Chemistry of Materials
Cite this: Chem. Mater. 2025, 37, 3, 1284—-1296

Nanomechanical Investigations of Crystals of Copper Nanocluster Isomorphs:
Enhanced Hardness of the Low-Density Analogue

A. R. Kini, S. Debta, A. Jana, C. Aparna, V.Yadav, N. Kusiak, T.Base*, U. V. Waghmare?*,
P. Ghosh*, T. Pradeep*

https://doi.org/10.1021/acs.chemmater.4c03265

ACSPublications Serpch et B &) My Acuw Publications
v Mot Teysted. Most Cled. Most Read. . Q v W g‘
Chemisiry of Materials > Vol 37/1ssue 3 ¥ Article e = » Chemisiry of Materials
= s Cite this: Chem Mater 2075 37, 3, 1284-1294

Cite  Share  Jumpio Expand

hememal

tas:dol org V01K
Published Jarary 23, 2025

ARTICLE | January 23,7

Nanomechanical Investigations of Crystals of Copper Nanocluster Isomorphs:
Enhanced Hardness of the Low-Density Analogue

ranidea Kinl. Sangramitea Det

25

Caopynight @ 2025 American Chemical Society

Regue

e pErmIngION

Mgt Jama, C. Aparna, Vivek Yagay, Naialia Kusior, Tomas Base™, Umesh V. Waghmare*, Pijush Ghosh*,

ﬂ | Access Through Your Institution Other Access Options @ Supporting Information (1)

Abstract HRrticle Views Aty Ciatiors

Atomically precise cluster crystals, with constituent units composed of
1ens to hundreds of atoms, are impertant for the construction of
miniaturized solid-state devices Understanding the mechanical
characteristics of such crystals is crucial for these applications. In this
study, we focused on the nanomechanical properties of crystals of two
isamorphic copper nanoclusters (Cual ), pratected by ortho-
carborane-3-thial, Cua(aCBT),, and meta-carborane-9-thiol,
Cuy(mCBT)4. These two clusters possess identical square planar Cuy
cores embedded in butterfly-shaped Cuy54 staples. Load-
displacement measurements indicated that the erystals of Cuy(oCET).
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(hardness of ~534.31 MPa) were harder than those of Cus(mCBT ), Cellulose-Derived fals for A and Rapid
(hardness of ~335.49 MPa). Despite their lower density, crystals of Remediation of Uranium In Water

Cua{oCBT), demonstrated increased hard , awing 1o the presen January 24, 2025 | ACS Sustainable Chermistry & Engineering

of locked slanted layers that efficiently interacted with each other TRnmayza Nayak, Srtome Mukhares, Amoghavarsha Ramachandm Kim, Md..
through various short contact supramolecular interactions. During indentation studies, multiple “pop-in® events were observed for

the crystals of both clusters, suggesting the dislocation of molecular layers within the crystal lattice. Dynamic mechanical analysis Shaw mate: +

conducted at different loading frequencies indicated that crystals of Cus{oCBT)4 have a higher storage modulus than Cug(mCBT)y
Bolh the cryslals are thermally robust, as evident from thermogravimetric analysis and sitenuaied total reflection-IR analysis. Using
density functional theary, we calculated Young's modulus (&) for both crystals at 1 and 2% strain and found that the high-density
isamarph had a lower £, cansistent with experimental data showing £ of Cuy(aCBT)y and Cus(mCBT)s 10 be 9.79 and 8 54 GPa,
respectively. These findings highlight the significant role of subtle structural differences in governing the nanomechanical behavior
of isomorphic cluster crystals, paving the way for their rational design in advanced saolid-stale device applications,
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