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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

180145
37391°C
22.05 MPa
3150 kg/m®
0.01°C
15060 Pa
[000C

0.0°C

918.0 kg/m’
999.973 kg/m'
(.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

A @ joag,oMBT). [(%Ag,(DMBT), )

_humJL. @ S ‘@ JUuuiL

B x:y=1:1
[07199Ag,;(DMBT),g]"
(107Ag:109A9=x:y)
['97Ag,s(DMBT),,]°
+
['9°Ag,s(DMBT),,]" '
(x:y) uﬁ
AW | UUUUUUULIJLJM
1 L) 1 ! 1 - 1
5140 5160 5180 5200
m/z

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.
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Where are they taking us to?

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,

Creation of affordable materals for cons
wister is one of the most promising ways
drinking water for all. Combining the
composites to scavengs toxic spadas
othar contaminants along with the alx
affordable, alkinclusive drinking water
without electricity. The critical proble
synthesis of stable materials that can
vously in the presence of complex s
drinking water that deposit and caus
surfaces. Hare wea show that such con
be synthesized in a simple and effactive |
out the use of electrical power. The na
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.

hybrid | green | appropriate technology | frugal sclence | developing world

Bacidte and Merweenn

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

Madras, Chennal 600 036, Indis

(received for review November 21, 2012)

vatlable; and (c) continuved retention
matrix is difficult.

ate a unigue family of nanocrystalline

n granular composite materials pre-

| ature through an aqueous route. The

mposition & attributed (o abundant -0-

*  on chitosan, which help in the crys-

oxide and also ensure strong covalent
s surface to the matrix. X-ray photo-
) confirms that the composition is rich
ps. Using hyperspectral imaging, the
aching in the water was confirmed.
1o reactivate the silver nanoparticle
1l antimicrobial activity in drinking
osites have been developed that can
its in water. We demonstrate an af-
device based on such composites de-
nd undergoing field trials in India, as
spread eradication of the waterborne

24



Range of materials, their affordability and safety

Concentration (ppb)

A Arsenic input A As(ill) output
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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







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
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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
> Ag,;@BSA
® — 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

S4B00 18 OW 8 2rven 20 0k SEIAY



With Tomas Base

Jana et. al, Inorganic Chemistry (2022)
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Thermal stability
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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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Absorbance
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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. 42



Arsenic poisoning across the world

70°0'0"N

Worldwide arsenic affected range

[‘.000.

! 1 1 1
100°0'0"W 2070'0"W 60°0'0"E 140°0'0"E

70°0'0"N
1

Least affected
Slightly affected
Moderately affected
Moderate to high
Very high

10°0'0"S
L

| Countries 0 6.900 13,800

Lo e 1km

100°0'0"W 20°0'0"W 60‘:(}'0"[3 140°0'0"E
1 1 1

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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