Global science for global well-being
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Earthrise, taken on December 24, 1968, by Apollo 8 astronaut William Andres.

Nature photographer Galen Rowell declared it "the most influential
environmental photograph ever taken".




Global science — why now?

“Pale blue dot” Voyager 1 Feb. 14, 1990

From Wikipedia
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The Holocene Epoch — The triumph of man

Global-mean temperature composites

Global mean surface
temperature from the

g —1 —— SCC  —— ERA-20C
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The black line is
instrumental data for 1900—
2010 from the ERA-20C
reanalysis product. The
inset displays an enlarged
view of the past 2000 years.

Darrell Kaufman et al. Scientific
Data volume 7,
Article number: 201 (2020)
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The control over carbon emissions by developed countries is probably not the reason for the

globe’s survival, but the lack of development in less-developed countries is, according to the
Intergovernmental Panel on Climate Change (IPCC). 2014



https://www.nature.com/sdata
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Science made it possible
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Reactions that changed the world
1. 6CO, + 6H,0 --> C;H,,0, + 60,

2. H, + 3 H, -->2NH; 220 million tons a year

3. NH; + CO, = NH,-CO-NH, + H,0 >180 million tons 2022
4.CH, + 0, > CO, + H,0

5. nC,H, = -(CH,)n- polyethylene >130 million tons 2022

6. Polymerase chain reaction

7. Electrochemistry




Molecules that changed the world

Aspirin, urea, morphine, strychnine, penicillin, vitamin B12, Taxol, and
quinine

Molecules that destroyed the world

CFCs, DDT, Agent orange - 2,4-dichlorophenoxyacetic acid (2,4-D) and
2,4 ,5-trichlorophenoxyacetic acid (2,4,5-T), endosulfan
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Molecules — Diseases and their cure
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Sickle Cell Anemia, a Molecular Discase!
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Instrumentation

STM image of a “quantum corral” (courtesy IBM Research Division).

D. W. Eigler, et. Al. Science, 262(5131), 218-220.
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Seeing atoms, molecules and assemblies

3D Structure of Individual Nanocrystals in Solution by
Electron Microscopy. Park, J. et al., Science 2015, 349,
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Baek, D. J. et al., Microsc.Microanal. 2018, 24, 454-455
Nature and evolution of incommensurate charge order in
manganites  visualized  with  cryogenic  scanning
transmission electron microscopy. Baggari, |. E. et al., Proc.
Natl. Acad. Sci. 2018, 115, 1445-1450.
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From https://www.simplilearn.com/what-is-internet-article



Nature, engineering, life....
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Our restriction — confined space

Planetary boundaries

https://globaia.org/planetary-boundaries
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Biopolymer-reinforced synthetic granular
nanocomposites for affordable point-of-use

water purification

Mohan Udhaya Sankar?, Sahaja Aigal’, Shihabudheen M. Maliyekkal®, Amrita Chaudhary, Anshup, Avula Anil Kumar,

Kamalesh Chaudhari, and Thalappil Pradeep®
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Where can we invest our time and effort?
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Image from: https://delta2020.com/blog/203-our-shrinking-world



Sensors and new opportunities
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Water quality measurement — In the pipeline



Indian Institute of Technology Madras

Thank you all

pradeep@iitm.ac.in
https://pradeepresearch.org/
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Range of materials, their affordability and safety

250
B 4arsenic input A As(ill) output
A As(V)output A Total arsenic output

)

& 'gé Before As adsorption
< Sl -
o) s 2 o Iron input

et -~ After As adsorption
© z e Iron output

- 1

-~ 3

a!:, 50 = '
o0 © 0 300 600 900 1200 A

g Volume of water passed (L) J
(&) /

0 200 400 600 800 1000 1200

Volume of water passed (L)

Safety of spent media, TCLP

A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.



Clean water for everyone

ACS Sustainable Chemistry & Engineering Editorial,
December 2016
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Implementation - From 25 KLD to 1 MLD

Large water supply schemes

Ca puci'ly: uhove 1 MLD Retrofitted Water Purification Plant
Capacity: 0.1-1 MLD

5 schemes in use across India
Over 1380 units in use across India



Across the country
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Expanding the reach




Smart water purifiers and big data

Smart Water Purifiers linked to loT Global Map of Water Health

Cost-effective sensor accessory for loT- enabled sensing for
point-of-use applications households and distribution networks
- A — .
o/ Toilet X " Ay
.V"l: Shower :/ \j '
P 5 ) ' -
N =" ) :
[ water |z .. 4.;'[ “ -
treatment -l !
plant ol o DI D LIS I T Y L LT

Health

advisories

and
smart wator
governance Pyl

Natural
water bodies

Ankit Nagar and Thalappil Pradeep. ACS Nano (perspective), 2020.
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Water and GDP
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US gross domestic product (GDP) in 2005 dollars from 1900 to 2005 (left axis) plotted with total water withdrawals for all purposes in cubic
kilometers per year (right axis). Data on GDP come from the US Bureau of Economic Analysis; data on water use comes from the US
Geological Survey.

Peter H. Gleick and Meena Palaniappan, Peak water limits to freshwater withdrawal and use, PNAS, 2010, 107, 11155-11162



We opened the cycle

A
< -
LA
%
Water + Carbon dioxide Sugar + Oxygen
o ®

O O

105 billion 258 billion
tons of H,0 tons of CO,

29 billion
tons of CO,

31 billion ton of H,8
needed for our people
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