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The Earth’s atmosphere

« Athin layer of air on Earth’s
surface

 Troposphere: ~0-10 Km,
contains 90% of atmospheric
mMass

« Air composition
N, O,, Ar, trace gases (mainly
drives the chemistry in aQir)
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IN DETECHIES. reatest environmental
ATMOSPHERIC ﬁ e P
RADICALS ea t rIS 3 4 Every year, around :
' 7 MILLION

2020 - 2024 - World Health Organization { argiﬁz)!:oim
Vaishali Vardhan, f;g&n hbo?;t%ﬁgfg%?rr
University College Cork Environment: P
16.06.2021  Crop loss

« Acidification: Soil, Oceans it " Over 2 rmilion

in South-East Asia Region

Over 2 million

in Western Pacific Region

Nearly 1 million

* Eutrophication

H ea Ith: in Africa Region
Abou_t 500 000_ _
° ~7 M p re m a t U re d ea t h S deaths in Eastern Mediterranean Region
About 500 000

deaths in European Region

across globe

* Respiratory and

cardiovascular issues CLEAN AIR FOR HEALTH #AirPolluti @)
. . . IrLolution Wy
« Reduce in birthweight N

More than 300 000
in the Region of the Americas

World Health
i 1% Organization
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Health Impacts of Air
Pollution

Headache and anxiety (SO,)

Impacts on the Ce”;raltg;"‘(’gk‘;i Irritation of eyes, nose and throat
& Breathing problems (O, PM, NO,,

BaP)

.................................. —
Irritation, inflammation and , RSN S S N
infections Cardiovascular diseases
Asthma and reduced lung (PM, O, 50,)
function (NO,) T
Elacillz obstructhigg;rsn: ?Pah?; Impacts on liver, spleen and

Lung cancer (PM, BaP) Riacg HE,)

Impacts on the reproductive
system (PM)

Source: EEA, "Healthy environment, healthy lives " 2019
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=¥.\»}{e/-\[| Air Pollution in Ireland

IRELAND'S 2
ENVIRONMENT cpPa

About 1300 Premature
deaths each year

Major pollution sources in .
Ireland: Transport (NO2) AIR QUALITY
and domestic solid fuel _ IN IRELAND
burning (PM)

AR ' et - _ %
s oy oot
Not too bad in summer, but U HEATH PR i ater il reas,
for winters; peat, coal or 2 Hmmﬁ "'“”ﬁm ot SRR
. i Particulate Matter in
wood burning leads to _ = ah wrtons * W,
° 2 t and:the A 2 = PA : Y aTowE -
Winter Smog. S
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Cleaner air...

« Less harmful
primary pollutants
« Removal of VOCs
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Pollution
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Carbon monoxide
Sulfur dioxide
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Oooo ...or not quite
e S .
oodd000 - Formation of secondary
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005G « Rainfall & dry deposition
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How Radicals

Radicals Transform the Air
e Nitrate (nlg ht'tlme)

Cleaner air...

« Less harmful
primary pollutants
« Removal of VOCs
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Pollution

‘ Nitrogen dioxide
VOCs

...or not quite

« Formation of secondary
pollutants (nitrates, particles)
« Rainfall & dry deposition
(acidification, eutrophication)
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 Low mixing ratios (pptv)
« Short lifetime (1s for OH)
2020 - 2024 » Surface losses during sampling

RADICALS
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» Detecting radicals is complex, cumbersome
and expensive

 Only a few labs worldwide can detect radicals

(0]
s
)
-
=}
|k

FUTURE

Breakthrough way of radical detection:
- Smart electronic sensors

« Easyto use and cheap to produce

« potential for global deployment
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Gas Data
Sensor Aquisition
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Future radical sensor

How we will achieve this:

Gate Oxide |

Source

Nanowire

| Gate Metal

Target Radical

| Sensor Probe

Si Nanowire junction
less transistor (JNT) as
sensor platform

Organic coating: to
selectively trap radicals

Measurement of a
change in the JNT
parameters upon radical
interaction

Test sensors in
atmospheric chambers




Sensing with Si Nanowire IJNTs
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BREAKTHROUGH Our goal: Si nanowire JNT sensors to detect radicals in gas phase (the
IN DETECTING atmosphere)
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parameters , _
Machine learning

Radicals
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Prior Knowledge: Si nanowire JNT sensors to detect protein streptavidin in
liquids.
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Junctionless Fin

Georgiev, Y. M. et al,, Nanotech., 2019, 30, 324001.
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Future vision

Breakthrough in
atmospheric
monitoring

Transform the way we
measure air quality;
Sensors to be used
globally

Improved human
health and beneficial
for citizens

Spin-off applications
for low-cost gas
sensors

Extended into other areas:
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Air quality map from the European Environment Agency

*Other environmental pollutants —ammonia, NO,, SO..
*e-health applications - monitoring radicals in the human body

*Food security & surveillance




In the search of such world, where we can
make our planet more breathable, pollution-
free and a healthier place to live!!
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