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“Pale blue dot” Voyager 1 Feb. 14, 1990
Water is the most important inheritance of our planet
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Our dreams become reality with materials




Nanomaterials are now atomically precise
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Ag,,(BDT),,* Ag,5(DMBT),g° Au,s(PET),5"

HRMS of Au;(PET),;
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Molecular materials
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 Approaching Materials with Atomic P Thalappil pmb; lar
; Cluster Assemblies ATOMICALLY PRECISE
METAL NANOCLUSTERS

+ Papri Chakraborty, Abhijit Nag, Amrita Chakraborty, anc

s DST Unit of Nanoscience (DST UNS) and Thematic Unit of Excellen
6 Technology Madras, Chennai 600 036, India

Buliding Blocks

A = atomically precise clusters Supram(
B = cyclodextrins, fullerenes, nanoparticles, etc. assemblies v



Molecular reactions

Reactions on clusters

Reactions between clusters




Inter-cluster reactions

pubs acs org/JACS

JOURSAL OF THE AMERICAN CHEMITAL NOCIETY

Intercluster Reactions between Au,:(SR),s and Ag,4(SR);,

K. R. Krishnadas, Atanu Ghosh, Ananya Baksi, Indranath Chakraborty,” Ganapati Natarajan,
and Thalappil Pradeep*

DST Unit of Nanoscience (DST UNS) and Thematic Unit of Excellence, Department of Chemistry, Indian Institute of Technology
Madras, Chennai, 600 036, India
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Ag,--Au,. experiments

K. R. Krishnadas et al. Nature Commun. 2016
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[AQ,5(DMBT),g+Au,5(PET),s]*
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Evolution of alloy clusters from the dianionic adduct,
[Ad,5AU,5(DMBT),4(PET),5]*
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Optimized structure of [Ag,;Au,:(DMBT),s(PET),s]*
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Kinetics of the exchange (monitored on the Ag,; side)




Isotopic exchange
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Atomically precise nanocluster assemblies

encapsulating plasmonic gold nanorods
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Chakraborty, A. et al., Angew. Chem. Int. Ed. 2018, 57, 6522—-6526.
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RS Nanochemistry-based water purifier
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~~" Chemistry world
First ever
nanotechnology product
for clean water

; ,_4 |

A plant to make supported nanomaterials for water
purification; with capacity of 4.5 tons per month, 2007

1. Patents: A method of preparing purified water from water
containing pesticides, Indian patent 200767

2. Extraction of malatheon and chlorpiryhphos from drinking
water by nanoparticles , US 7,968,493 A method for
decontaminating water containing pesticides, EP 17,15,947
Product is marketed now by a Eureka Forbes Ltd.
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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®

Unit of Nanosclence and Thermatic Unit of Ex
Editad by Eric Hoek, University of California,
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wister is one of the most promising ways
drinking water for all. Combining the
composites to scavengs toxic spadas
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synthesis of stable materials that can
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drinking water that deposit and caus
surfaces. Hare wea show that such con
be synthesized in a simple and effactive |
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sand-ike properties, such as higher shea
forms. These materials hove been used
water purifier to deliver dean drinlking 1
ity. The ability to prapare nanostrictu
ambient temperature has wide releva
water purification.

Madras, Chennal 600 036, lndia

(received for review November 21, 2012)
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- + on chitosan, which help in the crys-

oxide and also ensure strong covalent
s surface to the matrix. X-ray photo-
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1o reactivate the silver nanoparticle
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osites have been developed that can
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Bacidte and Merweenn

M. Udhaya Sankar, et. al. Proc. Natl. Acad. Sci., 110 (2013) 8459-8464.



Range of materials, their affordability and safety
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A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.
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Clean water for everyone

ACS Sustainable Chemistry & Engineering Editorial,
December 2016




Nature Nanotechnology, July 2014 issue






Evolution of materials to products
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Ankit Nagar and T. Pradeep 14(2020). ACS Nano, 6420-6435



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 ok
. If Toilet
~*1 Shower)
' i
Water
treatment
plant
= advisories ;';ami:s [ ._J
L~ and )
_ smart water ,’)_é .....
Aol oovernance A /.
water bodies /- 7_/,1’ ',' J
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Ankit Nagar and T. Pradeep 14(2020). ACS Nano, 6420-6435



Cluster-based metal ion sensing

Visible light UV light

I(E)=A(W)*W?

— 2 MinN
— G Min
10 min

300 400 500 600 700 800
Wavelength (nm)

Decrease in the absorption of Au,: as a biofilm is dipped into the cluster
solution. Inset: Free standing quantum cluster loaded film in visible light and
UV light.

Anu George et al. ACS Applied Materials & Interfaces, 2012




Approaching detection limits of tens of Hg2*

\

w‘%

Atanu Ghosh et al. Anal. Chem. 2014.

30



Mercury quenching experiment using nanofiber

—
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Clusters stable up to 300 °C!

Jana et. al, Inorganic Chemistry (2022)



Sensors and new opportunities

Equipment
$ 5~6 Billion (2017)
a few 100k units (2017)

L o7

Water quality measurement — In the pipeline

Spectral Sensor Module
~ Billions units ( ? 2027 )

Analog/Grating , Ultra compact Low Cost

nanoA



New electrodes - Aligned nanoplates of CozSg
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Electrospray deposition

Pt wire
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Working electrode

Vertically aligned nanoplates

Glassy carbon dropcasted with ESD of Cog cluster{ WE)

Working electrode _
-~

Handheld Potentiostat Vertically aligned nanoplates

Anagha Jose et al. ACS Materials Lett., 5 (2023) 893-899. 37



Arsenic poisoning across the world

70°0'0"N

Worldwide arsenic affected range
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E. Shaji, M. Santosh, K. V. Sarath, Pranav Prakash, V. Deepch and B. V. Divya, Geoscience Frontiers, 12 (2021) 101079.
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cfick the dot to view details of water supply in the village
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International Centre for Clean Water ;
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ontribution from third bilayer

C

! Full bila

yer terminated
[

“ | Half-bilayer terminated
1

——————

{0001} Basal plane

First bilayer

Y=

Bag, S. et al., Annu. Rev. Anal. Chem. 2013, 6, 97-118
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ACCOUNTS

Formation and Transformation of Clathrate Hydrates under
Interstellar Conditions

Jyetimoy Ghosh, Gaarsy Vishwakarma, Rajnish Kumar,® and Thalappil Pradeep
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