shortland, I Freestone (Oxford 2005)) 2005
Squire, JM; Knupp, C
Muscle & Molecular Motors
2005, 195-255
Strange, RW; Hasnain, SS
Protein-Ligand Interactions: Methods and Applications
2005, 167-197
Tobin, JG; Moore, KT; Chung, BW; Wall, MA; Schwartz, AJ;
Ebbinghaus, BB; Butterfield, MT; Teslich Jr, NE; Bliss, RA;
Morton, SA; Yu, SW; Komesu, T; Waddill, GD; van der
Laan, G; Kutepov, AL
Basic Science, Applications and Technology
2005, jj03-05

THESES
Baikie, T
Preparation and characterisation of non-oxide materials
PhD thesis, Birkbeck College, University of London, 2005
Bennett, AJ
Relationship between gold and arsenic in hydrothermal pyrite:
experimental results and applications to submicroscopic gold in
massive sulphide deposits
PhD thesis, University of Leeds, 2005

Falzon, G
The development of a non-invasive assessment of breast tissue
state – an alternative to core-needle biopsy
PhD thesis, University of New England, Australia, 2005

Perrins, RD
The development of methods for the time-resolved imaging of
the replication of single DNA molecules
PhD thesis, University of Birmingham, 2005

Hatijiloi, T
Design of oxalyl derivatives of beta-D-glucopyranosylamine,
inhibitors of glycogen phosphorylase, potential hypoglycaemic
drugs. Kinetic and crystallographic analyses
PhD thesis, University of Athens (for the MRes, Department of
Chemistry, 2005

Pizzey, CL
Small angle X-ray scattering from liquid crystal clay suspensions
PhD thesis, University of Bristol, 2005

Hayes, S
The structural organisation of collagen in the corneas of
primates and other mammals and the stromal changes
associated with the disease keratoconus
PhD thesis, University of Cardiff, 2005
Islam, FS
Microbial controls on the geochemical behaviour of arsenic in
groundator
PhD thesis, University of Manchester, 2005

Renouf, AC
A degradation study of PLLA containing lauric acid: the effect
of composition and microstructure
PhD thesis, University of Cambridge, 2005
Rooms, JF
A matrix isolation investigation of tellurium cryochemistry using
hydrogen telluride and tellurium dimers as precursors
PhD thesis, University of Hull, 2005

Jamme, F
Vibrational spectroscopy of molecules on metal and
semiconductor surfaces
PhD thesis, University of Nottingham, 2005

Sparkes, HA
Solid-state X-ray structural studies
PhD thesis, University of Bath, 2005

Lees, JG
Circular cichroism spectroscopy: bioinformatics and new
methodologies
PhD thesis, University of London, 2005

Tsoutsou, DT
Synchrotron-excited photoemission studies of simple and
double perovskite oxides
PhD thesis, UMIST, 2005

Lippel, A
High ambient pressure photoemission spectroscopy
MSc thesis, Universite de Paris Sud, 2005

Vladu, CM
Calcium sulphoaluminate hydrates: crystal growth, stability and
flow properties
PhD thesis, University of Edinburgh, 2005

Lu, YX
Spintronics
PhD thesis, University of York, 2005

Brieva, AC
Structure and morphology of phthalocyanine thin films on
silicon-based substrates
PhD thesis, University of Wales, Aberystwyth, 2005

Mallick, AK
Surface studies of anatase and rutile single crystals as model
solar cell materials
PhD thesis, University of Manchester, 2005

Cabailh, G
Synchrotron radiation studies of organic/inorganic
semiconductor interfaces
PhD thesis, University of Dubin, 2005

Martinez, AY
Interface effects in magnetic nanoparticles with core/shell
structure synthesized by chemical reduction
PhD thesis, Universidad de Cantabria, Spain, 2005

Denby, PM
The production of nanocrystals and their properties
PhD thesis, UMIST, 2005

O'Reilly, AO
Purification, functional and structural studies of the E. electricus
voltage-gated sodium ion channel
PhD thesis, Birkbeck College, University of London, 2005

Ehebauer, MT
Structural investigation of the Notch receptor and its nuclear
effector
PhD thesis, University of Cambridge, 2005

Rawsterne, R
Oral keratinocyte response to changes in surface chemistry and
topography using model surfaces
PhD thesis, University of Manchester, 2005

Wahl, D
Optimisation of light collection in organic scintillators for rare
event searches
PhD thesis, University of Oxford, 2005
Wiltshire, RJK
Extending in situ XAS of PEM fuel cells to more realistic
conditions
PhD thesis, University of Southampton, 2005

Peltekis, N
Electronic and optical properties of gold nitride
MSc thesis, University of Newcastle upon Tyne, 2005

89

