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People, enabling environment and hard work



Vincent van Gogh, Boots with laces, 1886



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

Water is the most important inheritance of our planet

Our economic, social and cultural outcomes 
can be traced to water. 

Water is the simplest and simultaneously 
the most complex problem of humanity.

Everything simplifies to water. 

There is water in everything we do. 



Water is at the entre of action 

Variety and diversity are part of water, in problems and opportunities



Challenges  
Every possible need

Every river is contaminated
50% of the microbial diversity is lost for ever

Grooten, M.; Almond, R. E. A. Living Planet Report - 2018:
Aiming Higher; WWF: Switzerland, 2018.

From S. Vishwanath

-45 oC, 15% RH

+45 oC, 99% RH

Arsenic
Fluoride
Uranium
Mercury
Chromium
Perchlorate
Nitrate
Pesticides
Antibiotics
Plastics
Detergents
…..
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Affordable clean water is a problem of advanced materials

New adsorbents
New sensors
New catalysts
Novel phenomena
New devices



Au25L18
-

Nanomaterials have become atomically precise 

T. Pradeep et. al. Acc. Chem. Res. 2018; 2019.
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ACS Sustainable Chemistry  & Engineering Editorial, December 2016

Nanomaterials can solve real problems



Also the pioneering work of R. W. Murray, Robert L. Whetten, Uzi Landman, Tatuya Tsukuda, Yuichi Negishi, Hannu Hakkinen,
Rongchao Jin, Nanfeng Zheng, Terry Bigioni,  Osman Bakr, Kornberg, Jianping Xie, C. M. Aikens, Thomas Buergi, Amala Dass, 
Ackerson, De-en Jiang, …. A. W. Castleman Jr., H. Schmidbauer, …. Robin Ras, Olli Ikkala
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Citations: >1100



Au25, Ag25, Ag29
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Au25L18
-

7385 7390 7395
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Molecular formula, Molecular weight

Au38SR24

Au102SR44
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2000 4000 6000 8000 20000 40000 60000

m/z

Ag29(BDT)12
3- Ag25(DMBT)18

-
Au25(PET)18

-

HRMS of Au25(PET)18
-

Bacteriophage P22, a virus with theoretical average mass of 51,613,585 Da
Au261998



Geometric and electronic shells
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Molecular structure

Gana Natarajan
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Molecules and their properties
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Ananthu Mahendranath et al. Chem.Comm.2021



Nanfeng Zheng et al. Nature Communications, 2013
Terry Bigioni et al. Nature 2013

Ag44
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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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Locations of Au in AuxAg44-x(SR)30 

Location of Ag in 
Au25-xAgx(SR)18 

I Dcv Dcf S 

C -0.015 +0.564 +0.388 +0.226 
I -0.486 +0.093 -0.083 -0.245 
S -0.276 +0.303 +0.127 -0.035 

Location of Au in  
AuxAg44-x(SR)30 

 
∆E/eV 

 

Icosahedron (I) -0.72  

Dodecahedron: cube vertex 
(Dcv) 

-0.14  

Dodecahedron: cube face (Dcf) -0.32  
   

Staples (S) -0.48  

Location of Ag in  
Au25-xAgx(SR)18 

 
∆E/eV 

 

Central atom (C) +0.71  

Icosahedron (I) 
+0.23  

Staples (S) +0.44  

(A)
(B)

(C)

Energies for the substitution reaction of (A) Au in Ag44(SR)30, 
(B) Ag in Au25(SR)18 and (C) the overall reaction   energies (in 

eV) as a function of their positions in product clusters, 
AuxAg44-x(SR)30 and Au25-xAgx(SR)18 for x=1
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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

DMBT
PET
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[Ag25(DMBT)18+Au25(PET)18]2-

6272 6276 6280 6284 6288
m/z

[Ag25(DMBT)18+Au25(PET)18]2-

DMBT PET
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within 2 min 

within 5 min 

Ag25(DMBT)18:Au25(PET)18 

0.3:1.0 

Evolution of alloy clusters from the dianionic adduct,
[Ag25Au25(DMBT)18(PET)18]2-
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Optimized structure of [Ag25Au25(DMBT)18(PET)18]2-
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How do we comprehend this?
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Gana Natarajan et. al. JPC C 2015 33



Aspicules
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(D1-3,D2-3)-di(2-phenylethylthiolato),16(methylthiolato)-auro-25 aspicule(1-) 
(D1-3,D2-3)-(PET)2,(SMe)16-auro-25 aspicule(1-)

35



x

z´

y´

y

x 3́

5

3

1

4

2

1

3

4

4

4

1

1

5

4
5

5

2

2

1
2

4

3

2

5

1
2 3

5

z
3

Au

S

4 1

23

5 6

7

i

8

9

1
0

11

12

Ligand Exchange & Alloy 
cluster
Au24Pd(SR1)10(SR2)8 isomer 1 (cis)

1, 5-(SBB)10, 3-(SC6H12)8

(i, 1, 2, x2)-palladoauro-25 asp (-1)

x

y 

z
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M. Neumaier, A. Baksi, et. al., JACS 2021
Manfred Kappes, KIT



CID data of [Au25Ag25]2-



Kinetics of the exchange (monitored on the Ag25 side)



Atom transfer dynamics

They are indeed molecules!

41



42



2000 4000 6000 8000 10000

5140 5145 5150

 

2000 4000 6000 8000 10000

 

5190 5195 5200

 

m/z m/z

m/z m/z

A) B)

a)
b)

[107Ag25(DMBT)18]- [109Ag25(DMBT)18]-

ESI MS of  A) 107Ag25(DMBT)18 and B)109Ag25(DMBT)18. Insets shows the respective isotope patterns. 
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Papri Chakraborty, et. al. Science Advances 2019
45
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Assemblies and superstructures

47



Atomically precise nanocluster assemblies encapsulating 
plasmonic gold nanorods 

Chakraborty, A. et al., Angew. Chem. Int. Ed. 2018, 57, 6522–6526. 
48



3D morphological analysis
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Generalization Works for Au250(pMBA)n and aqueous solvent

50



2019
Outlook

51



Jana et. al, Inorganic Chemistry (just accepted)

Carborane-thiol protected propeller-shaped photoresponsive silver nanomolecule

With Tomas Base



Structural details of Ag21



Structural details of Ag21
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Molecules and their properties

Molecular formula
Molecular weight
Molecular structure
Molecular absorption and emission
Molecular reactions
Molecular assembly
Molecular co-crystals

------
Phases - phase transitions
Physical properties

Electrical, magnetic
Mechanical properties
Electrochemical properties

Future?



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.

Quantum cluster based metal ion sensing paper
Large area uniform illumination using quantum cluster

Anu George et al. ACS Applied Materials & Interfaces, 2012 



Sub-zeptomolar detection 

Ammu Mathew, et al. Angew. Chem. Int. Ed. 2012

Featured in:
The Hindu, Telegraph, Times of India, etc.
C&E News
and many others



Video of mercury quenching experiment using the nanofiber
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New materials
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What is special?



Live/dead staining experiments
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64A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.
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Mechanism



Chennu Sudhakar, et al. ACS Sustainable Chemistry & Engineering, 6 (2018) 9990-10000
66



67A. Anil Kumar, et. al. Adv. Mater., 29 (2016) 1604260.
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Imagining how new adsorbents are changing the 
dynamics at ground level

• 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

70



Name of the scheme: Mahilan Wala (TW9144), District: Amritsar
Population: 2610, Daily demand@70 LPCD: 188 kLD, OHSR Capacity: 

100 kL

Seeing how the new adsorbents are changing the 
dynamics at the ground level (type 1 of our efforts)

71



Completed 3 years maintenance (stipulated: 2 years) 
for 330 bamboo unit project in Nadia, WB

Minimum uptime: 91%, Maximum: 98%
Only 4/330 have reported arsenic above 10 ppb
Benefiting over 100,000 children and villagers 
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100 150 200
m/z 74

Atmospheric water harvesting



Depanjan Sarkar, et. al. Advanced Materials, 28 (11), 2016.
75

New harvesters



100 nm

Hydrophobic
Hydrophilic

50 µm 50 µm
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 1 µm

F Kα

S Kα

Ag Lα

Cu Lα

Hydrophobic 
region

Hydrophobic 
region

Hydrophilic 
region

Hydrophilic 
region

Ag coreAg core

A B C

Nature Schematic Our material
D E F

G

H
I J

5 nm

100 µm

Combination of cactus and Namib desert 
beetle effect

Depanjan Sarkar, et. al. Unpublished.
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Atmospheric humid 
air 

Air filter 
membrane

Filtered 
humid air

Cooled nano-
engineered surface

Peltier
cooler

Condensed 
water drops

Exhaust hot 
air

Ramesh Kumar Soni and Ankit Nagar

VayuJAL Technologies Pvt. Ltd.
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Products in the field

35 LPD     120 LPD                         400 LPD                                                      1000 LPD             2000 LPD

(LPD: Litres per day)



Solar- heat-enabled atmospheric water capture at
a relative humidity as low as 20%

Porous metal-organic framework (MOF-801, Zr6O4(OH)4(fumarate)6)

Kim Hyunho, et al. Science, 356 (6336) 2017

Sustainable atmospheric water harvesting 
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Capacitive Desalination (CDI)

Our new company

80

Soujit Sengupta, Rabiul Islam and others



https://www.pmfias.com/wp-content/uploads/2016/01/Coastline-of-
India-–-Indian-Coastline.jpg
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Products under implementation

82

Vijay Sampath and Tullio Servida



83

A Covalently Integrated Reduced Graphene Oxide -Ion 
Exchange Resin Electrode for Efficient CDI

Rabiul et al., Adv. Mater. Interfaces 2021, 8, 2001998



Various stages of electrode preparation 



Evolution of materials to products

85
Ankit Nagar and T. Pradeep 14(2020). ACS Nano, 6420-6435



Plan for immediate future

86

India Mark II hand 
water pump –
most common 
water pump used 
globally

InnoNano Research’s in-line arsenic 
removal filtration system

ARSENIC TOXIC 
WATER

SUSTAINABLE
SOURCE OF 
ARSENIC FREE 
SAFE DRINKING 
WATER

In-line arsenic sensor and 
remote data management –
indicates when filtration systems 
require maintenance. IMPROVED 
FILTER SUSTAINABILITY



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



Hydroinformatics
Application of computing technologies for efficient, sustainable and equitable water 
management. 

Digital water or water 4.0 will revolutionize water management.

AI  

IoT and 
Cloud

Blockchain

Hydroinformatics

Modelling and 
simulations

VR/AR

Cyber-physical 
systems 



https://www.unnatisilks.com/blog/naturally-colored-cottons-a-regain-in-popularity/

Traditional knowledge
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Policy



Our dreams become reality with materials

H2O       H2O

Clean water

Energy

Affordable, inclusive, sustainable and contextual excellence   



Hydrogen + Oxygen Water + 286,000 joules of energy per mole

1 kg of solar hydrogen is now at Rs. XX and could be Rs. 150 soon.

It can make 143 million J of energy.

Desalination needs 2.4 kWh or 8.84 million joules for 1 CM of water.

1 kg of hydrogen can therefore make 16.56 CM of water.

Or Rs. 9.06 per cubic meter, 0.9 paise per litre!

Well, add efficiency, other costs of plant, transportation, etc. 

Some simple calculations

That world will need water literacy
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January 2016
95
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97
International Centre for Clean Water April 2020



IIT Madras Research Park
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1995100
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Group during 2018, along with Prof. Graham Cooks 

The AMRIT Team, 2013
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Debasmita Ghosh, Md. Bodiuzzaman,  Esma Khatun, K. S. Sugi, Amrita Chakraborty, 
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Associate Editor


