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Functional Nanomaterials
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Understanding Microdroplets
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Pallab Basuri et. al. Chem. Sci., 2022, 13, 13321-13329.



Transformation of Materials in
Microdroplets



Ambient Microdroplet Annealing of Nanoparticles

Experimental set-up Synthesis of polydisperse NPs
SH s O e
Pt ﬁ;m 9 Ambient : Q;a:a‘
wire _— st c.. . » microdroplet g af&
AgNO, +( ) + NaBH, —— AT 5 = Q
CH,0H & ,®~ 2 R Ny
PET . el
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PﬂlyﬂilpﬂfmrAg@FET NPs

Transformation process

Droplet-
induced
process

Microdroplets

ITO Plate =

Before spray After spray

Angshuman Ray Chowdhuri et. al., Chem. Sci., 2021, 12, 6370-6377.






Weathering in Nature




Sand, the Ubiquitous Material

Images from Wikipedia
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Weathering of Minerals in Microdroplets

A i

Micron-sized
particles

4 kV
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Spoorthi, et. al., Science, 2024



Ruby, Fused Alumina
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Fragmentation of Silica — Varying Conditions

B SiO, after
electrospray
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Mechanism: Cleavage

The process of cleavage and surface reconstruction visualized with first-principles simulations
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Mechanism: Slip

Stacking fault

This instability leads to the formation of a ot oy
stacking fault on the (010) plane, achieved b - by + (x,0,2).

with slip localized at (010) plane (x, z € [0,1]) - fractional coordinates
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the (110) plane of SiO,

SFE (J/

Slab
w/o H- 1 H- 2 H-
X A E
atom atom atoms
0.0 0.0 0 0 0 0
0.5 0.5 -1.21 -0.93 -0.88 -1.20
0.5 0.0 1.20 1.18 0.90 1.12
0.0 0.5 -0.07 0.89 -0.83 -0.09

One H-atom

Silicate fragments

Two H-atoms

SFEs of (010) direction with (0, 0), (0, 0.5), (0.5, 0) and (0.5, 0.5) slip configurations on
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Effect of charged microdroplets on quartz

Increased surface roughness after the spray
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Mechanism of nanoparticle formation

Mother droplet NP formation
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Physical effects |
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Rayleigh, On the
equilibrium of liquid
conducting masses
charged with electricity,
Philosophical Magazine,
1882
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Understanding Microdroplets
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INSIGHTS

SPECTIVES

CHEMISTRY

Breaking doanmicrodroplet

chemistry

Charged microdroplets acodlerate minerd disintegration

By R Graham Cooks and Dylan T. Holden

microdroplets are commonly
in clouds, sea spray, and
other natural aerosols. The chemistry
that occurs at the air-water interface
dropletsis often distinct from
bserved in bulk solution, which
is of considerable interest because chemical
reactions can be accelerated at this boundary
(1, 2). This may have implications for envi-
ronmental processes such as the weathering
of rocks, which contributes to soil formation.
On page 1012 of this issue, Spoorthi & al. (3)
report that micrometer-scale mineral par-
ticles can rapidly break down into nanoparti-
cles when in charged aqueous microdroplets
(seethefigure). This pointsto a potential role
for atmospheric water dropletsin the natural
disintegration of minerals.

To examine material degradation, Spoor-
thi et al. borrowed methodology used to ac-
celerate bond-forming chemical reactions.
By spraying an aqueous suspension of mi-
croparticles of natural minerals, the authors
produced nanoparticles of minerals in high
yield. Specifically, Spoorthi ef al. used an elec-
trospray deviceto emit ajet of liquid droplets
(by applying high voltage) containing min-
eral particles of natural quartz, ruby, or syn-
thetic alumina that ranged in size from 1to
5 um in diameter. The authors observed the
production of nanoparticles that were 5to 10
nm in diameter. Moreover, the fragmentation
occurred in approximately 10 ms.

Such material degradation and chemi-
cal synthesis experiments are united by the
extremes of chemical reactivity that occur
at the air-water interface, where reagents
are partially solvated (4). Whether formed
through nebulization, splashing from a sur-
face, or other means, microdroplet popula-
tions will include droplets with nonzero net
charges. The small radius of curvature in a
microdroplet produces a very strong elec-
tric field (5) that can support a double layer
of electric charge at the air-water interface.
The changein geometry (radius of curvature)

Department of Chemistry, Purdue University, West Lafayette,
IN, USA. Email: cooks@purdue.edu

958 31MAY 2024 - VOL 384 ISSUE 6699

converts a two-dimensional air-water inter-
face with limited electric field into a sphere
with an electric field of a strength approach-
ing the order of chemical bond energies (3 to
4.5 eV/A). Coulombic fission (the splitting of
charged microdroplets due to excess charge
overcoming the surface tension) and evapo-
rative processes further increase the surface
area, reduce theradius of curvature, and aug-
ment the surface electric field of the droplet.

The unusual chemical nature of the air-
water interface results in much remarkable
chemistry. For example, amino acids in wa-
ter undergo dehydration to form peptides
in this environment (6), whereas bulk wa-
ter simply solvates amino acids. The super-
acidic interface activates amino acids and
removes water to yield peptides. In addition
to such acid-base reactions, redox chem-
istry results from the formation of strong
oxidants and reductants from water at the
interface. For example, a high hydronium
ion (H30") concentration at the interface
derived from fleetingly charged surface wa-
ter molecules (H,0*'/H,0™") coexists with
oxidative species such as hydrogen peroxide
(H202) and OH-. These redox species enable
a variety of spontaneous chemical trans-

formations, including carbon-oxygen
O) bond cleavage in phosphonates, winun
yields the corresponding phosphonic acid
(7), and in the Baeyer-Villiger oxidation of
aryl ketones to give esters (8). These consid-
erations thereby enable simultaneous acid-
base and oxidation-reduction chemistryin a
single population of droplets (7).

Through their study, Spoorthi e al. havead-
ded natural weathering to alist of processes
in which accelerated interfacial micro-
droplet reactions play an important role.
Other processes include those in the atmo-
sphere, both natural and anthropogenic, the
latter typified by pollution that involves ni-
trate photochemistry (9). A substantial num-
ber of accelerated catalyst-free microdroplet
reactions form the basis for chemical synthe-
ses that generate a variety of small molecules
(10), including thefacileand high-throughput
functionalization of drugs. This latter ap-
proach can be scaled up so that microdroplet
reactions produce substantial small-mole-
cule products. Prebiotic chemistry, including
peptide and nucleotide formation, is anot-
her process that is accelerated at the micro-
droplet air-water interface (71).

The millisecond timescale of quartz degra-
dation reported by Spoorthi e al. matchesthe
known microsecond-to-millisecond timescale
for accelerated bond-formation and bond-
cleavage chemical reactionsin microdroplets
(7). This reinforces the conclusion that the
chemical basisfor accelerated weathering lies
in the powerful acidic and hydrolytic nature
of the air-water interface. The authors fur-
ther suggest arole for the superacid interface
in inducing slippage at crystal plane bound-
ariesin quartzand ruby fragmentation. Their
simulations show that individual protons
inserted into the slip configuration mineral

Micro-to-nano transitions in minerals at the air-water interface
Reactions that promote mineral disintegration are accelerated at the air-water interface of microdoplets.
Key reactive species are the result of the effects of a high electric field at the surface of the water droplets.

Parent droplet Coulomb repulsion Nanoparticle formation
Acharged droplet generates an Droplet fission begins when Nanoparticles are released
electric double layer, which givesa coulombic energy exceeds insmaller microdroplets.
strong electric field. This produces surface tension.
the reactive species (orange ring). Nanoparticle
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MoS, Nanosheets

Solvent: Water
Potential: 3.0 kV

MoS, Nanosheet MoS, Nanoparticl
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Intensity (a.u.)

Raman Spectra of MoS, and Graphene Oxide Nanosheets
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Charged Droplets on MoS, Bulk

Bulk MoS, surface
before the spray

Appearance of microspheres after the water spray on MoS,



Marcasite, FeS,

Image from Wikipedia
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New molecules

Edinc by

Thalappil Pradeep
ATOMICALLY PRECISE
METAL NANOCLUSTERS
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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,

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.

Madray, Chennal 600 036, India

(recived for review November 21, 2012)

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

ate a unigue family of nanocrystalline

S n granular composite materials pre-

ature through an aqueous route. The

N mpasition i attributed 1o abundant -0-

i 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

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

Bacidte and Merweenn

M. Udhaya Sankar, et. al. Proc. Natl. Acad. Sci., 110 (2013) 8459-8464. 34



We developed environmentally friendly water positive nanoscale materials for affordable, sustainable and rapid removal of
arsenic from drinking water.

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

Make soil using
processed wastewater
and make deserts
bloom.

Thanks to ChatGPT



Conclusions

Natural minerals break spontaneously in charges water microdroplets

It occurs only in water... so far

Studies on a variety of materials

Facile due to proton-induced slip

Detailed investigations are essential to know more

Implications to the production of specific nanomaterials and soil in general
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Microdroplets are Everywhere

COVID-19

Painting

Hair sprays

Perfumes

Agriculture



1D Nanomaterials

Single
building Nanobristle
block

w [Ag(H,0),]*

100 150 &
m/z Nanobrush



2D Nanomaterials

Graphene layers
underneath

Ag* ions

Room
temperature

v

Single crystalline
Ag metallic sheet

26 28 3032 34
keV AgLa

Depanjan Sarkar et. al., Small, 2024, Article ASAP.



Surface Modification Using Charged Microdroplets

MoS, Sheet with holes|




Fabrication of Holey MoS, NSs

Depanjan Sarkar et. al., Global Challenges, 2018, 2, 1800052.



Application: Water Disinfection

4 Live bacteria
Holey

Depanjan Sarkar et. al., Global Challenges, 2018, 2, 1800052.



Application: Water Disinfection

Disinfected water
(output)
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Patterned Surfaces Using Microdroplets

Nature [lustration Our material
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Depanjan Sarkar et. al., Adv. Mater. Interfaces, 2018, 1800667 .



Atmospheric Water Capture

Airinlet{

Efficiency of
56.6 Lm=2d’




Understanding Microdroplets

Electrohydrodynamic flow in the liquid surface induced by microdroplet deposition




Understanding Microdroplets

Microdroplet
imprinting

S

in sond 2%
Pallab Basuri et. al., Chem. Commun., 2022, 58, 12657—-12660
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Understanding Microdroplets




100% Methanol 75:25 Methanol: Water
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Marcasite surFace before
electrospray
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Needle like growth F&
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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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Ways of Production of Microdroplets

F'ure_- H.0
L

Ultrasonic Ultrapure
. . (Nzor 0y)
Production of fine cr.ft.ir

droplets by high-
frequency sound
waves

Nebulization

==r\ent

Rotary atomizers

Production of fine droplets by
high speed rotation

Hydraulic
Electrospray

Production of fine
droplets by applying
hydraulic pressure

Images from the Internet



Reaction Acceleration in Microdroplets
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Reaction Acceleration in Microdroplets

(a) Amine/CO, Droplet Reaction

a
Nebulization gas@ j\' . . .
N.N-dibutyl-1,3- \l\ o w”'/w'? W“F‘“ % Carbon dioxide undergoes
BT R T " .
P S —> . * Reaction \ C-N bond formation
186 Da e neg™ Nl ° reactions with amines at the
NN AN O )
l ) interface of droplets to form
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Reactions Different from Bulk

First chemoselective N-alkylation of
Indole in aqueous microdroplets
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Reaction Kinetics Studies in Microdroplets
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Degradation of Reluctant Molecules
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Peptide Bond Formation
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Proteins in Microdroplets
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Proteins in Microdroplets
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Chemistry in Microdroplets




Accelerated Microdroplet Synthesis of Benzimidazoles
by Nucleophilic Addition to Protonated Carboxylic Acids

» Droplet synthesis
.‘ 0’\ V. - xj Shorl reaction tima
- ! ¥
» “ 4 ““ — g Ambieni conditions
- < ~
\f.' \ “-"* . @ NO catalyst or Dace
“ tar™®
- .
Mo try W
s n’
l \
i I ‘\. Convantional synthes
+ ) .
1 /‘\". \ j— /\j_) g resctin
- : | \ ;
n A>\,ﬁ ‘ -0 - é, VY —
' v et 3 Dasaltataiys
Hy H
. - NH; N0 N LOH
. -H,0 ' (@ BT = Y
[ - - 2l LE -
= NHz =T U NH, =~ " NH,
Exact Mass: 137 07 Exact Mass: 137.07
1a 2a 2c 2c’
H H
= N 5D N N Prolon ranster N
CTeh-n —2 C X = ~= o
N N N
My H H,;
Exact Mass; 119,06 Exact Mass: 137.07 Exact Mass: 137.07
3a 2™ 2c"

Proposed mechanism

b

Relative intensity

Relative intensity

100 - 0] o
Z | NH, | S Reaction mlxture ‘
| KV
S NH, nESI ‘
u . ll.'.\!! 1I:|9 118 111
50 100
Intermediates
1001 - 2c/2¢’
=
— P ||
L l (Iﬁ_H 136 137 136 139 140
=" "N product
50 1 H;
o
n 1 I l | -| . " ".|'1E 119 12I:| 121 122
50 100 150 2["] EED
m/z

Pallab Basuri et.al., Chem. Sci. 2020, 11 (47), 12686-12694.
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Spontaneous a-C-H carboxylation of ketones by gaseous
CO, at the air-water interface of aqueous microdroplets

100 - z
Ketone | Microdroplet Mass 99 [ M-H] With N,
¥ | reaction | spectrometry | o
. | : 50-
. ol — 5.
i . o “
w T ‘_ . e 132
= > L
® 0 : A ;
C 5 90 110 130 150
o E 100, M- H With CO
\Nater ; 99 5
= N\
o o co, i T i ® " o, 143
Water " o Ao o o J 3
H o H RT (& ° > J L 142 144 146 L
T O AA 3 Al.‘l £ “‘AIA‘AL‘._A A '
Products 90 110 m/z 130 150
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What's Next

= Degradation phenomena both in
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» Fragmentation of com

= HEA NPs for potential electrochemical
applications, like CO, reduction and

\

= [ron (ll) related reactio

Atmospheric relevance
= Phase transformation
= Minerals

ctroscopy
Photochemical
microdroplets

biomolecules dic table - Different metal
es
N~ _J
f
\

me measurement of structural
ges in microdroplet using in-situ

reactions in

/

e St

[ARCON
ik p il

ol M
.hh'k,‘}-'f,--
e

=S G R LS




Au,4,(PET)g

12198.58
100.00 [Aum[PET]mF"
f ” .. Experimental
;lJL ln Theoretical

W

h
% 75.00 I
C 4
= .
L - i
o - SR =
3
o]
E 50.00 [Au;44(PET)g0)**
.% . 'Fﬁ 18297.87
L. Expernmentalrlf i p
& Theoretical I{’hh |;{, "\

25.00 = =
0.00

10000 12000 14000 B 16000 18000 20000
m



Atomically precise nanocluster assemblies

encapsulating plasmonic gold nanorods

=Y
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Chakraborty, A. et al., Angew. Chem. Int. Ed. 2018, 57, 6522—-6526.
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Computational insights

Relative Energy (eV)
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Surface Modification using Charged Microdroplets




Standalone Surface for Simultaneous Water Harvesting
and Treatment
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Keerthana Unni et. al., ACS Sustainable Chemistry and Engineering, (Under Review).



Atmospheric Water Capture
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High Entropy Alloy in Charged Microdroplets

Ni, Co, Pd, Mn, Fe, Cu

Spoorthi et. al

. Unpublished.
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Surface Modification using Charged Microdroplets

TeNWs

Microdroplets
containing Pt2*
ions

v

PINWS

Depanjan Sarkar et. al., Anal.Chem. 2017, 89, 11378-11382.



Depanjan Sarkar et. al., Adv. Mater. 2016, 28, 2223-2228.



Applications: Catalysis
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Depanjan Sarkar, et. al., J. Phys. Chem. C 2018, 122, 17777-17783.



Applications: Catalysis

;L [Ben
10X1 05' OH E.I
/ o
HsC B —
L4, Oigde
A n OH ~ = == Reactant A (p-lodophenol)
=== Reactant B (Phenylboronic acid)
> === Product
= 5
D Z|V
9. 0x10° -
<
0 — B
300 | 600 | 900
2 130 J“ Wavelength (nm)
0.0 “ — | . I | —a
50 100 150 200 250

m/z
Coupling reaction using Pd NPNS as catalyst



Applications: Vapor Detection
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Vapor phase detection of 2,4,6-trinitrotoluene



Matter in Confinement: Atomically Precise Clusters and
Microdroplets

Introduction to our work

Atomically precise clusters

Clean water using advanced materials
Ice chemistry

Microdroplets
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Nanfeéhg Zheng et al. Nature Communicationsy32013
Terry Bigioni et al. Nature 2013



They make high quality crystals




Molecular structure

Geometric and electronic shells

Gana Natarajan 95
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Ag,,(BDT),,* Ag,5(DMBT),g° Au,s(PET),5"
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Molecular materials

) T
U pubs.acs.org/accounts

 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
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Molecules and their properties

Chemical forrmula

Molecular weight

Critical temperatune

Critical pressure

Critical densigy

Triple pmni temperpiure
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Mormal boiling point
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Molecular reactions
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Future?



Edited by
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Molecular reactions

Reactions on clusters

Reactions between clusters
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Inter-cluster reactions

pubs acs org/JACS
JOVERNAL OF THE AMERICAN CHEMITAL SOCIETY

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),g]*

108



109

o
..|m o
o -
#1(134)%*ny = H m N N N w m
(sz‘0) 5 o S o . @ <
(0z M_N 2 ) i °
BGE I 61 ‘9)f i i i T i i
N— = .a::kr
(81 .cﬁ 7 oy (9T76) .
L1 asa .ml.. (o1 ‘6] —|(st ‘01) — - mvﬂ o1)
(st a:_ » (€T .N:. i leTen)
(LA P (z1 ‘1) =
(21 ‘e1) T —
L i % E TTpT) QT VD) emeed 6°01) L = L
t g (ot ‘s1) o ;.EA - i (8 1)
(£‘81) ——
By (9'61) 4 (9‘61)  , =— (v'12) {5 ‘0z
(s‘07) 1 —
(€ ‘22) (z .mﬂﬂ 511 g Q)5 8y
L L L B 5 " B ks (0 's2)
— L - L < L oo L w- L L T L oL o ©

6000 7000 8000

m/z

5000

4000



7500

7000

e £ B
| E (E 4E
Iwcsag
=
v

-
4
-
"
“
b —
.
"
- Au
E 3
AA‘
— v —
Mﬁ.l
1
9
E
» -
& -
- “

12 min

awy) uonoeal

1S min

18 min

- 24 min

52'0
'L
£2'Z
Zz'e
42Z'y
0Z's
51'9
aL'L
11'8
91'6
5100
P
VZL =
ver E
o
'L

Manfred Kappes, KIT

M. Neumaier, A. Baksi, et. al. JACS 2021



Kinetics of the exchange (monitored on the Ag,; side)




Isotopic exchange
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Synthesis Strategies

All these are possible because it is an
ambient process!

Sustainable process with a minimal carbon
footprint.



Bimetallic Nanobrushes
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Formation of Ag-Pd bimetallic brushes




Fabrication of Micro-Nano Structures Using
Microdroplets for Atmospheric Water Capture







Agz@Cu, Au@Ag,,@Cu,

Vivek Yadav, et. al. Unpublished



Clean water using advanced materials
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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
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Evolution of materials to products
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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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Anagha Jose et. al. ACS Mat. Lett. (2023




Sensing
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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
2 TN )

Water

plant
) Analytics | ‘
= advisories W
= and alerts |
e % and 5 !
’N\/-I\’ smart water ,’_# .....
Sl covernance q
water bodies |
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Arsenic poisoning across the world

] 1 1 1
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Worldwide arsenic affected range
® Least affected
@ Slightly affected
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@ Moderate to high
. Very high
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E. Shaji, M. Santosh, K. V. Sarath, Pranav Prakash, V. Deepch and B. V. Divya, Geoscience Frontiers, 12 (2021) 101079.



Ice chemistry
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QMS for ion
scattering as well as SIMS

Low energy ion
scattering MS

Cs* ion gun
for SIMS

AN —
& Vacuum
s i gauge N
-

Deuterium
lamp

115-400 nm

Ice instrument located in HSB-148, IIT Madras Viswakarma, G. et al., J. Phys. Chem. Lett., 2023, 14, 2823
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Microdroplets
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Activities for the next ten years
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Democratizing water Clean water for all
—_—— International centre for clean water

People’s water data
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https://pradeepresearch.org/
https://pradeepresearch.org/
https://elearn.nptel.ac.in/shop/iit-workshops/ongoing/innovation-and-entrepreneurship-a-multi-disciplinary-approach/?v=c86ee0d9d7ed
https://elearn.nptel.ac.in/shop/iit-workshops/ongoing/innovation-and-entrepreneurship-a-multi-disciplinary-approach/?v=c86ee0d9d7ed
https://www.science.org/doi/10.1126/science.adl3364#:~:text=As%20we%20have%20demonstrated%2C%20under,same%20needs%20to%20be%20explored.
https://www.science.org/doi/10.1126/science.adl3364#:~:text=As%20we%20have%20demonstrated%2C%20under,same%20needs%20to%20be%20explored.
https://ejalshakti.gov.in/misc/MiscTechnologyApprovedForm.aspx#:~:text=AMRIT%20technology%20is%20based%20on,fluoride%20affected%20regions%20of%20India.
https://ejalshakti.gov.in/misc/MiscTechnologyApprovedForm.aspx#:~:text=AMRIT%20technology%20is%20based%20on,fluoride%20affected%20regions%20of%20India.
https://iccw.world/
https://iccw.world/
https://pradeepresearch.org/our-lab/gallery/
https://pradeepresearch.org/our-lab/gallery/
https://cryoem.iitm.ac.in/instruments/
https://cryoem.iitm.ac.in/instruments/
https://elearn.nptel.ac.in/shop/iit-workshops/ongoing/a-hybrid-course-on-water-quality-an-approach-to-peoples-water-data/?v=c86ee0d9d7ed
https://elearn.nptel.ac.in/shop/iit-workshops/ongoing/a-hybrid-course-on-water-quality-an-approach-to-peoples-water-data/?v=c86ee0d9d7ed
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