


Polymer-based microreactors turn 
inorganic to beat organic solvent 
attacks and reduce prices.

Dong-Pyo Kim from the 
Chungnam National University, 
Daejeon, Korea, and colleagues 
used inorganic polymers to make 
microreactors that are resistant 
to attack by organic solvents and 
should be cheap to manufacture.

Microreactors are miniaturised 
devices where reactions take place 
within a confined space typically 
in the form of microchannels on 
a chip. They have a number of 
advantages over conventional 
reaction systems including yield, 
energy efficiency, reaction control 
and safety.

A variety of materials have 
been used to make microreactors, 
including metal, silicon, glass 
and polymers. However, while 
metallic and silicon-based devices 
are durable they are expensive to 
make. Conversely, polymer reactors 
are cheap to manufacture but 
prone to attack by organic solvents 
limiting their use. Now Kim’s team 
has developed inorganic polymer 

Inorganic polymer-based microchips are resistant to solvent attack

Prices of microreactors stamped down
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Ordinary newspaper can be 
used to recover precious metals 
from industrial wastewater, say 
researchers in Japan.

Katsutoshi Inoue, and co-
workers from Saga University, 
formed an active gel by treating 
newspaper with p-aminobenzoic 
acid – a readily available 
compound used in sunscreen. 
Inoue shows that when water is 
passed through a column packed 
with this modified paper, gold, 
palladium and platinum are 
filtered out in preference to other 
metals. 

Recovering valuable precious 
metals from industrial effluent 
is highly desirable, but not easy. 
Current methods suffer from 
incomplete metal removal, 
are expensive and have toxic 

Selective recovery of valuable metals from industrial wastewater

Newspaper filters out gold 
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Cycloaddition and 
condensation reactions 
have been carried out in 
a chip 
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microreactors which offer the best 
of both worlds.

The team made microreactors 
using two commercially 
available inorganic polymers 
– polyvinylsilazane and 
allylhydropolycarbosilane – and a 
well established microimprinting 
lithography technique. Kim 
believes this low cost method could 
be used for mass production. Tests 
showed the microreactors are 
resistant to attack by a variety of 

waste products. Inoue’s method 
overcomes these problems, 
whilst also providing a use for old 
newspapers. 

Jarek Drelich an expert in 

materials science at Michigan 
Technological University, 
Houghton, US, agrees saying that 
the route ‘opens the prospect of 
mass producing waste biomass-
based sorbents that could benefit 
not only the hydrometallurgical 
industry but also the paper 
recycling industry.’

Inoue showed that a column 
packed with the gel could be 
used repeatedly, a good sign for 
industrial applications. Future 
challenges for the Japanese 
workers include separation and 
purification of the recovered 
metals.
Roxane OwenOld newspapers prove to 

be useful absorbents

organic solvents.
To create the microreactor, Kim 

dropped liquid inorganic polymer 
onto a glass slide under a nitrogen 
atmosphere. He then placed a 
stamp – with the microchannel 
in relief on its surface – into the 
polymer and cured it using UV 
light. The polymer solidified, and 
the stamp was removed leaving the 
impression of the microchannel. 
The polymer was then heat cured 
before a second glass slide coated 
with the polymer was placed on top, 
enclosing the channel.

To demonstrate the performance 
of their new microreactors the 
team showed that they could be 
used to carry out three synthetic 
organic reactions – synthesis of 3,5-
dimethylpyrazole, a Diels–Alder 
cycloaddition and a Knoevenagel 
condensation.

Kim is currently exploring ways 
to improve the fabrication process 
as well as looking at applying these 
microreactors in other fields such 
as biotechnology and biomedical 
engineering.
Nicola Burton
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An electronic tongue with a taste for fine wine

The wine fraud detective
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She adds that the device could be 
used to detect frauds committed 
regarding the vintage year of the 
wine, or the grape varieties used. 

The advantage of this device is 
that it is ‘fast, easy and relatively 
cheap’ says Sue Ebeler from the 
University of California, Davis, 
US, who has studied wine flavour 
chemistry. ‘One of the most 
interesting aspects’, Ebeler adds, ‘is 
the ability to predict sugar, acid and 
alcohol content using sensors that 
are not specifically sensitive to these 
components but respond to cations 
and heavy metals.’

The next step, says Jiménez-
Jorquera, will be to extend the 
number of samples analysed to get 
more precise results, and give the 
best training for this electronic 
tongue. Other kinds of chemical 
sensors can then be incorporated to 
broaden the field of applications to 
other beverages and foods.
Rachel Cooper
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A portable electronic tongue that can 
‘taste’ the grape varieties and vintages 
of wine has been created by Spanish 
scientists. 

Cecilia Jiménez-Jorquera 
from the Barcelona Institute of 
Microelectronics, and colleagues, 
created a multisensor device and 
trained it to distinguish between 
different wines and grape juices. 

When speaking with specialists 
of the wine industry, the need for 
a rapid route to obtain valuable 
information about product quality 
was noticed, explains Jiménez-
Jorquera. It takes a long time to send 
samples to a centralised laboratory 
for analysis with complex 
equipment.

Jiménez-Jorquera’s electronic 
tongue combines an array of six 
ion-sensitive field effect transistor-
based chemical sensors, with 
cross-sensitivity to multiple ions 
in solution. The data are then 
analysed with an appropriate 

chemometric method. ‘This system 
enables the rapid and simultaneous 
measurement of different analytical 
parameters related to the quality 
control of wines and grape juices,’ 
says Jiménez-Jorquera. 

The electronic tongue is small 
and robust, Jiménez-Jorquera 
explains, and it is portable - which 
is essential for field measurements. 

The device is portable, 
meaning tests can be 
carried out on  site

HAP nanoparticles may be more 
similar to the features of natural 
hydroxyapatite than those of the 
larger HAP particles that are usually 
used he explains. 

George Nancollas, professor 
of chemistry at the University 
of Buffalo in the US, explains 
that the team’s work with HAP 
nanoparticles has revealed 

The  nanoparticles absorb 
strongly onto the surface 
of natural tooth enamel

Nanoparticles offer a quick fix for decayed teeth

Pearly whites  
some exciting possibilities for 
the remineralisation of decayed 
enamel. ‘The apparent restoration 
of enamel hardness using an in vitro 
method is particularly significant. 
The challenge will be to control 
the kinetics of the process and to 
achieve a degree of reproducibility.’

In order to confirm the effects 
seen with the HAP nanoparticles in 
vitro, Tang says they need to extend 
their work to in vivo studies. ‘We 
are also interested in using these 
nanoparticles to repair other apatite 
hard tissue like bone,’ he says.

Klaus Jandt, an expert in 
biomaterials research at Friedrich 
Schiller University of Jena in 
Germany, agrees: ‘Enamel repair 
studies are important and of high 
relevance. In the future, it will be 
especially important to demonstrate 
the enamel repair potential in vivo 
and that the repaired enamel is 
mechanically stable.’
Katherine Davies

Chinese scientists have found a 
new route to the perfect smile, 
using nanoparticles to repair tooth 
enamel.

Ruikang Tang at Zhejiang 
University and his team found 
that nanoparticles made from 
hydroxyapatite (HAP), a mineral 
which is the major component of 
dental enamel, adsorb very strongly 
onto the surface of the natural 
enamel – potentially enabling 
decayed teeth to be repaired and 
strengthened.  

Tang explains that up to now 
dentists have found it hard 
to understand why synthetic 
hydroxyapatite has not been a good 
candidate for enamel repair, but 
they could now have the answer.

In contrast to previous studies, 
Tang’s group have used much 
smaller particles, which they 
say are similar to the size of the 
building blocks of dental enamel. 
The features of these 20 nm sized 
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Knockout nanoparticles fight infections 

Sterile nanoparticles

Effective antibacterial 
coatings for wound 
dressings are highly 
sought after

Metal organic frameworks do the 
twist
Rotating solid-state crystals could 
outperform liquid crystals for 
optoelectronic applications, claim 
US scientists

Artificial cells seek out disease
Scientists in the US have made an 
artificial cell that can locate sites 
of disease, with potential uses for 
targeted drug delivery

Organic liquids capture CO2
A new class of carbon dioxide-
binding organic liquids could be 
used for capturing this greenhouse 
gas in coal power plants, say 
scientists in the US and Canada

The wonder of gold 
Graham Hutchings, Mathias Brust 
and Hubert Schmidbaur introduce 
the newly discovered allure of gold 
for chemists

See www.rsc.org/chemicaltechnology 
for full versions of these articles

Droplet traps for worms on chips 
Watching how worms behave in 
droplets is the basis for a new 
assay that could find use in high-
throughput drug screening

Putting the squeeze on cancer
Squashing and prodding suspect 
cells, then watching how they 
bulge and spring back into shape, 
can be used to tell cancer cells 
from healthy ones, say scientists 
from South Korea

New twist on protein binding
A fortuitous discovery by UK 
chemists has led to a new type of 
probe for protein interactions that 
could be used for cellular imaging 

Medicines from the deep 
In this month’s interview, Mark 
Butler talks to Elinor Richards 
about Singapore, sponges and 
scuba diving 

See www.rsc.org/chembiology for 
full versions of these articles

News in brief

This month in Chemical Technology

This month in Chemical Biology

Septicaemia causing bacteria take 
a blow from two different types of 
antibacterial nanoparticles, made by 
scientists working independently in 
the UK and Korea.  

With around 80 per cent of the 
infections that patients pick up in 
hospital associated with bacteria 
on the surface of medical devices 
and biomaterials, effective 
antibacterial agents are highly 
sought after. Nanoparticle-
based agents, often applied 
as coatings, have shown recent 
promise in delivering improved 
sterility against a wide range of 
bacterial strains.  

Free silver nanoparticles show 
good antimicrobial activity, 
exhibiting both size- and shape-
dependent microbiological activity. 
But, these free nanoparticles are 
unsuitable for some applications like 
wound dressings because of their 
sensitivity to light and temperature. 
They also form aggregates, which 
reduce dissolution rates and efficacy. 

Adam Lee and co-workers 
at the University of York, UK, 
provide an alternative method of 
stabilising silver particles using a 
porous alumina solid to support 
nanoparticles of silver carbonate.1 
Lee describes this material with its 
highly dispersed silver as ‘alumina 
needles decorated with silver 
nanoparticles’. In this dispersed 
form the release rate of silver ions 
is maximised. And, the supported 
nanoparticles are ‘easy to incorporate 

into the foam or fabric dressing 
formats that are essential to confine 
active silver species within patients’ 
wounds over several days,’ explains 
Lee.

In tests using the bacteria 
Staphylococcus aureus – responsible 
for a range of illnesses from minor 
skin infections to septicaemia – the 
team found that their nanoparticles 
were better antibacterial agents 
than silver sulfadiazine, which is 
a widely used topical treatment 
for severe burns and ulcers. ‘And’, 
says Lee, ‘unlike many other silver 
preparations these nanoparticles 
are: air- and light-stable, cheap to 
produce, non-toxic, non-allergenic 
and they don’t stain clothing or skin 
during handling’.

Lee and his colleagues are now 
working with the medical products 
company Smith & Nephew to 
incorporate their nanoparticles into 
dressings suitable for patient trials in 
hospitals.

Korean scientists, Jyongsik Jang 
and Yura Kim at Seoul National 
University, are using an entirely 
different approach using antibacterial 
polymers, rather than silver, to create 
bioactive nanoparticles. 2

Using chemical polymerisation 
techniques Jang coated silica-core 

nanoparticles with a thin layer 
of antibacterial polymer. He 

found that these encapsulated 
nanoparticles have excellent 
efficacy against S. aureus and also 
Escherichia coli – the bacteria 

that causes food poisoning. 
By varying the diameter of the 

silica core Jang obtained uniformly-
sized particles that crucially do 
not aggregate, an undesirable trait 
because it reduces the active surface 
area. ‘Antibacterial nanostructures 
with high surface areas provide 
enhanced efficacy compared to their 
bulk counterparts,’ says Jang.

He describes some of the 
challenges for his future research: 
‘Key issues involve the separation 
and recovery of the antimicrobial 
nanoparticles from a target solution.’ 
But, he says, ‘the introduction of 
antimicrobial nanoparticles with 
magnetic properties could prove to be 
a clever solution.’  Janet Crombie

Supported silver  
nanoparticles, top, 
and polymer coated 
nanoparticles, above,  
both  show promise
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