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An ocean of

opportunities

Earthrise, taken on December 24, 1968, by Apollo astronaut

William Anders.
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Water presents a unique opportunity
to find a purpose in life.




“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
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We developed environmentélly 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, serving 1.3 million people with arsenic and iron-free water
every day.



Diamondoid protected silver nanoclusters
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From: https://opentalk.iit.it/en/gold-nanoparticles-
to-save-neurons-from-cell-death/
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Functional Nanomaterials
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Sand, the Ubiquitous Material
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Optical image of silica

Ground silica
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Weathering of Minerals in Microdroplets
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Micron-sized
particles
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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

This instability leads to the formation of a
stacking fault on the (010) plane, achieved
with slip localized at (010) plane
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Mechanism of nanoparticle formation

Mother droplet NP formation
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Rayleigh, On the
equilibrium of liquid
conducting masses
charged with electricity,
Philosophical Magazine,
1882
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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
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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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Vision

Make soil using
processed wastewater
and make deserts
bloom.

Thanks to ChatGPT



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
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vously in the presence of complex s
drinking water that deposit and caus
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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
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ambient temperature has wide releva
water purification.
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India’s water is being monitored

o ol Pilot pcation click the dot 1o view detalls of water supply In the village
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https://aquahive.in/peopleswaterdata/maps
https://aquahive.in/peopleswaterdata/maps




Observing water
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