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Uranium Complex Discovery offers possibilities for 
Nuclear Waste Management

The UK has a substantial nuclear legacy and this work further deepens the knowledge 
base and skills development needed to clean-up and manage radioactive wastes stored 
at nuclear sites or mines.

Professor Katherine Morris, Associate Dean for Research Facilities in the Faculty of 
Science and Engineering, University of Manchester and the Research Director for the 
BNFL Research Centre in Radwaste Disposal explained why recreating and studying these 
chemical complexes is highly relevant for understanding and dealing with radioactive 
waste. “To be able to predict the behaviour of the uranium during geological disposal, 
we need to take into account that it may have interacted with other processes taking 
place in the ground. These so-called biogeochemical reactions are often a complex set of 
interactions between dissolved chemical species, mineral surfaces, and microorganisms.”

Using X-ray Absorption Spectroscopy (XAS) provided at the Diamond Light Source 
facility, the researchers studied uranium when it sits at the surface of the mineral 
ferrihydrite, a widespread mineral in the environment. The XAS data, in combination 
with computational modelling, showed that during the sulfi dation reaction, a short-lived 
and novel U(VI)-persulfi de complex formed during this biogeochemical process. 

Professor Sam Shaw, Co-Investigator and Professor of Environmental Mineralogy at the 
University of Manchester said: “Shining the synchrotron beam onto the sample causes 
the uranium within to emit X-rays. By analysing the X-ray signal from the samples our 
team were able to determine the chemical form of uranium and to which other elements 
it is bound. To further validate the theory on the formation pathway of the uranium-
sulfur complexes, our team also made computer simulations to conclude which type 
of complex is more likely to form. This is the fi rst observation of this form of uranium 
under aqueous conditions and provides new insight into how uranium behaves in 
environments where sulfi de is present. This work demonstrates the deep understanding 
we can develop of these complex systems and this knowledge will help underpin efforts 
to manage radioactive wastes in a geological disposal facility.”

Dr Luke Townsend, Postdoctoral Fellow in Environmental Radiochemistry at The 
University of Manchester, who undertook this research as part of his PhD further added: 

In a collaborative study undertaken by the University of Manchester, Diamond Light Source and Radioactive Waste Management, researchers have been able to show for 
the fi rst time how uranium forms a uranium-sulfur complex under conditions representative of a deep underground environment and how this complex then transforms 
further into highly immobile uranium oxide nanoparticles.[1] 

Callum Richardson, University of Manchester, PhD student working with the uranium samples on 
the 120 scanning beamline – Credit Diamond Light Source

Demonstration of a sample containing uranium being studied and carefully loaded onto 
Diamond’s I20-scanning beamline – Credit Diamond Light Source

From left to right: In Diamond’s I20-scanning beamline: Professor Sam Shaw, Co-Investigator and 
Professor of Environmental Mineralogy at the University of Manchester, Fred Mosselmans, Principal 
Beamline Scientist at beamline I20 at Diamond Light Source, Dr Luke Townsend, Postdoctoral 
Fellow in Environmental Radiochemistry at The University of Manchester holding a sample, who 
undertook this research as part of his PhD and Dr. Rosemary Hibberd, Senior Research Manager, 
Radioactive Waste Management – Credit Diamond Light Source.
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“When trying to mimic environmental processes in the laboratory, it’s a challenge to 
produce accurate, high quality, reproducible science with such complex experiments, 
whilst also maintaining relevance to the geodisposal environment. However, obtaining 
exciting results such as these makes all the hard work and commitment to the project 
from myself and the group, both in our labs in Manchester and on the beamlines at 
Diamond, completely worthwhile.”

The XAS measurements were performed on beamlines I20 and B18 by the researchers 
who used highly controlled sulfi dation experiments that mimic biogeochemical 
processes in the deep underground environment. This was combined with geochemical 
analyses and computational modelling to track and understand uranium behaviour.

Physical Science Director at Diamond, Laurent Chapon concluded; “This is another 
example of how Diamond’s state of the art analytical tools are enabling scientists to 
follow complex processes and help them to tackle 21st century challenges. In this 
instance, our beamlines allowed the users to gain real insight into the environmental 
relevance of this new uranium-sulfur complex, which feeds into our understanding of 
geological disposal.”

1 http://dx.doi.org/10.1021/acs.est.9b03180 
Published in Environmental Science & Technology, the paper is called “Formation of a U(VI)-
persulfi de complex during environmentally relevant sulfi dation of iron (oxyhydr) oxides”

The uranium-persulfi de complex associated with the transforming mineral surface

Researchers have been able to demonstrate a laser-driven 
X-ray absorption spectroscopy technique that will improve 
the study of extremely dense and hot matter, such as can be 
found inside gas giant planets or on the crusts of dead stars, 
or that is crucial for fusion power.

The technique*, which would be able to use a single X-ray 
fl ash to capture information, was developed by a team led by 
Imperial College London scientists working with colleagues 
including those at the UK’s Central Laser Facility (CLF) at the 
Science and Technology Facilities Council (STFC) Rutherford 
Appleton Laboratory.

The project, funded by the European Research Council, 
used the CLF Gemini Laser which has two beams – one that 
can create the conditions for warm dense matter and one 

which can create ultrashort and bright x-rays to probe the 
conditions inside the sample.

First author Dr Brendan Kettle, from the Department of 
Physics at Imperial, said: “We will now be able to probe warm 
dense matter much more effi ciently and in unprecedented 
resolution, which could accelerate discoveries in fusion 
experiments and astrophysics, such as the internal structure 
and evolution of planets including the Earth itself.”

The technique could also be used to probe fast-changing 
conditions inside new kinds of batteries and memory storage 
devices.

Previous attempts using lower-powered lasers required 50-
100 x-ray fl ashes to get the same information that the new 
technique can gain in just one fl ash. The fl ashes last only 
femtoseconds (quadrillionths of a second), meaning the new 
technique can reveal what is happening within warm dense 
matter across very short timescales.

In the new study, the team used their technique to examine a 
heated sample of titanium, successfully showing that it could 
measure the distribution of electrons and ions.

Lead researcher Dr Stuart Mangles, from the Department of 

Physics at Imperial, said: “We are planning to use the technique 
to answer key questions about how the electrons and ions in 
this warm dense matter ‘talk’ to each other, and how quickly 
can energy transfer from the electrons to the ions.”

The Central Laser Facility’s Gemini Laser is currently one of 
the few places the right conditions for the technique can 
be created, but as new facilities start operating around the 
world, the team hope the technique can be expanded and 
used to do a whole new class of experiments.

Dr Rajeev Pattathil,   Gemini Group Leader at the Central 
Laser Facility, said: “With ultrashort x-ray fl ashes we can get 
a freeze-frame focus on transient or dynamic processes in 
materials, revealing key new fundamental information about 
materials here and in the wider Universe, especially those in 
extreme states.”

* ‘Single-shot multi-keV X-ray absorption spectroscopy using 
an ultrashort laser wakefi eld accelerator source’ by B. Kettle 
et al. is published in Physical Review Letters.
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Gemini is a high power, ultra-short pulse laser system 
delivering dual beams at a rate of one shot every 20 seconds, 
allowing scientists to study the way matter behaves under 
extreme conditions of temperature and pressure Credit: STFC

A typical image of the ultrashort X-ray burst being generated. 
An intense laser beam enters a gas cell (from the left and the 
resulting X-rays exit though a pinhole (to the right). Credit: 
Brendan Kettle

X-ray Technique Probes Conditions in Hot Matter
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Societies Collaborate to Improve Scientifi c Exchange in UK Drug Discovery
A two-year strategic alliance between 
The European Laboratory Research & 
Innovation Group (ELRIG) UK and the 
British Pharmacological Society, offers each 
organisation the opportunity to expand its 
collaboration between industry, academia 
and the clinic, to help drive the successful 
discovery and development of new medicines 
across the UK.

With both groups committed to hosting joint 
and complementary meetings the alliance 

also facilitates each society to help grow 
its own audience and create exciting new 
opportunities for early career professionals’ 
education and training.

Steve Rees, Chairman of ELRIG UK, and 
VP of Discovery Biology at AstraZeneca, 
said: “The strategic alliance with the British 
Pharmacological Society formalises a joint 
goal of growth in the industrial and academic 
segments and recognises the harmonies 
between our organisations. Joining forces will 

help us improve education, networking and 
other services available to our communities, 
allowing us to become more impactful 
advocates for the life sciences industry.”

Professor Steve Hill, President of the British 
Pharmacological Society, and Professor of 
Molecular Pharmacology at the University 
of Nottingham, added: “We recognise that 
modern drug discovery is a multi-stakeholder 
process and that professionals are likely to move 
between sectors throughout the course of their 

working lives. It therefore makes sense for our 
programmes to represent all facets of drug 
discovery and we look forward to working with 
ELRIG UK to help achieve this goal.”

For further information about ELRIG UK, 
please visit: www.elrig.org,

For further information about the British 
Pharmacological Society, please visit: 
www.bps.ac.uk
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