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SELF-ASSEMBLY OF NANOPARTICLES: THEORY AND

EXPERIMENTS MEET

Eran Rabani, School of Chemistry, Tel Aviv University, Tel Aviv 69978, Israel
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Introduction

Experimental and theoretical studies of matter on
a nanometer length scale are becoming increasingly
important due to the development of modern
technologies leading to significant reduction in the
size of electronic and optical devices. Of particular
importance is the ability to assemble nanoparticles
into well-defined configurations in space. These
spatial arrangements can be employed to build
increasingly complex structures, thereby exiending
the variety of chemical materials that can be used for
different purposes.

When a liquid containing nanoparticles evaporates,
many qualitatively different transitory structures
can form.!® This self-assembly is governed by
a subtle interplay of forces, including interactions
between nanoparticles® as well as capillarity and
weiting. While certain experimental results can be
explained using thermodynamic arguments alone,’
drying-assisted aggregation of nanoparticles is, in
principle, a nonequilibrivm process.’ Understanding
this evolution towards a new equilibrium state at
a microscopic level is the first step in a systematic
design of interesting and useful morphologies.

In this article, the dynamics of two-dimensional
gvaporation-mediated  self-assembly  process is

~ analyzed using a simple coarse-grained lattice-gas

model.* Several structures formed by this model
correspond closely to those found in experiments.
But other structures, resembling crossed wires and
dendrites, have not yet been observed. The results
suggest ranges of experimental conditions appropriate
for fabrication of these novel patterns.

Model

We propose a coarse-grained latfice-gas model
of evaporation-mediated self-assembly in which
fluctuations of the evaporating solvent are explicitly
included. In detail, the density of the liquid and
nanoparticles are described on a square latfice,
where each lattice cell of the size of the correlation
length of the solvent (€& =1nm) is occupied by
either liquid (/, =1) or nasoparticle (n, =1) or
gas (1, =0 and n, =0). We use two seis of binary

variable ¢, and », that are roughly proportional
to solvent and nanoparticle densities at lattice site
i, respectively. Because the size of a nanoparticle,
d, can exceed the range of correlated solvent
fluctuations, we allow them to span several cells of
the lattice.

In our model, adjacent liquid cells atiract one
another with a strength £, determined by the energy
density of the fluid, and adjacent nanoparticle cells
attract one another with strength £, > €, , so that
they tend to aggregate in the absence of liquid.
The coupling between the drying dynamics and
the self-assembly is established by introducing
aftractions  between neighboring liquid and
nanoparticles (of strength €,, ). The system maybe
described by the lattice-gas Hamiltonian given by

H=—e|-21,.lj —p.ZIf—e,,annj —8,,,21{.:1}

<l <> <iff

Fig. 1: A sketch of the lattice and important length
scales of the model. Each laitice cell of size & is
occupied by gas, liquid or nanoparticle. The color
scheme shown is maintained in subsequent figures.




where L is the chemical potential used to control
the average conceniration of liquid and vapor cells
at equilibriumn, and the sums in the above equation
run over nearest neighbors only. The geometry
and relevant length scales of this lattice model are
sketched in Fig. 1.

The dynamics of our model are stochastic, both for
fluctuations in solvent density and for nanoparticle
diffusion. In the former case, configurations evolve
by Monte Carlo dynamics. We aftempt to convert
a randomly chosen lattice cell from liquid to vapor
(or vice versa), with a Metropolis probability.
Nanoparticles execute a random walk on the lattice,
biased by their interactions with liquid ceils and with
each -other. We atiempt to displace a nanoparticle
by single lattice spacing in a randomly chosen
direction. Such a move is accepted also with the same
Metropolis probability, but only if the region into
which the nanoparticle moves is completely filled
with liquid. This is done to mimic the low mobility
of nanoparticles on a dry surface.

Homogeneous Dynamics

The self-assembled morphologies obtained in our
model depend mainly on the evaporation dynamics.
These can be controlled by changing the temperature
or by changing the chemical potential (i.e. changing
the solvent). In the right panels of Fig. 2 we show
snapshots at intermediate times from representative
nonequilibrium trajectories exhibiting homogeneous
drying. The chosen trajectories differ from one
another only in coverage (i.e., mean surface density)
and mobility of nanoparticles. At low coverage
(a) distinct, disk-like aggregates of nanoparticles
dominate the self-assembly, At higher coverage (b,
¢ and d) nanoparticle domains are anisotropic and
nearly percolate through the lattice. In many cases,
the growth of domain in the homogeneous drying
limit is self-similar. The left panels of Fig. 2 are
micrographs of nanoparticle self-assembly in the
experiments of Brus and coworkers'. In each cases,
the nancparticle coverage lies within two percent
of the simulated system depicted in the adjacent
panel. The strong visual correspondence between
the experimental and theoretical results is evident.

Similarly, with a reasonable estimate of the physical
time scale for computed trajectories the growth times
of simulation and experiment also compare well.

The agreement between the experimental and
theoretical results in Fig. 2 demonstrates that our
coarse-grained model successfully captures the

Fig. 2: Self-assembled morphologies resulting
from homogeneous evaporation. Right panels show
results of model simulations for coverages of 5% (a),
30% (b), 40% {(c), and 60% (d). Lefi panels show
corresponding experimentally observed morphologies

for CdSe nanocrystals at similar coverages.




qualitative dynamics of nanoparticie assembly in
the limit of spatially homogeneous evaporation. We
have also made more guantitative comparisen (not
shown). We find that not only are coalescence and
shape fluctuations similar to the eye, but the scaling
of domain size with time is essentially identical. We
conclude that when evaporation is spatially uniform,
the coarsening of nanoparticle domains is essentially
that of an appropriate one-component fluid. Solvent
evaporation simply triggers the onset of coarsening,
after which the mechanism and time scale of growth
are determined by nanoparticle diffusion.

Heterogeneous Dynamics

When evaporation is instead strongly heterogeneous
in space, the dynamics of self-assembly can be
dramatically different. In this case evaporation
occurs by nucleation and growth of vapor bubbles.
At a given instant, the driving force for nanoparticle
assembly therefore varies with position on the
lattice.  If nanoparticles are sufficiently mobile
to track the fronts of growing vapor muclei, their
aggregate patterns will be shaped by the structural
history of evaporation. This is a consequence of the
coupling between two different phase ftransitions,
one in solvent density (evaporation) and the other in
nanoparticle density (self-assembly).

Fig. 3 shows two representative simulation trajectories
under conditions of heterogeneous evaporation along
with the corresponding experimental results.” Panel
(a) exemplify network formation when domain edges
are effectively frozen following evaporation, so that
aggregation essentially halts when vapor nuclei meet.
Each cell of the network structures in panel (a) matks
an independent nucleation event whose front pushed
nanoparticles to the boundaries of adjacent cells.
When domain edges remain mobile following
heterogeneous evaporation, the network described
above in panel (a) of Fig. 3 is not stable, long-lived
structure. Nanoparticles continue to move in this
case, strongly biased by the interfacial tension of cell
boundaries. Cells break up as diffusion concentrates
nanoparticle density at the nodes of the network,
leaving distinct, worm-like domains. An example of
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Fig. 3: Self-assembled morphologies resulting
from inhomogeneous evaporation. Simulations are
shown in the lower panels and the corresponding
gxperiments in upper panels,

such a pattern generated by our simulations compares
well with worm-like morphologies observed in
experiments {panel b in Fig. 3).

Conclusions

The theory presented here suggests two regimes
of drying-mediated nanoparticle assembly, These
regimes are distinguished by the spatial uniformity
of solvent dynamics. When solvent evaporates
homogeneously from the surface, disk-like or
ribbon-like domains form at early times. If these
aggregates remain mobile, they continue to evolve
in a self-stmilar fashion, principally by diffusion and
coalescence. If instead domain boundaries are frozen
following evaporation, dynamical constraints arrest
this growth at an early stage. When evaporation is
inhomogeneous due to infrequent nucleation events,
network structures are formed at early times as
vapor nuclei meet. These cellular pattems are only
stable if interfaces are frozen following evaporation.
Otherwise, networks fragment to form distinct,
warm-like, domains that asymptotically evolve as in
homogeneous coarsening,
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(1R,28)-(+)-Grandisol
Ratio: 6 1 2 6
Grandlure, aggregation and sex pheromone released by the male boll weevil

{Anthonomous grandis).

/W\W

(7R,88)-(+}-cis-epoxy-2-methyloctadecane
Disparlure, sex pheromone released by the female gypsy moih
{Lymantria dispar).

(1R,58,7R)~(+)-exo-brevicomin (18,5R)-(-)-frontalin
Aggregation pheromone of the western pine beetle (Dendroctonus
brevicomis) released by females (brevicomin), males (frontalin) and
the tree (Myrcene).

= _ QAc

(Z,E)-9,11-tetradecadienyl acetate

Prodlure, the main component of the sex pheromone released by the
female Egyptian cotton leafworm {Spodoptera littoralis).

PN N e P N OAc

(Z)-7-Dodecenyl acetate

The sex pheromone released by the female Asian elephant

H

N

all-cis-S-methyl-3-butyloctahydroindolizine

Monomorine |, a component of trail pheromone released by Pharaoh's
ant (Monomarium pharonis) and related species.
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Dorsal arm plate (blue/black) of the brittle star;
Ophiocoma wendetii. The plate is a single crystal
of calcite, decorated by lens structures, which
concentrate light on the underlying nerve bundles
{Addadi, Weiner) (see back cover figure).
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PERSPECTIVES IN THE CHEMICAL SCIENCES

A Symposium entitled "Perspectives in the Chemical
Sciences" in honor of Prof. Joshua Jortner on his
70th birthday, was held on June 15-17, 2003, at the
Tel Aviv University. About 50 foreign scientists, as
well as more than 100 Israeli scientists participated
in the event.

The Symposium was opened on June 15 by the
Chairman of the Organizing Committee, Abraham
Nitzan, followed by greetings from the President of
the University, [tamar Rabinovich, and a Lecture by
Sydney Leach, CNRS, France

On, Joshua Joriner: The Virtual and the Real

On June 16 the meeting was opened by Ori
Cheshnovsky, Head of the School of Chemistry,
followed by the presentation of the:

Award of the Maria Sklodowska-Curie Medal
of the Polish Chemical Society

by Jerzy Konarski, President of the Polish Chemical
Society, and in the presence of H.E. Mr. Maciej
Kozlowski, Ambassador of Poland in Israel.

Opening lecture:
Stuart A. Rice, University of Chicago
" Joshua Then and Now

Barry Honig, Columbia University

The  Solution  Properties  of  Biological
Macromolecules: Applications to Protein Folding
and Protein Structure Prediction

Peter Wolynes, University of California, San Diego
Energy Landscapes of Supercooled Liguids, Glasses
and Protein Dynamics

Catherine Bréchignac, Orsay, France
Fragmentation at Nanoscale

Louis Brus, Columbia University

Single Molecule Raman Scastering at the Junctions of
Large Ag Nanocrystals

Graham Fleming, U. of California, Berkeley
Ultrafast Studies of Photosynthetic Energy Transfer
and Condensed Phase Dynamics

Mordechai Bixon, Tel-Aviv University

Charge Transport in DNA
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Paul Barbara, University of Texas, Austin
Spectroscopy and Dynamics of Organic Nano
Particles

Don Levy, University of Chicago

Joshua, Molecular Beams, and Biomolecules in the
Gas-Phase

At the reception in the evening there were Greetings
by Joseph Klafter, from Tel-Aviv University,

and a Lecture by

Roald Hoffmann, Comell University, on

Why Buy That Theory?

On June 17 the lectures were given by:

Aron Kuppermann, CalTech

Quantum Reaction Dynamics and Hyperspherical
Harmonics

Morrel H. Cohen, Rutgers University

Density Functional Theory of Energy Gaps, Chemical
Reactivity, and "dioms in Molecules’

Eran Rabani, Tel-Aviv University

Lattice-Gas Models, Self-Assembly of Nanoparticles,
And Nanopumps

Rudolph A. Marcus, CalTech

Strange Isotope Effects in the Stratosphere and in the
Laboratory. Mass-Independence

Martin Quack, ETH, Switzerland

News on Symmervies in Molecular Processes

Mark Ratner, Northwestern University

Molecular Junctions — Gating the Current by Means
Fast and Slow

Josef Michl, University of Colorado, Boulder
Artificial Surface-Mounted Molecular Rotors: Theory
and Experiment

Peter Toennies, Max Planck Institute, Gottingen
Magic Helium Clusters

Closing lecture:

R. Stephen Berry, University of Chicago

Exploring the Potentials of Science in Many
Dimensions: Joshua's Research




PRIZES AND AWARDS

Prof. Ada Yomath, form the Weizmann Institute
received the Christian Anfinsen Award form the
Protein Society in recognition of her pioneering
and continuing structural studies of the ribosome.
She delivered the Award Lecture on "The making of
Proteins”, in the Boston Meeting of the Society, on
July 2003.

Yonath was also elected as a Foreign Associate of
the American National Academy of Sciences and was
awarded an Honorary Doctorate from the University
of Tel-Aviv.

The Gerhard Schmidt Memorial Prize for 2003
was awarded

to Pr. Ayelet Vilan, Weizmann Institute

for her work on "Junctions of organic monolayers and
gallium arsenide — preparation and controlling their
elecirical and transport properties”.

and Dr. Haim Tsuberi, Weizmann Institute

For his work on "Synthesis and structure function
study of polymyxin B nanopeptide: a novel approach
toward antibacterial peptides"”.




ERNST BORIS CHAIN (1906-1979) AND PENICILLIN

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

Beersheva and Ashdod. bob@nace.ac.il

“In the whole history of medicine few achievements
can match that of Emst B. Chain. His success in
preparing the first efficient antibiotic, penicillin,
produced a real revolution in medicine. The use of
penicillin, some of its chemical modifications, and the
many other types of antibiotics developed as a result
of Chain’s success has virtually wiped out the most
dreaded bacterial epidemics, such as plague, cholera,
typhoid, bacterial pneumonia, and many frequently
fatal streptococcal infections, such as scarlet fever.
History is full of reports of how whole countries,
or even parts of a continent, were devastated by
epidemics. Chain’s contribution initiated a new
era in medicine, The number of people whose lives
were saved by antibiotics in the past few decades is
probably several times as large as that of the people
killed during World War II (55 million). The genius
of Paul Ehrlich, the father of chemotherapy, searching
for compounds capable of destroying pathogenic
bacteria without hurting the host organism, could
not have foreseen the almost incredible efficiency
and the wide scope of antibiotics in the fight against
bacterial infections. In Ehrlich’s time, biochemistry
was, of course, in its infancy. Chain is not only an
excellent and competent biochemist; in addition he
has a rare combination of abilities; not only does he
explore the chemical properties of biologically active
- and important compounds, but he makes every effort
to use his discoveries for the benefit of medicine.
Thus the success with penicillin was not incidental.
It was the outcome of his fundamental approach to
his research.,” (D. Nachmansohn, German-Jewish
Pioneers in Science, 1979).

For his part in the development of penicillin, Boris
Ernst Chain was honored in 1945 by the award of
the Nobel Prize in Physiology and Medicine, shared
together with Alexander Fleming and Howard W.
Florey.

Chain:

Ermst Chain was born in Berlin in 1906. In 1930
he earned his Ph.D. from the Pathological Institute
of the Charité Hospital in Berlin for his research on
the optical specificity of esterases. Because he was
a Jew, when Hitler came to power in 1933 Chain left
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Germany for England.

Chain was recommended to Prof. Gowland Hopkins
by Prof. J.B.S. Haldane, both of whom had seen
copies of Chain’s Ph.D. thesis. Haldane was later
to write that this was “what posterity may regard as
the best and most important action of my life”, Chain
was forever grateful to these two great men for having
extended to him kindness when he was a refugee
without means in a strange country. The adjustment
to England was particularly painful as Chain had
left behind in Germany his mother and sister. They
were last seen alive at Theresienstadt. Chain earned
a second Ph.D. in 1935 under Prof. Hopkins at
Cambridge for his work on the acid-base properties
of the phospholipids lecithin and cephalin. Chain
received a grant from the London Jewish Refugees
Committee and the Liberal Jewish Synagogue. This
was arranged by Dr. Redcliffe N. Salaman, a trustee
of Jews' College, the plant virologist and the great
expert on the potato. Years later Chain was to say, “1
owe to this country - in particular the Anglo-Jewish
Community, a great deal - in fact my existence.”
Hopkins recommended Chain to Prof. Florey for
a position at Oxford, saying in part, “I feel that if
his race and foreign origin will not be unwelcome
in your department, you will import an acceptable
and very capable colleague in taking him”. In 1935
Emst Chain joined the staff of Prof. Florey at the
Sir William Dunn School of Pathology at Oxford
University, with the task organizing a biochemical
section in his department.

Chain: “We discussed the plans for the future
organization of the Department of Biochemistry,
which Florey wanted me to organize in his
institute. He had been convinced for some years
that biochemistry was of very great importance for
the development of pathology and that in fact all
pathological changes had at their basis biochemical
phenomena, and he told me that T would have
a completely free hand in developing that section.
The only problem that he himself suggested was that
I should become interested in elucidating the mode of
action of the bacteriolytic substance lysozyme. He
himself had been interested in this substance for some

years”. Alexander Fleming had discovered lysozyme
in 1922,




In 1938, in the final stages of a project on lysozyme,
Chain in the course of a literature search on
antibacterial substances, came across Fleming’s 1929
paper about penicillin.

Prof. Alexander Fleming, a bacteriologist at St.
Mary’s Hospital, London, observed in 1928 that
around a spot of contaminating mould on one of his
petri dishes a large circumference of the colonies of
staphylococci had been killed and dissolved away
(lysed). Fleming coined the term penicillin as
a short way of referring to the antibacterial culture
fluid, the word penicillin subsequently taking on the
meaning of the active molecules that were present
in the medium.  The mould was later identified as
Penicillium notatum. After the work by Fleming and
also by others, nobody believed that penicillin was of
any use in therapeutic medicine.

Chain: “Itold Florey about nty finding in the literature
of penicillin. Though he never mentioned the word
penicillin to me during our frequent conversations,
he appeared to be familiar with the substance and
asked me whether I was aware that in 1933 a group of
well-known and successful natural product chemists,
Raistrick and two of his colleagues, had worked on
it, but could not make any progress becaunse of its
instability. 1 had not heard of this paper, but read
it immediately after my talk with Florey. The paper
showed that the active substance disappeared from
the culture fluid after extraction with ether at acid
pH, but could not be recovered after evaporation with
ether. I thought at the time that in those experiments
penicillin was very similar in character to lysozyme.
Lysozyme disappeared from the culture after shaking
with ether, but this was due to surface denaturation
to which lysozyme was particularly sensitive. The
reading of the paper by Raistrick and his colleagues
only increased my interest in Fleming’s penicillin. I
told Florey that we would certainly find a method for
at least partially purifying penicillin despite lability.
He agreed. So we started our work on the isolation
and purification, not in the hope of finding some new
antibacterial chemotherapeutic drug, but to isolate an
enzyme which we hoped would hydrolyse a substrate
common on the surface of many pathogenic bacteria.
The motive for this work was therefore a general
biological one, There was nothing in Fleming’s

paper which justified the hope that his penicillin was a
substance or mixture of substances of extraordinarily
high therapeutic power, which for some reason, was
neglected by everyone for many years.”

Isaac Berenblum {who in 1950 joined the Weizmann
Institute of Science and set up the department of
experimental biology and was Chairman of the Israel
society for the fight against cancer) recalls a tea-time
meeting at that time at which Florey and Chain were
present:

“The talk, he says, turned to antiseptics, and then to
those that could not be used internally. At this point
Florey first recalled Fleming’s discovery of penicillin
and then mentioned Raistrick’s experiments in which
penicillin had appeared to be unusually unstable.
Chain, says Berenblum, overheard the conversation
and, in character, chipped in with the opinion that
in that case Raistrick could not be such a very good
chemist. It must, he is remembered as adding, be
possible to produce it in a stable form. This assertion,
it can be claimed with considerable plausibility,
played its part, if not indeed the vital part, in leading
to the work from which penicillin finally emerged as
the life-saver it was.”

Chain’s part of this project was the chemical and
biochemical properties of the substances. Florey’s
part was the study of their biological properties.

Chain: I concentrated on the isolation and
characterization of the active antibaciterial principle.
The first experiments which I carried out showed
that penicillin was not a protein, but a low molecular
substance which diffused readily through cellophane
membranes. 1| was, at first, disappointed with
the finding, for my beautiful working hypotheses
dissolved into thin air, yet the fact of the instability
of penicillin remained and became even more
puzzling, as it could not be explained on the basis
of being a protein. There was, at that time, no other
antibacterial with that degree of instability known,
and it became very interesting to find out which
structural features were responsible for the instability.

It was clear that we were dealing with a chemically
very unusual substance, and thus it was of obvious
interest to continue the work. Only the nature of
our problem had changed: instead of studying the
isolation and mode of action of an enzyme with
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strong antibacterial properties, our task was now
the elucidation of the structure of a low molecular
substance which combined high antibacterial power
with great chemical instability.

The first experiments, designed to test the stability of
penicillin in aqueous solution at various pH, showed
that it was stable only between pH 5 and 8, but was
rapidly inactivated under more acid and alkaline
conditions. This, of course, explained Raistrick’s
findings. It was, however, possible to slow down the
rate of inactivation in the acid pH range by cooling
to 0°C, and on this basis we developed a method
of extracting penicillin from the aqueous acidified
cooled solution into an organic solvent in form of the
free acid and back into water as salt, adjusting the pH
to 7 by addition of alkali, In this way a considerable
concentration and purification of penicillin could be
achieved, but it still was not possible to concentrate the
aqueous solution to dryness without loss of activity. I
then tried the method of freeze-drying which had just
been introduced for the drying of blood serum by R.T.
N. Greaves in Cambridge, and this proved successful.
We thus obtained a brown powder which displayed
considerable antibacterial activity, in dilutions of 1 in
10%, i.e. it was about 20 times more active than the
most active sulphonamides”.

Chain decided to ask his friend Barnes to do the
first preliminary crucial experiments showing that
penicillin was not toxic to mice. As to the above
experirnent, Chain was later to say: “The barriers
were removed to our hopes and our dreams, and the
fears that our purified extract would be harmful were
all banished. “...[It was] the crucial day in the whole
development of penicillin and the day on which
everything became possible to vs.”

On May 25 1940, Florey carried out the experiment
of injecting eight Swiss albino mice with a virulent
strain of streptococcus haemolyticus (the bacteria
that was causing the death of two mothers in every
thousand childbirths from puerperal fever). After 16
Y2 hours, the four control mice were dead and the
four mice that were treated with penicillin were alive.
Penicillin was now a known life-saver.

From May 26 through June 4 took place the
evacuation from Dunkirk of three hundred and forty-
five thousand mostly British and other allied troops.
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On June 14, 1940 the Germans occupied Paris. In
1940 the British feared an invasion of England.
Secretly, Chain, and other members of the group
smeared the linings of their clothes with the mould.
If the Germans were successful, it was hoped that one
of the group would manage to escape and carry on
the work.

On August 24, 1940, the now classic paper by Chain,
Florey, Gardner, Heatley, Jennings, Orr-Ewing,
and Sanders appeared in Lancet reporting on the
effectiveness of pencillin in vivo against pathogenic
organisms.

The failure of some cultures of Penicillium notatum
to produce penicillin led Chain to look for an enzyme
produced by contaminating bacteria that inactivated
the antibiotic. In 1940 Abraham and Chain reported
such an enzyme which they called penicillinase that
blocked the activity of penicillin. Penicillinase was
one of the causes of bacterial resistance.

Due to the difficulties of carrying out development
in wartime England, major parts of the project
were transferred to the Americans.  Clinical trials
of penicillin were carried out. By 1944 methods of
producing the mould in quantity were developed.
The first massive use of penicillin was made on June
6, 1944, D-day, where it saved thousands of lives.
The correct chemical structure of penicillin was
proposed independently at Oxford (Abraham, Chain,
Robinson, Baker) and by the Merck laboratories. It
was verified by x-ray techniques by the group led
by Dorothy Hodgkin at Oxford in 1945. Due to
availability of computers very soon after, Chain was
later to comment that the work on the determination
of the penicillin molecule might very well have been
the last case whereby classical methods of organic
chemistry were employed to determine the structure
of a natural product.

Due to the military importance of obtaining a synthesis
of penicillin, there was a ban both in Britain and the
United States on publication of the chemical work
from 1943 until after the war. During 1944 and 1945,
more than a thousand chemists at 39 laboratories
in both England and the United States worked on a
synthesis, but failed to achieve their goal. A synthesis
was to be achieved in 1957 at MIT after ten years
work by John C. Sheehan and his colleagues.




Chain considered a large fermentation plant essential
for continued work on antibiotics, the funds for which
he was not able to obtain in Britain. He accepted
a position in Rome where he remained from 1948
until 1964, At that time he accepted the Chair of
Biochemistry at Imperial College, from which he
retired in 1973.

The generally held medical opinion up until the
discovery of the therapeutic use of penicillin was
that any substance that was lethal to bacterial cells
also had to be to some extent toxic fo that of the
host. We now understand that penicillin inhibits the
final assembly of the peptidoglycan molecule that is
essential for the stability of the bacterial cell wall, so
that the cell wall disintegrates. Animal cells lack cell
walls and so are not affected. Antibiotics are now
known that work by other mechanisms.

Chain (1971): “To convert this laboratory curiosity
into a practical useful cheap drug, necessitated the
work of many hundreds of scientists and technologists
over a period of many years, and this work was
mainly carried out in industrial research laboratories,
mainly in the United States. Instead of growing the
mould on the surface of culture fluids in numerous
small vessels, the method of submerged culture was
developed which allowed the growth of the mould in
stirred stainless steel fermenters in volumes which
have reached over 227,000 1. A whole new chemical

technology was developed which today is one of
the main pillars of the pharmaceutical industry...
Through strain improvement by genetic mutation
techniques, improvements of the culture medinm and
improved aeration, the yields of penicillin have risen
from 1-2 units/mt which we obtained, to 25,000 units/
ml; penicillin has become one of the cheapest drugs
in clinical use.” Penicillin is today still manufactured
mainly by fermentation methods".

Chain was associated with many Jewish and Israeli
organizations. He was particularly active on behalf
of the Weizmann Institute of Science, where he
was a member of the Board of Governors and of the
executive council. He was a member of the world
executive of the World Jewish Congress.

According to Selman Waksman, who was awarded the
1952 Nobel Prize for his discovery of streptomycin,
the first antibiotic effective against tuberculosis, “Man
in his historical progress has utilized various animals
and plants inhabiting the earth in order to increase his
food supply, to improve his heaith, and to provide
shelter for himself. He domesticated these animals
and planis and developed them for his needs. More
recently, man developed special varieties of microbes
which yield life-saving drugs. Thus, man has brought
about a series of domestication processes, including
now also the antibiotic-producing microorganisms.”
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Self-Assembly of Nanoparticles: Theory and Experiments Meet

Eran Rabani, School of Chemistry, Tel Aviv University, Tel Aviv

A novel theoretical approach is developed to study
drying-mediated self-assembly of nanoparticles.
The approach is based on a coarse-grained lattice-
gas model that couples dynamically two different
phase-transformations, one in solvent density
(evaporation, or liquid-gas phase transition) and
the other in nanoparticle density (self-assembly, or
liquid-solid phase transition). We find that when
solvent evaporates from a solution of nanoparticles,

complex transitory structures form over a wide range
of time and length scales. Two distinet mechanisms
of pattern formation, corresponding to homogeneous
and heterogeneous limits of evaporation dynamics
are observed. Qur results show how different
choices of solvent, nanoparticle size and identity, and
thermodynamic state give rise to various aggregate
morphologies.

The effect of sex life of insects on the world’s economy

Arnon Shani, Department of Chemistry, Ben-Gurion University of the Negev, Beer Sheva

The increasing resistance of pests to pesticides
constitutes one of the major problems facing
farmers. In the agricultural arena there is a steady
shift from mere pesticide application to a more
diversified approach and especially to Integrated
Pest Management (IPM). The latter strategy focuses,
among others, on chemical communication among
the species that cause the most damage to crops
- insect pests.

Pheromones are the principal agent of chemical
~ communication exploited in pest control. The major
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features of these natural nontoxic chemicals, species
specific and detected in very low concentration, and
their modes of application, are described. Continuous
mating disruption with sex pheromones, as the most
promising technique in pest control, may induce
changes in the pheromones quantity and composition
released by the insects. This reaction of the insccts
to the pheromones applied is considered as evasion
of the barrier imposed on the insects. The change in
composition might induce developing of new species,
and the process is considered as chemospeciation.
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Dorsal arm plate (blue) of the brittle star; Ophiocoma wendetii.
The plate is a single crystal of calcite, decorated by lens structures,
which concentrate light on the underlying nerve bundles.
(Addadi, Weiner, p. 23)
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