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Reduction of Carbon Dioxide with
Platinum Metals Electrocatalysts
A POTENTIALLY IMPORTANT ROUTE FOR THE FUTURE
PRODUCTION OF FUELS AND CHEMICALS

By B. Patrick Sullivan
Department of Chemistry, University of North Carolina, Chapel Hill, U.S.A.
The reduction of carbon dioxide to fuels and chemicals can be
accomplished by the use of electrocatalysts of the platinum group metals.
Worthwhile products include carbon monoxide, formate, methanol,
methane, oxalate and even higher hydrocarbons depending on the
catalyst type and environment. Three classes of electrocatalysts have been
identified: catalytic metal sugaces, monomeric solution complexes, and
chemically modified electrodes; the latter being a novel hybrid of solid
state, sugace and homogeneous solution chemistry.

Transition metal complexes have great potential as catalysts for the production of high
energy fuels and chemicals. The strategy of
using redox reactions in solution, or at the surfaces of chemically modified electrodes, is the
modern equivalent of high temperature, high
pressure homo- or heterogeneous catalysis but
it offers the promise of results that will far
outstrip the older methods. In an electrocatalytic cell, electricity is the energy source
used to drive desirable reactions such as
CO, + H , O + C H , O H +O,.Inanidealcell
configuration,the reduction product, methanol,
and the oxidation product, oxygen, are
generated at separate electrodes in separate cell
compartments using either solar or nuclear
energy input. The energy stored in this reaction
is recovered by combustion in a fuel cell which
completes a closed cycle in which there is net
carbon dioxide balance. There is growing interest in such cycles triggered in part by the
growing environmental concern over carbon
dioxide accumulation in the environment. In a
more general sense, the electrocatalytic cell
approach could have an impact on technology
in that other target molecules, such as nitrogen,
nitrogen oxides, or sulphur oxides could be
converted to useful, recyclable materials, once
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the principles of electrocatalyst design are
understood.
Inherent to this approach is the replacement
of conventional substrate hydrogenation reactions involving hydrogen gas with those that
utilise coupled electron/proton transfers. The
latter reactions can be used as the cathodic halfcell reaction in an electrocatalytic cell. As I will
illustrate here for carbon dioxide reduction, appropriate homogeneous solution and heterogeneous phase catalytic systems are found
extensively for the platinum group metals.
The strategies for electrocatalysisinclude the
use of platinum group metal solid surfaces,
monomeric solution complexes, and catalytic
sites that are immobilised in polymeric thin
films. When the latter type of catalytic system
is attached to a conductive surface like a
platinum or a glassy carbon electrode, it is commonly referred to as a chemically modified electrode. Figure I illustrates three approaches.

Thermodynamics and Pathways of
Carbon Dioxide Reduction
Carbon dioxide reduction can yield a variety
of useful products, such as single carbon
species like carbon monoxide, formate,
methanol and methane, or C, products like

2

oxalate, glycolate, ethanol, ethane and
ethylene. The potential importance of the products is apparent from current uses, for example¶ carbon monoxide in hydroformylation,
formate as a precursor to organic esters,
methanol as a significant solvent or fuel cell
component, and methane as a stable, storable
and transportable energy source. Oxalate is
somewhat special in that it could serve as a
precursor to ethylene or ethylene glycol, both
of which are significant for futher industrial
chemical synthesis.
The thermodynamic requirements for the
electrochemical reactions l e a k to simple
organic compounds involving incorporation of
hydrogen in the form of protons are shown in
equations (i) to (v) where it is apparent that
reduction potentials of between about - 0.5 and

-0.8 V (versus SCE at pH 7) are required (I).
The choice of the saturated calomel electrode
(SCE) as the reference state for the equations
follows from the necessity to compare aqueous
and nonaqueous thermodynamic and kinetic
data. Conversion of the potentials to the normal
hydrogen electrode can be done by adding
+0.24 V to the values reported here:

CO? +
CO, +

+
+ 2e-

CO + H,O
En'= -0.76V

2H+

HCO,H
Eo'= -0.85V

2H+

CO, + 4H+

+4e-

(ii)

HCHO + H,O

EQ'= -0.72V

-

(iii)

-

(iv)

CO, + 8H+

+6e-

CH,OH + 2H,O

En'= -0.62V

CO, + 8H+
C 0 2 + 2H*

(9

2e-

+8e-

CH, + 2H,O
En'=-0.48V

(V)

Equations (vi) and (vii) show two important,
nonaqueous routes for carbon dioxide reduction, one giving carbon monoxide and the other
oxalate as the ultimate product:

HC02H
SOLID ELECTRODE

2c0,

+
co + co,*+2e-

c,o,,Eo'= -1.14V

(vi)

2e-

2c0,

EQ'= -0.79v

HOMOGENEOUS SOLUTl ON

Polymer electrode

Solution

CHEMICALLY MODIFIED ELECTRODE
Fig. 1 Three approaches to the electrochemical reduction of carbon dioxide
are shown; top, the uee of a solid electrode
for the direct reduction of carbon dioxide;
middle, the use of a homogeneous solution
electrocatalyst; bottom, the use of a
chemically modified electrode
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The potentials required for the reactions in
Equations (i) to (vii) contrast quite sharply with
the one-electron potential for the production of
the carbon dioxide radical anion, -2.21V,
which has been determined by Saveant and
coworkers (acetonitrile solution at a platinum
metal electrode) (2). Clearly, catalysis is
necessary to surmount this barrier. The products of a bulk electrolysis at this potential are
carbon monoxide, carbonate and oxalate under
strictly anhydrous conditions, with formate
forming in the presence of a proton source such
as water (3). The overpotential lowering
necessary to achieve the thermodynamic reduction to these products according to Equations
(i), (ii), (vi) and (vii) is between I .o and I. 5V.
The very cathodic electrolysis potentials at a
platinum electrode probably reflect the energy
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required to place electrons into n* orbitals of
weakly adsorbed carbon dioxide molecules plus
the energy necessary for bond reorganisation in
the radical anion products. Less severe potential requirements exist for ruthenium metal
electrodes, that apparently point to surface
catalysis. In fact, for ruthenium metal
deposited on a carbon substrate in aqueous
solution, mechanistic pathways exist which give
up to about 30 per cent methane (4). Apparently, the ruthenium surface sites that are occupied by both carbon dioxide and hydrogen
react to lead to hydrogenated intermediates and
eventually methane, Thus it appears that the
generation of surface hydrides using water as
the proton source followed by reaction with adsorbed carbon dioxide are crucial steps in the
catalytic function of ruthenium metal. Of
course, hydride formation is a feature of the
platinum group metals that results in their
facile catalytic behaviour for substrates such as
alkenes.
In an approach that also relies on catalytic
metal surface structures, ruthenium and
osmium colloids have been used to produce
methane from carbon dioxide in a photochemical system that exploits the electrochemical properties of known photosensitisers
such as Ru(bpy),'+ or Ru(bpz),2+ (where
bpy is 2,2'-bipyridine and bpz is
2,2'-bipyrazine)(~). As depicted in Equations
(viii) to (x), the use of metal-to-ligand charge

transfer (MLCT) excited states to produce
potent redox reagents is a means of
photochemically driving electrocatalysis (6).

+ + -

Ru(bpz),z+

[Ru(bpz),'+I* A

[Ru(bpz),'+]'

D

h"

[Ru(bpz),'+I* (viii)
Ru(bpz),' +

+

A(k)

Ru(bpz),+ + D+
(X)

This is accomplished by reductive or oxidative
quenching in the following manner. Visible
light excitation of the MLCT transition
(d,(Ru)-r*(bpz)) generates [Ru(bpz)j 2 +I'
which can be oxidatively quenched, by an acceptor, A, to give the reductant A- that can be
the source of reducing equivalents for the
reduction of the catalysis precursor. Alternatively, [ Ru(bpz) + ]' can be reductively
quenched by a donor, D, to give the reduced
which will function in the
complex Ru(bpz) +,
same fashion.
An example of a photocatalytic cycle is
presented in Figure 2 which shows that
photoexcitation of Ru(bpz) j 2 produces an excited state that is immediately quenched in a
chemically irreversible step to yield the powerful reductant Ru(bpz) +.At this point, rapid
electron transfer from Ru(bpz) + to the colloid
catalyst gives methane from surface bound carbon dioxide and its intermediates. A feature of
+

Fig. 2 Photochemical reduction of carbon dioxide to methane with [Ru(bpz)3*+las
the excited state chromophore and a ruthenium or osmium colloid system as the
catalyst. Triethanolamine (TEOA) is the reductive quencher (see text) that reduces the
ruthenium excited state and subsequently reacts to give redox innocent products

I
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importance in the Ru(bpz) +/metal colloid
system is the selective reduction of carbon
dioxide to methane in the presence of water.
Unfortunately, little is known concerning the
mechanism of reduction at the colloid surface.
Photomethanation of carbon dioxide at room
temperature and atmospheric pressure can also
be accomplished by the use of highly dispersed
ruthenium/ruthenium oxides on a titania support (7). In this case, the method relies on
hydrogen gas, although photoexcitation in the
presence of a sacrificial electron donor in the
presence of water might also be capable of giving a similar result, since excitation of the
semiconductor titania surface will generate
highly oxidising valence band holes concomitant with conduction band electrons capable of
transfer to the ruthenium catalytic sites.

Pd(triphos)L, + complexes gives carbon
monoxide at relatively low potentials and under
mild conditions (about -0.9 V in acetonitrile
solution at a platinum electrode in the presence
of fluoroboric acid). From a series of studies,
several mechanisms have been considered, including the stepwise reduction of Pd(I1) to
Pd(0) concomitant with binding of carbon dioxide to the reduced complex followed by protonation to give formate, or, prior protonation
of the Pd(0) intermediate resulting in a hydrido
species which then reacts with carbon dioxide
to give formate. Despite the mechanistic complexity, these complexes are the only examples
of electrocatalysts that operate close to the
thermodynamic potential of the carbon dioxide/
formic acid couple (14).
With
the
square planar
complex
Rh(diphos) the electrocatalytic reduction of
Electrocatalysis by Monomeric
carbon dioxide to formate can be effected at
Complexes
fairly negative potentials (about -1.5 V).
A strategy for electrocatalytic carbon dioxide However, this example provides valuable
reduction in homogeneous solution is to use mechanistic information on the reduction promonomeric complexes that have, as prere- cess for metal complexes in solution as shown in
quisites, redox active sites and at least one open the proposed electrocatalytic cycle in Figure 3.
co-ordination site at which a reaction with car- The catalysis precursor Rh(diphos),+ takes up
bon dioxide can take place. The majority of a single electron to give as a first reaction
homogeneous solution catalysts involve intermediate the nineteen electron radical
platinum group metals, these include, Pd@or- Rh(diphos), . This species abstracts hydrogen
phyrin) (porphyrin is tetraphenyl- or from the solvent to form a second reaction intetramethylporphine) (8), Ru(bpy) (CO)Ln+ termediate Rh(diphos),H which then inserts
(bpy is z,zr-bipyridine; L = Cl,n = I; L = carbon dioxide to form a third reaction inthe
formato
complex,
CO, n = 2) (9, 101, Ru(trpy)(dPpene)L"+ termediate,
(trpy is z,z',z"-terpyridine; dppene is Rh(diphos),0 CH. Dissociation of formate ion
cis- I ,z-diphenylphosphthylene; L is c1 or from Rh(diphos) 0,CH regenerates the
CH,CN) (II,IZ), M(bpy),(CO)H+ (M = Ru, catalysis precursor and closes the cycle (16).
This work demonstrates that single-electron
0 s ) (12,13), Pd(triphos)L'+ (triphos is
PhP(CH ,CH, PPh) ; L is CH CN or tertiary pathways can be used to effect net two-electron
reduction of carbon dioxide, a point that also
phosphine or phosphite) (14), Rh(bpy),X,
(X is C1 or trifluoromethanesulfonate) has been made for some complexes of rhenium
(12). Of particular interest is that metal-based
(11,12,15), and Rh(diphos),+ (diphos is I,z,diphenylphosphinoethane) (16). In these later radical chemistry is involved in these cases,
three systems I wish to illustrate the which opens the possibility of devising elecmechanisms of reduction, the understanding of trocatalytic cycles that couple a hydrogen
which gives insight into the control of product radical donor to other useful chemistry.
Recent work on complexes of the type
selectivity and overpotential requirements for
electrocatalysis.
Rh(bpy),X,+ shows that a mechanistic
Electrocatalytic carbon dioxide reduction by scheme which involves reduction of ligand
+

,

,

+
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F Y
Rh(diph0~)
2

+

Rh(diphos)202CH

Rho (dip hod2

L
co2

CH2CN

Fig. 4 Proposed electrocatalytic
reduction of carbon dioxide to formate
by [Rh(bpy),X21+ (where bpy is
2,2’-bipyridine and X is chloride or
bromide)
by
a
“two-electron’’
mechanism

based orbitals can be used to produce formate
from carbon dioxide. As shown in Figure 4, the
proposed mechanism involves the initial twoelectron reduction of the catalysis precursor
Rh(bpy) X, to form Rh(bpy) which then
reduces in two sequential, single-electron steps
at the bpy ligands to give the reactive intermediate [Rh(bpy) ,I - . This basic anion then
binds
carbon
dioxide
to
produce
I Rh(bpy) ,CO 1 - which abstracts a proton
from the electrolyte, tetra-n-butylammonium
hexafluorophosphate, resulting in the Hofmann
degradation and, the formato complex,
+
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Fig.
3 Proposed
electrocatalytic
reduction of carbon dioxide to formate
by Rh(diphos) + (where diphoe is
1,2-diphenyIphosphinoethane) by a
“one-electron” mechanism

+

HCO;

I

[Rh(bpy) 0 ,CHI. Then dissociation of
[Rh(bpy),O,CHI into [Rh(bpy),l+ and free
formate completes the catalytic cycle. A key
feature of this mechanistic scheme is the reduction of the bpy ligands, which act as “electron
reservoirs” ( 1 7 ) ~that indirectly increase the
electron density at the metal to provide reactivity channels for carbon dioxide binding ( I I ,I 5 ) .
The mechanistic schemes in Figures 3 and 4,
both based on rhodium but containing
dissimilar ligand systems, demonstrate that
radical “one-electron” pathways and polar
“two-electron’’ pathways can yield the net two
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electron reduction of carbon dioxide to
formate.
Photochemical activation and reduction of
carbon dioxide to formate by a homogeneous
solution system has been achieved through the
reductive quenching of Ru(bpy) C1, by
triethanolamine
in
dimethylformamide.
Although the mechanism is not completely
understood, it appears that photochemical
ligand loss from [Ru(bpy),' +I* leads to
Ru(bpy),(CO)H+ as the active catalyst, and
that triethanolamine acts as a reductive quencher during the photoreduction process described for the ruthenium colloid system (18).

Electrocatalysis by Thin Polymeric

Films

valences at which catalytic reactions can occur.
An early study has used palladium particles
embedded in a non-co-ordinating matrix
involving
silanised
polymers
of
4-4'-dimethylbipyridinium cations on a
platinum surface to produce formate from carbon dioxide in aqueous solution (20).
We have used two strategies in the formation
of electrocatalytic polymeric fdms, these are:
[il the reductive electropolymerisation of vinyl
containing metal complexes with an exchange
labile
metal
(21),
for
example,
[Rh'(vbpy)(COD)I (vbpy is vinyl bipyridine,
COD is I ,~-cyclooctadiene),followed by reduction of Rh(1) to Rh(O), and [iil the reductive
electropolymerisation of precursors with
ligating sites followed by binding of metal
cations in the fdm and in situ reduction.
Formation of palladium metal-containing
fdms can be accomplished according to the
synthetic route shown in Equations (xi) to
(xiii) by using a preformed film of
poly-[Fe(vbpy) (CN) I[vbpyl, which has
available both cyan0 groups and a vbpy chelate
as potential co-ordinating sites (22). Cyclic
voltammetry, u.v.-visible spectroscopy, infrared spectroscopy and ESCA all point
to
the
formulations of the
films
as poly-[Fe(~bpy),(CN)~I[vbpyI[PdCl~land
poly-[Fe(vbpy),(CN),l[vbpyl[Pd,l (x<2) in
Equations (xi) to (xiii) (23).
+

Compared to homogeneous systems electrode
immobilised catalysts have many advantages
including:
[a] increased current density due to a high
local concentration of catalyst,
[b] the use of only small amounts of expensive chemical materials,
[cl avoidance or minimisation of catalyst
deactivation pathways,
[dl the ability to achieve chemical selectivity
toward mixed substrates as a consequence of
molecular shape, size, and charge of the pendant polymer sites,
[el the ability to alter mechanistic pathways
by selectively inhibiting or facilitating
poly-[Fe(vbpy) 1 + 2CNbimolecular reactions between redox active
poly-IFe(vbpy),(CN),I[vbp~l (xi)
polymer sites,
-zBN
[fl the possibility of using bi- or multilayer poly-[Fe(vbpy),(CN),l[vbpyl + Pd(BN),CI,poly-IFe(vbpy),(CN:PdCI,), I[vbpyl (xi9
configurations in order to accomplish spatial
+e's
segregation of different catalytic tasks, and,
poly-IFe(vbpy),(CN:PdCI,),IIvbpyl
[gl easier product separation that offers the
poly-IFe(vbpy),(CN),(Pd,)lIvbpyl
convenience of flow-through electrochemical
(BN is benzonitrile)
cell designs.
Bulk electrolysis of polymeric fdms of
We have pursued the synthesis and electrocatalytic properties of thin polymeric films poly-[Fe(vbpy) (CN) 1[vbpyl[Pd,] in carbon
that contain metal particles embedded in the in- dioxide saturated acetonitrile with tetra-nterstitial regions of redox active polymers, that butylammonium ion as supporting electrolyte
is by using the strategy of chemically modified in the presence of water yields up to 10per cent
electrodes (19).If properly constructed these Faradaic efficiency hydrocarbon products,
materials could provide ligating groups that principally methane, ethylene and ethane (23).
Films of ply-[Rh(bpy)(COD)l + which are
bind small metal particles but leave unsatisfied

,

,

+

-

,
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electrolysed on platinum or carbon electrodes likely to continue. In this review I have attempin the presence of excess [Rh(COD)CIl, in ted to focus on two new areas of great promise,
acetonitrile solution with tetra-n-butyl- the use of homogeneous solution elecammonium salts as supporting electrolyte form trocatalysts, and the use of polymeric films on
a new thin film which is probably of the type electrode surfaces (chemically modified elecpoly-[vbpy]/Rh that is an electrocatalyst for trodes) that contain embedded electrocatalytic
carbon dioxide reduction (24). Characterisation sites, especially metal particles. From the
of the new film has been accomplished by using former approach a clear understanding of the
cyclic voltammetry and ESCA which shows a intimate mechanistic details of carbon dioxide
typical thin film to have a surface ratio of reduction is beginning to emerge, while with
the latter, the possibility of multielectron prorhodiummitrogen of about 7-8.
Like the palladium film, bulk electrolysis ducts past the two-electron stage is a reality.
Some of the future challenges are to be found
studies of carbon dioxide reduction in aqueous
in
the development of chemically modified elecacetonitrile results in a hydrocarbon product
trodes
that are specific to oxalate or formate,
distribution, however, C, and C, skeletons
make up an increasing fraction of the Faradaic the understanding of mechanisms in the
yield, which now approaches 25 per cent of the chemically modified electrode environment,
current (24). This extraordinary chemistry is the unravelling of the role of carbon dioxide
apparently the consequence of an electro- complexes in both homogeneous and chemicalchemically-driven Fischer-Tropsch reaction ly modified electrode electrocatalysis, and, in
where the thermal chemistry of carbon mon- the discovery of new methods for the electrooxide and hydrogen is replaced with carbon catalytic formation of functionalised organic
compounds (25).
dioxide and coupled electron/proton steps.

Summary
Thus far the platinum group metals have
played a dominant role in the electrocatalytic
reduction of carbon dioxide, and this trend is
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The Clean-Up of Fusion Reactor Waste Gases
A STUDY OF THE EFFECTS OF IMPURITIES ON SILVER-PALLADIUM
The viability of nuclear fusion reactors will membrane behaviour. However, a recent paper
depend, in part, upon the effectiveness of the from the Centre d’Etudes Nucleaires de Saclay
fuel clean-up system. One of the purposes of gives experimental data for the diffusion of
this system is to separate hydrogen isotopes hydrogen through palladium-silver in the
from impurities in the exhaust emanating from presence of the impurities expected to occur in
the plasma. Such treatment can be achieved by fusion reactor waste gases (J. Chabot, J.
cryogenic techniques, but these are made more Lecomte, C. Grumet and J. Sannier, Fllsion
effective if a preliminary removal of impurities T e c h d . , 1988,14,(2),part 2A, 614-618).
can be performed. The technique favoured for
The French team investigated palladium-23
this first stage is diffusion through palladium silver under partial pressures of hydrogen of 14
alloy membranes, which has been used com- k h , and temperatures between 40and 725K.
mercially for many years to produce high purity Their findings indicate that methane and carhydrogen for use in a wide range of industrial bon dioxide have a depressing effect upon the
applications including the electronics industry. hydrogen permeability at temperatures below
The alloy most commonly used for hydrogen 425K, when present in concentrations of 9
purification is silver-palladium, with silver con- volume per cent in a carrier of helium. Howtents in the range 20 to 25 weight per cent. The ever, carbon monoxide at 0.2 volume per cent
operating regime is predominantly hydrogen was found to severely degrade hydrogen permerich, at pressures between I and 2 MPa and ability, under the same conditions. The detritemperatures between 570 and 720K. Under mental effect of carbon monoxide was found to
these conditions no loss of activity of the alloy extend up to 57oK,as the concentrationwas inmembrane surface due to carbon monoxide, creased to 9.5 volume per cent. No synergism
carbon dioxide or water present as impurities between the various impurity gases was observed, and the effect of carbon monoxide in
has been reported.
In the potential fusion reactor fuel appli- mixtures was primarily that equivalent to the
cation the aim is to separate the hydrogen concentration of carbon monoxide alone.
Regeneration of the membrane was found to be
isotopes from impurities such as C(H,D,T),,
(H,D,T),O and N(H,D,T),, as well as from possible by thermal treatment, either in vacuo
carbon monoxide, carbon dioxide, oxygen and at 523K or by surface oxidatiodreduction
nitrogen. Thus it is desirable to restrict treatments.
operating temperatures and pressures as far as
A second valuable finding from this work is
possible, in order to limit diffusion through the that a significant carbon monoxidehydrogen
structural components of the system. Under reaction was observed at temperatures in excess
such conditions, however, loss of membrane of 650K,with the formation of methane, caractivity due to poisoning by impurities is poss- bon dioxide and water, probably as a result of
ible; the most likely cause being related to the catalytic activity of the alloy membrane surchemisorption onto active alloy sites of im- face. Thus this work has defined limits within
purity molecules, with a subsequent loss of which the utilisation of palladium alloy memthese sites for the promotion of through- branes for the purification of fusion reactor feed
membrane diffusion. A reduction in the gas appears to be feasible, that is within the
operating temperature will promote chemi- temperature range 475 to 65oK.
The same group are currently considering the
sorption, but at the expense of desorption, and
there has been a lack of information about the influence of other gaseous contaminants on this
D.R.C.
effect of large amounts of impurities upon process.
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Platinum in Fuel Cell Development
PROSPECT OF POLLUTION-FREE POWER GENERATION
A'ITRACTS GROWING INTERNATIONAL INTEREST
41 per cent overall efficiency. This was constructed by Hitachi and Toshiba for Chubu
Electric Power Company, and its operation was
described by T. Ishigaki of Chubu Electric.
Testing of both of these plants is being continued.
Walter H. Johnson of International Fuel
Cells Corporation outlined their technology
development programme. The first fuel cell
power plant of 1 1 MW capacity is under
development for Tokyo Electric Power Company. The first of the 10 ft? fuel cell stacks,
nominally rated at 750 kW, has been assembled
and tested at up to I MW. Parallel advances are
being made with uprated reformer catalysts,
giving a reduction from 61 to 30 in the number
of reformer tubes required. In addition a design
for solid state inverters of 10 to 50 MW capacity
has been verified. Their programme to construct 200 kW units for combined heat and
power applications has received enthusiastic
support from various gas utilities, and sufficient units have been ordered to justify the setting up of manufacturing facilities for this
device. Several of these will be sited in Europe
for demonstration purposes.
Westinghouse Electric Corporation are proPhosphoric Acid Fuel Cell
ceeding with the development of their airDevelopments
cooled phosphoric acid fuel cells for the electric
Numerous speakers outlined the rapid utilities. According to J. M. Feret, pressure
technical advances achieved by the developers vessels will contain four cell stacks, each of
of phosphoric acid fuel cells. These included 100 kW. Westinghouse has now progressed to
the operation of the first two I MW power operating three stacks, individually rated at
plants in Japan. One was constructed by Fuji 32 kW, in both series and parallel arElectric Corporation and Mitsubishi Electric rangements. In addition, cells on endurance
Corporation for Kansai Electric Power Com- tests have displayed decay rates of as little as 2
pany, and was run at I MW in September 1987. mV per 1000 hours, using improved platinum
By July 1988, this unit had produced 380 MWh electrocatalysts. A major advance has also been
of power; for a period of 720 hours generation made in the form of a new heat exchange
was continuous. The second plant operated at reformer concept, developed in collaboration
full power in December 1987 and has subse- with Haldor Topsde Inc., and described by
quently supplied over 367 MWh to the grid, at N. R. Udengaard. This has been operated in

The National Fuel Cell Seminar held in Long
Beach, California, during October 1988 was attended by four hundred delegates, representing
fuel cell developers and potential future users.
During the four day conference, fifty-three
papers and sixty posters were presented on all
aspects of fuel cell research, development and
commercialisation. A number of the papers emphasised the importance of improved utilisation
of platinum electrocatalysts, which was now
helping to make both phosphoric acid and solid
polymer electrolyte fuel cells a commercial
reality.
The conference was organised by the National Fuel Cell Co-ordinating Group, and
sponsored by the U.S. Department of Defense,
the Department of Energy, the Electric Power
Research Institute, the Gas Research Institute
and the National Aeronautics and Space Administration, and the presentations provided a
summary of worldwide fuel cell activities.
Among the attendees were 135 from Japan,
reflecting their intense development effort, and
65 from Europe, indicating a growing
awareness and interest in these highly efficient
and pollution-free power generators.
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Houston, Texas, at greater than 80 per cent efficiency over a period of 2 years. The unit can
be constructed in modules ranging in size from
200 kW up to 6MW.
Michael K. Zergman, of the American Public
Power Association, addressed the problems encountered in commercialising phosphoric acid
fuel cells in the United States. Despite recent
setbacks in various initiatives to purchase and
demonstrate the International Fuel Cells Corp.
11 MW power plant by U.S. electric utilities,
the commercialisation of fuel cells remains a
commitment of the Association. They supply
electricity to 15 per cent of consumers in
America, a total of 35 million users, and their
2200 public power systems are mostly quite
small, representing an excellent first market for
this size of generators.

Platinum Catalysts for
Phosphoric Acid Fuel Cells
A paper on high performance electrocatalysts
was presented by Tanaka Kikinzoku Kogyo
K.K. in collaboration with Stonehart
Associates Inc. , and Professor M. Watanabe of
Yamanashi University. This concept utilises
high surface area carbon support material to
provide wide spacial distribution for very small
crystallites of platinum or platinum alloy. By
this means, performances of 735 mV at 200
mA/cm’ can be obtained with a platinum
loading of 0.5 mg/cm*. With their advanced
alloy catalyst, this is improved to 765 mV at the
same current density and noble metal loading.
The objective for Tanaka Kikinzoku Kogyo is
to achieve a voltage of 820 mV at 200 mA/cm2
within the next five years.
Developments of other platinum alloy
catalysts were given in a poster by Nippon
Engelhard Inc. Improved utilisation of
catalysts, by optimisation of electrode structures using mathematical modelling, was
reported in posters by Professor N. Giordano,
Institute CNR-TAE, Sicily and by Stonehart
Associates.
A poster by C. A. Gibbs of Johnson Matthey
considered the potential demand for platinum
when phosphoric acid fuel cells reach commer-
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cial viability, and emphasised the availability of
vast reserves of the metal to meet this demand.

European Fuel Cell Efforts
The growing European involvement with fuel
cells was described by P. Zegers of the Commission of the European Communities.
Recognising the advanced state of development
of phosphoric acid fuel cells, the Commission is
encouraging the demonstration and the purchase or licensing of phosphoric acid fuel cell
technology. In parallel, research efforts on the
more speculative molten carbonate, solid oxide
and direct methanol fuel cells are being sponsored. A I MW power plant will be installed in
Milan, jointly sponsored with the Italian
Government under Project Volta. The plant
will be constructed by Ansaldo using a Haldor
Topsde reformer and phosphoric acid fuel cell
stacks supplied by International Fuel Cells. It
will be operated by the state generating utility.
Fuel cells are being developed for space applications by the European Space Agency. The
programme, described by F. Baron, is initially
to construct cells for the Hermes space shuttle,
requiring a mean power of 4 kW, with a maximum weight of 80 kg. The effort, co-ordinated
by Dornier Systems, includes contributions by
Siemens and Varta of Germany, and Elenco of
Belgium. It is also planned to develop a
combined electrolyser/fuel cell system for the
Columbus space station.

Proton Exchange Membrane
Fuel Cells
The choice of Richard Klimisch, from the
General Motors Technical Center, as keynote
speaker reflected the growing interest in fuel
cells and in particular proton exchange
membrane systems for a variety of applications,
including motor vehicles, heavy trucks, buses
and even railway locomotives. The current 15
per cent efficiency for internal combustion
engines leaves considerable scope for improvement, and General Motors sees fuel cells as
offering higher fuel utilisation efficiency, environmental benefits and an alternative fuel
capability; these being U. S. Government goals
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for mobile power systems. There is an
estimated market for I million electric vehicles
per annum in the U.S.A., provided limitations
on vehicle performance and range can be
overcome.
Ross A. Lemons of Los Alamos National
Laboratories pointed out that transportation accounts for 60 per cent of U.S. petroleum consumption, which could potentially be replaced
by methanol. Studies have been carried out to
compare various fuel cell systems for transportation, and solid polymer electrolyte fuel cell
technology has been developed for this application. Work has focused on reducing catalyst
loading and cost, increasing the power density,
and operating the cells on hydrogen from
reformed methanol. As part of the studies improved reformers have been developed, and
fuel cell performance enhanced by making
them tolerant of carbon monoxide in the fuel
stream. The platinum loading for the proton
exchange membrane has been reduced to 0.55
mg/cm2 compared to the 8 mglcm’ typically
required for aerospace applications, while increasing the performance to 0.9 Wlcm’ on
hydrogenlair.
Improvements in methanol reformer design
were given in a separate talk by N. E. Vanderborgh of the Los Alamos National
Laboratories, in conjunction with workers at
the Delco Remy Division of General Motors.
Advances in polymer membrane electrode
design were detailed by S. Gottesfeld also of
Los Alamos, who pointed out that despite the
significant advances currently being reported
for proton exchange membrane cells, especially
using modified electrodes to concentrate the
noble metal at the electrodelelectrolyte interface, only a small proportion of the platinum is
currently being utilised, leaving considerable
room for improvement. By adding small
amounts of oxygen (2 to 5 per cent) to the reformate fuel fed to the fuel cell, poisoning by carbon monoxide can be substantially reduced,
giving improved performance.
Proton exchange membrane cells are also being developed by W a r d Technologies Corporation, Canada, and performances of over
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5 Alcm’ have been demonstrated using an advanced membrane material produced by Dow.
Several 2 kW stacks have been constructed by
Ballard and are being evaluated for
Autonomous Underwater Vehicles. J. K.
Hoadley described the efforts by the Treadwell
Corporation to construct proton exchange
membrane cells for various aerospace and
military applications.

Conclusions
Although the development of fuel cells has
proven to be more difficult and slower than
anticipated, the potential benefits of higher
efficiency and freedom from pollution are
becoming more apparent in an increasingly
environmentally-conscious world. Commercialisation of the 200 kW combined heat and
power unit offered by International Fuel Cells
may trigger a much wider demand for fuel cells,
and so help to speed up their implementation.
The Japanese commitments to fuel cell
technology, and the current success of their
programmes, can be expected to result in further worldwide interest
D.S.C.

Surface Area of Catalyst Gauzes
The surface restructuring and metal removal
that results from catalytic etching of platinum
alloy gauzes used for ammonia oxidation, or
hydrogen cyanide production by the Andrussow process has been investigated on many
occasions. However, no quantitative data has
been published about the surface area changes
that result.
This has now been remedied with the
publication of a paper describing a cyclic
voltammetric technique which enables many of
the features associated with catalytic etching to
be studied, and the surface area of platinum
alloy gauzes to be measured accurately
(“Catalytic Etching of Platinum Alloy
Gauzes”, D. R. Anderson, 3. Catal., 1988,
113, (2), 475-489). Results presented show
that the top gauze in a catalyst pack has the
highest surface area, and the gauze surface
areas decrease progressively through the pack.
Values of 250 cm Ig and 35 cm’ Ig are quoted
for the top and bottom gauzes, respectively,
based upon the weight of a new gauze having a
geometric area of 25 cm’lg.
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Research on the Platinum Elements
Geo-Platinum 87
EDITEDBY H. hi. PRICHARD, P. J. pons, J. F. w. BOWLES and s. J. CRIBB, Elsevier Applied Science,
London, 1988, 424 pages, ISBN 1-85166-197-2, L70N.S.$126

Recent advances on the occurrence, genesis,
geochemistry, mineralogy and the analysis of
the platinum group elements were reported at
a symposium held in April 1987 at the Open
University, Milton Keynes, England, and the
proceedings have recently been published. A
total of 44 papers were presented by 89 authors
from more than 12 countries, demonstrating an
international interest in the subject.
The symposium was introduced by two invited lectures, the first, by C. J. Momsey of
Riofmex North Ltd., gave an insight into the
aims and objectives of exploration for new
resources, while C. R. N. Clark of Johnson
Matthey considered uses of, and the future
market trends for platinum and the platinum
group metals.
At first sight the exploitation of platinum in
the Western World is so dominated by production from Southern Africa that there may
appear to be little impetus for exploration. The
projected increase in market requirements in
the next decade can more easily be met by expansion of existing production than by opening
new mines. Technical and commercial considerations, however, are not the only criteria
that govern the availability of primary commodities, hence the perceived need for alternative sources of platinum and for additional
supplies of palladium and rhodium. The exploration activities described show a trend away
from the conventional wisdom that major new
platinum metals finds are most likely to be contained within massive intrusions of the Bushveld type. Alternative host rocks such as
ophiolites, and deposits much younger than the
early Proterozoic Era, are described in mineralogical analyses. This discussion does not extend to rocks of sedimentary origin of which, so
far, very few commercially exploitable examples are known. This may be a promising
field for future exploration.
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Information on a majority of the actual and
potential platinum producing countries is
included. In addition to the Eastern Block,
other countries with scientifically significant
deposits which are not discussed include Australia, Colombia, Ethiopia and Cyprus.
More than three-quarters of the papers presented dealt with some aspect of emplacement
mechanisms. Magma differentiation processes
and hydrothermal emplacement were discussed. Both are sometimes considered to be
important in the same deposit. The thermodynamic treatment of platinum group elements
in hydrothermal fluids was considered by
B. W. Mountain and S. A. Wood of McGill
University, Montreal, and by I.R. Rimer and
P. A. Williams of Newcastle University, New
South Wales, and University College, Cardiff,
respectively, their papers covering the conditions relevant to both the whole rock and the
surface environments. Their approach offers
the possibility that the magma and hydrothermal mechanisms may eventually be seen to
involve the same chemistry operating in different regimes of pressure, temperature and
host rock.
The papers on platinum group metals
analysis show that the traditional fire assay preconcentration methods based on sulphide collection are still preferred. Inductively Coupled
Plasma Mass Spectrometry is described for the
analysis of sulphide collections. This instrument has superior detection limits, particularly
for high atomic number elements, compared
to Optical Emission Plasma Spectrometry.
The current prediction of 30 per cent growth
in platinum consumption within 10 years is
based on the requirements of the present major
users. An unexpected upsurge in Third World
demand could significantly alter this prediction, and further emphasise the importance
of this symposium.
J.H.F.N.
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Densities of Osmium and Iridium
RECALCULATIONS BASED UPON A REVIEW
OF THE LATEST CRYSTALLOGRAPHIC DATA

By J. W. Arblaster
Alexander Metal Company Limited, Bilston, West Midlands, England
Much confusion exists in the literature concerning the densities of osmium and iridium.
This has occurred because these values are
calculated from crystallographic data, and
errors in the absolute value of the X-ray
wavelength scale, Avogadro’s Number, and the
atomic weights of these elements have only
slowly been resolved. Unfortunately density
values have been published from time to time
which have incorporated one or more of these
errors, and these have become fixed in the
literature and repeated ever since.
The introduction of new values for
Avogadro’s Number and the X-ray wavelength
scale conversion factor (I),both of which have
been used in the present calculations, is an apt
moment to review the crystallographic data for
these elements and to show that osmium is the
densest metal. Avogadro’s Number is now
(6.0221367f 0.0000036) x IO*)per mol while
the conversion factor from kX units to
Angstrom units is 1.00207789k 0.00000070.
The equivalent Cu Ka , X-ray wavelength standard is then 1.5405945 k O . ~ IA Iand an
earlier version of this value (I.540598 A) has
already been adopted by the U.S. National
Bureau of Standards ( 2 ) as a wavelength standard to replace the currently accepted conversion factor of I .00202.
For iridium, which has a face-centred cubic
structure, the density is calculated from:
Density
where A,
N,
a

=

4 x Ar
N~ x (a x ro-n)’

= atomic weight
= Avogadro’s Number
=

lattice parameter in Angstriim

units
The atomic weight is well established at
192.22 k 0.03 (3) while an average lattice
parameter of 3.8392 f 0.0005 A at 2o0C is
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selected from the high precision measurements
given in Table I, which have been corrected to
this temperature using a thermal expansion
coefficient of 6.4 x I O - ~per OC (4). The
calculated density is 22.562 k 0.009 g/cm3 and
the selected value is then 22.56 g/cm’ (22,560
kg/m3).
For osmium, which has a closer-packed
hexagonal structure, the density is calculated
from:
2

Density

=
N~ x

sine 6oo x (a

x

A,

x 1 0 . ~ x) ~
(c x IO-’)

where a and c = lattice parameters parallel to the
a- and c-axes, respectively.

The accepted value for the atomic weight is
190.2k 0.I (3),but this value is based entirely
on the isotopic abundance measurements of
Nier (10)and the actual value obtained is
190.238f 0.005 (11).Therefore 190.24? 0.10
has been used in calculating the density. Lattice
parameters of a = 2.7343 f 0.0005 A and c =
4.3200 k 0.0005 A, at 2o°C, have been
selected from the measurements in Table I1
which have been corrected to this temperature
using thermal expansion coefficients of
4.3 x I O - ~per OC parallel to the a-axis, and
6.8 x I O - ~per OC parallel to the c-axis (4).
The discrepant values of Owen, Pickup and
Roberts, and Owen and Roberts may be
associated with the relatively low purity of the
metal used (99.8 per cent) while the
measurements of Finkel’, Palatnik and
Kovtun, although apparently carried out on
pure single crystals, nevertheless differ
significantly from all other determinations on
high purity materials. Hence these three values
were rejected and the remainder were averaged
to obtain the selected lattice parameters. A density of 22.588 & 0.015 g/cm3 is then calculated;
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Table I

Lattice Parameter of Iridium at

I

2OoC
Temperature corrected
from, O C

A

Literature reference

Value,

Owen and Yates (5)
Swanson, Fuyat and Ugrinic (6)
Schaake (7)
Singh (8)
Schroder, Schmitz-Pranghe and
Kohlhaas (9)

3.8392
3.8395
3.8397
3.8390

18
26
25
30

3.8386

24

Table II

Lattice Parameters of Osmium, Parallel to the a- and c-axes, at 2OoC,
Lgstriim units

a

C

Temperature
corrected
from, O C

2.7361
2.7355
2.7346
2.7342
2.7342
2.7346

4.3190
4.3194
4.31 74
4.3198
4.3201
4.3201

18
20
20
26
23
25

2.7340

4.31 99
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Literature reference
Owen, Pickup and Roberts ( 1 2)
Owen and Roberts (13)
Finkel‘, Palatnik and Kovtun (14)
Swanson, Fuyat and Ugrinic (6)
Taylor, Doyle and Kagle ( 1 5)
Mueller and Heaton (16)
Schroder, Schmitz-Pranghe and
Kohlhaas (9)
‘Graphical only-actual

values reported in Reference 141

Table 111

Crystallographic Data for the Platinum Group Metale, at 2OoC

Element
Ruthenium
Rhodium
Palladium
Osmium
Iridium
Platinum

Lattice
parameters

Atomic
number

Atomic
weight
(1985)

Structure

a, nm

c, nm

44
45
46
76
77
78

101.07
102.9055
106.42
190.2.
192.22
195.08

c.p.h.
f.c.c.
f.c.c.
c.p.h.
f.c.c.
f.c.c.

0.27055
0.38034
0.38902
0.27343
0.38392
0.39235

0.42816

-

-

0.43200
-

-

Nearest
neighbour
distance,
nm

Density,
kg/mJ

0.26778
0.26894
0.27508
0.27048
0.27147
0.27743

12,370
12.420
12,010
22,590
22,560
21,450

c.p.h. = close-packed hexagonal, f.c.c. = face-centred cubic
*Official value, 190.24 used in calculating the density (see text)

inclusion of all lattice parameters would lower
this value by only 0.003 g/cm3 however, and
would therefore not affect the selected value of
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22.59 g/cm’ (22,590 kg/m3) significantly.

Crystallographic data for the platinum group
metals are presented in Table 111. The lattice
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parameters for osmium and iridium are those
selected above, while values for the remaining
four platinum group metals are those selected
by Donohue (17)~after correction to the new
conversion factor (I).

Having reviewedcrystallographicdatafor both
osmium and iridium, selected values of their
densities at a temperature of 2ooC are 22,590
kg/m’ and 22,560 kg/m’, respectively, thus
confirming that osmium is the densest metal.
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Materials for Electronic Applications
Important applications for the platinum
metals occur in the electronics industry. Present and future applications for these metals,
and their related technology, have been considered here previously (I) as has the production of palladium powders for these
applications by chemical precipitation techniques ( 2 ) . With a continuing requirement for
ever improved materials, a recent research summary of precipitation methods that have evolved from an investigation of solvent
extraction-based techniques for the refining of
noble metals is therefore timely (3).
Palladium powders were readily recovered
from aqueous solutions by hydrogen reduction
and examination by scanning electron
microscopy showed the precipitate to consist
generally of spherical particles. Those produced from a I.OM hydrochloric acid solution
displayed spikes upon the surface, but if the
solution was less acidic, the number of spiked
particles was considerably reduced.
Precipitation of palladium by hydrogen
reduction from loaded organic extractants was
slower than from the corresponding aqueous
chloride system, and the particle size was
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significantly smaller. The surface of the spheres
was smooth, but particle agglomeration could
result from entrapment of aqueous phase
media.
Platinum powders were produced by the
hydrogen
reduction
of
hydrogen
hexachloroplatinate-hydrochloric acid-sodium
chloride solutions. Precipitation rates were
significantly slower than for palladium. Most of
the platinum precipitated out as a black powder
with a smooth, spherical appearance, the remainder forming platelets with a lustrous appearance. More uniform particles could be
achieved by catalysing the reduction.
The morphology of the platinum particles
could be changed by the addition of surface active molecules. Thus spheres could be
eliminated, and flakes and platelets produced.
References
N. M. Davey and R. J. Seymour, Platinum Metals
Rev., 1985, 29, ( I ) , 2
2 G. G. Ferrier, A. R. Berzins and N. M. Davey,
Platinum Metals Rev.,1985, 29, (4), 175
3 G. P. Demopoulos and G. Pouskouleli, 3. Met.,
I

1988, 40, (6)- 46
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Symposium on Hydrogen in Metals
PALLADIUM CONTINUES TO FIND APPLICATION
The International Symposium on MetalHydrogen Systems, Fundamentals and Applications (I.S.M.H.S.) was held at the Max-Planck
Institute for Metal Research, Stuttgart, West
Germany from 4th to 9th September 1988. Over
300 papers and posters were presented covering
all aspects of metal-hydrogen behaviour. The
symposium represented the unification of two,
previously separate, conference series and the
end of both the Hydrogen in Metals and the
Metal-Hydride series of meetings. This review
outlines some of the 30 to 40 papers that were
concerned with the interaction of hydrogen with
the platinum group metals.

Amorphous Alloys
The reported work on amorphous materials
included a study by U.S. investigators of the
palladium-containing Zr Pd alloy which absorbs hydrogen to form either an amorphous
Zr,PdH, hydride or a separate crystalline
phase (R. C. Bowman, D. R. Torgeson, R. G.
Barnes, A. J. Maeland and J. J. Rush). The experimental data showed that the diffusion rates
followed simple Arrhenius behaviour when the
hydrogen atoms occupy only one specific interstitial site, for example the Zr, tetrahedra in
Zr W H ,.*, . However, at higher hydrogen
concentrations, where different interstitial sites
are filed, considerably more complex
behaviour was observed for both the crystalline
and glassy hydrides. A thorough analysis of diffusion in both forms of the hydride has been
carried out.
A paper by G. Driessen and K. W. Kehr of
the Institut fiir Festkorperforschung der Kernforschungsanlage, Jiilich, West Germany, and
D. Richter, Institut Lave-Langevin, Grenoble,
France, questioned the accepted view that the
motion of hydrogen in amorphous Pd, -xSix
alloy, as investigated by quasi-elastic neutron
scattering (Q.N. S.), could be described by considering the hydrogen in interstitial sites of

,

,
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energy given by a simple Gaussian distribution.
In such treatments the saddle point energies are
considered to be constant, but Driessen considers this to be inappropriate in view of the
glassy structure. Instead he employed a
modified model in which the PdSi alloy was
described by a Gaussian distribution of saddle
point energies. In a second paper on the
Pd, -xSixalloy, G. Driessen, R. Hempelmann
and D. Richter employed Q.N.S.for the direct
observation of hydrogen motions on the time
scale Io-S<t<Io-L' seconds, and in the
spatial range <50 A. This work revealed two
distinct jump processes, slow and fast. Using an
appropriate model, they proposed that these
two regimes suggested the occupation of two
types of interstice, these being the octahedral
and tetrahedral sites.
A paper by B. Bogdanovic, S. Huckett, B.
Spliethoff and U. Wilczok of the Max-Planck
Institute reported the reaction of catalytically
prepared MgH, or Mg(CH,CH,), with certain
palladium complexes to produce an amorphous
compound which analyses as MgPd. So far this
has been obtained only as a crystalline solid.
The paper points to the interesting possibility
of being able to prepare previously unknown
amorphous alloys via a metal-hydrogen route,
and also reports the existence of a previously
unknown hydride Mg,PdH, and the new
metallic phase Mg,Pd.

Order-Disorder Transformations
Another popular study which featured the
platinum group metals was one detailing the influence of order-disorder transformations on
the equilibrium and the kinetic behaviour of
dissolved hydrogen.
In a paper by P. Ahhen, Y. Andersson and
R. Tellgren of the University of Uppsala,
Sweden and Professor T. B. Flanagan of the
University of Vermont, U.S.A., the Pd,Mn
alloy was studied. This orders to the Ag,Mg
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type structure at 803 K, and the ordered alloy
was observed to absorb more hydrogen than the
disordered alloy, a fact attributed to the alteration in the relative populations of different sites
during the ordering process. In addition,
hydrogenated Pd Mn was observed to undergo
a hydrogen induced phase change, whereby an
ordered structure of the type Cu Au formed at
temperatures between 573 and 793 K.
Two platinum group metals were featured in
a paper on ordering by B. Coluzzi, C. Costa,
P. Marzola and F. M. Mazzolai of the University of Perugia, Italy. This paper concentrated
on the stress induced ordering process in a
single crystal of P d o , 8 s P t o , , ~ H oas, 2observed
9
through ultrasonic elastic measurements.
The order-disorder systems Pd Fe and PdFe
were prepared and electrolytically charged with
hydrogen by C. U. Maier, M. Hirscher and
Professor H. Kronmuller of the Max-Planck
Institute. This group used magnetic after-effect
measurements to follow single jumps in the
hydrogen diffusion process. They found relaxation spectra composed of characteristic maxima
and minima, the extent of the maximum being
highly dependent on the degree of order within
the alloy. Using the data obtained about the
specific jumps in conjunction with a statistical
model of the site distribution, they assigned the
various jump processes to particular cell configurations, such as 6Pd, SPdFe and qPdzFe,
and thus fitted the hydrogen behaviour to the
degree of order in the alloy.
Two papers from Professor I. R. Harris, M.
L. Doyle and R. Wileman of the University of
Birmingham, U.K., reported the marked influence of lattice order in palladium-12.5 per
cent yttrium and palladium-8 per cent yttrium
systems on their hydrogen dissolving and diffusing properties, respectively. This work
showed that the formation of the ordered Pd, Y
superlattice, from the disordered solid solution,
caused a significant decrease in hydrogen
solubility, a fact which was ascribed to a rearrangement in site population and to a small
change in lattice parameter. The second paper
reported the extremely high permeation rates
which could be obtained using a palladium-8
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per cent yttrium alloy, and associated the sensitivity of the permeation process with the thermal history of the sample. Interesting isotope
effects were also presented.
A poster presentation from Professor V. A
Somenkov, V. Glazkow, A. Iroova, I. Kurchatov (Institute of Atomic Energy), V. Antonov, and E. Ponyatovskii (Institute of Solid
State Physics), U.S.S.R., detailed a hydrogen
induced ordering process in a palladium-silver
alloy, whereby the injection of hydrogen at high
pressures caused the ordering of the metal
atoms at temperatures around 420 K. The work
also raised the possibility of producing ordered
binary alloys which might not be available by
normal routes.

Hydrogen in Catalysis
Two papers reported on the importance of
hydrogen and platinum group metals as
catalysts. In the first, Z. Paal of the Hungarian
Academy of Sciences, examined the role of
hydrogen in various hydrocarbon reactions
which are promoted by a platinum catalyst.
The effect of a hydrogen pre-treatment on the
platinum catalyst showed that the size of
crystallites was affected by the particular sintering temperatures, and he noted that a heat
treatment in a hydrogen atmosphere may also
influence the effectiveness of the catalyst, by
changing the concentration of other elements
present in the platinum. In addition to the role
of hydrogen in pre-treating the catalyst, the
paper reported that during the use of the
catalyst, marked maxima were produced in the
yields of various model hydrogenation reactions
(such as n-heptane, n-hexane and alkylcyclopentanes) as a function of hydrogen pressure.
This was interpreted as being due to the hydrogen influencing the dissociation of active intermediates during the catalytic process, so that at
high hydrogen pressures less dehydrogenation
species are produced. The role of hydrogen in
the deactivation of the catalyst and the possible
reactivation of a catalyst using hydrogen were
also discussed.
A second paper also dealing with catalysis
analysed the process of hydrogenation of
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cyclopolyolefines ( 5 to 12 carbon atoms) using
a palladium-6 per cent ruthenium catalyst. This
work by Professor V. M. Gryaznov, M. M.
Ermilova and N. V. Orekhova of the Institute
of Petrochemicai Synthesis, MOSCOW,
showed
that if a mixture of hydrogen and cyclopolyene
vapour was introduced above the surface of the
alloy the reaction would only start, and be sustained, if a definite amount of hydrogen was absorbed by the catalyst. If the catalyst was
employed in a membrane configuration then
the hydr0gen:palladium ratio critical to the
continuing reaction could be made to remain
constant, rather than decrease as the reaction
proceeds; which was the case when the inert gas
mixture was fed over the alloy.

titanium, zirconium, niobium and cerium on
the plateau pressures of various palladium alloy
hydrogen systems and concluded that there is a
direct link between the expansion and contraction of the lattice and the corresponding shape
of the hydrogen isotherms.
Professor H. Brodowsky and Y. Chen of the
University of Kiel, West Germany, showed the
isotherms of a series of palladium-indium
alloys, containing between 3.5 and 14 atomic
per cent indium. An interpretation of the shape
of the isotherms, based on well understood
principles of increasing lattice dilation and
decreasing density of states at the Fermi level as
the hydrogen content of the alloy increases, was
successful in modelling this system.
A poster by Professor B. Baranowski (Polish
Superconductivity
Academy of Sciences), F. A. Lewis and S. G.
A poster presented by I. T. Belash, V. E. McKee (Belfast) and K. Kandasamy (UniverAntonov, 0. V. Zharikov, A. I. Latynin and sity of Jaffnq, Sri Lanka), investigated the
A. V.Palnichenko of the Institute of Solid State changes in pressure within tubular membranes
Physics, MOSCOW,
reported that developments of palladium alloy following abrupt changes in
in high pressure hydrogenation (pressures in the hydrogen contents of the outer surfaces of
the GPa range) enabled a number of supercon- the tube walls. These changes were attributed
ducting hydride phases which are unstable to a strain-induced Gorsky effect transfer of
under normal conditions to be synthesised. hydrogen within the tube walls as the memAmong these phases were RuH, where the in- brane bends.
T. Greber and L. Schlapbach, the University
corporation of hydrogen caused the superconducting transition temperature of the pure of Fribourg, Switzerland, provided a poster on
metal to fall from 0.495 to 0.455 K. The addi- the possible photogeneration of hydrogen from
tion of hydrogen to rhodium, with a supercon- water at a palladium-cerium interface, the reacducting temperature of 3.25 x IO-'K, tion being driven by the cyclic oxidation and
resulted in no superconductivitybeing detected reduction of the Ce ion.
The newly discovered hydride Na PdH was
within the limits of their determination.
examined by D. Noreus of the University of
Palladium-Hydrogen Systems
Stockholm, Sweden, who showed that at 400OC
The unique properties of palladium metal the hydride became molten. This property of
among the platinum group metals, and indeed melting prior to disintegration of the hydride is
within the whole periodic table, ensured a unique among ternary metal hydrides. To date
broad representation of papers on palladium- the efficiency of heat pumps has been limited
hydrogen and palladium alloy-hydrogen by the poor thermal conductivity of conventional solid powder reaction beds, therefore this
systems.
Joint work by Czechoslovakian and Belfast material offers the possibility of more efficient
researchers examined the diffusion charac- heat pumps.
Many other papers concerned with palladium
teristics of the palladium-hydrogen system in
the a-phase using the diffusion elastic tech- were presented including two papers on
nique. F. A. Lewis, Queen's University, Bel- hydrogen trapping at dislocations in pure
fast, analysed the effect of additions of palladium and on the isotopic effects associated
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with hydrogen, deuterium and tritium dissolved in palladium-silver alloys. The effects of
hydrogen in palladium on Hall coefficients and
thermoelectric power was also covered. In addition the behaviour of hydrogen in thin film and
single crystal palladium was reported.

The Future
This survey reports briefly on only some of
the platiniferous papers presented at the
Stuttgart conference. The amount of work
reported demonstratescontinued interest in the
interaction of platinum group metals with
hydrogen, from both a fundamental and an
applied viewpoint. The full conference pro-

ceedings will be published early in 1989 in the
journal Zeitschriji fir Physikalische Chemie Neue
Folge.
The continuation of the I.S.M.H.S. conference series is to be held in the first week of
September 1990 at Banff, Alberta, Canada. For
details contact Professor F. D. Manchester,
Department of Physics, University of Toronto,
Canada. In the interim, a Gordon Conference
on metal-hydrides is to be held 10th to 14th
July 1989 at Tilton School, New Hampshire,
U.S.A. A programme description, contact address and application details for this conference
will appear in the March 1989 issue of the
M.L.D.
publication, Science.

A Durable Catalyst for Sealed Gas Lasers
Carbon dioxide transversely excited atmospheric pressure (TEA) lasers emit ultra-short
pulses of infrared radiation in narrow, nearly
parallel beams. The optical gain occurs in a
pulsed, uniform electric discharge in a mixture
of carbon dioxide, nitrogen and helium. To
achieve maximum peak power output per unit
discharge volume, a high concentration of carbon dioxide is required. In sealed operation,
however, the carbon dioxide dissociates into
carbon monoxide and oxygen, and even low
concentrations of the latter cause the discharge
to degenerate into localised arcs. Therefore it is
necessary to ensure that the carbon monoxide
and oxygen are recombined just as rapidly as
the carbon dioxide is produced.
When the prolonged operation of a sealed
carbon dioxide laser was first reported some ten
years ago a thin platinum wire heated to a
temperature of I IOOOCwas used to catalyse the
recombination of the carbon monoxide and the
oxygen. However, for some applications a hot
platinum wire was too fragile, consumed too
much power and created a cooling problem.
The need for lasers with much higher pulse
repetition frequencies further increased the requirement for a catalyst with substantially
greater activity at ambient temperature, and the
use of finely dispersed platinum group metals
supported on porous stannic oxide was reported
to be capable of continuously recombining the
carbon monoxide and oxygen generated in sealed carbon dioxide TEA lasers (I).
Now a communication from the Royal
Signals and Radar Establishment reports the
first use of a platinum/Fecralloy catalyst in a
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long-lived sealed carbon dioxide TEA laser (2).
Fecralloy steel is the Registered Trade Mark of
the U.K. Atomic Energy Authority for a
specific range of alloys developed at Harwell,
and its use as a support for platinum group
metals catalysts developed for automotive emission control and catalytic combustion has been
described here previously (3). This metallic
support is a ferritic steel containing chromium,
aluminium and yttrium which can be heat
treated to form an alumina-rich surface layer to
which the platinum metals can be applied,
using a proprietary technique.
As oxygen is the main cause of arcing in
sealed carbon dioxide TEA lasers, if a laser is to
achieve a prolonged life it is necessary to
remove any oxygen at the same rate as it is
produced by dissociation. Now platinum/
Fecralloy has been shown to be an active
catalyst for carbon monoxide oxidation. In the
basic laser gas mixture, at a total pressure of
one atmosphere, the removal rates of oxygen
and carbon monoxide increase, up to a point,
with the power input to the catalyst. For a
given power input, platinum/Fecralloy recombines these two gases five times faster than a hot
platinum wire does. The durability of the
former is an additional advantage for use in
compact, sealed carbon dioxide TEA lasers.
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Platinum Group Metals Technology
Gmelin Handbook of Inorganic Chemistry, 8th Edition, Platinum, Suppl. Vol. A 1
EDITED BY G. J. K. ACRES A N D K. SWARS, Springer-verlag, Berlin, 1986,340 pages,
ISBN 3-540-93528-2,
DM 1,225
History records that in 1822Leopold Gmelin
(1788-1853)~
then Professor of Chemistry at
Heidelberg University made a modest contribution to the advancement of the chemistry of the
platinum metals by his discovery, in collaboration with Fredrich Wohler, of the double
potassium cyanides of both platinum and
palladium. A more notable and lasting achievement was, of course, the establishment in 1817
of his “Handbook of Theoretical Chemistry”
which recorded and reviewed progress in that
subject. Over the intervening years this process
has continued, and although organic chemistry
is no longer included the length and importance
of the publication has grown remarkably as has
the task of compiling it. Now the responsibility
of the Gmelin Institute for Inorganic
Chemistry, one of the institutes of the MaxPlanck Society for the Advancement of Science,
the handbook is currently in its 8th edition.
The recently available Gmelin volume on the
technology of the platinum group metals has
been written by an international team, each
member of which is a recognised authority on
their specialised topic. First the recovery of the
platinum group metals is considered by R. 1.
Edwards, W. A. M. te Riele and G. J. Bernfeld, of the Council for Mineral Technology,
Randburg. In a 23 page chapter the established
methods of concentrating and refining the
platinum group metals are considered, as are
the most modern extraction techniques.
The purity of the platinum metals has long
been important to people investigating the
structure and properties of these metals, but increasingly their successful application under arduous conditions in high-technology fields is
dependent, to a very large extent, upon the
absence of impurities. The chapter on high
purity metals, prepared by W. Westwood,
formerly of Johnson Matthey, occupies 4
pages and complements the preceding chapter
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by first considering the methods used to refine
the metals. It then goes on to review the various
purification routes and the methods of determining impurities.
Although the electrodeposition of platinum
has been practised for over 150 years, the subject still attracts considerable interest as users
strive to exploit the properties of certain of the
platinum group metals in the most economical
way. Within the 26 pages devoted to electrodeposition, ruthenium, palladium, osmium,
iridium and platinum have been reviewed by
Ch. J. h u b , of Forschungsinstitut fur
Edelmetalle und Metallchemie, and rhodium
by F. Simon of Degussa. The properties of
electrodeposited rhodium, which include tarnish resistance, good wear resistance, low contact resistance, high reflectivity and attractive
colour, make it a most useful material for both
industrial and decorative purposes. Iridium
plating has not found wide technical application
due to practical difficulties, while a lack of interest has, perhaps, restricted the investigation
of osmium deposits. Despite extensive investigation, electrodeposited ruthenium has
found only limited industrial application.
Within the electronics industry there is an
economic incentive to use palladium electrodeposits as a substitute for gold. There is little interest in platinum for this particular
purpose, but it finds application elsewhere and
the various methods of coating substrates with
platinum are considered.
In view of their long established use for many
important industrial applications it is not surprising that the chapter devoted to platinum
group metals, alloys and compounds in
catalysis forms, by far, the largest part of this
volume. Within these 226 pages, prepared by
A. J. Bird of the Johnson Matthey Technology
Centre, all major aspects of platinum group
metals catalyst chemistry and technology are
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Other Gmelin Volumes on the Platinum Group Metals
*Platinum A 1 :
^Platinum A 2:
*Platinum A 3:
'Platinum A 4:
"Platinum A 5:
*Platinum A 6:
'Platinum B 1 :
'Platinum B 2 :
*Platinum B 3 :
*Platinum B 4 :
*Platinum C 1 :
'Platinum C 2 :
"Platinum C 3 :
*Platinum D :

History, Occurrence
Occurrence
Preparation of Platinum Metals
Detection and Determination of the Platinum Metals
Alloys of Platinum Metals : Ru, Rh, Pd
Alloys of Platinum Metals : 0s. lr, Pt
Physical Properties of the Metal
Physical Properties of the Metal
Electrochemical Behaviour of the Metal
Electrochemical Behaviour and Chemical Reactions
Compounds up to Platinum and Bismuth
Compounds up to Platinum and Caesium
Compounds up to Platinum and Iridium
Complex Compounds of Platinum with Neutral Ligands

1938
1939
1939
1940
1949
1951
1939
1939
1939
1942
1939
1940
1940
1957

*Palladium 1 : Element
*Palladium 2 : Compounds

1941
1942

'Rhodium
Rhodium
Rhodium
Rhodium

: Main Volume

: Suppl.Vol.B 1 : Compounds
: Suppl.Vol.B 2 : Co-ordination Compounds
: Suppl.Vol.B 3 : Co-ordination Compounds

1938
1982
1984
1984

'Iridium
"Iridium
Iridium

: Main Volume
: Suppl.Vol.1 : Metal, Alloys
: Suppl.Vol.2 : Compounds

1939
1978
1978

*Osmium
Osmium

', : Main Volume
: Suppl.Vol.1

1939
1980

: Main Volume
: Suppl.Vol.

1938
1970

: Supp1.Vol.A 2 : Isotopes, Atoms, Molecules and
Clusters of Platinum Metal Elements

1989

Palladium

: Suppl.Vol.B 2 : Compounds

1989

Palladium

: Suppl.Vol.B 1 : Palladium-Hydrogen Compounds

1990

Osmium

: Organo Osmium Compounds

1990

"Ruthenium
"Ruthenium
Platinum

* Completely or * * partially in German. otherwise in English

reviewed; indeed it seems unlikely that any
significant topic has been neglected. Major
divisions include 5 5 pages on unsupported
metals and metal alloy catalysts and 23 pages on
supported metals and metal alloy catalysts,
while platinum group metal compounds in
catalysis occupies 122 pages. These three are
then subdivided into sections on preparation,
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properties and the various reactions for which
they are used. Although there is no index
within the volume, the table of contents and the
general arrangement of this and other chapters,
enables readers to locate readily the sections of
particular interest.
The biological activity of platinum compounds and their medical uses is considered by
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P. Kopf-Maier of the University of Ulm and
H. Kopf of the Technische Universitat, Berlin.
In contrast to the preceding tome, this 23 page
section is concerned with knowledge which has
been accumulated during a period of only about
twenty years. The progress made in this time is
remarkable, and one may anticipate that a later
Gmelin supplement will have to devote a more
lengthy section to this important topic.
In the main, this handbook covers the
literature up until 1983, and its importance

results from the many relevant sources
referenced. These also serve to indicate the
publications that should be searched by investigators requiring more recent information.
At the front of this book a list is given of other
Gmelin volumes on the platinum group metals.
These are likely to emphasise work regarded as
particularly significant up to the time of their
publication, and they are tabulated here for the
benefit of readers who may wish to study other
aspects of platinum group metals chemistry.

Determining the Freshness of Fish
There is an obvious requirement that food for
human consumption should be fit for the intended purpose, and producers, processors and
distributors all have considerable responsibility
for this. In Japan fish form a particularly important part of the diet, and there is therefore
a special interest in ensuring that their quality
can be monitored accurately. During the past
year two communications from researchers in
the Department of Materials Science and
Engineering, at Nagasaki University, have
reported the development of a sensor capable of
determining the freshness of fish (I, 2).
Fish freshness can be expressed by the K
value, this being defined as the percentage of
inosine and hypoxanthine present among the
adenosine triphosphate related compounds in
fish muscle. However, the process of determining this data is destructive, and requires
considerable time and effort.
After death the quality of fish deteriorates,
and as it does gaseous species are given off including trimethylamine, the concentration of
which increases significantly as the freshness
decreases. Thus there is a possibility of determining the freshness of fish by monitoring
changes in the concentration of emitted trimethylamine, and this led the Nagasaki University team to develop semiconductor gas
sensors that were highly sensitive to trimethylamine. Initially stannic oxide, a typical
semiconductive metal oxide, was employed,
either on its own or with additions of palladium, ruthenium or gold. This sensor
material was applied to the outer surface of an
alumina tube on which two gold electrodes
were printed, and which could be heated to a
given temperature by means of a small nichrome coil inserted in the tube. G a s sensitivity, defined as the ratio of the electrical
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resistance of the sensor in dry air to that in a
sample gas, was measured in a flow apparatus.
Of the sensor materials studied the one containing ruthenium was found to be the most sensitive to 3ooppm of trimethylamine, at a
temperature of about 555OC.
Subsequent work to develop more sensitive
sensor materials involved zinc oxide, tungsten
oxide and titanium oxide, both on their own
and with the addition of 0.5 weight per cent
ruthenium. The maximum sensitivity to
3ooppm trimethylamine in a sample gas was
exhibited by the titania element containing
ruthenium.
Following this finding the investigators went
on to demonstrate the suitability of this element
for monitoring the freshness of the fish known
as Japanese saurel. The electrical resistance
changes of the sensor element, held at a temperature of 555OC,continuously monitored the
condition of the fish which was stored in a
ciosed box at room temperature, while gas
chromatography confirmed that trimethylamine was among the gaseous species emitted.
For comparative purposes the K value of
similar fish stored under the same conditions
was determined by analysis of the adenosine triphosphate related compounds in the fish
muscle. This interesting work confirmed that
resistance changes of a ruthenium/titania sensor
element could sensitively and selectively detect
trimethylamhe, thus demonstrating the potential of this method for rapidly and nondestructively monitoring fish freshness.

I

2
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ABSTRACTS
of current literature on the platinum metals and their alloys
PROPERTIES

Solid-state Amorphization in Al-Pt Thin
Film8

Catalytic Etching of Platinum Foils and
Thin
Films in
Hydrogen-Oxygen
Mixtures

J. M. LEGRESY, B. BLANPAIN

V. W. DEAN, M. FRENKLACH and J. PHILLIPS,
Chem., 1988, 92, bo), 5 7 3 1 - 5 7 3 8

3.PhyS.

Catalytic etching of Pt thin fdms and foils during H,
oxidation was found to occur at surface temperature
> 7 q K and with initial O:H ratio > X I . Metal was
transported away from the reaction focus and concomitantly large Pt particles (I pm) were found
downstreamon top of the original structure. Catalytic
etching is attributed to the interaction of
homogeneously formed radicals, most likely HO,,
with the Pt surface, and the subsequent evaporation
of metastable Pt-containing species. A model is
presented. Thermal etching (thermally accelerated
movement toward equilibrium) occurred under all
other conditions.

The Tunneling Action of Group VIII
Metal Particles in Catalyzed Graphite
Hydrogenation
P. J. GOETHEL
( I ) , 46-52

and R. T. YANG, 3. Catal., 1988, 114,

A new catalytic action, termed tunneling, observed in
catalysed graphite hydrogenation was studied for Pt,
Ru and Ni using particle sizes below I pm. For a particular size of particles the tunnel lengths were
measured and the longest tunnel measured was used
in the rate calculation. To within an experimental error of q%,all particles were found to tunnel at the
same speed independent of the particle size. The rates
of tunneling compared to the rates of monolayer
channeling were based on per unit metal surface area.
The tunneling rates were consistently higher by approximately one order of magnitude for all catalysts.

The Metal-Carbon Stretch in the Vibrational Spectrum of CO Adsorbed on
Pt{ 11 I}
D. HOGE, M.

TOSHAUS, E.

SCHWEIZER

and A.

M. BRAD-

smw, Chem. Phys. Lett., 1988,151, (3), 230-235
The Pt-C stretching mode of the “on-top” species in
the adsorption system Pt{I I r)-CO has been detected
using Fourier transform i.r. reflecton-absorption
spectroscopy and a Ge:Cu detector. Its band lies in
the low frequency region and was previously undetectable. The frequency is 476k1 cm- I at low coverages
and 46721 cm-I at O=o.g. A band half-width of 4-6
cm- I was observed and is comparable to that of internal C - 0 stretch, but with intensity - 7 0 times
weaker. The result is consistent with electron energy
loss spectroscopic data.
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and J. w. MAYER, 3.
Muter. Res., 1988, 3 , (9,884-889
The AI-Pt amorphous phases were formed by solidstate reaction either between polycrystalline Al and Pt
layers or between binary AI-PC amorphous and
polycrystalline Al layers. In the first case, an amorphous phase is observed in as-deposited f h s that
were not exposed to temperatures higher than
7 0 O C . In the latter case, the transformation starts
at <_200°C and the complete amorphisation of the
structure is obtained at 45oOC.

-

Effect of Large Boron Additions to
Magnetically Hard Fe-Pt Alloys
K. INOMATA, T. SAWA and S. HASHIMOTO,
phYS.2 1 9 8 8 , 64, ( 5 ) , 2537-2540

3.Appl.

Studiesof the effect of B content on the magnetic pro-x&
and
perties of ternary (Fe0,6Pt0.,)100
(Fe, -yPty)8,Bl, alloy ribbons showed that B
changes the compositions of the ordered FePt(y,)
phase, which coexists with Fe B at various alloy compositions so that the actual Pt content of yI rises with
increasing B content. The addition of B also increases
the coercive force remarkably, especially at low Pt
concentrations, and reduces the annealing time required for high coercivity. A coercive force of
;HC=5.6KOewas obtained for (Fe0,6JPt0.3s)83B17.

,

AES and SIMS Surface Characterization
of Pt-Ni Single-Crystal Alloys
M. ABON, 1. c. BERTOLINI and n. MONTES, Appl. surf.
Sci., 1988, 32, (41, 343-351
The surface composition and the secondary ion mass
spectrometry (SIMS)ionisation coefficient of ( I I I )
orientated Pt-Ni single-crystal alloys, Pt ,,Ni,,
Pt,Ni, and Pt,,Ni,, in at.%, under steady-state ion
sputtering, are compared to those properties of
Ni( I I I ) and Pt ( I I I). Enhancement of Ni+ yield for
Pt-rich alloys was observed, and is evidence for an
electronic interaction between Ni and Pt in these
alloys.

X-Ray Study of Short-Range Order in
Ternary Pd-Au-Rh Solid Solutions
V. M. SILONOV, T. V. SKOROBOGATOVA, A. A.
KATSNEL’SON and 0.v. KRIS’KO, Fiz. Met. Metallov.,
1988, 66, ( 4 9 7 8 8 - 7 9 1

An X-ray study of localised short-range order in ternary Pd-Au-Rh solution was performed and the
evaluation of its partial parameter is reported. Correlation of concentration dependance of microhardness, partial and general parameters of short-range
order in ternary and binary Pd-Ag alloys is also given.
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The Effect of the Heat Treatment of Pd
Thin Film Alloy on the Hydrogenation of
Olefins

Soft Magnetic Properties of FeRuGaSi
Alloy Films: SOFMAXO
K. HAYASHI, M. HAYAKAWA, W. ISHIKAWA, Y. OCHIAI,
Y. IWASAKI and K. ASO,J. Appl. Phys., 1988, 64, (2),

and T. IMANAKA, Bull.
Chem. SOC.Jpn., 1988, 61,( 5 ) , 1725-1729
Studies of the Pd-(B,P) thin fdm alloys, prepared by
RF sputtering, showed that before heat treatment
selectivity for partial hydrogenationof olefms increased with increasing B or P concentrations in the fdms.
After heat treatment selectivity was reduced over Pd
fdms with a low B or P content but increased for high
B or P content fdms. This high selectivity was due to
small ensemble size, the low electron density of Pd,
and Pd, B, Pd, .,Por Pd,P, phase formation. Heat
treatment affected the columnar structure of the film.

772-779
The effect of introducing Ru into an Fe-Ga-Si alloy
fdm of typical thickness 3pn on properties such as
saturation magnetic induction, fdm internal stress
and wear resistivity has been investigated. High frequency permeability of the laminated structure fdm
has also been studied. Adding 4-8at.% Ru upgrades
the soft magnetic properties, the mechanical and
other properties of the alloy simultaneously. Typical
compositions Fe,,Ru,Ga,Si,, and Fe,Ru,Ga,Si,,
(at.%) were excellent soft magnetic materials.

Hydrogen-Deuterium Reactions
on
Palladium-Iron Bilayers: A Permeation
Investigation

Icosahedral Phase Formation in Rapidly
Quenched Aluminium-Ruthenium Alloys
S. M. ANLAGE, B. FULTZ and K. M. KRISHNAN, J.

J. TAMAKI, M. YAMAMURA

and H. H. JOHNSON, J. Appl. Phys., 1988,
643 (7), 3461-3467
The permeation of H, D and H-D through Fe coated
with thin surface fdms of Pd was measured and experimental results for the individual and
simultaneous permeation were presented. The results
showed that besides the normal bulk isotope diffusivity dependence, an isotopic surface reaction occurs between H and D. A model was presented for
the isotopes of H which allows for the competition for
surface sites and the formation of HD gas.

Mater. Res., 1988, 3 , (3), @I-425
Systematic rapid quenching studies on the icosahedral phase-forming system Al ,-xRuxfor x<20 at. %
were performed by electron microscopy and XRD to
determine their composition, constituent phase and
phase morphology. It is shown that the icosahedral
phase must form directly from the liquid and, at these
quench rates, is always found in the presence of
second or third phases. The metastable phase diagram is found to be valid for rapid solidification of
Al I -xRuxat piston and anvil quench rates.

Phase Equilibria in the Pd-Zr-Fe System

Compression of the Heavy-FermionCompound URu, Si to 50GPa
H. LUO, S. DABOS, U. BENEDICT and J. C. SPIRLET, J.

D. K. KUHN

S. SHEBUT, E. M. SOLOLOVSKAYA, I. G. SOKOLOVA and

Vestn. Mosk. Univ., Ser. Khim., 1988,
29, (41, 412-414
Physico-chemical studies of interactions of Pd with
Zr and Fe at 8w0C showed that compositions of the
cross-section specify the character of metal interactions in the boundary systems. The most important
single phase region appeared to be ternary Pd-Fe based solid solution; Pd dissolved in itself up to
Izat.%Fe, whereas dissolution of Pd in Fe did not exist. The a-solid solution was formed at 3.928q x
1o-’iingoPd-5Fe-5Zrandat 3.888-C~x I O - , ~
in 8oPd-15Fe-gZr alloys. When Pd concentration
increased to 48at.Yo in Pd-Fe based system, another
phase corresponding to a-solid solution appeared.
T. P. LOBODA,

The Composition, Structure and Electronic Properties of Thermally Prepared
Iridium Dioxide Films
I. D. BELOVA, T. V. VARLAMOVA, B. SH. GALYAMOV, YU.
E. ROGINSKAYA, R. R. SHIFRINA, S. G. PRUTCHENKO, G .
I. KAPLAN and M . A. SEVOSTYANOV, Mater. Chem.

PhYS., 19883 20, (I), 39-64
It is reported that the composition of starting solutions affects the degree of crystallinity, crystallite size
and orientation, composition of both crystalline and
amorphous phases, surface area, and electrical properties of the thermally prepared Ir oxide fdms for
use as electrode materials.

Platinum Metals Rev., 1989, 33, (1)

Less-Common Met., 1988, 142,L23-L25
XRD studies of the heavy-ferrnion compound
URu,Si, in a diamond anvil cell were performed at
room temperature and high pressure. Its tetragonal
structure was stable through the pressure range up to
SoGPa. The bulk modulus Bo= q G P a and its
pressure derivativewere calculated by fitting the V(P)
data to the Birch and Murnaghan equations. Its
pressure behaviour was compared with that of other
heavy-ferrnion systems.

CHEMICAL COMPOUNDS
Second Sphere Coordination Adducts of
Phosphane-Transition Metal Complexes
with p-Cyclodextrin and its Methylated
Derivative
D. R. ALSTON, A. M. Z. SLAWIN, J. F. STODDART, D. J.
WILLIAMS and R. ZARZYCKI, Angew. Chem. Int. Ed.

Engl., 1988, 27, (9), 1184-1185
X-ray analysis has been used to show that
trans-IPt(PMe,)CI,(NH,)I inserts its hydrophobic
PMe, into the narrow opening of /3-cyclodextrin, and
does not bind to a-cyclodextrin. The results have implications for the design of drug delivery systems and
H, 0 soluble catalysts.
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Platinum Hydride Complexes A, PtH,
with A=Na, K , Rb or Csand P. MtjLLER, 3.LessCommon Met., 1988, 142,243-253
Studies were performed on Pt hydride complexes
prepared by the reaction of binary alkali-metal
hydrides with Pt sponge in H ,. X-ray examination of
powdered samples and neutron diffraction methods
on the deuterated compounds revealed the crystal
structure. The high temperature modifications
crystallise in the K,PtCl,-type structure with H occupying two-thirds of the C1 positions. The tetragonal
structures of the low temperature modifications were
characterised by square planar IPtH,I 2 - groups.
W. BRONGER, G. AUFFERMANN

Complex Formation in PdCl -MgCl
System
L. S. KRAVCHUK, N. I . IVASHCHENKO, P. P. MARDILOVICH and M. v. zARETSKII, Vest. Akad. Navuk

B S S R 1988, (3), 33-37
The U.V. spectroscopy of the complex formation in
aqueous solutions of PdCl,-MgCl, showed an interaction between these compounds yielding a number
of variable composition complexes stable to hydrolysis at relatively high values of pH 4. The solidstate condensed phases obtained from Pd and Mg
chlorides were found to decompose to corresponding
metal oxides at much lower temperatures.

-

Ruthenium(1V)-0x0 Complexes: A Novel
Hydrophobic Effect of Tertiary Phosphine Ligands on the Selective Oxidation
of Alcohols
and K. 1. TAKEUCHI, 3. Chem. SOC.,
Dalton Trans., 1988,(9), 2385-2391
The second order rate constant for alcohol oxidation
by [Ru'"O(bipy), (ERJ)12+(bipy is 2,2'-bipyridine
and ER, is a tertiary phosphine or arsine ligand) in
aqueous solution was found to be dependent on the
hydrophobic nature of the target alcohol, and increased in the order: methanol<ethanol<propan-1-01
me me thy prop an- I -ol<butan- I -ol<3-methylbutan-I
-ol<pentan-1-01. The rate is also dependent on the
nature of the phosphine ligand; with ER, =PPh, the
rate is 520 times greater than with ER, =PEt High
primary isotope effects (kH/kD=10) were observed.
M. E. MARMION

J .

ELECTROCHEMISTRY
Oxygen Reduction at Nafion Film-Coated'
Platinum Electrodes: Transport and
Kinetics
D. R. LAWSON, L. D. WHITELEY, C. R. MARTIN, M. N.
SZENTIRMAY and J . I. SONG,
Electrochem. soc.,

3.

198% 135, (917 2247-2253
Nafion (commercial perfluorosulphonate ionomer)
coated Pt elecrodes have been prepared by high
temperature film casting methods. Solution pmessed films showed much better adhesion characteristics
and better physical and chemical properties than simple re-cast films. The results from diffusion solubility
and kinetic studies with o.7M H,PO, as electrolyte
are compared with data for bare Pt electrodes.

Methanol Oxidation Characteristics of
Rare Earth Tungsten Bronze Electrodes
Doped with Platinum
K.-I. MACHIDA, M. ENYO, G.-Y.
SHIOKAWA, J . Electrochem. Soc.,
I95 5- 1 9 6 1

ADACHI and J .
1988, 135, (8),

Studies of Pt doped rare earth W bronzes,
Pt/Ln,., WO, (Ln is Y, La and lanthanides), showed
a higher specific electrocatalytic activity and much
lower heat of oxidation for the electro-oxidation of
CHJOH at 288-323K, than ordinary Pt electrodes.
Low rest potentials (0.3-0.39v) and high oxidation
current densities (20-60 pAcm-') are reported for Pt
doped electrodes. It was found that the electrocatalytic activity depended on the lattice constants
of bronzes, as well as on the redox potential of the
WO,NO'+couple (0.15-0.45v).

Effect of Deposition of Platinum Metals
on the Dissolution Rates of Cobalt, Nickel
and Chromium in Acid Solutions
L. V. GAISENKO, A. I . MARSHAKOV and YU. N.
MIKHAILOVSKII, Zashch. Met., 1988,24,
729-733

(s),

Effect of Pt and Rh deposition on the dissolution
rates of Co(o.28cm2), Ni(1.13cm') and Cr was
studied on a disc electrode in 0.05-o.gM SO,'background solutions, in the presence of H,PtCl, or
RhCl and at pH 2.0-1.9. The addition of Pt and Rh
inhibited the dissolution rate of Ni and Cr at constant
potential but CO dissolution rate increased.
J,

Ruthenium(II1) Ion Complexes with
Nucleic Acid Bases and Nucleosides

Reaction of Chloroplatinic Acids and
Platinum Chloride with Isopropyl Alcohol

E. TSELEPI-KALOULI and N. KATSAROS, J . Inorg.
Biochem., 1988, 34, (I), 63-74
From i.r., diffuse reflectance spectra, conductivity
and magnetochemical studies, the interaction of
Ru3+ with ligands in complexes of the nucleic bases
adenine, guanine, cytosine and the nucleoside
adenosine with Ru trichloride, is suggested to be
through the N of the purine or pyrimidine ring.
Ru3+-thio-cytosine has metal-ligand interaction
through S and the nucleoside complexes
Ru3+-guanosine and Ru3+-inosine have metal ions
bound to carbonyl 0 of the purine ring.

V. I. PEREVALOVA, N . B. SHITOVA, L. YA. AL'M and V.
K. DUPLYAKIN, Zh. Obshch. Khim., 1988, 58, (8),
I 6 9 4 - 1 697

Platinum Metals Rev., 1989, 33, (1)

Studies of the reaction of H,PtCl, and PtCl, with
isopropyl alcohol at room temperature showed the
formation of a number of Pt(I1) complexes of the type
[(C,H,)PtCl J.,(iso-CJ H,OH),lz (n=0-1, z = I -0).
The increase of Cl content in Pt(1V) during transfer
of PtCl,to H,PtCl, and also in reaction solution during reduction of H,PtCl, in the presence of HC1,
displaces the equilibrium compositon of Pt(I1) complexes in favour of H,PtCl, formation.
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A Poly[tris (N-(bipyridylbuty1)pyrrole) Photocatalytic Hydrogen Generation
ruthenium(I1)l-RuO Catalytic Modified from Water-Organic Solutions Using
Electrode for Organic Oxidations
Polytungetates
and 1.-C. MOUTET, InOV.
Chem., 1988, 27, (141, 2389-2390
The behaviour and catalytic properties of modified
electrodes such as Pt/poly[RuL,lz +-RuO,, which
denotes electrodes covered with a polypyrrole fdm
bonded to a tris(bipyridyl)Ru(II)complex and containing dispersed RuO, particles, have been studied
and found to be useful for the electro-oxidation of
benzyl alcohol to benzaldehyde in acetonitrile.
S. COSNIER, A. DERONZIER

Interaction of Metallic Palladium with
Platinum Chlorocomplex in Aqueous
Solution
N. L. KOVALENKO, L. I . KOCHUBEEVA, N. V. GRIZAN, V.
G. CHUMAKOV and G. A. MOISEEVA, Zh. Neorg. Khim.,

198%33, (91, 2328-2332
Studies of the interaction of Pd black with HCI solutions of K,PtCI, and K,PtCI, at 150-180OC showed
that Pd reduces Pt(I1) and Pt(1V) forming a number
of solid Pt-Pd solutions with dependance on the
molar ratio of Pd:Pt. During a partial reduction,
disproportionation of Ptz+was observed.

PHOTOCONVERSION
Laser-DrivenChemical Vapor Deposition
of Platinum at Atmospheric Pressure and
Room Temperature from CpPt(CH,)
L. VOGEL KOPLITZ, D. K. SHUH, Y.-J. CHEN, R. S.
WILLIAMS and J. I. ZINK, Appl. Phys. Lett., 1988, 53,

( I R A 1705-1707
Laser photolysis of CpPt(Me) (Cp = r) '-C H s,
Me=CH,) at room temperature and atmospheric
pressure produces thin fdms and patterned structures
of metal on solid substrates. The two different types
of fdms obtained in the presence and absence of H,
and the ability to prepattern the substrate in the
absence of H and subsequently develop the shiny Pt
deposit in the presence of H and additional
CpPt(Me), support the hypothesis of both photochemical and thermal pathways.

Interfacial Photoreactions at the
Photosynthetic Membrane Interface: An
Upper Limit for the Number of Platinum
Atoms Required to Form a HydrogenEvolving Platinum Metal Catalyst
E. GREENBAUM,

3. Phys.

Chem., 1988, 92, (16),

4571-4574
The hexachloroplatinate ion has been reduced to
metallic Pt (requiring 4 reducing equivalents) by a
new reaction at a photosynthetic membrane interface.
Isolated spinach chloroplasts were illuminated with
single-turnover, saturating flashes of light. Pt
precipitated onto the membrane surface is
photocatalyticallyactive and produces H,.

Platinum Metals Rev.,1989, 33, (1)

M. I. RUSTAMOV, N . Z. MURAWV, A. D. GUSEINOVA and

v. BAZHUTIN, Int. J. Hydrogen Energy, 1988, 13,
(191, 533-538
The addition of colloidal Pt greatly increased the rate
of evolution of photochemically generated H, from
H,O-EtOH solutions using a polytungstate catalyst.
The effects of amount of colloidal Pt, concentrations
of reagents, temperature and pH, on the rate of H,
generation have been studied. At optimal conditions
the ratio of amount of HIevolved to initial amount
of Pt exceeded 1000 : I . The polytungstate is photoreduced and stoichiometric amounts of H, and
acetaldehyde were formed.
Yu.

Catalytic Fixation of Nitrogen by the
Photocatalytic CdSIPtlRuO Particulate
System in the Presence of Aqueous
[Ru(Hedta)N21- Complex
M. M. TAQUI KHAN,R. c. BHARLIWAJ and c. BHARDWAJ,
Angew. Chem. Int. Ed. Engl., 1988, a7, (7), 923-925
A truly catalytic fmation of N, to NH, by photochemical fixation was studied in aqueus solution at
3ooC and I atm N, in a semiconductor CdS/Pt/RuOz
particulate system excited by visible light (A = 5ognm)
and catalysed by [Ru(Hedta)N,l- (Hedta is the trianion of ethylenediaminetetraaceticacid). NH, yield
was 6.8 mol per mol of catalyst per hour.

Photo-Induced Defect States in a Quasi
One-Dimensional
Mixed-Valence
Platinum Complex
S. KURITA, M. HARUKI

and K.

MIYAGAWA,

3.Phys.

SOC.Jm.9 19% 57, (51, 1789-1796

Studies of photo-induced absorption effects in
single crystals (en is
ethylenediamine) irradiated at 77K by the light
within the charge-uansfer absorption band (CT
band) or higher, showed two absorption bands (A and
B) below the CT band. The A and B bands were induced only by the light with E//chain and preferentially polarised for E//chain, showing that the
photo-induced defect states were located on individual chains, and not associated with interchain
defects.

[Pt(en),ILPt(en),CI,l(CIO,),

Luminescence Decay Characteristics of
Ru(bpy)
in Dilute Single Crystals and
Polymer Hosts
+

and G. MORAN, J . Luman., 1988, 42, ( I ) ,
21-27
Luminescence decay characteristics for Ru(bpy) +
doped in dilute single crystals and polymer hosts were
measured at I. 5-77K using I ms square-pulse excitation from an acousto-opticdy modulated Ar+ laser.
The temperature dependence of the decay times is
consistent with luminescence from three states of
equal degeneracy, separated by (Sao.5) and
(60o+g)cm-I , respectively.
E. KRAUSZ
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Polyelectrolyte-Stabilized Metal Oxide
Hydrosols as Catalysts for the Photooxidation of Water by Zinc Porphyrins
and A. HARRIMAN,
Chem., 1988,92, (IS),~99-4504
Negatively charged Ir oxide and Ru dioxide colloids
in neutral H,O have been stabilised with a surface
layer of polyelectrolyte. Electrostatic forces between
these colloids and H,O soluble Zn porphyrins of opposite electronic charges produced a high rate constant for interfacial electron transfer between the
colloids and radical cations derived from Zn porphyrins. Oxidation of H,O to 0, was not observed.

G. S. NAHOR, S. MOSSERI, P. NETA

3. Phys.

Intramolecular Energy Transfer in the
Covalently Linked Dimeric Complex
[(bpy) Ru(b-b)Ru(biq) 1
+

R. H. SCHMEHL, R. A. AUERBACH and W. F. WACHOLTZ,
3.Phys. Chem., 1988,92,(zz), 6202-6206

The covalently linked dimer [(bpy) Ru(bb)Ru(biq),l'+ (bpy is bipyridine, b-b is 1,4-bis[2-(4'-methyl-2,2'-bipyridyl-4-yl)ethyllbenzene,and
biq is z,z'-biquinoline) was prepared and its
photophysical behaviour in room-temperature solutions and low temperature glasses was studied.
Luminescence was observed from both Ru-bpy
metal-to-ligand charge-transfer (MLCT) and
Ru-biq MLCT states.

ELECTRODEPOSITION AND
SURFACE COATINGS
Platinum Plating for Decorative and
Functional Applications
Met. Finish.,
1988, 86, (91,25-27
Three plating electrolytes containing Pt as
dinitrosulphato Pt complex, "p-salt" and hydroxyplatinate were studied in view of their decorative and
functional applications. The electrolyte containing
dinitrosulphato Pt complex was found to be most
suitable for the studied applications and thicknesses
of up to Iopm could be obtained easily. The bath had
very high stability and required little maintenance, by
simple adjustment of pH and metal content. The bath
could be used for plating on Ti.

M. PUSHPAVANAM and S. R. NATARAJAN,

APPARATUS AND TECHNIQUE
Hydrogen and Ammonia Response of
Metal-Silicon Dioxide-Silicon Structures
with Thin Platinum Gates
and I. LUNDSTR~M,3. Appl.
P ~ Y s . ,1988, 63, (31, 1274-1283
Studies of H, and NH, induced voltage shifts of the
capacitance-voltage (C-V) curve of metal-oxidesemiconductor (MOS) structures with Pt gates showed the sensitivity of the devices to these gases. From
the study of temperature (75-zwoC), Pt-fdm
thickness (3-7onm), ambient 0 concentration
dependences of NH, and H, induced voltage shifts,
models for gas detection mechanism are described. H
atoms from H, dissociation produced a dipole layer
at the metal-oxide interface, while NH, was detected
by surface potential changes capacitively coupled to
the semiconductor surface through voids in the
catalytic Pt film.
A. SPETZ, M. ARMGARTH

Surface Control of Platinized Platinum as
a Transducer Matrix for Micro-Enzyme
Electrodes
Y. IKARIYAMA, s. YAMAUCHI, T. YUKIASHI and H.

3. Electroanal. Chem., 1988, 251, ( 2 ) ,
267-274
The importance of anodic polarisation of a platinised
surface for the microfabricationof enzyme electrodes
is reported. A glucose oxidase-incorporated
microplatinisedelectrode shows responses not only to
glucose but also to other saccharides.
uSHIODA,

The Temperature Characteristics of an
H 2S-Sensitive Pd-Gate MOS Transistor
and 2. YIBING, sem. Actuators, 1988,15,
85-93
The effects of atmospheric H,S on the sensitivity,
response speed and selectivity of a p-channel Pd-gate
metal-oxide-semiconductor (MOS)transistor were
studied at various temperatures. The device was
highly sensitive to H I S even at room temperature,
and its performance was improved at the optimum
temperature of 150%. At zm0Cand with good ventilation in air, complete reversibility was obtained.

Z. WEIXIN
(11,

Use of Zirconium and Ruthenium Isotope
A New Method for the Preparation of Correlations in the Analysis of Spent
Platinum Electrodes with Single-Crystal Nuclear Fuels
(100) Surface
w. SMULEK, R. K. AL-DABBAGH, K. GORONCEK and M.

s. SHIBATA, Denki Kagaku, 1988,56,
(41,286-287
A thin polycrystalline Pt film has been
electrodeposited from H , PtCI, solution onto smooth
polycrystalline Pt foils and then preferentially
recrystallised to the (100)structure by heating for
2-4s at a temperature lower than the melting point
The method described
of Pt bulk ( - 1200-1400~C).
produces electrodes with well-defined single crystal
(100)surface structures without the disadvantagesof
single crystal electrodes prepared from Pt beads.
M. SUMINO and

-
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BoRKowsKI,
121,

3. Radioanal. Nucl. Chem., Artic., 1988,

(a, 385-393

Methods for the determination of Pu contribution to
the total burnup of a spent nuclear fuel of low initial
enrichment in 'I'U (3.6%) have been studied. The
use of isotope ratios of stable Ru and Zr fission products lolRu:lwRu,93Zr:wZrand 91Zr:wZris proposed and the method verified by determination of the
total burnup of the fuel from the "'Cs and "*Nd
monitors and subtraction from this value of the
partial burnup due to ,,*U.
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HETEROGENEOUS CATALYSIS
Hydrogenation of 1,3-Butadiene on
P t ( l l 1 ) Comparison with Results on
P t ( l l 0 ) and Pt(100)
C.-M. PRADIER, E. MARGOT, Y. BERTHIER and J.

Appl. Caul., 1988, 43, (I), 177-192
Hydrogenation of I ,3-butadiene adsorbed on Pt(I I I)
at low pressure, p=~o-’atm, was studied under
quasiatmospheric pressure. A f mt saturation state
was rapidly reached, equivalent to one butadiene
molecule per 2-3 Pt atoms, with no reduction in
catalytic activity. A mechanism is proposed which is
not affected by controlled S adsorption (e,=o.I). S
slightly improved the selectivity toward butenes, but
total poisoning occurred for S adsorption of 8, =0.5.

OUDAR,

Stability of Bimetallic Reforming
Catalysts
J. M. PARERA and J. N. BELTRAMINI,

Conversion of n-Pentane and Methyland
cyclopentane on Pt-Cr/Al,0
Pt-SdAl 0 Catalysts
L. VLAEV, L. DAMYANOV, CH. BONEV

and A.

PALAZOV,

Zzv. Khim. (Soh), 1988, 21, (z), 145-151
Supported Pt catalysts Pt-Cr/Al,O,and PtSn/Al, 0 prepared from PtlAl ,0 catalysts either by

deposition of the second metal from CrO,Q, or
SnQ, vapours, or by simple impregnation from
aqueous solutions of H ,G.0, or SnCl,,were studied
by i.r. spectroscopy during conversion of n-pentane
and methylcyclopentane. The results showed increased selectivity in methylcyclopentane dehydroisomerisation and lower hydrocracking activity of
bimetallic catalysts. It was also found that the nature
of promoting agent, its deposition technique and its
fixing on the surface of Pt/Al 0 are all equally important in the determination of various formation
mechanisms and stabilisation of bimetallic clusters.

,

J . catal., 1988,

Selectivity of Pt-Re-S/A1203-C1 Reforming Catalyst as a Function of Feed
The effect of coke deposition on catalytic activity,
selectivity and stability of the catalysts Pt/Al ,03 , Pt- Composition
h/A,o,and R-h-S/AI,O, was studied in the J. M. GRAU, R. J. VERDERONE, C. L. PIECK, E. L.
reforming of n - h eme and methylcyclopentane.Coke JABLONSKI and J. M. PARERA, znd. Eng. Chon. Res.,
11%

(a,357-365

deposited on Pt during the fmt few hours of the run
produced deactivation. Coke deposited on the support later produced slight deactivation.

Interaction between Iridium and
Platinum Precursors in the Preparation
of Iridium-Platinum Catalysts
ApPL CUUL,
1988, 42, (11, 61-76
Incipient wetness and wet impregnation methods
have been used to prepare catalysts Pt/Al,O,,
Ir/Al ,0, and Pt-Ir/Al 0 On adsorption of catalytic
precursors, the effect of metal concentration and pH
of the impregnation solution during wet impregnation shows that at low weight loadings the amount
of adsorbed metal in a bimetallic system can be
predicted from the adsorption capacity of the metal
when adsorbed alone.
J. XUE, Y.-J. HUANG and J. A. SCHWARZ,

.

Effect of HCI on Activity and Dispersion
of Platinum and Palladium Deposited on
Alumina
V. I. ANAN’IN, N. YA. PRYAKHINA, L. V. GERASIMOVA,
G. M. SEN’KOV and A. I. TROKHIMETS, Vest. Akad.

Navuk BSSR, Ser. Khim. Navuk, 1988, (3), 30-33
The effect of HQ on activity and dispersion of
Pt/M,o3 and Pd/Alz03 catalysts was studied on
Al 0 samples impregnated with PdCl , for I hour,
with O.IM HCl or with an aqueous solution of
H,PtCl,, followed by drying in air at 28321oK and
calcination in a muflle furnace for 3 hours at
773*2oK. The interaction of impregnating solutions
of the catalysts is considered. The results show that
the support pretreatment with HCI in the gas phase
increases the activity and dispersity of Pt and Pd
supported catalysts.

,
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1988, 27, (10)s 1751-1754
The selectivity and deactivation by coke of Pt-ReS/Al,0,-Cl catalysts with different chlorine content
were studied during reforming of commercial
naphtha cuts and cuts prepared by doping a typical
naphtha for reforming with n-paraffins and isomer
fractions, by chromatographic analysis. Gaseous
effluents were analysed and compared with the cut
composition. Cuts with a higher content of nparaffiis than isomers with the same number of C
atoms produced higher aromatics formation.

Deactivation of Pt Catalysts by Oxygen.
1. Kinetics of the Catalyst Deactivation
P. J. M. DIJKGRMF, M. J. M. RIJK, J. MEULDIJK and K.
VAN DER WIELE, 3. CaUl., 1988, 112, (2), 329-336

The effect of 0, pressure, reactant concentration,pH
and temperature on the deactivation kinetics of a
commercial Pt/C catalyst used in an aqueous slurry
for the oxidation of D-gluconate to D-glucarate at
5ooC has been studied. The deactivation is governed
by 0, coverage of the Pt surface and occurs exponentially under steady state conditions.

Sintering of Silica-Supported Platinum
Catalysts during Ethylene Oxidation
and J. PHILLIPS, J. card., 1988, 113, (I),
129-143
X-ray diffraction has been used to study sintering of
Pt/SiO, catalysts under C,H, +O,at 6oo°C, and has
shown changes in Pt particle size distribution consistent with intraparticulate atomic transport. This
behaviour differs markedly from that for Pt/SiO,
under nonreactive (O,,
CO,, H,O, C,H,, N,)atmospheres, in which changes in particle size distribution are due to particle growth by coalescence.

N. L. WU
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H 2 Evolution from Various Aqueous
Solutions over Thermally Reduced TiO,
and Pt-TiO, Powder

Study of the Reaction of Complete Oxidation of Styrene on PalladiumManganese Catalyst

A. KUDO, K. DOMEN, K. -I. MARUYA and T. ONISHI, Bull.

S. A. MARUSYAK, V. YA. VOL'FSON

Chem. SOC.Jpn., 1988, 61,( 5 ) , 1535-1538
Reduction of H z O(or H') to form H I over reduced
TiO, and Pt/TiO, has been studied in distilled H, 0
and aqueous solutions of HC1, H,SO,, HNO,, and
NaOH. H, evolved moderately in distilled H,O and
NaOH solutions over reduced TiO, powder, while
reaction in aqueous HC1 and H,SO, was strongly
suppressed due to H + presence. H, evolution over
reduced Pt/TiO, was rapid.

Metal-Support Effects on Acetone
Hydrogenation over Platinum Catalysts
and M. A. VANNICE, 3. Catd., 1988, 113, (I),
52-71
Turnover frequencies for acetone hydrogenation to
isopropylalcohol over high-temperature reduced
(HTR) Pt/TiO, catalyst were found to be >so0 times
higher than those of hydrogenation over Pt/SiO, and
Pt powder. Pt/TiO, enhanced specific activity (per g
Pt) 10 fold. The activation energies and pressure
dependencies for all catalysts (Pt/v-Al,O, and
Pt/Au were also studied) are similar and the
hydrogenation over Pt crystallite is structure insensitive. The results demonstrate a clear support effect
previously observed only for CO hydrogenation.
B. SEN

PTFE Dispersed Hydrophobic Catalysts
for Hydrogen-Water Isotope Exchange.
I. Preparation and Characterization. 11.
Water Poisoning
and K. V.
s. R A M A R A O , ACatal.,
~ ~ ~ . 1988,43, (I), 1-13; 15-31
A 0 . I jm uniform polytevafluomthene (PTFE)fdm
has been deposited on different substrates and
catalysts prepared by dispersing Pt metal over these
substrates. These catalysts have longer life than uncoated catalysts when used for an isotopic H,-"HI
water exchange process for the production and
detritiationof heavy water. In the second paper water
induced catalytic poisoning has been studied by
observation of ' H - ' H exchange rates. The thin,
porous, polymeric flm minimises water condensation
and lowers the substrate-water interaction.
A. D. BEWURKAR, N. M. GUPTA, R. M. IYER

and V. M. VLASENKO,
Kinet. Karol., 1988, 29, (3), 591-595
Studies of the kinetic dependence of the reaction of
a complete oxidation of styrene on its concentration,
and changes during styrene chemisorption on the surface of 0. gwt.%Pd-Mg catalyst revealed the presence
of critical reaction phenomena.

Effect of Dispersion of Supported
Palladium on its Electronic and Catalytic
Properties in the Hydrogenationof Vinylacetylene
YU. A. RYNDIN, L. v. NOSOVA, A. I. BORONIN and A. L.
Appl. Catd., 1988, 42, (I), 131-141
The effect of Pd particle size in the selective gasphase hydrogenation of vinylacetylene has been
studied. The specific catalytic activity (turnover
number TON) of SiO, or y-Al,O, supported Pd was
approximately constant over a particle size range of
40-18ok When the Pd particle size was reduced
from 40 to IOA the TON fell by one order of
magnitude and the binding energy of the Pd 3d,,,
level increased by 0.6eV.

CHUVILIN,

Hydrogenation of Thiophene Catalysed
by a Palladium Alizarin on y-A120, and
Rhenium Sulphide
A. S. LOBACH, YU. M. SHUL'GA., K.
M. WAHREN, leu. Akad. Nauk

KH. HEINRICH and
SSSR, 1988, (8),

1722- I727
X-ray studies of the hydrogenation of thiophene to
thiophane in various solutions in the presence of Pd
catalysts prepared by the deposition of Pd metallocomplex compounds with alizarin c onto y-Al,O,
supports (Pd(al-c)/Al,O,), were performed at 16MPa
and 200-235OC. The results were compared with
data previously obtained on Pd/C, Pd/Al ,0, and Re
sulphide catalysts. Activity of the catalysts during
their use in a number of methyl cyclohexane solutions
decreased in the order: Pd/C > Pd/Al,O, =
Pd(al-c)/Al 0 , > Re sulphide. The results show that
the catalyticactivity of the Pd catalyst depends on the
supports.

,

Dehydrogenation of n-Hexane on
Platinum Containing X-Zeolite Modified
by the Transition Metals

Studies of Carbon Dioxide Hydrogenation over Supported Palladium Catalysts

and L. A. KUPCHA,
Vest. Akad. Navuk BSSR, Set. Khim. Navuk, 1988,
(4), 29-33
Studies of the state of active components in bimetallic
contacts and of catalytic properties of PtlX-zeolite
catalysts modified with Re, Mo and W were performed during aromatisationof n-hexane by spectroscopic
and microscopic techniques. The modification of the
Pt/X-zeolite catalysts by Re, Mo and W resulted in an
increase in metal dispersity and catalytic activity.

3. Catal. (Dalian, China), 1988, 9, (z), 122-130

T. I. GINTOVT,

I. I. URBANOVICH

Platinum Metals Rev., 1989, 33, (1)

X.-Z.JIANG, J.-B. BAO, Y. CHEN, J.-X.LIU and S.-Y. XU,

Three supported Pd catalysts, 5.x0hPd/La,O,,
4.2%Pd/Si02 and 6.3%La-4.9%Pd/SiO1, were
studied and characterised under atmospheric
pressure and at 633-693K by various techniques.
The difference in catalytic activity was attributed to
the metal-support interaction and to the effect of the
La promoter. Possible reactive intermediates for
CHIOH synthesis by CO, and CO hydrogenation
were also studied.
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Effect of NO on the CO-Induced Disruption of Rhodium Crystallites
F. SOLYMOSI, T. BdNSAGI and E. NOVdK, J . Catal.,
1988, 112, (I), 183-193
From i.r. spectroscopy studies it has been shown that
addition of NO to CO accelerates oxidative disruption
and hinders reductive agglomeration of Rh/Al,O,
catalysts. The acceleration of CO induced oxidative
disintegration was shown by accelerated formation of
gem-dicarbonyl, Rh'(CO), , from Rh,-CO species,
even with NO : CO ratios of only I : 100. Reductive
agglomeration of Rh' sites was shown by the CO induced transformation of Rh'(CO), to Rh-COX at
448K.

Promoting Effect of Lanthana in the
Hydrogenation of Carbon Monoxide over
Supported Rhodium Catalysts
R. KIEFFER,

A.

KIENNEMANN, M. RODRIGUEZ, S.

and J. M. RODRIGUEZ-IZQUIERW, Appl.
Catul., 1988, 42, (I), 77-89
Supported Rh catalysts Rh/La,O,, Rh/SiO,,
Rh/AI,O, and ternary phases Rh/La,O,/SiO, containing 0.1-8.5% La,O, showed high activity and
selectivity towards C,-oxygenates for the CO + HI
reaction. The presence of 0.25% La,O, in ternary
catalysts clearly showed a promoting effect. Studies
of characterisation and catalytic activity suggest that
the covering of Rh particles by La,O,is caused by
the redissolution of La,O, during the impregnation
process.
BERNAL

Preparation and Characterization of a
Novel Catalyst for the Hydrogenation of
Dinitriles to Aminonitriles
F. MARES, I. E. GALLE, S. E. DIAMOND and F. 1. REGINA,

J . Cutal., 1988, 112, (I), 145-156
Highly selective partial hydrogenation of aliphatic
a,w-dinitriles to w-aminonitriles has been achieved
using an efficient Rh/MgO catalyst. The selectivity
was due to the high dispersion of the Rh (catalyst content 4 3 % ) which allows a strong interaction between
active metal and adsorbed species with the support,
and due also to the basic MgO support facilitating
desorption of basic compounds. The preparation and
the role of high surface area MgO support are
reported, and catalyst preparation discussed.

Promoting Effects of Se on the Activity
and Selectivity of Rh-ZrO, Catalysts for
Ethene Hydroformylation
Y. IZUMI, K. ASAKURA and Y . IWASAWA, J.

Chem. soc.,
Chem. Commun., 1988, (IS), 1327-1328
Studies of %-modified Rh/ZrO, catalysts prepared
by treatment of Rh/ZrO, with Me,% or by coimpregnation showed that Se had a marked promoting effect on the activity and selectivity of these
catalysts for ethene hydroformylation, due to the
preferable interaction of CO with Se'- on Rh, and
the stabilisation of propanoyl intermediates by Se-Rh
ensembles. Optimum Se : Rh ratios are reported.
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Conversion of Syngas on Bimetallic
Ruthenium Containing Catalysts
D. ZAKUMBAEVA, L. B. SHAPOVALOVA, ZH. T.
OMAROV, E. N. LITVYAKOV and A. SH. KUANYSHEV,
G.

Neftekhirn., 1988, at?, (4), 507-512
The ~%Ru-Cu/Al,O, catalysts with Ru:Cu ratios
(at.%) of 1:0.18, 1:0.68, 1:1.59, 1:3.71 and 1:14.3
were studied in order to explain the effect of the
structure of active centers on the direction of the
catalytic conversion of syngas. The catalysts were
prepared by saturation of Al,O, by aqueous solution
of RuOHCI, and CuCI,.2H,O followed by a 3 hour
reduction in H, at 573-673K, washing and drying at
303-323K. In comparison to Ru/Al,O,, where the
CO, hydrogenation yielded methane only, on
bimetallic Ru-Cu/Al,0, catalysts the reaction yielded higher molecular hydrocarbons. The maximum
yield of C,-C,, hydrocarbons occurred on
Ru-CU(I:O.I~)/AI,O,
catalyst but decreased with an
increase of Cu content.

Activated Hydrogen Chemisorption on
Ru-Cu/SiO Bimetallic Substrates

,

and J. M. WHITE, J.
Phys. Chem., 1988, 92, (14), 4141-4147
Temperature-programmed desorption (TPD) in
UHV has been used to study H, adsorptiondesorption on Ru-Cu bimetallic particles supported
on S O , , and on Cu films deposited on RU(OOOI).
Enhanced high temperature H , desorption arising
from adsorption of H, at elevated temperatures was
observed for Ru-Cu/SiO, but not for Ru/SiO, or
Cu/SiO, ,
T. OKUHARA, T. ]IN, Y. ZHOU

Preparation and Characterisation of
ZrO, Stabilized with R u O and La(II1)
Y.-C. LONG, 2.-D. ZHANG, K. DWIGHT and A. WOLD,
Mater. Res. Bull., 1988, 23,
631-636

(s),

In determining the stability of dispersed RuO, on
ZrO, ,a solid solution of Ru(1V) oxide in ZrO, was
studied and showed increased stability toward H,
reduction from w°C to over 200°C, compared with
bulk RuO, . Further addition of gmol%La(II1) oxide
increased the stability of dispersed Ru(IV) at up to
80oOC.

Reduction of Carbon Monoxide and
Dioxide by Metal Carbonyls on a Pyrolysed Polymeric Support
and R. S . DRAW, J. Chem. soc.,
Chem. Commun., 1988, (17), ~206--1208
Pyrolysed polyacrylonitrile(PPAN) has been studied
as a novel support for Ru ,(CO) in the FischerTropsch reaction and the methanation of CO, . The
catalyst 2%Ru/PPAN showed improved selectivity to
low molecular weight hydrocarbons and no products
above C,, compared to 2°hRu/AI,0,. It is thought
that activity could be improved with increased support surface area. Activities are comparable for
methanation of CO,, with CH, the only product if
CO, is not in great excess.
G. C. GRUNEWALD

,,
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HOMOGENEOUS CATALYSIS
Synthesis and Catalytic Properties of
Sulphoxide Bridge Platinum(I1) Compounds
V. N . SPEVAK, V. I. LOBADYUK, A. E. TROFIMOV, N. K.
SKVORTSOV, N . A. MOLDAVSKAYA and V. 0.
REIKHSFEL'D, Zh. Obshch. Khim., 1988, 58, (8),
I 689-1 694
Bridge compounds of the type [Pt,(R,SO),X,l
where R,SO
is dimethyl-, diethyl- or
dipropylsulphoxide and X is chloride-, bromide- or
iodide-ions, were prepared and their catalytic activities studied. The presence of trans-vis
isomerisation was observed in [Pt(DMSO),Cl,I compounds (DMSO is dimethylsulphoxide). The Pt
sulphoxide bridged complexes showed high catalytic
activity in comparison to corresponding single
nuclear complexes. Discrepancies and changes of
reaction rates with temperature and the effect of acid
ligands confirmed higher stability of Pt sulphoxide
bridge complexes in comparison to analogue Pt olefm
compounds.

Homogeneous and Supported Platinum
Complex Catalysts with NitrogenContaining Liganda in Hydrogenation of
Unsaturated Hydrocarbons
E. G. KLIGER, L. P. SHUIKINA, 0. P. PARENAGO and V.
M. FROLOV, lev. Akad. Nauk SSSR, Set. Khim.,

1988, (IO), 2420-2422
Studies of homogeneous and supported Pt complex
catalysts incorporating higher aliphatic amine ligands
during hydrogenation of unsaturated hydrocarbons
showed the highest activity and reaction rate for the
Pt system, H,PtCl,-(C,H,,) ,N - (i- C, H,) ,AlH, at
2ooC and under H I pressure of 4okPa. The highest
hydrogenationrate was observed with olefms containing a terminal double bond while the hydrogenation
of cyclo- and a-olefms, and dienes with linear or
cyclic structure proceeded in zero order, and of
disubstituted olefins and acetylenes in first order.

Water-Soluble Dinuclear Rhodium Complexes as Catalytic Precursors for the
Hydroformylation of Alkenes in a Two
Phase System
P. KALCK, P. ESCAFFRE, F. SEREIN-SPIRAU, A. THOREZ,
B. BESSON, Y . COLLEUILLE and R. PERRON, New J .

Chem., 1988, 12, (6-7), 687-690
The catalyst precursors HRh(CO)(TPPTS) and
Rhl(p-SR),(CO),(TPPS), where TPPTS is the
water-solubletris(rn-sulphopheny1)phosphineligand,
exhibited high selectivity towards corresponding
aldehydes for the low pressure hydroformylation of
alkenes. The Rh2complexes showed higher rates and
higher selectivity to linear aldehydes ( - 95%) than
the mononuclear complexes. TPFTS maintained the
complexes in the aqueous phase while the products
were obtained in the organic phase, thus enabling
complete catalyst recovery.
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Very Efficient Reduction of NAD(P)+
with Formate Catalysed by Cationic
Rhodium Complexes
and E. STECKHAN, 3.
Chem. SOC.,Chem. Commun., 1988, (17), 1150-1151
The fmt example of effective and selective reduction
of NAD and NADP+ (nicotinamide cofactors used
in enzyme-catalysed reactions) by Na formate catalysed by metal complexes such as Rh"'
(C,Me,)(bpy)'+ (bpy is bipyridyl) is reported. In
contrast with enzymatic reduction, with this system
the same reagent can reduce both NAD+ and
NADP+, and at a rate independent of NADP+ concentrations. Only very mild conditions are needed.

R. RUPPERT, S. HERRMANN

+

Ruthenium Catalysed Oxidation
Alkanes with Alkylhydroperoxides

of

w.-0. LEE and C.-K. POON, 3.
Chem. SOC.,Chem. Commun., 1988, 21, 1406-1407
The cis-[Ru"'(L),(OH,),I* + complexes (L=
substituted 2,2'-bipyridines or I ,xo-phenanthrolines)
catalysed oxidation of saturated hydrocarbons to
alcohols and ketones by t-butylhydroperoxide
(TBHP). The catalysts were highly active for
oxygenation of alkanes with TBHP and a NrnOVer
number of over 1000 can be readily achieved at mom
temperature. The low values of kinetic isotope effect
(kH/kD=3.5 for cyclohexane) and tertiary to secondary C-H bond relative reactivities of about 6.5 for
adamantane, are in a range expected for H atom
abstraction by radical species.

T.C. LAU, c.-M. CHE,

Liquid-Phase
Dehydrogenation
of
Methanol with Homogeneous Ruthenium
Complex Catalysts
H. ITAGAKI, s. SHINODAand Y. SAITO, Bull. Chem. soc.
JPn., 1988, 61, (7), 2291-2294

The effects of the additives LiCI, Li acetate, acetic
acid and ethyldiphenylphosphineon the initial rate of
dehydrogenation of CH OH, yielding HCHO and
H,, using the catalyst Ru(OAc)Cl(PEtPh,), where
OAc is an acetato ligand, have been studied under
refluxing conditions. The catalyst was deactivated
gradually by the displacement of the bidentate OAc
with H and CO ligands during the reaction. A
mechanism is proposed, involving these cis-disposed
sites being used for splitting the C-H bonds.

Production of Ethanol from Synthesis
Gas Using Promoted Homogeneous
Bimetallic Ru-Co Catalysts
R. A. HEAD and R. WHYMAN, New J. Chem., 1988,12,
(6-71, 675477
Studies of the effect of Co addition to a Ru catalyst
system and the effect of different promoters and
solvents were performed. The results showed that
EtOH can be produced directly from synthesis gas
using composite homogeneous bimetallic Ru-Co
catalysts, together with alkali metal halide or quaternary ammonium halide promoters in polar aprotic
solvent mixtures, with enhanced selectivity.
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FUEL CELLS
Electrocatalysis by Ad-Atoms. Part
XXIII. Design of Platinum Ad-Electrodes
for Formic Acid Fuel Cells with Ad-Atoms
of the IVth and the Vth Groups
W. WATANABE, M. HORIUCHI and S. MOTOO,
troanal. Chem., 1988, 250, (I), 117-115

3. Elec-

It has been found that ad-atoms greatly enhance the
activity of Pt electrocatalysts for formic acid oxidation. Optimum coverages with ad-atoms have been
determined and activity enhancement by ad-atoms at
these coverages found to increase in the orders
Pb>Sn>Ge and Bi>Sb>As. The ad-atoms Pb, Bi and
Sb showed a 3-fold enhancement of the activity of Pt.
It was found that ad-electrodeswith increased activity
also had increased tolerance against poisoning.

Localization of Platinum in Low Catalyst
Loading Electrodes to Attain High Power
Densities in SPE Fuel Cells
E. A. TICIANELLI, C. R. DEROUIN and S. SRINIVASAN, 3.
Electmanal. Chem., 1988, 251, ( z ) , 075-295
Three methods to obtain high power densities in solid
polymer electrolyte (SPE) fuel cell systems have been
studied, involving the variation of the wt.% of the
Pt/C-supported electrocatalyst and the sputtering of
Pt thin films onto the electrode. The optimum configuration obtained was zowt.% Pt/Csupported electrocatalyst onto which was sputtered a sonm Pt film.
This showed twice the power density of conventional
~ o w t . %Pt/C electrodes. At I Ncm2 current density,
cell potentials were 0.6V and 0.5qV with H,/O, and
H,/air reactants, at 8ooC and 3/5 atm pressure. Pt
utilisation was I~-zo%.

Cathodic Reduction of Oxygen on
Platinum Electrode of a Fuel Cell with
Mixed Solution of Tduoromethanesulfonic Acid and Phosphoric Acid
and H. TAKEMURA, Nippon
Kagaku Kaishi, 1988, (8), 1 3 8 4 - 1 3 9 0
The effect of adding CF,SO,H to 85% H,PO, solution on 0,reduction on a rotating Pt disc electrode
has been studied. Results from laser Raman studies of
reaction products showed that CF,SO,H was nearly
completely dissociated when in mol fraction, x<o.qg.
When x>o.q5 some of the CF,SO,H remained undissociated despite H' interactions with oxygen of
P = O bond in molecular H,PO,. The addition of
CF ,SO H enhanced 0 solubility and diffusion cwfficient, and increased the exchange current density
and the voltage of the fuel cell.
M. YAMASHITA, 1. TANAKA

,

Study of Photo-Assisted Fuel Cell
Nippon Kagaku
Kaishi, 1988, (8), 1229-1231
A methanol fuel cell combined with a photocatalytic
Pt/TiO, reaction apparatus is reported. This new
type of cell was shown to work as a CH, OH fuel cell
in the dark and as a H 2 - 0 , fuel cell under illumination. Methanol was reformed into H, by the
photocatalytic reaction using Pt/TiO, , and evolved
H, was provided for the anode of the fuel cell. The
performance of this cell under illumination was better
than that of the CHIOH fuel cell.
H. HARADA, M. OHTO and Y. HAYASHI,

Selective Synthesis of Acetaldehyde Using a Fuel Cell System in the Gas Phase

and I. YAMANAKA, 3. Chem.
SOC., Chem. Comntun., 1 9 8 8 , (18), 1272-1273
A Pd/H,PO,/pd fuel cell has been used to produce
Stability and Activity of PlatinumKarbon CH,CHO
by the partial oxidation of C,H, at
Catalysts
temperatures <395K. It was shown that Pd is a
A. HONJI, T. MORI and Y. HISHINUMA, Nippon Kagaku
specific electrocatalyst. Selectivity for CH, CHO was
Kaishi, 1988, (8), 1 3 9 1 - 1 3 9 6
>97% and current efficiency was 100+5%. Unlike the
The stability and activity of Pt/C catalysts in HIPO, Wacker process this method is simple and the gaseous
fuel cells has been assessed with different types of C: reagents can be handled easily. Furthermore no corDenka Black, Regal 660R and Vulcan XC-~ZR. rosive aqueous PdCl ,,CuCl , and HC1 solution was
Denka Black was shown to be the most stable for needed and the separation of the reactants reduced
reaction with 0,and steam because graphite spacing the danger of explosion.
is smaller and crystallite size larger than the other carbons. Pt/Denka Black showed higher activity for 0, Amorphous Alloy Catalysts for Electroreduction in 98 wt% H,PO, at 1go0C.
Oxidation of Methanol and Its Derivatives

Enhancement in Methanol Oxidation by
Molybdenum Modifcation of Pt-SPE
Electrodes

3. Electmanal.
Chem., 1988, 250, (I), 213-217
Studies of Mo-modified Pt-SPE electrodes (SPE is
solid polymer electrolyte) showed further enhancement for the oxidation of CHIOH compared with a
corresponding metal electrode, especially at low
At polarisations of
polarisation (-o.IV).
-0.2-0.3V,
catalytic activity was enhanced 10'
t h e s with temperature increase from 15 to 8oOC.

1. WANG, H. NAKAJIMA and H. KITA,

-
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K. OTSUKA, Y. SHIMIZU

in a Sulphuric Acid Solution
and K. HASHIMOTO, Muter.
Sci. Eng., 1988, 99, 521-524
Amorphous Ni-Ti, Ni-Zr, Ni-Nb and Ni-Ta alloys
containing a few wt.% of platinum group metals
which were surface activated by immersion in H F
solution showed high electrocatalytic activities for
CHIOH, HCHO and HC0,H oxidation in fuel cells,
and high corrosion resistance in H,SO,. Partial
substitution of Pt by Ru, Si, Ge, Sn, or Pb further
enhanced activity. Surface activation was due to Pt,
Ru and/or Sn enrichment of the surface layer as well
as surface roughening.
A. KAWASHIMA, T. KANDA
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CHEMICAL TECHNOLOGY
Catalytic Membrane for Simultaneous
Chemical Reaction and Separation
Applied to a Dehydrogenation Reaction
and S.-J. KHANG, Ind. Eng. Chem. Res.,
1988, 27, (7)) 1136-1142
A reactor containing a tubular Pt-impregnated Vycor
glass membrane has been used to catalytically
dehydrogenate cyclohexane in the membrane itself,
thus combining catalytic activity with separation
selectivity. An improved equilibrium conversion
compared to the equilibrium based on feed conditions, is reported. A mathematical model is used to
show that the catalytic membrane reactor is a better
converter with high space time operation than an inert membrane reactor which incorporates its catalyst
in the feed-side chamkr. However, with low space
time operation the catalytic membrane reactor is less
effective for this dehydrogenation.
Y.-M. SUN

ELECTRICALAND ELECTRONIC
ENGINEERING
Platinum Wire Wedge Bonding: A New
IC and Microsensor Interconnect
v. MANTESE and w . v. ALCINI, J. Electron. Mater.,
1988, 17, (41, 285-289
Ultrasonic ball or wedge bonding of Au or Al is the
traditional method for making electrical interconnects between die and chip header for most integrated
circuit (IC) and microsensor devices. This article
describes a new method of making electrical connection between die and chip header. Interconnects were
made by using a conventional wire bonder to
ultrasonically wedge bond 0.032 mm diameter Pt
wires to both Pt and Al thin films. Interconnects
made by this method are very strong, as compared
with Au wire bonds, with pull stengths of 138.
Electrical studies showed contact resistances of
5 0.05Q. Annealing tests of the bonds made to thin
metal films of Pt on Ti on sapphire showed no signs
of electrical or mechanical degradation after anneals
at w ° C for I hour in pure 0,.
J.

-

Dependence of PtSi Schottky Diode Electrical Behaviour on the Platinum Film
Thickness and on the Annealing Process
and E.
13-20
From studies of current-voltage characteristics the
current density in thin PtSi/Si<I I I > Schottky diodes
(30nm Pt film) was shown to be nearly an order of
magnitude higher than that in thick diodes (6onm Pt
film). In thin diodes current density also increased
with increased perimeter to area ratio. The effect was
caused by vertical diffusion of Pt deposited on the
SiO, region surrounding the contact area. The results
have relevence for device fabrication with avoidance
of additional processes, such as As ion implantation.
F. LA VIA, P. LANZA, 0. VISCUSO, G. FERLA
RIMINI, Thin Solid Films, 1988, 161, (1-2),
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Barrier Effect of E-Beam Evaporated
Tungsten Interlayer in AlIWPtSi
Metallization Layer
and P.-H. CHANG, 3. Electron.
Mater., 1988, 17, (9, 397-404
The reaction characteristic of AlmtSi and the effectiveness of W diffusion barrier interlayer in the
AINCrlptSi metallisation system were studied and
ideal I-V characteristic and low constant end
resistance were obtained in PtSi/n-Si and PtSi/n+Si
contact systems. In the Pt/Si system, no PtSi was
formed on annealing at 2w°C for 30 min, while only
PtSi was observed at >350°C. A new phase, PtAl,,
was observed after sintering at 350°C for 15 min. The
W diffusion barrier layer was found to enhance the
stability of Al/PtSi. The W layers of 500% and I&
were effective up to 450°C annealing for I hour and
5woC for 4 hours, respectively.

B.-S. CHIOU, H . 4 . LO

Pt-Coated Substrate Effect on Oxide
Superconductive
Films
in
LowTemperature Processing
S. HAlTA, H. HIGASHINO, K . HIROCHI, H. ADACHI and
K . WASA, Appl. Phys. Lett., 1988, 5 3 , (z), 148-150

Low-temperature film preparation techniques have
been used to grow high T, ErBaCuO superconducting films on Pt-coated substrates at 65oOC. The fdms
were produced easily and found to be of excellent
quality, the Pt buffer layer improving the films superconductivity as well as its crystallinity.

Growth of crRh,As on GaAs(001) in a
Molecular-Beam Epitaxy System
A. GUIVARC’H, M. SECOU8, B. GUENAIS, Y. BALLINI, P.
A. BADOZ and E. ROSENCHER, 3. Appl. Phys., 1988,64,
(21, 683-687

Thin films of aRh As have been grown on GaAs(o01)
in a molecular-beam epitaxy system by co-deposition
of Rh and As from separate sources. Various electrical measurements have shown that the charge carriers are exclusively holes with a concentration similar
to that of the best silicides. aRh,As is a good metal
with resistivity of 20 pQcm, suitable for electronic applications. crRh As and GaAs have several features in
common, namely symmetry, almost equivalent unitcell constant and f.c.c. As sublattices. However, the
epitaxial arrangement observed was not the expected
unrotated relationship.

,

Study
of
Charge
Compensation
Mechanism in IrO. Electrochromic Reactions by In Situ Electrogravimetry
H. MASUDA, T. YOSHINO, K. ARAI 2nd N. BABA, C h m .
Lett. Jpn., 1988, (B), 1337-1338
IrO, electrochromic films have been prepared by
periodic reverse current electrodeposition from
sulphatoiridate solutions, and the charge compensation mechanism in the colouringl bleaching reactions
studied by in situ electrogravimetry. A liquid phase
quartz microbalance was used to measure weight
change. The results indicate that the cations were
ejected from the IrO, film to a bulk electrolyte.
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Electrically Controllable Optical Attenuator with High Deposition Rate IrOx
Film
T. YAJI, T. KATSUBE, M. HARA and Y. NAKAGAWA, Appl.

surf. sci., 1988, 33/44, 124-1252
A new type of electrically controllable optical attenuator is reported, using a solid electrochromic
(EC) device consisting of an “iridium tin oxide
(ITO)/sputtered IrO, film (SIROF)/polystyrene
sulphonic acid (PSSA)/W03ATO” structure.
SIROF as the EC material gave uniform absorption
change in a wide wavelength range (350-I~Wnm).

Electrical Properties of Conductive
Materials Used in Thick-Film Resistors

3.Marer. Sci., 1988,23,
(91, 3ISI-3ISS
The resistance, temperature coefficient of resistance
and temperature dependence of IrO,, RuO, and
Bi,Ru,O, compounds screen printed on AI,O,
substrates and fired at 875OC have been studied between - 196 and 85oOC. RuO, and IrO, layers showed high sintering ratios and their resistance increased
with temperature as in single crystals. Qualitive
agreement of resistance temperature dependences of
Bi,Ru,O, films and polycrystalline Bi,Ru,O,, and
a discrepancy with single crystal behaviour were
observed, suggesting the dominant importance of
grain surface and regions between the grains.

A. DZIEDZIC and L. GOLONKA,

Electrophysical Properties and Phase
State of Thick-Layer Resistors Based on
Pb Ru 06 , Modified by Titanium(1V)
Oxide Compounds
N. s. LOZINSKII, A. I. GRUBA, M. A. SHEVTSOVA and v.
I . VOLKOV, Izv. Vyssh. Ucheb. Zaved., Khim. Khim.
Tekhnol., 1988, 31, (8), 17-20
X-ray phase and electrophysical measurements of
thick-layer resistors based on Pb ,Ru ,0, modified by
Ti(1V) oxide were carried out. The results showed
that Ti modification decreases resistance and transfer
temperature coefficient of resistance of the resistor in
the region of negative values.

MEDICAL USES
Structure, Activity and Mode of Action of
Antitumor Platinum Compounds
and D. ANBANG, f i r e & Appl.
Chem., 1988, 60, (8), 1271-1278
The quantitative relationship between activity and
structure of some 40 anti-tumour Pt complexes has
been studied by CNDOR-SCF method. A new complex IPt(TMCPDA)(CI-Ac),1 where TMCPDA is
I ,2,2’-trimethyl-I ,3-cyclopentanediamine,
was
designed, synthesised and screened and showed as
high activity as cisplatin but with much lower toxicity. The mode of action of cisplatin with DNA has
been studied by ”C NMR and CNDO/2.

T. WENXIA, Q. YUN
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Platinum(I1) Binding to Metallothioneins
J. BONCERS, J . u. BELL and D. E. RICHARDSON, 3. Inorg. Bwchem., 1988, 32, (I), 55-62
Equine renal metallothionein (MT) has been reacted
with excess K,PtCI, at pH2, resulting in a polymeric
adduct containing 17k2rnol Pt/mol MT. A
monomeric adduct Pt,MT was obtained at neutral
pH and was shown to have Pt’ to cysteine thiolate
co-ordination from a study of its rates of reaction with
iodoacetic acid and 5,5’-dithiobis(2-niuobenzoic
acid). Adducts from the reaction of K,PtCI, with
apoMT chemically modified at the N-terminal
methionine residue, Cd,MT and native MT are also
reported. Implications for the metabolism of Pt anticancer drugs are discussed.
+

Bis(P1atinum) Complexes Containing
Two Platinum cis-Diammine Units. Synthesis and Initial DNA-Binding Studies
N. P. FARRELL, s. G. DE ALMEIDA and K. A. SKOV, 3.
Am. Chem. SOC., 1988, 1x0, (IS), 5018-5019
The synthesis and DNA binding of bis(Pt) complexes
containing two units of the anti-tumour-active cisdiammine complex linked by variable-length
hydrocarbon chains of the general formula [{cisPtCI,(NH,)},NH,(CH,),NH,I
is reported. A study
of the inhibition of restriction endonuclease activity
on linearised DNA revealed greater inhibition by
these complexes (especially the n = 4 derivative) compared to that of cisplatin, cis-[PtCI,(NH,),l. These
bis(Pt) complexes represent the first examples of Pt
species with greater affinity for DNA than cisplatin.

Tarnigh and Corrosion Behaviour of
Palladium-Silver Alloys
L. A. O’BRIEN and R. M. GERMAN, 3. Marer. sci., 1988,
23, (IO), 3563-3571
Binary and commercial Pd-Ag dental alloys containing 50-75%Ag showed the greatest resistance to both
tarnish and corrosion, probably due to saturation of
the d-electron shell in this composition range. The
commercial Pd-Ag alloys were more corrosion resistant but had lower tarnish resistance than the binary
Pd-Ag alloys, due in part to the minor alloying with
In or Zn.The addition of Cu increases the segregation of Ag which adversely affects both tarnish and
corrosion resistance. In comparison with other noble
metal dental alloys, the Pd-Ag alloys rank fairly high
in both tarnish and corrosion resistance.

Spectroscopic Properties of Bioactive
Complexes K [RuH OCI I
I. E. CHERNIKOVA, I. A. KHARTONIK, D. N . KACHURINA

and T. M. BUSLAEVA, Dokl. Akad. Navuk B S S R ,
1988, 3% (8), 696-698
Spectroscopic properties of the bioactive complex
K,[Ru(H,O)CI,l were studied by vibrational and
other spectroscopictechniques. The vibrational spectra of the complexes were interpreted on the basis of
a normal co-ordination analysis. The anti-tumour
activity of this complex was also studied.
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NEW PATENTS
METALS AND ALLOYS
Sliding Contact Point Material
TANAKA KIKINZOKU KOGYO

Japanese Appls. 63/89, 035-40
An alloy consists of 3-7 wt.% Pt, 65-75 wt.% Au,
7-13 wt.% Ag, 11-17 wt.% Cu, and 0.5-1.5 wt.%
Ni, and has a plated surface layer of for example Cr,
Co, Al, B, Sb or In, which is alloyed by diffusion.
The alloy is used for a sliding contact point material
with reduced weld-sticking, improved wear resistance and less generation of wear debris.

Platinum AUoy for Jewellery
Gennan Appl. 3,712,839
A Pt alloy consisting of 4-25 wt.% Pd andlor Cu,
1-11 wt.% Mo, W, Nb or Ta, and balance Pt has
spring properties and is used for jewellery. The alloy
is readily worked, the hardness is high, and the
spring properties are little affected by the heat of
soldering or brazing for example, being retained after
a heat treatment of I hour at 10ooOC.

DEGUSSA A.G.

ELECTROCHEMISTRY

Photocatalyst for Oxidative Treatment of
Water
Japanese Appl. 63197,234
A thin film of TiO, (10-300 nm) containing 1.0-20
wt.% of at least Pt, Pd or Rh and having photocatalytic activity is coated on the surface of particles,
flakes or fibres of glass or transparent Al,O,. The
photocatalyst is used for oxidative decomposition of
water containing organic substances or cyanides, and
for recovery of trace Hg and Cd in water.

NIPPON SHEET GLASS K.K.

Insoluble Anode for Electrolysis
TANAKA KIKINZOKU KOGYO

Japanese Appl. 631I 14,992
An insoluble anode is produced by applying a

platinum group metal or its alloy (except Pt) onto a
Ti substrate surface by explosive flame spraying. An
active layer with large surface area can be formed on
the Ti surface by this process, and an insoluble anode
with high current efficiency is obtained.

Improved Electrode for Chlorine
Production
PERMELEC ELECTRODE ~m.JapaneseAppl. 63/121,688

An electrode consists of a corrosion resistant metal

Anode for Hydrogen Formation
U.S. Patent 4,746,584
An anode consists of a substrate coated with about
3000 A of an amorphous alloy containing 30-90°/0
Ni, 0-25% of one or more of Pt, Pd, Rh and Ir,
10-50% of one or more of Mo, W and Cr, and
10-40% of one or more of Al and Cia. The anode is
used for H,formation and oxidation, and operates at
lower potentials than prior art electrodes.

STANDARD OIL co. (OHIO)

Precipitation of Colloidal Materials from
Aqueous Systems
U.S. Patent 4,749,457
A method for precipitation of colloidal materials from
aqueous systems uses a Pt electrode to activate spot
corrosion of an Al electrode at the contact sites. The
UNIV. OF MISSOURI

Al flocculating agent released at these sites precipitates colloidal materials without application of an
external voltage. The cell can be used in a water pipeline, and can be removed for anode replacement.
Electrochemical Gasification of Organic
Waste
U.S. Patent 4,752,364
Gasification of organic waste occurs with improved
efficiency by combining with an electrolyte having a
Ce(IV) or Fe(II1) complex, or Br or I as electrocatalyst, and a homogeneous catalyst consisting of a
Pt(IV), Rh(III), Ru(III), Pd(II), Ni(I1) or Co(I1) ion
complex. The catalyst combination reduces the
energy required for gasification, due to formation of
an electron transfer complex.
DELPHI RES. INC.

Platinum Metals Rev.,

1989,
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substrate and an active layer containing 10-50 wt.%
Pt, 10-30 wt.% Pd, balance Ru, and optionally Ir.
Part or all of the metal other than Pt is converted to
oxide by heat treatment at 500-700°C in an oxidising
atmosphere. The electrode is used for production of
CI,, hypochlorite, and so on, by electrolysis of
aqueous metal halides.

Hydrogen and Oxygen Production from
Steam
French Appl. 2,603,574
H , and 0, are produced from steam using catalytic
Pt electrodes to attract 0 and H atoms towards the

J. CHAMOND

positive and negative poles of an electric current, in
the presence of i.r. radiation, using a vortex motion
for separation. The process has low energy costs, and
can employ waste heat from power stations.

ELECTRODEPOSITION AND
SURFACE COATINGS
Electroplated Platinum Black Layer with
Improved Adherence
British Appl. 2,198,748A
A layer of Pt black is plated onto a conductive surface
by positioning in a solution of Pt(IV) ions with a
counter electrode, and passing an electric current
while ultrasonically agitating the solution. The inventive coating has improved adherence, and can be
applied to Pt for use as measuring electrodes in a gas
sensor, or as current collectors in toxic gas sensors.

BACHARACH INC.
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Improved Electroless Plating Process

Stable Solution for Palladium Deposition

European Appl. 2 6 8 , 8 2 1 ~
A substrate is conditioned with a gaseous plasma of
NH, andlor amines, activated with a composition
preferably containing 1.2-2.5 gfl PdCI,, 80-150 gfl
SnCI and 100-150 mlA HCI, and electrolessly plated
with Ni or Cu. Metal deposits with improved adhesion are obtained using the process, which is used
to form conductive metal patterns on circuit boards.

VEB BERGBAU FUNK A.

IBM CORP.

Low Cost Polymeric Layer
European Appl. 271,466A
A polymeric layer consists of a complex of polymer
with Pt, Pd, Rh, Ir, Os, Ru, Au, Ag or a mixture; the
monomer units to atoms molar ratio being at least
20 : I. The polymeric layer can be applied to films or
fibres without pretreatment, and is used for electroless deposition of Cu.
MONSANTO CO.

Photo-Selective Electroless Plating
Method
PACIFIC BELL
U.S.Patent 4,738,869
One of Pt, Pd, Rh, Ir, Os, Au, Ag, Re and In is
deposited on a semiconductor substrate by coating
the surface with a solution of a Sn, Ti'or F'b salt,
exposing regions not to be metallised to light at
3oo-390nm, and contacting with a solution of the
metal to be deposited. The method avoids the need
for short wave u.v., and is used for deposition of electrodes onto a piezo-electric ceramic.

Metal Plating Inorganic Powder
AGENCY OF IND. SCI. TECH.

Japanese APPl. 63179,975
Inorganic powder is metal plated by pretreating the
particles with an aqueous alkaline earth metal
chloride solution, absorbing Pd colloid on the surface
of the particulates, rinsing, filtering and chemical
plating. The plated powder has good conductivity, is
stable for a long period, and is used for electromagnetic shielding and electrically conductive ink.

Selective Electroless Plating Process
Using Laser Scanning
Japanese Appl. 63183,279
A nonmetallic workpiece is immersed in a Pd salt
solution, and irradiated or scanned with a laser beam
to absorb Pd atoms in the irradiated section. The surface is then selectively non-electrolytically plated,
with the Pd atoms acting as nuclei for the growth of
the plated layer. This simple process enables any film
with good adherence to be formed.

TOSHIBA K.K.

Palladium Electroplating Solution
Japanese Appl. 6311I I , 194
An electroplating solution contains 0.1-60 gfl of a
soluble Pd salt (in Pd base), 0.0001-2 gfl of a Se salt
(in Se base), and 0.01-40 gfl pyridine sulphonic acid
or its alkali salt. The solution is used to provide Pd
plating with rollability-in an example a 2p thick
plating did not crack at 1 8 0 O bending.

HITACHI K.K.
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East Getman Patent 253,646

An aqueous solution for the autocatalytic deposition
of Pd contains Pd ions, a complex-former, a reducing
agent, a stabiliser, and a compound containing at
least one h i d e group. The solution is stable with no
tendency to decompose, and is used to deposit Pd on
metallic or nonmetallic articles, giving thick, f d y
bonded layers of good quality.

APPARATUS AND TECHNIQUE
Improved Method for Soil Moisture
Measurement
British Appl. 2,198,238A
The moisture in soil is measured with improved
accuracy by inserting a probe with a heater element
into the soil, and establishing a temperature gradient
between two Pt resistance thermometers bonded inside the probe body and separated by polystyrene
insulation. The current fed to the heater is converted
to a continuous output of soil moisture content.

BRITISH GAS CORP.

Air to Fuel Ratio Sensor with Third
Electrode
MATSUSHITA ELEC. IND. K.K.

European Appl.

271,917A

An air to fuel ratio sensor has two electrodes on a zirconia electrolyticplate, and a third electrode of Pt for
measuring the resistance of the second electrode. A
smaller, thinner and simpler construction of the
sensor is permitted, which provides accurate air to
fuel ratio determination for a combustion device.

Sensor for Laser Spot Positioning
U.S.Patent 4,737,028
u s . SEC. OF THE ARMY
A sensor in the form of a two-dimensional starring
array is constructed from Schottky barrier diodes
using a Pt silicide sensing layer. The sensor is used in
positioning a laser spot for a target loop active
sighting device.

Microbridge Air Flow Sensor
U.S.Patent 4,739,657

HONEYWELL INC.

A probe mounted microbridge air flow sensor incorporates a pair of thin f h resistive sensors each
having a first portion of thin f h Pt, and a compensating portion of thin film permalloy. The temperature coefficientsof resistance of Pt and permalloy
exhibit non-linearity in opposite directions, enabling
a linear coefficient to be achieved.

Metal Oxide Film for Use as a Gas Sensor
U.S.P a m 4,740,387

RICOH K.K.

A metal oxide film is prepared by forming an Al f h
on a substrate, depositing Pt and Pd, treating the f h
with dilute HNO,,and thermally decomposing to
produce a Ptmd dispersed f h on the final AI,O,
layer. The metal oxide film is used as a gas Sensor
which changes its resistance at elevated temperature.
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Sensing Element for Liquid Helium Level
Gauge

Sensor for Detecting Incomplete
Combustion

AISIN SEIKI K . K .

U.S. Patenr 4,745,806
A level gauge for liquid He includes a sensing element
which is a superconducting alloy wire of formula
Zr,,,o~x(Ru,.,,Rhy)x, where x = 17.0-22.5 and
y =o-I. The alloy has minimum noble metal content
and is easily formed using known melting devices.
Using the gauge, liquid He level can be detected using
a smaller measuring current than in the prior art.

CORP.
Japanese Appl. 63178,059
A sensor consists of a thermistor and a detecting element which is formed by Pt treatment of a material
consisting of an n-type perovskite oxide semiconductor and 5-10 wt.% BaO. The sensor has a
simple structure compared with ZrO, sensors, and is
used to detect 0, or CO under incomplete combustion conditions, detecting as low as 200 ppm CO.

Photo-Luminescent Chemical Sensing
Apparatus

Exhaust
Gas
Sensor
Platinum-Rhenium Catalyst

U.S. Patent 4,752,588
Apparatus used as an environmental gas sensor includes a photo-luminescent semiconductor with a
layer of reacted material bonded to its emitting surface, preferably a d complex of Pt(II), Pd(II), Rh(I),
Ir(I), Ru(o), or their congeners. With visible radiation the modified surface can undergo oxidation or
reduction with volatile compounds, which alters the
emission in the presence of chemicals being detected.

TOY0 KOGYO K.K.

MINNESOTA MINING MFG. CO.

Standard Platinum Liquid for
Spectrophotometry
Japanese Appl. 6315,238
A standard Pt liquid for use in atomic absorption is
a liquid composite of platinic acid chloride, Na
nitrite, Na oxalate, aqueous NH, and H I0. The density of the Pt can be correctly detected at high speed
by measuring the density of the Pt in the Pt plating
bath by atomic absorption spectrophotometry.

SEIKO DENSHI KOGYO K.K.

Sensitive Resistor for Strain Meter
INOUE JAPAX RES. JNC.
Japanese Appl. 63155,404
A resistor for a strain meter is formed by depositing
a thin layer of at least one of Pt, Au, Ni, Cr, Fe, Co
or Cu by electroplating or chemical plating, in a magnetic field of more than IkG. The resistor has good
magnetic and mechanical characteristics.

Diode-Type Gas Sensor
TELEPH. Japanese Appl. 63171,647
A diode-type gas sensor has a lower electrode composed of Au, a Cr layer, a TiO, layer 30-1000 A
thick, and n( -)ZnO and n( +)ZnO layers; and an
upper electrode of 100-500 A thickness of Pt, Pd,
Rh, Ir, Os, Ru, Au or Re on the n(+)ZnO layer.
With this structure the current-voltage property can
be controlled, and a chemically stabilised diode-type
gas sensor can be obtained.
NIPPON TELEG. &

Gas Sensor for Detecting Gas Leaks
Japanese Appl. 63178,058
A gas sensor includes a semiconductor photocatalyst
material which consists of a ZnO film formed on a
quartz glass substrate, with Pt grains dispersed on the
surface. An electrical change is generated by a gas
when the material is irradiated. The sensor is used for
detecting gas leaks at low temperatures, and the
photocatalyst material has long life and stability.

MATSUSHITA ELEC. WORKS

Platinum Metals Rev., 1989, 33, (1)

YAZAKI

Containing

Japanese Appl. 63183,654

An exhaust gas sensor consists of a Pt/Re compound
catalyst added to BaSnO,, so that the amount of Pt

in metal equivalents is 200-2000 pglg BaSnO, . The
sensor is used for adjusting flammable gas sensitivity,
by a method which inhibits variation in response performance, and improves detection accuracy.

Gas Sensor with Palladium Coating
NIPPON KAGAKU SANGY

Japanese Appls. 63185,345-46
A new ceramic gas sensor consists of a platinum
group element coating, preferably Pd, on an oxide of
formula MTaO,,,, where M can be In andlor Bi, or
Ce, and x=0.30-0.01. The Pd coating results in improved performance and good response from the sensor, which is used for pollution prevention, industrial
instrumentation and control equipment.

Measuring Hydrogen or Alcohol Content
of a Gas
FUJIKURA CABLE WORKS K.K.

Japanese Appls. 63194,145-46
Porous Pt electrodes are installed on both surfaces of
a solid electrolyte having H ion (and optionally 0 ion)
transmissivity. A DC voltage is applied between the
electrodes, and the current flow is recorded, which
enables measurement of the H, content of a gas, or
the density of alcohol in a gas from generated H ions.

Oxygen Detection Element Containing
Platinum
MITSUBISHI HEAVY IND.

,

K.K.JaPaneSe Appl. 63193,558

An 0 detecting element is prepared by immersing a
solid electrolyte with 0 ion conductivity in aqueous
H F solution, applying a Pt fine particle paste, and
baking at 600-1ooo~C for 0.5-1 hour. The element
detects the concentration of a slight amount of 0, in
combustion gas, and works with sufficiently high
response speed at relatively low temperature.

Gas Sensor for Propane Leakage Alarm
Japanese Appl. 63/103,959
A gas-sensitive material is formed by adding Pt to a
Sn oxide fine granular film formed by arc discharge.
The material is used in a gas sensor, which has high
sensitivity to combustion gases, especially isobutane
gas, and is used for detecting propane gas leakage.

FUJI ELECTRIC MFG. K . K .
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Experimental Platinum Crucible

Fast Response Hydrogen Gas Sensor

TANAKA KWNZOKU KOGYO

BATTELLE-INSTITUT E.V.

Japanese Appl. 631115,625
An experimental crucible is produced by drawing Pt
or Pt alloy sheet, placing the crucible on a core mould
with a Japanese paper sheet covering the mould surface, and shaping the crucible with the mould surface
by roller pressure. The Japanese paper is used to prevent slipping or sticking of the Pt sheet.

Thick Film Type Gas-Sensitive Element
Japanese Appl. 631124,952
A thick fdm type gas-sensitive element has a TiO,
thick film and electrodes on a ceramic base plate, between which is an interfacial layer consisting of a
platinum group metal catalyst or an alloy of Pt with
less than 10% Rh, and 5-200 mol OO/ of Eu. The
catalyst has improved heat resistance, sintering is
avoided, and the durability and life of the element are
increased.

NGK SPARK PLUG K.K.

Oxygen Gas Sensor with Metal Electrode
Japanese Appl. 631128,247
A metal-insulator-semiconductor capacitor type 0,
gas senwr consists of a thin film insulating layer on
a semiconductor baseplate, a solid electrolyte layer
for dissociating O2 molecules, and a Pt, Pd, Ir or Au
electrode to catalyse the dissociation reaction. The
sensor is useful for determining the oxygen partial
pressure in a gas, and shows good stability for long
periods.
SEITAI KIN0 RIYO KA.

Flammable Gas Sensor
MATSUSHITA ELEC. IND. K.K.

Japanese Appl. 631128,249
A catalytic combustion type gas sensor consists of a
thermosensitiveelement in a tubular ceramic cylinder
containing a supported Pt or Pd catalyst. The sensor
is simply constructed and strong, and is used to
detect flammable gases such as methane, propane,
butane or H,scarcely present in air, or CO in air contaminated by exhaust gas.

Eddy Current Sensor
DENKIJIKI ZAIRYOKEN

Japanese APPl. 631132,114

An eddy current sensor is produced from a constant
electric resistance alloy consisting of 0.1-20 wt.% of

Geman Appl. 3,639,802
A H , gas sensor with fast response consists of a con-

ductive Pd oxide measurement electrode, a reference
electrode and a solid electrolyte. The sensor is normally used only once unless the Pd oxide electrode is
regenerated by oxidation, but manufacture is simple.

Rhodium Complex for Determination of
Aminophenol Isomers
Russian Patent 1,354,075
A simplified method for determination of aminophenol isomers involves applying an ethanolic soluLENINGRAD LENSOVET TECH.

tion of the sample onto a fdter paper impregnated
with 1.6-2.3 g/m* of dicarbonyl (benzo-2,
I ,3-thiadiazole) chloro-Rh complex. The method
gives increased selectivity, and determines the type of
aminophenol isomer on the basis of its colouration.

Automatic Moisture Detector with
Increased Sensitivity
Russian Patent 1,357,814
Apparatus for measuring the relative humidity of a
gas includes a primary humidity converter in the
form of two non-touching Pt spirals with a moistureabsorbent coating. The apparatus has increased sensitivity with a threshold of 0.001 units of relative
humidity, and is used as an automatic moisture detector in gas relative humidity monitoring systems.
IRKUTSK ZHDANOV UNIV.

Preventing Organic Condensate
Formation in a Mixture
Russian Patent 1,358,987
Organic condensate formation in a vapour-air mixture, for example of kerosene, is prevented by heating
and passing through a nichrome-Pd catalyst layer.
Partial oxidation of hydrocarbons occurs, increasing
the temperature of the mixture, which is then burned
to neutral products.
REMSTROIPROEKT

Indicator Electrode for pH Sensors
Australian Appl. 87179,593
A junction type metallmetal oxide solid state
indicator electrode consists of PdPd oxide, Ir/Ir
oxide or Tinr oxide. The sensing portion of the electrode has a coating of a perfluorocarbon copolymer
having cation-exchangeproperties to act as a barrier
to interfering anions. The indicator electrode can be
used in pH sensors, giving improved response.
MONSANTO CO.

one or more of Pt, Ir, Cu (each less than 10wt.%) and
Au (less than 20 wt.Oh), 36.0-45.5 wt.% Ag, and
balance Pd. The sensor has very little change in electric resistance in the temperature range I~O--IOOO~C.

Oxygen Measurement Cell
Geman Appl. 3,633,750
A cell contains a balance arm with a N, filled balloon
at each end and the centre connected to a Pt-Rhalloy
torsion wire or strip, which extends along the cell axis
forming a torsion balance. The cell measures the O1
present in a gas sample, and the reduction in dead
volume speeds the response time which may be vital
in monitoring potentially explosive conditions.

W. OSTERMEIER
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JOINING
Brazing Alloy for High Strength Joints
U.S. Patent 4,746,379
An alloy containing 25-35 at.% Pd, Cr, B, Si, Co,

ALLIED-SIGNAL INC.

Mo and Ni is used as a brazing alloy, particularly for
joining cemented carbide tools to holders or shanks
made of stainless steel. I-hgh strength joints can be
obtained, and the relatively low liquidus temperature
of the alloy reduces thermal stresses in brazing.
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Metallising Composition Containing
Palladium
NIPPON HYBRID TECHN.

Japanese Appl. 63/60, 186

Palladium Catalyst for Methyl Isobutyl
Ketone Preparation
SUMITOMO CHEM. IND. K.K.

applied on the surface of Al-nitride system ceramics
and baked. Using this method Al-nitride system ceramics which are higher in strength, harder to oxidise,
and capable of highly reliable brazing can be obtained.

European Appl. 271,182~
A catalyst consisting of 0.01-5.0 wt.% Pd on a carrier
comprising 50-95 wt.% -y-Al,O, and Nb oxide is
used for the production of methyl isobutyl ketone
from acetone in a one-stage process. The catalyst
avoids the disadvantages of previous processes, giving
a solvent used in paints or stabilisers.

Palladium Solder for Brazing

Durable Three-Way Catalyst

Japanese Appl. 631108,969
A Pd solder containing 5-19 wt.% Cu is used for
brazing a Si nitride sintered body and a metal
member, using a paste of an active metal or its
hydrogenate on one or both bonding surfaces.

NIPPON SHOKUBAI KAGAKU

An alloy powder consisting of 10-80 wt.% Pd, 5-85
wt.% Ta, 1-12 wt.% Zr, 0.5-10 wt.% Mn, 11 wt.%
or less Ni, 20 wt.% or less W, and balance Cu, is

NISSAN MOTOR K.K.

HETEROGENEOUS CATALYSIS
Rhodium Catalyst for a-Phenylpropionic
Acid Preparation
British Appl. 2,199,030~
A Rh catalyst and an I compound are used in a Rh : I
atomic ratio of I : 0.5-1 : 6 in the preparation of
a-phenylpropionic acid, by reacting a-phenylethyl
alcohol with CO at <_13o0C.A derivative of a-phenylpropionic acid can be obtained in high yield by this
process, having uses such as an analgesic antiinflammatory and anti-pyretic agent.
DAICEL CHEM. IND. K.K.

Selective Alkyne Hydrogenation in
Butadiene Feeds
British Appl. 2,199,588~
Selective hydrogenation of alkynes in a butadienerich C, feed is effected by passing over a catalyst of
0.1-0.35 wt.% Pd or a Pd-Au alloy on Al,O,, in the
presence of H,.The process is operated in trickle
mode which improves selectivity; giving reduced
butadiene loss for a given level of hydrogenation. The
product is useful for synthetic rubber production.

LABOFINA S.A.

Organic Getter for Tritium Absorption
European Appl. 2 6 5 , 7 4 4 4
A Pt or Pd catalyst is used to convert the T in a flowing gas mixture by a hydrogenation reaction with an
organic compound. The Pt or Pd layer is carried on
a ceramic body of closely packed uniform Al,O,
spheres, with linoleic acid in the spaces between the
spheres. The catalyst assembly is good over a long
period, and no liquid phase is formed in the getter.
NTG NEUE TECHN. G.m.b.H.

European Appl. 272, I 36A
A catalyst for removal of hydrocarbons, CO and NOx
from automobile exhaust gas consists of a honeycomb
carrier with a coating containing 1-20 wt.% of Rh, Pt
and Rh, or Pd and Rh, deposited on ZrO, powder,
a rare earth metal oxide such as CeO ,, and a refractory inorganic oxide. The catalyst shows durability
even in a hot oxidising atmosphere, and high purification at low temperatures.

Selective Alkyne Hydrogenation over
Palladium and Copper Catalysts
European Appl. 273,900A
Selective hydrogenation of alkynes in butadiene-rich
C, fractions is effected by passing over a Pd based
catalyst in the presence of H , then over a Cu based
catalyst, and separating the H, . High selectivity (that
is high alkyne conversion with low butadiene loss)
can be maintained for long run times.

LABOFINA S.A.

,

Pretreating Trimetallic
Conversion Catalyst

U.S. Patent 4,737,483
A supported catalyst consisting of uniformly dispersed Pt and Sn components, surface impregnated
Rh, Ir, Ru, Co,Ni, or their mixtures, and a halogen
UOP INC.

component, is pretreated with a gas containing at
least 85 mol% H, under defined conditions. The
catalyst is used in hydrocarbon reforming, giving improved selectivity and liquid yield.

Molecular Sieve Catalysts
U.S. Patent 4,738,837
New crystalline molecular sieves consist of
3-dimensional microporous framework structures of
CrO,, AlO,, PO, and SiO, tetrahedra, and may incorporate a hydrogenation promoter such as Pt or Pd.
With these promoters present, the molecular sieves
can be used as catalysts for hydrocarbon reactions.

UNION CARBIDE CORP.

Palladium Catalyst for Methanol
Oxidation

Ruthenium
Catalyst

European Appl. 267,71 IA
Oxidation of alcohol and/or HCHO vapour in a
heated carrier gas is effected by contact with (a) a Pd
catalyst which may contain Rh in a Rh : Pd weight
ratio of 0-0.3 and/or G O , in a CeO, : Pd weight
ratio of 0-50, and (b) a Ag catalyst. The process gives
almost complete oxidation of CH, OH in the exhaust.

EXXON RES. & ENG.

FORD MOTOR CO.
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Hydrocarbon

Hydrocarbon

Synthesis

co.
U.S. Patent 4,738,948
A hydrocarbon synthesis catalyst is prepared by impregnating a refractory TiO, support with solutions
of Ru and CO salts, drying, reducing, oxidising and
re-reducing. The catalyst can be regenerated in low
temperature flowing H, ,and is used for synthesis of
mainly 5-4oC or higher paraffins from syngas.
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Hydrogenation/Decarbonylation Catalyst

Platinum-Zeolite Aromatisation Catalyst

U.S. Patent 4,743,577
A catalyst composition comprises 0.1-10 wt.% Pd or
Rh as a thin surface layer on a porous sintered
metallic substrate of Ti, Ni or alloys of Ti andlor Ni.
An intermediate layer of 0.1-10 wt.% Pt andlor Cu
andlor Ni is optionally present to improve adhesion.
The catalyst is used for hydrogenation and/or decarbonylation, especially for purification of terephthalic acid.

Japanese Appl. 63191,334
A new catalyst is prepared by treating 0.1-5.0 wt.%
Pt on L-zeolite with halogen compounds, preferably
fluorohydrocarbons, at 80-600OC for 10-120 min.
The catalyst is used at 350-600OC for aromatisation
of paraffins, olefins, and so on, to aromatic hydrocarbons, giving a high yield, for a long period.

AMOCO CORP.

Platinum-Iridium Reforming Catalyst
EXXON RES.

u.s. Patent 4,746,418

& FNG. CO.

A catalyst composite consists of O.WI-Z% of an Ir
compound dispersed through and bound with an
Al,O, support matrix; dispersed on which is
o.oor-z% of a Pt component and 0.01-2% of a
halogen component. The catalyst is used for reforming to improve the Octane quality of a naphtha, is
S-tolerant, regenerable, and has improved activity
and 5C+ liquid volume yield.

Slurry Catalyst
Synthesis
EXXON RES.

for

Fischer-Tropsch

& ENG. CO.

U.S. Patents 4,749,677 and 4,752,600
A slurry catalyst consists of the thermal decomposition product of Ru,(CO),, supported on TiO,, and
an inert alkane. The slurry catalyst composition is
prepared directly in the reactor, and is highly active
and selective in the Fischer-Tropsch synthesis for
converting CO and H,to liquid hydrocarbons, while
enabling use of relatively mild conditions.

Three-Way Catalyst
Japanese Appl. 63180,850
A waste gas purification catalyst consists of a honeycomb support coated with activated M , O , containing ~ . o g APd, 0.1 gA Rh, 0.3 molA Ce, and 0.1 molA
Nd. The Nd and Ce double oxide provides an improved 0, storage effect, and prevents sintering of
Pd on the catalyst, which is used to remove CO,
hydrocarbons and NOx from internal combustion
engine exhaust.
TOYOTA J I W S H A K.K.

Waste Gas Purification Catalysts
Japanese Appls. 63184,635-36
Waste gas purification catalysts have a support coated
with Al, 0, containing (a) Pr and Ce, and loaded with
Pt andlor Rh, or (b) Pd near the gas inlet and Pt near
the gas outlet, with Rh throughout.
NISSAN MOTOR K.K.

Oxidation Catalysts
TANAKA KIKINZOKU KOGYO

Japanese Appls. 63188,041-43 and 63188,046
New catalysts for catalytic combustion of a fuel
without generation of NOx consist of a catalytic layer
of Pd andlor PdO, a layer of an intermetallic compound of PdM or PdMO where M can be Fe, Co,Ni,
Cr, Mo, W, V, Nb, Ta, or a rare earth metal, and a
support ceramic composed mainly of Al,O,.

Platinum Metals Rev., 1989, 33, (1)

KEISHITSU RYUBUN SH.

Highly Efhient Denitration Catalyst
soco KENKYUSH Japanese Appl. 6311I 1,929

EBARA

A photochemical catalyst which may consist of compounds of Pt,Pd, Rh, Ru or CO is used to decompose
trace amounts of N,O in a gas mixture by irradiating
with light or radioactive rays in an electric field, at
room temperature to 5m°C. High efficiency N,O
removal from waste gas from denitration plants or
water treatment facilities can be obtained.

Methanol Reforming Catalyst
MITSUBISHI HEAVY IND. K.K.

Japanese Appl. 631126,s 5 I
A methanol reforming catalyst consists of Pt and Rh
or Pd and Rh on an Al,O, support pre-coated with
alkali metal oxide. The pre-coating increases the
selectivity of the methanol decomposition reaction,
and addition of the Rh gives a catalyst with high
activity at low temperatures.

Selective Palladium-Boron
Hydrogenation Catalyst
Japanese Appl. 63/132,848
A catalyst consisting of B and Pd in atomic ratios of
30 : 70-95 : 5 , or a Pd-B alloy prepared by glow
discharge is used for selective hydrogenation of triple
bonds in hydrocarbons to double bonds. Reaction is
carried out at 50-3w°C in the vapour or liquid
phase, and is used to convert acetylenic impurities in
olefms to olefms.
IDEMITSU KOSAN K.K.

Catalyst with Improved High
Temperature Durability
Japanese Appl. 631134,058
A catalyst for waste gas purification consists of an
Al,O, layer containing La-&Al,O, as the main component, and at least two of Pt, Pd, Rh or Ce. The
catalyst is used for simultaneous removal of NOx, CO
and hydrocarbons from automobile exhaust gas, and
has improved high temperature durability.

CATALAR KOGYO K.K.

Vehicle Exhaust Purification Catalyst
with Improved Life
Geman A P P ~3,643,785
.
A catalyst consisting of pellets or monoliths uniformly coated with Pt or Rh is used to purify motor
vehicle engine exhaust gas. The gas is either passed
through a precious metal free zone prior to the
catalyst to remove poisons such as Pb, P andlor S, or
the catalyst assembly (metal coated throughout) may
be reversed after ~0,000-~0,000km. Using these
methods, catalyst life is increased and metal is saved.
A. OPEL A.C.
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I.C. Engine Silencing System
German Appl. 3,739,081
The silencing system for an I.C. engine has at least
one gas-permeable noise damping component which
may consist of a support coated with a catalyst
material such as Pt or Cu. The system is used for
petrol or diesel engines, and gives considerable
weight reduction, is easily produced, and can include
catalytic exhaust purification.

G. FISCHER A.G.

Methanol Carbonylation Catalyst
AKAD. WISSENSCHAFF D.D.R.

East German Patent 252,554
A novel catalyst consists of 0.01-5.0wt.% of a Rh or
Ir compound fmed to a NaX-type zeolite with a
module of 2.6-3.5. The catalyst is used for production of acetic acid and methyl acetate from CH OH
and CO, and is economical, suitable for use at low
pressure, and gives a high throughput with minimum
by-product formation.

HOMOGENEOUS CATALYSIS
Palladium Catalyst for Preparation of
Hexenedioates
European Appl. 272,IgIA
A process for efficient and selective preparation of
I ,6-hexenedioates involves reacting CO, an alcohol,
and dichlorobutene in the presence of a Pd compound
as catalyst and a tertiary amine. The obtained diesters
can be hydrogenated to adipates, which can in turn be
hydrolysed into adipic acid, a raw material for the
production of nylon.

RHONE-POULENC CHIM.

Rhodium Hydrocarboxylation Catalyst
European Appl. 274,076A
A new process uses a Rh catalyst, preferably a Rh
halide, CO, water, I, promoter, and an accelerator to
DU PONT DE NEMOURS CO.

increase the linear carboxylic acid yield from hydrocarboxylation of olefinically unsaturated straight
chain 4-8C esters or certain alkenes. The process is
especially useful for methyl-pentenoate esters, giving
increased carboxylic acid yield (79O/0), with a selectivity of 81% to the linear isomer.

Palladium-Nitrile Ligand Catalyst System
CATALYTICA ASSOC.

U.S. Patent 4,738,943

An improved catalyst system consists of un-

supported, dissolved Pd chloride components with a
nitrile ligand and Cu chloride components, and may
be modified to a chloride free system.

Rhodium Catalyst for Nitrile Group
Hydrogenation
DOW CHEMICAL CO.

U.S. Patent

4,739,120

A Rh compound, a basic substance and a solvent are
used in the catalytic hydrogenation of an organic
nitrile group to a primary aminomethyl group, with
process improvements including reaction under
15-200 psig H,and using a 2-phase solvent system.
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Rhodium Catalyst for Unsaturated
Butyrolactone Manufacture
SEKISUI CHEM. IND. K.K.

Japanese Appl.

63168,580

A Rh compound catalyst is used in the preparation of
a new a, @-unsaturated y-butyrolactone from a
specified acetylene compound, CO and H,O.Reaction preferably occurs for 3-24 hours at 50-20o0C,
under 50-300 kg/cmz of CO, to give a product useful
as an intermediate for drugs, agricultural chemicals
and thermoplastic polymers.

FUEL CELLS
Ionically Conductive Solid Electrolyte
Composition
Japanese Appl. 63/55,810
A catalyst such as chloroplatinic acid, Pt black,
Pt/SiO, gel, or a Pd compound is used in the graft
copolymerisation of a methyl hydrogen silicon compound with a polyethylene oxide methacrylate and an
inorganic ionic salt, by hydrosilation reacting the
mixture. The composition formed has high ionic conduction and moulding workability, and is used as a
solid electrolyte for batteries and fuel cells.
UBE INDUSTRIES K.K.

Platinum-Ruthenium Cluster Catalyst for
Fuel Cells
TANAKA KIKINZOKU KOGYO

Japanese Appl. 63197,232
A highly dispersed Pt and Ru cluster catalyst is produced by adding reducing agent to an aqueous Pt
solution, and then adding a water soluble Ru compound in the presence of H,O,. The cluster catalyst
has large specific surface area and is used as an anode
catalyst for fuel cells using H, , CH ,OH or HCHO as
fuel, and for lowering bath voltage in electrolytic
refining of Zn and Cu.

CHEMICAL TECHNOLOGY
Platinum Covered Electrode for Polymer
Sheet Manufacture
Japanese Appl. 63/81,018
A wire electrode for use in a thermoplastic polymer
sheet manufacturing apparatus consists of a Pt or R
alloy covering on a core material less than 500p in
diameter, with tensile strength more than 150
kg/mmz. The Pt covering material has a catalytic
effect, suppressing adhesion of oligomer and discharge so that the life of the electrode is increased.

TORAY IND. INC.

Continuous Waste Gas Cleaning Process
Russian Patent 1,353,977
A waste gas cleaning method involves passing gases
successively through two layers of Al/Cu/Cr acid
catalyst at 35o-4woC, and then through a layer of
AlPt catalyst at 250-270°C, under scanning cyclic
conditions. The process removes harmful organic
materials from organic substances and can be used in
the chemical and petrochemical industries.
AZERB AZIZBEKOV PETROCH.
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GLASS TECHNOLOGY
Alloy Membranes for Optical Glass
Element Production
K.K.JapaneSe ApPl. 63179,728
Optical glass elements are produced by press-shaping
using a thin Rh-Re alloy membrane containing
2.0-80 wt.% Re or a thin Rh-0s alloy membrane
containing 2.0-75 wt.% 0s coated on the pressshaping surfaces of WC super hard alloy moulds. The
membranes have good mechanical strength, prwessability and prevent reaction with the glass element.
MATSUSHITA ELEC. IND.

ELECTRICAL AND ELECTRONIC
ENGINEERING
Metallised Substrate for Microwave
Integrated Circuits
European Appl. 266,877A
A metallised substrate for use in microwave integrated circuits consists of a dielectric substrate, a
metal layer produced from a metallo-organic composition, and a conductive metal layer. The metal
layer consists of at least one precious metal resinate of
Pt, Pd, Au, Ag and mixtures of these, and at least one
fdm-forming resinate and base metal resinate.
ENGELHARD CORP.

Activation of Organic Substrates for
Printed Circuits
GENERAL ELECTRIC co.
European Appl. 272,420A
Photo-patterned aromatic organic polymers such as
polyether imide are surface activated using colloidal
zero valent precious metals or precious metal compounds, and then used to make printed circuits and
chemically d e d parts by electroless metal deposition. The substrates are useful in the manufacture of
planar or non-planar complex shapes.

Ferromagnetic Alloy for Magnetic Heads
Japanese Appl. 63160,256
A ferromagneticalloy is composed of an Fe-Cr system
alloy containing 0.3-3.8 wt.% Cr, and balance Fe,
and may contain up to 3 wt.% of at least one of Pt,
Pd, Rh, Ir, Os, Ru, Au or Ag. The alloy has a low
magnetostrictionconstant, and high permeability and
saturated magnetic flux density, and is used in
magnetic heads for magnetic disc units and VTRs, or
for the core material of the heads.

HITACHI K . K .

Soft Magnetic Thin Film
SONY CORP.
Japanese Appl. 63/64,3 13
A soft magnetic thin fdm is composed of Fe, Co, Al,

Si, and 0.5-6 at.% of at least one of Pt, Pd, Ir, Os,

Ru, Re and Nb. The film has good soft magnetic
characteristics, and is used for the core material for
magnetic heads used with high coercive force magnetic recording media.

Hexagonal Ferrite Magnetic Powder
Japanese Appl. 63/69,206
A hexagonal ferrite magnetic powder contains IO1000 ppm of at least one of Pd, Rh and Ru, together
with Fe, one or more of Ba, Sr and Pb, and In, ZnGe, Zn-Nb, Zn-V,&-Ti or Co-Ge. The powder is
used for high density magnetic recording media,
giving high signal : noise ratio and high reproducibility.
TOSHIBA GLASS K . K .

Photomagnetic Bed Film Material
Japanese APPl. 63179,253
A Pt/Mn/Sb film is formed on a bed film of Ti, Zr,
Si, Ge, Sb or Bi while applying a vertical magnetic
field to the substrate under vacuum conditions. The
method produces a PtIMnlSb fdm with a high Kerr
rotating angle. The bed fdm material is used for a vertical magnetic film for photomagnetic recording.

HITACHI K . K .

Metal Coated Anhydrous
Sulphate Whisker
MITSUBISHI METAL K . K .

Calcium

Japanese Appl. 63/103,900

An anhydrous Ca sulphate whisker has a coating of
one or more than two of Pd, Au, Ag, Cu, Ni and Co,
with the coating forming 10-80 wt.% of the total

weight. The metal coated whisker is 1 0 - 2 0 0 ~ long,
with an aspect ratio of 5 : 100, and is useful as a conductive fdler for an electromagnetic interference
sealed material.

Transparent Conductor for
Crystal Display Electrodes

Liquid

NIPPON SHEET GLASS K.K.

Japanese Appl. 631110,507
A transparent conductor consists of a metal oxide or
sulphide thin film on the surface of a transparent
material, a layer mainly containing Pd, Rh, Au, Ag,
Cu, Al or their alloys, and a metal oxide layer with
high refractive index such as In,O, or SnO,. The
transparent conductor has low resistance and high
transmittance of visible light.

Magnetic Thin Films Containing Osmium

Production of Fine Metal Powders

NIPPON TELEG. & TELEPH.

Japanese Appl. 631125,605
Fine metal powders are produced by dissolving a salt
of Pt, Pd, Rh, Ir, Os, Ru, Re, Au or Ag in a nonaqueous solvent, mixing with a reducing agent in a
non-aqueous solvent to form an intermetallic compound, and decomposingthis compound. The metal
powders produced have good spheroidal shape, mean
grain size of 10-0. IF, and are used as electricallyconductive paste material, or electromagnetic wave
shielding material.

Japanese Appls. 63160,504 and 63162,209
A y-Fe,O, magnetic thin f h containing 0s and
optionally Cu can be prepared by hf magnetron sputtering and heat treating, or by laminating an Oscontaining r-Fe,O, thin fdm layer onto a y-Fe,O,
thin film layer. The thin fdms have good electromagnetic conversion characteristics, high coercive
force, and squareness, and can be used to make excellent magnetic recording media.
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DAIDO TOKUSHUKO K . K .
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Precious Metal Particle Mixture for
Dental Use

TEMPERATURE
MEASUREMENT
TEKTRONIX INC.

U.S. Patent 4,742,861
A dental restoration is reinforced or repaired by
applying a mixture of (a) Pt or Pd particles of maxi-

resistor consisting of a substrate having a layer of Pt.
The resistor is mounted in a package designed for a
semiconductor device, and is thermally calibrated to
obtain a mathematical correlation between temperature and resistance. This system gives increased
speed, accuracy and ease of determination.

SPIRE CORP.

I. SHOHER

Thermal Characterisation Method
U.S. Patent 4,734,641
A thermal characteristic measuring method uses a

Platinum Probe for Measuring Heat
Diffusivity
Japanese Appl. 631115,042
A Pt wire coated with Al nitride is used as a probe for

NEC CORP.

measuring the heat diffusivity of a semiconductor
molten body, using the non-stationary fine line
method. This permits the measurement of a molten
semiconductor having high corrosivity and electrical
conductivity, giving a measurement error in the
allowable range of 2.5%.

MEDICAL USES
Dental Impression Material Containing
Platinum Black
European Appl. 2 6 8 , 3 4 7 A
A dental impression material consists of a base plate
and a catalyst paste, each containing a polyvinylsiloxane elastomer, with the catalyst paste also containing 0 . 1 - 5 0 wt.% of a chloroplatinic acid complex
and o.z-zoooo ppm Pt black as an adsorption agent
for H,gas. The Pt black allows control or prevention
of outgassing during curing, so avoiding a pitted surface in the model formed.
KERR MFG. CO.

Guide Wire for Surgical Procedures
European Appl. 274,412~
A guide wire has an inner coil of 9zohPt-8%Wor
8oo/~Pt-15%Rh-5%Ru and an outer helical coil
mounted around a tapered distal region of a main
wire. The inner coil forms the sole safety member,
with the distal end having a high degree of omnidirectional flexibility, smoothly graduated transition,
and increased strain relief. The guide wire is particularly useful for positioning a catheter in a blood
vessel.

C. R . BARD INC.

Enzymic Sensor for Glucose
Measurement
TERUMO CORP.

World Appl.

Surface Passivation of Alloys
U.S. Patent 4,743,308
Surface passivation of a Co-Cr-Mo alloy is achieved
by implanting atoms of a biologically compatible
material chosen from Pt,Pd or Au, into the surface
layer. A layer of atoms o.z-zo0 nm thick is formed
and then bombarded with an ion beam to drive some
into the surface. The technique improves corrosion
resistance of surgical implants made of such alloys.

Palladium-Iron AUoy for Dentistry
TANAKA KIKINZOKU KOGYO

Japanese Appl. 63162,84 I
An alloy material consisting of 25-35 wt.% Pd and
balance Fe has shape memory effects and superelastic
effects, and is used for dental arch correction.

New cis-Platinum Anti-Tumour Agents
Japanese Appl. 63/101,391
New cis& (11) complexes have ligands including
phosphorylcholine, sulphamoyl or carbamoyl groups,
and amine groups, and are useful as anti-tumour
agents with low nephrotoxicity and improved water
solubility. The complexes can be administered orally
or parenterally in the form of tablets, granules, injections at a daily dose of 10-500 mg for adults.

TOYAMA CHEM. K.K.

Palladium Alloy Dental Replacement
Material
DEGUSSA A.G.

Geman APPl. 3,642,474

An alloy used as a tooth replacement material contains 65-85% Pd, 0-10% Au and/or 0-5% Pt,
o.o5-1.5% Ru and/or 0.05-0.7% Re, Sn, Ga, Cu, W

and/or Al and/or Zn.The material does not produce
an oxide layer during melting which ensures that the
alloy composition remains the same, and is used to
produce ftved and removable dental replacements.

Medical Sample Preparation
Osmium Tetraoxide

Using

Russian Patent I ,335,839
Medical samples for luminescent microscopy are
prepared by simultaneous fixing and etching of the
analysed tissue sample in a I-2% OsO, solution,
followed by colouring with a o.5-1% solution of
acridine orange. The proposed method increases the
contrast of histological structures.

KIEV MED. INST.
88/4,05OA

An enzymic sensor apparatus has an insulating

substrate, applied to which is a conductive layer such
as Pt, PdO, Ir oxide, Ir-Sn oxide, or Ag, a redox
layer, and then an immobilised enzyme layer. The
sensor measures the concentration of glucose and
urea in biological samples, having low potential drift
and long service life.
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mum particle size loop with a melting point above
1 3 0 o 0 C , and (b) a minor amount of low melting point
Au particles, and shaping and heating. The shaped
mass does not shrink with heat treatment.

The New Patents abstracts have been prepared from
material published by Dement Publications Limited.
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