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Highlights from
Recent Literature

Note:
A more comprehensive list of literature and patents,
updated quarterly, will be found in the searchable
Technical Database on the World Gold Council
website, www.gold.org under Science and 
Industry domain.

1 Analytical

1.1 Advances in Gold Determination by
Chemiluminescence Analysis 

A review by M. Li and S. Li from the Department of Applied
Chemistry, Chang'an University, Peoples Republic of China,
Guijinshu 2002, 23(4), 58, The development in gold
detection by way of chemiluminescence analysis was
reviewed in this paper. The basic principle, luminous agent
used and influencing factors were discussed. The
chemiluminescence intensity was influenced by the
concentration and mixed order of reactant, medium, coexist
species and temperature. A small amount of surfactant
added to the solution could stabilize gold(III) in aqueous
solution, accelerate the reaction rate and improve the
intensity of chemiluminescence. The complex combined
gold(III) with Cl- or 8-hydroxyquinoline enabled the
chemiluminescence more stable and more intensive. 

1.2 Surface-Enhanced Raman Scattering Studies
on Aggregated Gold Nanorods

Surface-enhanced Raman scattering (SERS) of adsorbed
molecules on gold nanorods (NRs) with dimensions of 10 nm by
27 nm was studied on SiO2 surface with low to high surface
coverage of NRs. The study by B. Nikoobakht, M.A. El-Sayed,
Mostafa from the Laser Dynamics Laboratory, School of
Chemistry and Biochemistry, Georgia Institute of Technology,
Atlanta, USA, Journal of Physical Chemistry A 2003, 107(18),
3372 was carried out to study both the dependence of the SERS
intensity on the number of NRs and the NRs spacing on the SiO2

surface. SERS of adsorbed molecules such as 2-aminothiophenol
(2-ATP) and the capping molecules (hexadecy-
ltrimethylammonium bromide) was studied on these surfaces
using a near-IR laser excitation source (1064 nm). To produce
SiO2 surfaces covered with NRs, two approaches were used. In
the first approach, monodispersed NRs were gradually deposited
from solution to SiO2 surface and their number was increased by

increasing the deposition time. In the second, the NRs were 1st
aggregated in solution and then deposited on the surface. 

Although using the first approach it was possible to prepare
surfaces with high NR surface coverage, SERS intensity is stronger
for adsorbed molecules on surfaces covered with aggregated
NRs. The observed increase in the SERS intensity in the case of
aggregation was attributed to the enhancement of the electric
field between the particles in the aggregates. Aggregated NRs in
comparison with aggregated nanospheres (NSs) have stronger
SERS enhancement under similar experimental conditions. In this
comparison, some of the enhanced vibrational bands of 2-ATP
on aggregated NRs are weakly enhanced or absent on
aggregated NSs. Monitoring the SERS intensity of adsorbed 2-
ATP vs. its exposure time to the aggregated NRs shows that the
SERS intensity of the adsorbed molecules reaches saturation,
whereas the peak intensities of the capping molecules remain
unchanged. The intensity saturation was discussed in terms of
factors such as the saturation of the SERS active sites for 2-ATP
on the gold surface and the partial damping of the plasmon
band due to the stronger interaction of the adsorbate molecules
with the metal surface 

2 Catalysis

2.1 Catalytic Activation of Core-Shell Assembled
Gold Nanoparticles as Catalyst for Methanol
Electrooxidation

This paper by J. Luo, M.M. Maye, Y. Lou, L. Han, M. Hepel, C.J.
Zhong, from the Department of Chemistry, State University of
New York at Binghamton, Binghamton, NY, Catalysis Today 2002,
77(1-2), 127, describes the results of a study of the evolution and
the reconstitution of core-shell assembled gold nanoparticles in
electrocatalytic activation for MeOH electrooxidation The aim
was to probe the structural and morphology reconstitution upon
the catalytic activation gold nanoparticles of 2-nm core size are
linked by 1,9-nonanedithiolates into a network thin film on planar
substrate, and are explored as a model system of core-shell
nanostructured catalysts. This system is probed using 3
characterization techniques: electrochemical quartz-crystal
nanobalance (EQCN), IR reflection spectroscopy (IRS), and atomic
force microscopy (AFM). The EQCN detected 2 types of mass
changes across the nanostructured catalysts. One corresponds
to shell desorption upon the oxidative potential-driven
activation, and the other relates to the formation of surface
oxygenated species during the catalytic oxidation of MeOH. IRS
provided 2 pieces of evidence for the shell reconstruction upon
the activation. 

One is indicative of the desorption of the shell thiolates, and
the other relates to the interparticle electronic effect. AFM
revealed morphology changes of the nanoparticle assemblies
in terms of the film smoothness and the particle size that are
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dependent on the thickness of the nanoparticle assembly.
While thick films displayed enlarged nanoparticle features,
thinner films exhibited a relatively smaller evolution. The
catalytic activity is associated with the partial or even complete
desorption of network shell components accompanied by the
formation of surface oxygenated species, a reconstitution
process that may have important implications to the
delineation of design and preparation parameters of
nanoporous and highly active nanoscale catalysts. 

2.2 Cryogenic CO Oxidation on TiO2-Supported
Gold Nanoclusters Precovered with Atomic
Oxygen

Bulk gold has long been regarded as a noble metal, having very
low chemical and catalytic activity. However, metal oxide-
supported gold particles, particularly those that are less than 5
nm in diameter, have been found to have remarkable catalytic
properties. In this study by T.S. Kim, J.D. Stiehl, C.T. Reeves, R.J.
Meyer, C.B. Mullins from the University of Texas at Austin,
Department of Chemical Engineering, Center for Nano- and
Molecular Science and Technology, Texas, USA, Journal of the
American Chemical Society 2003, 125(8), 2018, show that
impinging gas-phase CO molecules react readily with oxygen
adatoms preadsorbed on Au/TiO2(110) to produce CO2 even
under conditions in which the sample is cryogenically cooled.
Gold particle size seems to have little effect on the CO oxidn
reaction when oxygen adatoms are preadsorbed. As the
oxygen adatom coverage increases, the rate of CO oxidation
decreases on Au/TiO2 at cryogenic temps

2.3 Gold Catalysts Supported on Graphitic Carbon
Nanostructures 

This patent by R. Baker, K. Terry and N.M. Rodriguez, Patent
number US 2003073573,A1 describes a gold-containing
catalysts, which comprises of gold on a nanostructure
support. The support is characterized as graphite nanofibers
comprised of graphite sheets, which are oriented
substantially perpendicular or parallel to the longitudinal axis
of the nanofiber. The graphite nanofiber contains exposed
surfaces and at least about 95% of exposed surfaces are
comprised of edge sites.

2.4 Comparative Studies of Gold Catalysts
Prepared via Solvated Metal Atom
Impregnation and Conventional
Impregnation: Characterization and Low-
Temperature CO Oxidation 

Supported gold catalysts for low-temperature CO oxidation were
prepared by solvated metal atom impregnation (SMAI) and
conventional impregnation (CI). S. Wu, B. Li, W. Huang, S. Zhang,
J. Shi and X. Zheng from the Department of Chemistry, Nankai
University, Tianjin, Peoples Republic of China, Reaction Kinetics

and Catalysis Letters 2003, 78(1), 49. XPS investigations
indicated that gold in all the samples was in the metallic state.
TEM and XRD measurements showed that the mean diameter of
gold particles prepared by SMAI were smaller than that of those
prepared by CI with the same gold content. Catalytic tests
showed that SMAI catalysts had higher CO oxidation activity than
CI catalysts with the same compositions. Both SMAI and CI
Au/TiO2 catalysts exhibited high activities in low temperature CO
oxidation. Full CO conversion was obtained at 323 K for 3.1 wt.%
Au/TiO2 (SMAI) catalyst, which displayed higher activity than the
3.1 wt.% Au/D-72 (SMAI) and 3.1 wt.% Au/TiO2(CI). Although the
sizes of gold particles prepared by the same method and
supported on both TiO2 and resin were comparable, the Au/TiO2

catalysts showed significantly higher activities than the Au/resin
catalysts with the same gold contents under the same reaction
conditions. These results prove that not only the gold particle
size, but also the support plays a key role in CO oxidation.

3 Chemistry

3.1 Study of the Effect of Small Ions as a Key
Parameter in the Adsorption of
Polyvinylimidazole on Silica and Gold 

The adsorption of polyvinylimidazole (PVI) from aqueous
solutions on gold and SiO2 substrates was studied, T. Roques-
Carmes, F. Membrey, A. Deratani, M. Boehmer and A. Foissy
from Laboratoire de Chimie des Materiaux et Interfaces, UFR
Sciences et Techniques-La Bouloie, Besancon, France, Journal
of Colloid and Interface Science 2002, 256(2), 273, using
reflectometry and compared to that measured on colloidal
SiO2 by the solution depletion method. The adsorption
trends were studied as a function of pH, monovalent
electrolyte (KCl, KNO3), and divalent electrolyte (ZnSO4)
concentrations. Uptake on gold compares very well with that
on SiO2. The main objective of this paper is to show
experimentally the importance of small electrolyte ions in the
adsorption of PVI by measuring their electrical contribution in
the charge balance of the adsorption layer. 

The authors used the adsorption data on colloidal SiO2,
which compared also very well with those on the SiO2

- and
gold-modified wafers, and combine them with electrophoretic
measurements to calculate and discuss small ion contribution.
Up to 80% of the charge in the interface is neutralized by small
ions and, consequently, that they play a significant role in the
free energy of polymer adsorption. PVI adsorption does not
obey the principle of surface charge neutralization. For the
significantly charged polyelectrolyte (in acidic media at pH 7
and below), the main part of the adsorbed polymer charge is
screened by its counterions. Conversely, at pH 8 and above, the
weakly charged polymer cancels only a very small fraction of
the high surface charge but the counterion of the surface (K+)
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is now largely in excess. Using the gold and SiO2 substrates,
when the polymer is weakly charged (pH 8 and above), the
increase of the negative surface charge leads to the
displacement of the polyelectrolyte by small K+ ions. Results
are in agreement with current SFC modelization of the
adsorption of polyelectrolytes but they illustrate more quant.
the predominant contribution of small ions; they also explain
several features of polyelectrolyte uptake with regard to the
specific effect and the concentration of the dissolved
electrolyte, in particular, the occurrence of irregular isotherms
and of endothermic adsorption reactions

4 Electrochemistry

4.1 Investigation of Electrochemical Charging
Behaviours of "Naked" Gold Nanoparticles
Ensembles in Aqueous Media

Gold nanoparticles were immobilized onto the electrode surface
by simple self-assembly technique. W-L. Cheng, X-J. Han, Z-Q.
Peng, S-J. Dogn and E-K. Wang from The State Key Laboratory of
Electroanalytical Chemistry, Changchun Institute of Applied
Chemistry, Chinese Academy of Sciences, Changchun, Peoples
Republic of China, Chinese Journal of Chemistry 2002, 20(10),
1031. The ensembles of these nanoparticles exhibit quantized
charging behaviours in aqueous solution. Possible mechanism
for such behaviours was proposed. 

4.2 Ruthenium/Rhodium Modified Gold Electrodes
for the Amperometric Detection of Hydrogen
Peroxide at Low Potentials

Electrodes of Ru/Rh deposited as thin layers on gold foils were
studied by D. Janasek, W. Vastarella, U. Spohn, N. Teuscher and
A. Heilmann from The Institute of Biotechnology, Martin-Luther-
University, Halle Germany, Analytical and Bioanalytical Chemistry
2002, 374(7-8), 1267. Ru layers were radio frequency (r.f.)
magnetron sputtered and the Rh layers were made by vacuum
evaporation. H2O2 could be detected using the cathodic
reduction at potentials <+170 mV or the anodic oxidation at
higher potentials. Under flow injection conditions, H2O2 was
detected between 1 and 1000 .mu.M at a potential of -100 mV
and between 2 and 500 .mu.M at a potential of +250 mV vs.
Ag/AgCl/0.4 M KCl. The electrodes also showed high operational
stability and selectivity against many electroactive substances.

4.3 An in situ Electrochemical Quartz Crystal
Microbalance Study of Polycrystalline Gold
Electrodes in Nitric Acid Solution

The dissolution and redeposition processes of gold in HNO3

solution at pH 1 and 0 were investigated as a function of
sweep rate by in situ EQCM experiments. S.G.D. Shackleford,
C. Boxall, S.N. Port, R.J. Taylor from the Centre for Materials

Science, University of Central Lancashire, UK, Journal of
Electroanalytical Chemistry 2002, 538-539, 109. The results
demonstrate that, at pH 1 and .nu..ltoreq.10 mV s-1, gold
dissolves through a 3 e- oxidation at E > + 1.0 V vs. SCE (SCE),
a process that, at .nu. .gtoreq. 10 mV s-1, is kinetically hindered
with respect to upd of OH surface sublattices and subsequent
2-D-phase oxide formation. The inhibition arises from the
presence of a close packed layer of nitrate oxyanions at the
gold surface, although the layer is disrupted and the inhibition
removed by the gold dissolution and reprecipitation processes
that occur during potential cycling at low .nu.

5 Electronics and Sensors

5.1 Electronically Addressable SnO2 Inverted Opal
Gas Sensors fabricated on Interdigitated Gold
Microelectrodes

Electronically addressable thin films of Sn oxide gas sensors
with well-defined opaline microstructures and reproducible
sensor-to-sensor responses were fabricated on interdigitated
gold microelectrodes through self-assembly growth of a
monodisperse polystyrene latex film onto the electrodes
followed by infiltration of Sn tert-butoxide and calcination of
the film. R.W.J. Scott, S.M. Yang, D.E. Williams amd G.A. Ozin
from the Materials Chemistry Research Group, Department of
Chemistry, University of Toronto, Canada, Chemical
Communications 2003, 6, 688.

6 Medical and Dental

6.1 Neurophysiological Anomalies in Brainstem
Responses of Mercury-Exposed Children of
Andean Gold Miners

The health hazards of occupational exposure to Mercury (Hg) in
adult gold miners are well known, but little attention has been
given to the effects of Hg exposure in the children of gold
miners. This paper by S.A. Counter from the Harvard Medical
School, Department of Neurology, General Hospital,
Cambridge, MA, USA, Journal of Occupational and
Environmental Medicine 2003, 45(1), 87 addresses some of the
issues. Children who assist their parents in gold mining
operations or live in mining enclaves may be exposed to
elemental Hg vapors or methylmercury-contaminated food,
both of which may induce neurodevelopmental disabilities.
Brainstem auditory-evoked responses (BAER) were measured as
biomarkers of subtle mercury-induced neurol. impairment in
Andean children of gold miners living in the Ecuadorian gold
mining settlement of Nambija, where Hg exposure is prevalent.
Thirty-one children (19 boys and 12 girls, aged 4-14 yr, mean
age: 10 yr) in the study group were found to have a mean blood
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mercury (HgB) level of 23.0 .mu.g/L (SD: 19, range: 2.0-89.0
.mu.g/L; median: 20 .mu.g/L), which was significantly higher
than the mean HgB level of a ref. group of 21 Ecuadorian
children (4.5 .mu.g/L, SD: 2.3; t = 4.39, P = 0.0001), and in
excess of the health-based biol. limits for the U.S. (10 .mu.g/L).

The BAER measures indicated statistically significant
differences in interpeak III-V (P = 0.03) and I-V (P = 0.008)
neural conduction times for children with HgB levels above
the median. BAERs at the conventional click stimulus rate of
10/s showed statistically significant positive correlations
between HgB level and the abs. latency of wave V (P = 0.03),
and the neural conduction times of the eighth nerve to
midbrain I-V interval (P = 0.02). BAER at 50/s revealed
statistically significant relationships between HgB and the
latency of wave VI (P = 0.03), and the I-VI interpeak interval (P
= 0.02). Brainstem neural conduction times suggested that
some of the Hg-intoxicated children in the study group have
subtle neurophysiol. anomalies that may be more manifest at
higher BAER stimulus rates, and that the Hg-exposed children
of gold miners are at risk for neurodevelopmental disabilities.

7 Metallurgy, Materials and Coatings

7.1 The Use of Fibrous Ion Exchangers in Gold
Hydrometallurgy

This article, R.M. Kautzmann, C.H. Sampaio, J.L. Cortina, V.
Soldatov and A. Shunkevich from The Processing Laboratory
(LAPROM), Universidade Federal Rio Grande do Sul in Porto
Alegre, Brazil, JOM 2002, 54(10), 47, examines a family of
ion-exchange fibers, FIBAN; containing primary and
secondary amine groups. These ion exchangers have a fiber
diameter of 20-40 .mu.m, high osmotic and mechanic
stability, a high rate of adsorption and regeneration, and
excellent dynamic characteristics as filtering media. In
particular, this article discusses the use of FIBAN fibrous ion
exchangers in the recovery of gold cyanide and base-metal
cyanides (copper and mercury) from mineral-leaching
solutions. The influence of polymer structure and water
content on their extraction ability is described, along with key
parameters of gold hydrometallurgy such as extraction
efficiency, selectivity, pH dependence, gold cyanide loading,
kinetics, and stripping. 

8 Nanotechnology

8.1 Synthesis of a stable gold hydrosol by the
reduction of chloroaurate ions by the amino
acid, aspartic acid

Development of reliable protocols for the synthesis of
nanoparticles of well-defined sizes and good monodispersity

is an important aspect of nanotechnology. The authors S.
Mandal, P.R. Selvakannan, S. Phadtare, R. Pasricha and M.
Sastry from the Materials Chemistry Division, National
Chemical Laboratory, Pune, India, Proceedings – Indian
Academy of Sciences, Chemical Sciences 2002, 114(5), 513,
present details of the synthesis of gold nanoparticles of good
monodispersity by the reduction of aqueous chloroaurate
ions by the amino acid, aspartic acid. The colloidal gold
solution thus formed is extremely stable in time, indicating
electrostatic stabilization via nanoparticle surface-bound
amino acid mols. This observation was used to modulate the
size of the gold nanoparticles in solution by varying the
molar ratio of chloroaurate ions to aspartic acid in the
reaction medium. Characterization of the aspartic acid-
reduced gold nanoparticles was carried out by UV-visible
spectroscopy, TGA and TEM. The use of amino acids in the
synthesis and stabilization of gold nanoparticle in H2O has
important implications in the development of new protocols
for generation of bioconjugate materials. 

8.2 Evaporation-Induced Self-Assembly of Gold
Nanoparticles into a Highly Organized Two-
Dimensional Array

This paper by S. Liu, T. Zhu, R. Hu and Z. Liu from the Center for
Nanoscale Science & Technology (CNST) and College of
Chemistry & Molecular Engineering, Peking University, Beijing,
Peoples Republic of China, Physical Chemistry Chemical Physics
2002, 4(24), 6059 provides a simple method for fabricating a
self-organized two-dimensional (2D) array of gold nanoparticles
on a silicon substrate. The silicon substrate, modified with an
aminopropyltriethoxysilane (APTES) monolayer, was first
exposed to a gold colloidal suspension to deposit the gold
particles and form a submonolayer of gold nanoparticles. This
was followed by treatment with an alkanethiol solution, and
then this randomly scattered submonolayer of nanosized gold
particles on the silicon substrate was organized into small
patches of 2D nanoparticle aggregates. 

Finally an alcohol solvent was used to drive these small
patches of gold nanoparticle aggregates to self-organize
together and form continuous ordered arrays on the silicon
surface. The SEM images of the samples show that ordered
two-dimensional arrays of gold nanoparticles are formed
over a very large area and that the nanoparticles are highly
organized and formed hexagonally closed packed
structured arrays. This highly organized structure of gold
nanoparticles can be reproduced over a large area by these
effective procedures. Therefore, it is believed such
procedures hold promise as an advanced new approach to
construct ordered mesoscopic structural materials or 
for the controlled self-assembly of nanoparticles and 
could provide the possibility of detecting the collective 
phys. properties of the ensemble.



9 Refining

9.1 Recovery of Gold From its Ores: an STM
Investigation of Adsorption of the Aurocyanide
onto Highly Oriented Pyrolytic Graphite

The development of new ways of recovering gold from low-grade
ores has been of great importance to the gold mining industry
throughout the world. The carbon-in-pulp process relies on the
selective adsorption of the gold dicyanide ion from a slurry of
crushed ore. In the process a series of expteriments was carried
out by using in-situ scanning tunneling microscopy (STM) to
investigate the adsorption of gold dicyanide on highly oriented
pyrolytic graphite. E. Poinen and S.M. Thurgate from the
Department of Physics, Murdoch University, Australia, Topics in
Applied Physics 2003, 85(Solid-Liquid Interfaces), 113. The effects
on adsorption of the addition of calcium ions to the solution were
investigated. The adsorption onto graphite occurs as a
consequence of intercalation of calcium ions between the carbon
sheets. The consequent modification of the electron distribution
in the carbon sheets makes possible the adsorption of gold
dicyanide ion.

9.2 Recovery of Gold Fines by Magnetic-Gravity
Separation in a Thin Layer

The recovery of gold fines in thin-layer flow of magnetized
ferromagnetic fluid is increased by magnetic-gravity
separation using open multiple-pole magnetic systems. M.B.
Evtushenko and V.E. Vigdergauz, Gornyi Zhurnal 2002, 8, 80.
The gold fines are recovered as clusters stabilized by
magnetic field applied in the high-d. fluid layer, vs. the cluster
disruption and decreased gold recovery in conventional
magnetic separation. 

9.3 Kinetics of Gold Cyanide Extraction Using Ion-
Exchange Resins Containing Piperazine
Functionality

An ion-exchange resin incorporating a piperazine group, linked
onto a styrene-divinylbenzene macroporous network, was
developed for gold cyanide solutions. J.L. Cortina, A. Warshawsky,

N. Kahana, V. Kampel, C.H. Sampaio and R.M. Kautzmann from
the Department of Chemical Engineering, Universitat Politecnica
de Catalunya, Barcelona, Spain, Reactive & Functional Polymers
2003, 54(1-3), 25. Kinetics measurements were made on the
extraction of Au(CN)-2 with the ion-exchange resin. The
extraction process is accompanied by a rapid ion-exchange
reaction and is characterized by a sharp moving boundary
between the reacted shell and shrinking unreacted core within
the resin. Analyses of the respective rate data in accordance with
two theorectical models used to explain the metal extraction
kinetics showed that the process is controlled by the rate of
diffusion of the ions penetrating the reacted layer at gold
cyanide concentration in the range 10-40 mg/L and controlled
by the rate of diffusion of the ions across the liquid film
surrounding the resin particle at gold cyanide concentration <2
mg/L. Particle diffusion coefficients and mass transfer constants
across the liquid film were determined from the graphical
representation of the proposed models.

10 General

10.1 Ink-Jet Printing of Gold Conductive Tracks
An organic gold precursor was dissolved to form a jet printing
ink and deposited using a modified IBM piezoelec. drop-on-
demand printer. H.M. Nur, J.H. Song, J.R. Evans and M.J.
Edirisinghe from the Materials Research Group, Department of
Mechanical Engineering, Brunel University, UK, Journal of
Materials Science: Materials in Electronics 2002, 13(4), 213. The
substrates were glass slides, glazed tiles and alumina plates. On
firing in air, at temperatures greater than 500.degree., the gold
pattern was developed on the substrate by decomposition of
the organometallic compound to form tracks that were
electrically conducting. The best quality conducting tracks were
obtained on glazed tile or glass. The problems that can attend
this process were identified and include spreading and
blistering of thick films on pyrolysis and delamination on cooling
caused partly by differential thermal contraction. The thickness
of the gold was 1.4 .mu.m per layer of deposition. 

WGC Technical Database
The WGC Technical Database (see Gold Bulletin, vol 35 (3) 2002, page 100) went live on the WGC web site in August 2002. 

It has proved an immediate hit with scientists and industrialists wanting to keep up-to-date 

with the latest science and technology of gold. Statistics show that about 50,000 visits per month are being achieved.

Updated quarterly, this searchable Database will next be updated at the end of September.

Gold Bulletin is also available on the WGC website and is receiving around 9,000 visits per month. 

The Technical Database will be found at www.gold.org/value/sci_indu/techdatabase




