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From S. Vishwanath



Water purification, history

T. Pradeep and Anshup, Thin Solid Films, 2009
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Affordable clean water is a problem of advanced materials

New adsorbents
New sensors
New catalysts
Novel phenomena
New devices



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
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Candidate contaminant list

Contaminants regulated by EPA

(a): Halogenated organic (b): Metal (c): Organochlorine pesticide (d): Inorganic 

salt (e): Biological contaminant (f): Nuclear (g): Benzo derivative (h): Carbamate 

pesticide (i): Pesticides (others) (j): Unclassified (k): Triazine derivative pesticide 

(l): Organophosphorus pesticide (m): Organobromine pesticide (n): Non-metal 

(o): Nitrophenol derivative, (p): Dioxin, (q): Benzo and halogenated organic (r): 

Organometallics

Category-wise distribution of contaminants regulated by USEPA and future contaminants

Future of water purification: An enigma with some pointers 

Noble metal nanoparticles for water purification: A critical review, T. Pradeep and Anshup, Invited critical review, Thin Solid Films, 517 

(2009) 6441-6478 (DOI: 10.1016/j.tsf.2009.03.195).
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ACS Sustainable Chemistry  & Engineering Editorial, 

December 2016

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

Water positive materials



9A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.

Variety of materials
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Mechanism



Chennu Sudhakar, et al. ACS Sustainable Chemistry & Engineering, 6 (2018) 9990-10000. 11

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

Lab studies
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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

15

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
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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

Cleanwater at 2.1 paise per litre!

18

0.025 cents
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Smart water purifiers and big data

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



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





Evolution of materials to products

24

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



Analog/Grating
Equipment
$ 5~6 Billion (2017)

a few 100k units  (2017)

Ultra compact Low Cost

Spectral Sensor Module 
~ Billions units ( ? 2027 )

Water quality measurement – In the pipeline

Sensors and new opportunities



Installations made by four companies

India’s water is being monitored

IITM/IISc



Mobile unit - A reagent free mobile water quality analyser



A drop-and-sense reagent free arsenic sensing test strips

IIT Madras patented 

Arsenic sensing technology

Publication and Patents
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Reagent free, Reusable test strip with selective arsenic sensing

Drop-and-sense technology with no pretreatment of samples



Policy
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International Centre for Clean Water



Clathrate hydrates



Ice – why should we care?

Ice is big in scale - 10 percent of the land area on Earth is covered with glacial ice. 

Glacierized areas cover over 15 million square kilometers.

Ice could be a vehicle for life on Earth - astrobiology

Ice is there everywhere, including in space - naturally

Ice can make clathrates

Water is not understood – especially in its condensed form

Condensed molecular solids are all ices
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Viswakarma, G. et al., J. Phys. Chem. Lett., 2023, 14, 2823–28

33

115-400 nm

Bag, S. et al., Rev. Sci. Instrum. 2014, 85, 014103/1-014103/7



Bag, S. et al., Annu. Rev. Anal. Chem. 2013, 6, 97–
118



Instrumentation
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Interstellar medium 

Diffuse clouds: T ~ 100 K, n ~ 100 molecules per cm3

Dense clouds: T ~ 10-100 K, n ~ 104-108 molecules per 

cm3

On Earth sea level: T ~ 300 K, n ~ 3×1019 molecules 

per cm3

https://spaceref.com/science 37

Pressure: ~ 10-10 mbar

Temperature: ~ 10 K 



Interstellar ices

Silicates and carbonaceous material – 0.01-0.5 μm 

Arumainayagam, C. R. et al., Chem. Soc. Rev., 2019, 48, 2293–2314
38



Applications of clathrate hydrates

39

“Ice on fire” burning of methane hydrate

Applications:

 Renewable energy source.

 Storage of natural gases and 

hydrogen (H2).

 Separation of flue gases and 

desalination of seawater.

 Flow assurance in gas pipelines.

Gas hydrate plug recovered from a subsea 

pipeline

Koh, A.C. et al., Annu. Rev. Chem. Biomol. Eng. 2011, 2, 237-257



Clathrate hydrates

Strobel, T. A. et al., Chem. Phys. Lett., 2009, 478, 97–109 

Song, G. et al., Fuel., 2019, 237, 475-485

Video captured in Prof. Rajnish Kumar’s lab

40
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Clathrate hydrates at extreme low pressure

(30, 2×10-6) Low pressure zone
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Sloan, E.D.; Koh, C. A., Clathrate Hydrates of Natural Gases, 3rd ed.; CRC Press: Boca Raton, FL, 2008
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Clathrate hydrates in interstellar environment

Ghosh, J. et al., Proc. Natl. Acad. Sci. U.S.A., 2019, 116, 1526-1531



Annealing

Co-deposition at 10 K
Clathrate hydrate (CH)

Methane hydrate 

structure; 512 cage

Sample inlet tubes

UHV UHV

Varying T, 

depending on the 

gas

Experimental method

43
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Clathrate hydrates in interstellar environment

12.71% of 

the total CH4

is trapped

512 cage of 

CH4 hydrate

Ghosh, J. et al., Proc. Natl. Acad. Sci. U.S.A. 2019, 116, 1526-1531



Future



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 clathrate hydrates?
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Atomically Precise Clusters



Au25, Ag25, Ag29

49

New molecules
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They make high quality crystals



Geometric and electronic shells
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Molecular structure

Gana Natarajan



TEM images of Au25 and Au144
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Au144(PET)60
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Inter-cluster reactions

A + B  C + D

56



Evolution of materials to products

57

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



Biosensor Design

As(III)

As(V)

e-

Recombinant Arsenite 

Oxidase NT-26 Aio

Horse Heart 

Cytochrome C
Aldrithiol Low-cost Gold sputtered 

thin film on PET substrate

Buffer: pH 7-8

1st Generation Design (Mediated Electrochemistry)

e-

As(III)

As(V)

Recombinant Arsenite 

Oxidase NT-26 Aio

low-cost nanostructured 

electrodes which interact 

directly with enzyme (e.g. 

graphene or CNT). 

2nd Generation Design (Direct Electron Transfer)

e-

Bio-nano Consulting & Imperial College, London58
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Decrease in the absorption of Au15 as a biofilm is dipped into the cluster 

solution. Inset: Free standing quantum cluster loaded film in visible light and 

UV light.

Cluster-based metal ion sensing

Anu George et al. ACS Applied Materials & Interfaces, 2012 
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Approaching detection limits of tens of Hg2+

Atanu Ghosh et al. Anal. Chem. 2014.
60



Mercury quenching experiment using nanofiber

61



Jana et. al, Inorganic Chemistry (2022)

Carborane-thiol protected silver nanomolecule

With Tomas Base





Thermal stability



500 µM

Co P Sa) b)

c) d)

New electrodes - Aligned nanoplates of Co6S8

65

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



Electrospray deposition

66Anagha Jose et. al.  ACS Mat. Lett. (2023)



Sensing

67
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Computational insights
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Working electrode
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Smart water purifiers and big data

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



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
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Udayabhaskararao Thumu, M. S. Bootharaju, K. R. Krishnadas,

Kalamesh Chaudhari, Soujit Sengupta, Depanjan Sarkar, Avijit

Baidya, Swathy Jakka Ravindran, Abhijit Nag, S. Vidhya,

Biswajit Mondal, Krishnan Swaminathan, Azhardin Gnayee,

Sudhakar Chennu, A. Suganya, Rabiul Islam, Sritama

Mukherjee, Tanvi Gupte, Jenifer Shantha Kumar, A. Anil Kumar,
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Funding: Department of Science and Technology, Government 

of India
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