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Gold catalysis
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Number of papers published per year after the discovery of gold catalysis.
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Faraday's gold preserved in Royal Institution. From the site,










“With regard to gold-leaf no question respecting
its metallic nature can arise, but it offers evidence
reaching to the other preparations. The green
colour conferred by pressure, and the removal of this
colour by heat, evidently belong to it as a metal;
these effects are very striking and important as

...they are simply cases of

action between them and the body supporting them.
Still this gold, unexceptionable as to metallic state.
presents different colours when viewed by trans-
mitted light. Ruby, green, violet, blue, &c., oceur,
and the mere degree of division appears to be the
determining cause of many of these colours. The
e ‘ons by the voltaic battery lead to the same

1.

old films produced by phosphorus have every

belonging to the metallic state. When

pure gOId in a diVided State; yet >y are in colour, lustre, weight, &c., equal

| have come to that conclusion,
and believe that the differently-
coloured fluids and particles

are quite analogous....

;E-E;éti(-);lls of .glold, being so f;nely divided, insoluble in

the fluids that refuse to act on the massive metal, and
soluble in those that dissolve it, producing the same
result. Heat makes these divided particles assume a
ruby tint, yet such heat is not likely to take away
their metallic character, and when heated they still
act with chemical agents as gold. Pressure then
confers the green colour, which heat takes away, and
pressure reconfers. All these changes occur with

particles attached to the substances which support
them by the slightest possible mechanical force,
just enough indeed to prevent their coalescence and to
keep them apart and in place, and yet offering no
resistance to any chemical action of test agents, as the
acids, &c., not allowing any supposition of chemical

:af, but in the unpressed state, their trans-
lour is generally grey, or violet-grey. The
m of their lustre and colour is gradual from
=st to the thinnest, and the same is generally
thick films are gradually thinned and dis-
hilst floating on solvents; the thick and the
s must both be accepted as having the same
of evidence for their metallic nature. When
. to chemical agents, both the thick and the
s have the same relations as pure metallic
gold.

“Tt may be thought that the fluid preparations
present more difficulty to the admission, that they
are simply cases for pure gold in a divided state; yet
I have come to that conclusion, and believe that the
differently-coloured fluids and particles are quite
analogous to those that occur in the deflagrations and
the films. In the first place they are produced as the
films are, except that the particles are separated under
the surface and out of the contact of the air; still,
when produced in sufficient quantity against the side
of the containing vessel to form an adhering film,
that film has every character of lustre, colour, &c.,
in the parts differing in thickness, that a film
formed at the surface has.”




Gustav Mie (1868 - 1957)
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Mie G. Beitrage zur Optik triber Medien speziell kolloidaler Goldlosungen
(contributions to the optics of diffuse media, especially colloid metal
solutions). Ann Phys 1908;25:377—445. This paper, including an English
translation, as well as other historic papers on light scattering and absorption
can be found at .ww.iwi-bremen.de/vt/laser/wriedt/index ns.html .




Silicon dioxide in Lycurgus cup = 73%
Silicon dioxide in Modern Glass = 70%
Sodium oxide in Lycurgus cup = 14%
Sodium oxide in Modern Glass = 15%
Calcium oxide in Lycurgus cup = 7%
Calcium oxide in Modern Glass = 10%

So why is it coloured? The glass contains
very small amounts of gold ( about 40 parts per
million) and silver (. about 300 parts per million)

Lycurgus cup; in transmitting light (left) and in reflected light (right). From
the site, http://www.thebritishmuseum.ac.uk.




Gas phase cluster spectroscopy
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Mass spectra of positively charged Ar, Kr, Xe clusters, W. Miehle, O. Kandler,
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Laser desorption mass spectrometry

Vaporisation lon det
D ot etector gr: L)

b C70
| A
_ I
Cluster 4 b o
beam b i:
R X Sl Hr :

Time-cf-flight M L'\MJ\J\J\MM/\W

mass
spectrometer

AY
Gas valve rotating
carbon disk

I A Y TS U N AN PO N N N
40 52 60 68 76 84
Cluster size (atoms)

Smalley et al. Nature 1985



Supported gold clusters in catalysis

CO + Au=—— 0=C-A
03 + AwWTiO3— AwWTiOz+03

AWTiOy-02 + 2 [0=2C-An]
0O
| — ——

flow

0=C-Au + CO;
o

spectator O=C—_Au CO3

i 0 -
‘:3 0 intermediate || 0

Schematic representation for CO oxidation
pathways over Au/TiO2.

M. Haruta. When Gold Is Not Noble: Catalysis by Nanoparticles. Chem. Rec. 2003, 3, 75.



Magic clusters

Fig. 1 Organization of full-shell clusters: a first single atom (purple) is surrounded by 12 others (green) to give a one-shell cluster M 5. 42 atoms
(red) can be densely packed on the 12 green atoms ending with the Mss two-shell cluster, followed by 92 atoms (yellow) and 162 atoms (blue) to
give M 47 and Mg, respectively.

From Gunter Schmidt, Chem. Soc. Rev. 2008, 37, 1909-1930



Gold clusters

L)
P(2)

[Au;(PPhMe,) ,,C1,]**

» Au;; [P(CgH5)3]42Clg - @ gold cluster of unusual size, Schmid, G.; Pfeil, R.; Boese, R.;
Brandermann, F.; Meyer, S.; Calis, G. H. M.; Van der Velden.; Jan W. A. Chemische
Berichte 1981, 114, 3634.

» Synthesis and x-ray structural characterization of the centered icosahedral gold
cluster compound [ Au,; (PMe,Ph),,CL,](PFg);; the realization of a theoretical
prediction, Briant, C. E.; Theobald, B. R. C.; White, J. W.; Bell, L. K.; Mingos, D. M. P;;
Welch, A. J. Chem. Commun. 1981, 5, 201.

» Synthesis of water-soluble undecagold cluster compounds of potential
importance in electron microscopic and other studies in biological systems, Bartlett,
P. A.; Bauer, B.; Singer, S. J. Am. Chem. Soc. 1978, 100, 5085.



Monolayer Protected Metal Nanoparticles
Monolayer Protected Clusters (MPCs)

N. Sandhyarani and T. Pradeep, Int. Rev. Phys. Chem. 2003



Molecular Clusters

» 28 kDa Alkanethiolate-Protected Au Clusters Give Analogous Solution
Electrochemistry and STM Coulomb Staircases, Ingram, R. S.; Hostetler, M. J;
Murray, R. W.; Schaaff, T. G.; Khoury, J.; Whetten, R. L.; Bigioni, T. P.; Guthrie, D. K;
First, P. N. J. Am. Chem. Soc. 1997, 119, 9279.

» |[solation of Smaller Nanocrystal Au Molecules: Robust Quantum Effects in
Optical Spectra, Schaaff, T. G.; Shafigullin, M. N.; Khoury, J. T.; Vezmar, |.; Whetten,
R. L.; Cullen, W. G.; First, P. N.; Gutierrez-Wing, C.; Ascensio, J.; Jose-Yacaman, M. J.
J. Phys. Chem. B 1997, 101, 7885.

= Optical Absorption Spectra of Nanocrystal Gold Molecules, Alvarez, M. M,;
Khoury, J. T.; Schaaff, T. G.; Shafigullin, M. N.; Vezmar, |.; Whetten, R. L.
J. Phys. Chem. B 1997, 101, 3706.



» |[solation and Selected Properties of a 10.4 kDa Gold:Glutathione Cluster
Compound, Schaaff, T. G.; Knight, G.; Shafigullin, M. N.; Borkman, R. F.; Whetten, R. L. J.
Phys. Chem. B 1998, 102, 10643.

= Controlled Etching of Au:SR Cluster Compounds, Schaaff, T. G.; Whetten, R. L. J.
Phys. Chem. B 1999, 103, 9394.

» Giant Gold-Glutathione Cluster Compounds: Intense Optical Activity in Metal-
BasedTransitions, Schaaff, T. G.; Whetten, R. L. J. Phys. Chem. B 2000, 104, 2630.

» Near-Infrared Luminescence from Small Gold Nanocrystals, Bigioni, T. P.; Whetten, R.
L.; Dag, O. J. Phys. Chem. B 2000, 104, 6983.

» Properties of a Ubiquitous 29 kDa Au:SR Cluster Compound. Schaaff, T. G
Shafigullin, M. N.; Khoury, J. T.; Vezmar, |.; Whetten, R. L. J. Phys. Chem. B 2001, 105,
8785.

» Visible to Infrared Luminescence from a 28-Atom Gold Cluster, Link, S.; Beeby, A.;
FitzGerald, S.; EI-Sayed, M. A.; Schaaff, T. G.; Whetten, R. L. J. Phys. Chem. B 2002, 106,
3410.

= All-Aromatic, Nanometer-Scale, Gold-Cluster Thiolate Complexes, Price, R. C;
Whetten, R. L. J. Am. Chem. Soc. 2005, 127, 13750.



Au,,

Au,py(p-MBA)

Jadzinsky, P. D.; Calero, G.; Ackerson, C. J.; Bushnell, D. A.; Kornberg, R. D. Structure of a
Thiol Monolayer—Protected Gold Nanoparticle at 1.1 A Resolution Science 2007, 318,
430.






How to make them?



