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Inorganic Nanotubes

G. R. Patzke, F. Krumeich, R. Nesper, 
Angew. Chem. Int.Ed. Engl. 14 (2002) 2447

Semicond.

Oxides Carbon-
based

Chalco.

Metallic
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Tubular Silicate minerals

Scrolls of one or more 
layers

But: also closed, 
concentric 

cylinders

History

TEM investigation of the cross-sections of Chrysotile

Yada, Acta Crystallogr. A 27 (1971) 659
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Nanotubes

CRYSOTILE, Bi-Nb-S
carbon  

boron nitride (BN, BxCyNz)

boron carbide (BxC)

silicon dioxide (amorphous)

transition metal oxide (VOx, TiO2)

metal sulfide (MoS2, WS2, NbS2, InS, CdS(e)

transition metal halide (NiCl2)

metal (Au, Ni, Bi, Te)
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BN Nanotubes
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BN Nanotubes
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BCx Nanotubes
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B-C-N 
Nanotubes
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B-C-N 
Nanotubes
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Nanotubes of Dichalcogenides– MoX2

MoS2

WS2

Tenne, Margulis, Genut, Hodes, Nature 360 (1992) 444
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Nanotubes of Layered Materials

MoS2

MoS2

WS2
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Nanotubes of 
Dichalcogenides– MoX2

MoS2

WS2

WS2

Tenne, Margulis, Genut, Hodes, Nature 360 (1992) 444

MoSe2

C.N.R. Rao et al, Chem. Commun., 2001, 2236–2237
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Nanotubes of 
Dichalcogenides– WX2

WS2

WS2

Tenne, Margulis, Genut, Hodes, Nature 360 (1992) 444

WSe2

C.N.R. Rao et al, Chem. Commun., 2001, 2236–2237
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Nanotubes of Dichalcogenides– W/Nb/Xy

WS2

NbSe2 W-Nb-Sx
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Nanotubes of Dichalcogenides– ReS2

WS2

WS2 W-Nb-Sx
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Nanotube Tips of Dichalcogenides– WX2

WS2

WS2

WS2
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“TiO2” Nanotubes

Kasuga, Hiramatsu, Hoson, 
Sekino, Niihara,
Langmuir 14, (1998) 3160
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“TiO2” Nanotubes

G. H. Du, Q. Chen, R. C. Che, Z. Y. Yuan, L.-M. 
Peng, APPLIED PHYSICS LETTERS VOLUME 79 
(2001) 3702
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NiCl2 Nanotubes

Y. R. Hacohen, E. Grunbaum, R. Tenne, J. Sloan, J. L. Hutchison, Nature (London) 395 336 (1998)

Multilayer NT were obtained; their cross-sections were 
up to ~7 nm, while the lengths were several 
micrometres.

The tubular structures remained stable for a few days. 
It is assumed 136 that the most interesting 
applications of such structures may be related to their 
unusual magnetic characteristics.

It should be noted that it is compounds which form 
phases with quasi-2D structures under equilibrium 
conditions that are usually considered as potential 
candidates for the synthesis of NT.

CdCl2 structure types !
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Synthesis: Cetyltrimethylammonium
bromide (CTAB: Sigma) and sodium
salicylate (NaSal: Aldrich) were used to 
prepare the wormlike micelles, which
served as the template. Tetraethylortho-
silane (TEOS: Aldrich) in hydrochloric
acid (HCl: Junsei) was used as a 
precursor of the silica substrate used to 
form the silica±surfactant meso-structure.

Schematic illustration of the coil-spring flow between a stationary
outer cylinder and a rotating inner cylinder. The two cylinders are
aligned coaxially. The inner and outer cylinders are 10 cm in 
length, and 4 and 4.4 cm in radius, respectively.



R. Nesper ETH Zürich
Nanochemistry UIO 

21

R
. N

E
S

P
E

R
  

E
T

H
 Z

Ü
R

IC
H

 &
 C

O
LL

E
G

IU
M

 H
E

LV
E

T
IC

U
M

R. Nesper ETH Zürich
Nanochemistry UIO 

22

R
. N

E
S

P
E

R
  

E
T

H
 Z

Ü
R

IC
H

 &
 C

O
LL

E
G

IU
M

 H
E

LV
E

T
IC

U
M

Semiconductor Nanotubes

NATURE |VOL 422 | 10 APRIL 2003
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Semiconductor Nanotubes
Physica E 13 (2002) 969 – 973


