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Molecular materials



Alkane- and arene- thiols are great, but…
Clusters are hard to crystallise, except in some cases

Thermal stability is limited

Applications are limited

345 structures!

Jobin et al. Chem. Phys. Lett. 2004, 390,181 
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M. Udhaya Sankar, et. al. Proc. Natl. Acad. Sci., 110 (2013) 8459-8464.

Advanced materials for clean water



We supply arsenic-free water to 1.3 million people every day.



[B12H12]
2-

2-

C2B10H12

Longuet-Higgins H. C., J. Chem. Phys. 46, 268 (1949)

Longuet-Higgins H. C., Roberts M. V., Proc. Royal Soc. (London) A230, 110 (1955)

Ebergardt W. H., Crawford B. Jr., Lipscomb W. N., J. Chem. Phys. 22 (1954)

Greenwood N. N., Earnshaw A. Chemistry of elements, Pergamon Press, London, 1984.
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Building blocks: Carborane-thiol

Clustering of clusters
13



Propeller shaped [Ag21(m9-CBT)12(TPP)2] Nanocluster

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

Side view

Ligand:

Crystal
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Top view



Propeller shaped [Ag21(m9-CBT)12(TPP)2] Nanocluster
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Mass spectrometric characterization
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Light-activated Conversion of Carborane Thiol Appended Silver 
Nanocluster

Ligand:

Jana et. al, ACS Nano 2021, 15, 10, 15781–15793
17



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. 20



Mass spectrometric studies
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Photophysical properties
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Mechanoresponsive properties
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Thermoresponsive properties
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Nanomechanical Properties of Cu4 Nanoclusters
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Nanomechanical Properties of Cu4 Nanoclusters
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[Ag62S12(CBT)32] Nanocluster

Largest molecule with carboranes so far……

Jana et al., manuscript under preparation 27



Structural anatomy of [Ag62S12(CBT)32] Nanocluster

Ag6@Ag8 Ag6@Ag8S12 Ag6@Ag8S12@Ag48 Ag6@Ag8S12@Ag48S32

Ag6@Ag8S12@Ag48S32(CB)32 28



Characterization of Ag62 cluster

29



Theoretical understanding of electronic energy levels

Credit: Dr. Sami, Prof. Häkkinen 30



Carboranethiol-protected Ag17, AuAg16, Ag13Cu4 and AuAg12Cu4 nanoclusters

Ligand:

[Ag17(o1-CBT)12]
3-

Yadav et al., manuscript under preparation 31
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Summary

• Carborane protected nanoclusters are versatile.

• Clusters are thermally stable up to 400°C. 

• Comparatively larger crystals are available for experiments.

• Nuclearity up to Ag62 is now known.

• Need to explore new properties – electrical and thermal conductivity

• Limitation: Need to expand to Au clusters; beyond the reports on Au28 and Au23. 



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. 

ObservingMolecules
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Weathering of Minerals in Microdroplets





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

Spontaneous Weathering of Natural Minerals in 

Charged Water Microdroplets Forms Nanomaterials
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Ruby, Fused Alumina



Surface force

Separation 

due to 

cleavage

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

Mechanism: Cleavage
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Mechanism of nanoparticle formation
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B No slip Slip

Localized slip

Stacking fault 

(𝑥, ݖ ∈ [0,1]) - fractional coordinates

This instability leads to the formation of a

stacking fault on the (010) plane, achieved

with slip localized at (010) plane

Mechanism: Slip
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Mass Spectrometry of the Fragments



Nanomechanical Properties of Cu4 Nanoclusters

Suitable for vibration damping applications.
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Nanomechanical Properties of Cu4 Nanoclusters

• Cu4(oCBT)4 is harder than Cu4(mCBT)4, 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.

Parameters Cu4(oCBT)4 Cu4(mCBT)4

Density 1.428 g/cm3 1.442 g/cm3

Ebare 232 GPa 234 GPa

Eelastic 12.9 GPa 10.1 GPa

Eexperimental 9.99 GPa 8.45 GPa
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