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Diagram of a system for measuring electronic properties of a single molecule.
(Reprinted with permission from J. Park, et al., Nature 417, 722 (2002)
copyright 2001, AAAS; see article by Ratner and Nitzan p. 3)
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SOME OBSERVATIONS ON CONDUCTING RESEARCH

IN THE DIGITAL ERA

The Olin Palladium Award Lecture, delivered at the 204th meeting of the
Electrochemical Society, Orlando, Florida, October, 2003.
Eliezer Gileadi, School of Chemistry, Tel Aviv University.

1. Some General Issues in Science

1.1 The digital revolution in scientific
measurements
Before the Digital Revolution (BDR) our main effort
was centered on making accurate measurements.
Reading the cuirent or the potential on a meter was
limited by the linearity of the scale and by our ability
to read the result accurately. Some instruments were
equipped with a mirror behind the scale to prevent
parallax. To make a real accurate measurement one
used a bridge, in which resistors and capacitors were
balanced to obtain a zero reading. In short, our ability
to understand the physical world around us and
formulate the laws by which it operates was limited
by our ability to measure it accurately enough.
Now, After the Digital Revolution {ADR), we can
measure everything with superb accuracy. But can
we undersiand the data? In electrochemistry, for
example, it is easy to measure the potential with
respect to a reference electrode with an accuracy of
+ 1 uV, buf in most cases we cannot reproduce the
chemistry to better than = 1 mV.
The above comments do not imply that the digital
revolution is bad for science - it is indeed wonderful.
It allows us to concenfrate our attention on
understanding nature, not on barely trying to measure
it. But since we can measure more accurately, we
observe a lot more of the “fine structure” of physical
phenomena, and great care in interpreting the data is
called for.

1.2 Adding my name to the Guinness book of
records

Recently a colleague presented his work in our

electrochemistry seminar. He was asked about the

sensitivity of his measurement — could he do it at a

lower concentration? I loved his answer. He said:

“It has not been my intention to enter the Guinness

Book of Records. I just wanted to understand whai

was going on”.

Iloved it, because too many of us do just that, measure
something with the highest sensitivity, the fastest
transient, the smallest number of molecules etc., to
achieve a new record; to be included in the Guinness
Book of Records. What was the question? What is
the new insight gained? Who cares, as long as you
were the first ever to have made such a wonderfuil
measurement?

There is nothing wrong in making more accurate
measurements. It is one of the most important
endeavors in science. It may be a problem, however,
if it becomes the only route taken, or even if it
becomes our most important endeavor. We must raise
our heads once in a while from the bench and look
over the horizon. After all, measurements are just one
of the tools we use to understand science; they have
no inherent value of their own.

It is somewhat unfortunate that the current generation
of successful scientist have mostly become
a generation of Equipment Builders rather than
of Deep Thinkers. But that is where the glory is.
That is where chasing the citation index has been
driving us all. That is where the digital revolution
has taken most of us. Even theoreticians tend to
follow a similar trend. They too find it expedient to
jump from one field to another, whichever happens
to be the most fashionable at the mement, instead of
persisting in solving deep problems. It is likely to
lead to more citations, more invited lectures, more
papers - and consequently faster promotions. How
wonderful would it be if we could bar the use of
statistical data in the deliberations of promotion and
tenure committees?

Next thing we know, each candidate for promotion
or tenure will be represented by a lawyer in the
appropriate committee — that would surely be the end
of excellence at universities, as we know it!




2. Highlights of our recent work

2.1 Electron transfer during metal deposition and
dissolution

For a long time T have been fascinated with the
apparently simple process of metal deposition. It is
written in the form

[ MEO) L e, = M, tn(H,0)

The energies of hydration have been calculated.
For mono-valent ions they are about 5 eV and they
increase sharply with charge. Thus, metal ions are
strongly stabilized by hydration, and they have to
shed this hydration shell in order to be incorporated
into the metal lattice. One might tentatively expect
that metal deposition would be a very slow process,
but the opposite is observed experimentally. The rate
constants for deposition of some of the metals are
among the fastest electrode reactions known.,

I consider this to be one of the open questions in
electrode kinetics, which has been ignored in the
literature. But there is more to it than that! Eq.]
cannot be the correct representation of the metal
deposition process, since it implies that metals
consist of neutral atoms, while it is well known that
they consist of a lattice of positive ions immersed in
a cloud of delocalized electrons. Accordingly, Eq.1
should be rewritten as

[2) [MHO) L, te.. = M, e tn(H,0)
This apparently formal change in the way the equation
is written makes a great difference in the model that
should be used to discuss the kinetics of this process.

‘What it shows is that the electrons were in the crystal
lattice in the initial state, and they are there in the final

state. Indeed the overall reaction of metal deposition,

should be written as

Bl MHO) L~ M, n(HO)

All we have done in the transition from Eq.2 to Eq.3
was to eliminate species which appear on both sides
of the equation, which is how we learn to balance
chemical equations in the freshman chemistry course.
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But the consequence is far reaching. Since electrons
do not take part in the overall reaction, there is no
reason to assume that they would participate in the
fransfer of charge across the interface! Indeed, there
is every reason to believe that they would not. The
same argument can be made for metal dissolution.

If we accept the above argument, we have to rethink
the whole field of metal deposition and dissolution.
The theory of charge transfer in electrode kinetics
has been, in essence, synonymous with the theory of
electron rransfer. Admittedly, ion transfer has been
discussed as a partial alternative, but only as a partial
one. In such theories the ion is assumed to penetrate
the double layer to some extent, but deposition of the
metal ion is not considered to be over until an electron
has been transferred across the interface. This may no
longer be the correct model to use,

This does not apply to redox reactions in which
electrons are exchanged between the metal and some
species in solution. During hydrogen evolution, for
example, the electrons transferred from the metal to
H,O" ions are carried into the gas phase in the H,
molecules. This is qualitatively different from the
case shown by Equations 2 and 3.

2.2 Liquid-like Layers (LLL)

The first to observe the phenomenon of surface-
pre-melting, leading to the formation of a liquid-
like layer at the surface of ice, was Faraday. The
phenomenon is important in determining important
natural phenomena such as the sliding of glaciers
and the generation of hail storms, for engineering
problems such as the frosting of aircraft wings and
formation of ice on high-power transmission lines,
as well as for our fundamental understanding of the
structure of interfaces. Electrochemistry provides a
special opportunity to study this phenomenon, since
the surface can be modified in situ by controlling
the potential across a metal/frozen -electrolyte
interface, and by modifying the surface of the metal.
Employing an EQCM and studying its admittance
spectrum allowed us to develop models describing
the properties of the L1.L under different experimental
conditions.

In Fig.l we show the resonance frequency as a
function of potential for a LLL formed at the surface
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Fig. 1 - The resonance frequency of a gold-coated
EQCM in contact with a LLL (0.IM HClO4) at
-4.8°C, as a function of potential. The corresponding
cyclic voltammetry (10mV/s) is shown above [1, 2]

of a frozen electrolyte, consisting of a 0.1 M solution
of HCIO,, in contact with a gold surface at — 4.8°C. It
is noted that the frequency changes with potential by
as much as 4 kHz in the double-layer region, where
the nature of the surface of gold is believed to be
independent of potential. This change is independent
of the direction of the potential sweep.

The behavior at 1.3 V (SHE) is of particular interest.
When this potential is reached in the anodic sweep,
the surface is bare, while when it is reached in
the cathodic sweep, the surface is covered with
a monolayer of oxide, as seen from the cyclic
voltammogram. The resonance frequency differs
by about 1.5 kHz on the two surfaces, even though
the potential is the same. While these results are still
preliminary, they clearly show the opportunities and
challenges offered by employing this additional tool

for the study of the properties of liquid-like layers in
the context of interfacial electrochemistry [1,2].

2.3 Simultaneous 2-¢ transfer

Since I entered the field of electrochemistry, more
than 40 years ago, it seemed to have been generally
accepted that efectrons were transferred one at a time.
Could two electrons be transferred simultaneously?
The common wisdom said categorically NO. I have
never actually seen a proof of this assertion, but it
was stated in all textbooks (including, alas, two of
my own!) in an axiomatic manner. When discussing
the matter with colleagues, it was tentatively argued
that:

a. Electrons were transferred across the interface by
tunneling

b. The probability of tunneling was very low

c. The probability of simultaneous tunneling of two
electrons (assuming these where independent random
events) would therefore be negligible.

The need to assume that electrons must be
transferred one at a time had a significant impact
on the interpretation of the mechanism of electrode
reactions. For divalent ions such as Fe?* or Ni** to
follow this path, one would have to assume that a
monovalent intermediate was formed. Such species
are not known to exist in aqueous solution. It could
be argued that the intermediate is stabilized by
chemisorption on the surface, but the experimental
evidence for the existence of such adsorbed species
is mostly lacking.

This issue becomes irrelevant in the framework of
the model proposed above for metal deposition and
dissolution. If electrons do not participate in charge
transfer, then the need to assume the existence of
unstable intermediates becomes redundant. The
question is still relevant, however, for the other class
of electrode reactions, such as the reduction of Ti"
to TI".

It would seem obvious that there must be an upper
limit to the instability of the assumed intermediate,
beyond which simultaneous 2-e transfer would be the
faster pathway. Finding this limit was the problem
I set out to solve. The theory of Marcus was used
for this purpose, and only the main results are given
here.
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The standard Gibbs energy of activation is given by
the expression
(A+AG Y

a4
where A, AG® and AG™ are the solvent reorganization
energy, the standard Gibbs energy of formation of the
product and the standard Gibbs energy of activation
for the formation of the product, respectively.
The subscript represents the number of electrons
transferred.  The solvent reorganization energy is
sensitive to the amount of charge transferred. For the
transfer of z electrons it is given approximately by

[4  AGY-

51 A=2x)

Combining the last two equations we find that the
equation which satisfies the equality

[6] AGY=AGF* s

[71 AGP=h +AGY/2

Prof. Eliezer Gileadi
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at the University of
Pennsylvania in Philadelphia
from 1963 to 1966, before joining Tel-Aviv University,
where he is now an Emeritus Professor. He has served
as Chairman of the Chemistry Department and Dean
of the Faculty of Exact Sciences

His research interests are centered around interfacial
electrochemistry, both fundamental and applied. He
has published 150 scientific papers, six chapters
in books, one monograph and two textbooks on
interfacial electrochemistry.

He won the Olin Palladium Award for 2003.
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All the points on the piot of AG,°vs. A, satisfy Eq.7. A
detailed discussion of this problem is given in a recent
publication [3].

The important conclusion is that, using commonly
accepted values for the solvent reorganization energy,
a moderate leve! of instability of the intermediate
would make the simultaneous 2-¢ transfer the faster
and hence the more likely pathway. This treatment
ignores the pre-exponential factor in the rate equation.
However, since the rate of reaction is proportional
to the exponent of the standard Gibbs energy of
activation, this is expected to be the predominant
factor determining the pathway followed.
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Prof. Eliezer Gileadi

from Tel-Aviv University
won the Olin Palladium
Award, the most
prestigious prize in the
world given specifically
to an electrochemist. It
started in 1951 and has
been given every other
year since then.

The award was presented during the 204"
Electrochemical Society Meeting in Orlando, Florida,
October 2003, when he delivered the Award Address
on “Some Observations on Conducting Research in
the Digital Era”

Eliezer Gileadi obtained his M.S¢. in chemistry and
physics at the Hebrew University, Jerusalem in 1956
and his Ph.D. in Electrochemistry at the University
of Ottawa, Canada in 1963, under the supervision
of Professor B. E. Conway. He was Senior Research
Associate at the University of Pennsylvania in
Philadelphia from 1963 to 1966, before joining
Tel-Aviv University, where he is now an Emeritus
Professor.

He has been Chairman of the Chemistry Department,
Dean of the Faculty of Exact Sciences and Director
of the Gordon Centre for Energy Studies of Tel-Aviv
University, and served as a member of the National
Council for Higher Education in Israel.

The research interests of Prof. Gileadi are centered
around interfacial electrochemistry, both fundamental
and applied. He siudied thermodynamics of the
double layer, the phenomenon of adsorption
pseudo-capacitance,  electrosorption,  electrode
kinetics and charge transfer, kinetics of fuel cell
reactions, electroplating in non-aqueous media, alloy
deposition, and the applications of the quartz-crystal
microbalance to studies of the properties of the metal/
solution interface. He has published 150 scientific
papers, six chapters in books, one monograph and
two textbooks on interfacial electrochemistry.

He became a Fellow of The Electrochemical Society
in 1997 and a Fellow of the American Association for
the Advancement of Science in 1998,
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Prof. David Cahen of
the Weizmann Institute of
Science was awarded

the Edwards Research
Excellence Prize for 2003
during a ceremony which
took place at the 22nd
Annual Conference of the
Israel Vacuum Society, in
QOctober 2003, in Tel Aviv.
Prof. Cahen referred in his acceptance address to his
research activities and changes in directions which
were motivated by the search for new challenges.

Ziva Patir, the general
manager of the Israel
Standards Institute, was
elected Deputy President
of the International
Standards  Organization
and Chairperson of the
Technical Management
Board.
‘4 She will be in charge
of operating all the
international  standards committees and the
maintenance-of standards. This is the highest position
held by an Israeli in this International Organization.
147 nations are members of the Organization, which
is run according to rules of the United Nations.
The Organization is responsible for about 135,000
international standards created by about 3000
committees.




LUDWIG MOND: GREAT CHEMIST-INDUSTRIALIST,

ALFRED MOND (LORD MELCHETT): GREAT ZIONIST LEADER

Bob Weintraub, Director of the Libraries, Negev Academic College of Engineering,

Beersheva, and Ashdod. bob@nace.ac.il

Ludwig Mond was one of the greatest chemists-
industrialists of all time. His application of chemical
knowledge to the needs of the times resulted in the
creation of industries that are still in operation more
than a century later. “It may with truth be said that
Ludwig Mond was one of the few pioneers who set
out to base his industrial work on modem scientific
concepts and to use engineering practices of the
highest possible standards. The whole of British
chemical industry, indeed, chemical industry the
world over, has been stimulated and inspired by the
" example of accurate understanding of the physical
and chemical conditions which was the basis of his
technological work.” (Sir A. Fleck, Chairman of
Imperial Chemical Industries Ltd. (ICI), in The Life
of Ludwig Mond by J.M. Cohen, 1956).

Ludwig’s son, Alfred Mond (the Ist Lord Melchett),
succeeded his father in business. He became in his
own right a great industrialist and public figure. He
was a great and dedicated Zionist Leader. Tel Mond
is named after him.

Ludwig Mond (1839-1909):

Ludwig Mond was born in Germany in 1839. He
studied under Prof. Hermann Kolbe at the University
of Marburg and then for three years came under the
influence of the great Robert Bunsen at the University
of Heidelberg. Ludwig Mond never earned a degree,
maybe because of lack of money. In 1862, realizing
the difficulties facing him due to anti-semitism asa
Jew in Germany, he immigrated to England.

The Leblanc Process:

“The story of nineteenth-century industrial
chemistry is in a very large part the history of the
Leblanc process, its rise and fall. Nearly all major
developments and many minor ones were related
to developments in the alkali trade.” (A. Thde, The
Development of Modern Chemistry. 1964) Products
of the alkali chemical manufacturers were major
raw materials for the soap, paper, glass, textile and
other industries. The Leblanc process, not in use
today, was replaced by the Solvay process. Soda ash
(sodium carbonate) was and is the basic commodity

of the alkali industry.
The Leblanc process produced soda from common
salt:

2NaCl+H,80, = 2HCI +Na,SO, .
Na,SO, + CaCO,+2C = Na,CO, + Ca$ + 2C0,

The starting raw materials were seawater, iron pyrites,
limestone, and coal. This process was expensive, and
produced hydrochloric acid fumes (later captured
and used for making bleaching agents), and a black
sludge waste containing almost all of the original
valuable sulphur. Ludwig Mond developed the Mond
sulphur recovery process, first patented in France in
1862. This involved the recovery of sulphur from the
alkali waste by a process of oxidation, “lixiviation,”
and the subsequent separation of sulphur by treatment
of the liquors with hydrochloric acid. Sixty licensees
worldwide worked the process until it was superseded
by The Chance process.

“It 15 interesting to note that the man who was
destined to kill the famous Leblanc soda process
had first made an accurate and comprehensive study
of it, and knew every detail and every defect.” (F.G.
Donnan, Lecture to the Institute of Chemistry of
Great Britain and Ireland, 1939).

The Solvay Process:

John Tomlinson Brunner and Ludwig Mond were
close friends. Both were employed at the John
Hutchinson & Company, chemical manufacturers, of
Widnes. Brunner was Hutchinson’s office manager
and Mond was to operate his sulphur recovery
process.

John Brunner recounts the beginnings of their
partnership:

“Some time later, he and I, discussing our future,
after many an intimate talk, came to the conclusion
that we would try working together, and naturally, as
manufacturers. At one time the idea was so simple as
to be merely the manufacture of soda crystals from
soda ash bought for the purpose, and, of course, Mond
had his ideas of cheapening the cost of manufacture.
Another project that we discussed most intimately
was the idea of taking a lease from Messrs. Gamble,

| 26




of St. Helens, of their heaps of alkali waste, in order
to recover sulphur from it.

Finally, Mond came to me one evening to say that
he had heard of Ernest Solvay’s success in working
the ammonia-soda process for the conversion of
salt into carbonate of soda at his works at Couillet,
near Charleroi, in Belgium. We both knew that Mr.
Henry Deacon, of Gaskell, Deacon & Co. of Widnes,
had worked a similar process in 1854, and failed to
make it pay. The process is based upon the following
reactions:

NaCl + NH, + CO, + H,0 = NaHCO, + NH,Cl
INH,Cl +Ca0 =2 NH, + CaCl, + HO

1t was agreed that Mond should see Solvay and ask to
be shown the works with a view to taking a license
from him. This was done, and after spending several
days going carefully through the works, Mond
returned to England to tell me that he thought Solvay
was at the beginning of a big success, and saying that
he greatly admired Solvay’s apparatus, his ability
as an engineer, and his great mental power. *(. L.
Watts, The First Fifty Years of Brunner, Mond, & Co.,
1923)

Ludwig Mond came to an understanding in 1872 to
use Solvay’s process to produce soda in England.
Brunner and Mond located a plant near the park of
Winnington Hall on the River Weaver, a tributary of
the Mersey. This site met the requirements of access
to brine, limestone, and coal, and was accessible by
rail and ship, and to the port of Liverpool.

1. L. Watts; (one of the Directors of Brunner, Mond, &
Co., who worked with Ludwig):

“The problem of converting an interesting chemical
experiment into a lucrative commercial process had
baffled all the earlier manufacturers, and although
Solvay had achieved quite an appreciable success, the
gigantic task of evolving an economical continuous
process camried on in a scientifically designed
apparatus was reserved for Mond.

Alfred Mond:

“The process finally perfected by Ludwig Mond
has always been hampered in the hands of Solvay
and others by two great difficulties. The ammonia
soda process can be explained in simple words.
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Ammonium bicarbonate is allowed to react with
sodium chloride. When Ludwig Mond erected the
works at Winnington, he found that the pipes of
the plant became encrusted. The sodium chloride
solution, brine, contains small quantities of calcium
sulphates and magnesium salts. They reacted with
the essential ingredients of the process, namely,
ammonia and carbon dioxide, and filled the pipes
with encrustation which stopped the process.

There was another difficulty. The mother liquor,
remaining after the sodium bicarbonate has been
removed, has to be distilled with lime to recover the
valuable ammonia. Unless carefully handled, the
process also blocked up the plant within two or three
weeks. By staying in his works day and night, by
adding, correcting and changing, he became master
of the process. It was because he was a practical
chemist that he was able to succeed where even the
distingnished Solvay has failed.” (in H. Bolitho,
Alfred Mond, 1932)

It took seven years of successive inventions until
in 1880 Mond was able to call the soda-ammonia
process a commercial success. The world now had
cheap soda. This meant cheap soap which had a great
influence on human health and hygiene. It also meant
the lowering of the cost of glass, paper, textiles, and
just about every other consumer good.

The company expanded and in 1926 it was merged
by Ludwig Mond’s son Alfred together with United
Alkali Co., British Dyestuffs, and Nobel Industries,
to become the Imperial Chemical Industries (ICI).
Alfred Mond was made director and Alfred’s son
Henry was a member of the new board. The soda ash
activities of ICI were sold in 1998 and operate today
under the name of Brunner Mond Ltd.

Mond Producer Gas:

Ludwig Mond looked to coal as a cheap source of
ammonia for the Solvay process. The intended by-
product, producer gas, became the main interest. The
chemical principle behind producer gas is explained
beautifully by J. W. Cobb, Livesey Professor of Coal,
Gas, and Fuel Industries, University of Leeds, in the
1924 edition of the Encyclopedia Britannica;

“Another kind of gas can be made if air is blown




erther alone or mixed with steam through a deep hot
bed of coal. From half to two-thirds of this gas by
volume is made up of the nitrogen contained in the
air used for gasification, and the heating value of
such gas is of a much lower order than that of coal
gas or water gas on that account, running about 120-
160 btu per cubic foot. This is the form of gaseous
fuel mainly used for large industrial furnaces and is
known as producer gas.

Producer Gas: When air is passed through a deep
bed of carbon maintained at a high temperature, above
1000°C, such that complete contact with the carbon is
ensured and equilibrium obtained, practically the
whole of the carbon is obtained as carbon monoxide,
according to the equation:

C+ % {0,+4N,} — CO+2N, + 29,000 calories

The most complete system for providing washed
clean producer gas, and at the same time recovering
as ammonia the nitrogen in the coal gasified (to the
extent of some 90 1b. Per ton) is due to the late Dr.
Ludwig Mond (1889)...."

Mond’s initial process employed a deeper fuel bed
and more steam in the blast than was usual. The
composition of Mond gas, varying with source of
the coal and exact conditions of the process, was CO,
17%, CO 11 %, H, 24%, CH, 3%, and N, 45%, and
about 135 BTU per cu ft.

Mond producer gas was used as a source of power
in thousands of industrial furnaces that required
smokeless fuel, and the ammonia by-product in the
form of ammonium sulphate was used as fertilizer.
Producer gas has a Btu of about 15 percent of that
of natural gas and because it was cheap and clean
was used for steel manufacture, heating, lighting,
pumping for mine drainage, ceramics and glassware,
among other uses, where the gas could be piped.
Two companies were formed to exploit the Mond
producer gas process. The Power Gas Corporation
became a supplier and exporter of municipal gas
plants. The company underwent mergers and today
is part of Davy Process Technology, a branch of the
Russian oil company Yukos. The South Straffordshire
Mond Gas Corporation at Dudley Port, near
Birmingham, sold gas via pipeline in the area known

as the Black Country, which was the world’s first gas
grid. The producer gas processes, not generally in
use today, were the basis for future coal gasification
processes.

The rich hydrogen content of Mond Gas led Ludwig
to carry out pioneering work for its use in a battery.
Ludwig Mond together with Dr. Carl Langer are
credited in 1889 with being the first to use the term
“fuel cell.”

The Mond-Langer Process (Carbonyl
Vapour metallurgy):

At age 56 Ludwig Mond was presented with a
scientific-industrial challenge which would lead to
the formation of a new metallurgical industry and to
a discovery that would lead to what Lord Kelvin
described as having “given wings to heavy metals,”
the discovery that a metal could exist in the form of
a gas.

Two investigations converged on the same
discovery:

In 1889 Mond was working on the chlorine plant
process for the preparation of chlorine from the
ammonium chloride  by-product of the Solvay
process. In the plant, nickel valves in the brick-lined
tanks underwent rapid corrosion and were found to
be coated with a black deposit of carbon when in
contact with vaporized ammonium chloride. This
did not take place on the laboratory scale. Something
different was taking place in the plant than that on
bench scale. It was found that the carbon monoxide
impurity in the lime-kiln gas, which was mostly
carbon dioxide used to sweep ammonia out of the
plant, was reacting catalytically with nickel to form
carbon dioxide and carbon. In the laboratory, pure
carbon dioxide was used.

Mond needed very pure hydrogen for his work on
the Mond battery. “Traces of hydrocarbons that were
present in Mond Gas, as well as the large quantities
of carbon monoxide contained in it, poisoned the
platinum black used in the cell and destroyed its
absorptive power for hydrogen. The cure seemed
obvious: the behavior of nickel that was such a
trouble on the chlorine plant seemed a panacea for
the frouble with the Mond Gas battery. It was not
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long, therefore the problem of purifying the Mond
Gas was solved: Ludwig had only to pass a mixture
of Mond Gas and steam over finely divided nickel at
400°C - well short of red heat - and the steam and
carbon monoxide combined to give carbon dioxide
and more hydrogen, leaving a gas that, after a simple
alkaline wash to remove the carbon dioxide, could be
used successfully in the hydrogen cell.” (A. S. Irvine,
Alkali Division Information Service, ICL, in The Life
of Ludwig Mond, J. M. Cohen)

Alfred Mond: _

“My father and Dr. Langer were working together
upon another problem and in order to purify the gas
they wanted for their purpose [the Mond battery],
they passed carbon monoxide over reduced nickel.
They were burning it at the end of a glass pipe in
order to prevent it from escaping the room.

One day, much to their astonishment, they found
this flame was burning an extraordinary green color.
Nobody could make out what it was, and when they
held up the porcelain dish to cool it down they got
a nickel mirror. Nobody had ever heard of a gas and
metal forming a gaseous compound. Some might
have dismissed it as a scientific curiosity, but they,
scientific men, immediately saw there was a new
phenomenon, investigated and found it was nickel
carbonyl...a combination of gas and metal previously
never heard of in science. That seemed to be an
interesting scientific discovery, but of no particular
industrial or commercial value. The gas was
difficult to obtain, it was poisonous and it had many
disadvantages, including danger to the operatives if it
escaped; but my father’s technological mind was not
satisfied unfil he had developed from that new fact
the best and cheapest way of refining nickel from
complex ores...” (iin H. Bolitho ).

The reaction that they discovered is:

Ni (s) +4CO (g) =Ni(CO), (8)

The reaction proceeds to the right from 40° to 100°C
and is reversed at temperatures from 150° to 300°C.
Mond recognized the potential commercial value
of this reaction for use in separating Ni from other
metals. The Mond-Langer process (Carbonyl Vapor
metallurgy) for the manufacture of nickel is based on
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this reaction. Mond mined nickel from Canadian
matte and opened a refinery in Clydach, Wales. The
site was on the Swansea Canal and the River Tawe,
a site that had access to port facilities and also to
anthracite coal deposits for the production of carbon
monoxide and also for heat and power. The same
process in modified form is still in use today at
Clydach.

“The process adopted for the Canadian ores, which are
poor in copper and nickel, consists in a preliminary
roasting in heaps and smelting in a blast furnace in
order to obtain a matte, which is then further smelted
with a siliceous flux for a rich matte. This matte is
then mixed with coke and salt-cake and melted down
in an open hearth furnace, or in a Bessemer converter
with a silicate lining,

Inthe Mond process, this refined matte, which contains
copper, nickel and iron sulphides, is roasted to remove
the sulphur, and extracted by sulphuric acid, whereby
the iron and copper contents are diminished and the
nickel content is relatively increased. Reduction by
“water-gas” at 300 C, then leaves nickel and copper
as metals and iron oxide unaffected; at the same time,
the water-gas is largely deprived of its hydrogen and
becomes relatively richer in carbon monoxide, the
content of which is raised to 80% by passage through
a retort of hot coke. The enriched gas is then passed
over the metallic mixture at about 80 C., whereby

‘the nickel is “volatized” as carbonyl Ni(CO)4; the

product is passed through towers at 180-200 C.,
where it decomposes and is deposited (often on
pellets of pure nickel}, the resulting carbon monoxide
being used again. The nickel so obtained is of a high
degree or purity.” (Ency. Britannica, 1924).

“Thus in the course of ten years, ten years of research
and experimentation, of planning and bargaining, of
buying and building, an idea had become a material
fact. Mines, smelter and refinery were linked in an
organization which gave them life; caused them to
operate and produce-nickel. In those early days the
organization was very much a family concern. Ludwig
Mond was at its head, as Chairman; his sons Alfired
and Robert were among the directors, and a nephew,
Robert Mathias, was appointed Secretary...The
Victoria Mine was ready for operation in February
1901 and six months later copper-nickel matte began




to flow from the smelter.” (A. C. Sturney, The Story
of Mond Nickel, 1951.) Copper sulphate and nickel
sulphate were also produced. The early experiments
led to the recovery from the Clydach residues of gold,
silver, platinum, paltadium, rhodium, and iridium.
“The achievement is without precedent in the history
of scientific manufacturing enterprise, in virtue of its
originality, the rapidity with which it was conceived,
and the intrepidity with which it was executed.” (H.
E. Armstrong, Nature, 1931),

In 1929 Alfred Mond (now Lord Melchett) negotiated
the merger of the Mond Nickel Company into the The
International Nickel Company. Among the members
of the new board were Lord Melchett, his brother
Robert Mond, and Alfred’s son Henry.

Alfred Mond - The first Lord Melchett
(1868-1930):

Alfred Mond was involved in politics and represented
in Parliament Chester (1906-1910), Swansea (1910-
1923) and Carmarthen (1924-1928). Alfred was
born in England and was not raised in the Jewish
religion.  With the approach of World War I and
later, Alfred found himself faced with anti-semitic
attacks, a “German and Jewish traitor.” Despite
this maduness, Lloyd George in 1916 appointed him
Commissioner of Works, a position in which he
served until 1920. This important position during
the first World War involved giving support to a vast
program of factories for supply of ammunition and
construction work including anti-aircraft works,
jetties, grain stores, factories, hospitals and camps
and barracks. Mr. Lloyd George said of him: “ No
better business brain has ever been placed at the
disposal of the State in high office than that of Sir
Alfred Mond.” In 1921 he was appointed by Lloyd
George as Minister of Health,

Alfred was married to a non-Jew, and his children
Henry and Eva were raised as Christians. In 1917, at
age 50, Alfred seemed to undergo a deep change in
religious feelings. In that year he gave his first speech
in which he spoke in the name of the Jewish people.
Chaim Weizmann described the following from their
visit to Palestine in 1922:

“This time I went with Sir Alfred Mond. We spent
January and part of February touring the country,
and Sir Alfred showed himself - hard-headed man
of affairs that we all took him to be - profoundly
susceptible to the more romantic aspects of the work.
I remember still the shock of astonishment which
went through me when, as we stood waiching a group
of chalutzim [pioneer settlers), breaking stones for
the road between Petach Tikvah and Jaffa, I observed
how very close he was to tears. They looked to him,
those children of the ghetto, altogether too frail and
too studious for the job they had in hand. Perhaps he
had just realized that these young men and women
were building themselves, as well as the road. “(Trial
and Error, 1950)

They stayed at Government house as Guests of Sir
Herbert Samuel. Alfred wrote to his wife, “ I have
learned much I didn’t know and which, possibly, no
one who is not a Jew will ever be able to understand,
for it can only be felt... But the Hills of Judea are
today as dramatic as in the days of the prophets and
the Lake of Galilee smiles in its beauty as when Jesus
of Nazareth walked its shores...I have never lived so
intensely as a Jew before. “ (in Bolitho).

Alfred Mond became President of the British Zionist
Foundation and took on the responsibility for
negotiations  with the British Government, became
a speaker on American Fund raising trips, and was a
member of the Joint Palestine Survey Committee that
studied the issue of resettlement in Palestine. He
was one of the founders and joint-chairman of the
great meeting of the council of the extended Jewish
Agency on August 11, 1929. He was on the platform
together with Chaim Weizmann, Nahum Sokolov,
Herbert Samuel, Osmond d’Avigdor Goldsmid,
Louis Marshall, Felix Warburg, Sholem Asch, Leon
Blum, and Albert Einstein. Alfred Mond was the first
President of the Technion and was the guest of honor
at its official opening in 1925.

He made huge monetary contributions to Zionist
causes and purchased large areas of waste land
which he opened up to agriculiure.  He bought for
himself fifty acres of land in Migdal and had a house
built. Alfred Mond died in 1930. The night before
the burial Dr. Chaim Weizmann took part in the first
watch over the body.
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Henry Mond ~ The second Lord Melchett
(1898-1949) and Eva Mond - The second
Marchioness of Reading (1895-1973):

In Palesiine Henry and his sister Eva laid the
foundation for the memorial statue of their father,
seen today in Tel Mond. In 1933 they both converied
to Judaism. Henry succeeded his father as chairman
of the Jewish agency, and also as negotiator with the
British government. He was chairman of the Palestine
Electric Corporation and Palestine Plantations—
which owned Tel Mond. He was president of the
World Union of Maccabi. Eva married the second
Marquis of Reading. Lady Reading was president
of the British Zionist Foundation and of the British
section of the World Jewish Congress.

Hector Bolitho, near the end of his remarkable 1933
biography Alfred Mond, The First Lord Melchett,
relates the following:

“In the spring of 1932, the author went to Tel Mond,
the settlement which Alfred Mond inspired. Early in
the morning, as the sun was rising over the Plain of
Sharon, he joined the Jews of the settlement upon the
high ground, where the foundation stone of Alfred
Mond’s memorial was to be laid. The long agony
of anger between Jews and Arabs was forgotten. The
pogroms and the ghettos of Europe were dim, over
-the mountains, over the plains, over the seas. Upon
a crisp morning such as this, they were something to
shudder about and dismiss from memory. The Jews
had come from many countries, under Alfred Mond’s
wing, to grow oranges on the Plain of Sharon. The
trees were now as tall as themselves. The leaves
shone like jade in morning light. Upon the high
ground they were gathered, diverse in tongue, diverse
in blood, but bound together in this deep mysterious
energy which draws the Jews back to fight for their
earth agaixn, .

The author is a Christian. He only half comprehended
the scene: the Hebrew scroll buried in the earth, the
name of Mond buried in the earth, the story of the
belated blossoming of the Plain of Sharon. A trowel
was placed in his hand and he was allowed to smooth
some of the oozy concrete which covered the scroll.
Above it, a colossal white figure was to be built, with
its hand pointed to the sky. “
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Statue dedicated to Alfred Mond's memory at Tel
Mond.
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Prof. David Lavie 1916-2003

Prof. David Lavie, one of the first scientists of the
Weizmann Institute of Science, died recently at the
age of 87, The scientific research Prof. Lavie spans
for over a period of more then 50 years. He received
his M.Sc. degree from the Hebrew University of
Jerusalem in 1939 and in the same year (Ten years
before the official dedication of the Weizmann) he
started his Ph.D. studies at the Sieff Research Institute
under the supervision of Dr. Leon Haskelberg. After
completing his Ph.D. research on the structure of the
disinfectant compound DDT he did his post-doctoral
studies at Harvard University. This work, performed
in the group of Prof. Moris Capchun, dealt with
structural investigations of alkaloids.

Upon returning to the Sieff Research Institute he
initiated pioneering research in the field of natural
compounds for medicinal purposes. He developed
methods for the isolation and identification of natural
compounds from plants and insects and studied
their biological activity. For example, he isolated
the compound Thebaine from the poppy Papaver
Practeatum which grows wild throughout Asia
Minor. Thebaine was used as a starting material for
the preparation of the anti addiction drug Naloxone
and the analgestic drug Codeine. He also worked on
several other plants such as Withania Sommifera. He
studied the enzymatic reactions controlling certain
biogenetic pathways and factors controlling the
process of germination in feeds.

In another area, Prof. Lavie studied the hosi-guest
relationship between plants and insects. He isolated
from the bark of the apricot tree compounds which
attract certain insects, with the purpose of attracting
the insects away from the trees, without the need to
use insecticides.

In his last active years, Prof. David Lavie cooperated
with Prof. Yehuda Mazur and with his son, Prof. Gad
Lavie, in the synthesis, and development of anti-viral
and anti-cancer compounds of the Hypericin family.
Prof. Lavie supervised 30 graduate students, several
of whom followed his path and developed successful
research careers in the field of Organic Chemistry.

In the vears 1966-7 he served as Head of the
Department of Organic Chemistry, and in 1974-1977
he was the President of the Israel Chemical Society.

[ had the privilege of knowing Prof. Lavie after he
had already retired. He continued his research activity
until the age of 80 and came to his laboratory atmost
daily. T learned to appreciate him not only as an
outstanding scientist but also as a modest person, with
broad knowledge, deep insight and a strong sense of
humor. He was always ready to share with others his
immense experience. We will always remember him,

Prof, David Milstein




Nanotechnology in Chemistry: Molecular electronics

Mark Ratner, Chemistry Department, Northwestern University, U.S.A
Abraham Nitzan, School of Chemistry, Tel Aviv University

The paper is an overview of the current state of
nanotechnology research from the perspective
of molecular electronics. We discuss molecular
properties that underline the potential use of
molecules as electrical elements and molecular
structures that have been found useful in the design
of nano electronic devices. Experimental and
theoretical aspects of electron transmission through

such molecular structures are reviewed, emphasizing
the roles of tunneling, band-motion and activation
followed by hopping transport. We describe several
new developments in this area, including possible
applications of magnetic and optical molecular
phenomena. Finally we speculate on possible future
advances in this research and development effort.

Biological molecules in the gas phase

Chava Lifshitz, Physical Chemistry Department, The Hebrew University Jerusalem

Laser desorption (LD) and electrospray ionization
(ESI) are being used to introduce biomolecules as
ions into the gas phase. The paper describes two
experimental set-ups that are in use in the Mass
Specirometry group at The Hebrew University
headed by Professor Chava Lifshitz: (1) ESI
combined with a fast flow technique for the study
of bimolecular reactions; (2) LD, laser ionization
and time-resolved photodissociation (TRPD) for the

study of unimolecular reactions. Results have been
presented for H/D exchange in the arginine dimer
that substantiate the existence of a salt bridge (ion-
zwitterion) structure in the gas phase. Microcanonical
rate constants for formation of the immonium ion
from leucyl tyrosine (LeuTyr) and LeuLeuTyr are
in agreement with RRKM calculations indicating
internal energy randomization and statistical
behaviour of dissociating peptide ions.

Some Observations on Conducting Research in the Digital Era

Eliezer Gileadi, School of Chemistry, Tel Aviv University
The Olin Palladium Award Lecture, delivered at the 204th meeting of the Electrochemical Society,

Orlando, Florida, October, 2003.

The Digital Revolution changed the way we do science,
shifting the emphasis from deep understanding of the
experimental results to performing experiments of
unprecedented accuracy and sensitivity

Highlights of three current topics of research in the
laboratory of the author are discussed briefly:

It is shown that the overall reaction of metal
deposition and dissolution does not involve electron
transfer across the interface, since the electron is
inside the metal crystal both in the initial and the
final states. This is qualitatively different from redox
reactions, in which an electron is transferred to/from
the metal to a species in solution.

Liquid-Like Layers (LLL) are known to be formed

at the ice cold interface at temperatures well below
the freezing point of ice. This phenomenon has been
studied by a variety of experimental techniques.
Here we apply for the first time the quartz-crystal
microbalance for the study of this phenomenon,
Employing this technique in the electrochemical
mode allows us to study the effect of potential on the
formation of the LLL.

A comparison of the standard Gibbs energies of
activation for simultaneous two-electron transfer with
consecutive transfer of two electrons shows that the
former may be the preferred path, if the intermediate
formed by the transfer of the first electron is even
mildly unstable. '
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