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What is nano ?

The lycurgus cup (4th century AD in the Bristish Museum)

reflected light transmitted light

“The Cup is surrounded by a frieze 
showing the myth of King Lycurgus. He is 
seen here being dragged into the 
underworld by Ambrosia, who has been 
turned into a vine. 

The frieze stands out from the body of 
the Cup, connected to it only by small 
shanks or bridges. It belongs to a type of 
Roman glass called cage cups.” 

From the British Museum website: 
http://www.thebritishmuseum.ac.uk

Gold/silver alloy nanoparticles found in the 
cup by TEM. The color comes from the 
addition of gold.



Materials 265, Fall 2008: Nanophase and nanoparticulate materials
Ram Seshadri seshadri@mrl.ucsb.edu http://www.mrl.ucsb.edu/~seshadri

What is nano ?

Constantino Reyes-Valerio

Mayan blue pigments: Indigo encapsulated in 
clays.

Science, 273 (1996) 223-225.
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What is nano ?

Philos. Trans. R. Soc. London 147 (1857) 145-181

Gold leaf can be beaten to thicknesses of 1/278000 of an inch (around 90 nm). Such films 
are continuous and green in transmission. Further thinning with KCN gives ruby red films.

Chemical means to finely divided gold. Also deflagration of gold wires to produce ruby 
red particles. Chemically indistinguishable from gold.

Gold colloids (sols): The work of Faraday
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What is nano ?

Nanoparticles in catalysis:

Heterogeneous catalysis takes place on the surfaces of solids

particle radius
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The smaller the particles, the more 
effective the catalyst. Is this nano ?
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What is nano ?

Feynman (December 29th 1959 at the annual meeting of the American Physical Society):
“What I want to talk about is the problem of manipulating and controlling things on a 
small scale . . . But I am not afraid to consider the final question as to whether, ultimately 
− in the great future − we can arrange the atoms the way we want; the very atoms, all the 
way down! What would happen if we could arrange the atoms one by one the way we want 
them (within reason, of course; you can't put them so that they are chemically unstable, 
for example)” 
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What is nano ?

American chemist best known for his syntheses of complex 
organic substances, including quinine (1944), cholesterol and 
cortisone (1951), and vitamin B12 (1971). He was awarded 
the Nobel Prize for Chemistry in 1965 

Reserpine total 
synthesis

Is this what 
Feynman is 
talking about ?
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What is nano ?

New tools: The scanning tunelling microscope

M. F. Crommie, C. P. Lutz, D. M. Eigler, E. J. Heller. Waves on a metal surface and 
quantum corrals. Surface Rev. Lett. 2 (1995) 127-137.

Fe atoms on Cu.
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What is nano ?

New tools: The electron microscope:

Science 305 (2004) 1741.
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What is nano ?

New tools: The electron microscope:

Nature Mater. 3 (2004) 143.

Single La atoms on Al2O3.
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What is nano ?

New tools: Scattering 
methods.

K. Page, T. Proffen, H. Terrones, M. Terrones, L. Lee, Y. Yang, S. Stemmer, R. Seshadri and 
A. K. Cheetham, Direct Observation of the Structure of Gold Nanoparticles by Total 
Scattering Powder Neutron Diffraction, Chem. Phys. Lett. 393 (2004) 385-388. 
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Jadzinsky et al., Structure of a thiol
monolayer-protected gold nanoparticle at 
1.1 A resolution, Science 318 (2007) 430-433.

Enter the biochemists.

p-mercaptobenzoic (p-MBA) acid capped gold 
nanoparticles: 102 gold atoms, and 44 (p-MBA) 

What is nano ?
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Class 01: Recent breakthroughs in structure and composition 1: The nanostructure problem

Many ways of looking at the 
gold core, including as 5 
twinned fcc units seen in C.

Jadzinsky et al., Structure of a thiol
monolayer-protected gold nanoparticle at 
1.1 A resolution, Science 318 (2007) 430-433.



Materials 265, Fall 2008: Nanophase and nanoparticulate materials
Ram Seshadri seshadri@mrl.ucsb.edu http://www.mrl.ucsb.edu/~seshadri

What is nano ?

New tools: Computational methods.

A. Maiti, C. J. Brabec, C. Roland, and J. 
Bernholc, Theory of carbon nanotube 
growth, Phys. Rev. B 52 (1995) 14850.
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What is nano ?

New tools: High integration in computer chips

Intel’s 45 nm technology in Penryn chips.
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What is nano ?

New tools: High integration in computer chips

Intel’s 45 nm technology in Penryn chips.


