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Classification

• by composition: atomic, binary, ternary, • by composition: atomic, binary, ternary, 
multinary

• by structure: pieces of bulk crystal, shell
structures, special kinds of structure

• by bond types: covalent, ionic, metal, • by bond types: covalent, ionic, metal, 
hydrogen, van der Waals



Preparation

• free clusters in vacuum or inert gas• free clusters in vacuum or inert gas

• in colloid solution

• in solid matrix

• in pores of zeolite, opal etc.

• inside big molecules• inside big molecules



preparation



Specific properties of 
nanoclusters

• dense packing of atoms• dense packing of atoms
• high symmetry
• formation of shell structures



dense packing of atoms



dense packing of atoms



dense packing of atoms



dense packing of atoms
Shozo Ino. Stability of 
Multiply Twinned 
Particles. 
J. Phys.Soc.Japan 26 
(1969) 
15591559



dense packing of atoms

quasicrystals

Al6Mn



quasicrystals
dense packing of atoms



Magic numbers

Known examples
• 2, 8, 20, 40, … (electronic shells)
• 4, 13, 55, 147…(shells of atoms)
• 20, 36, 60, 70, … (carbon fullerenes)
• 12, 16, 28, 36, … (binary fullerenes)
Recently found
• 13, 19, 33, 34, … (AIIBVI nested cages)



Magic numbers. Shells.



Magic numbers. Shells.

Knight W.D., Clemenger K, de Heer W.A. et al, Phys.Rev.Lett.1984, 52, 2141.



Magic numbers. Shells.

H. Haberland, ed., Clusters of Atoms and Molecules, vol. 1, Springer-Verlag, 1994



Magic numbers. Shells.

T.P. Martin 1 Physics Reports 273 (1996) 199-241



Examples of nanoclusters
• Carbon fullerenes (С20, С60, С70, С84, …)

• Si, Ge (nanocrystals, polyhedral silicon- and • Si, Ge (nanocrystals, polyhedral silicon- and 
germanium-containing compounds)

• Cd10S4(SC6H5)12, Cd32S14(SC6H5)36·DMF4

• met-car clusters (Ti8C12 , Zr8C12 , Cr8C12 , 
Nb8C12 , Fe8C12 , …)Nb8C12 , Fe8C12 , …)

• boron-nitride analogues of fullerenes -
(BN)12, (BN)16, (BN)28, (BN)36, (BN)52, ...



carbon fullerenes



carbon fullerenes



carbon fullerenes

Gas-phase production and photoelectron spectroscopy of the smallest fullerene,C20. 
Horst Prinzbach, Andreas Weiler, PeterLandenberger, FabianWahl et al.
NATURE | VOL407 | 7SEPTEMBER2000



carbon fullerenes

NATURE | VOL407 | 7SEPTEMBER2000



Si, Ge
nanocrystals

SiH4, Si5H12, Si10H16, 
Si29H36, Si35H36

The electronic and optical properties of silicon nanoclusters: absorption and emission. 
E.Luppi, E.Degoli, et al, Optical Materials, 2004



Si, Ge
Polyhedral silicon- and germanium-containing compounds

Ge6(C6H3(CH3)2)6

Si6(C6H3(CH3)2)6Si6(C6H3(CH3)2)6

Ge8(R)8
Si8(R)8



Cd10S4(SC6H5)12, 
Cd32S14(SC6H5)36·DMF4

N.Herron et al. Science, 259 (1993) 1426



Met-car clusters

(Metallo-carbohedrenes)

Ti8C12, Zr8C12, Cr8C12, Ti8C12, Zr8C12, Cr8C12, 
Nb8C12, Fe8C12, V8C12…

D. van Heijnsbergen et al
Chem.Phys.Lett. 349 (2001) 220-226

Guo B.C., Kerns K.P., Castleman A.W.
Science 255 (1992) 1411



Examples of nanoclusters
H2O



Examples of nanoclusters
TiN

Chen Z.Y., Castleman A.W. J. Chem. Phys. 1993, 98, 231



Examples of nanoclusters
TiN

Chen Z.Y., Castleman A.W. J. Chem. Phys. 1993, 98, 231



boron-nitride anagues of fullerenes

(BN)12 (BN)16 (BN)28 (BN)36



boron-nitride 
anagues of fullerenes

Goldberg D., Bando Y., Stephan O., 
Kurashima K. Octahedral boron nitride 
fullerenes formed by electron beam fullerenes formed by electron beam 
irradiation. Appl.Phys.Lett. 1998, V.73, 
P.2441-2443.



boron-nitride analogues 
of fullerenes

V.V. Pokropivny, V.V. Skorokhod, G.S. 
Oleinik, A.V. Kurdyumov, T.S.
Bartnitskaya, A.V. Pokropivny, A.G. 
Sisonyuk, D.M.Sheichenko. Boron nitride
analogues of fullerenes (the fulborenes), 
nanotubes, and fullerites (the
fulborenites)// J. Solid State Chemistry 54, 
212-224 (2000)



New kind of nanoclusters 
of AIIBVI compounds:

(AB)13, (AB)19, (AB)33, (AB)34

• Preparation

• Optical and photochemical properties

• Mass-spectroscopy

• Structure• Structure

• Claster crystals

• Application



New kind of nanoclusters of AIIBVI compounds



Bruker Reflex III-T time-of-flight mass spectrometer



Laser ablation and mas-spectroscopy

Nitrogen laser: 337nm,Nitrogen laser: 337nm,
4ns, 300µJ, 1-3Hz

Linear 

ReflectronEvacuated flight chamber 
(~10-6 Pa)

~20kV

Linear 
mode 

detector

Reflex 
mode 

detector

precursor 
powder



Preparation

CdSO4+SNTA+
+Na2SeSO3+

+CH3(CH2)9NH2

H2O   T=45oC

toluene
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CdSe + 2O2 + light —> Cd2+ + SeO4
2-
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Mass-spectroscopy
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Mass-spectroscopy



Mass-
spectroscopy
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Mass-spectroscopy
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Next magic cluster



Structure



Structure



Structure



Structure
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Structure
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Structure



Cluster crystals
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Cluster crystals



Luminescence
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Optical properties of colloid solution of 
(CdSe)33,34



L-cysteine capped CdSe nanoclusters in water



Raman scattering



Raman scattering



Organic dyes vs semiconductor nanocrystals

dyes nanocrystals
Size 0.5 nm 6-60 nm

Molar absorption 
coefficient

104-105 M-1 cm-1 105-106 M-1 cm-1

Quantum yield 0.5-1.0 0.1-0.8

Stokes shift 50-150 nm <50 nmStokes shift 50-150 nm <50 nm

Photostability moderate high

Blinking no yes

Sensitivity to environment yes low



Organic dyes vs semiconductor nanocrystals

Magic 
nanoclusters

dyes nanocrystals
Size 0.5 nm 1-2 nm 6-60 nm

Molar absorption 
coefficient

104-105 M-1 cm-1 105-106 M-1 cm-1 105-106 M-1 cm-1

Quantum yield 0.5-1.0 0.01 0.1-0.8Quantum yield 0.5-1.0 0.01 0.1-0.8

Stokes shift 50-150 nm ~20 nm <50 nm

Photostability moderate high high

Blinking no ? yes

Sensitivity to 
environment

yes high low



Application

light
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Mass spectroscopy of ZnO clusters

Why clusters (ZnO)n with n = 12, 34, 60, 168
are “magic”?



Netsed-shell structure of magic clusters
•m=1:   (ZnO)

12

•m=2:   (ZnO)
60

= (ZnO)
12 

@ (ZnO)
48

•m=3:   (ZnO)
168

= (ZnO)
12 

@ (ZnO)
48 

@ (ZnO)
108

•m=4:   (ZnO)360 = (ZnO)12 @ (ZnO)48 @ (ZnO)108 @ (ZnO)192
•M. Goldberg. Tohoku Math. J. 1937, 43, 104.

•J. H. Conway et al. The Symmetries of Things. CRC Press, Taylor and Francis: New York, 2008,  p.448.•J. H. Conway et al. The Symmetries of Things. CRC Press, Taylor and Francis: New York, 2008,  p.448.

•polyHédronisme v0.2.   http://levskaya.github.io/polyhedronisme/



ZnO tetrapods

M. L. Fuller. J. Appl. Phys. 
1944, 15, 164

Newton et al. 
Mater. Today 2007, 10, 50

www.uni-kiel.de

Mater. Today 2007, 10, 50

Why tetrapod structure?



Model of tetrapod nucleation

(ZnO)12

T

(ZnO)60

C1

(ZnO)168

T

Tetrapod

Th

A. Dmytruk, I. Dmitruk, Y. Shynkarenko, R. Belosludov, A. Kasuya.
“Zinc oxide nested shell magic clusters as tetrapod nuclei”.
RSC Advances 2017, 7, 21933-21942 (open access, IF=3.108)



Possible applications of ZnO tetrapods

1µm

Tawale et al. Thin Solid Films 519 (2010) 1244

Newton et al. 6th  IEEE Conference on 
Nanotechnology, Cincinnati, Ohio (2006) 2, 453

Thank you for attention!


