Since 1959

Atomically precise clusters

T. Pradeep
Institute Professor, IIT Madras

https://pradeepresearch.org/

Co-founder pradeep@iitm.ac.in

InnoNano Research Pvt. Ltd.

InnoDI Water Technologies Pvt. Ltd.

VayuJ AL Technologies Pvt. Ltd.

Aqueasy Innovations Pvt. Ltd. Professor-in-charge
Hydromaterials Pvt. Ltd.

EyeNetAqua Pvt. Ltd. - , S
Deepspectrum Analytics Pvt. Ltd. m “ —‘GQQ—Q g“" \
Re 2

I I" P m sbiA.u;.H f'-ii"U.U."?\:. \

7 Sustainable ~~

Chemistry. Engineering International Centre for Clean Water

Associate Editor

34th Annual General Meeting of MRSI and 5t Indian Materials Conclave, BHU, Varanasi, Dec. 12-15, 2023



New molecules

AU,s, Adys, Adog
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They make high quality crystals




Molecular structure

Geometric and electronic shells

Gana Natarajan 7



Molecular materials
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 Approaching Materials with Atomic Precision Using Supramolecular
;CIuster Assemblies

4 Papri Chakraborty, Abhijit Nag, Amrita Chakraborty, and Thalappil Pradeep™

s DST Unit of Nanoscience (DST UNS) and Thematic Unit of Excellence (TUE), Department of Chemistry, Indian Institute of
6 Technology Madras, Chennai 600 036, India

Buliding Blocks

A = atomically precise clusters Supramolecular cluster Materials
B = cyclodextrins, fullerenes, nanoparticles, etc. assemblies with atomic precision



Molecules and their properties

Chemical forrmula

Molecular weight

Critical temperatune

Critical pressure

Critical densigy

Triple pmni temperpiure

Triple point préssune

Mormal boiling point

Mormal freezing poimt

Density of wce at normal melting point
Maximum demsity, 3.98°C
Viscosity, 25%0

Surface tensicn, 257C

Heat Capacity, 25°C

Enthalpy of vuponsation, 100°C
Enthalpy of fesion, 0°C
Velocity of sound, 0°C
Drielectric constant, 25°C
Electrical conductivity, 25°C
Eefractive index, 25°C

Liguid compressibilicy, 10°C
Coefficient of thermal expansion, 25°C
Thermal Conductivity, 25°C

Har
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37391°C
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3150 kg/m®
0.01°C
15060 Pa
[000C

0.0°C
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(.889 mN s/m”
T2 mivim
4.1796 kl/kg K
2,257.7 klikg
3338 kifkg

[ 403 kmis

TH. 40

5 pSfm

333

480, = 10" Ym5N
256.32 % 10" K™
0608 Wim K

Molecular formula

Molecular weight

Molecular structure

Molecular absorption and emission
Molecular reactions

Molecular assembly

Molecular co-crystals

lonization potential

Electron affinity

Phases - phase transitions
Physical properties
Electrical, magnetic
Mechanical properties
Electrochemical properties

Future?
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Molecular reactions

Reactions on clusters

Reactions between clusters
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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

& Supporting Information

A+B->C+D
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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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Papri Chakraborti, et. al. Science Advances, 2019.
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Atomically precise nanocluster assemblies

encapsulating plasmonic gold nanorods

=Y

) A [Ag,[PMBA).J

Na,[Ag,,(pM BA)m] [Ag,,(PMBA)_ I*

H-bondirig f'H ;, LL

GNR surface **

o pMBA GNR@Ag,,

Absorbance (a. u.)
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Chakraborty, A. et al., Angew. Chem. Int. Ed. 2018, 57, 6522—-6526.
23



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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Range of materials, their affordability and safety
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Clean water for everyone

ACS Sustainable Chemistry & Engineering Editorial,
December 2016




= 3
We developed environmentally friendly water positive nanoscale materials*fer affordable, sustainable and rapid removal of
arsenic from drinking water.

‘ 'There are over 1700 community installations across the country, serving 1.3 million people with arsenic and iron-free water
every day.



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



Biosensor Design

1st Generation Design (Mediated Electrochemistry)

—.. | Buffer: pH 7-8

_ _ Horse Heart Aldrithiol Low-cost Gold sputtered
Oxidase NT-26 Aio Cytochrome C thin film on PET substrate

2"d Generation Design (Direct Electron Transfer)

@\, low-cost nanostructured
electrodes which interact

directly with enzyme (e.g.

graphene or CNT). '

| | BioeNano
Recombinant Arsenite CONSULTING J
Oxidase NT-26 Aio

Bio-nano Consulting & Imperial College, London




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.
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Mercury quenching experiment using nanofiber

—
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Angewandte
Jnlt‘mulumn’[tﬁhm’ Chem’e

Sub-zeptomolar detection !

Ex 490 nm

FITC
= Analyte
(Hg?* or TNT)
Au@(Si0,~FITC)@Ag,. MF b
Featured in:
The Hindu, Telegraph, Times of India, etc.
C&E News

and many others

Ammu Mathew, et al. Angew. Chem. Int. Ed. 2012
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With Tomas Base

Jana et. al, Inorganic Chemistry (2022)
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Thermal stability
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New electrodes - Alighed nanoplates of Co.S;
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Electrospray deposition
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_ Pt wire
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ESD setup 40 uM

FE (vdw)<FE{Non-vdw) by 2.03 eV

Dimeric unit

Anagha Jose et. al. ACS Mat. Lett. (2023




Sensing
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Computational insights

Relative Energy (eV)
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Working electrode

Vertically aligned nanoplates

Glassy carbon dropcasted with ESD of Co; cluster{ WE)

Working electrode _
-~

Handheld Potentiostat

Vertically aligned nanoplates
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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

42
Ankit Nagar and T. Pradeep 14(2020). ACS Nano, 6420-6435



Arsenic poisoning across the world
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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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