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Atomically precise metal clusters as materia
Is
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and more
eg. glutathione

4-(tert butyl)benzyl 2-phenylethanethiol
mercaptan

trimer,
pentamer, etc.

Au monomer Au dimer
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Molecular formula, Molecular wei
.g__ht
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New molecule
S

Au25, Ag25, A
929



Nanfeng Zheng et al. Nature Communications, 2
013



Molecular structur
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A929(BDT)123§925(DMBT)1 Au25(PET)18

HRMS of Au25(PET)18

m/z



Molecular materia
Is



Molecules and their propert

1es

Chemical formula H,O
Molecular weight 18.0148
Critical temperature 373.91°C
Critical pressure 22.05 MPa
Critical density 3150 kg/m*
Triple point temperature 0.01°C

Triple point pressure 615.066 Pa
Normal boiling point 100.0°C
Normal freezing point 0.0°C

Density of ice at normal melting point 918.0 kg/m*
Maximum demsity, 3.98°C 999.973 kg/m’
Viscosity, 25°C 0.889 mN s/m’
Surface tensicn, 25°C 72 mN/m

Heat Capacity, 25°C 4.1796 kJ/kg K
Enthalpy of vaponsation, 100°C 2,257.7 kl/kg
Enthalpy of fasion, 0°C 3338 kl/kg
Velocity of sound, 0°C 1.403 km/s
Dielectric constant, 25°C 78.40
Electrical conductivity, 25°C 8 pS/m
Refractive index, 25°C 1.333

Liquid compressibility, 10°C 480. % 107 “m?N
Coefficient of thermal expansion, 25°C 256.32 x 107 K"!
Thermal Conductivity, 25°C 0.608 W/m.K

Molecular formula
Molecular weight
Molecular structure

Molecular absorption and emiss
lon

Molecular reactions
Molecular assembly
Molecular co-crystals

Phases - phase transitions
Physical properties
Electrical, magnetic
Mechanical properties
Electrochemical properties

Future?
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Molecular reaction
S

Reactions on clusters

Reactions between cluste
rs



Inter-cluster reactio

ns

Article

pubs.acs.org/JACS

JAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Intercluster Reactions between Au,s(SR);s and Ag.4(SR);,

K. R. Krishnadas, Atanu Ghosh, Ananya Baksi, Indranath Chakraborl:y,';ﬁ Ganapati Natarajan,
and Thalappil Pradeep™

DST Unit of Nanoscience (DST UNS) and Thematic Unit of Excellence, Department of Chemistry, Indian Institute of Technology
Madras, Chennai, 600 036, India
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Au25(FTP)18 + Ag44(FTP)30M Au25-xAgx(FTP)18



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

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




Ag25-Au25 experiments

K. R. Krishnadas et al. Nature Commun. 20
16



Reaction between Au25(PET)18 and Ag25(DMBT)18
DMBT



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

DMBT PE
x

Ag25(DMBT)

18

[Ag25(DMBT)18+Au25(PET)1
8]2-

Au25(PET)

18



Evolution of alloy clusters from the dianionic adduct,

Ad25Au25(DMBT1)18(PET1)18]2-

within 5 min

Ag25(DMBT)18:Au25(PET
)18

0.3:1.0

within 2 min



Optimized structure of [Ag25Au25(DMBT)18(PET)18]2-







How do we comprehend th
IS?

Nomenclatu
re






Gana Natarajan et. al. JPC C 2015



Aspicule
S



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



Ligand Exchange & Alloy cl ﬁb
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Kinetics of the exchange (monitored on the Ag25 side

Intens )
x104
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ESIMS of A) 107Ag25(DMBT)18 and B)109Ag25(DMBT)18. Insets shows the respective isotope patte
rns.
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Ag25 with Au nanoparti
cles
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Interface controls the reacti
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Computational insig
hts
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Reactions and new materia
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Reactions leading to co-crystals



Supramolecular chemistr
y

Papri Chakraborty, et,. al. ACS Nano 20
10



Figure 1. A) (a) Full range ESI MS, (b) experimental and calculated 1sotope patterns and (¢) DFT optimized structure of [Ag29
(BDT)12]3- cluster. B) (a) ESI MS of [Ag29(BDT)12(C60)n]3- (n=1-4) complexes, (b) experimental and calculated 1sotope patt

erns of [Ag29(BDT)12(C60)4]3- and (¢) schematic of the possible structure of [Ag29(BDT)12(C60)4]3-.



Assemblies and superstructure
5



Atomically precise nanocluster assemblies encapsulating

nlasmonic qold nanorods
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3D morpholoqical analvsis
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Co-crystal

: Ag40 and Ag46 with the same
shell

M. Bodiuzzaman, et. al. Angew. Chem. Int. Ed. 20
18
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Biopolymer-reinforced synthetic granular
nanocomposites for affordable point-of-use

water purification

Mohan Udhaya Sankar', Sahaja Aigal’, Shihabudheen M. Maliyekkal’, Amrita Chaudhary, Anshup, Avula Anil Kumar,

Kamalesh Chaudhari, and Thalappil Pradeep?
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Range of materials, their affordability and safety
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Clean water for everyone

ACS Sustainable Chemistry & Engineering Editori
al, December 2016







Evolution of materials to produc
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Smart water purifiers and big data

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



Sensors and new opportuniti
es
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Water quality measurement — In the pipe
line




Cluster-based metal ion sensing

Decrease in the absorption of Aul5 as a biofilm is dipped into the cluster soluti
on. Inset: Free standing quantum cluster loaded film in visible light and UV light

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



Approaching detection limits of tens of Hg2
+

Atanu Ghosh et al. Anal. Chem. 201



Mercury quenching experiment using nanofiber




Rota Yy nanomo lecule

With Tomas Bas
e

Jana et. al, Inorganic Chemistry (2022)
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Thermal stabilit
y
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New electrodes - Aligned nanoplates of Co6S
8

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



Electrospray deposition
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Working electrode

Vertically aligned nanoplates

Handheld Potentiostat Vertically aligned nanoplates

Anagha Jose et al. ACS Materials Lett, 5 (2023) 893-89
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Arsenic poisoning across the worl
d

E. Shaji, M. Santosh, K. V. Sarath, Pranav Prakash, V. Deepch and B. V. Divya, Geoscience Frontiers, 12 (2021) 10107
9.



Sensors and new opportuniti
es
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Water quality measurement — In the pipe
line
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India’ s water is being monit

click the dot Lo view detalls of water supply in the village
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Ag1l/7 AuAg16 Ag13Cud AuAg12Cu4

Vivek Yaday, et. al.,, Nature Communications, 2
025



Structure of M17 Nanoclusters

Au@Ag16

Ag13@Cu4 Au@Ag12@Cu4



Largest molecule with carboranes so

far......
Jana et al., Submitted



« Atomically precise clusters are a category of new materials
« They are molecules - properties, nomenclature,...

* Clusters are thermally stable up to 400°C.

» They exhibit useful applications

« Atomic precision across the periodic table

* An era cluster-based materials is being born
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Keifer, D. Z.; Motwani, T.; Teschke, C. M.:; Jarrold, M. F. Measurement of the Accurate Mas
s of a 50 MDa Infectious Virus. Rapid Commun. Mass Spectrom. 2016, 30 (17), 1957-1962.
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Mass Photometry

(iii) [Ag11.xAU(DPPB);CI;0,]**
X=15

Calculated
Experimental

d

Non-specific
binding

J. Roy, et. al.,, Chem. Commun., 2024,60, 6655-6658
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Resolving Structural Transitions through Microcrystal Electron Diffra
ction

Harshita Nagar, Anirban Som,... Chem. Comm. 20
25
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Water team at lIT: A. Sreekumaran Nair, Anshup, M. Udhaya Sankar, Amrita Chaudhary, Renjis
T. Tom, T. S. Sreeprasad, Udayabhaskararao Thumu, M. S. Bootharaju, K. R. Krishnadas, Kala
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Funding: Department of Science and Technology, Government of India

Start-ups and partners:
>25 Post-doctoral tellows, >130 masters students and visitors
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A TRAVELOGUE ‘

Full video at https://www.voutube.com/watch?v=fiJyptbXBtM




Clean water for a
1

https://preview.peopleswaterdata.
org
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