
Metal Nanoparticles

History and Culture

How to make them

Stabilization

Plasmonic character

Applications: SERRS

- Usually:  Au, Ag, Cu, Pt, Pd, Ru, Re…

- but: Fe, Ni..  (very reactive, very explosive



What are they, and how they fit into nanoscience / colloidal science ??





Nanoparticles in ancient materials

Lycurgus Cup in the British 
Museum

Roman pottery – 400 after 
Christ

Red color from nanosized 
gold!

Nature 2000, 407, 691Daylight Light from inside



Nanoparticles in ancient materials

15th and 16th centuries 
(Renaissance):

Pottery of Deruta (Umbria, Italy)

Glazes containing copper and silver 
nanoparticles



The New York Times, February 22, 2005



Nanoparticles in ancient materials

16th century:

Cipriano Piccolpasso:

„Li tre libri dell‘arte del vasaio“

Recipe for the nanoparticulate glazes:

Mix copper and silver salts with vinegar, 
ochre, and clay and apply them to the 
surface of already glazed pottery.





History of Gold Colloids and their Application

Gold-Based Glass and Enamel 
Colours

1685: Andreas Cassius published De Auro

„Thoughts concerning that last and most perfect 
work of Nature and chief of metals, gold, its 
wonderful properties, generation, affections, 
effects and fitness for the operations of art; 
illustrated by experiments“

Gold Bull. 1976, 9, 134

Purple of Cassius



Nanoparticles in ancient materials

1685: „Purple of Cassius“
In the seventeenth century, beautiful glass which came to be known as 'ruby glass' from its colour, was 
first made in Potsdam in Germany. The recipe for making the colouring pigment or stain was published 
in 1685 by Andreas Cassius, and ever since then the colour has been called Purple of Cassius.
The recipe was costly, for it involved dissolving fine gold powder in aqua regia, adding water, and then 
adding a piece of pure tin. After an hour or two, a brilliant purple precipitate formed, Purple of Cassius.
There is a story of another chemist or alchemist making the same colour by chance when he dissolved 
gold powder in aqua regia in a pewter vessel, and the the attack of the acid aqua regia on the pewter 
provided the necessary tin (pewter is an alloy that consists mainly of tin).
Purple of Cassius was used in some of the most world-famous porcelain from Meissen, and Sevres, and 
the art of making it travelled to China where it was used from 1723 in Chinese Famille Rose porcelain. 
The presence of gold explains its extremely high cost, but it has immense colouring power and is still 
used today in very high quality tableware.
Many famous chemists in the eighteenth and nineteenth centuries attempted to understand the nature of 
Purple of Cassius, but it was a Viennese chemist, Richard Zsigmondey, who finally found the answer: 
the gold is in colloidal form, adsorbed on a base of stannous hydroxide. For his work on the nature of 
colloids, Zsigmondey was awarded the Nobel Prize in 1925.



History of Gold Colloids and their Application
Gold-Based Enamel Colours

1659: Johann Rudolf Glauber prepared colloidal gold as purple by 
reduction of gold salts by tin chloride (Purple of Cassius)

1679-1689: Johann Kunckel used the purple for his glass works in Potsdam

Gold Bull. 1976, 9, 134

Tea pot with 
the red colour 
by Kunckel

Glauber



History of Gold Colloids and their Application
Gold-Based Glass and Enamel Colours

1719: Purple of Cassius was used in the Meissen porcelain factory
Ca. 1720: Purple of Cassius reached China, where it was used in Famille 

Rose porcelain

Meissen jug, 1740 Famille Rose, 1723







History of Gold Colloids and their Application
Purple of Cassius became, until today, the most popular 
enamel colour for pottery and porcelain.

However, its chemical nature was a challenge for the 
scientists of the 19th century.

Around 1897, almost 250 years after its discovery, 
Richard Zsigmondy, a chemist working on gold colloids 
at the Schott Glassworks in Jena, showed that Purple of 
Cassius consisted of colloidal gold and stannic acid.
He was awarded the Nobel Prize in Chemistry in 1925.

Ca. 1850s: Michael Faraday prepared pure colloidal 
gold using phosphorus to reduce gold chloride. He 
recognized that the colour was due to the small size of 
the colloids.



Synthesis of Gold Colloids
1951: Method by Turkevich et al. (Reduction by citrate)

A STUDY OF THE NUCLEATION AND GROWTH PROCESSES IN THE SYNTHESIS OF 
COLLOIDAL GOLD by J. Turkevich, P. C. Stevenson, J. Hillier
DISCUSSIONS OF THE FARADAY SOCIETY (11): 55 (1951)           Times Cited: 436

Citrate as reducing and stabilizing agent



Synthesis of Gold Colloids

Gold colloids with 
uniform diameters of 
about 20 nm

Size dependent on 
citrate concentration





Synthesis by galvanic Exchange Reactions



Excellent control over size and shape

Synthesis of Gold Colloids









The stability of nanoparticles: the DLVO theory





Other synthetic approach: flame pyrolysis







of metal nanoparticles



Some pictures of plasmon modes



Tailoring of the Optical Properties of Gold Colloids
AuAg Bimetallic Nanoparticles: Alloys vs. Core-Shells

Variation in optical properties (UV-vis 
spectra and color) for AuAg alloy 
nanoparticle colloids with varying 
compositions. 

Photographs of aqueous dispersions of (from left 
to right) Au, Au@Ag, Au@Ag@Au, and 
Au@Ag@Au@Ag nanoparticles, and the 
corresponding TEM images. Au core size: 16 nm. 



„Modern“Applications of Gold Colloids
Example: Optical Sensing of DNA

Oligonucleotide-
functionalized gold 
nanoparticles aggregate in 
the presence of 
complementary DNA:

Change in colour from red 
to blue!

Science 1997, 277, 1078









A special application: Surface Enhanced Resonant Raman Scattering



the end

Thanks !


