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Molecular materials
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 Approaching Materials with Atomic Precision Using Supramolecular
;CIuster Assemblies

4 Papri Chakraborty, Abhijit Nag, Amrita Chakraborty, and Thalappil Pradeep™

s DST Unit of Nanoscience (DST UNS) and Thematic Unit of Excellence (TUE), Department of Chemistry, Indian Institute of
6 Technology Madras, Chennai 600 036, India

Buliding Blocks

A = atomically precise clusters Supramolecular cluster Materials
B = cyclodextrins, fullerenes, nanoparticles, etc. assemblies with atomic precision



345 structures!

Alkane- and arene- thiols are great, but...

Clusters are hard to crystallise, except in some cases
Thermal stability is limited
Applications are limited

Edited by
Thalappil Pradeep e 7 29 kDa
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Jobin et al. Chem. Phys. Lett. 2004, 390,181



Advanced materials for clean water

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

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®

Unit of Nancsclence and Thernatlc Unit of Excell

Edited by Eric Hoek, Unlversity of Califarnia, Los
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We supply arsenic-free water to 1.3 million people every day.
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Greenwood N. N., Earnshaw A. Chemistry of elements, Pergamon Press, London, 1984.
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Building blocks: Carborane-thiol

I

o

1.2-C,B;¢H;» 1.2-(HS),-1.2-C;BHo 1-HS-1.2-C,BHy; 9-HS-1.2-C,BHy, 9.12-(HS),-1.2-C:sBgHyg  8.9.12-(HS);-1.2-C,BH,
- 9-HS-1.7-C,B,Hy, 1-HS-1,7-C,B4H,, 1,7-(H8),-1.7-C:BoH

1.7-C;B,gH),

1.12-C3By¢H;» 1-HS-1.12-C,BoH,, 1.12-(HS),-1.12-C,B,oHyy

Clustering of clusters



Propeller shaped [Ag,;(my-CBT),,(TPP),] Nanocluster

Ligand:
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Jana et al., Inorg. Chem., 2022, 61, 23, 8593-8603 14



Propeller shaped [Ag,;(my-CBT),,(TPP),] Nanocluster
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Mass spectrometric characterization
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Light-activated Conversion of Carborane Thiol Appended Silver
Nanocluster

Light-activated intercluster conversion

[Ag42(CBDT) 5(TPP),] NC | [Ag14(CBDT)e(TPP)g] NC

175-200 W
White light

‘NIR Phosphorescence Red Fluorescence
Formation of core-centered stable charge carriers

Ligand:

1,2-(HS),-1,2-C>B,H,
Jana et. al, ACS Nano 2021, 15, 10, 15781—15793 : R



Light-activated Intercluster Conversion
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Photoluminescence Properties
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Multicolor Phosphorescence of Tetranuclear Copper Nanoclusters

?

Jana et al., Chem. Sci., 2023, 14, 1613-1626.
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Photophysical properties
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Mechanoresponswe propertles
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Thermoresponsive properties

Effect of heating
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Nanomechanical Properties of Cu, Nanoclusters

a)

o

9-HS-1.2-C,BoHy

()"HS' ! ,q‘cl.‘B::_]Hll

Isomorphic crystals
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V = 3333. 4A3 (001)_ V = 4400.1 A3 (100)
p=1.428 Mg/m? N = 1.442 Mg/m? 25




Nanomechanical Properties of Cu, Nanoclusters
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[Ag¢,5:,(CBT);,] Nanocluster

Largest molecule with carboranes so far......

Jana et al., manuscript under preparation 27



Structural anatomy of [Agy,S,(CBT);3,] Nanocluster

-
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Absorbance

Characterization of Ag, cluster
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Absorption (a.u.)

Theoretical understanding of electronic energy levels
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Carboranethiol-protected Ag;7, AuAgy,, Ag;3Cu, and AuAgy,Cu, hanoclusters

| [Ag;7(0,-CBT);,]3-

1-HS-1.2-C,ByoH,;

Yadav et al., manuscript under preparation 31



AuAg, ZCU4

32



Summary

« Carborane protected nanoclusters are versatile.

* Clusters are thermally stable up to 400°C.

« Comparatively larger crystals are available for experiments.

* Nuclearity up to Agg, is now known.

* Need to explore new properties - electrical and thermal conductivity

 Limitation: Need to expand to Au clusters; beyond the reports on Au,g and Au,s.
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Observing Molecules
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Weathering of Minerals in Microdroplets
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Spontaneous Weathering of Natural Minerals in
Charged Water Microdroplets Forms Nanomaterials

I
‘

A

Micron-sized
particles

MY

Spoorthi, et. al., Science, 384 (2024) 1012-1017.



Ruby, Fused Alumina
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Mechanism: Cleavage

The process of cleavage and surface reconstruction visualized with first-principles simulations
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Mechanism of nanoparticle formation

Physical effects

—

42
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Mechanism: Slip

Stacking fault

This instability leads to the formation of a -
stacking fault on the (010) plane, achieved b - by + (x,0,2).

with slip localized at (010) plane (x, z € [0,1]) - fractional coordinates
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Nanomechanical Properties of Cu, Nanoclusters
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Suitable for vibration damp ing applicaﬁons.
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Nanomechanical Properties of Cu, Nanoclusters

1.442 gfem3

232 GPa 234 GPa

12.9 GPa 10.1 GPa

9.99 GPa 8.45 GPa

Cuy(oCBT), is harder than Cu,(mCBT),, even though it is less dense.

Our material shows a significantly larger storage modulus and a lower loss modulus
than silver nanoclusters, indicating superior mechanical strength.

Such materials can be used in crystal optics, precision measurement instruments,
mechanical resonators, and nanomechanical instruments, where damping of

vibrations is essential.
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