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“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



Au25L18
-

Nanomaterials are now atomically precise 

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

Au25, Ag25, Ag29
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Molecular materials



Reactions on clusters

Reactions between clusters

Molecular reactions
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Ion optics 

of the M
S



Inter-cluster reactions

A + B  C + D
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Au25(FTP)18 + Ag44(FTP)30 Au25-xAgx(FTP)18
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x = 02 135 4
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Ag25-Au25 experiments

K. R. Krishnadas et al. Nature Commun. 2016
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Reaction between Au25(PET)18 and Ag25(DMBT)18
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Optimized structure of [Ag25Au25(DMBT)18(PET)18]
2-
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M. Neumaier, A. Baksi, et. al., JACS 2021
Manfred Kappes, KIT



Kinetics of the exchange (monitored on the Ag25 side)



19Papri Chakraborti, et. al. Science Advances, 2019.

Isotopic exchange



Atomically precise nanocluster assemblies 
encapsulating plasmonic gold nanorods 

Chakraborty, A. et al., Angew. Chem. Int. Ed. 2018, 57, 6522–6526. 
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A plant to make supported nanomaterials for water 

purification; with capacity of 4.5 tons per month, 2007

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.
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M. Udhaya Sankar, et. al. Proc. Natl. Acad. Sci., 110 (2013) 8459-8464.
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A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.
Safety of the spent media, TCLP

Range of materials, their affordability and safety



ACS Sustainable Chemistry  & Engineering Editorial, 

December 2016

Clean water for everyone



Nature Nanotechnology, July 2014 issue



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, serving 1.3 million people with arsenic and iron-free 

water every day.



Evolution of materials to products

27

Ankit Nagar and T. Pradeep 14(2020). ACS Nano, 6420-6435
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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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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. 30



Mercury quenching experiment using nanofiber

31



Jana et. al, Inorganic Chemistry (2022)

Clusters stable up to 300 oC!

With Tomas Base



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



500 µM

Co P Sa) b)

c) d)

New electrodes - Aligned nanoplates of Co6S8

34

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



Electrospray deposition
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Sensing

36
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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



Installations made by four companies

India’s water is being monitored

IITM/IISc



40International Centre for Clean Water



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



QMS for ion

scattering as well as SIMS

Low energy ion 

scattering MS
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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?



IIT Madras Research Park
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Biswarup Pathak K. V. Adarsh G. U. Kulkarni Vivek Polshettiwar
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Water team at IIT: A. Sreekumaran Nair, Anshup, M. Udhaya

Sankar, Amrita Chaudhary, Renjis T. Tom, T. S. Sreeprasad,

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,

Ankit Nagar, Ramesh Kumar Soni, Tanmayaa Nayak, Sonali

Seth, Shihabudheen M. Maliyekkal, G. Velmurugan, Wakeel

Ahmed Dar, Ganapati Natarajan, N. Pugazhenthiran, A.

Leelavathi, Sahaja Aigal, S.Gayathri, Bibhuti Bhusan Rath,

Ananthu Mahendranath, Harsh Dave, Erik Mobegi, Egor Moses,

Hemanta R. Naik, Sourav Kanti Jana,...

Avula Anil Kumar, Chennu Sudhakar, Sritama Mukherjee, 

Anshup, and Mohan Udhaya Sankar

Funding: Department of Science and Technology, Government 

of India

Start-ups and partners:

PhD Theses: Bindhu Varughese, M. R. Resmi, M.

Venkataramanan, N. Sandhyarani, R. Selvan, A.

Sreekumaran Nair, M. J. Rosemary, Renjis T. Tom, C.

Subramaniam, Jobin Cyriac, V. R. Rajeev Kumar, D. M.

David Jeba Singh, Akshaya Kumar Samal, E. S. Shibu, M.

A. Habeeb Muhammed, P. R. Sajanlal, T. S. Sreeprasad, J.

Purushothaman, T. Udayabhaskararao, M. S. Bootharaju,

Soumabha Bag, Robin John, Kamalesh Chaudhari, Ammu

Mathew, Indranath Chakraborty, Radha Gobinda Bhuin,

Ananya Baksi, Amitava Srimony, Anirban Som, Rabin Rajan

Methikkalam, K. R. Krishnadas, Soujit Sengupta, Depanjan

Sarkar, Atanu Ghosh, Rahul Narayanan, Avijit Baidya,

Shridevi Bhat, Papri Chakraborty, Swathy Jakka Ravindran,

C. K. Manju, Abhijit Nag, S. Vidhya, Jyoti Sarita Mohanty,

Debasmita Ghosh, Jyotirmoy Ghosh, Md. Bodiuzzaman,

Biswajit Mondal, Tripti Ahuja, Esma Khatun, Krishnan

Swaminathan, K. S. Sugi, Amrita Chakraborty, Sudhakar

Chennu, Sritama Mukherjee, Madhuri Jash, Sandeep Bose,

Md. Rabiul Islam, Pallab Basuri, Mohd Azhardin Ganayee,

Tanvi Gupte

>25 Post-doctoral fellows, >200 masters students and

visitors
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