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Detection down to nanograms per litre achieved

Antibiotics in wastewater

Antibiotics flow 
unhindered through 
wastewater treatment 
plants and into our  
rivers and lakes

©The Royal Society of Chemistry 2007

Antibiotics, which are among the 
most widely prescribed medicines, 
can find their way into rivers and 
lakes because they tend to not 
to be removed through normal 
sewage processing. There are 
growing concerns about the fate 
of antibiotics in the environment 
and their possible effects on the 
aquatic ecosystem.

‘It is important to know the 
amounts of antibiotics released in 
the aquatic environment to be able 
to properly evaluate the risks, the 
effects and the potential impacts 
of these products,’ said Sébastien 
Sauvé of the University of Montreal, 
Canada.

Current methods used to 
measure the amount of antibiotics 
in wastewater can’t cope with 
the more complex mixtures of 
compounds found in raw sewage. 
But now Sauvé and colleagues have 
developed a method that can pick 
out antibiotics from samples that 
contain large amounts of dissolved 
organic compounds.

The team’s method, based on 
solid-phase extraction followed by 
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past, present and future
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David Levy explores thin-film coatings that drastically reduce 
UV damage to materials
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Reference
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mass spectrometry, can detect and 
identify antibiotics at levels as low 
as a few nanograms per litre.

The researchers tested samples 
from the Montreal wastewater 
treatment plant before and after 
processing. They found that only 
negligible amounts of many of 
the antibiotics had been removed 
during treatment.

Sauvé estimated that up to 830 
grams per day of each antibiotic 
from the treated wastewater are 
discharged into the St Lawrence 
River in Montreal. Huw James from 
the Water Research Centre, Marlow, 
UK said, ‘this might be expected to 
result in a significant environmental 
impact in the immediate vicinity.’
Nicola Burton
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Nuclear waste repositories could 
be safer places thanks to UK 
chemists, who have revealed the 
likely structure of a contaminant in 
reprocessed nuclear fuel.

Nuclear fuel is generally 
reprocessed by extracting out 
the actinide metals uranium and 
plutonium. However, this extracted 
material is often contaminated 
with another radioactive metal, 
technetium, which can catalyse 
unwanted side reactions and 
complicate waste storage. Now,  
Iain May, David Collison and  
colleagues at the University of 
Manchester have discovered 
how technetium, in the form of 
pertechnate [TcO4]-, is extracted 
during reprocessing.

‘Pertechnate would traditionally 
be classed as a weakly coordinating 
anion,’ said May, ‘and we were very 
interested in why pertechnate 

Rhenium builds model bridges with uranium

Safer storage of nuclear waste  

Chemical Science

Making double bonds in a more 
selective and efficient way could 
open the door to a family of 
biologically active natural products.

Richard Taylor and James 
Robinson at the University of York, 
UK, used sulfur chemistry to make 
combretastatin A-4, which is a 
bioactive natural product isolated 
from the African tree Combretum 
caffrum. According to Taylor, the 
route is efficient and reliable and 
uses readily available starting 
materials.

Combretastatin A-4 is the most 
potent inhibitor of cancer cell 
growth in the combretastatin 
family and its phosphate derivative 
is currently in clinical trials as a 
potential drug to treat solid tumours.

The combretastatins are based on 
a stilbene structure – a double bond 
with a phenyl group on each carbon. 
The York team make the stilbene 
unit using the Ramberg–Bäcklund 
reaction, where an alkene forms 
from a sulfone group, on expulsion 

Flexible route to alkenes yields anticancer compounds 

Sulfurous but selective synthesis

Reference 
J E Robinson and R J K Taylor, 
Chem. Commun., 2007, 1617

Reprocessed nuclear 
fuel often contains 
radioactive technetium 
as a contaminant

Reference 
G H John et al, Dalton Trans., 
2007, 1603

Research highlights

C34     Chem. Sci. , 2007, 4, C33–C40 ©The Royal Society of Chemistry 2007

so effectively co-extracted.’ 
Pertechnate contaminates the 
extracted material by forming a 
complex with uranium, said May. 
Studying perrhenate, [ReO4]-, 
a non-radioactive analogue of 
pertechnate, the team showed 
that perrhenate can act as a bridge 
between two uranium ions, as well 

as a simple, singly bonding ligand.
‘The demonstration of perrhenate 

as an inner-sphere ligand in these 
uranyl complexes serves as a good 
model for how pertechnate may 
coordinate actinyl compounds in 
general,’ said Thomas Albrecht-
Schmitt, an expert in actinide 
complexes at Auburn University, 
Alabama, US.

‘A better molecular understanding 
of the behaviour of pertechnate 
in this waste could ultimately aid 
safe and cost-effective treatment 
and disposal,’ said May. ‘Nuclear 
power is now being seriously 
considered by many countries as a 
key component of a secure “carbon 
neutral” energy policy. Future fuel 
processing technology will require a 
sound fundamental understanding 
of actinide and fission product 
coordination chemistry.’
James Mitchell Crow

of sulfur dioxide.
According to Taylor, the 

Ramberg–Bäcklund reaction is 
widely used in natural product 
synthesis, but it had been thought 
that it could only be used to make 
(E)-stilbenes. However, Taylor and 
Robinson made both (Z)- and (E)-
forms of the stilbene structure using 
the reaction. In the (Z)-stilbene, the 
phenyl groups are on the same side 
of the double bone (or cis to each 

other) and in the (E)-stilbene, the 
phenyl groups are on opposite sides 
(or trans to each other). 

‘As a result, the preparation of 
stilbenoid and related bioactive 
natural products should expand 
dramatically,’ said Taylor.

The route is flexible and can be 
used to make several combretastatin 
analogues and an (E)-stilbene 
compound called DMU-212, 
which is a synthetic analogue of 
resveratrol. This is a naturally 
occurring compound found in 
red wine, and is known to have 
anticancer and cholesterol-lowering 
properties.

Taylor predicts that the 
Ramberg–Bäcklund route could 
be used for making other natural 
products. ‘Currently, we are 
developing an efficient new route to 
the naturally occurring anticancer 
agent varitriol which was recently 
isolated from the fungus Emericella 
variecolor,’ he said.
Alison Stoddart

Ramberg–Bäcklund 
reaction: unexpected (Z) 
selectivity used to make 
combretastatin  A-4
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US scientists have developed a 
non-destructive method to detect 
possible forged documents. 

The technique, developed by 
Graham Cooks at Purdue University, 
Indiana, and his colleagues, combines 
2D molecular imaging with ambient 
mass spectrometry (MS).

Current methods for 
document analysis regularly use a 
chromatographic step before MS 
analysis. This means that parts of 
the document need to be cut up, and 
requires time-consuming solvent 
extraction steps.

Cooks’ method uses DESI 
(desorption electrospray ionization 
mass spectrometry) under ambient 
conditions, where the analyte is 
electrosprayed with a solvent to 
generate charged droplets for MS 
analysis. This method not only 

reduces the number of sample 
treatment steps, but also damages a 
smaller amount of the surface. The 
team was able to use the technique 
to identify if and where handwritten 
text had been altered.

‘The use of DESI and imaging 

2D imaging and spectroscopy combined for forensic analysis

Forgers beware
DESI for the forensic analysis of 
inks represents an exciting new 
application of the technique,’ 
said Colin Creaser, professor of 
analytical chemistry at Nottingham 
Trent University, UK. In addition, 
the imaging aspect of the technique 
means that the analysis can be 
highly targeted, generating position-
specific mass spectra. 

Cooks and his team believe that 
this technique has huge potential. 
Cook’s colleague Demian Ifa 
explained, ‘The ability that DESI 
provides of examining materials 
in the ambient environment 
encourages new applications. It has 
the potential to become an industry 
standard, not only for this particular 
problem but for many related 
analytical measurements.’
Michele Zgraggen

Rationally designed smart 
nanomaterials could be a step 
closer thanks to Chinese chemists, 
who have revealed some of the 
subtle effects that control how 
nanostructures form.

Interactions that affect the way 
small molecules aggregate into 
a particular nanostructure have 
been revealed by Hongbing Fu, 
Jiannian Yao and colleagues at the 
Chinese Academy of Sciences in 
Beijing. A nanomaterial’s properties 
are dictated by its structure, said 
Yao, but the ability to design small 
molecules that form nanostructures 
in a predictable manner is currently 
limited.

The Beijing team studied 
nanostructure formation using 
three isomeric starting molecules, 
each consisting of a central unit 
bearing two arms. The only 
difference between the isomers 
was the angle of the arms: 60°, 
120° or 180°. However, despite the 
small differences between them, 
the isomers formed very different 
structures: nanospheres, nanowires 

Isomer structure dictates how molecules aggregate�

Forming clusters with open arms

and nanocubes, respectively.
Yao puts the different structures 

down to the way the molecules 
initially cluster together into pre-
aggregates.  The 60° molecules 
dimerise, then clump to form 
nanospheres. However, the 
molecules whose arms were more 
open could form chains. The 120° 
molecules formed zigzag chains, 
which then meshed together into 
long wires. But the straight chains 

Mass spectrometry  
can be used to identify  
if handwritten text  
has been altered�
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Bent molecules 
form nanospheres 
or nanowires, while 
straight ones make 
nanocubes

Chemical Science

formed by the 180° material didn’t 
mesh together as effectively as the 
zigzag chains, so gave cubes rather 
than wires. 

‘Researchers have prepared 
numerous nanoclusters, but many 
“beautiful” nanostructures were 
obtained serendipitously,’ said Ben 
Zhong Tang, an advanced material 
synthesis expert at the Hong 
Kong University of Science and 
Technology. ‘Fu and Yao have made 
a fundamentally important attempt 
to understand how the molecular 
structures of building blocks affect 
the morphological structures of 
their nanodimensional assemblies,’ 
he said.

‘We hope to unveil general 
strategies for creating well-defined 
supramolecular objects,’ said Yao. 
‘Although tailor-made molecules 
can generally be obtained by 
organic synthesis, ensuring that the 
molecules aggregate in a specific 
way and generate nanostructures 
with desirable function remains a 
great challenge,’ he said.
James Mitchell Crow
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Molecular shrink wrapping
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A ‘green’ light for the future?
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A new family of porous metal–
organic frameworks (MOFs) with 
flexible ligands has been created by 
UK scientists.

MOFs consist of metal atoms 
linked by organic ligands. Their 
porous structure allows them to 
capture and store gases such as 
hydrogen and carbon dioxide.

Usually MOFs are made using 
rigid ligands, but Lee Brammer 
at the University of Sheffield 
and colleagues used flexible 
tetracarboxylate ligands to create 
their zinc-based MOFs. The 

flexibility of the ligands allowed 
their material to rearrange itself 
when carbon dioxide was removed 
or replaced.

‘The field of MOFs has 
tremendous potential to deliver 
applications in a wide range of 
areas, for example molecular 
storage, sensing, separation science 
and catalysis,’ said Brammer. ‘Our 
strategy may prove particularly 
useful for gas storage purposes 
where flexibility may enable 
effective “shrink wrapping” of the 
trapped molecules,’ he added.

 ‘This work really highlights how 
reactive these materials can be,’ said 
Stuart James, an expert in MOFs 
from Queen’s University, Belfast. 
‘Whereas conformational flexibility 
is now quite well-known, bond-
breaking and a change of topology 
during gas sorption is much more 
dramatic.’
Susan Batten

A team of scientists in Taiwan 
is paving the way for the 
development of highly-efficient 
phosphorescent materials, which 
could eventually replace the 
traditional incandescent lightbulb.
Organic light-emitting diodes 
(OLEDs) are made up of a series 
of organic thin films sandwiched 
between two conductors, which 
emit a bright light when an 
electric current is applied. Unlike 
liquid crystals, OLEDs emit light, 
and so wouldn’t need a backlight 
to create a display. Francesco 
Barigelletti, a photochemist at the 
institute for organic synthesis and 
photoreactivity in Bologna, Italy, 
said, ‘OLED technology has the 

potential to replace liquid crystal 
displays. Key to this goal is the 
fabrication of cheap and flexible 
organic-based substrates.’ 

Now researchers in Taiwan have 
made a range of iridium complexes 
that can be tuned to emit different 
colours of light, simply by changing 
one of the ligands. This is a key aim 
of OLED research, because the 
manufacture of full colour displays 
would require OLEDs of three 
colours; blue, red and green. ‘We 
believe that our methodology will 
provide guidance to address the 
fundamental design logics aimed 
at these goals,’ said team member 
Yun Chi, from National Tsing Hua 
University, Hsinchu.

Looking further ahead, emerging 
OLED technologies that emit white 
light could be used to make lighting 
equipment. Chi and his team are 
currently collaborating with the 
Seattle based research company 
Advanced Electroluminescent 
Sciences, who intend to incorporate 
the tuning technology into their 
OLEDs. As they use less power than 
traditional lightbulbs, OLEDs could 
be the ‘green’ lightbulb of the future.
May Copsey

Iridium complexes 
can be tuned to emit 
different colours of light 
and could one day be 
used to make lightbulbs
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What inspired you to study polymer science?
It started at Birmingham University in the 
mid-1960s, after doing a PhD in organofluorine 
chemistry. I was making fluorinated diene 
monomers and sending them to our sponsors 
for polymerisation. But I got no feedback so I 
took a sample and started doing a few radical 
polymerisations – it was curiosity really. I found 
it fascinating that you could take a mobile, 
colourless fluid and produce a material that had 
potentially interesting properties.

By the late 1960s, I decided polymer science 
was what I wanted to do and I went to a meeting in 
London where the ‘great and the good’ of polymer 
science pronounced on its future. They said there 
was no need for a new polymer for the world’s 
technology, but that we would get all we needed 
by blending and engineering. I remember the day 
well; I thought anyone that can predict the future 
with that kind of precision has to be daft. But I 
realised it would be a rocky road getting funding. 
However, it was what I wanted to do and I was in 
the university environment, where the one thing 
you can do is, within reason, what interests you.

What part of your research are you most proud of? 
My work with John Edwards, which became 
known as the ‘Durham route’ to polyacetylene. 
It was the first time I had been involved with 
something that attracted the attention and  
respect of other people in the community. 
The first time John recovered the polymer, it 
slowly transformed from an off-white to a black 
material via yellow, red and brown. When lumps 
were broken open, the inside was white and 
the sequence of colour changes started on the 
new surfaces. We knew immediately that we 
had something interesting. The material was 
electronically active, a good semiconductor. But 
we were a bit too soon; the doctrine of ‘the right 
time’ belongs to science. The people that could 
exploit it, the electronics companies, were not 
communicating well with the chemical industry. 
Also, it was perhaps not quite the right material 
but it was a good learning vehicle.

If you were going to go back in the lab now, what would 
the experiment be?
To make a purely organic magnet. If you put 
‘organic magnet’ into Google you will get an 
enormous number of hits but people don’t publish 
pictures showing magnetic behaviour and it 
seems there is not yet a room temperature organic 

magnet. This is a question I have thought about 
since I first became a scientist.

What inspired you to become a scientist?
As a child, I was curious and interested in 
construction toys, making things and nature.  
At that time, I was eight in 1946, anybody 
could buy chemicals like calcium carbide and 
sulfur from their local pharmacy. All of my 
contemporaries knew how to make a carbide 
bomb. I think that knowledge has probably 
disappeared now! We would light sulfur and use 
the evolved sulfur dioxide to reversibly bleach 
flowers. It felt like magic.

What was the most groundbreaking discovery in 
polymer science in the 20th century?
The most important contribution was by 
Staudinger – he was trying to persuade his 
contemporaries that polymers differed from the 
rest of chemicals by being very large molecules, 
and that was the only difference. Until then, many 
thought that the properties of rubbers and what 
we now call polymers were the consequence of ill-
defined secondary interactions rather than large 
molecules that got entangled with each other.

What’s the biggest challenge that faces polymer 
chemists in this century?
Control of structure, molecular weight and its 
distribution in linear polymers. Nature can make 
polymers of specific size and function – but we 
can’t control length with that precision. From 
an intellectual point of view, achieving this is an 
important challenge.

What do you most want to achieve as president of the 
Royal Society of Chemistry?
The RSC is a good organisation, trying to do 
valuable things for society – I would like to help 
it to succeed in those things. That would be 
sufficient for me. I would like the public in general 
to perceive the RSC as a group of people acting as 
a team and working for the benefit of society as a 
whole, not just for the advancement  
of themselves.

What’s next after being RSC president?
I have always meandered from one thing to 
the other. I’d like to do something useful and 
worthwhile – not necessarily on the national or 
international scene, but something on a local scale. 
I am keeping an open mind.

A material curiosity
Jim Feast talks to Alison Stoddart about polymer science of the past, present 
and future

Interview

Jim Feast CBE is an honorary 
research professor at both Durham 
and Eindhoven Universities and 
president of the Royal Society of 
Chemistry. His research focuses 
on the synthesis of polymers and 
functional materials.

Jim Feast
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Instant insight
A protective layer
David Levy of the Madrid institute of materials science (ICMM-CSIC) and the 
national institute for aerospace technology (INTA), Spain, explores thin-film 
coatings that drastically reduce UV damage to materials

©The Royal Society of Chemistry 2007

Ultraviolet (UV) light, either 
natural or artificial, causes organic 
compounds to decompose and 
degrade, because the energy of the 
photons in UV light is high enough 
to break chemical bonds. Organic 
materials, such as polymers, paints, 
pigments and dyes, are used in 
everything from car parts to fine art. 

Polymers exposed to UV light 
can lose mechanical strength and 
integrity, while UV light causes 
the cellulose and lignin in wood to 
degrade, discolouring the wood and 
eventually causing fractures and 
cracking. The dyes in paintings and 
photographs progressively fade 
under UV light and paper becomes 
yellowed and brittle. UV light is 
the main factor responsible for the 
degradation of wooden furniture, 
plastic parts used in the car industry 
and artwork in museums, which are 
all exposed to natural or artificial 
lighting for long periods of time. 
These factors make efficient UV-
protective coatings a necessary and 
valuable tool. 

Reducing or eliminating the 
damaging effects of solar and 

artificial UV radiation is a major 
challenge for materials scientists.  
One of the most widely used 
methods of UV protection is 
the dispersion of UV-absorbing 
molecules into a material. UV-
absorbers must be colourless (or 
nearly colourless) compounds that 
show good photostability and can 
transform the absorbed UV energy 
into less harmful energy before 
reaching the substrate. Inorganic 
materials, based mainly on mixed 
metal-oxide films or particles, or 
organic molecules, such as phenolic 
molecules, can be used to absorb or 
scatter light.  A well-known example 
of an inorganic UV-protector is 
titania (TiO2), which is commonly 
used in sunscreens.

Coating photosensitive materials 
with UV-absorbing inorganic or 
polymer-based films has been 
studied extensively. Inorganic 
coatings, however, can only be used 
on heat resistant substrates, due 
to the high curing temperature 
required for their preparation. 
And polymer films have proven to 
have low photostability – the film 
itself degrading after prolonged 
irradiation with UV light.

Recently developed UV-
protective coatings are based 

on a dispersion of UV-absorber 
molecules in a hybrid organic–
inorganic sol–gel matrix. The 
sol–gel method allows the 
preparation of transparent, solid 
and porous inorganic material at low 
temperatures, and the incorporation 
of large amounts of organic UV-
absorbing molecules in its pores, 
giving excellent UV protection. 

These coatings are just one 
micrometre thick, but can reduce 
the UV light reaching the substrate 
to less than seven per cent of the 
incident light. The coatings are 
also highly stable upon prolonged 
exposure to UV light and are fully 
transparent in the visible region 
of the spectrum. This means they 
can be used to coat a wide range of 
materials, without affecting the way 
they look. 

The lifetime of photosensitive 
materials can be increased from the 
scale of months to years, making the 
protective coatings very attractive 
indeed for commercial applications.

Read David Levy’s review on 
‘Preventing UV-light damage of light 
sensitive materials using a highly 
protective UV-absorbing coating’ 
in issue 8, 2007 of Chemical Society 
Reviews.

     Chem. Sci., 2007, 4, C33–C40    C39

Solar UV levels vary 
across the globe, and 
depend on time of  
day and season. The  
highest levels are  
shown in dark red
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Artificial UV light  
can cause valuable 
artworks to fade
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Essential elements

The RSC enjoyed a busy and 
exciting ACS spring meeting 
in Chicago. The RSC stand was 
so well attended that by the 
end of the four days books and 
puzzles had completely sold 
out and all of the promotional 
and informative material 
representing the breadth of our 
activities had been devoured by 
the conference delegates!

New products and innovations 
from the publishing division 
that were presented and 
demonstrated were very well 
received, and represented 
our commitment to providing 
publishing solutions to aid the 
communication and progress 
of the chemical sciences. New 
products introduced at the ACS 
meeting included:

Project Prospect, an 
innovative new project that 
makes the science in RSC journal 
articles really come alive, and 
the RSC eBook Collection, the 

Another successful ACS meeting 

Bringing Biology in Focus

fully searchable archive giving 
access to over 700 RSC book 
publications. RSC Publishing 
also celebrated New Journal of 
Chemistry’s 30th and Organic 
& Biomolecular Chemistry’s 5th 
year of publication with a meet-
the-editor session at the RSC 
stand. Delegates were invited to 
interact with each other and the 
editors of the two publications, 
Denise Parent and Vikki Allen, 
in an informal and friendly 
environment over coffee, cookies 
and cakes.

To complement the excellent 
exhibition we were delighted 
to be joined by so many friends 
and colleagues at a splendid 
RSC reception where the newly 
appointed publishing director, 
Robert Parker, discussed new 
and future endeavours of RSC 
Publishing. Year after year it is 
such a pleasure to see so many 
old and new friends supporting 
our activities and we look 
forward to strengthening those 
friendships at the next ACS 
meeting.
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And finally...
The highly successful 
Biomolecular Sciences Book 
Series now includes seven titles 
that provide an authoritative 
insight to research at the 
chemistry–biology interface. 
Here are some of the great things 
people are saying about these 
topical books:

Sequence-specific DNA 
Binding Agents
‘An excellent overview of the 
work being done’
ChemBioChem

Biophysical and Structural 
Aspects of Bioenergetics
‘A beautifully produced 
research-level resource…’
Chemistry World

Structural Biology of 
Membrane Proteins
‘...a snapshot of the state of the 
art’
ChemBioChem

Exploiting Chemical Diversity 
for Drug Discovery
‘…is an excellent and 
astonishingly complete 
compilation on this broad and 
demanding topic for current 
practitioners’
Angewandte Chemie

Structure-Based Drug 
Discovery
‘There are very few of us who 
will invent a drug, but by using 
the techniques described (in this 
book), you will shorten your own 
odds considerably’
Chemistry World

For more information visit  
www.rsc.org/biomolecularscience

Scientists with an interest in 
specific topics at the chemistry–
biology interface can easily find 
relevant research articles from 
across RSC journals, thanks to 
the launch of Biology in Focus. 
This new website will showcase 
a new subject area each quarter, 
beginning with ‘Cancer and 
other disease states’. Future 
topics will include microarrays, 
metabolomics, quantitative 
proteomics, genomics and 
biomarkers.

Many scientists focus on the 
rapidly developing interface 
between chemistry and biology 
to achieve a better balance 
between research and real-world 
applications. Exciting new 
analytical and miniaturised tools 
are allowing better interrogation, 
improved measurement and 
increased understanding of 
biology and biological systems, 
which in turn are leading to 
major developments in these 
interfacial areas. 

RSC journals Molecular 
BioSystems, Lab on a Chip and 
The Analyst have joined forces 
to encourage and promote this 
interdisciplinary collaboration 
and cooperation between the 
disciplines. The Biology in 
Focus website aims to increase 
knowledge by presenting 
material appearing in all three of 
these journals, with additional 
material from other RSC journals 
as appropriate. 
www.rsc.org/biologyinfocus
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