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“Pale blue dot” Voyager 1 Feb. 14, 1990

Water is the most important inheritance of our planet



From S. Vishwanath



Our dreams become reality 
with materials



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

World’s first nanochemistry-based water purifier

Chemistry world
First ever 

nanotechnology 
product for clean 

water

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.
Several new technologies are now  available



Au25L18
-

Nanomaterials are now atomically precise 

T. Pradeep et. al. Acc. Chem. Res. 2018; 2019.



ACS Sustainable Chemistry  & Engineering Editorial, 

December 2016

Clean water for everyone



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

Water positive materials
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What is special?
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Live/dead staining experiments



No nanotoxicity



A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.

Variety of materials



Mechanism – molecular tools



Chennu Sudhakar, et al. ACS Sustainable Chemistry & Engineering, 6 (2018) 9990-10000.

Modeling surfaces



A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.

Lab studies



Initial pilot studies



Larger pilot studies



Changing the dynamics in the field

▪ Existing unit for iron and arsenic removal –

20 m3/h

▪ Uses activated alumina and iron oxide (old

generation of adsorbents)

▪ Existing unit for iron and arsenic removal –

18 m3/h

▪ Uses iron oxyhydroxide (new generation of

adsorbents)

▪ Input arsenic concentration: 168 ppb

▪ Output arsenic concentration: 2 ppb

Existing plant in 40 cents New plant in 3 cents 



Large water supply schemes

Capacity: above 1 MLD

5 schemes in use across India

Retrofitted Water Purification Plant 

Capacity: 0.1-1 MLD

Over 180 units in use across India

Implementation - From 25 KLD to 1 MLD



Now they are across the country





Components of IoT architecture implemented by DWSS, GoP

Typical IoT architecture comprises various sensors and meters, communication gateway, Cloud Server, 
SMS gateway, Webservices and mobile phone application for operator





Installations made by four companies

India’s water is being monitored

IITM/IISc



Calculation for the Tariff to be collected for treated water (Revision if Required)

Design population 1,071 Plant capacity/70 LPCD

Sr.No. Item/Description Cost / Quantity Remarks

1 Cost of Replacement of Iron removal media 56400

After minimum two years if Iron concentration is 
more than 5 ppm. But iron concentration is more 
than 5 ppm at only two to three places. Therefore 
media may work for 3 years also.

2 Cost of Replacement of Arsenic removal media 978660

After minimum two years if Arsenic concentration is 
more than 100 ppb. But arsenic concentration is 
more than 100 ppb at only two to three places. 
Therefore media may work for 3 years also.

3 Cost of replacement of Activated Carbon 28560

4 Total cost of Replacement of media 1063620 After minimum two years.

5
Total cost of Replacement of media for one
year

531810

6 Plant capacity 75000 ltr per day

7 Design population 1,071 Plant capacity/70 LPCD

8 Cost per litr of water
2.1 Paise per ltr

9 Cost of replacement of media

1.36 
Rs. per head per day 
=Media replacement cost per year/365/Design 
population

40.80 per head per month for 70 LPCD water

Clean water at 2.1 paise per litre!

0.025 cents



Smart water purifiers and big data

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



Waste management

• Adsorbents conform to toxicity characteristic leaching procedure

• Elemental waste goes back to local environment

• Safe disposal of arsenic (or any other) laden waste

• Additional protection could be considered, if necessary

• Exploring viable uses



Evolution of materials to products

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



Analog/Grating

Equipment

$ 5~6 Billion (2017)

a few 100k units  (2017)

Ultra compact Low Cost

Spectral Sensor Module 

~ Billions units ( ? 2027 )

Exponential Opportunity of Spectral Sensing

Water quality measurement – In the pipeline

Sensors and new opportunities



500 µM

Co P Sa) b)
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New electrodes - Aligned nanoplates of Co6S8

1,2-bis(diphenylphosphino)ethane (DPPE)



Electrospray deposition



Sensing



Working electrode

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



E. Shaji, M. Santosh, K. V. Sarath, Pranav Prakash, V. Deepch and B. V. Divya, Geoscience Frontiers, 12 (2021) 101079. 

Arsenic poisoning across the world



International Centre for Clean Water



IIT Madras Research Park



https://www.youtube.com/watch?v=fiJyptbXBtM



40

https://aquahive.in/peopleswaterdata/maps


Algara-Siller, G.; Lehtinen, O.; Wang, F. 
C.; Nair, R. R.; Kaiser, U.; Wu, H. A.; 
Geim, A. K.; Grigorieva, I. V., Square 
ice in graphene nanocapillaries. Nature 
2015, 519 (7544), 443-445. 

Observing water





NANOPARTICLES

Spontaneousweatheringof natural mineralsin

chargedwater microdropletsformsnanomaterials
B. K. Spoorthi1, Koyendrila Debnath2, Pallab Basuri1, Ankit Nagar1,

Umesh V. Waghmare2, Thalappil Pradeep1,3*

In this work, weshowthat particles of common minerals break down spontaneously to formnanoparticles in

charged water microdroplets within milliseconds. Wetransformed micron-sized natural minerals likequartz

and ruby into5- to10-nanometer particles when integrated into aqueous microdroplets generated via

electrospray. Wedeposited thedroplets onasubstrate, which allowed nanoparticlecharacterization. We

determined through simulations that quartzundergoes proton-induced slip, especially when reduced in

sizeand exposed to an electric field. This leads toparticlescission and theformation of silicate fragments,

which weconfirmed with mass spectrometry. This rapid weatheringprocess may be important for soil

formation, given theprevalenceof charged aerosols in theatmosphere.

N
anoparticles of minerals exist naturally

in soil, and some of them are essential

for life (1). Microdroplets have been a

topic of interest over the past decade,

and the confined environment within

them isknown to causechemical synthesis at

an accelerated rate, aswell asother processes

such astheformation of nanoparticles(2).We

decided to explore whether natural minerals

could disintegratein microdroplets, through a

processoppositeto chemical synthesis.

For our experiments, we prepared micron-

scaleparticlesof natural quartz(SiO2) and ruby

(Cr-substituted Al2O3) for useinanelectrospray

setup (Fig. 1, A and B). Weground commercial

millimeter-sized quartz particles well using a

mortar and pestle and used centrifugation to

separate the differently sized particles that

formed. Wecarefully excluded all theparticles

smaller than 1mm in size and used particles

of 5 to 10 mm that were suspended in water

for the experiment (Fig. 1C). Even after ultra-

sonication todetach anyadhered particles,we

found some smaller particles attached to a

few larger ones(Fig. 1C). Theseadhering par-

ticles had dimensions greater than 100 nm

(fig. S1). We took an optical image of the

ground quartz powder and an optical micro-

scopic image of the separated particles that

weused for electrospray (fig. S2). Weelectro-

sprayedasuspension of about 0.1mg/ml of the

separated quartz particles through a capillary

tubethat had an inner diameter of 50 mm at a

flow rateof 0.5 ml/hour and observed the re-

sulting plume(Fig. 1A). Wecollected the pro-

duct of electrospray 1.5 cm away from the

spray tip, which resulted in a flight time on

theorder of 10 ms, consistent with similar ex-

periments (3, 4). The product that was de-

posited on a transmission electron microscopy

(TEM) grid had only 5- to 10-nm-diameter

particles(Fig. 1D) throughout thegrid. Under

higher magnification, particles of different

morphologies were observed. The particles

showed the (110) plane of quartz (inset of

Fig.1D).Sonicationhadnoeffect on thebreak-

ing of silica particles. Experimental methods

arepresented in thesupplementarymaterials,

including a video of the electrospray process

(movieS1).

Toensurethat our initial observationswere

truly representative of the process, we per-

formed measurementson larger quantitiesof

samples. Webuilt amultinozzleelectrospray

unit composed of six nozzles. We electro-

sprayed 1 liter of the suspension that con-

tained 100 mg of the crushed micron-sized

particlesdiscontinuously over a month at the

optimized conditions (spray voltage and dis-

tance) anda3ml/hour flowrate,andadeposit

RESEARCH

Fig. 1. Process of disintegration of natural quartz in microdroplets.

(A) Schematic representation of the disintegration of mineral particles in micro-

droplets. Setup components include (i) the electrospray emitter, (ii) a spray

capillary with a 50-mm inner diameter, and (iii) the conducting substrate at a

distanceof L=1.5cmfromthetipof theemitter. (B) Aphotograph of thenatural

quartz. (C) Field-emission scanning electron microscopy (FESEM) image of

ground and separated natural quartz used for electrospray, showing that the

size range of particles is between 1and 5 mm. A few smaller particles that

are naturally adhered to the micron-sized particles remain attached even

after ultrasonication. (D) TEMimage of natural quartz after electrospray with

a high-resolution image of a particle shown in the inset. The plane shown is

(110), where d is lattice spacing.

1Department of Chemistry, Indian Institute of Technology

Madras, Chennai 600036, India. 2Theoretical Sciences Unit,

Jawaharlal Nehru Centre for Advanced Scientific Research,

Bangalore 560064, India. 3International Centre for Clean

Water, IIT Madras Research Park, Chennai 600113, India.
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A scale of 1000

Image from Wikipedia



Our dreams become reality with materials

H2O       H2O

Clean water

Energy

Affordable, inclusive, sustainable and contextual excellence   



Earthrise, taken on December 24, 1968, by Apollo astronaut William Anders.

From Wikipedia

Water presents a unique 

opportunity to find a purpose in life.

An ocean of 
opportunities
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The AMRIT Team, 2013
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