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Water resources are finite 



Why nanotechnology? 

10-9 

T. Pradeep, Env. Sci. Technol. 2014, Feature 
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Variation in properties originating from ligand shell and metal core as bulk noble 

metals transform to nanoparticles/clusters. Sizes are not to scale. New properties 

such as color and photoluminescence arise in such size regime. Photographs of 

Au@citrate nanoparticles (inset A) showing intense absorption of visible light and 

Au@SG (SG corresponds to glutathione thiolate) clusters (inset B) showing intense 

photoluminescence upon ultraviolet irradiation (from the author’s work). 

1. More for less 
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Permissible contamination reaches limits of detection 

1012 molecules 

2. Limits of contaminants 
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Decrease in the permissible limit of arsenic in drinking water, according to US 

EPA, with time. The graph indicates a general trend. 



After  10 ppt Hg2+ After  500 ppt Hg2+ After  1 ppb Hg2+

(B) (C)(A)

After  500 ppt Hg2+Blank

(D) (E) G

After  1 ppb Hg2+

(F)

(A)–(C) Dark field fluorescence images of Au@SiO2@Ag15 MFs showing the 

gradual disappearance of luminescence with increasing Hg2+. (D)–(F) 

Fluorescence images showing variation in color during the addition of Hg2+ of 

different concentrations to Au@SiO2-FITC@Ag15 MFs. Insets in all images show 

the corresponding optical images of the MFs; scale bars are 3 μm.  

 

3. Can we reach limits? 



Cavities, channels, imprints, assemblies, fibres, …… 
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(A) Periodic table of elements and those used for water purification (highlighted). 

Abundances (in wt %)2 of the highlighted elements in earth’s crust are also 

mentioned. Note: The highlighted elements are not exactly in their original 

positions of the periodic table for clarity. (B) Elements that can be grouped to 

create diverse materials used for water purification. 

 

Materials in water – A simple view 
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 ・Small is different  

 ・Every atom counts 

Metal nanoparticles 
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From Gunter Schmidt, Chem. Soc. Rev. 2008, 37, 1909–1930 

Magic clusters 



Shibhu, Habeeb, Uday, Kamalesh, Lourdu, Ammu, Ananya, Indranath, Atanu,…. 
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Molecular recognition-based chemistry 
Supramolecular organised structures 
Early stages of ligand exchange and 
molecular recognition 
 
Molecular chemistry with clusters is 
evolving 

Summary 
 

Several new methods of synthesis have been introduced 

 

Slow reduction 

Interfacial synthesis 

Solid state synthesis 

Gel cavities 

Sunlight-mediated 

Clusters from clusters 

Molecular containers 
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Indranath et al. Chem. Commun.2012, 48, 859 

Dhanalakshmi et al. Chem. Commun. 2012, 48, 6788 

Shibu and T. Pradeep, Chem. Mater. 2011, 23, 989 
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Diverse methods of synthesis 

T. Udayabhaskararao and T. Pradeep, J. Phys. Chem. Lett. 4 (2013) 1553–1564 



 

Systematic Isolation of  Glutathione-Protected Gold clusters 

[Au25(SG)18–zH]z– 
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From Y. Negishi  

Negishi, Y.; Nobusada, K.;  and Tsukuda, T.  

J. Am. Chem. Soc. 2005, 127, 5261-70. 



Au25SG18 

 

Synthesis: Au25 clusters can be preferentially populated by dissociative  

excitation of larger precursors Preferential Population of Stable Clusters

Single Phase Ligand Etching

Interfacial Ligand etching

Preferential Population of Stable Clusters

Single Phase Ligand Etching

Interfacial Ligand etching

Scheme showing the synthesis of Au25SG18 clusters 

E. S. Shibu et al. J. Phys. Chem. C. 2008 

Direct synthesis from mixture of particles 
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One step methods -  Au18SG14 

Atanu Ghosh, T. Udaya Bhaskara Rao and T. Pradeep, J. Phys. Chem. Lett., 3 (2012) 1997-2002 

Slow reduction! 



550 nm 

640 nm 

350 nm 

550 nm 
TUB Rao and  T Pradeep, Angew. Chem. Int. Ed.  49 (2010) 3925-3929(2010).  

Silver clusters - interfacial etching 
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Indranath Chakraborty, et al. Nano Lett. 2012 With Uzi Landman and Rob Whetten 
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Indranath et al. J. Phys. Chem. Lett. 2013 
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Cluster nucleation in proteins 

Kamalesh Choudhari et al.  ACS Nano (2011) 



Clusters in cavities 



Cluster assemblies and host-guest complexes 
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Clusters in cavities 
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Indian patent, 4036/CHE/2010, filed on December 30, 2010. 

E. S. Shibu and T. Pradeep, Chem. Mater. 23 (2011) 989–999. 



CD∩BBSH 

Positive mode MALDI of BBSH∩CD complex 
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Ammu Mathew et al. ACS Nano 2014. 
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Substitution chemistry of clusters 

R1 

R2 

Mixed functionalised  

clusters 

Yoshiki Niihori, Miku Matsuzaki, T. Pradeep and Yuichi Negishi, J. Am. Chem. Soc., 135 (2013) 4946-4949 



Ligand exchange chemistry –  
Substitution chemistry 

Separation of precise compositions of noble metal clusters protected with mixed ligands 

With Niihori and Negishi, Tokyo University of 

Science 





Cluster isomers 



Cluster alloys 
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Ag7Au6 – 13 atom alloy cluster 

T. U. B. Rao et al. Angew. Chem. Int. Ed. 2012 Hot article 



Sensors 



Region-specific SERS activity 

AuAg

1 µm
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EDAX image of Au/Ag MF Raman image of Au/Ag MF 

Au/Ag mesoflowers  

 show high SERS activity than Au mesoflowers. 

 show ten-fold increase in the SERS enhancement factor than Au mesoflowers. 

 capable of detecting biomolecules and explosives at very low concentrations. 

Decreasing order of SERS activity → Au/Ag MFs> Au MFs> Au/Pt MFs 

SERS intensity is higher at the tip compared to the body of the stem. 

P. R. Sajanlal and T. Pradeep, Langmuir, 26 (2010) 8901– 8907. 
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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 



Observing nanochemistry in real 

time 

Mechanism of action 
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Soujit Sen Gupta et al. ACS Appl. Mater. Interfaces 2012 



Graphene adsorbs pesticides more than its self weight! 

S. M. Maliyekkal et al Small 2012 



Featured in: 
The Guardian, UK 
The Hindu, Telegraph, Times of India, etc. 
Scientific American 
New Scientist 
and many others 
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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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Noble metal nanoparticles: removal of pesticides from water 

Variation of the UV-visible 

absorption spectrum of silver 

nanoparticles upon the addition 

of CCl4 

Gas chromatogram of chlorpyrifos solution (L) and after 

treatment with silver nanoparticles (R) 

(L) Silver nanoparticles coated on activated alumina (R) Photograph of a pesticide filter device 

using supported nanoparticles (WQA certified) 
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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 



Affordable materials for water purification - Bioinspired 

Water positive 

Water-based, room temperature, water stable 

Green 

M. U. Sankar et al, PNAS 2013 
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Live/dead staining experiments 
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Parameters Value 

Total coliforms (CFU/mL)  

p H @25°C 

Conductivity (µS/cm) 

Fluoride 

Chloride 

Nitrate 

Sulphate 

Silicate 

Lithium 

Sodium 

Ammonium 

Potassium 

Magnesium 

Calcium 

1-2 x 103 

7.8 

640.000 

0.573 

86.340 

1.837 

32.410 

15.870 

                      ND 

53.740 

ND 

2.330 

14.340 

28.720 

Physicochemical characteristics of influent natural drinking water 

(Note: All parameters are expressed in mg L-1, except for pH and conductivity)  

ND-not detected  

Natural drinking water (without treatment so that there is a residual bacterial count 

in it) was used for testing to ensure that that the material functions in the field. 
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Time dependent TEM 









































HRTEM images of initial material 

Ferrihydrite: 0.22 nm, 0.25 nm 
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HRTEM images of As(V) adsorbed (or reacted) 

material [image from the same area at different depth 

of focus] 

0.25 nm 

(111/110) 

Goethite: α –FeOOH (0.25 nm)  
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Fe Kα O Kα As Kα 

Element Weight% Atomic% 

O K 32.84 63.62 

Fe K 60.89 33.79 

As K 6.27 2.59 

Totals 100.00  100.00 
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Cyst removal 



Performance summary 
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Implementing technologies 











Field tests 



DST Nano Mission 
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