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The historical roots of nanotechnology:
Metal nanoparticles in the old art and in modern therapy

• Strong indications exist that already the Egyptian ancestors mastered some techniques to 
produce pigments; paints and cosmetics from various nanoparticles. A few more recent 
examples are due. The Lycurgus cup from the Roman period was produced by gold-silver 
nanoparticles impregnated into the glass by direct reduction/annealing process
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תקופת יון העתיקה: רקע היסטורי

Archimedes (287-211 BC)

Historical roots of fullerenes and nanotubes
(Other names: Pythagoras, Euclid, Theaetetus)

Regular polyhedra

Plato (428-347 BC)

Semiregular polyhedra



Polyhedra: used during the Renaissance period 
by Leonardo de Vinci for decoration

(other names: Kepler-Poinsot, Pierro de-la Francesca, Pacioli, Dürer)

Archimedian: icosaheronPlatonian dodecahedron

תקופת הרנסאנס

1452-1519

floor of Basilica of St Mark Vencice
Keplerian stellated dodecahedron 



Albrecht Dürer (1471-1528), the Father of Polyhedral Nets

תקופת הרנסאנס

Melancholia I

truncated rhomboid



Leonard Euler 
1707-1783

(Other names: René Descartes, Adrien-Marie Legendre, Augustin Louis Cauchy)

Euler Rule for Archemedians

N+V=E+2
N=P+H

N=polygons 
V=vertices
E=edges

P-pentagons
H-hexagons

18-המאה ה
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Geodesic domes

Expo 67, Montreal

Richard Buckminster Fuller (1895-1983)
(Other names: Schwarzite and MacKay polyhedra)

20-המאה ה

Epcot, Disney World



המאמר הראשון המרמז על מנגנון ליצירת ננוצינוריות
") חללים ריקים אינם אפשריים בחומר" -תחילת שינוי הפרדיגמה הישנה(
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chrysotile (asbestos)מאמר ראשון על ננוצינוריות מטיפוס 

 chrysotileתמונת מיקרוסקופ של ננוצינוריות מטיפוס 



האסימטריה בסריג הגבישי גורמת ליצירת ננוצינוריות

Courtesy of Dr. A. Enyashin, RAS, Ekaterinburg

Chrysotile
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המאמר הראשון על ננוצינוריות של פחמן

L.V. Raduskevich and V.M. Lukyanovich, Journal of Physical Chemistry (in Russian), Vol. 26, pp. 88-95 (1952)



פחמן-שני המאמרים החשובים ביותר בננו
(the discovery of carbon fullerenes and carbon nanotubes)



שכבתיים) תרכובות(חומרים 

Graphite MoS2 GaS



)מבט מלמעלה(שכבה יחידה 

Rim atoms

Graphene

MoS2

מה מקורה של אי היציבות המבנית של המבנה השטוח



ננו חלולים וסגורים של מוליבדנום דיסולפיד-עדויות ראשונות לקיומם של מבני



6.2 Å

IF-WS2 IF-MoS2

(IF)מולקולריים -תמונות מיקרוסקופ של צבירים רב



R. Dunin-Borkowski, Oxford U
1996

Multiwall WS2 nanotubes (type I)

R. Rosentsveig et al,, Chem. Mater. 14, 471 (2002)
G. Seifert, Th. Köhller, and R. Tenne, J. Phys. Chem. B 106, 2497-2501 (2002)

Spontaneous nucleation and growth
Thin nanotubes (20-25 nm)



Mass production of multiwall WS2 nanotube (type II)                         

Oxide nanowhisker growth followed by 
diffusion controlled sulfidization of the 
oxide core (30-150 nm nanotubes)

“NanoMaterials”

H2, H2S
750ºC ≤ T ≤ 900ºC

A. Rothschild et al., JACS 122, 5169 (2000)
A. Zak. et al., Nano 4, 91 (2009)
A. Zak et al., Sensors and Transd. J., in press



SEM view of a buckling of an individual WS2
nanotube

I. Kaplan-Ashiri, K. Gartsman, H.D. Wagner, 
V. Ivanovskya, T. Heine, G. Seifert, and R. Tenne, PNAS, 103, 523 (2006)

E=150-160 GPa



Aberration corrected UHRTEM of WS2 nanotube
NCSI image of WS2 nanotube recorded in an aberration-corrected FEI Titan 80-300 at 80 kV. Atoms are
represented as white signal over the mean background. (b) Enlarged view of the frame seen in (a),
containing the phase of the exit-plane wavefunction retrieved by focal series reconstruction of the same
area. Simulations show that the roll-up vectors are (0, 98) (8, 107) (0, 123) (0, 134) (0, 146) and a chiral angle
of 3.6º. The relative shift of the shells against each other is demonstrated by the schematic lines, marking W
atoms at the edge of the shells.

M. Bar-Sadan, L. Houben, A. Enyashin, G. Seifert, and R.Tenne, 
Proc. Natl. Acad. Sci 105, 15643 (2008)



Scaling up the synthesis of IF-MoS2

1. evaporation; 2. condensation of suboxide; 3. sulfidization starts
A. Zak et al., JACS 122, 11108 (2000)
R. Rosentsvieg, Y. Novema et al., J. Mater. Chem., 19, 4368 (2009) 



Measuring the mechanics of individual IF 
nanoparticles in the SEM  

O. Tevet, O. Goldbart, H.D. Wagner and R. Tenne



Pressing individual IF-WS2 nanoparticle

O. Tevet, O. Goldbart, D.H. Wagner, S.R. Cohen, R. Rosentzveig, R. Popovitz-Biro and R. Tenne, 
Nanotechnology 21 365705 (2010) 

Calculated strength- 1-2.5GPa
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On the mechanism of lubrication

Rolling friction

O. Tevet, P. Von-Huth, R. Popovitz-Biro, R. Rosentsveig, H. D. Wagner  and R. Tenne, 
PNAS 108, 19901 (2011)

Exfoliation and transfer
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Summary of the mechanical properties of IF NP

O. Tevet, P. Von-Huth, R. Popovitz-Biro, R. Rosentsveig, H. D. Wagner  and R. Tenne, PNAS 108, 19901 
(2011)



Re (Nb) doped IF-MoS2

0.3 at% Re

L. Yadgarov, R. Rosentsveig, G. Leitus, A. Albu-Yaron, A. Moshkovich, V. Perfilyev, R. Vasic, A.I. Frenkel, A.N. 
Enyashin, G. Seifert, L. Rapoport and R. Tenne, Angew. Chem. Intl. Ed. 51, 1148 (2012).

2H-MoS2 Ea = 0.127eV
IF-MoS2 Ea = 0.334eV
IF-Mo(Re)S2 Ea = 0.077eV
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Re atoms in IF-MoS2 nanoparticles

D. Stroppa and L. Houben, E-RC, Jülich



L. Rapoport, . Moshkovith, V. Perfiliev, A. Laikhtman, I. Lapsker, L. Yadgarov, R. Rosentsveig and R. Tenne, 
Trib. Lett. 45, 257 (2012)

Tribological tests in mixed lubrication conditions (PAO-4)
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Vapor-liquid-solid (VLS) growth of SnS2 nanotubes with Bi catalyst

A. Yella, E. Mugnaioli, M. Panthoefer, H.A. Therese, U. Kolb and W. Tremel, Angew. Chem. Int. Ed. 48, 6426 (2009)
G. Radovsky, R. Popovitz-Biro, M.Staiger, K. Gartsman, C. Thomsen, T. Lorenz, G. Seifert and R. Tenne, Angew. Chem. Intl. 

Ed. (2011)

SnS2 nanotube



SnS2

SEM image of a nanoscroll

Mechanism of formation of (misfit) SnS2/SnS ordered superstructure nanotubes

G. Radovsky, R. Popovitz-Biro, M. Staiger, K. Gartsman, C. Thomsen, T. Lorenz, G. Seifert and R. Tenne, 
Angew. Chem. Intl. Ed. 50, 12316 (2011)

SnS2

SnS


