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Liquid Fuels from Coal
DEVELOPMENTS IN THE USE OF RUTHENIUM CATALYSTS
FOR THE FISCHER-TROPSCH REACTION

By R. C. Everson
Potchefstroom University for C H E, South Africa

and D. T. Thompson
Group Research Centre, Johnson Matthey and Co Limited

It is now possible by selecting appropriate reaction conditions to use
ruthenium on alumina catalysts to produce economically viable ranges
of gasoline and diesel fractions from the synthesis gas produced by coal
gasification. Recent work has shown that simultaneous use of
ruthenium with an intermediate pore zeolite produces high octane gasoline. The activity and selectivity achievable with ruthenium are compared and contrasted with results from systems based on iron and
cobalt catalysts which have already achieved commercial significance.
Natural mineral oil is an essential commodity
in the world economy and although known
reserves are still very substantial there will
eventually be an increased demand for synthetic
oils which cover the boiling point ranges of
refined natural oils. Since coal is present in far
greater quantities than oil in the Earth’s crust
and its occurrence is more wide-spread,
thoughts have turned increasingly to the
possibilities of converting coal into oil.
Research in connection with synthesis of
liquid hydrocarbons from coal has increased
enormously over the last decade. Most of these
investigations have been based either upon a
direct coal liquefaction or the gasification/
Fischer-Tropsch route.
The direct liquefaction processes presently
developed originate from the work done by
Bergus ( I ) and all methods essentially use
pulverised coal dispersed in a liquid medium,
under hydrogen at high pressures and moderate
temperatures, in the presence of a catalyst.
Under these conditions the reactive component
of coal reacts with hydrogen and dissolves to
produce a wide spectrum of products ranging
from gases to high molecular weight oils,
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leaving behind the unreacted solids. Processes
for the removal of these unreacted solids from
the so-called syncrude and for the refining of
the latter to liquid motor fuels, both gasoline
(Cs to C,J and diesel (C13to C,J, still need to be
developed to an economic scale in order to make
the overall process industrially more attractive.
Also, because of the complex heterogeneous
reactions occurring between certain components
of the coal and hydrogen, the grade of the coal,
can determine the success of the process.
There is little doubt that high grade coals are
the most desirable. The thermal efficiency of
this potentially viable process can be as high as
60 per cent relative to motor fuel. It should
however be noted that pretreatment of
especially low grade coals, such as de-ashing,
could well make the process adaptable to many
grades of coal.
This article is however principally concerned
with the alternative route to liquid hydrocarbons from coal, w h c h involves initial gasification of the coal followed by chemical interaction on a catalyst surface between the carbon
monoxide and hydrogen so produced to give
liquid hydrocarbon products. This so called
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Possible Stoichiometric Equations fur Reactions between Carhon
Monoxide and Hydrogen
Methanation
Alkanes
(n > 1)
Olefins
(n > 1)
Methanol
Alcohols
(n > 1)

Water Gas Shift
Boudouard Reaction
Coke deposition
Carbide formation

3H, + CO +CH, + H,O
2CO + 2H, +CH, + CO,
(2n+l)H, + nCO +CnHZn+, + nH,O
2nC0 + ( n + l ) H2+CnH2n,2 + nCO,
( 3 n + l ) C O + ( n + l )H,O +CnH2"+, + (2n+l)CO,
nCO + 2nH, +CnHZn + nH,O
2nCO + nH, +CnHZn + nCO,
+ 2nC0,
3nC0 + nH,O -)C,H,
2H, + CO +CH,OH
nCO L 2nH,+CnH,,,,0H
+ (n-I) H,O
(2n-1)CO + (n+l)H,-tC,H,,+,OH
+ (n-l)CO,
3nC0 + (n+l)H,O+C,H,,+,OH
+ 2nC0,
CO + H,O +CO, + H,
2 c o +c + co,
H, + CO - t C + H,O
XM + C -MxC

Fischer-Tropsch route can operate on a very
low grade coal (containing up to 34 per cent
ash). Coal is disintegrated to mainly carbon
monoxide, hydrogen and carbon dioxide by
direct gasification with oxygen and steam and
the so-called syngas (carbon monoxide and
hydrogen), produced after purification of the
gasifier product, reacted in the presence of an
appropriate catalyst to produce liquid hydrocarbons.

Production Developments
The first developments towards a commercial
Fischer-Tropsch process were based on cobalt.
These took place in Germany, Japan and
elsewhere in the J930S and 1940s and by 1945,
for example, nine cobalt based plants were in
operation in Germany with a total annual
capacity of 740,000 tonnes, (2). The next major
commercial development was based on iron
catalysts and in the mid 1950s SASOL (South
Africa) was operating its first iron-potassium
catalyst based plant, SASOL I. The experience
gained in operating this plant and the growing
uncertainties in oil supplies in the 1970s have
led to the decision to construct two further and
much larger plants; SASOL 11 and SASOL 111
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which will be in full operation during the early
1980s. In spite of the highly capital intensive
nature of the gasification of coal the cost of this
route is beginning to look more feasible as the
price of oil continues to rise. A very important
contributing factor in the success of SASOL to
date is the local source of readily available coal.
However, specific commercial plans are also
now being made for Fischer-Tropsch operations
in other parts of the world, notably in the U.S.A.
This commercial success, together with the
potential increased demand for synthetic fuels,
has led to increased research activity in many
centres throughout the world during the last
ten years. The hydrocarbon growth reaction
was first studied in the early 1920s. Fischer and
Tropsch showed that a range of liquid hydrocarbons and oxygenated products could be produced from carbon monoxide and hydrogen, by
a growth reaction over iron and cobalt catalysts
at 200 to z5o0C and atmospheric pressure. This
discovery was an extension of Sabatier's work,
in 1902, in which it was shown that nickel
catalysts may be used to prepare methane from
synthesis gas. Nickel catalysts are used for
the production of methane - substitute natural
gas - from synthesis gas, but ruthenium is now

also being actively considered (3). Starting with
syngas, methane is in fact the only member of
the hydrocarbon series which can be formed as
the only product.
The presence of chemical and structural
promoters in the catalysts has significant
effects, as have the procedures used for catalyst
manufacture, the surface conditions (including
metal area), the degree of reduction, and other
factors. The Fischer-Tropsch synthesis involves
an oligomerisation growth mechanism and a
typical product range is shown in Figure I, (4).
Cobalt and iron catalyst systems have achieved
the most commercial significance so far, but
ruthenium could be important in the future.
Recent research work (5, 6) on product
distribution has shown that ruthenium on
alumina catalyst systems can be used to give
higher proportions of petrol and diesel fractions
than either equivalent iron- or cobalt-based
catalysts. Consequently the yields of both
gaseous products (methane and carbon dioxide)
and waxes were lower with ruthenium, and a
high conversion run at 30 atm yielded 85 per
cent liquid hydrocarbons.
With further study on relationships between
conditions and product distribution, ruthenium
seems likely to prove the most desirable
Fischer-Tropsch catalyst for producing a commercially acceptable range of hydrocarbons.
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Other metals such as nickel and rhodium are
also active Fischer-Tropsch catalysts but use
of these metals has not been significant
industrially.

Reaction Mechanism
A very complex range of products can result
from the reaction of carbon monoxide and
hydrogen over a suitable catalyst as shown by
the stoichiometric equations in the Table. In
addition to aliphatic hydrocarbon formation,
analogous reactions can result in the production
of alcohols, aromatics, aldehydes, ketones and
cyclic compounds (7). When it is borne in mind
that isomerisation can also occur, it can be seen
that a very large variety and number of products
can be produced. However, it is possible to
control the reaction to give mainly linear hydrocarbons, and this reaction mechanism involving
the growth of hydrocarbon molecules, CnH2n+2
and CnHH,$on the catalyst surface is not yet
fully understood although various theories have
been advanced. From a practical point of view it
is possible to control the carbon numbers of
especially the alkanes and olefins in the final
product by suitably adjusting the reaction
conditions, such as temperature, pressure, feed
composition and space velocity, to give the
desired motor fuels. The basic aim is to increase
the selectivity relative to the useful fuel

fractions, that is (C, to C,J and (C,2to CIJ.The
less desirable products are the low molecular
weight hydrocarbons and high molecular weight
waxes, and operating conditions are selected to
minimise the formation of these fractions.
The formation of all Fischer-Tropsch
products is exothermic, and product formation
becomes less probable, thermodynamically, as
the reaction temperature is raised (8). Also the
degree of unsaturation of the product increases
with temperature; but since the yield per pass
through the reactor would be small for compounds which have a positive free energy
change for formation, alkynes are not produced
under these reaction conditions. Methane is by
far the most thermodynamically favoured
hydrocarbon product but in chemical reactions
the yields are controlled by kinetic considerations, so the types of products formed in
practice and their molecular weight distributions are controlled by choice of reaction
conditions, catalyst and reactor configuration.
Recent Work

Extensive comparative laboratory investigations involving the Group VIII metals iron,
nickel, cobalt, ruthenium, rhodium, palladium,
platinum and iridium on various supports such
as alumina, silica and titania have recently been
reported (6, 9). These catalysts (with crystallite
sizes of the order of 10 to IOO A) are more
highly dispersed on the metal oxides and have
lower metal loadings, when compared to those
used commercially involving promoted fused
iron catalysts. Vannice (6) ranked these metals
for methanation activity and reported the
following order, ruthenium-iron-nickel-cobaltrhodium-palladium-platinum-iridium;
for
optimum yield of higher hydrocarbons at
atmospheric pressure, ruthenium being the most
favourable. Pichler however showed many years
ago that ruthenium was capable of producing
waxes at very high pressures and low temperatures, and some of these compounds had
molecular weights of the order of 7,000 to
I oo,ooo ( 2 ) . On the other hand ruthenium also
has a very high activity for methanation at high
temperatures and low pressures, a characteristic
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which is reflected in the fact that some twenty
to thirty units for gas purification via methanation over supported ruthenium existed in the
U.S. by I 974 (10). Ruthenium on titania and
manganese oxide have also been used to
increase the yield of light olefins under suitable
reaction conditions. Work at the Universities of
Natal and Potchefstroom ( I I ) and at the Johnson
Matthey Group Research Centre has indicated
that under suitable conditions ruthenium may
be used to give very useful ranges of liquid

hydrocarbon products. These results are consistent with very recent literature reports.
Perhaps the most significant recently
published work is by a Gulf research team (5)
which has highlighted the potential of
ruthenium compared with iron and cobalt. For
a 0.5 per cent ruthenium on alumina catalyst
turnover numbers of 0.028 per second at
250OC were recorded, but this figure increases
to 0.085 for freshly reduced 5 per cent
ruthenium on alumina (6). The shape of the
product distribution curve depends on the
precise reaction conditions chosen, see Figure 2,
for example use of higher hydrogen : carbon
monoxide ratios gives decreased olefin content
and a slight increase in the extent of chain
branching. A high conversion run at 30
atmospheres yielded 85 per cent liquid
hydrocarbons. Selectivity to gas was low due to
low hydrogen partial pressure and the
selectivity to waxes, C19+, was also low.
Reaction rates and product distributions for
cobalt, ruthenium and iron catalysts were
measured under steady state conditions free of
external heat and mass transfer effects, and the
different product spectra obtained were compared. The potential advantages of ruthenium
for producing useful ranges of petrol and diesel
fuels are again apparent.
Research at Mobil has taken the development
of ruthenium catalysts one stage further by
combining use of this metal with an intermediate pore zeolite of the ZSM-5 type to
produce a high octane gasoline in a single step
( I 2). The system upgrades the small molecular
weight intermediates into a mixture of products
rich in aromatics and with a boiling point in the
gasoline range. The Fischer-Tropsch reaction
intermediates are converted in situ to aromatics
and highly branched aliphatics by acid
catalysed hydrogen transfer reactions. This
bifunctional catalyst system converts at least 95
per cent of the synthesis gas to a product
mixture that boils in the gasoline range and is
rich enough in aromatics to give an octane
number between 80 and 104. The initial products from the SASOL process are reformed to
increase their octane numbers. Mobil workers
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also found that methane production can be
limited either by using low hydrogen : carbon
monoxide ratios or by operating at higher
pressure, lower temperatures, and for shorter
times.
The use of metal clusters, also involving the
Group VIII metals, for producing alcohols and
alkanes from carbon monoxide and hydrogen
dispersed in a liquid medium is receiving a lot
of attention in some laboratories ( I 3), but
substantial conversion to hydrocarbons in the
petrol range has still to be achieved. It is
expected that more research in this field will
be undertaken to produce suitable clusters for
synthesis of exclusively higher hydrocarbons.

Detailed Mechanism
Ever since the reaction was first discovered
more than 50 years ago, the nature of the
surface species and the detailed mechanistic
sequence by which the Fischer-Tropsch reaction proceeds has been the subject of much
study and discussion and this debate is still continuing ( I 4).
A common feature of all the mechanistic
proposals is that of oligomerisation initiated
by a C , species on the surface, with the
product distribution being determined by
relative rates of chain propagation and termination. This will be affected by a number of
factors including the nature of the metal atom
and the ease with which it forms and breaks
metal-carbon and metal-hydrogen bonds under
the reaction conditions. There are likely to be
significant differences between cobalt, iron and
ruthenium in this respect. Fischer and Tropsch
themselves postulated initial reduction of the
carbon monoxide to form a bulk metal carbide
species ( 2 ) . This theory was later modified to
include surface rather than bulk metal carbide:
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The metal carbides are reduced to methylene
groups and chain growth is then accomplished

by linking adjacent methylene groups, followed
by hydrogenolysis of the remaining metalcarbon bonds to give a range of predominantly
straight chain hydrocarbons.
Another mechanistic theory, which achieved
prominence in the I ~ ~ O involves
S ,
the formation of oxygenated intermediates on the
surface. In this hypothesis adsorbed carbon
monoxide is hydrogenated to an hydroxylated
species and these then link by condensation
with the elimination of water:
0

H

I1
2
c
I1
M
I
/777777

H2

OH

\/
c
II

Hydrogen transfer of the following type could
give some branching ( I 5):
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Reductive elimination of metal carbonyl species
would give oxygenated products. In experiments with ruthenium at low temperatures and
high pressures alkyl metal carbonyls have been
isolated and shown to be intermediates in the
synthesis of polymethylene (2). The chain
growth within the alkyl metal carbonyl complex
may indeed have proceeded by alternate reaction with carbon monoxide and hydrogen (via
metal hydride).
From the vast amount of experimental
evidence now available on Fischer-Tropsch it is
difficult to conclude that one universal
mechanism covers all situations, and elements
of each of the above three types of reaction
sequence may operate depending on procedures
used for pretreatment of the catalyst and the
reaction conditions used.

Conclusion
Some recent research results indicate that it
is now possible to synthesise liquid hydrocarbons from synthesis gas over 0.5 per cent
ruthenium on alumina with a better overall
CH,
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This mechanistic pathway involves associative
adsorption of carbon monoxide rather than
dissociative adsorption to give a carbene.
Yet another mechanistic postulate involves
growth from a single surface site (4). This
mechanism is related to those postulated in
homogeneous catalysis, and it involves initial
metal hydride formation. It is known that prereduction of ruthenium with hydrogen at
temperatures of around 5ooOC produces good
results and this may facilitate the initial formation of metal hydride. Carbon monoxide is then
co-ordinated to the metal surface and inserted
into the metal-hydrogen bond to initiate chain
growth which then proceeds by successive reaction with hydrogen and carbon monoxide:
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Partial hydrogenolysis then gives carbon chains
attached to the metal surface, for example:
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it mav be recovered from spent catalysts
and recycled in the form of fresh catalyst, thus
reducing the overall catalyst inventory.
Ruthenium was not considered as a potential
industrial Fischer-Tropsch catalyst in the early
1930s because of its cost; but with the currently
available improved catalyst technology involving highly dispersed supported ruthenium the
intrinsic high activity of this metal can be
effectively utilised and its overall economic
performance compared with iron now looks
more favourable.

product range than is obtained at present with
iron catalysts on a commercial scale. Reaction
conditions may be selected such that hydrocarbons above C,, can be minimised to negligible
quantities and hydrocarbons in the range C , to
C 4 can be kept to manageable proportions.
Cobalt-based catalysts were the first to be used
commercially and these have been followed by
iron-based systems. It now seems likely that
ruthenium will find significant use in third
generation systems. Ruthenium is intrinsically
more expensive than cobalt and iron, however
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Cogeneration of Nitric Acid and Electricity
PLATINUM ELECTRODES EMPLOYED IN HIGH-TEMPERATURE FUEL CELL
One of the most important industrial
processes to utilise a platinum group metal
catalyst is the production of nitric acid. In
the process a mixture of ammonia and air is
passed over a rhodium-platinum catalyst gauze
at a temperature of 750 to 950”c,first producing nitric oxide and then nitrogen dioxide
which is subsequently absorbed in water. The
reaction is highly exothermic and in many
modern high pressure plants the heat energy
from the tail-gas is recovered as it passes
through a turbine, thus contributing to the
power required to compress the process gas.
For a long time the desirability of obtaining
this energy as electricity, rather than as heat,
has been appreciated. Now workers at the
Massachusetts Institute of Technology have
reported on an ammonia high temperature solid
electrolyte fuel cell which appears to offer an
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opportunity for producing nitric acid while
recovering the exothermic energy as electricity,
(R. D. Farr and C. G. Vayenas, J . Electrochem.
Soc., 1980, 127,(7), 1478-83)
Their fuel cell consists of an yttria-stabilised
zirconia tube with electrodes of porous
platinum, having an estimated thickness of 3
microns, deposited on both surfaces. The
clectrodes performed well over long periods of
time, and scanning electron microscopy showed
that extensive sintering and faceting had
occurred on the anode, similar to that which is
observed during the normal catalytic oxidation
of ammonia over platinum. The fuel, ammonia
diluted with helium, flows through the tube
while the cathode is exposed to air. Nitric oxide
is the primary electro-oxidation product, and
under optimum operating conditions yields in
excess of 60 per cent can be obtained.

Towards the Absolute Zero
THE USE OF CONVENTIONAL AND SELF-CALIBRATING
RHODIUM-IRON RESISTANCE THERMOMETERS

By R . L. Rusby
\ational Phvsical Laboratory, Teddington, England

T h e wide range of use of the platinum resistance thermometer, roughly
10 to 1000 K , is by no means enough to satisfy all demands f o r
temperature standards. T e n years ago thermometers modelled o n the
capsule-type platinum thermometer but using an alloy of rhodium with
0.5 per cent iron were developed at the National Physical Laboratory
specifically to provide standards f o r lower temperatures, and these are
now widely used down to 0.5 K . I n a recent joint experiment between
the 0.S. Yational Bureau of Standards and N.P.L., rhodium-iron has
been used down to 0.01 K b y coupling a small sample o f the alloy to a
resistive SYC11). Such a device is capable of measuring accurately
voltages of less than one nanovolt, and also of measuring the noise
voltage in the resistor. Since the latter is dependent o n the absolute
temperature i n a way that could be calculated, the device was able to
prouide its own calibration.
In 1964 Professor Bryan Coles reported some
measurements of the low temperature
resistivity of rhodium containing less than one
atomic per cent of iron ( I ) . He found that the
iron gave rise to a strongly temperature
dependent resistivity whose temperature
coefficient was, contrary to all expectations,
positive. Thus the total resistivity of the alloy,
roughly the sum of the ideal resistivity of pure
rhodium and of the impurity resistivity, falls
continuously on cooling from ambient
temperature and indeed falls most rapidly near
I K, the lower limit of Coles’ experiments. The
discovery of this effect gave rise to considerable
theoretical and experimental activity, not least
in following up Coles’ suggestion that “these
materials could form very useful resistance
thermometers down to very low temperatures”.

Hesistivit y-Temperature
Characteristics
The resistivity-temperature characteristic is
plotted in Figure I which shows the dominance
of the ideal resistivity above 30 K and of the
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impurity resistivity below this. In fact the
sensitivity of rhodium-iron is somewhat less
than of platinum above 30 K and considerably
less than that of doped germanium used at
lower temperatures. The advantages looked for
in developing a thermometer based on rhodiumiron were that it would be able to cover
virtually the whole cryogenic range, that the
characteristic might be fitted by fairly simple
equations, and that as with other wire-wound
thermometers, the long term reproducibility
would be good.
The first thermometers were made about ten
years ago, following the procedure used in
making platinum-sheathed platinum resistance
thermometers. Two sizes of thermometer
incorporating high-purity rhodium-iron wire
are produced by H. Tinsley and Co Limited,
and are shown in Figure 2; the resistance of the
smaller, which is enclosed in a sheath 35 mm
long, is about 50 ohms at room temperature but
falls to 6 ohms at 20 K, and to 2.5 ohms at
0.5 K. The capsule of the larger device is
50 mm long, and its resistance values are

approximately twice those of the smaller thermometer. With either of these thermometers
the voltage sensitivity dV/dT at an acceptable
measuring current (normally o.5mA) is comparable with that of capsule-type platinum thermometers. However, due to the impurity effect,
the rhodium-iron thermometer gives its best
results in the liquid helium region, that is,
below 4 K, long after the platinum thermometer
has faded out.
The initial development at N.P.L. was
encouraging, particularly as regards stability of
calibration, and in 1973 the first three full-sized
thermometers were procured specifically for the
purpose of recording the results of some uniquely accurate gas thermometry in the range
2.6 K to 27 K, from which was derived the scale
now known as NPL-75. Subsequently the scale
was extended to 0.5 K by magnetic thermometry. In this the temperature was obtained
from measurements of the susceptibility, x, of a
paramagnetic salt which accurately obeys the
Curie law, x = C/T. These experiments played
an important part in the derivation of the EPT76, the new international scale for the range
0.5 K to 27 K. The scales have been transferred
to other rhodium-iron thermometers which are
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now used as standards in the U.K., continental
Europe, the U.S.A., China, Japan and
Australia. The remarkable fact is that after
seven years the original three agree among
themselves to within 0.0001K at 4 K and with
a platinum thermometer at 20 K to within
0.0004 K. In reality, despite much use and
many coolings, the thermometers have
remained stable to the limit of our ability to
detect changes. This also applies without excep
tion to other rhodium-iron thermometers for
which stability checks have been made, and
contrasts with the difficulty of finding germanium thermometers which are stable enough
for the most accurate use.
The inset in Figure I shows that the
sensitivity of rhodium-iron decreases slowly on
closer approach to the absolute zero of
temperature, but unfortunately the lower limit
of use for the capsule type of thermometer is set
at about 0.5 K. This is simply because the heat
dissipated in the wire cannot be conducted
away adequately once the helium in the capsule
has condensed and the vapour pressure has
become small. The ensuing rise in self-heating
can only partially be countered by reductions in
measuring current. The results below 0.5 K

Fig. 2 Two platinum-sheathed rhodium-iron thermometers ns used in th(. c.xpcJriments d(~srribc~d
in
this pnpr’r. A l s o in th(J illustration is IZ gold-plntc:d grrmnnium. thr~rrnnrnt~tcr
comm~nnlyuscd at very
low ternpcmturcs, but having u nnrrouw lemperature rung(’

rhodium-iron below 0.5 K came through the
use of a device capable of measuring such small
voltages that the resistance could be measured
with negligible self-heating even with the
thermometer mounted outside the mixing
chamber of the refrigerator. The device,
moreover, could also detect the electrical noise
in the resistor, from which the absolute
temperature could be deduced. ’Thus such a
resistance thermometer would be selfcalibrating by the technique of noise thermometry.
The device rejoices in the name resistive
s ~ r : r n(Superconductive Quantum Interference
Device) and comprises a small ring of
superconductor broken at one place by a section
of resistive material (the rhodium-iron) and at
another by a weak superconductive link, or
Josephson junction (3). A d.c. voltage V applied
to such a junction causes it to emit radiation at
a frequency f given by zeV/h, where e is the
electronic charge and h is Planck’s constant.
This is the d.c. Josephson effect. In the resistive
SQUID, 1’ is composed of a steady voltage Vo

were obtained by immersing a rhodium-iron
wire directly in the mixing chamber of an
ingenious machine known as a dilution
refrigerator. Since the first successful operation
of such machines, dilution refrigerators have
become indispensible tools for research below
0.5 K. They function by obliging liquid We (an
isotope produced in the decay of W) to dissolve
into liquid 4He, a process which is accompanied
by a cooling. The ?He then migrates in the 4He
along fine tubes and through heat exchangers
until it reaches a still at about 0.6 K where it
can be evaporated and re-cycled. By this means
continuous cooling of the mixing chamber can
be achieved. Today refrigerators can be
purchased that are capable of maintaining
temperatures as low as 0.005 K more or less
indefinitely (2).

Superconductive Quantum
Interference Devices
Unfortunately it is not really desirable to
build one’s thermometer into the equipment to
such an extent, and the next advance in using
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arising from the passage of a small bias current

In in the resistor R, and a fluctuating term Vdt)
representing the noise. It follows that the frequency of emission can be written as the sum of
two terms, f = f,, + f,lt). The measurement
technique is to make many counts of the frequency each lasting a short time, I second or
less. The resistance can be determined from the
average count f,, since this is equal to 2e10R/h,
while the statistical variance u of the count
gives information on the absolute temperature
through the equation (based on Nyquist's law):
0 2 =

C

(f, - fJ2/"

(Y

RIh

1

where N is the number of counts made, t is the
duration of each count and CY is a product of
fundamental constants.
Kesistive S ~ ~ J Inoise
I,
thermometry has been
practised in the temperature range 0.01 K to
0.5 K at the National Bureau of Standards,
Washington D.C., for several years with
impressive results. A recent comparison with an
independent thermometer gave agreement to
+ 3.5 per cent (4t a n unusual occurrence in
this difficult temperature range. Hitherto the
noise resistor had been carefully chosen for
minimal temperature coefficient but in a recent
collaborative experiment between N.B.S. and
N.P.L. a sample of rhodium-iron was mounted
in place of the usual copper-silicon alloy
specifically to produce a resistance thermometer
which could be self-calibrating by using noise
thermometry (5). The advantage of doing this is
that the noise thermometer is too slow for
practical purposes, whereas the measurement of
resistance takes only a few minutes. Therefore
once the device is calibrated, its subsequent use
is relatively simple.
In the N.R.S.-N.I'.l,.
pilot experiment the
rhodium-iron resistor was in the form of a small
foil which had been hot-rolled from a spark-cut
disc. Its resistance, which had to be small compared with the effective resistance of the
Josephson junction which it shunted, was about
17 micro ohms. With a bias current of 1 0 - 5
amps the voltage Vowas 1.7 x 10 "'volts, and f,,
was about 80 kHz. Then 200 counts of I second
each were sufficient to average out the noise
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and allow measurement off, and R with a precision of a few parts per million. The precision of
the device as a resistance thermometer was then
about 0.4mK and the implied voltage
sensitivity was less than 10 I' volts. The RMS
noise voltage itself was at most 2 x 10 14volts
for a I second count, depending on the
temperature. The relative accuracy of noise
thermometry, AT/T, was roughly given by
d(2N).Thus a measurement of T to I per cent
required 20,000 counts and if each took I
second, 6 hours or more were needed. The
counting perforce was automated and often took
place overnight. This situation was acceptable
at the lower part of the range where I per cent
represents good accuracy, for example 0.1 mK
at 0.01 K. At higher temperatures, say above
0.1 K, I per cent is not so acceptable, but
fortunately the time per count could be reduced
to 0 . I or even 0.0 I second because although the
count was reduced in proportion, the noise was
greater and still reghered as fluctuations in the
count; the relationship between the variance
and the time per count is complicated by roundoff errors because only whole cycles are
counted, but proper allowance can be made for
this effect.

Conclusions
In conclusion one should ask to what extent
the aims of the pilot experiment were realised,
and what of the future? First the resistance
measurement demanded considerable improvement in performance compared with previous
experiments, and this was largely achieved.
Secondly the statistical uncertainty in the noise
thermometry was as predicted, but systematic
errors were never much less than I per cent and
at temperatures above 0.4 K they were well in
excess of this. They arose, in the main, because
rhodium-iron
has an appreciable
thermopower-for much the same reason as it
has a temperature dependent resistivity. All
thermopowers dwindle to zero as T approaches
zero, but at 0.4 K that of rhodium-iron is still
about 10 hvolt/K. Remembering that the s~rrrn
could resolve 10 ' 5 volts, one can see that a
temperature drop across our sample of
K

would give rise to a detectable thermal e.m.f. In
reality the gradients may have been 1000 times
this and not particularly steady. It seems that
the averaging involved in the resistance
measurement, coupled with the usual trick of
current reversal, did reduce the parasitic effect
to manageable proportions, but in the noise
thermometry the fluctuations in thermal e.m.f.
became progressively more damaging as 1‘ and
the thermopower increased. Improvements
K and I(, would
could be made-increasing
increase V o without increasing the thermal
e.m.f., and of course better temperature regulation would help. However, it is also desirable to
make improvements in the general technique of
noise thermometry, especially in speeding it up.
A successor to the pilot experiments described
here would best wait for these to materialise.
Astonishing as the present capabilities of SQIJID
devices are, their exploitation is incomplete and

advances in noise thermometry will surely
come. It may never reach the stage of pushbutton simplicity, but it would be surprising if
the N.H.S.-N.P.L. experiment were to be the
end of the story.
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Platinum Activated Alumina Spheres
EFFICIENT CATALYSTS FOR CONTROLLING ORGANIC AIR POLLUTANTS
When organic solvents are removed from an
industrial process by evaporation there is an
obvious need to avoid the discharge o f any toxic
or malodorous emissions that may constitute a
hazard to health or be a nuisance to people
working or living in the affected area. Such
fumes consist basically of carbon and hydrogen
and therefore the most effective control is
provided by burning them to carbon monoxide
and water. In this way the possibility of
secondary pollution, which may occur with
other forms of pollution control is avoided.
Catalytic combustion over a supported
platinum metal enables the oxidising reaction to
take place in a shorter time and at a lower
temperature than straight thermal incineration,
and is therefore a more fuel-efficient way of
controlling such gaseous process effluents; as
even very low levels of odorous pollutants may
be detected, this is a demanding application.
In order to minimise pressure drop through
the catalyst unit many types of support have
been designed, including ceramic honeycombs
that are wash-coated with alumina prior to
activation with the platinum catalyst. In a
recent paper J. G. Irwin and R. L. Moss of the
Warren
Spring Laboratory,
Stevenage,
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England, now consider the possibility that beds
of small spheres could be more efficient than
other supports despite the increased pressure
drop, (‘3. Chem. Tech. Biotechnol., I 980, 30,
( I 2), 657-666). They describe work concerned
with the location, dispersion and amount of
platinum used to activate alumina supports by
creating sufficient platinum surface at, or near,
the periphery of the spheres, so that the
molecules to be oxidised can readily find vacant
platinum sites where the reaction will take
place, when the temperature is high enough.
Experimental conditions of catalyst preparation, characterisation, and testing with both
dimethyl sulphide and n-butanal are given.
The authors conclude that highly efficient
catalysts for the control of organic air
pollutants can be prepared on particulate
supports, and for specific applications
maximum catalyst performance may be a more
important consideration than the additional
pressure drop caused by this type of support. In
view of the difficulty in separating and examining individually the effects of good platinum
dispersion and correct location, it is suggested
that the platinum loading could be specified
for a given method of catalyst preparation.

A Chemist’s View of the
Platinum Metals
CORRELATIONS BETWEEN THEIR PROPERTIES
AND THEIR FUNDAMENTAL ATOMIC PARAMETERS

By Brian F. G. Johnson
University Chemical 1,aboratory. Cambridge

In his Presidential Address to the Chemistry
Section of the British Association in 1966
Professor Sir Ronald Nyholm took as his theme
“Metals and Interatomic Bonding in Chemical
Compounds” and began by reminding us that
metals mean different things to investigators in
different fields (I). The engineer, who uses them
for fabrication purposes, is particularly
interested in their malleability and ductility, in
their ability to conduct heat and electricity and,
if alloyed with other metals, in their ability to
provide materials of great strength. The
metallurgist is concerned more with their
extraction, their bulk physical properties and
how these may be changed by heat treatment
and by alloying with other elements. The
physicist seeks to correlate their physical
properties with fundamental atomic
parameters. At that time, however, with few
notable exceptions, any correlation between the
structure and chemical properties of metals had
been neglected by the chemist. In general, it
was assumed that he was interested in metals
only as catalysts, as reducing agents in chemical
reactions or for the formation of their chemical
compounds. This is no longer true, and since
1966 considerable progress has been made. The
subject of metal-metal bonding has been
developed in some detail, our understanding of
the structures and properties containing groups
or clusters of metals has advanced considerably,
and bonding theories of metals are much more
reliable-although
still not especially good in
predicting chemical as opposed to physical
properties.
In this account we shall take as our basis
some of the views and ideas put forward by
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Nyholm and seek correlations between the
properties of the platinum metals and some of
their fundamental atomic parameters.

The Metallic State
The number of atoms required to describe
“the metallic state” depends on which
properties of the metal we wish to describe.
Groups, or clusters, of metal atoms Mm with
values of m in the range of 40 to 60 would be
quite valuable for the assessment of the nature
and energy distribution of orbitals, as well as in
discussion of local bonding arrangements. In
contrast, such values would be quite inadequate
for any consideration of effects associated
with the Fermi surface of a metal. Recent
calculations have been taken to suggest that
metal aggregates containing as few as four noble
metal atoms have gross electronic structures
that can be related to the bulk metal electronic
structures. Against this other calculations
would indicate that, in the ground state, the
equilibrium bond-lengths of molecules (M2, at
the beginning and end of the 3d transition
series are less than nearest neighbour distances
in bulk metals especially at the right-hand side
of the series where
r r = R bulk- ‘’4 A
From a structural point of view the relative
numbers of edge and face atoms vary widely
for metal particles with sizes in the range 10
to 50 A. Below 10 A the crystallites have only
edge atoms. Beyond 50 I% more than 90 per cent
of the surface atoms are regular face atoms.
This effect is demonstrated for rhodium metal
clusters in Table I. The chemist, who rightly
associates changes in reactivity with changes in
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co-ordination number, orbital
Table l
vacancies and electron distriA Comparison of the Total Number and the Number
bution, will expect the greatest
of Surface Atoms for Polyhedra of Rhodium Atoms
change in reactivity within
(After Chini ( 2 ) )
this range of particle sizes.
Polyhedron
Number of M, atoms
Such effects will tend to level
out beyond that region. It is
Total
Surface
for particle sizes falling
between 10 and 50 A that the
Tetrahedron
4
4
Octahedron
6
6
chemist, who is specially
Square
antiprism
8
8
interested in the catalytic
Cubocta hedron
12
13
behaviour of the platinum
2 Layer of cuboctahedra
42
55
metals, has been able to
18 Layers of cuboctahedra
3,242
2.1 17
obtain considerable information about the interaction
of commercially important molecules such as structure that is an intermediate structure
olefins, alkynes, carbon monoxide and between the h.c.p. and the b.c.c. forms. The
hydrogen with small metal aggregates from structural relationship between these three
studies of the co-ordination chemistry of metal structures may be seen in Figure I .
clusters MmLn(m2 3); L = ligand.
Another point of interest in connection with
In general two questions are being asked:
the structures of transition metal clusters is
( I ) What does the chemist (as distinct from the
the sequence of structures adopted by the
physicist, for example) mean by a metal, and osmium compounds [OsACO) ,,J-, OsACO),,,
(2)At what stage in the construction of a [Os8(C0),,l*- and [Os,,,C(CO),J2-. These prometallic lattice (from one metal atom to an gress from the O,-octahedron, through the
infinite number) do metallic properties mono- and bicapped forms until at
emerge?
[0s,,C(CO),J2a tetracapped octahedral
Here we define a metal, as did Nyholm, as an arrangement of metal atoms is observed. The
element which, in one or more of its forms, is a latter is clearly a fragment of C.C.P. (Figure 2).
good conductor of electricity and whose specific Of further interest, the carbido-atom in this
redstance @) is proportioned to the absolute dianion resides in an octahedral interstitial site.
temperature, TOK.
Cluster compounds, exemplified by these
The second question is not so easily osmium and rhodium compounds, which, in
answered. In the past there has been a tendency contrast to the metals themselves, are easily
among chemists to assume that when a stable studied by the usual physico-chemical technimetal aggregate is under construction atom by ques, would appear to fill the gap between
atom the growth sequence will follow a path to simple molecular compounds and infinite
either a hexagonal close-packed (h.c.p.) or a metallic lattices-at least f r o m a structural
cubic close-packed form (c.c.P.). In the main, point of view.
However, as may be seen from Table I1 the
work on transition-metal clusters has tended to
support this view, most clusters forming frag- structures of these small clusters are different
ments of these common close-packed arrange- from those of the pure metals. Polymorphism is
common to the transition metals and structural
ments. The Rh,, skeleton in @h,3(CO),,HsJ"(n = 2, 3 or 4) forms a piece of regular h.c.p. changes which are sensitive to external
lattice and the Rh,, skeleton in [Rh,,(CO)J+influences (for example, ligands such as CO) are
possesses essentially a body centred cubic not, therefore, too surprising. This is apparent
(b.c.c.) type of structure. Of special interest is from the work carried out on the Rh Rh and
the Rh,, cluster [Rh,,(CO),Js which possesses a R h 1 5clusters referred to earlier in the text.

,
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that polytetrahedral aggregates are more stable
than the face centred cubic (f.c.c.) or h.c.p.
types. Polytetrahedral packing may be carried

Recent calculations on the stability of small
aggregates of platinum metals, using both the
Lennard-Jones and the Morse potential, showed

Formation of Polytetrahedral Clusters
Tetrahedron

=r

(n 4,
Trigonal Bipyramid
(n = 5 )

1

17
Octahedron
Triple Tetrahedron
(n = 6 )

(n = 6)

I

f.c.c. isomers

Pentagonal Bipyramid

i

(n 7,
Icosahedron
(n = 13)
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Stellated Tetrahedron
(n = 8)

out atom by atom according to three different
growth sequences as shown in the Scheme,
opposite. It would appear that for clusters with
more than 70 atoms (-roA) the more stable
aggregates are expected to form regular f.c.c.
types. Examples of tetrahedral growth patterns
have been found in cluster co-ordination
chemistry. Commonly found for gold, such
icosahedral forms are not related to the more
common close-packed arrangements. Again,
cluster chemistry provides examples of
pentagonal symmetries in, for example, the
Pt,JCO)J
anion, which provides an
especially attractive example (Figure 3) and in
O S ~ ( C O )which
~ ~ has the triple tetrahedron
structure (Figure 4).
We should note that the ductility, malleability
and softness of pure metals depend at least to
some extent, on the ease with which adjacent
planes and rows of atoms can glide over one
another. This in turn depends upon the ability
of the metal atom to reorganise its bonding
requirements. In a cubic close-packed crystal
there is a greater possibility of gliding because
there are four equivalent sets of parallel closepacked planes whereas in hexagonal closepacked crystal there is only one such plane.
Thus palladium and platinum are ductile and
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I

I

Table II

Metallic Structures of the
Platinum Metals

Ruthenium
h.c.p.

Rhodium

Palladium

C.C.P.

C.C.P.

Osmium
h.c.p.

Iridium
C.C.P.

Platinum
C.C.P.

Less malleable

.

Less ductile

malleable by comparison with ruthenium and
osmium, see Table 11. Crystals with pentagonal
symmetries (Djh etc.) might be expected to be
quite hard and brittle, similar to boron in fact.

Bonding
Put simply, the properties of metals-good
conductors whose specific resistance @) is
proportional to the absolute temperature
TK-arise
because metals have a (relatively)
small number of available valence electrons in
comparison with the larger number of low-lying
(molecular) bonding orbitals. Thus, metals
display multicentre, electrondeficient bonding.
The view that the bonding in metals may be
described as involving “positive metal ions in a
sea of electrons” is misleading, emphasising as
it does an ionic nature within the metal. Metals
are best regarded as covalent with bonding
delocalised throughout the metal lattice, allowing the easy movement of electrons through the
lattice.
This easy movement of valence electrons
between the atoms of the metallic lattice
is responsible essentially-although
not
exclusively-for
the transport of electric
current. A small part of the current may be due
to the motion of metallic ions. It is worth
remembering, however, that at high current
densities it is often possible with alloys to
observe a change in the concentration of alloy
components as a consequence of the passage of
current. This effect may be correlated with
large differences in the coefficient of
electronegativities. It can also be shown that the
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geometric arrangement of metal atoms within
limits does not unduly affect orbital overlap,
thus allowing easy movement of metal atoms
with respect to each other without breaking the
lattice. The activation energy for such movement is small (-0.5 kJ/mol) compared to usual
chemical processes (80 to 160 kJ/mol) or
fluxional behaviour (20 to 80 kJ/mol). Metal
atoms may, therefore, be displaced very easily.
This explains, at least to some extent, their
malleability and ductility and the ease of
polishing of, for example, palladium and
platinum. To some degree it may also account
for their catalytic properties.
The ability of the metallic surface to undergo
structural rearrangement to accommodate the
incoming substrate is clearly of importance. It
has also been argued that the catalytic activity
of the platinum metals is related to the
anomalous co-ordination numbers and site
deficiencies exhibited by the surface even
within regular lattice types. However, it is significant that the importance of the so-called
non-lattice symmetries (as in the tetrahedral
growth patterns outlined in the scheme and
often found for microcrystallites of the platinum
metals) in catalysis has been recognised, and it
is interesting to record that such geometries are
observed with platinum metal cluster compounds, for example Os, and Pt,,
However, this description of bonding is far
too simple. The chemical bond in metals is far
less well defined than in simple molecular
species. Unlike simple molecules, the atomic
orbitals within a metal do not so easily form a
sound basis for discussing the electronic
properties of metals. Within the metal the
density of orbitals is so high that atomic orbital
overlap occurs far beyond the first coordination sphere, (next nearest neighbours). It
is, therefore, difficult to assign any special
chemical significance to the overlap of atomic
orbitals on nearest neighbours though it is just
this overlap which is used to give a quantum
mechanical meaning to the idea of the chemical
bond.
Apart from the advantages stemming from
high co-ordination numbers and close-packing,

little is known of the basis of geometric cause interatomic expansion in metallic clusters
arrangement as a source of structural such as Pt6CI,, and Os,(CO),,, respectively.
stability-apart
from transition metal cluster
compounds with up to about six metal atoms. It Properties of Metals
appears that close-packed structures occur
A chemist's role is to seek general
when the concentration of electrons is low ( - 2
relationship covering a group of elements or
electrons per atom) whereas for higher con- compounds and then to look for an explanation
centrations (-2 to 4) directed chemical bonds of similarities and differences. We will adopt
this attitude and seek correlations between the
play a role in the structural arrangementhence more success with molecular cluster properties of the metal and platinum fundacompounds-and
structures are no longer mental atomic parameters. Given that metals
close-packed. A major problem in assessing the are essentially covalent, it is not unreasonable
importance of geometric effects is the lack of to ask how far one can go in correlating the
any precise knowledge of the suitable sizes of properties of solid metals with a simple model
metal atoms. This point is clearly emphasised based on a diatomic molecule.
by the range of metal-metal distances found in
cluster compounds. In metals the atoms fre- Physical Properties
For a diatomic molecule (MJ, the vibration
quently have vacant orbitals in addition to
frequency
(v) and the force constant (k') are
those containing electrons; in addition they are
related
by
the
expression
generally surrounded by far more neighbours
than can be bonded by simple electron pair
bonds. As a consequence atoms are generally
separated by distances considerably greater
than those expected for a bond order of one. It where ,u is reduced mass given by the equation
follows that there is a considerable latitude in
M.M.
how closely any particular pair of atoms may
approach each other without generating a
strongly repulsive interaction. For this reason Physical properties which are dependent on the
many different interatomic distances are found stretching of M-M bonds should be dependent
in the structures of metals, alloys and cluster on k' and hence proportional to Mv2.
Using this very simple model most of the
compounds, Any relationship between bond
length and bond order is thus not readily physical properties may be understood in terms
developed for such systems. The compression of O f :
atoms may occur in order to produce high co- (a) Multicentre bonding and structure
ordination numbers, the total summation of (b) The atomic weight (M) of the metal atom
bond energies outweighing any energy penalty (c) The mean vibration frequency of the metal
atoms in the lattice, or the restoring force
created. A bond shortening should not,
constant
(k') for the metal atom for a small
therefore be necessarily interpreted as the result
of increased bonding in these directions, since it
displacement.
The metal is regarded as an assembly of n
may arise merely in order to allow more effective contacts between atoms in other directions. metal atoms, each of mass m, oscillating in
In the case of metals it is for this reason that the simple harmonic motion with a range of freconcept of atomic volume is more meaningful quencies which at low temperatures range from
than that of interatomic distance. It follows vo, vl, v, up to vmax.As the temperature is raised
from these arguments that the more strongly the mean frequency (and amplitude) of vibraelectronegative ligands such as C1- cause a con- tion of individual atoms increases. At
traction in interatomic distance, whereas more temperatures near to, or above, 6' (the so-called
strongly electron donating ligands such as CO Debye temperature) it is assumed that most
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Table III

Physical Properties of Metals at Room Temperature as a Function
of the Simple Fundamental Properties of a Metal Atom
Fundamental property
Multicentre bonding
and structure

Mass M.

Vman

Mass M.

Vmsx,

Bulk physical property
Electrical conductivity
Malleability
Ductility
Elasticity
Ease of polishing
Coefficient of expansion
Polymorphism
Hardness

Melting point
Electrical conductivity
Thermal conductivity

R2)
Table IV

Ionisation Energies, A v o (kJ/mol)
[ Ionisation Potentials, I (eV) 1, from ( 3 )

Iron
Ruthenium
Osmium
Cobalt
Rhodium
Iridium
Nickel
Palladium
Platinum
Copper
Silver
Gold

1St

2 nd

3 rd

762 (7.90)
710.6 (7.364)
840 (8.7)
758 (7.86)
720 (7.46)
900 (9)
736.5 (7.633)
804 (8.33)
870 (9.0)
745.2 (7.724)
730.8 (7.574)
889 (9.22)

1561 (16.18)
1617 (16.76)
1640 ( 1 7.0)
1644 (17.05)
1744 ( 1 8.07)

2956 (30.64)
2746 (28.46)

1752 (18.15)
1874(19.42)
1791 (18.56)
1958 (20.29)
2072 (21.48)
1980 (20.5)

atoms are vibrating with a frequency vmaX,
provided that 0 is not t m large compared with
room temperature, and the expression
hlt,nax= k8
may be used.
(d) The mean amplitude of vibration of the
metal atoms.
For a particle of mass m vibrating in simple
harmonic motion the kinetic energy is given by
+krXZ( 9 smean square of the amplitude of
vibration), which may be rewritten as CM82(x’)
(C=constant), and since the energy is
proportional to T’K then
T
X’ x MBZ

Thus, properties dependent on Xz should be
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3231 (33.49)
2996 (31.05)
3489 (36.16)
3 177 (32.92)
3545 (36.83)
3360 (34.82)

proportional to P K . Within this class fall
melting point, electrical conductivity and
thermal conductivity.
This information is classified in Table 111.
Properties dependent on (a), namely multicentre bonding and the ability to undergo
structural rearrangement, will be electrical conductivity, malleability, ductility, ease of
polishing, and polymorphism. Those properties
which will also be dependent on (b) and (c), the
mass of the metal atom (M) and the vibration
frequency (max v) will include elasticity, the
thermal coefficient of expansion and hardness.
Finally there are those properties which will
depend not only on (a), (b) and (c) but also on
(d), the amplitude of vibration (2’). Since X 2 is

proportional to TOK these will include melting
point, electrical conductivity and thermal
conductivity.

Table V

Electronegativity Coefficients
to Fading)
Fading)
(Due to

Chemical Properties
For an understanding of the chemical
properties of metals knowledge of four further
parameters is necessary. These parameters are:
(i)The heat of atomisation of the metal
(AHo,J, that is the heat absorbed during
the process:
M,,,(solid) + M b s )
at 298OK and one atmosphere pressure.
Essentially it may be taken as a measure of
the M-M bond strength (E.w.b,).The manner in
which AH',, (and thus (E,Lt-A,)
varies within
the transition metal block is shown in Figure 5.
Some of the highest values are found for the
platinum metals although the values for
palladium, silver, and gold are smaller than
those for several first row elements. A plot of
the boiling points against
values is
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Iron

Cobalt

Copper

Potassium

1.8

1.8

1.9

0.8

Ruthenium

Rhodium

Silver

Rubidium

2.2

2.2

1.9

0.8

Osmium

Iridium

Gold

Caesium

2.2

2.2

2.4

0.7

1

roughly linear, suggesting that the boiling point
of a metal is largely dependent on EM-w It
would appear that there is very little disruption
of the metallic bonding when the crystal melts,
and nearly all metallic bond strength is conserved until the metal boils.
(ii) The ionisation energy for the formation
of the appropriate ion M" (I.P.).
Thc ionisation energies (and potentials) for
the platinum metals are given in Table I\'.
Among the platinum metals the third row
elements, osmium, iridium and platinum,
exhibit very high first ionisation energies.
However, as elsewhere in the transition metal
block, values for some members of the second
row are less than those of the first row, for
example Ru < Fe < Os, Kh < Co < Ir and
Ag < Cu < Au, but a revision occurs in the
nickel triad Ni < Pd < Pt. The very high values
of AHoac and ionisation energies for the
members of the third row are clearly
responsible for the relative inertness of these
metals. The high values of AH', for osmium,
iridium and platinum must also be largely
responsible for the tendency that these metals
have to form cluster compounds. It may be
argued that by forming such clusters the energy
required is a fraction of that necessary to
produce individual atoms. Furthermore, one of
the consequences of the multicentre bonding
approach-r
broadening of the energy levels
containing the valence electrons into an energy
band-is that the minimum energy required to
remove an electron from the bulk metal is much
+
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less than the ionisation energy of the free
atoms. This so-called work function may be
determined from photoelectric measurements.
It follows that the energy required to remove an
electron from a small cluster of atoms will also
be less than the ionisation energy, although
certainly more than the work function. Hence
both A€Ioa, and ionisation energies favour
cluster formation as opposed to the formation
of simple monometal compounds.
(iii) The electron affmity (E.A.) of the metal
atom-for which few reliable data have
been obtained-and
(iv) The electronegativity C;r) of the metal
atom.
Values of electronegativity coefficients, as
derived by Pauling, are given in Table V.
Metals with the largest electronegativity values
include the noble metals with coefficients in the
range I .9 (silver) to 2.4 (gold). These values may
be compared to those of the more electropositive metals rubidium (0.8)and caesium (0.7). As
listed above a pure metal has essentially
covalent multicentre bonding and replacement
of one metal by another of a similar kind
produces an alloy with similar bonding. In con-

trast, if two metals of widely differing
electronegativities are employed then an ionic
compound results. Such is the case with
caesium and gold giving Cs+Au-. As such, gold
may be regarded as a quasi halide. It is worth
remembering in any discussion of this sort that
electronegativity values are dependent on their
source. The Pauling values, derived from bond
energies of chemical compounds, tend to be
larger than those of Mulliken given by
(I.P. + E.A.)/z.

Conclusion
Any simplistic approach such as that offered
here can at best offer only a limited guide to the
behaviour, both physical and chemical, of the
platinum metals. Nevertheless, such a simple
model is not without its attractions. Certainly it
can act as a useful guide and can offer some
understanding of the multitude of factors
responsible for the so-called metallic properties.
I

References
K.Xyholm, Adw. Sci., 1964,23, ( I 151,421

1’. Chini, Guzz. Chim. Itul., 1979,109,<s), 225
3 1%’. E. Dasmt, “Inorganic Energetics”, Penguin
Rooks, 1970
2

Progress by Rustenburg Platinum Mines
Rustenburg Platinum Mines has recently
reported progress in a number of important
areas.
Prospecting
operations around
Potgietersrust, reported here a year ago, are
now nearing completion, although it will be
some time before metallurgical and feasibility
studies are concluded. Expansion at the
Amandelbult Section, to provide capacity for a
previously announced contract, has been completed, as has the sinking and commissioning of
a new shaft at the Rustenburg Section of the
mine.
At the Union Section a second electric smelting furnace, shown here, is now fully
operational. The rectangular furnace is of the
submerged are type and has six large consumable electrodes. Electric smelting is highly
efficient and permits more economical production than the traditional blast furnace. Molten
matte, consisting of the platinum metals
together with very much larger amounts of
iron, copper and nickel sulphides, is periodically
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tapped from the furnace and fed into the two
large refractory-lined steel ladles, each with a
capacity of I 5 tonnes, for transport by overhead
crane to the casting area.
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Platinum Anti-Cancer Drugs
A DISCUSSION ON THE MECHANISM OF ACTION
The drug has also been used successfully to
treat primary brain tumours in children.
Professor Rosenberg then speculated on the
mechanism of action of these platinum drugs.
Molecular biology studies by several researchers
indicate that cis-Pt(I1) binds to DNA in cell
nuclei, preventing replication. Normal cells
have processes to repair such DNA damage, and
it is widely believed that the breakdown of these
repair processes is a major factor in the
transformation from normal to cancerous cells.
One particular DNA site, 0-6 of guanosine has
been linked with both carcinogenesis and the
mechanism of anti-tumour action of platinum
complexes.

A conference to discuss the opportunities for
inorganic biochemistry in the I 980s, organised
by the Inorganic Biochemistry Group of the
Dalton Division of the Royal Society of
Chemistry, and held at Birkbeck College,
London in December 1980, took as its theme
the need to gain more knowledge of the biological distribution of metal and metalloid
elements, in order to obtain a better understanding of their role in biological systems.
The final session of the conference was
devoted to inorganic pharmacology, an area
where much recent interest has been
stimulated by the success of some platinum
compounds, particularly cis-dichlorodiammineplatinum(I1) (cis-Pt(II)), in treating certain types
of cancer. This is now an approved drug,
marketed under the registered trademarks
Neoplatin and Platinol, in the U.K. and U.S.A.
respectively. It was therefore appropriate that
the first lecture in this session was given by
Professor Barnett Rosenberg of Michigan State
University, who was the first to report the anticancer activity of this compound in 1969 and
who has done much to further its exploitation.
Following a brief description of the
discovery, Professor Rosenberg discussed the
aqueous chemistry of cis-Pt(I1). In distilled
water the chloride ligands are slowly displaced
by water molecules, which may then
deprotonate and react further to produce a
variety of hydroxy species. Some of these have
been separated and identified using high performance liquid chromatography.
In the clinic cis-Pt(I1) is used in combination
regimes with other anti-cancer agents, common
examples being bleomycin, adriamycin and
cyclophosphamide. Synergism, where the
response to combination therapy is greater than
would be expected from the response to the
separate agents, is often observed. Tumours
responding favourably include testicular,
ovarian, head and neck, and bladder cancers.
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Rosenberg discussed preliminary results on
the ability of tumour cells, both those sensitive
and those resistant to cis-Pt(II), to repair DNA
which has been methylated at this position.
Present indications are that this type of DNA
damage may be a major reason for the
effectiveness of platinum drugs. An extension of
this type of study may enable a relationship to
be established between various types of DNA
damage and cell transformation, and the anticancer activity of chemotherapeutic drugs. This
could lead, in the long term, to optimised
C.F.J.B.
methods of treatment.
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The PallapHode Electrode System
A ROBUST LONG-LIFE SENSOR FOR MEASURING THE
HYDROGEN ION CONCENTRATION IN MANY MEDIA

By J. V. Dobson
Elertrochemical Research Laboratories, Unicersity of Newrastle upon Ty nr

il;o phase. The non-equilibrium condition

The ability to determine accurately the
acidity or alkalinity of a solution is an obvious
necessity for innumerable purposes, and for
much routine work a pH meter which measures
the potential difference between a standard
electrode and a glass electrode may be employed
satisfactorily to give quick and accurate results.
There are however, several limitations to such
meters some of which can be overcome by using
the system described here which incorporates a
palladium-h ydrogen pH electrode.

p H 'alloy1

PH

' .aqucoua solufiiin'

(ii)

is considered to be responsible for the origin
of an electrode potential. The spontaneous
desorption of hydrogen from the alloy arises
from this non-equilibrium state when a
hydrogen-palladium electrode is immersed in
hydrogen-free solutions. Due to restrictive
kinetic factors, the slow rate of equilibration of
the inequality (ii) allows non-equilibrium to be
maintained for a considerable time at room
Theoretical Concept
temperature. Therefore, providing the
Palladium has the power to absorb hydrogen hydrogen:palladium ratio corresponding to the
by either gaseous or clectrolytic methods, and iup phase can be maintained within prescribed
the alloy formed may be one of three phases (w, limits, such a system gives a stable potential
which varies with the hydrogen ion activity, in
a$, ,8,) depending on the hydr0gen:palladium
ratio present. Hydrogen desorbs spontaneously accordance with the Nernst equation.
In the PallapHode system the required
from the alloy, and for specific ranges of
hydrogen:palladium composition the resulting hydr0gen:palladium ratio is maintained by
vapour pressure is constant at any particular electrolytic recharging with hydrogen from the
temperature. Thus, for example, from 0.03 to solution under examination. The amount of
0.59 hydr0gen:palladium concentration (in the hydrogen involved is minute, and decomposiphase) this vapour pressure remains con- tion of the water is insufficient to change the
stant at 16 mm of mercury, at z5OC. Rut at, say, concentration of the electrolyte significantly.
160°C it is 1520mm of mercury over a
hydr0gen:palladium concentration range of Principal Features
0.12 to 0.48. Thus as the temperature increases,
The key component of the PallapHode
the range of hydrogen:palladium concentration
system consists of a palladium-hydrogen
over which vapour pressure is constant electrode incorporated in a probe that also
decreases, and changes in the alloy composition contains reference and auxiliary electrodes.
may be followed by electrical resistance
This is placed in the solution to be measured
changes. It is believed that, since absorption of
and is connected to specially developed electronic
hydrogen into the lattice is by either protons or
measurement and control circuits contained in
atoms, the thermodynamic relationship
conventional pH type meter format. The potential produced by the electrode, when measured
p H tallo>; ','HH.!\urfB'.r,3olutiun
= auHt {aqoeous (i)
mre;facc'
%,I~l~""'
with respect to the reference electrode, indicates
holds for a hydrogen-palladium electrode in the the pH of the solution under examination.
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The electronic circuits perform three major
functions:
( I ) Measurement of the electrode potential, and
therefore of pH
( 2 ) Control of the composition of the palladiumhydrogen electrode
by
continuously
monitoring its resistance and electrolytically
maintaining its hydrogen content.
(3) Periodic cleaning, and maintenance of ideal
Nerstian behaviour, is accomplished by
electrochemical pulses at the palladiumhydrogen electrode surface, which also
allows its use in dirty environments.

Stability and Performance
The plots of electromotive force against time
for a range of solutions with quite different pH
values show that, even for periods up to 80
days, drift is only a few millivolts in an instrument not subject to recalibration, Figure I.
As the composition of the palladiumhydrogen electrode is maintained in the .;O
phase, the plot of electromotive force against
pH value gives a linear Nerstian response at
temperatures up to 25ooC, shown in Figure 2.

Advantages and Applications
The PallapHode system is primarily a specialpurpose instrument for use in adverse environments. However, a number of advantages over
the familiar glass electrode system are apparent
and these may warrant its use even under
moderate conditions. The main advantages are:
(i) Automatic in situ cleaning permits use in
solutions containing solid suspensions.
(ii) Frequent recalibration is not required.
(iii)The probe can be used at up to 250°C in
aggressive aqueous and non-aqueous media,
and is extremely durable.
(iv) The probe performance is unaffected by
previous usage and, in contrast to the
metallic ions that may be leached from glass
electrodes, can only liberate minute
quantities of hydrogen over a long time
(v) It remains accurate at high concentrations
of dissolved salts, such as alkali metal ions.
In addition the system may be used in
electrolytes containing up to Io-2moLkg of
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reducible metal ions, (although the electrode
can become plated by some ions).
Thus, as well as laboratory uses, the PallapHode has important advantages for environmental pollution measurement, oceanographic
research, industrial process control, and very
small electrodes have found in vivo medical
applications.
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An Early Industrial Application
for Malleable Platinum
ITS USE IN FLINTLOCK FIREARMS

By Ian E. Cottington
Johnson Matthey & Co Limited
For a period in the early nineteenth century, when malleable platinum
was first available commercially, the high temperature and corrosion
resistant properties of the metal were utilised for the manufacture of
the touch-holes and pans of flintlock pistols, guns and rifles by
English gunmakers, who also used it for some simple decorative
purposes. Advances in firearms technology resulted in the effective
disappearance of this application round about 1820, although b y then
platinum was used in various forms of percussion gun. This article considers some aspects of the flintlock use, including the claim made by
Joseph Manton that he was the inventor of platinum touch-holes.

flint-lock mechanism utilised a piece of flint
held in the jaws of a pivoted dogshead, or cock.
When the trigger was pressed, the cock swung
forward and the flint struck sharply against the
steel fixed on the cover that protected the
priming charge. As the cover was forced out of
the way a shower of sparks caused by the
impact fell onto the priming powder, igniting it
and hence the main charge. This then was the
stage reached in the development of hand
firearms when platinum first began to excite the
interest of scientists and craftsmen in Europe.
The growth in the standing of London as a
centre for fine gunmaking, in the last quarter of
the eighteenth century and the early years of
the next, was due to a combination of factors
including excellent traditional workmanship
and the inventive nature of many of the gunmakers who, being engaged in intense rivalry
with one another, worked hard to improve their
products and hence their craft. At the same
time science and technology were developing in
London in more peaceful conditions than sometimes prevailed in much of the rest of Europe.
The arrival of platinum in Europe from the
Spanish Americas, and the various attempts
to render it malleable, have been covered

Following the invention of gunpowder a
variety of firearms was developed, and initially
these were discharged by applying a lighted
match to priming powder contained in a small
pan on the putside of the gun barrel. A narrow
hole connected this pan to the main charge
positioned in the closed end of the gun barrel
adjacent to the breech-plug; thus the ignition of
the priming charge caused a flame to pass to the
charge, exploding it and consequently expelling
the shot from the open end of the barrel.
Although there were many disadvantages to
this match-lock method of firing, an alternative
was not developed until early in the sixteenth
century. This consisted of a wheel-lock
mechanism using a spring-driven steel wheel to
generate sparks from a piece of pyrites pressed
against it, and once again the main charge was
fired by the ignition of powder held near the
touch-hole outside the gun. This mechanism
was inclined to jam, and being complicated was
not easy to repair. However in the early
seventeenth century a French gunmaker
produced a more reliable arrangement which by
the end of that century, following further
development and improvement, had virtually
superseded all earlier methods of ignition. His
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I hir douhlr-harrdlrd jlmt-lock gun mad$. h, , / o w p h Ilnnton I Yrrial \o 6 i 6 0 ) hap tou( h-holc., 1inc.d
r lotk, arr of a i ~ u t ~ r p r o variety.
of
and are filled with gravitating stop? patrvmd bv
I ) : “thr gravitating $top9 arr for thr p u r p o w of p r w m t i n g a doublr-gun going
~ o f charging on(’ harrcd. though rhr othrr ahould bcj 1oadc.d and c o r h d ; as wcll as
whilst in r h act
othrr arcidrnt which might arisr. clithw from a rloublr or sing1cB pun hcmg ( o fkrd. whilr on (1 $hooting
rxcursion” / 2 j 7‘hr cirrulnr countorpoiw t w i g h t s o f thf. $top9 on thip gun, uhirh I F in ’Ihr Irmouric,,
of I!. If. 7ou.c.r of London ( kI1-1281). n w fucrd with platinum. thu, utilising both rhr high drmitv
and t h P (kcoratit 6, upprarancc. of the mptal

previously (3). It is worthwhile recalling that
ductile platinum began to be available in
England in commercially useful quantities only
about 1x05, but it appears that even before this
one or two gunmakers may have been using the
metal for specific applications.
The burning and explosion of the gunpowder
used in firearms at that time generated hot
gases of a corrosive nature; these, and the
action of the flame, caused a deterioration of
the metal surfaces with which they came into
contact. If the touch-hole was simply a hole
drilled through the gun barrel, or the
breeching, the hole became progressively
enlarged with use, and this in turn led to a loss
of power when the gun was fired. This could be
avoided by lining the hole with a high
temperature corrosion resistant material, and
gold-which had been used in Spain for this
purpose since at least the second quarter of the
seventeenth
century ( 4 j b e c a m e fairly
generally employed for better quality firearms.
However, in the early years of the nineteenth
century platinum began to be used as a replacement for gold for lining touch-holes and pans,
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as well as for a number of decorative purposes.
In time the benefits of platinum touch-holes
appear to have been fairly generally accepted by
the gun users, but the use of platinum for the
possibly less exacting purpose of lining priming
pans was not so well thought of. In 1 x 1 I B.
Thomas-a pseudonym of Thomas Burgeland
Johnson, the Liverpool printer and writer on
field sports-wrote:
“As to gold pans, they are more for show than
utility. A steel pan will be found, with common
care in cleaning it, to last longer, and to answer
every purpose as well, as when lined with gold.
However, a gold or platina touch-hole is preferable to the common one. Platina has but lately
been tried for this purpose, and found to answer
equally as well as gold; at the same time it is
much cheaper. I have two fowling-pieces with
platina touch-holes, which I have used four
seasons, and the platina appears, in every respect,
equal to gold.” ( 5 )

However platinum did find application for
various pans, including a patented pan with a
“V” shaped cross-section, illustrated here,
where a raised band of platinum was often used
to bisect the pan, thus retaining priming
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In 1815 .fohn .lIanton took out a patent ,for ‘.An Improvement in the Construction of IIammers and
Pans to the Locks of all kind of Fowling I’ieces and Firearms”. Pari of this claim consisted o f d i v i d ing thr, pan. along the centre line ,from the touch-hole. by a ridge “about one-sixteenth of an inch in
hripht, and about the, thirtieth oif an inrh thick” ( 6 ) . On the John ,V!anton doublo barrelled gun
(Serial ;Yo.77117) illustrated hrreplatinum was used for this purpose. This gunforms part of the magnificent collertion made by R. L. Scott, and bequeathed by him to the City o,f Glasgow ( 3 9 4 5 w r )

powder close to the touch-hole regardless of
whether the muzzle of the gun was elevated or
depressed.
It is not absolutely certain who was the first
gunmaker to employ platinum but the presently
available evidence suggests that it was one of
the Manton brothers. During his examination
of the Wollaston manuscripts, now held in the
Cambridge University Library, the late L. F.
Gilbert discovered that a considerable proportion of the platinum refined by William Hyde
Wollaston was described as being of “touchhole” quality. He also identified the names of
many of those with whom Wollaston conducted
business and an examination of his accounts in
the ledgers of his bankers, Messrs. Coutts, confirmed that some of the principal London gunmakers were among his customers. From
manuscript entries Gilbert calculated that
about 17,000 ounces of platinum had been of
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“touch-hole’’ quality. Although not all of this
may have been sold to the gunmakers, between
1809 and 1822 no less than 700 ounces of gunmakers scrap were returned to Wollaston, so
presumably that industry was using a substantial amount of the metal (7). Dr. M. C.
Usselman, who has recently made a thorough
examination of the Wollaston papers, suggests
that “bars” or “ingots” sold during the years
I 8 19 to I 82 I-when
no ingots were specifically
referred to as being of “touch-hole” qualitymay also have been sold to gunmakers (8); if so
a total of some 27,000 ounces of Wollaston’s
platinum could have been used by this industry
during the period I 805 to I 82 r . Clearly gunmaking was then by far the largest single
application for his malleable platinum.
In his paper Gilbert referred to an early
chemistry textbook (9) in which Samuel Parkes,
the author, stated that he had been informed

that Manton of Dover Street was the first to
employ platinum for touch-holes.
In time, platinum was probably used by all
the English gunmakers for the touch-holes of
their best quality flintlocks. Of course, there
was no standard configuration or dimensions
for the platinum linings, which appear on the
outside of the gun as a circle, possibly 5/16 of
an inch in diameter, with the narrow touchhole drilled through its centre. On occasions a
thin disc of platinum would merely face the
surface of the barrel around the touch-hole;
rarely a thick plug of platinum would pass
through the wall, but more frequently the
touch-hole was only lined with a thin sleeve.
Thus the weight of platinum employed varied
considerably but would not exceed r/8 ounce at
the most, and would usually be much less.
Although ingots were generally sold for this
purpose Wollaston apparently also made
reference to wires for touch-holes (10).

John and Joseph Manton
The Manton brothers were famous London
gunmakers and their history has now been
thoroughly researched and admirably presented
by Neal and Back (11, 12). John Manton, the
eldest son of a Grantham farmer and landowner, served his apprenticeship with provincial gunsmiths before moving to London.
After rising to become foreman for Twigg of
Piccadilly, one of the most famous gunmakers
of that period, John started his own gunmaking
business at 6 Dover Street in 178I , and the firm
remained at that address until long after his
death in 1834. While working for Twigg, who
enjoyed royal patronage, John Manton
undoubtedly developed his gunmaking skills
and learnt a great deal about the making of fine
quality firearms. After Twigg’s death in 1790
his business deteriorated rapidly and former
clients requiring guns of the highest quality
turned to Manton, with whose work they were
already acquainted. Thus John Manton
established himself as one of the greatest and
most versatile gunmakers. Several of his
apprentices were also to become famous in the
gunmaking business, none more so than his
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younger brother Joseph who, after first being
apprenticed to a Grantham gunsmith, joined
John in London as an apprentice. Joseph
Manton, fourteen years younger than his
brother John was clearly both quick to learn
and ambitious. In 1789 he started his own firm,
which was to become one of the most famous
for its fine sporting guns, and from the time of
his marriage in 1792 until 1819 the business
was located at 25 Davies Street, Berkeley
Square. Therefore there can be no doubt that
Parkes, writing in 1815 of Mr. Manton of
Dover Street, was referring to John. However
there is no certainty that Parkes was correct
about the first gunmaker to use platinum,
indeed there is some evidence to suggest that he
may have been wrongly informed.

Samuel Parkes-Chemist
In view of the importance which may be
attached to the information given by Parkes it is
worthwhile considering the context in which it
occurred, and also his technical standing.
Parkes was not involved in the manufacture of
firearms nor, as far as is known, in their use; he
was the proprietor of a chemical manufactory
in London and an acknowledged chemical
expert and author. He supplied acid to
Wollaston, and in January 1811 purchased a
platinum boiler for the production of sulphuric
acid. The required 377 ounces of platinum were
purchased from Wollaston who probably also
supervised the construction of it, for he later
wrote to Parkes asking about its performance.
While it is not known from whom Parkes
obtained his idea about the first gunmaker to
employ platinum for touch-holes, the context in
which it occurs suggests that it was someone
involved in manufacturing gun barrels. Parkes
did acknowledge (13) that he had received
information about fulminate chemicals from
the ingenious Scottish clergyman Alexander
John Forsyth-inventor
of percussion ignition
firearms-of whom more will be said later, so it
seems clear that Parkes was in communication
with people knowledgeable on platinum, and on
firearms.
In the first volume of his Chemical Essays,

Joseph Manton

1766-1835
Regardless of whPthPr J u w p h or his
brothcr John was the first to U S P
platinum /or lining touch-holes. thwp
ran bv no doubt that Josrlph was one of
the Jinclst, possibly the f i n ~ s t ,gunmakers of the prrzad. An epitaph
w r i t t ~ r ib y Lieutrnant (:olonel P e t f v
Hau.kc,r recognises that ”. . . an
werlasting monumpnt to his u n r i t d e d
genius is clearlv c>stablished in every
quartw <if the globe, by his celebrity as
thp grcwtrpt artist in fircwrms that the
world produced, as the founder and the
fathpr of the modern gun-trade. and as
a must scientific inventor. in other
departments, not only f o r the benefit o f
his fricmds and thr sporting icorld, but
for thr good of his king and couiitn.”
(14)

when writing on temperature, he regrets that a
general purpose pyrometer was not available.
“The want of a good pyrometer is severely felt
by the manufacturers of Birmingham. Cases daily
occur of losses sustained in consequence of their
not knowing the precise degree of heat in high
temperatures. A single instance will be sufficient
to explain my meaning.
It has been customary to fit up the best
fowling-pieces with touch-holes of gold, because
those of iron or steel are soon eroded and worn
away by the sulphur of the gunpowder, which
unites with this metal and converts it to brittle
sulphuret.
Nothing can be easier than to mould these gold
touch-holes properly, and also to fix them firmly
within the gun-barrel; but there is an afterprocess to be performed, which is attended with
considerable difficulty. One of the last operations
in finishing a gun-barrel is that of hardening the
breech, which can only be done by submitting it
to a high degree of heat; and if ever the precise
degree that is necessary for the process be
exceeded, it is ten to one but the gold melts, and
the manufacturer has to replace it with another
touch-hole.
The temperature at which gold melts is well
known; the gunsmith, therefore, has only to
ascertain what degree of heat is necessary for
hardening the breech; and then, by employing a
pyrometer, the accident above mentioned would
never happen.” (I 5)
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The generally quoted reference to Manton
occurs i n a footnote to the second paragraph,
and is shown here i n full. I t is surprising that
the author says platinum touch-holes were
more expensive t h a n gold ones for, at that time,
malleable platinum was very m u c h cheaper
than gold; at I 7s per ounce it was only one-fifth

When thls occurs, the workman hur tbe
trouble of % g o softening the temper of the
barrel before he c
m fix another touch-hole to
it, and consequently thc same expnse and
risque of hardening it must be incurred, besides the loss of time. Owing to these inconveniences the gun-smiths have nearly discarded
the use of gold, and now make the foochholes for the best pieces of platina, although
they cost nearly double the price. I have
been iuformd that Mr. Manton, a very eminent gun-smith of Dover-street, was the first
person who employed platioa for this purpose.

Ilv puhlishrng the information hr had pained
rch& z isiiing other manufacturers or talking to
hi? nssociaic>s, PnrkPr hoped to incrcBasc, thv
hnoulr<&c. of uthrrs and hencv iniprow the
production o f manii faciured goods

Trade labels were a deoelopment of tradesmen’s cards,
which some gunmakers had
earlier placed inside their
#irearms cases. Many were
attractively engraoed and
serced as a discrete ,form of
advrrtising. A s well as the
gunmaker’s
name and
address, the label would
p r h a p s g i w royal, or
notauorthy,
appointments
and any of his terhnical
innovations which thc. gunm a k w u!ishrd to bring to the
attrntion of his cuslomers.
On this label, which was first
used i n about 180.5, Joseph
Manton claimed to be the
Inccmtor of Platina Touchholm; the claim was repealed
on another design of’ his label
zchich wus uscd from ubout
1810 to 1812 ( 1 6 )

the cost of gold (8). Possibly he was wrong, or was before the gunmakers were fully aware of
was referring to the very first guns produced the properties of the newly available metal (19).
with the new touch-holes, but clearly this was
The note that links the name of Manton with
not the situation when the book by Johnson the Dover Street address is repeated in later,
was written ( I 7).
corrected, editions of Parkes, so it must preThe metals would both have somewhat sumably have gone unchallenged at the time.
similar corrosion resistant properties but the However, it is now necessary to consider the
advantage given by the higher melting point of evidence which is at variance with his writings.
platinum (1768OC compared with only 1065°C
for gold) may have been an important con- Trade Label Claim
sideration when the metal was first introduced
At this time many firearms were housed in
for this purpose. However, this was not the only wooden cases and it became customary to
benefit of using platinum; the fact that its attach trade labels to the inside of the lid, either
hardness was about twice that of gold was also when the arms were first made or later when
appreciated and made use of. Hawker, a soldier, they were returned for repair or modification.
keen sportsman and writer of a most authorita- Joseph Manton first used such labels in about
tive book on shooting wrote:
1795 and his second design of label, which he
used between about 1805 and 1812, included
“Touch-holes of plarina are considered the best,
the words “lnVentor Of Platina Touch HOLES
as those of steel are apt to collect rust, and one of
gold is more likely to blow out, and, therefore,
From this it could be deduced that he was the
will not admit of being made SO thin; consefirst gunmaker to use platinum, and that
quently, (from requiring to beTHICK does not
possibly the first use and the issue of the label
shoot so sharp; for the thinner it is, the quicker will
occurred fairly close together.
be thejiring of the gun.” ( I 8)
Firearms manufactured during the period of
In an attempt to get guns to fire as fast as interest are generally stamped with the maker’s
possible, it appears that in some early instances name or mark, and frequently also with a serial
the platinum touch-holes were made too thin to number which enables the year of manufacture
function entirely satisfactorily; presumably this to be determined. Thus a critical examination
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of the many arms of the period preserved in
museums and private collections should enable
the maker of the oldest firearm incorporating
platinum, and also the approximate date of
manufacwe, to be identified. Care is however
necessary in such a survey because arms were
frequently modified to incorporate the latest
improvements, and some guns which were
manufactured before platinum was known to be
commercially available in Europe do contain
platinum touch-holes. Additionally there can, of
course, be no certainty that the first firearm to
incorporate platinum still exists.
Although platinum was also used by other
gunmakers, the evidence provided by the serial
numbers of their guns reinforces the belief that
one of the Manton brothers was the first to do
so. Joseph apparently changed to platinum
touch-holes in 1804-5 while John changed in
1803 (20). There was intense rivalry between
the two brothers, and it is interesting that
they both started to use the new material at
almost the same time, and apparently ahead of
their other business competitors.
It was stated earlier that the London gunmakers were inventive people, and this claim
can be supported by the number of patents
taken out by them on their own subject, and
also sometimes on quite different ones. Between
the years 1797 and 1821 John Manton was
granted four patents while between 1792 and
1825 Joseph received twelve. Although these
figures may suggest that Joseph was the more
inventive of the two, his patents do not provide any evidence to support the claim that he
was the inventor of platinum touch-holes.
It is only possible to speculate how the
brothers became aware of the availability of
ductile platinum with its unique properties so
relevant to their application, for, as yet, this
writer is unaware of any information on this
aspect of the subject. At a time when a practical
technique for melting platinum was not known,
it might very well have been the high melting
point that first attracted the attention of the
gunmakers, perhaps even for the reason contained in the book by Parkes although this
point was not brought out by any of the other
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authors quoted here. They emphasised the
advantages resulting from some of the other
properties of the metal. Be that as it may, by
March 1805 William Cary, a respected philosophical instrument maker of 18.2 Strand, had
been entrusted with the marketing of malleable
platinum produced by Wollaston (21). If the
dates deduced from the serial numbers of the
guns are correct then it would appear that John
Manton, at least, was using platinum before
that time. Possibly increasing demand from the
gunmakers was one of the factors that resulted
in Cary being commissioned to sell most of
Wollaston's platinum, although there is no
known evidence for this suggestion.

Percussion Ignition Systems
Although the best of flintlock firearms were
accurate and highly efficient they still had a
number of serious disadvantages, one of which
was the difficulty of making them moisture
proof. Even more unsatisfactory was the time
which passed between the pressing of the
trigger and the shot travelling the distance to
the target for this enabled birds and animals,
possibly alerted by the flash of the priming
powder, to move their position.
In 1807 a Scottish clergyman the Reverend
Alexander Forsyth, a keen sportsman and
amateur mechanic and chemist, obtained a
patent for a new system of firearms ignition
which was to increase greatly their reliability,
and which proved to be a turning point in the
development of firearms (22). His percussion
ignition system utilised the already known
principle of exploding certain special compounds by an impact. Fulminate compounds
produced by the French chemist Claude Louis
Berthollet in 1786 were not a satisfactory
replacement for a charge of gunpowder, but
Forsyth's patent was concerned with the use
and application of fulminates, as an alternative
to priming powder ignited by match or flint and
steel, to fire the main charge of gunpowder.
Although his initial attempts to interest the
military authorities in his invention were not
successful he went on to establish a successful
gunmaking business in Piccadilly, London.

The early mechanisms for discharging
percussion firearms were extremely sensitive
and to prevent the consequences of accidental
discharge a number of the critical components
were lined with platinum. Forspth’s idea was
quickly taken up by other gunmakers who
attempted to improve on his patent by
incorporating variations of their own. For many
years platinum continued to be used for a
number of specific applications, including the
lining of the nipples on which percussion caps
were placed-and again it is uncertain who was
the first person to use platinum for this application (23)-and
also for the vent-holes which
were considered to be necessary in various firearms. Hawker (24) expressed the opinion that:

Metallurgical development took place
alongside other advances in technology and
later in the nineteenth century platinumiridium alloys were being used for the vents of
heavy guns in a number of European countries
(25). Before this, however, the flintlock era was
over, flint and steel having been replaced by
percussion ignition locks for all practical
purposes.
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“A detonator without a vent-hole, though
perhaps it may shoot a little stronger, is very
liable to corrode, and recoils most cruelly. The
best vent-hole, to my fancy is a fixed one of
platina, similar to a touch-hole; as vent-screws, I
find, are liable to rust in; and, unless lined with
platina, are either soon choked up with rust and
dirt, or blown too large by repeated shooting.”
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ABS TRA C T S
of current literature on the platinum metals and their alloys
PROPERTIES

The Effect of Plastic Deformation of
Amorphous Pd-Si Alloys on Their
Thermal Properties
T KCI.IK and H. MArYJA, J . Mazer. sci., 1980, 15,

Adsorption of Oxygen on Pt( 111) and Its
Reactivity t o Hydrogen and Carbon
Monoxide
I). R . MONROE and K. 1'. MERKILL,J.

Catal.,

I 980,

(12),3169-3t72
The effect of plastic deformation of metallic
I'd,,,,, ySix(x- 16, 18, LO, 22 at.'?) glasses on their
thermal stability was examined. Plots of crystallisation temperature against x revealed that plastic
deformation causes a decrease in the crystallisation
temperature, and that thc magnitude of changes in
crystallisation temperature is a function of the
chemical composition of the alloy.

65,

46 1-469
0, adsorbed on PI with an initial sticking coefficient
of 0.048 -t 0.006 and linear adsorption kinetics. The
surface saturated at an 0,:I't ratio i:4. The reactivity
of adsorbed 0 , to H, and CO was determined from
steady-state 0 , coverages for H,-02 and C G O ,
mixtures. From the reactivity data, which show reaction probabilities of I .o for CO and for H, over a
wide range of 0, coverages, it is concluded that both
H, and CO are reactive in mobile states which may
be-precursors to adsorption.
(2),

+

Corrosion Resistant Alloys and
Prospects for Their Development

Solid Solutions of RuO,and IrO,
J . Inorg. Nucl. Chem.,
1778-1781
Studies were made of mutual solubility and
morphological changes of the KuO, and IrO, system
during thermal stabilisation. X-ray diffraction
studies showed the presence of a single rutile phase
(Ku, J r x p , over the entire range of composition.
There was no evidence of a discrete IrO, or KuOZ
phase. The (Ru,, x71ro1J02
system was studied for
thermal stabilisation effects. Increasing temperature
and increasing time at temperature causes a less fine
porosity and leads to the loss of all defined pore
structure below 5ooA.
It. N.HAI.KO and C. K.I)AVIDSON,
l980,42, ( I Z ) ,

the

K.1). I'OMASHOV.%U.T~C~.
Met.,

I 98 1 , 17, (I), I 6-33
The conditions for the production of high corrosion
resistant alloys, such as stainlcss steel cathodically
modified by Pt, Pd, Ru, Ir, Rh, 0 s or Au, are given.
Some ways of obtaining new Ti based corrosion
resistant alloys containing platinum group metals are
reviewed. (47 Refs.)

Homogencous
Pd 77,5Cii(,Si (,,S

,

Flow

A. 1. 'TAW and 1;. SPAEPEN. &r.

of

Amorphous
Superconductivity of
New Ternary
Horides with the I,uHuB,-Type Structure

Merall., 1980, 14, (I I),

and K. N.SIII~UI'ON,Marer. Res. Bull., 1980,
15, (lo', 1441-1444
A new group of superconducting ternary borides,
with a general formula M T R , (where M is Sc, Y or
1.u and T is Ru or 0 s ) has been found. The
superconducting transition temperature range is
from 1.3K for ScOsB, to ro.oK for LuRuB,.
Isomorphous compounds with M = Tb, Dy, Ho, Er
or ' l m order magnetically with critical temperatures
in the range 2-46K. Superconductivity and magnetism are discussed with respect to analogous data
on M?',R, systems.
I I C. KI:

11?7-99

A study of the flow and relaxation behaviour of
amorphous I'd,, ,Cu,Si,, is presented. This system
has relatively easy glass forming ability. The glass
was initially heated at gooK under load for 3 days.
Its flow was then monitored at different
temperatures. On returning to 5roK at the end of
one temperature cycle its viscosity had increased by
nearly 50%. The glass was also heated from 510 to
534K and its ilow monitored. After the increase in
temperature to 534K where it was held for 6 days
while the temperature was then cycled, there was no
significant change in the observed viscosity.

Solid
Solution
Decomposition
Fe-33 at.% Pd Single Crystal Alloy

CHEMICAJ, COMPOUNDS

in

G. V. I\'ANO\'A, G . M . MAKAKOVA, I.. M. MAGAT and N. N.
SHCI11:wL.EVA. Fiz. Met. Metallowed., I 980, 50, (41,

Luminescence of KTt( SCN),, Single
Crystals at High Pressure

788-794
Eutectic decomposition of a high temperature solid
solution in monocrystallic Fe-33 a t . 7 Pd alloys
proceeded through three stages. in the first stage, i y Fe is formed whereas in the second, and third stages
the formation of ( Y - and y-phases, and atomic ordering in the y-phase occurred, respectively.

I . IIIIIVEGI, I I ' S Z Y N S K I and G. ( i . C;I.IEMANN, Chem.
1'Jt.w. l,cu.7 198I , 77?(3): 5 17-5 19
Single crystal emission spectra of K$(SCN), were
measured at rooK under pressures up to 57 kbar.
The observed blue-shift of Z I O cm-'/kbar was
explained by a reduction of the central ion-ligand
distance with pressure.
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\\I,

x2

Co-ordination of Promethazine 10-[ 2- ‘The A-C Response of Iridium Oxide Films
(Dimethyl)( amino)propyl]phenothiazine I S.11. (;IARI’2M and J. €1. MARSHAI.I,,J. Elecrrochem. Soc.,
Hydrochloride with I’alla di um ( I I ) : 1~80,1275(7)>1467-[474
X-Hay Crystal Structure of a ‘rrirhloro- ‘I‘he dependence of the a t . response of IrO, films
Palladium( 11) Product
upon thickness, potential and pH was examined in
K‘.

H,SO, and perchloric acid solutions. For concentrations >O.I IM the response function closely resembled
that for an injection process, diffusively spreading
from one interface throughout the film. The response
time shifted by a factor of I0’ with the potential drop
across the film. A porous film model is suggested in
which the response is determined by the mobility of
reduced lattice sites, the diffusion coefficient being
controlled by a H ion exchange current within the
pores.

I. GI!~41<Y.
N. J. MASON, 1.. .4. hIXOx and 1. w NOwI!l.l.,

J . Chem. Soc., Chem. Commun., 1980,(22), 1064-1065
The structure of a unique Pd complex, and the first
crystallographic evidence for a co-ordinated
phenothiazine drug is reported. KWCI, reacts with
promethazine hydrochloride giving a unique
complex in which the protonated promethazine is Sbonded to Pd and takes up a “scorpion” conformation, thus facilitating electrostatic interaction between
the quaternary N on the side chain and PdC1,.

Luminescence of Some Hu(bipy)i;” Compounds
I). M .

PHOTOCONVERSION

KKoI.and G. BLASSI!, Chem. Phvs. Lett., I98 I , 77,

Photocatalytic Production of Hydrogen
Ike of a
Platinised Titania Catalyst

[2:1, 253-256

from Water and Texas Lignite by

’the luminescence of Zn,,,~uo.on,(bipv)3S0.
R ~ ( b i p y ) ~ B r ~ . 6 and
H ~ ORuibipy), (LIOa, was studied
in the range 4.2-300K. The luminescence of
Zn,, s,$u,, ,,,,Ibipy),SO, and Ru(bipy),Br,6H20 were
described with a single centre model. In
Ku(bipy!JClOJ, energy transfer between different
types of Ku complexes was observed.

s. S.KI‘O and J. hi. \WI.I’I:,Ind. Eng. Chem., Prod. Res.
I)ez,., 1980, 19, (4), 542-544

Studies nf the photocatalytic production of H, from
H 2 0 and powdered ‘rexas lignite containing 64‘,TC,
17‘:0, 5YH, I‘YN and 0.17swere performed over
platinised TiO. prepared by platinising (2~vt.%Pt)
by
the photolysis at 55°C of a hexachloroplatinic acid
solution containing suspended TiO. The results
obtained in the presence of H,O vapour and U.V.
light showed a catalytic reaction occurring at 23°C
forming H, and CO,.

ELECTROCHEMISTRY
Electrochemical
Polymerization
of
Aromatic Amines. IH, XPS and PMT
Study of Thin Film Formation on a PI
Electrode

Heterogeneous Photocatalytic Oxidation
of €Jydrocarbons on Platinized TiO,
Powders

and ].-F
i)twm,3. Electroanal. Chem. Interfacial Electrochem.,
A

\‘OI,ROV,

G T(XRII.I.CN,

P-C. I.ACA%E

I. I%I:MI, w’. u( I)IINS, ti 0. \Y’II.RO~‘KN, F.-R. F. PAN and A.
J. IIARI>,J. Pl~ys.Chem., 1980, 84, (24), 3207-3210

IY80, 115, (2). 279-291

Films obtained by the anodic oxidation of various
tnonosubstituted aromatic amines were grafted on Pt
electrodes in a CH ,CN-NaCIO,-pyridine medium.
‘I‘he studies showed that these hlms are organic
polymers of emeraldine basic structure and are
formed by the coupling of electrochemically formed
BNH. radicals with monomer. The films are
homogeneous, very adherent, thermally stable and
free of ionic impurities.

The photodecomposition of hydrocarbons in 0,containing solutions at platinised ’17i02yields mostly
CO, as the reaction product, with intermediate
production of hydroxylated compounds. The
hydrocarbons react readily with .OH to form the
CO,. This hydrocarbon destruction may be useful in
treating waste streams or spills.

Photochemical Cleavage of Water by
Photocatalysis

Electrochemical Oxidation of Aqueous
Solutions of Ammonia on Platinum
Group Metals

E, KOKGARI:.I.IX). J. KI\VI, E. I ~ E I , I Z % ~ I -ht.
~ IVISCA
.
and hi.
(;I<~I./.EI.. Nature /London), 1981, 289, (57941, 158-

K. I. (:IIEKNOL:~OVA,(i. A. ROGDANOYSKII and G. 1).
VOVCFIRNKO, Vestn. Mosk. Unin., Khim., 1y80, 21,

(4h 389-390
Electrochemical oxidation studies of aqueous solutions of NH, on PdPt, R h R t and P d P t electrodes
were performed in a solution containing O . I N
NaOH + NH, The adsorption of NH, occurred at
the expense of dehydrogenation forming particles of
the NH and NH, type. These difficult to oxidise
intermediate products block the active centres and so
drop the current on the polarised curves.
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I 60
A bifunctional redox catalyst of RuO, and Pt cowpported on colloidal T i 0 2 and sensitiser
Ru(bipy):’, without any electron relay system, was
found to exhibit extremely high activity in promoting water cleavage into H 2 and 0,. Adsorption of the
sensitiser at the Ti0, particle-water interface and
electron ejection into the TiO? conduction band are
used to explain the observations. Exposure to u.v.
radiation leads to efficient water cleavage in the
absence of sensitiser.

Ruthenium(I1) Tris(bipyrazy1) Dication .4 New Photocatalyst
K J. CRrrCHIXYand A. B. 1'. I.E\'EK,J. Am. Chem. soc.,
1980, 102, (23), 7128-7129

Light-Induced
Hydrogen
Generation
Catalysed hy Ruthenium Dioxide
E. A.MOI:YAI., 1.' KELI.ER and A. MORADPOI:R, 3. Chem.
Soc., Chem, Commun., 1980, ( z I ) , 1019-1020
RuO, which catalyses water oxidation to 0, also
efficiently catalyses H, formation from water in a

Ru(bipyrazyl):* was found to be a new and superior
photosensitiser to Ru(bpy):- for the production of
MV' (methyl viologen). Ru(bpz)i-* is reductively
quenched by triethanolamine forming Ru(bpz);
which is oxidised by MV2-. When exposed to air
Ru(bpz); is oxidised to reform Ru(bpz): '.

model system containing Ru(2,2'-bipyridylj~',
methyl viologen and EDTA. It has a higher
efficiency above pH = 5 than previously observed
with colloidal l't.

Is There a Particle-Size Dependence f o r
the Mediation by Colloidal Redox

ELECTRODEPOSITION AND
SURFACE COATINGS

Catalysts of the Light-Induced Hydrogen
Evolution from Water
P. KE1.l.liR and A. MORADPOIIR, 3. Am. Chem. Soc.,
198% 10% b.41, 7193-7196

Electrodeposi tion
Alloy

Rhodium-Nickel

I.. I. KADANFR 4NI) Ci. N. IARMOLENKO,
Tekhnol., 1980, 23, (IO),1277-1279

Particle size effects for the catalysis of light induced
H, evolution from H 2 0 using the (Ru(bpy):*/methyl
viologen/EDTA) system were investigated with
widely polydispersed colloidal l't hydrosols, and
samples with narrower size distributions obtained
from the former hydrosols by centrifugion. The
optimum values for the H, formation rates were
similar for all catalysts studied, and for particles of
sizes( I ooA and> I O O O ~ .No Pt size effects were seen.

Khim. Khim.

Studies of electrodeposition of Rh-Ni alloys containing 5-70?; Kh were performed in an electrolyte of
Rh + Ni sulphamates, pH 3.5-4.0 and current
density of 1-4 .4/dm2 at 50°C. The conditions for
obtaining dense finely crystallised deposits of 5-1 0
,urn in thickness containing 10-30C: Kh were
reported. The studied physico-chemical and phyiicomechanical properties of the alloys showed them suitable for use in electric contacts.

Electron-Transfer Quenching of the
Luminescent State of the Tris(bipyridyl)ruthenium(11) Complex in
Micellar Media

The Determination of Ruthenium in
Plating Solutions and Electroplated
Deposits

and J. C. BECKEK, 3. Phys. Chem.,
1980,84,(211,2762-2768
Observations of the orange luminescence from the
excited state of Ru(bpy):' ions were used to follow its
photoredox reaction with methyl (and other N-alkyl)
viologen ions in aqueous and micellar media in
heptane and cyclohexane. The luminescence always
decayed exponentially, even when the quencher
distribution about micelles should require nonexponential decay. Electron transfer and reverse
transfer occurred very rapidly when the reactants
were co-associated with the aggregates.
M. A. J. RODGEKS

and I.. 1). HI.rT%T.R, Plar. Surf. Finish.,
01, 57-60
Atomic absorption spectroscopy was developed for
determining R u in plating solutions and
electrodcposits. The electrodeposits were made on
sealed reed contacts. Methods for determining Ru
thickness and cathode current efficiency and
methods of monitoring K,RU$CIJH,O)~ plating
solutions were also developed for process control.
'I. Y. KO.\il3'ASI
I y80,67, ( I

LABORATORY APPARATUS
AND TECHNIQUE

Quantum Yield and Electron-Transfer
Reaction of the Lowest Excited State of
Uranyl Ion
'I. K O S E S ~ E 1 . I ) ~ R ~ ~ N W A Iand
. I ~ J. KAHANI, 3. Phys.
Chem., 1980,84, ( 2 2 ) , 2981-2985

Gas Sensors [,'sing Semiconductors. 1.
Sensitivity of Zinc Oxide Impregnated
with Palladium Salts for Hydrogen

'l'he pulsed photoreduction of UOzA in its ground
state and lowest excited state at pH2 and in aqueous
2M H,PO, was studied. Excited UO?' was quenched
by Ru tris(bipyridine) ions, Ru(bpy)?* and Ru(bpy):+
is formed, namely excited LO:+ 3is an electronacceptor species. Excited Ru(bpy):' is quenched by
LJO:+ and again Ru(bpy);+ is formed, UO;' being an
electron acceptor in its ground state. In steady-state
experiments the absorption and emission spectra of
the C'OS+-Ru(bpy):+ system remained unchanged
after 2 x 104 photoelectron transfer-back reaction
cycles. This shows a relatively high stability which is
required for a use in solar conversion and storage.
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\Y.H. 1.1. H. YON1:YALlA and H.'TAML'KA. Denki

Kagaku,

I980,48, lo!, 570-573
The change in the electrical conductance of ZnO in
contact with H , gas pulse was studied at up to I Z O O C .
Porous %nO sinters impregnated with I'dCI, solution
fo1lo;vcd by drying at 120°C showed high
sensitivites for H,. The same was true for porous
samples prepared by mixing I'dC1, with ZnO in a
molar ratio of I'd : Zn = 3.7 x I O - ~ , followed by
pressing into pcllet form. l h e impregnation with
PdRr, was less effective, and that with PdI,
ineffective, suggesting that the ionicity of I'd salts is
important for the appearance of the sensitivity.

Germanium Modification of Platinum
Catalysts for Hydrocarbon Aromatisation
H. .\,I. 1 ~ A ~ 1 ~ 1 K 1and
~ 1 N M. E. LRVTSI'RV,
Khim. Khim.

HOMOGENEOUS CATALYSIS
Oxidative Dehydrogenation of Cyclohexene with Oxygen to Benzene Catalysed
by a Palladium Cluster
A. s. UEREVBI.II:.U, A. G. KNIZHNIK, s. I.. M ~ K I )and I. I.
MOISEEV, Izv. Akad. Nauk SSSR, Ser. Khim., 1980,

Tekhnol., r980,23,(101, 1260-1264
The addition of G e 0 2 on the aromatisation
properties of Ptiy-Alp, catalysts increased
dehydrocyclisation activity, stability and selectivity
of the catalysts and decreased their coking. The
optimal catalyst for n-heptane aromatisation was
0.5"; Pt + 0.4<:.!; Ge + 1.zq6 Cl//-AI,O,
at 85-180'C.
The reaction over this catalyst increased aromatic
hydrocarbon yield.

(121, 2700-2704
The mechanism of the oxidative dehydrogenation of
cyclohexene with 0, to benzene over a (PPh)J'd,
cluster catalyst is presented. 'This included reversed
complex formation of cyclohexene with (PPh),Pd,,
breaking the C-H bond of co-ordination cyclohexcne,
reaction of the formed complex and 0,with the reaction products and reversed interaction of (PPh)J'd,
with benzene.

The Reduction of Nitric Oxide hy
Hydrogen over Pt/y-.AI,O:, as a Function
o f Metal Loading
K. (11'1'0and H. (:. YAo, J. Catal., 1980, 66, (I),

Propene Hydroformylation with Rhodium 22 9-236
Carbonyls
and
Triphenylphosphine. The reduction of NO by H, on Pt/pAl,O, was
111. Kinetics of By-products Formation
evaluated as a function of Pt concentration between
(;.

,MOSI'KASI,

A. ASI)KI:I:.I'I\.

(;,

PAGAh'I, G.GR1;GORIO. 1'. (:. d'ORO and
Chim. Ind. (Milan), 1980, 62, (roj,

737-742
The formation of by-products from butyraldehydes
during propcnc hydroformylation catalysed by Rh
carbonyls and triphenylphnsphine was studied by
empirical correlations useful for both the choice of
reaction design and operating conditions. The
amount of heavy products was sharply dependent on
temperature, aldehyde concentration and time, but
did not depend on the presence of Rh complexes,
PPh ?, OPIJh and reagents CO, H and propene.
~

Heaction of Ally1 Alcohol with Triorganosilane in the Presence of Ions
T. N. %ASLAVSKAIA, V. 0. REIKHSFEIII), N. A. FII.IPl'OV
and N.A. SHORNIK,%h. Obshch. Khim., 1980, 50, ( I I ) ,

2478-2482

~

Hydrogenation of Carbon Monoxide in
Methanol and Ethylene, Glycol by Homogeneous Ruthenium Catalysts
H. 1). I)OMHlK, ,7. Am. Chem. Soc., 1980, 102, (221,
6857-6x58
Studies of Ru catalysts at pressures of 340 arm and
below and for homogeneous CO hydrogenation
under moderate conditions, are presented. Carboxylic acids solvents had a remarkable promoter
effect forming ethylene glycol besides methanol. Ru
catalysts used included Ru3(CO),,.

S . KA.Ml31. 1'. .MOKI.MO'I'O, K. KONIXI and N. SONODA,
A n p w . Chem., Int. Ed. Enfl., 1980,19,(r2), roo7
A new catalyst for the water gas shift reaction is
metallic Se/Pt black. Conversion of CO into C;O, was
at most 43% after zoh at 200'C. H,Se/Pt black is also
suitable for use as a catalyst.

Influence of the Chlorine Content on the
Hehaviour of Catalysts for n-Heptane
Heforming
M. R. SAD, J. N. REI.TRAMIS1, E. 1..

Hydrogenation of CO, to C H ,
Alumina-Supported Noble Metals

and J. M. PAKERA, Ind. Eng. Chem., Prod.
Res. Dev., 1980,19,(41, 545-55
The effect of C1 content on the activity, selectivity
and stability of Pt/Al,O, reforming catalysts was
studied during n-heptane reforming. The activity
and selectivity of the catalyst was well balanced for
0.8-0.9"[, CI. A t this concentration the coke formation wa5 a minimum. The minimum is interpreted as
being produced by a maximum in Pt to AI,O,
H2spillover, which eliminates coke precursors.
JAHI.ONSKI
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Studies of the kinetics of the allyl alcohol reaction
with triorganosilane in the presence of H,PtCI, fixed
on the anions were performed. The immobilised
catalysts were highly active and stable during reaction of allyl alcohol with SiH, at 20-60°C and two
parallel reactions occurred: hydrosilylation and
dehydrocondensation. The reaction of allyl alcohol
with tetramethyldisiloxane on immobilised catalyst
produced a mixture of dehydrocondensation and
hydrosilylation products.

Water Gas Shift Reaction with the Aid of
Selenium/Platinam Catalyst

HETEROGENEOUS CATALYSIS

N. S. l:IGOI,l,,

273 and 373K. I'roduct distribution and apparent
activation energy remained constant as Pt atoms
changed from a dispersed to a particulate phase of
distinct clusters. Atoms in the particulate phase were
more reactive per chemisorption site than dispersed
atoms. Optimum efficiency was at -5 wt.% Pt load.

1:. SOI.YMOSI and A . ERD()HEI.YI, Magy.

over

Kem. Fob.,

1980,86,![0), 476-478
Catalstic hydrogenation of CO, was investigated
over A1,0, supported Pt, Pd, Ir, Ru, and Rh. The
main hydrogenation product was CH, in all cases.
Over Rh and Ru, hydrogenation of CO, occurred
at the lowest temperature of 170-270"C.
Specific activities decreased Ru ) Rh Pt Ir Pd.

> > >
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Synthesis of Highly Dispersed Sopported
Metal Catalysts via Chemical Dissolution
and Precipitation of Eutectic :\lloys
(;. S. HROOKS, G S. GOI.I)EN and I:. 17. IXMKEY. S U ~ .
T e c h & 1980, 11, (51, 333-347

Catalytic Properties of Pt-Hu Catalysis
K. GOME%, G. CORRO, G. DIAZ, A. MAURERI' and F

Nouv. 3. Chim., 1980,4, ( I I ) , 677-681
Pt-Ru/Al,O, catalysts were prepared and the adsorptions of 0, and CO on pre-adsorbed H were compared. The percentage of metal exposed was
measured and surface enrichment in Pt was found
for Ru rich samples. Turnover frequency for benzene
hydrogenation increased 30 to 140 s on adding Pt
to Ru, but decreased to 20 on Pt/AI,O,. However turnover frequency for cyclopentane hydrogenolysis
only varied by a factor of 2.

I'IGI'FR\S,

Catalytic Hydrogenation of Graphite by
Platinum, Iridium and Piatinum-Iridium
R. 'I. K. HAKI!R, I<. I). SIIERWOOD and I. A. DUMESIC, 7.
Curul., 1980, 66, ( I ) , 56-64
'The interaction of Pt, Ir and Pt-Ir with graphite
under H, was investigated as the temperature was
increased. Three predominant phenomena were
observed after initial nucleation of the metal
particles. These were: the spread of metal particles
over the graphite, renucleation of smaller metal
particles on graphite and channelling these particles
across the graphite due to catalytic C hydrogenation.

Effect of Strong Metal-Support Interactions on the Catalytic Reduction of NO
by IN,-Supported Rhodium
l'.
XI\'ES-AKNA1r and G. MVN'I'ERA, App'pl. surf. sci.,
1980,6, (z),122-137

lsomerisation of n-Hexane on Pd-Zeolitc
Catalyst with Cations of Rare-Earth
Elements
B. A. 1)ADASHEV. S. E. IMAMEI)OV, A. A. SARYDZHANOV, S.
hi. .wAMEI)OVA and K. G. Il%HAVADO\'A, Nej'rekhimz'va,

1980,20, (51,655-658
Studies of the effect of rare earth metals on catalytic
activity and acidity of o.~wt.~.PdSY-zeolite
catalysts
with molar ratio of SiO,:AI,O, = 5 , were performed
during n-hexane isomerisation. The activity and
selectivity of the catalysts increased with the increase
in numbers of centres with medium acidity. Replacing-up to 5% of Ca cations by cations of rare earth
metals in P d C a Y led to an increase in numbers of
centres with medium acidity. Replacing >5% of Ca
cations increased numbers of strongly acidic centres,
so decreasing catalyst activity and selectivity.

Selective Hydrogenation of Diene Hydrocarbons C, on the Membrane Catalyst
Made from Pd-Ru Alloy
\'. h l . GRIAZNOV. .\I. .\I. ERMII.O\'A. 1.. I). <;OGC'A3 N. V.
OREKHOYA and L. S. MOKOZOVA, Izv. Akud. Nauk

SSSR, Ser. Khim., 1980, (u), 2694-2699
Studies of the selective hydrogenation of dime
hydrocarbons C j on the Pd-Ru alloy membrane
catalyst showed that hydrogenation of 1,3pentadiene and isoprene over Pd-9.8F Ru membrane
catalyst yielded olefins without the formation of
paraffin. During intake of H, through the membrane
catalyst, the rate of hydrogenation of T ,3-pentadiene
was higher than during its intake in the mixture with
hydrocarbon vapours. Where the ratio of the partial
pressures H,: 1,3-pentadiene I , the main product
was cis-pentene-2. The intake of H, through the
membrane catalyst yielded pentene-1,

>

Platinum Metals Rev., 1981, 25, ( 2 )

A new procedure for preparing highly dispersed
supported metal catalysts is described. It involves the
controlled solidification (unidirectional or vacuum
atomisation) of eutectic or pro-eutectic alloys of Rh,
Ni and Al followed by chemical dissolution, and acid
precipitation of the Al. 'This gives a high surface area
oxide matrix support for the Kh or Ni. Analysis
revealed the R h and Ni metal phases were in a highly
dispersed state on the A120, substrate. The Rh/AI,O,
and Ni/'A120, catalysts were evaluated for 3H2-C0
methanation and steam reformation of ethane. The
initial methanation catalysis was superior to that of
conventional support catalysts.
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Rh/SiO, and RhrliO, catalysts were prepared by
thermal decomposition in vacuo from RhCl(PPhJ3impregnated supports. Adsorption of H, CO and NO
and their activity for the reduction of NO by CO was
studied. The same amount of CO was adsorbed on
both samples, but the NO adsorbed twice as much on
RhITiO, as on RhlSiO,. The activity for the reduction of NO by CO follows the same trend as NO
adsorption. Infrared spectroscopy indicated a lineartype Kh-CO adsorption with a single band at
2 0 7 0 cm
for RWSiO, which shifts to 2 0 2 0 c m ~ on
RhrTiO,, indicating a higher electron donor
capacity. 'l'he enhanced reactivity of the Rh/TiO,
sample may be due to strong metal-support interactions of Rh with Ti(II1) ions.

'

Preparation
of Polymer-Supported
Isonitrile Complrxes
J. A. S HO~1~11.1.
and M. HkKKY, J.

Chem. soc., Chem.
Commun., rylo, (21), ~039-1040
The preparation of isonitrile ligands bound to
polystyrene and SiO, supports is reported. These
ligands react with
[Kh(CO),CI],
to yield
[Kh(CO),Cl(polymeric support-NC)] complexes.

Evidence for an Oxygen Intermediate in
the Catalytic Reduction of NO by CO on
Hhodium Surfaces
H. I)I'HOIS, 1'. K. HANSMA and G. A. SOMORJAI. 3.
Card., I 980, 65, ( 2 ) . 3 I 8-327
E1.S spectroscopy showed that NO and CO
molecules associatively adsorb on Rh(33 I ) single
crystal surfaces at 3ooK. Chemisorbed NO readily
dissociates on the surface upon heating to 45oK. At
7ooK only O2 is present on the catalyst surface, and
when CO is added, gaseous CO, is formed. Similar
results were obtained when 0, was substituted for
NO as a control, thus 0, is a surface intermediate.
I.

FUEL CELLS

TEMPERATURE
MEASUREMENT

Biochemical Combustion Cells
I . O N IC I ~ :and I.. R F ~ ERev.
,
Chim. (Bucharest), 1980,
31,!10!,947-952
A short review of biochemical fuel cells is presented.
Data regarding the exchange curreni densities and
the transfer coefficients o n smooth, platinised and
palladised platinum and Pt incorporating Rh, deter,nined by the electro-oxidation ofglucose are given.

CHEMICAL TECHNOLOGY
Ion Flotation Studies and Separation
I’rocedures for the ‘lati nu mi Group
Metals
I) M. ixwm~:~,
Ph.D. Thcsis, Lousiana State I h i v . and
Agricultural and Mechanical Col., 1980, Diss. Abstr.
[?It. 8,IY80, 41, (41, 1357

Anionic chlorocomplexes of Pt(I\:), Pd(II), Ir(IV),
IrCIII), Rh(III1 and Au(II1) were floated from aqueous
solutions with cationic surfactants of quaternary
ammonium type RNR;Br. The flotation of each was
determined. Most surfactants floated the platinum
metals. A general Rotation sequence Au(II1) Pd(II),
Ir(IV), I’t(1V) Ir(1II) Rh(I1I) was observed.
Optimum ion flotation conditions were established
for recovering the metals.

>

>

>

Reclamation of Palladium from Residual
Wastes after Regeneration of Active
Carbon Catalysts
hi. ~ R O K I ,3. Less-Common Met., 1980, 75, ( I ) ,
p23-I’24
Pd on active C used in catalytic hydrogenation was
rccovered by digesting the waste with boiling concentrared H,SO, then converting it to I‘d(IIj sulphate which is dissolved. After dilution and removal
of the insoluble portions by centrifugion and filtration, the acidic solution is heated in the presence of
oxalic acid to yield a Pd mirror which precipitates.
This contains only a few impurities.

Method for the Measurement
(,f
Temperature in a Flame with a NonA

screened Thermocouple
[;. (:As~\RuS,\, I:. DE BEI,[,]S, E.I,K]R()I:A and L. pE’[ARCA,
Riv, Cnmhust,, q80, 34, (7-8), 273-280

,

‘Ihe true temperature Of gases in a flame was determined from the exuerimental temuerature transient
of the hot iunction of fine Si0,-coated and uncoated
Pt:l’t- I 3”: Rh thermocouples. Two different procedures for elaborating the transient data have been
developed on the assumption of instantaneous
thermal equilibrium. The temperature \&les
calculated by the procedures agree completely with
the temperature measured optically.

MEDICAL USES
Hardening Reactions in a High-Gold
Content Ceramo-Metal Alloy
R. hi. GI!KMAN, J . Denr. Res., 1980, 59, ( I I ) ,
1960-ry65

An 8 5 w t . ~ A u - g w t . ~ P d - g w t . ~ alloy
, P t was studied
for its hardening reactions and the hardness
developed during the porcelain tiring cycle. Ordering
of a submicron FePt-tvpe intermetallic phase was
responsible for observed ageing behaviour.

Age-Hardening of Dental Ag-Pd-Cu-Au
Alloys
M. OIII’A, T. SFIIRAISHI, K . HISATSUNE

and

M. YAMANE,

J . Dent. Res., 1980,59, (I I), 1966-1971
Age-hardening mechanisms of dental Ag-I’d-Cu-Au
alloys were investigated by electron microscopy.
Hardening was due to the precipitation of the L I ~
type Curd-ordered platelet in the grain interior and
to the discontinuous precipitation at the grain
boundary. The characteristics of age-hardening
curves were determined by rates of continuous and
discontinuous precipitation.

NEW PATENTS
METALS AND ALLOYS

ELECTROCHEMISTRY

CoCrAl( Y ) Coated Nickel-Based Super-

Electrodes for Diaphragm Cells

alloy

IMPERIAL CHEMICAL INDUSI’RIES LTD.

Brithh Patent 1,580,283
Ni-based superalloys coated with CoCrAI(Y) alloys
containing less than 10% Al possess outstanding
oxidation and corrosion resistance and firm adhesion
between the two layers. The coating alloys contain
26-32% Cr, 3-9% Al, and up to 1% of Y, Pt, Rh,
and/or other lanthanide metals.

Brithh Patent 1,579,427
Anodes for brine cells are formed from two groups of
finger electrodes, the planes of each group facing and
diverging from each other, to give an improved
current distribution. The electrodes are made from
valve metals coated with platinum group metals or
metal oxides typically Ru oxide-Ti oxide coated Ti.

GENERAL ELECTRIC CO

Platinum Metals Rev., 1981, 25, (21, 87-92

87

Resilient Anodes for Diaphragm Cells

rock drilling bit, uses a resilient perforated fibrous
carrier to convey the electrolyte to the plating areas.
The carrier is preferably mounted on a Pt electrode.

IMPERIAI. CHEMICAL INDUSTRIES LTD.

British Patents I ,58 I ,34719
The anodes are in the form of bent wires mounted on
a base plate. The wires are made from Ti or other
film forming metals and are coated with a platinum
group metal, platinum group metal oxide or metal
oxide such as Pr, Ru0,-TiO, or Ru02-Sn02-Ti0, or
alternatively with a fibrous refractory material
embedded in a catalytically active matrix.

European Appl. 18,165
Smooth, crack-free deposits are obtained by
electrolysis from an aqueous, monoacidic bath containing a Ru derivative which is the product of reaction of K j R u ~ ( H , O ) , C I Jwith oxalic acid.

Electrochemical Destruction of Stable
Complexes

Preparation of Platinum-Coated
Substrates

MATTHEY RUSTENBIJRG REFINERS (PTY.) LTD.

BOARD OF REGENTS OF UNIVERSITY OF FLORIDA

British Patent 1,582,130
Very stable, soluble complexes or compounds of
platinum group metals are difficult to remove from
solution by chemical or electrochemical treatment.
Recovery may be achleved by electrolysis in alkaline
solution (PH at least 10) using a Ru, Rh, Pd, Ir, Pt or
alloy electrode (or graphite), and an anode potential
having a half cell voltage of at least 5.5 volts NHE.

US.Patent 4,214,017
Passivated metal or n-type semiconductor substrates
are coated with a thin Pt layer by immersion in a
molten salt solution containing Pt or halo-Pt ions.
The preformed salt bath consists of Pt(I1) ions and
LiCl-KCl.

Ruthenium Electroplating
INCO EUROPE LTD.

Depositing a Catalyst Layer on a Support
1lEUTSCHE GOLD- CND SILBER-SCHEIDEANSTALT

U.S. Patent 4,218,341
In an improved process for coating large surface area
carriers, the carrier is first contacted with an organic
liquid, optionally containing a complexing agent, and
then with a solution of the catalytically active
element. The carrier is then heated to remove the
liquid. Pt or Pd are used as the catalytic metals.

Brine Electrolysis Electrodes
British Appk. 2,048,94617 A
A new form of cell has unitary clectrode-electrolyte
structures in the form of elecrochemically active
electrodes physically bonded to ion-transporting
permselective membranes. The anodes and cathodes
are made from a sintered mass of polymer and
catalyst (platinum group metal) particles.
GENERAL ELECTRIC CO.

LABORATORYAPPARATUS
AND TECHNIQUE

Solar Cell
INSTITUTE OF GAS TECHNOLOGY

US.Patent 4,215,182
Solar energy is converted to chemical energy using a
photoelectrochemical membrane cell to regenerate
the redox anolyte of a redox-oxygen cell.
Photosensitisers used in the cell may be {Ru(bipy)
(bipy),} (CIOJ, with long chain organic constituents
or a R h d r , j-diiso~yanopropane)~Cl~t
ion.

ELECTRODEPOSITION AND
SURFACE COATINGS

BRITISH PETROLEUM CO. LTD.

British Patent 1,579,344
A microbiological method for estimating the toxicity
of industrial wastes uses nutrient broths and a
dissolved oxygen meter with a Pt measuring
electrode and a Ag/AgCl reference electrode.

Radiation-Sensitive Record
N O R r H AMERICAN PHILII'S CORP.

Ruthenium Electrode Coating Process
DOW CHEMICAL co.

British Patent 1,578,702
A Ru-economical process coats a valve-metal substrate with two solutions containing Ru and a valve
metal. The first solution contains only a small
amount of Ru (for example 1-50 mg/ml) and the
second a higher proportion of Ru.

British Patent 1,580,398
A blank record is formed from two spaced-apart
discs, one of which is transparent, allowing radiation
to penetrate to an inner radiation-sensitive layer,
which may be Rh. Use of a second disc protects the
active surface.

Particle Detector
COMMISSARIAT A L'ENERGIE ATOMIQUE

Providing Surface Coatings on Inner
Wall of Cavities
\Y'AI'E ENERGY DEVELOPMENT I VASTMANLAND A.B.

British Patent 1,580,108
An electroplating method of applying coatings to the
inner wall of, for example, the flushing channel of a
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Estimating the Toxicity of Petroleum
Wastes
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British Appl. 2,046,010 A
A neutron detector has two concentric tubular Pt
electrodes embedded in a ceramic body, with Pt leads
connecting the electrodes to the outside of the body.
The absence of structural metal components allows
the detector to be used at high temperatures.

I

ocouple and a non-catalytic coating on the other
leg. The claims are restricted to activating a Pd-Ag
alloy by etching first with concentrated HNO, and
then with boiling KOH solution.

Oxygen Sensor
Brit& Appl. 2,048,128A
A reference electrode is rapidly, and automatically
applied to the interior of a tapered zirconia thimble
of an exhaust gas sensor by dispensing a measured
amount of Pt ink into the thimble and then using a
hollow elastomeric finger positioned inside the
thimble to supply a gas jet which disperses the ink
throughout the cavity.

~ ~ E N E R AMOTORS
L
CORP.

JOINING
Brazable Alloy Layers on Ceramics
IIEUTSCHE GOLD- UND SILBER-SCHEIDEANSTALT

British Appl. 2,046,3 I o A
Pd alloys containing Ni andor Fe and, optionally, up
to 20% of Cr, Mn and/or Ti form strongly, adhered,
brazable, vapour deposited or sputtered layers on
ceramic substrates.

Liquid Level Sensor for Use in Petrol
Tanks
PLESSEY CO. LTD.
British Appl. 2,048,495 A
A floating wiper contact arm makes contact with a
series of contacts connected to a resistor network.
The resistor network consists of fired Pd or Ru
oxide resistor tracks and Pt-Ag, Pd-Ag or Ag contact
pads supported on a petroleum resistant substrate of
ceramic or porcelain-coated steel.

Solderable Metal Coating for Ceramics
1IEI:TSCHE (;OLI)- IJND SILBER-SCHEIDEANSTALT

German Offen. 2,906,888
A (Ag-) solderable coating is obtained on a ceramic
surface by vapour deposition of a layer of Pd alloy
Liquid Measuring Indicator
containing preferably 30-60% Co and/or Fe and
E. M. DEE CORP.
European Appl. 18,185 optionally 3-204 Cr, Mn and/or Ti.
An apparatus for measuring and indicating the
weight of liquid in a container which is subject to
motion in use and not be in a horizontal position HETEROGENEOUS CATALYSIS
(such as ships' fuel tanks) includes a compressiontype resistor consisting of, at least one resistance Catalytic Ignition for I.C.E.
element which is a compressible glass fibre mat RICARDO CONSULTING ENGINEERS LTD.
British Patent 1,578,027
coated with colloidal graphite, Ni or Pt.
A catalytic assembly, preferably a Pt or Pt-plated
gauze is located in the crown of the piston of each
Carbon Monoxide Removal from Air
cylinder, to produce catalytic ignition.
MATSUSHITA ELECTRIC INDUSTRIAL CO. LTD.
U.S. Patent 4,212,854
Palladium Catalysts
CO may be removed from tunnels, etc., by a catalyst
consisting of a powdered C carrier containing a JOHNSON MATrHEY & CO. LTD.
Bricish Patent 1,578,123
Group IA hydroxide or carbonate to reduce explosion risks and a bonding agent impregnated with Pd, A Pd compound, particularly bisacetylacetonato Pd
(11),is vapour deposited onto a porous support heated
optionally in combination with Ru, Rh or Pt.
to a temperature above the decomposition
temperature of the compound, to form a surfaceMethod of Oxidising Osmium
coated catalyst suitable for hydrogenating animal
GULF RESEARCA & DEVELOPMENT CO.
and vegetable oils.
U.S. Patent 4,217,291
0 s (111) or (IV) in anionic complex with 0, and Breathing Apparatus
having Group I A metal, ammonium or tetra
(1ower)alkyl ammonium cation is oxidised to a INTERNATIONAL RESEARCH & DEVELOPMENT CO. LTD.
British Patent 1,578,333
valency state higher than 5 by reaction with an
Hypothermia in deep sea divers may be prevented by
organic hydroperoxide below 30°C.
supplying heated breathing gases. The gases are now
heated without an external power source by adding
Heated Oxygen Sensor
up to 0.4% of H, to the gas mixture and passing the
GENERAL MOTORS COKP.
U.S.Patent 4,222,840 mixture over a Pd catalyst to combine, exotherA readily-assembled solid electrolyte 0, sensor has a mically, the H, with some of the 0,present.
planar-type heater supported on the reference
electrode terminal. Porous Pt electrodes cover the Terephthalic Acid Purification
upper and lower parallel surfaces of the electrolyte JOHNSON MATTHEY & CO. LTD.
disc.
British Patent 1,578,725
Aldehyde impurities in terephthalic acid are
Activating Palladium-Silver Alloys
hydrogenated in the presence of a catalyst consisting
THE BABCOCK & WILCOX CO.
U.S. Patent 4,222,900 of two or more of the metals Pt, Pd, Rh, Ru, Os, Ir,
A differential thermocouple H, gas detector has an Fe, Ni, Co, Cr, Mn and U. Preferred metals pairs all
activated Id' or Pd-Ag coating one leg of the therm- contain Pd.
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Kh/Si02for NOxRemoval
IOHNSON MATTHEY & CO. L m .

British Parent 1,581,628
An oxidising catalyst for removing NOx gases as well
as oxidising CO and hydrocarbons, consists of Rh or
Ir supported on SiO, or SiOz-AlzO,. The catalyst may
also contain an oxide of Ce, La and/or Ti.

Polysiloxanes
TORAY SILICONE co. III'D.

British Appl. 2,046,283 A
Elastomeric polysiloxanes used for insulating
electrical wiring have the disadvantage that they
burn away at high temperature, such as 5ooOC. New
Pt-catalysed compositions are converted to strong,
hard ceramic materials at these temperatures.

Multimetal Reforming Catalyst
EXXON RESEAKCH & ENGlNEERING CO.

British Appl. 2,046,6 I 5 A
The selectivity and/or activity of a supported
platinum group metal catalyst (preferably Pt itself) in
hydrocarbon hydroreforming is increased by adding
Ir and Se to a support such as A1,0, which contains a
halogen. About 0.01-3%, of each component is
present. Other Group IV-VIII promoters may be
present.

Metal-Polymer Complexes

such as a quarter, of the total pack area. The gauzes
are made from Pd-Au alloy wires supported by
stainless steel and are easily stored and transported.

Hydrogen Recombination
RABCOCK-BROWN BOVERI REAKI'OR c.m.b.H.

European Appl. 19,907
The recombination of H, in a safety enclosure of a
nuclear reactor is catalysed by finely divided A1,0,
supporting 0.2% I'd.

Mixed Reforming-Hydrocracking Catalyst
C.0.P. IWC.
U.S. Patent 4,212,727
A mixed catalyst containing a zeolitic
aluminosilicate-supported I'd component and an
Al,O,-supported Pt-Pd catalyst containing Ir, Rh or
other metal promoters, is used to obtain high octane
motor fuel and isobutane from low boiling hydrocarbon fractions.

Olefin Hydroformylation
MORII. 011. CO.
U.S. Patent 4,2 I 3,512I
Transition metals supported on amine-modified
zeolite or other inorganic oxide substrates having
defined physical characteristics provide new active
heterogeneous catalysts for olefin hydroformylation.
Si0,supported Rh and Ru catalysts are claimed.

Catalytic Heat Exchange

MAGYAR TODOMANYOS AKADEMIA KOZFONTI

British Appl. 2,047,258 A
Metal compounds are complexed with polymerisable
monomers and the complexes are then subjected to
condensation or addition polymerisation. Thus a
solution of Pd chloride and aminophenol may be
treated with formaldehyde to give a brown product
which is an active catalyst for cinnamic aldehyde
hydrogenation.

MATTHEY BISHOP INC.
U S . Patent 4,214,867
An apparatus for providing non-polluting flameless
combustion heat exchange for household heating and
commercial application, consists of a ceramic-coated
metal heat exchange membrane having one side
coated with a platinum group metal catalyst. A fuel
gas flows over the catalytic surface where it burns
forming heat which travels through the membrane to
contact air flowing in a heat exchange relationship.

Start-up of a Reforming Process
EXXON KESBARCH & hNGINEERING CO.

British Appl. 2,047,732 A
The selectivity and activity of fresh or oxidatively
regenerated Pt-Ir catalysts are enhanced by pretreatment at an elevated temperature with an atmosphere
containing H,O,, H,, halogen and H,S.

Ruthenium-Cobalt-Gold Hydrogenation
Catalyst
PHII.I.115 PE'I KOI.EI;M CO.
U.S.Patent 4,2 I 5,o 19
The addition of Co and Au to a Ru catalyst considerably increases its selectivity in the hydrogenation of branched olefinically unsaturated aliphatic
dinitriles to saturated diamines.

Carboxylic Amide Production
Platinum Metal Hydrogenation Catalyst

ASAHI KASEI KOGYO
British Appl. 2,048,854 A
A new route to amides not using nitriles is based on
the reaction of a primary alcohol or an aldehyde with
NH, or an amine in the presence of oxygen and a Pt
or Id' catalyst, such as an AlZO, supported I : I
mixture of Pd and Pb.

TOA NENRYO KOGYO K.K.

U.S. Patent 4,218,308

A catalyst, for the production of jet fuels and white

oils, consists of a platinum group metal (such as I'd)
supported on a SiO,/AI,O, carrier having a high
proportion of pores within the size range 150-6ooA.

JOHNSON MATTHEY & CO. I.TI).

Platinum Metal Catalyst for Oxydehydrogenation of Alcohols

British Appl. 2,050,189 A
Catalyst catchment or getter means in NH, oxidation
plants, are not made from a single pack of gauzes but
are from a number of packs each shaped like a sector,

U.S. Patent4,218,401
Primary and secondary alcohols are oxidised by
passing a gaseous mixture of the alcohol and air over
a supported Ru, Kh, Pd, Pt, Ir or 0 s catalyst.

Fokdable Gauze Pack
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Olefin Hydrogenation over Synthetic materials, includes promoting the addition of Sibonded H atoms to aliphatic double bonds in the preAmorphous Silica
MOBII. OIL CORP.
US.Patent 4,218,571 sence of a Pt complex catalyst.
Hydrolysed silane compositions having incorporated
catalytic metallic ions, such as Ru, Pd, Pt, Ag and
various base metals provide useful hydrogenation
dehydrogenation catalysts for hydrocarbons.

Hydroformylation Process
British Patent r,582,349
Sufficient 0,is maintained in a process for hydroformylating alphaalefins in the presence of a Rh carbonyl triarylphosphine catalyst to ensure high
aldehyde production.

UNION CARBIDE CORP.

Silylhydrocarbyl Phosphine Transition
Metal Catalyst Complexes
EXXON RESEARCH & ENGINEERING CO.

US.Patent 4,220,556
A novel method is disclosed for anchoring Ru, Os,
Rh, I'd, Pt and other transition metal silylhydrocarby1 phosphine complexes. The method links reactive
silane groups with a complex-forming phosphine
group via a divalent hydrocarbon radical.

Promoting Regeneration of a Catalyst in
a Fluidised Regenerator

Alcohols are synthesised from olefins, CO and H, in
the presence of an organic Group VIII complex
catalyst and a nitrile or NH, promoter. The preferred
catalysts are formed in situ from Rh chloride, its carbonyl complex and Ru black and the olefin.

Rhodium Hydroformylation Catalysts

AIR PKODUCIS AND CHEMICALS INC.

U.S. Patent 4,222,856
500 ppm to 1 % of a Pd-Pt mixture is added to a
zeolite hydrocarbon conversion catalyst under
fluidising conditions to promote the removal of carbonaceous deposits.

Palladium-Arsenic Catalyst for Phenyl
Esters
1JBE INDUSTRIES I.Tl1.
U.S. Patent 4,224,456
Enhanced activity is obtained from a catalyst containing Pd, As and a Group IA or IIA metal, in a
ratio of 1:o.o~-4:0.1-10in the production of
phenyl esters of aliphatic acids.

Group VIII Metal Hydride Catalysts
for Polycyclic Aromatic Hydrocarbon
Hydrogenation
ALLIED CHEMICAL CORP.
US.Patent 4,224,458
Catalysts, which may be used under mild conditions,
consist of anionic Group VIII metal, especially Ru,
Rh, Fe and Pt hydrides containing P, As or Sb
organic ligands.

Halonitrobenzene Hydrogenation Catalyst
(Phosphoric Acid Activated)
JOHNSON MAII'HEY & CO. 1.1'1).

German Offen. 3,006,748
The reduction of halonitrobenzenes to the
corresponding anilines by H,, without removal of the
halogen, is catalysed by a Group VIII noble metal (Pt
in all examples) supported on activated C which has
been pretreated with phosphoric acid.

HOMOGENEOUS CATALYSIS

O A W MCKEP (0II:CHEMICAI.S) I.TD.

European Appls. 18,16114
Aldehyde ethers are obtained by the hydroformylation of olefinic ethers preferably in the presence of a
Rh compound or complex HRh(CO)(PPhJ,.

Asymmetric Catalysts
U.S. Patent 4,220,590
New bis-phosphine compounds, particularly bis(oanisylphenyl-phosphinoethane), complexed with Rh,
Ir or Ru, provide optically active catalysts for asymmetric hydrogenation reactions.
MONSANCO CO.

Ruthenium
Reactions

Catalysts

in

Oxirane

V.S. Patent 4,223,160
Ru and Nb salt (such as Ru trichloride hydrate)
catalysts are employed in the reaction of oxirane
compounds with carboxylic acids to produce acrylate
esters (used in photocurable compositions).
UNION CARBIDE CORP.

FUEL CELLS
Fuel Cells
E1,ECTROCHEMISCHE ENERGIECONVERSIE N.V.
fELENCO N.V.)
European Appl.

18,693

A method of operating fuel cells having porous gasdiffusion electrodes is described. The electrodes are
preferably of C coated with catalytic metal(s) such as
Ir, Rh, Pd, Pt and/or Au.

CHEMICAL TECHNOLOGY
S iloxane Elastomers

Organosilanes
British Patent I ,578,377
A new process for preparing aliphatically
unsaturated organosilanes, used in polymer filler
WACKER-CHEMIE Gm.b.H.
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Organic Group VIII Hydroformylation
Catalyst
11.0.1'. INC.
British Appl. 2,049,673 A
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I)O\Y' CORNING CO.
Hriiish Appls. z,o45,787/9 A
Addition of up to 5 pts of finely divided Mn oxide to
Pt catalysed polydiorgano-siloxane compositions,
used for electrical insulation, increases their flameretardant and long term heat stability properties.

Metal

Nickel-Palladium Alloy Electroding for
Semiconduc tors

U.S. Patent 4,216,198
A self-regenerating method for removing 0, and H,O
impurities from H, gas used in metal hydride storage
systems, including systems using La-Ni and
mischmetal-Ni alloys, uses a Pt, Pd or Ni catalyst to
convert the 0, to H,O and an absorbent to remove
water. Upon release the H, gas reflows through the
absorbent thereby cleaning the absorbent of water.

U.S. Patent 4,224,I 15
Electrodes having good thermal stability for use on
Schottky barrier devices are prepared by depositing a
57 at.% Ni-43 at.% Pd alloy from an alkaline plating
bath.

Cleaning Hydrogen Used
Hydride Storage Systems

in

BII.I.INGS ENERGY CORP.

ELECTRICAL AND ELECTRONIC
ENGINEERING
Electromagnetic Device

MII'SUBISHI DENKI K.K.

Fused Solid Electrolytic Capacitor
U.S. Patent 4,224,656
A fuse of a Pd-A1 composition is located in an
insulated body positioned between the Ag anode riser
and current collector of the l'a capacitor body.
UNION CAKBIDE CORP.

MEDICAL USES

WXSTERN EI.ECTKIC CO. I N C

British Patent 1,578,654
An electromagnetic device has a body of amorphous Intraocular Lens
low magnetostricture alloy of formula ( C o p e b T J p i AMERICAN OI'.I'ICAI. CORP. British PUtent 1,577,825
where T is a metal which may be Pt, Pd, Au or Ag Intraocular lenses are secured in place, usually with a
Ti wire, which has a tendency to stick. The problem
and X is a glass former metal.
is now overcome by use of a biocompatible, platinum
group metal cladding which acts as a lubricant. The
Schottky Transistor Logic Arrangements
SIEMENS A.G.
British Patent 1,580,977 cladding is, preferably, a tightly fitting tube of 90%
A new form of arrangements reduces gate times to Pt-1070 Ir alloy, Pt or Au.
around I ns. The outlet electrodes of the system are
Branched Chain Amino Complexes of
made of PtSi or PdSi.

Platinum IV

Semiconductor Encapsulation

RI!SI'ENRI'RG Y1,A'~INUMMINES I.TD.

British Patent 1,581,436
Semiconductor devices such as avalanche photcdiodes are fed by optical fibres and the body of the
semiconductor is used to seal an opening in its
envelope via a bond of layers of Pt, Mo and Au.

British Putent 1,578,323
New agents for the chemotherapeutic treatment of
cancer are complexes of Pt basic chlorides (or other
halides) with aliphatic amines, such as cis-dichlortrans-dihydroxybis(isopropy1amine)Pt (IV) hydrate.

Ferrite Single Crystals
HITACHI Lrn.
European Appl. I 8, I I I

Surface Treatment for Cured Silicone
Elastomers
now' CORNING I. m.
British Appl. 2,045,824 A

E.M.I. 1 . m

Ferrite material is melted in a prescribed atmosphere
on a susceptor heated by r.f. induction, and passes
through openings in the susceptor to recrystallise
below in single crystal form. The susceptor is a disc
of 8o%Pt-2o%Rh alloy.

Discolouration of silicone elastomers continuously in
contact with the skin, such as elastomers used in
prostheses and spectacle nose pads, is reduced by
impregnating the surface with Pt-catalysed
organosiloxanes.

Lift-off Metallisation Process

Dental Gold Composition

BELL 'IELEPHONE LABORATORIES INC.

British Appl. 2,048,939 A
A light weight porcelain-bonding dental alloy contains 3 5 3 5 % Au, s-IO<& In, 0.1-0.5% Ru, O-I% Ga
and the remainder Pd. A preferred composition contains: 5 1 . 4 %Au, 38.570 Pd, 9.4% In, 0.1%;Ru and
0.5%, Ga.

US.Patent 4,214,966
New lift-off metallisation techniques may be used for
metals other than Al, particularly for Pt. In the
process delineation is achieved using a polymer resist
and metal removal is by acute angled ion-milling.

AKGEN (1'TY.i L I 1).

Compensated Amorphous Silicon Solar
Cell

Gold Dental Alloy

U.S. Patent4,217,148
A solar cell has a region of intrinsic hydrogenated
amorphous Si fabricated by glow discharge,
incorporating p-type
compensating dopents.
Deposited Au or I't forms contact areas on the
hydrogenated Si layer.

US.Patent 4,2 18,244
Au alloys for firing on to dental porcelain, which do
not have the grey colouration of known alloys,
contain 8&90% Au, 5-15% Pt, 0.5-10% Pd, 0.5-3%>
Rh, 0 . 1 ~ 3 %In, up to 3%.Sn and optionally 0.1~2%
Ta a n d o r W replacing some of the Rh.

R.C.A. CORP.
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