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I’m delighted to bring you this
latest annual newsletter from
the EU-funded RADICAL project,
which is now halfway through its
four-year lifespan.
The aim of our project is to develop
an electrical sensor for detecting
atmospheric radicals. Radicals are
important for controlling the quality of
the air we breathe. Currently, only a few
labs world-wide can detect atmospheric
radicals at low concentrations and
the equipment used by these groups
is often expensive, complex and
immobile. In contrast, the sensors we
are developing in RADICAL will be
simple and portable. Find out more in
our “About RADICAL”
article on page 2.

selection of the most promising sensing
molecules.
2022 has seen us fully back in the
lab after Covid restrictions, and our
scientific progress on RADICAL
has been exciting. Our partners
at Helmholtz-Zentrum DresdenRossendorf (HZDR) in Germany have
achieved a key sensor fabrication
milestone, enabling our groups in Cork
and York to start functionalising and
testing our sensors for radical detection.
Find out more in the article on page 4.
Over in Ireland, the UCC team has been
testing a range of nanowire arrays
and 2D surfaces for the gas sensing
capabilities, both with and without
surface functionalisation. We’ve seen
some promising initial results towards
NO2 detection, which you can read
about more on page 10.
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RADICAL is an EU-funded research project to develop a brand-new way of detecting
atmospheric radicals in real-time. But why do we want to detect radicals in the air?
Radicals are atoms or molecules that
have an unpaired electron, meaning
that they are often highly reactive
with other species. Radicals such
as hydroxyl are produced naturally
when sunlight mixes with ozone, but
they only last for a very short time
before reacting with something else.
In spite of such a short lifetime,
radicals dominate the chemistry
of the first 10 kilometres of the
atmosphere, which contains the air
we breathe.
Radicals help to regulate harmful
pollutants like nitrogen dioxide and
methane by transforming them into
oxidised versions, which are more
easily removed from the air. But the
side effect is that these secondary
pollutants can also be damaging,
and the removal of pollutants is
sometimes through processes like
acid rain.

Detecting radicals in real-time
can help us better understand the
short-lived reactions that lead to
poor air quality indoors and out.
Currently, this can only be done with
very expensive equipment in just a
handful of labs across the world.
Radical will change that.
We are building an electronic nose
to electrically detect radicals. This
has never been done before, but if
it works, our new RADICAL
sensors will be low-cost, small
and mobile, to help us better
monitor the role of radicals in
atmospheric chemistry.
This will take the form of
an array of silicon nanowire
transistors, with a layer of
organic molecule chains that
will selectively react with
atmospheric radicals. All of
this will be mounted on a chip

The RADICAL project has received funding from the
European Union’s Horizon 2020 research and innovation
programme under grant agreement number 899282.
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for easy packaging and deployment
in real-life environments.
The sensors could also be adapted
to detect other gases with a wide
range of applications across health,
environment, and manufacturing
industries.
Watch on YouTube: RADICAL
- An electronic nose to detect
atmospheric radicals

Meet the Team
The RADICAL project is
a collaboration between
multidisciplinary partners across
Europe including University
College of Cork (Ireland), HZDR
(Germany), University of York
(United Kingdom), National
Technical University of Athens
(Greece), Smartcom (Bulgaria)
and UCC Academy (Ireland).
Dr Matthew Johnson from
AirScape (United Kingdom) is
the RADICAL External Advisor.
RADICAL project consortium at the first in-person
general assembly meeting in April 2022 in Cork

Our team has extensive expertise across the
fields of material science, computer modelling,
nanofabrication and nanoelectronics, as well
as organic, radical and atmospheric chemistry.

University College Cork leads on the electrical tests and
optimisation of the functionalised sensors for atmospheric
radical detection in both atmospheric simulation chambers
and ambient air. Their work is split across the Materials
Research and Analysis Group and the Centre for
Research into Atmospheric Chemistry.

Helmholtz-Zentrum Dresden-Rossendorf (HZDR), in
collaboration with Smartcom Bulgaria AD, leads on the
sensor fabrication, using silicon junctionless nanowire
transistors as a platform.

Finally UCC Academy leads on communication,
The University of York leads on functionalising the sensors
dissemination
and networking activities, as well as guiding
with a molecular coating that selectively and sensitively
the
successful
projectin
management.
A their
Fundamental
Breakthrough
reacts with atmospheric radicals. Supporting
efforts,
the National Technical University of Athens
provides the
Detecting
Atmospheric
Radicals.
Find out more
about the team and their expertise in our
key computational modelling of sensor-gas reactions.
series of ‘Meet the Team’ blogs, linked above.
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The RADICAL research team at Helmholtz-Zentrum Dresden-Rossendorf (HZDR) has
now achieved the fundamental first step of the project: the production of tailor-made
nanowire chips with special sensor properties.
“Electronic nose”
At the heart of this technology are
chips just a few square millimetres in
size, made of so-called junctionless
nanowire transistors. Unlike
conventional nanowire transistors,
these devices work without a
barrier layer between different
semiconductor materials.
As a result, they achieve, among
other things, a particularly good
signal-to-noise ratio: an important
prerequisite for detecting volatile
radicals.
As part of an “electronic nose”,
the nanowires generate electrical
signals at the slightest contact with
a suitable target molecule (such as
a radical) by means of an additional,
specific coating. Readout electronics
process the signals further – similar
to how the human brain processes
olfactory stimuli and recognizes and
differentiates between smells.
Read more: What is an electronic
nose? by RADICAL Coordinator
Professor Justin Holmes, University
College Cork
Over the past twelve months, the
Dresden researchers have optimised
the properties of the nanowire chips
for use in the new sensors.
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In order for the transistors
to process signals with
sufficient sensitivity and
without interference, the
wires, which are just a
few nanometres thick,
must have particularly
smooth surfaces and ideal
geometric properties.
For the optimal design,
the researchers use
simulations provided by
Smartcom, a RADICAL
industrial partner in
Bulgaria.
“The HZDR laboratory is one of the
few laboratories in the world that
can precisely manufacture such
thin nanowires. With the delivery
of the first chips, we have reached
the first technical milestone. Now
our partners in Cork and York can
tackle the functionalisation of the
components and carry out the first
tests on the sensors,” says Dr Yordan
Georgiev, one of the initiators of
the RADICAL project and head of
nanofabrication at HZDR.
At the same time, he and his
colleagues are further optimising
the manufacturing process and
preparing to test the sensors in
gaseous media.

Yordan Georgiev, EBL lab. Credit: HZDR

Inexpensive & flexible
sensor chips
The expectations of the new sensors
are high, because some of the
RADICAL research partners already
used similar nanowire chips in
liquids a few years ago. “At that time,
we were able to show that we can
achieve outstanding sensitivity and
selectivity,” says Georgiev. Building
on this, the researchers are now
focused on adapting this technology
to gas detection.
This article is adapted from the
original German press release
by RADICAL partner HelmholtzZentrum Dresden-Rossendorf (HZDR)
on 06/04/2022.

The challenge of measuring radicals in the atmosphere
BY ADRIEN GANDOLFO, UNIVERSITY COLLEGE CORK

Credit: Sina Drakhshani, Unsplash

Radical species play a key role in the atmosphere, yet several decades after they
were first measured, quantifying their ambient concentration remains a significant
challenge. A recently published review article on methods to measure radicals in
the atmosphere (“Techniques for measuring indoor radicals and radical precursors”
by Elena Gómez Alvarez et al. 2022) provides a good assessment of the existing
methods for radical detection and how our RADICAL project aims to complement
current techniques.
Why does radical chemistry matter
in the atmosphere?

Credit: RADICAL project

Every year, millions of tonnes of gases
are injected into the atmosphere from
both natural and human activities.
Fortunately, their accumulation rate
is counterbalanced by the
atmosphere’s ability to cleanse itself
of most of these so-called trace gases.
The hydroxyl radical (OH) controls the
oxidizing capacity of the atmosphere
and thus, profoundly affects the
removal rate of pollutants and reactive
greenhouse gases. OH oxidizes most
of the trace gases in the troposphere
into water-soluble products that are
washed out by rain and snow and
deposited directly onto the earth’s
surface. Due its cleansing nature,
the OH radical has the nickname,
“detergent of the atmosphere”.

Radicals
OH Hydroxyl
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Radical levels in the environment are extremely low
because radicals react quickly with a wide range of
gases. And this is what makes radical measurement
both interesting and challenging. We are talking about
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concentrations lower than one part per trillion (ppt), or
the equivalent of detecting a single drop of water in 20
Olympic-sized swimming pools.
The RADICAL project has received funding from the
European Union’s Horizon 2020 research and innovation
programme under grant agreement number 899282.

A Fundamental Breakthrough in
Detecting Atmospheric Radicals.

Because OH controls the lifetime of trace gases and
their impact on air quality and climate, it is not merely an
academic question of whether OH concentrations have

The challenge of measuring radicals in the atmosphere
changed. Unexpected consequences could arise if our
atmosphere’s pervasive detergent cannot remove a key
pollutant or greenhouse gas or if OH concentrations are
significantly depleted. It is thus challenging—but vital—to
accurately determine the spatial and temporal variability
of tropospheric OH.
Read more:
How atmospheric radicals transform the air
by Professor John Wenger, University College Cork
Ground measurement: accuracy and precision
Although OH can be measured quite accurately, radical
measurements are performed by only a handful of research
institutes. Gómez Alvarez and co-workers counted 14
laboratories with the capacity to measure OH radicals at
atmospheric levels worldwide.

Thus, mathematical modelling can reveal unknown or
unaccounted mechanisms that support atmospheric
oxidizing capacity (see Lelieveld et al., 2008).
Satellite observation: mapping the globe
It is also possible to infer the global OH radical
concentration using a top-down approach. Historically, this
was achieved through budget closure or by inverting the
measurements of a long-lived trace gas (such as methyl
chloroform) with known sources and sinks (primarily
OH). However, this relies on a few long-lived species
concentration measurements across the globe (e.g.
approximately 10 measurement sites).

The two main techniques for OH radical measurement are
based on the Laser Induced Fluorescence (LIF) detection
of OH using the FAGE (Fluorescence Assay by Gas
Expansion) technique or the chemical conversion of OH
to isotopically labelled sulfuric acid followed by Chemical
Ionisation Mass Spectrometry (CIMS) detection.
Both instruments require a high level of operational
knowledge and both are about the size of a refrigerator.
In addition, The LIF-FAGE method uses an intense laser
source, and the CIMS method needs a high vacuum. Both
techniques are costly, complex to operate, and difficult to
deploy in the field, limiting the range and type of radical
measurements that can be made.
Mathematical modelling: a tool for decision making
and for revealing knowledge gap
Mathematical modelling provides a complementary,
less expensive approach to evaluating OH levels in the
atmosphere. Modelling different scenarios can also predict
past and future changes in OH concentrations, in order
to guide policy decisions.
While very practical, it should be noted that modelling
results depend on both the current knowledge of
atmospheric chemical mechanisms and an accurate
representation of gaseous emission inventories.
For instance, when the Atmospheric Chemistry-Climate
Model Intercomparison Project (ACCMIP) compared various
global models, it found that these models “…disagree ±30%
in mean OH and in its changes from the preindustrial
to late 21st century, even when forced with identical
anthropogenic emissions.” (see Murray et al., 2021).
The authors demonstrated that “intermodel differences
in OH are best explained by disparate implementations of
chemical and physical processes that affect reactive oxides
of nitrogen and organic chemical species.” The latter can
be overcome by constraining the model with a detailed set
of parameters for radical precursors and sinks. Assuming
no reactant is missing, it provides an excellent comparison
point when used alongside direct OH measurements.
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Annual mean OH concentrations near the earth’s surface,
calculated with a chemistry-transport model (Lelieveld et al.,
2002). The units are 106 radicals/cm3. These results refer to OH
in the boundary layer at low and middle latitudes where mean
OH concentrations exceed 105 radicals/cm3.
Credit: Lelieveld et al., 2004.

In addition, Li and colleagues remind us that “such
models inevitably contain in-built assumptions, including
uncertain emissions inventories as well as transport and
deposition parameterizations that may differ from real
world conditions”.
Recent satellite observations push back some initial
limitations and propose new insights into spatial and
temporal variability of OH concentrations (e.g. Wolfe et
al., 2019), using formaldehyde as a tracer gas. Satellites
can now map the planet’s whole surface to provide
radical measurements.
E-nose: a new technique for measuring radicals
In our RADICAL project, we are producing a new sensor
technology that will enable a fast, direct, and simple
way to detect radicals based on the electronic sensor
“E-nose” principle.
This small sensor can provide new insight into the spatial
and temporal variability of OH in the atmosphere. Large
areas with extensive spatial coverage can be mapped
within a sensor network at a reasonable cost, time, and

The challenge of measuring radicals in the atmosphere
personal investment. They will help
verify the accuracy of our models and
support proxy assessment.
Ultimately in RADICAL, we are
working towards making radical
measurements both more routine
and widespread to support ongoing
efforts in atmospheric research
related to air quality and climate.
This article is adapted from the
original blog from Adrien Gandolfo
published on the RADICAL website
on 07/09/22.
OH CIMS instrument developed and deployed by Dr Kukui Alexander,
Researcher at LPC2E/CNRS. Credit: Adrien Gandolfo, 2016.

UCC characterises new Irish Atmospheric Simulation
Chamber for radical detection experiments
BY ADRIEN GANDOLFO, UNIVERSITY COLLEGE CORK
Radicals are so chemically unstable and reactive that their detection is challenging. To help the experimental
work, numerical models can be highly beneficial. For that purpose, my main ongoing work has been to
characterise fundamental characteristics that drive chamber photochemistry.
The key parameters
to consider are the
influence of the
chamber walls, light
intensity and the
effect of dilution.
These inputs, along
with additional
measurements, allow
us to build a robust
model adapted to the
chamber characteristics
and estimate the
concentration of
radical species during
simulated experiments.
This figure is an
example of a carbon
monoxide and methane
photooxidation
experiment leading
to the formation of
secondary products
like ozone (O3),
hydroperoxyl (HO2) and
methylperoxy radicals (CH3O2). According to the model,
the concentration of HO2 and CH3O2 radicals can be low as
108 molecules cm-3. However, it is above the CIMS limit of
detection, estimated to be close to 2.5 × 107 molecules cm-3
(Sanchez et al., 2016, Atmos. Meas. Tech., 9, 3851–3861,
2016).
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Credit: Adrien Gandolfo, UCC

These results encourage us to continue with our efforts to
develop a new ion scheme for CIMS detection of radicals in
the IASC facility.
Shown above: Simulated ozone and radicals concentration in IASC
under daytime atmospheric carbon monoxide and methane like
levels. The photooxidation is triggered by the photolysis of 10 ppb
of H2O2 under low NOy conditions at time = 0 seconds.

Tuning the RADICAL sensor to detect free radicals

Atmospheric chamber at University College Cork. Credit: Tomas Tyner, UCC.

BY VICTOR CHECHIK, UNIVERSITY OF YORK

Free radicals are atoms, molecules or ions that possess an unpaired electron. They
play a key role in many chemical, biological, environmental processes. Hence their
detection and characterisation are important for many areas of science.
Although some radicals are very stable, most are reactive
intermediates with a very wide range of lifetimes, from
nanoseconds to hours or longer. This makes their detection
particularly challenging. Common approaches include
direct (spectroscopic) detection, and indirect analysis,
based on a selective reaction of a radical with a specific
sensor compound.

• EPR instruments are large, expensive and not very
widely available,
• EPR spectra provide limited information about the
structure of the radical, particularly for the functional
groups further away from the unpaired electron.
Apart from EPR, some mass spectrometry and laser
spectroscopy methods can detect radicals directly. These
techniques are also expensive and not all are widely
available. Some techniques are limited to specific radical
types. They are usually best suited for radical detection in
the gas phase, and there are many examples of their use
in atmospheric chambers, e.g., to measure hydroxyl,
peroxyl and other radicals.
Indirect radical detection

An EPR instrument. Credit: Victor Chechik, 2022.

Direct radical detection
Electron paramagnetic resonance (EPR) spectroscopy is a
technique similar to NMR, it relies on the interaction of the
spin of the unpaired electron with the magnetic field. This
method is widely used for free radical detection but there
are some disadvantages, for instance:
• Although EPR is more sensitive than NMR, radicals
are often present at concentrations too low for EPR
detection,
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The challenges with direct spectroscopic detection of
radicals has led to the development of a range of indirect
methods. In these methods, a radical undergoes a fast
and selective reaction with a specifically-designed sensor
compound. The product of this reaction can then be
analysed by a variety of analytical techniques. Here are
some examples:
• Salicylic acid is often used as a sensor for hydroxyl
radicals as the reaction product can be readily detected
by fluorescence [ 1 ].
• Hydroxylamines are used to detect oxidising radicals
as the product of their oxidation (a nitroxide) is a stable
radical which can be detected by EPR [ 2 ].
• Carbon-centred radicals are often detected by their
reaction with nitroxides which gives a stable product
usually either isolated from the reaction mixture or
analysed by mass spectrometry (MS) [ 3 ].

Tuning the RADICAL sensor to detect free radicals

New radical traps designed for MS analysis. Credit: Victor Chechik, 2022.

• A very common and general method of radical detection
is spin trapping. In this approach, radicals react with
nitrone or nitroso-based spin traps to yield nitroxide
products which are stable free radicals that can be
analysed by EPR or MS [ 4, 5 ]. This is a very powerful
method which has been used to study free radicals in
many different systems but it has many shortcomings
including false positives, limited structural information,
poor stability of spin traps and their reaction products
etc. Hence scientists are still working on developing new
methods for capturing free radicals. For instance, Criegee
intermediates which have a partial
diradical character, have been reported to
undergo a cycloaddition with spin traps
thus allowing to detect and quantify
these elusive species [ 6 ].
• Here at the University of York, we have
recently reported a new type of spin trap
specifically designed for MS analysis,
and we used these traps to study radical
intermediates in a range of different gasand liquid-based systems [ 7 ].
Radical detection in the RADICAL project
A simple radical sensor cannot rely on
expensive instruments and therefore has
to be based on indirect detection. The
RADICAL project targets highly reactive
∙OH and ∙NO3 radicals, and therefore the
sensor compounds in this project are
designed to be highly inert so that they will
not react with non-radical components
of the atmosphere. The only possible
reaction will then be with the highly
reactive radicals which should enable us
to detect these radicals selectively. Radical
reactions are not reversible, therefore the sensors will need
to be replaced once a significant proportion of the sensor
compound has reacted.
The task of identifying and developing the sensor
compounds for the RADICAL sensor is led by the Chechik
group at the University of York, with theoretical modelling
led by Prof. Leonidas Tsetseris from the National Technical
University of Athens (NTUA) Computational Condensed
Matter Physics and Materials Science group.

9
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The first step is to model a range of reactions between
radicals such as OH and possible sensor compounds, so
as to identify the molecules most promising for radical
detection. Within the last year, the NTUA group has
continued its close collaboration with the University of York
to investigate the energetics and kinetics of reactions of
radicals and other relevant species (e.g. ozone) with certain
organic molecules such as alkenes, alkanes, etc. By the
same token, the NTUA group has initiated in-silico searches
for other functional molecules which can react efficiently
and selectively with radicals.
To do this, the NTUA group uses state-ofthe-art computational tools such as Density
Functional Theory (DFT) calculations and
Molecular Dynamics (MD) simulations on
supercomputers. One of the big strengths
of the DFT- and MD-based atomistic
modelling is that these methods are highly
reliable and transferable. Within RADICAL,
this strength enables the NTUA group
to perform systematic investigations on
different molecular classes and to do this
both for individual molecules and, more
importantly for the central goal of RADICAL,
for molecules which are anchored on the
surface of the active layer in the RADICAL
sensor.
Building on this work, the Chechik
group at the University of York are
currently investigating how the chemical
and physical properties of the sensor
compounds affect their reactivity with ∙OH
radicals. The York team uses atmospheric
plasma to generate hydroxyl radicals, and a range of
model sensor coatings, e.g., simple alkanes, unreactive
perfluoroalkanes, somewhat more reactive ethers,
ketones and aromatic compounds. Preliminary results are
encouraging!
This article is adapted from the original blog from Victor
Chechik published on the RADICAL website on 22/09/22,
with additional updates from Leonidas Tsetseris, NTUA.

Initial sensing tests with NO2 prove promising
BY STIG HELLEBUST, UNIVERSITY COLLEGE CORK

The UCC team have had a busy summer carrying out initial gas sensing tests with
the nanowire devices manufactured by HZDR. In September, RADICAL researchers
Vaishali Vardhan and Subhajit Biswas (UCC) carried out several tests on P-doped
devices with both native oxide and thermal oxide layers to investigate whether there
was any measurable interaction with NO2 gas in the concentration range 0 – 50 ppm.
For thermal oxides, two different oxide layer thicknesses were included in the tests.

The results provide some valuable
insights into how the features
extracted from the electrical
measurements will change with
the device characteristics, and
if the controllable parameters
have a greater influence on
the measurements than the
uncontrollable ones. It appears that
the device characteristics, like oxide
type and thickness, influence the
measurements, (i.e. the shape of the
I-V curve), in a more direct way than

10

|

RADICAL NEWSLETTER ISSUE 2

the effect of the gas concentration.
But it is possible to develop a
calibration model that predicts the
gas concentration regardless of the
oxide type and thickness, suggesting
that the platform does have potential
in gas sensing applications.
In terms of measured and extractable
features, it appears that the slope and
sub-threshold slopes of the I-V curve
have high variable importance scores,
and therefore exert most influence on
the calibration model.

It is an exciting phase of the project,
where we move from initial device
fabrication to experimental gas
sensing results, and now the
challenge is to identify the key device
parameters, investigate various
surface functionalisation options, and
produce a robust machine learning
algorithm to generate reliable
and accurate outputs from the
measurements.
Watch this space!

MEET THE RESEARCHERS
Name: Muhammad Bilal Khan
Institution: Helmholtz-Zentrum
Dresden- Rossendorf (HZDR)

rate and consequently, help us to achieve the greatest
compromise between sensitivity and sensor longevity.

Role: Postdoctoral Researcher

Name: Adrien Gandolfo

Background: I arrived in Dresden for
master’s studies in Nanoelectronic
Systems in October 2013 and have stayed
since then. Dresden has gathered a lot of attention from
research institutes and the semiconductor industry over
the few decades with TSMC being the latest to show
interest in establishing a foundry here.

Institution: University College
Cork (UCC)

I joined HZDR in July 2015 for my master’s thesis and
afterwards, continued to carry out my research there
for doctoral studies. I was conferred PhD degree by The
Technical University of Dresden in January 2022 for my
work, “Towards Scalable Reconfigurable Field-Effect
Transistors: Fabrication and Characterization”.
Role in RADICAL: As part of the RADICAL team, I am
contributing towards the fabrication and electrical
characterisation of Junctionless Transistors, which serve
as the platform for gas sensing. It is always satisfying to
apply the ideas from fundamental research for greater
good of society and the RADICAL project promises that.
Name: : Amy Wolstenholme-Hogg
Institution: University of York
Role: PhD Student
Background: My chemistry journey
began at the University of Leeds in 20172021 where I completed my integrated
master’s degree in chemistry. Throughout my degree, my
interests aligned strongly with physical chemistry and
atmospheric chemistry. My final year master’s project,
with Professor John Plane, involved using a chemical
model to conduct sensitivity studies on the abundances
of species on the dust surfaces of Asymptotic Giant
Branch phase stars, i.e. stars that are towards the end of
their evolution.
Current kinetic models only included reactions occurring
on ice surfaces and so our focus was to implement
reactions occurring on bare dust surfaces and compare
these model outputs with observations. During this
project, I gained skills in chemical modelling and the
use of Python to process large data sets, and ultimately
realised my drive to continue research further.
Research in RADICAL: I joined the RADICAL team in
October 2021 as a PhD student. My role in the project is
in the functionalisation of the Si JNT surfaces, designing
and developing the most effective organic molecules
for selectively reacting with atmospheric radicals. I
am investigating the exposure of a variety of organic
compounds to hydroxyl radicals and analysing their
reactivity by a series of characterisation techniques, such
as contact angle and GC-MS.
We are predominantly interested in understanding
the free radical reactions taking place within the
monolayers; in particular, the penetration depth of the
radicals, the potential propagation of reactions and if
any cross-linking occurs. These investigations will help
us to develop the best molecules for coating the sensor,
enabling reactions with radicals to occur at an optimum
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Role: Postdoctoral researcher
Background: I am an experimental
atmospheric chemist enthusiastic
about nitrogen chemistry and the
interaction of gases with environmental surfaces (e.g.,
aerosol, soil, and forest canopy). I graduated in 2018 from
Aix-Marseille university, where I pursued PhD studies
on heterogeneous nitrogen reactivity on photocatalytic
materials. I continued my research activities as a
postdoctoral fellow at Indiana University, where I studied
the recycling of nitrogen species in a deciduous forest
as a mechanism to maintain the oxidative capacity
in this atmospheric environment. Over the years, I
developed a strong analytical background in online
chemical ionization mass spectrometry (CIMS) to detect
atmospheric gaseous compounds.
In that respect, I found a strong personal interest in the
RADICAL project, which utilises gas-surface interactions
to measure radical species in the atmosphere. Moreover,
the collaborative aspect of the research motivates my
choice to join the project.
Nitrogen oxides (NO + NO2 = NOX) are essential
atmospheric compounds in photochemical smog
formation. They are also very reactive with surfaces,
leading to the formation of nitrous acid, HONO. The
photolysis of HONO is a direct source of OH radicals
which is especially efficient in the early morning when
other sources are not active. HONO therefore readily
triggers the oxidative capacity of our atmosphere close
to the surface.
Also, as HONO is formed on surfaces at ground level, its
concentrations decrease with distance from the ground
in the atmosphere. Today, HONO formation mechanisms
are still under debate and much recent work has focused
on flux measurements to help understand its trends and
impact on climate and air quality. For the last nine years, I
have searched for a mechanistic understanding of HONO
heterogeneous formation on photocatalytic, mineral,
and organic materials. More recently, my efforts have
focused on NOx and HONO flux measurements. With this
research career track, I wish to rescale HONO formation
from the molecular level to a local ecosystem like a forest
or urban centre.
Research in RADICAL: In collaboration with John
Wenger (UCC atmospheric chemist and RADICAL
researcher), I am currently characterising the new
Irish Atmospheric Simulation Chamber (IASC) in
which the newly developed sensors will be tested. One
advantage of using such a great facility is the production
of various controlled atmospheric conditions that will
train the sensor algorithm to enable radical detection in
complex gas mixtures. In addition, I am developing a new
method for radical detection using a CIMS instrument
coupled to the chamber. This state-of-the-art instrument
offers fast and unambiguous detection of gaseous
species at the trace level.

RECENT CONFERENCES & EVENTS
2022 has seen the welcome return of in-person events and conferences. It has made
all the difference to meet our project team in ‘real life’, and we have had the pleasure
of introducing RADICAL and our initial gas sensing results to a wider audience through
a range of materials and atmospheric conferences.
RADICAL at the Air Sensor International Conference
(ASIC) 2022.

AN ELECTRONIC SENSOR FOR ATMOSPHERIC RADICALS
FROM SILICON JUNCTIONLESS NANOWIRE TRANSISTORS

Sayantan Ghosh (@SGhosh_21), Muhammad Bilal Khan (@BilalKhan1), Ulrich Kentsch, Slawomir Prucnal,
Rene Hübner, Artur Erbe and Yordan M. Georgiev (@yordanmg)
Institute of Ion Beam Physics and Materials Research, Helmholtz-Zentrum Dresden Rossendorf (HZDR), Germany

1. RADICAL: A novel electronic sensor
for atmospheric radicals

3. Source Drain Contact Formation

2. Top-down Si Nanowire Fabrication

Contact patterning by PMMA resist coating and EBL.
Metal deposition by e beam evaporation and lift-off.
Metals used – 20 nm Nickel and 140 nm Gold.

Atmospheric radicals like •OH and •NO3 dominate
the chemistry of the air we breathe, but remain
difficult to detect in real-life environments.
Silicon junctionless nanowire transistors (JNTs)
have shown promising sensing abilities in liquid
phases but not yet in gas phase.
Here we present the first steps towards building
an electronic nose for detecting atmospheric
radicals, based on an array of JNTs.

#RSCMat
#RSCEnv
#RSCNano

Electron beam lithography (EBL)

Resist Development

Dry Etching (ICP-RIE)

(a) Top view SEM images of HSQ lines
attained by EBL
(b) Cross-section of silicon nanowires (Si
NW) : HSQ patterns are transferred
into Si layer using ICP-RIE

4. Electrical Characteristics

Back-gated electrical results
(a) Transfer
(b) Output characteristics of
n-type JNT device based on Si
NW array (20 NWs: 5μm
length, 30nm width and 20nm
height)

RADICAL Project Acknowledgments

Top view SEM image of JNT devices

5. Outlook: Atmospheric Radical
Sensing
Next steps
A comprehensive range
of sensor performance
tests within atmospheric
simulation chambers
and outdoor urban
environments.
Future
A low-cost electronic sensor for atmospheric
radicals and other gases
Find out more and follow our progress:

info@radical-air.eu
www.radical-air.eu
@radical_air
radical-air

Download the poster: “An electronic sensor for
atmospheric radicals from silicon junctionless
The RADICAL team took part in the Air Sensor International
Conference (ASIC) in May 2022, led by the UC Davis Air Quality
Research Center.

nanowire transistors” by Ghosh et al.
First in-person RADICAL general assembly takes place

ASIC is one of the foremost conferences for air quality
monitoring and air sensor development. It brings
together stakeholders from academia, government,
communities, and commercial interests to promote and
advance air pollution sensors, improve the data quality
from these sensors, expand the pollutants measured, and
foster community involvement in monitoring air quality.
RADICAL project coordinator, Professor Justin Holmes
(UCC), presented an overview of RADICAL and the latest
project results in the Innovative Sensor Technologies
session. He was joined by atmospheric chemist Dr Stig
Hellebust (UCC) and project manager Dr Tamela Maciel
(UCC Academy).
Read more and download the presentation: “Developing
an electronic sensor for detecting short-lived
atmospheric radicals and other gases” by Justin
Holmes, UCC
RADICAL at RSC Twitter Conference 2022
RADICAL PhD researcher Sayantan Ghosh (HZDR)
presented a poster and poster pitch video as part of the
Royal Society of Chemistry Twitter Conference in March.
Taking place entirely online, the #RSCPoster is a global
Twitter poster conference held over the course of 24 hours.
The event brings together the global chemistry community
to network with colleagues across the world and at every
career stage, share their research and engage in scientific
debate.
Sayantan’s poster focused on his work fabricating the
Silicon junctionless nanowire transistor (Si JNT) platform
for gas detection applications.
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After 1.5 years of monthly virtual meetings and online
deliverables, the RADICAL project consortium held its
first in-person meeting at UCC in Cork, Ireland.
This General Assembly took place between 6-8 April 2022
and involved 17 researchers, advisors and project managers
from across five European countries.
“While virtual meetings have been great over the last
18 months, the conversations and ideas flowed a lot
more naturally at the face-to-face meeting,” said
RADICAL project coordinator, Professor Justin Holmes
(UCC). “It was great to see people in 3D rather than 2D!”
Highlights of the meeting included:
–

a tour of UCC’s new Irish Atmospheric Simulation
Chamber,

–

a welcome and tour of the UCC’s flagship Environmental
Research Institute facilities,

–

filming with RADICAL’s communications partner,
UCC Academy,

RECENT CONFERENCES & EVENTS
– and of course, the many fruitful scientific discussions
about the RADICAL sensor.

Watch the latest RADICAL video, “Creating the RADICAL
Sensor” as told by each of our consortium partners
across Europe.
RADICAL joins European Innovation Council kick-off
meeting of the Climate and Environment Portfolio
RADICAL Coordinator Justin Holmes (UCC) delivered an
overview presentation for the European Innovation Council
(EIC) kick-off meeting of the Climate and Environment
Portfolio: Robotics and Environmental Intelligence, which
took place online on 28 July 2022.

#EnvChem2022 provides a forum for early career and
established researchers working in environmental
chemistry and ecotoxicology to share their latest research
findings, and this year it included sessions on atmospheric
chemistry and novel techniques.
UCC chemists Vaishali Vardhan and Dr Subhajit Biswas
presented a poster on the latest tests of an electronic
sensor for atmospheric radicals, while Dr Kusuma Urs
presented a poster on her previous gas sensing research.
They were joined by atmospheric chemist and RADICAL
researcher Dr Adrien Gandolfo.

EIC portfolio meetings are coordinated by the EIC green
tech programme managers, and bring together a range
of EIC Pathfinder and EIC Transition projects focused on
common themes related to environmental intelligence and
sustainability.
RADICAL is a member of the Robotics and Environmental
Intelligence portfolio, along with 11 other EUfunded projects including WATCHPLANT, NEMILIES,
SMARTLAGOON, and RESET.
Read more and download the presentation: RADICAL
project overview for the EIC kick-off meeting of the

Read more and download the poster: “Electrical

Climate and Environment Portfolio

detection of atmospheric radicals using silicon

RADICAL at #EnvChem 2022 conference in York
In July 2022, RADICAL project members from Cork
(Ireland) and York (UK) joined forces at the Royal Society
of Chemistry’s #EnvChem2022: Chemistry of the Whole
Environment Research conference in York.
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nanowire junctionless transistors” by Vardhan et al.
York chemists Professor Victor Chechik, Dr Naeem Iqbal,
and Amy Wolstenholme-Hogg also represented RADICAL,
and presented a poster on recent efforts to functionalise
silicon nanowires to detect atmospheric radicals, and in
particular, ozonolysis of surface bonded alkenes.

RECENT CONFERENCES & EVENTS
“Our efforts to functionalise nanowires with various
alkenes that will selectively react with atmospheric radicals
such as OH are finally coming to fruition and it was great
to present our results at EnvChem to a home crowd,” said
Naeem Iqbal.

One of the highlights of the trip was the chance to
participate in European Researcher’s Night at TU Sofia.
Justin Holmes, John Wenger, and Tamela Maciel (UCC)
joined a live studio broadcast to share the vision for
better air quality monitoring and low-cost gas sensor
development.
Watch the recorded broadcast from 2:48 here.
Prize for RADICAL researchers at NanoNet+ 2022
workshop
Read more and download the poster: “Ozonolysis of
Surface Bonded Alkenes” by Iqbal et al.
RADICAL General Assembly and European Researchers
Night in Sofia, Bulgaria

Congratulations to RADICAL PhD students Sayantan Ghosh
and Vaishali Vardhan for winning the 1st and 3rd prize
Student Awards at the Nanonet+ 2022 workshop, hosted by
HZDR in Germany.
The Nanonet+ annual workshop brings together materials
and nanoelectronics researchers to focus on the latest in
2D materials and ultra-high doped semiconductors for
electronic, photonics and sensing applications.

RADICAL General Assembly, Sept 2022 at Smartcom and
the Technical University of Sofia.
In September 2022 the RADICAL consortium travelled
to Sofia, Bulgaria for a series of scientific and project
management meetings. Hosted by RADICAL project SME
company, Smartcom Bulgaria AD, the meeting included
tours of the new mechanics and fabrication facilities at
the Technical University of Sofia (TU Sofia), as well as an
innovation workshop with recent biosensor spin-out
company, Barin Sports.
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“Nanonet+ was a fantastic workshop, and excellent
opportunity for me to learn more about electronics and
materials developments, thanks to a very interactive group
of peers,” said Vaishali Vardhan (UCC).
RADICAL researcher Muhammad Bilal Khan (HZDR)
also presented a talk on the fabrication of junctionless
transistors for radical sensing applications.

RECENT CONFERENCES & EVENTS
Read more and download the presentations:
“Junctionless Nanowire Transistor based sensors for
atmospheric pollutants and detergents” by Vardhan et al.
“Towards Atmospheric Radical Sensing: Fabrication of
Junctionless Transistors” by Khan et al.
Electron Beam Technologies 2022 conference
26 June – 1 July 2022

2022 European Materials Research Society (E-MRS)
Fall Meeting
In an invited talk, Yordan Georgiev (HZDR) presented the
latest results on fabricating semiconductor nanowire
devices, in particular for sensing applications such as
atmospheric radicals.

Yordan Georgiev and Muhammad Bilal Khan (HZDR)
presented an overview of Nanowires: Fabrication,
Characterization and Applications in this conference for
researchers using electron beam technologies.
Read more and download the presentation: “Group IV
Nanowires: Fabrication, Characterisation and
Applications” for Electron Beam Technologies (EBT)
2022 conference
Nanotexnology NN22 conference 5-8 July 2022
Leonidas Tsetseris (NTUA) presented latest RADICAL
modelling results in his invited talk entitled “First-principles
studies on advanced electronic materials”.
Read more and download the presentation: Presentation
on “First-principles studies on advanced electronic
materials” for NN22
DPG Meeting of the Condensed Matter Section (SKM)
Sayantan Ghosh (HZDR) presented an overview of
“Fabrication and Electrical Characterisation of Silicon
Junctionless Nanowire Transistors for Detection of
Atmospheric Radicals and Other Gases”.
Read more and download the presentation: “Fabrication
and Electrical Characterization of Junctionless
Nanowire Transistors for Detection of Atmospheric
Radicals and Other Gases” for DPG 2022 Conference.
iCACGP/IGAC joint International Atmospheric Chemistry
Conference 2022
Adrien Gandolfo (UCC) presented a poster on the latest
results towards the electrical detection of atmospheric
radicals.
Read more and download the poster: “Electrical
detection of atmospheric radicals using silicon
nanowire junctionless transistors” by Vardhan et al.
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Read more and download the presentation: Presentation
on “Group IV Nanowires: A Versatile Toolbox for Nano& Optoelectronic Devices” for E-MRS 2022 Fall Meeting
Micro and Nano Engineering (MNE) EUROSENSORS 2022
Muhammad Bilal Khan (HZDR) presented latest results
Read more and download the poster: “Towards
Atmospheric Radical Sensing: Fabrication of
Junctionless Transistors” by Khan et al
NCAR ACOM Seminar – October 2022
Justin Holmes and Stig Hellebust (UCC) gave an invited
seminar talk for the NCAR Atmospheric Chemistry
Observations & Modeling (ACOM) group on 17 October
2022, online. They presented an overview of RADICAL, and
latest progress towards nanowire gas sensing, including
initial NO2 detection results.
Read more and download the presentation: “RADICAL:
Developing an Electronic Sensor for Detecting
Atmospheric Radicals and Other Gases” for
NCAR-ACOM Seminar Series
Watch the recorded seminar here.

Research Publications & Resources
RADICAL is committed to Open Access research and is taking part in a European
Commission pilot on Open Access to Research Data. All publications from the RADICAL
project are freely accessible and published as open access articles at either gold or
green standard. Our research publications and data are stored in an open-access data
repository on Zenodo to enable future researchers to access, exploit, reproduce and
disseminate our data. This repository is validated as Open Access by OpenAIRE, with an
associated OpenAIRE project page.
Recent RADICAL publications:
• Controlled Silicidation of Silicon Nanowires using Flash Lamp Annealing
• COMSOL Model of a Three-Gate Junctionless Transistor
• Study of Nanowire Characteristics of a Junctionless Transistor
Depending on the Gate Length

Access all our research publications,
datasets, and related communication
materials here:
RADICAL H2020 Project repository

Get involved
The RADICAL project is actively seeking feedback on future applications of this
RADICAL sensor. We strongly believe a low-cost radical sensor will be of great interest
to the atmospheric research community, but could such an electronic nose for shortlived oxidising gases be useful in other sectors?
Perhaps for monitoring real-time reactive
gases like ozone or radicals in hospitals or
industrial work places?
We’d love to hear your ideas, either by email or a through
a short online meeting.
This will help us tailor our sensor to the applications that
have the most demand. In return, we can offer a one-toone virtual tour of the atmospheric chemistry facilities at
University College Cork, including an introduction to the
new Irish Atmospheric Simulation Chamber and ways to
access.
Get in touch by email (info@radical-air.eu) to find out
more.
Follow our progress and get in touch

Email: info@radical-air.eu
Website: radical-air.eu
Twitter: @radical_air
LinkedIn: /radical-air
Subscribe to our RADICAL annual newsletter:
radical-air.eu/category/all#newsletter-list
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