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Can we create materials of atomic precision across the periodic 
table?
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Origin of metallicity - Molecular metals, magnets, 
applications, …..

Solids with matter 
of atomic 
precision



Scopus  1341 citations
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Phenine nanotube (pNT)

H. Isobe et al. Science 2019, 363, 151

–– Yamamoto coupling
–– Suzuki-Miyaura coupling
–– Bäurle/Yamago/Isobe coupling
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Atomic precision is essential 
for sustainability

Catalysis, energy, CO2 storage,… 
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Magnetic ordering Electronic transport Spherical capsids of clustersCluster-fullere nanowire

Cluster-nanoparticle
superstructures

Section 6.7.2.

Photoluminescence.

Section 6.4.1.

Large nanoclusters

Materials

Maleimide functionalized 
Au102(pMBA)44

Section 6.5.2 

Light irradiation

Section 6.10.1

Section 6.1.3

Section 6.5.1

Section 6.5.3

Section 1.2

Section 6.3.2

Section 6.1.1
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Co-deposition at 10 K

Sample inlet

tubes

UHV

Dual Probe Sensors
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Range of possibilities with molecular materials
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Observing molecular matter at atomic 
resolution – Advanced tools are essential

A B
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E

F
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Single particle reconstruction of Au68
Electron diffraction of Au144

Azubel, M.; …… Tsukuda, T.; Häkkinen, H.; Kornberg, R.

D., Science 2014, 345 (6199), 909.

Bahena, D.; ….Whetten, R. L.; Landman, U.; Jose-

Yacaman, M., The Journal of Physical Chemistry Letters

2013, 4 (6), 975-981.

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.

Every molecular matter will be understood tomorrow with detailed structure using cryo-EM



New applications – impossible in the past
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Sensing
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A problem on the ground can be 
solved



E. Shaji, M. Santosh, K. V. Sarath, Pranav Prakash, V. Deepch and B. V. Divya, Geoscience Frontiers, 12 (2021) 101079. 

Arsenic poisoning across the world



Installations made by four companies

India’s water is being monitored

IITM/IISc



Limitations of atomically precise are addressed – Thermal s

With Tomas Base
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m1-CBT m9-CBT o9-CBTp1-CBT

9,12-(HS)2-1,2-CBDT

9-Cl-12-SH-o1-CBT9-I-12-SH-o1-CBT

1-COOH-9-SH-1,7-CBT 

(M9-COOH)

1-COOH-7-SH-1,7-CBT

(M1-COOH)

o-1,2-(SeH)2-oCBDT

Global expertise on such ligands
The Czech Academy of Sciences 

Institute of Inorganic Chemistry

New materials and new properties



A glimpse of our collaborative work
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Synthesis and characterization of Ag42 NC. (a) Molecular structure of the ortho-carborane 1,2-dithiol ligand. (b) Time-dependent UV–
vis absorption spectra of Ag42 NC in DCM indicating its stability. (c) Full range negative ion-mode ESI-MS spectrum of Ag42 NC.
Features marked * are due to ligand losses. (d) Systematic losses of four TPP were observed from the peak at m/s 4337.11 with a
charge state of 2– up to a collision energy (CE) of 30. (e) Fourteen sequential mass losses of carborane (C2B10H10, M 142) units,
along with a few silver sulfide loss peaks (marked as ☆).

Jana, A. et al. ACS Nano. 2021, 15, 15781-15793
19

Stable cluster materials 



Stable cluster materials 

Propeller-shaped Ag21 nanomolecule with six rotary arms made of carboranes.

Jana, A. et al. Inorg. Chem. 2022, 61(23), 8593-8603 20

Chiral metals
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Cluster reactions 

A) 1. Schematic representation of conversion of polydispersed NPs to monodispersed silver NPs. 2. Size-dependent reactivity monitored using
ESI MS, keeping the reaction and mass spectrometric conditions constant. B) Schematic representation of formation of acetylide protected silver
clusters in gas phase. C) 1. Schematic showing NPs of increasing sizes, 2. ESI MS of (a) parent isotopic NCs, 107Ag25(DMBT)18

– and
109Ag25(DMBT)18

–, respectively, and products formed by the reaction of the isotopic NCs with (b) ∼11, (c) ∼4, (d) ∼2 nm AgNPs, and (e) NC
(made from naturally abundant Ag). (3.) Plot showing the extent of isotopic exchange (%) as a function of the ratio of the concentration of NPs
(CNP) and concentration of isotopic NCs (CNCo) used in the NC–NP and NC–NC reactions.

Jash, M. et al. Chem. Commun. 2020, 56, 15623-15626
21

Bose, P. et al. Nanoscale 2020, 12, 22116-22128, Chakraborty, P. et al. J. Phys. Chem. C 2021, 25(29), 16110-16117 



Clusters beyond 100 atoms core

11557 (3+)

12198 (3+)

12198 (3+)
(a) (b)

(a) Mass spectrum of a newly synthesised mixture of clusters composed of Au144(PET)60

and Au137(PET)56. The clusters have been separated with thin later chromatography.; (b)
Mass spectrum of the separated Au144(PET)60 cluster.
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Examples of science proposed
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Enhanced ionization of plasmonic nanoparticles of >10000 atoms 
for mass spectrometric analysis

(a) (b) (c)

(a) Structure of Pillar-5-arene ligand; (b) Top view of Pillar-5-arene crystal structure; (c) Crystal
structure of Au144(PET)60 nanocluster. R group is cationized, which will make the cluster as a
whole charged.
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