Photocatalytic materials and their role in
Indoor Air Quality - IAQ

Assist. Prof. Vassilios BINAS

e-mail: vbinas@chem.auth.gr / binasbill@iesl.forth.gr
url: https://www.chem.auth.gr/staff/binas-vasileios/ LIFE VISIONS ONLINE COURSE
https://www.ies|.forth.gr/people/binas-vassilios Wednesday, 24 January 2024

I I I I FOUNDATION FOR RESEARCH AND TECHNOLOGY — HELLAS

INSTITUTE OF ELECTRONIC STRUCTURE AND LASER

LIFE

InnoVative photocatalytlc paintS
for healthy envirOnment an

NN

The project has received funding from the LIFE Programme of the <
European Union under GA number LIFE19 ENV/GR/000100



mailto:vbinas@chem.auth.gr
mailto:binasbill@iesl.forth.gr
https://www.chem.auth.gr/staff/binas-vasileios/
https://www.iesl.forth.gr/people/binas-vassilios

<[/é LIFE

The project has received funding from the LIFE Programme of
the European Union under GA number LIFE19 ENV/GR/000100

Motivation Climate Change

g - W
e -

n
&)
S

LIFE VISIONS ONLINE COURSE
Wednesday, 24 January 2024

FORTH/ IESL/ TCM
@ Vassilios Binas




The project has received funding from the LIFE Programme of
the European Union under GA number LIFE19 ENV/GR/000100

Motivation Climate Change

Tuesday

‘Canwe have | 10 At 0z

two g()lds?' | I I From £1.75 for subscribers
Ourwriters' > @ For200years
best moments > -

————

e
——— ]
]
e R

! s St P
A A wornan shows hee distresy oo mears her h G . ! of w1 10 fachle fires on the shand. Wildfires In Greece Nge 22+

Global climate crisis: inevitable,
unprecedented and irreversible

e “(‘\.l\|‘.llllluv'v|x)|| IS Fiona Harvey 4 Leader comment
‘code red’ warning for Andrew Sparrow
humanity, UN chief says

SE
f —__

“Thesclence ks
unequivocal The verdict
® Rapid and drastic cuts #cleat There snomare
16 004 emilssions needed room for manoeuvre,
delay or procrastination
this decade, warns IPCX in dealing with a crisis

: . n a that is this generation’s
@ 'Future is not written o i y mos stark finding: responsibility to address’

und\cn worst effects » 2 orce new pollcy measy Uy
« still avoidable' - Sharma

FORTH / IESL/ TCM LIFE VISIONS ONLINE COURSE
@ Vassilios Binas Wednesday, 24 January 2024




The project has received funding from the LIFE Programme of
the European Union under GA number LIFE19 ENV/GR/000100

FORTH / IESL/ TCM LIFE VISIONS ONLINE COURSE . 'C“D . JFORTH
@ Vassilios Binas Wednesday, 24 January 2024 I i:ﬁwmi@n[wwMuﬂcumm‘v-uaw

INSTITUTE OF ELECTRONIC STRUCTURE AND LASER



The project has received funding from the LIFE Programme of
the European Union under GA number LIFE19 ENV/GR/000100

FORTH / IESL/ TCM
@ Vassilios Binas

LIFE VISIONS ONLINE COURSE
Wednesday, 24 January 2024

Photocatalysis and the origin of life: Synthesis
of nucleoside bases from formamide
on Ti0,(001) single surfaces

S. D. Senanayake and H. Idriss*
Department of C| d, Private Bag 92019, Auckland, New Zealand
9, 2005 (received for review July

Edited by Leslie udies, San Diego, CA, and apy

https://www.pnas.org/content/pnas/103/5/1194.full.pdf

o




The project has received funding from the LIFE Programme of <L% LIFE
the European Union under GA number LIFE19 ENV/GR/000100 B

Motivation Let there be light

Photosynthesis of Plants Photocatalyst in work
as an example of a Photocatalytic Reaction
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By At09kg - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=17219609
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Photosynthesis of Plants
as an example of a Photocatalytic
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Photocatalytic air purification
mimicking the self-cleaning process

of the atmosphere

Fei He'!, Woojung Jeon' & Wonyong Choi® '™

Photocatalyst Process

P C(heterogeneous sensitizer such as Tio,) + H,0(g) + hv — °OH

Self Cleaning mechanism in Earth’s atmosphere

O; (molecular sensitizer) + H,0(g) + hv — 2°0OH + O,
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Catalyst

Energy in the form of light A material that induces a reaction but is not
- A consumed or transformed by it.
o The catalyst remains constantly available.
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High performance advanced materials
for efficient photocatalytic systems

https://doi.org/10.1038/s41467-021-22839-0
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V vs. NHE
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Energy levels of the conduction band minimum (EcB, red) and the valence band maximum (Evs, green) of the

photocatalysts indicate the reducing ability of their photogenarated electrons (large negative ECB) and the oxidizing
ability of their photogenarated holes (large positive Evs)
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High Performance Advanced Materials for efficient photocatalytic systems

Elements constructing heterogeneous photocatalysts
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High Performance Advanced Materials for efficient photocatalytic systems
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Materials, Mechanisms and Applications

Novel photocatalysts for indoor air clean
and healthy environments

Vassilios Binas'*, Danae Venieri’, Dimitrios Kotzias* and George Kiriakidis'

! Institute of Electronic Structure and Laser, Foundation for Research and Technology-Hellas (FORTH-ESL),
Indkkion, Greece, “Department of Physics, University of Crete, Herakleio, Greece, Schaol of
Environmental Engineering, Technical University of Crete, Chania, Greece, “European Commission-
Joint Research Centre, Institute for Health and Consumer Protection, Ispra, Italy

15.1 Indoor air environment

Indoor air pollution has been recognized as an emerging environmental health issue. People
living in urban areas spend typically §5%—90% of their time indoors and are exposed to a
variety of pollutants with known health effects emitted not only from outdoor sources but also
from sources in indoor spaces. While air quality guidelines and standards are widely used in
outdoor air quality management, systematic science-based approaches for indoor air quality
(IAQ) are still in the phase of recommendations. In the last decades, substantial work was done
to identify and quantify the main indoor air contaminants, o evaluate human exposure and
assess the risk for human health as well as 10 define strategies to facing the contamination with
pollutants in indoor environments. The European Commission with its Environment and Health
Action Plan (2004=2010) and the World Health Organization (WHO Guidelines, 2010)
significantly contributed to the understanding of the issue and set initiatives to reducing/
eliminating the pollution indoors (World Health Organization, Regional Office, 2010)

Chemical and biological compounds are considered 10 be the relevant factors affecting
comfort and well-being in confined spaces. A high number of chemicals and biologically
originated compounds have been identified indoors, belonging to different chemical classes
(Kotzias, 2012) such as:

+ Gaseous inorganic compounds: COs, CO, nitrogen oxides, SO;, ammonia, 0zone
+ VOCs, including carbonyls.

Particulate matter (PM10, PM 2,5, PM 1, ultra-fine particles/nanoparticles) and
compounds bound 0 PM (SVOCs).

Asbestos, polycyclic aromatic hydrocarbons (PAHS), pesticides, flame retardants.

Chapter 15
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Poor Air Quality: A social Problem

" . |

5§ Eutrophying Acidifying Climate Ground-evel Particulate

§§ substances substances forcers ozone matter
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Source: EEA.
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Air Quality: Health impacts of air pollution

IRRITATION OF EVES,
Headache and anxiety (SO,)
Impacts on the central nervous system (PM])

Irritation of eyes, nose and throat
Breathing problems (O, PM, NO,, SO, BaP)

Cardiovascular diseases (PM, O,, SO,)

Impacts on the respiratory system:
Irritation, inflammation and infections
Asthma and reduced lung function
Chronic obstructive pulmonary
disease (PM) Lung cancer (PM, BaP)

Impacts on liver, spleen and blood (NO,)

Impacts on the reproductive
system (PM)
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Air Quality: Outdoor and Indoor Environment
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Outdoor Pollution

Indoor Pollution

4 )
Adverse Effects on Humans, Environment and Ecosystem

AN
4 N

Man-Made Natural Sources

Urban and Industrial Areas Air Pollutants:

Sulfur Oxides (SOx), Nitrogen Oxides (NOx), Carbon Oxide (CO)
Volatile Organic Compounds (VOC): Benzene, Toluene, Xylene

NS J

(an s , )
Major Issue for Humans’ Health

People Spent ~90 % of their Time Indoor

Air-Toxic Sources at Public Buildings, Working Places and Houses
Perfumes, Detergents, Paints, Laquers, Varnishes, Wall Boards

Most Abundant Indoor Air-Toxics

L Aldehydes (HCHO, CH,CHO), Benzene, Toluene, Xylene )
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Air Quality: Degradation of Nitrous Oxides
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HN02 + OH_ H N02 + H20 *Binas V., Applied Catalysis B: Environmental 113-114, (2012) 79-86

Binas V., Journal of Photochemistry and Photobiology A: Chem 222 (2011) 304
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Photochemical degradation of NO
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Large Scale projects: Greek Army Medical Centre
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Large Scale projects: Greek Army Medical Centre after 1 year
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