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Correction

Conference Report by

Dr Sénia A Carabineiro, Volume 41,
part 4, p350

In the last issue of Gold Bulletin, vol 41 (4),
the Contents page gave the wrong title
to Dr Carabineiro’s report on page

350. The title should have read, “Gold
Highlights at the 21st Meeting of the
Portuguese Society of Chemistry in Porto,
Portugal, June 11-13, 2008”

We apologise for this error. It has now
been corrected on the website,
www.goldbulletin.org

CW Corti
Editor

New guidelines for
publication in

Gold Bulletin

The Editorial Team are currently receiving increased numbers of
manuscripts for publication in Gold Bulletin. As a consequence,
new Guidelines for Authors have been introduced

(see http://www.goldbulletin.org/content/view/11/30/ ).

This places more severe limits on the length of manuscripts that
will be accepted. In particular, scientific papers should not be
more than four published text pages* plus tables and figures in
length (longer ones only at Editor’s discretion).

Manuscripts submitted that are longer than the Guidelines will
be returned for shortening (unless the author can justify the

need for a longer text).
The Editor

* this equates to about 8 typed pages of text on A4 paper
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Guest

Editorial

Frontier topics in gold chemistry

The applications of gold and gold compounds in various
fields have been increasing in recent decades. For instance,
the anticancer and antimicrobial properties of gold
compounds and the utilization of gold nanoparticles in DNA
diagnostics have been the recent foci in biomedical studies
and applications, while the development of gold nanoparticles
attached to metal oxide and activated carbon supports as
catalysts represents another prosperous field of research and
have found applications in various aspects, such as in green
chemistry and numerous chemical processes. There has also
been a fast growing interest in the use of molecular gold
complexes in gold-catalyzed organic reactions.

In addition to the well-known applications of gold
compounds in the biomedical and catalysis sectors, the
exploration of luminescent gold complexes has also been
one of the foci of research in the field of gold chemistry in
recent decades. One of the most probable reasons for the
surge of the number of research related to luminescent gold
complexes is the presence of weak attractive forces between
two gold(l) metal centres. This non-covalent interaction is
dispersive in nature and has been termed “aurophilicity” by
Schmidbaur in the 1980s. Since the gold(l) centre is isolobal
with hydrogen ions, analogies and comparisons between
aurophilic interaction and hydrogen bonding have drawn
immense interest in the scientific community. The origins of
this interaction are conceived to be a result of the relativistic
effects and correlation effects as proposed by Pyykké and
others through computational and theoretical studies.
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The assembly of supramolecular architectures using hydrogen
bonding as the driving force has been one of the most topical
fields in supramolecular chemistry. In view of the similarities
between aurophilic interactions and hydrogen bonding as
well as the diverse coordination geometries exhibited by
gold(l) complexes, the exploitation of gold...gold interactions
has offered a novel strategy towards the construction of
molecular assemblies. In addition to the intriguing
construction of high-nuclearity clusters and supramolecular
assemblies, the presence of gold...gold interactions has also
led to the existence of rich polymorphism in a variety of gold
compounds.

The extent of gold...gold interaction also plays a pivotal
role in governing the emission characteristics of luminescent
gold complexes, which has also attracted widespread
attention recently. In general, a red shift in emission
wavelength could be observed in the presence of aurophilic
interactions. Such a lowering of the emission energy in the
presence of gold...gold interactions has generally resulted
from a narrowing of the HOMO-LUMO energy gap between
the predominantly metal-based LUMO and the predominantly
metal-based or ligand-centred HOMO. This change in
emission energy could sometimes translate into visual
emission colour changes that could be perceived by the
naked eyes upon UV irradiation. The different polymorphs of
some of the gold compounds could give rise to different
absorption and emission characteristics that are mediated by
the presence of gold...gold interactions. Gold-based sensory
materials towards volatile organic compounds (VOCs) and
mechanical pressure with luminescence changes have been
reported, further demonstrating the diverse application of
luminescent gold-containing complexes in the field. The
perturbation of luminescence signal of dinuclear gold
complexes with emissive states associated with gold...gold
interactions has also been employed as luminescence probes
and reporters.

Besides, the exploration of luminescent gold(lll) complexes
has been a recent area of research and their applications as
the emissive layer or dopants in OLEDs have been
demonstrated. These examples have highlighted the
importance and breadth of luminescent gold complexes that
could be applied in the field of optoelectronics in addition to
the well-known biomedical and catalysis sectors. It is
envisioned that the development of gold-based materials in
optoelectronics and materials science would attract
increasing attention of growing importance in the
forthcoming decades.

Vivian Yam

Prof. VW.W. Yam is in the Department of Chemistry,
University of Hong Kong, Hong Kong, PRC

Vivian Yam is chairman, Chemistry Committee, GOLD 2009
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With its glorious natural setting,
a wonderful castle, historic old town
and a beautiful river set in the midst
of rolling hills, Heidelberg is regarded
as one of the most attractive cities
in Germany. It is also a progressive
city of international importance in
the fields of science, research and
business. Not only is Germany’s
oldest university based in Heidelberg
(the venue for the conference),
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research institutions and industrial
companies. Itis a truly wonderful
setting for GOLD 2009 and we look
forward to welcoming you to see
for yourself!
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Role of promoting oxide
morphology dictating the

activity of Au/SIiO, catalyst
in CO oxidation

Laszl6é Guczi'? *, Andrea Beck’,
Krisztina Frey’

TInstitute of Isotopes, HAS, P.O. Box 77, H-1525
Budapest, Hungary

?Institute of Nanochemistry and Catalysis, Chemical
Research Center, HAS, P.O. Box 17, H-1525 Budapest,
Fax: +361-392-2703, guczi@mail .kfki.hu

lAbstract

The interfacial interaction of gold nanoparticles
deposited on either model SiO,/Si(100) or high
surface area amorphous or mesoporous silica with
minute amounts of promoter oxide like “active”
FeO,, TiO, and CeO, has been discussed. The role of
the active oxide, its contribution to the perimeter
along the gold nanoparticles has been interpreted.
The oxide may invoke electronic interaction and
simultaneously the defect structure of oxides likely
has a key issue in the formation and stabilization of
very small Au particles. The activity of the Aujoxide
perimeter depends not only on the size of the Au
particles, but also on the size and morphology of
the oxide component (likely amorphous structure)
regardless of whether it is supporting Au
nanoparticles or decorating them. The activity in
CO oxidation over Au catalysts is strongly affected by
the length of the Au/“active” oxide perimeter which
is regarded as the “active interface”. The longer
length of the perimeter is evidenced by the
enhanced CO oxidation activity.

Keywords: Structure of gold/oxide interface, its effect on
CO oxidation, inverse catalysis
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l 1 Introduction

A thorough comparison of the activity of gold nanoparticles
deposited on different support materials revealed enhanced
CO oxidation rates whether it was deposited on “active” as
compared to “non active” supports (e.g. Fe,0,, TiO,, CeO,, or
Si0,, ALO,, respectively) [1]. It is generally accepted that SiO,
itself is a non active support regardless of whether the gold-
containing samples are prepared by the wet chemical
technique [2, 3] or by using the model, SiO,/Si(100)
supported system [4,5]. Only the use of a gold cationic
complex precursor [Au(en),]** (en = ethylenediamine) proved
the opposite effect. [6, 7] Nevertheless, amorphous silica was
also employed to stabilize particle size of gold deposited
on TiO, support [8].

Large amount of works have described the mechanism of
the CO oxidation taking place on gold nanoparticles
supported on “active oxide”. The valence state of gold is still
a debating factor [9-12]. Earlier the problem has also been
addressed in two chapters [13, 14] but apparently the way of
preparation, the size of gold nanoparticles, etc. largely
influence the valence state of the deposited gold. At the
gold/oxide interface many dislocations and irregularities are
present thus the coexistence of both species cannot be
excluded. Photoelectron spectroscopy not, perhaps
EXAFS is suitable experimental technique to give answer
to this problem.

There is no unambiguous clarification about the site at
which the CO molecules can be activated. The CO molecules
can be chemisorbed on gold particles in the size range
2-6 nm, while on larger gold particles (d > 15 nm) no CO
chemisorption occurs because the adsorption process is
highly endothermic. It is, therefore, more plausible to assume
that the the gold sites along the perimeter of gold/support
interface serves as the adsorption site.

The active oxide may play a special role in activation
of oxygen, although Norskov and his school [15] theoretically
established that oxygen can be activated on a 10-atom gold
particle. However, Goodman showed that on the Au/TiO,
system the optimum activity appears in the 2-4 nanometer
range, which contains far more than 10-atom gold
particles [16]. Behm([1] and later Freund et al.[17] found that
on AufFe,O, large amounts of oxygen can adsorb on the
support, which most likely represents the oxygen supply
during reaction. The generally accepted view in the literature
regarding the reducible oxide supported gold catalysis in CO
oxidation, that the active phase is the perimeter, where the
reaction takes place between the O, activated predominantly
on the oxygen vacancies of oxide and CO adsorbed
predominantly on Au in close vicinity of each other. [18]
Consequently, all the properties of this interface affecting the
CO adsorption and O, activation (oxygen binding energy,
abundance and energetic state and charge of oxygen
vacancies etc.) and the quantity of the active sites must
affect the catalytic activity.



The aim of the present work is at finding relationship
between the different forms of interface (perimeter)
between gold (film, nanoparticles) and “active oxide” of
different morphology, and developing high activity in the
CO oxidation. For this some published and unpublished
results will be applied.

2 Factors responsible for optimum
activity of gold particles in CO
oxidation

The key issue is to interface gold with oxide in creation of
active sites determined by: (i) geometry and size of metal
and oxide nanoparticles, (ii) morphology of the "active oxide”
supporting or decorating the gold nanoparticles and
(iii) electron properties of the oxide.

2.1 Size of gold nanoparticles

The presence of nano structured gold particles (2-5 nm)
is prerequisite to develop high catalytic activity. In the
literature [19] several attempts tried to separate the Au
particle size effect from the effect of an active oxide.
This can be achieved when either a SiO,/Si(100) model system
[20-22], or high surface area SiO, aerogel are used as support
for preparing Au/SiO, samples. [23] We confined ourselves to
apply zero valent gold particles deposited either by pulsed
laser deposition technique (PLD), and/or by thermal
evaporation, while gold sol was deposited via wet chemical
methods on SiO, (amorphous or mesoporous). On Au/SiO./
Si(100) model system the presence of Au nanoparticles was
indicated by the shift of the core level binding energy
towards positive value by about a 0.5 eV measured by XPS
as compared to binding energy characteristic of bulk
gold. [5, 21, 22] Sometimes Ar* ion bombardment leading to
raft like gold nanoparticles was needed for further size
reduction. [4] The intrinsic activity of the pure gold
nanoparticles in the CO oxidation was significantly higher
than that of the bulk like Au thin film.[5]

2.2 Interfacial properties of oxide
The oxide of variable oxidation state affects the catalytic
properties of gold nanoparticles in oxidation reactions. One of
the important features is that an interface with the gas phase
along the gold/oxide boundary (called perimeter) first
introduced by Haruta et al. [24-28], and later others [29], has a
decisive effect. The promoting oxide depending on its nature
may enhance the activity on different ways, as taking part in
the reactant activation at the perimeter of the
Au-oxide interface, via electronic interaction as was shown for
TiO, as support [30-34], stabilising the metastable small gold
nanoparticles against agglomeration and sintering [35,36],
stabilising active form of Au (as e.g. Au® on CeO, support).

As we already pointed out the size of gold nanoparticles
and the perimeter with an active oxide dictate the efficiency
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of the activity. The length of the active Au/oxide perimeter
depending mainly on the size and shape of gold and oxide
particles and their interface, is difficult to be determined.
Moreover, the oxides have various structures, modification
and morphology, which influence the gold/oxide interface
and possibly the catalytic properties, too.

2.3 Effect of the structure of active support
The effect of TiO, allotropes (rutile, anatase and brookite) on
gold nanoparticles was recently discovered. [35, 36] The gold
on different allotropic forms was in fully reduced state [12]
indicating that oxidized Au is not necessary for high activity in
CO oxidation. Gold nanoparticles on brookite showed the
highest activity that was explained by the higher stability of the
Au particle size. The surface area of the supporting oxide may
influence the Au particle size, its stability against agglomeration
and sintering. In Overbury’s and coworkers’ works the brookite
composed of the largest particles has the smallest surface area
as compared to the other allotropic forms that would prefer
the sintering, but Au is stabilised by brookite more efficiently
than anatase or rutile likely based on structural effects.
Therefore, by changing the morphology of the support (e.g.
crystalline form), the gold nanoparticles can be stabilized. The
different crystalline form of titania may affect also the specific
activity of the Au-oxide perimeter, but it has not been studied.
However, the stabilization of gold particles is not a unique
behavior of a given crystal structure of supporting TiO,.
For instance, Au/ALO, was promoted by various oxides
(Au/MO JALO,) resulting in enhanced activity. [37] The 6 wt%
Co0, added to Au/SiO, system [38, 39] resulted also in activity
increase. Molybdenum oxide has similar effect. [40] Rare
earth oxides are proved to be also excellent promoters
[41-43]. Note that the effect of the promoting oxides depends
on the nature of the combination of additive and support. In
most cases the promoter oxide not only stabilizes the gold
particle size, but the Au/promoter oxide interface may form
having perimeter of increased activity. In such systems it is
difficult to determine and control the highly active Au/
promoter oxide perimeter dictating interface induced effect.
In the three component inert oxide supported Au and
promoter oxide systems it has to be considered that the less
active Aufinert support and promoter oxidefinert support
interface may also be formed on the expense of more active
Au/promoter oxide interface. Moreover, the length of
perimeter depends also on the shape and the arrangement
of the contacting particles (as e.g. one Au interfacing one or
more oxide particles or oxide forms an overlayer on Au etc.),
all these are difficult to determine, too.

l 3 Effect of promoting oxide morphology

Morphology of promoting oxide comprises the (i) crystalline
or amorphous character, (i) the type of crystalline structure
that both may affect for example the oxygen binding energy,
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the abundance of the oxygen vacancies, and (iii) the size and
shape of the oxide phase (layers or spherical, hemispherical,
polyhedral particles etc.) affecting the length of the perimeter
of active Au/promoter oxide interfaces. In the following
section we report our work indicating the effect of promoting
oxide morphology on the CO oxidation catalyzed by gold
nanoparticles. To make the approach easier only prefabricated
gold nanoparticles created by PLD deposition or by sol
technique were employed.
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3.1 SiO,/Si(100) supported model system

As first example the gold-iron oxide system will be discussed.
The technique to prepare iron oxide on SiO_/Si(100) followed
by gold particle deposition by PLD technique has been
described [44]. The major discovery is that after FeO_and Au
deposition and the sequential CO oxidation an amorphous
structure of FeO, was present measured by electron
diffraction. The activity sequence of Au/FeQ /SiO,/Si(100) >
Au/SIiO,[Si(100) in CO oxidation is indicative of formation of






Highlights from

recent literature

l 1 Analytical

1.1 Method for measuring impurity elements in
high-purity gold with small-size extraction
apparatus

Inventors Y Li, Q Hu, Z Huang, X Yang, Q Wei, G Yang, Y Huang
from the Yuxi Normal University, Peop. Rep. China, Patent No
CN 101285744, A, October 2008 The title application
comprises a cannula, and a seperating pistol with capillary at
the center. The title method comprises the steps of: treating
a sample with microwave, separating Au matrix by
microextraction with the micro extraction application,
optimizing working parameters of instruments, choosing
isotopes and internal std., correcting the interference of
common ion effect, performing half-quant. scanning,
preparing a ref. solution, measuring with plasma mass
spectrum, and calculating to obtain result. The inventive app.
has a 1-time extn. rate of 98% and a recycling rate of
impurities of 95%. The inventive method eliminates the
interference of Au of the measurement onto impurity
elements with ICP-MS (inductively coupled plasma mass
spectrometry) method, and as a trace anal. method, it has
high sensitivity, low detection limit, small sample consumption,
and high speed.

|2 Catalysis

2.1 Nanoscale gold supported manganese oxide/
iron oxide catalyst, and preparation method
and application thereof

The title catalyst comprises manganese oxide and iron oxide

as carrier and gold nanoparticle supported thereon. Y Chen,

M Lin, H Hsu, J Lin, Patent No. CN 101284239, A, October

2008 The application for removing CO in gas comprises

oxidizing CO in reactive gas containing O, CO, H, and He in

the presence of the above catalyst into carbon dioxide in a

continuous packed bed reactor. The invention may avoid CO

poisoning of fuel cell electrode.

2.2 Interaction between metallic gold and support
and its influence on catalysis

The interaction between gold particles and support in Au/

TiO, and Au/ALO, catalysts prepared by immobilizing colloidal

gold on the support was evidenced by XPS. X Yang, Y Shen,

D Wang, Y Sun, Yongan from the College of Chemistry and

Chemical Engineering, the Inner Mongolia, University, Huhhot,
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010021, Peoples Rep. China, Reaction Kinetics and Catalysis
Letters, 2008, 95(1), 123. The reducibility of the support is
more responsible than the interaction between the nanogold
particles and support for the activity of catalysts.

2.3 Selective oxidation with dioxygen by
gold nanoparticle catalysts derived from
55-atom clusters
Supported gold nanoparticles have excited much interest
owing to their unusual and somewhat unexpected catalytic
properties, but the origin of the catalytic activity is still not
fully understood. M Turner V Golovko, O Vaughan, P Abdulkin,
A Berenguer-Murcia, M Tikhov, B Johnson, R Lambert, from
the Department of Chemistry, University of Cambridge,
Cambridge, Nature (London, United Kingdom),2008,
454(7207), 981.

Experimental work on gold particles supported on a
titanium dioxide (110) single-crystal surface has established a
striking size threshold effect associated with a metal-to-
insulator transition, with gold particles catalytically active
only if their diameters fall below .apprx.3.5 nm. However, the
remarkable catalytic behaviour might also in part arise from
strong electronic interaction between the gold and the
titanium dioxide support. In the case of industrially important
selective oxidation reactions, explanation of the effectiveness
of gold nanoparticle catalysts is complicated by the need
for additives to drive the reaction, and/or the presence of
strong support interactions and incomplete understanding
of their possible catalytic role. Here we show that very small
gold entities (.apprx.1.4 nm) derived from 55-atom gold
clusters and supported on inert materials are efficient and
robust catalysts for the selective oxidation of styrene by
dioxygen. We find a sharp size threshold in catalytic activity,
in that particles with diameters of .apprx.2 nm and above are
completely inactive. Our observations suggest that catalytic
activity arises from the altered electronic structure intrinsic to
small gold nanoparticles, and that the use of 55-atom gold
clusters may prove a viable route to the synthesis of robust
gold catalysts suited to practical application.

2.4 Identification of active gold nanoclusters on
iron oxide supports for CO oxidation

Gold nanocrystals absorbed on metal oxides have exceptional
properties in oxidation catalysis, including the oxidation of
carbon monoxide at ambient temps., but the identification
of the active catalytic gold species among the many present
on real catalysts is challenging. A Herzing, C Kiely, A Carley,
P Landon, G Hutchings from the Center for Advanced Materials
and Nanotechnology, Lehigh University, Bethlehem, PA, USA,
Science (Washington, DC, United States) 2008, 321(5894),
1331. The authors have used aberration-cor. scanning
transmission electron microscopy to analyze several iron
oxide-supported catalyst samples, ranging from those with
little or no activity to others with high activities. High catalytic
activity for carbon monoxide oxidation is correlated with
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Calendar

2009

Going Green; towards sustainability in conservation
Friday 24 April 2009, The British Museum, Clore Education
Centre: Conservators and their colleagues are responding to
the need to reduce the environmental impact of their
professional activities. Such efforts may also anticipate
regulatory requirements, given national and international
commitments to reduce carbon emissions. The Department
of Conservation and Scientific Research at the British
Museum will host a one-day meeting in April 2009; Going
Green; towards sustainability in conservation, which will
allow professionals to demonstrate and share best practice.
This meeting aims to show examples of successful practical
adaptation to increase sustainability within the conservation
studio as well as the broader aspects of collections care.

For further details, registration (£35-£15) and call for papers
please go to:
http://www.britishmuseum.org/whats_on/events_calendar/
going_green.aspx

Nanotech 2009. The NSTI Nanotechnology conference and
trade show will be held on 3 - 7 May 2009 at Houston, Texas,
USA. World Gold Council will have a stand at this conference.
Contact: www.nsti.org/Nanotech2009/

AURUM: “authentication and analysis of gold work”,
workshop will take place in Paris, at the C2RMF in the Louvre
Palace, from Monday 11 May to Wednesday 13 May 2009.
The aim of this workshop is to consider the main applications
of scientific techniques used to study manufacture and
circulation of ancient gold artefacts and coinages. One day is
totally dedicated to a special session on the different aspects
of forgery, trade and authentication of gold work. A first full
announcement and call for papers with the different scientific
topics will be sent out in June 2008. The number of
participants is limited to 70.
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The 23rd Santa Fe Symposium on Jewelry Manufacturing
Technology will be held on 17 - 20 May 2009 in Albuquerque,
N.M., USA. www.santafesympaosium.org,

email: marketing@riogrande.com

21st North American Catalysis Society Meeting to
be held in San Francisco California 7 - 21 June 2009
www.21nam.org. Visit the World Gold Council Stand.

The 13th ICQC will be held at Helsinki on 22 - 27
June, 2009.

GOLD 2009. The 5th International Conference on gold
science, technology and its applications will be held at the
University of Heidelberg, Heidelberg, Germany on 26 - 29 July
2009. See conference website for details and registration,
www.gold2009.org

EuropaCat IX, Catalysis for a sustainable World to be held
in Salamanca, Spain from 30 August to 4 September 2009
http://www.europacat2009.eu

The 3rd International Symposium on “Advanced
Micro- and Mesoporous Materials” (6 - 9 September 2009)
which will take place in Albena, on the Bulgarian Black Sea
coast in the north of the city of Varna.
http://micro2009.innoslab.com

International Symposium on Catalyst Deactivation
to be held in Delft, The Netherlands from 25 - 28 October
2009. More information from the website:
www.catdeact2009.com

IMAPS Topical Workshop on Intelligent Uses of Precious
Metals in Microelectronics 5 - 6 November 2009 San Jose,
California, USA

http://www.imaps.org/preciousmetals/

contact Jackki Morris-Joyner by email at jmorris@imaps.org
or by phone at 202-548-4001
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