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THE RIBOSOME: A molecuiar machine with brains

Ada Yonath, Department of Structural Biology, Weizmann Institute of Science, Rehovot, Israel
and Max-Planck-Research Unit for Ribosomal Structure, Hamburg, Germany.

1. INTRODUCTION

Ribosomes are the universal cellular organelles
catalyzing the sequential polymerization of amino acids
according to the genetic blueprint, encoded in the
mRNA. They are built of two subunits that associate
for performing this task. The larger subunit creates the
peptide bonds and provides the path along which the
nascent protein chain emerges out of the ribosome. The
smaller subunit has key roles in the initiation of the
process; in decoding the genetic message; in
discriminating against cognate, non- and near-cognate
aminoacylated tRNA molecules; in controlling the
fidelity of codon-anti-codon interactions and inmRNA/
tRNA translocation, The prokaryotic large ribosomal
subunit (called 50S) has a molecular weight of 1.5x10¢
Dalton, and contains two RNA chains with a total of
about 3000 nucleotides and around 35 proteins. The
small ribosomal subunit (called 303) has a molecular
weight of 8.5x10° Dalton and contains one RNA chain
of over 1500 nucleotides and around 20 proteins.

Over two decade ago we initialized a long and
demanding search for the determination of the three-
dimensional structure of the ribosome by X-ray
crystallography. The key to high resolution data was
to crystallize homogenous preparations under
conditions similar to their in-situ environments or to
induce a selected conformation after the crystals were
formed. Relatively robust ribosomal particles were
chosen, assuming that they would deteriorate less
during preparation and therefore provide more
homogenous starting materials for crystallization. The
first crystals that yielded preliminary crystallographic
information were grown from of the large subunit from
Bacillus stearothermophiius (1). It took a few years
until we identified an additional source, the large
ribosomal subunit from Haloarcula marismortui
(H50S8) (2,3) that later yielded high resolution
diffraction (4,5). A few additional years were needed
for obtaining crystals of the small subunit from
Thermus thermophilus (T30S) (6,7) and only recently
we crystallized the large subunits from a mesophilic

Front cover figure
The three-dimensional structures of the small (left) and the favge (right) ribosomal subunits, both shown
form their interface sides.
Landmarks: small subunit: H=head, B= body, P=platform, S=shoulder, large subunit: L1 stalk, L7/12
stalk= the GPTase stalk, CP=central protuberance. The RNA is shown in gold and silver (respectively)
and the proteins in different colors. The semi-transparent proteins are less well resolved

(see the front cover for color).




source, Deinococcus radiodurans, D508, which was
shown to yield quality diffraction at high resolution
(8) (Front-cover figure). An alternative approach was
fo design complexes containing ribosomes at defined
functional stages, such as of the entire ribosome with
two tRNA molecules and a short mRNA analogue (9).
H. marismortui, the bacterium that lives in the Dead
Sea, the lake with the highest salinity in the world,
was the source of the first ribosomal crystals that
diffract to high resolution. This bacterium not only
~ withstands the high salinity of the lake (~ 4 M NaCl)
and the elevated temperatures of the neighborhood, it
is dependent on extreme conditions. Furthermore, it
accumulates enormous amounts of KCl, although the
lake contains only 1% KCI (10). The reasons for the
potassium intake are, most probably, not related to the
ribosome function. Yet, the ribosomes of this bacterium
adapted to the bacterial in-situ environment, and it was
found that the ribosomal functional activity is directly
linked to the concentration of potassium ions (3).

D. radiodurans was originally identified as a
contaminant of irradiated canned meat, and later
isolated from environments that are either very rich or
extremely poor in organic nutrients, ranging from soil
and animal feces to weathered granite in a dry Antarctic
valley, room dust, wastes of atomic-piles and irradiated
medical instruments. It also is the organism with the
highest level of radiation-resistance currently known,
It survives under conditions that cause DNA damage,
such as hydrogen peroxide, and ionizing or ultraviolet
radiation, It contains systerns for DNA repair, DNA
damage export, desiccation, starvation recovery and
genetic redundancy. Well diffracting crystals of the
large ribosomal subunit of D. radiodurans (D508) and
of its complexes with many antibiotics and substrate
analogues were grown and kept under conditions
almost identical to those optimized for testing their
biological activity (8). These crystals were found to
provide an excellent system to investigate the peptide
bond formation, to gain more insight into functional
flexibility and fo extend the information of antibiotics
binding towards rational drug design (11).

All ribosomal crystals present challenging technical
problems, resulting from their enormous size; their
complexity; their natural tendency to deteriorate and
disintegrate; their internal flexibility and their
sensitivity to irradiation. For minimizing the harm
caused by the latter, we pioneered crystallographic data
collection at cryogenic temperatures (12). This,
together with the dramatic advances of the X-ray
sources, namely the installation of third generation
synchrotrons equipped with state-of-the-art detectors,
and the increased sophistication in phasing, enabled
us, as well as others, to handle most of the technical
probiems. Consequently, structures of ribosomal
particles (13-15) and their complexes with substrate
analogues and antibiotics that bind to ribosomes (16-
22) are currently emerging at an impressive rate.
Among them, the structures of the large ribosomal
subunit from two phylogenetic kingdoms, eubacteria
and archaea, were determined. This article compares
these two structures, focusing on mobility flexibility
and functional relevance.

2. COMPARATIVE STUDIES ON LARGE
RIBOSOMAL SUBUNITS

The availability of two high resolution crystal structures
of unbound large ribosomal subunits, the archaeal
H50S and eubacterial D50S, as well as a lower
resolution structure of T50S within the T708 ribosome,
provide a unique tool for comparative studies. In the
particular case of H50S and D508, such comparison
should. shed light on the correlation between the
structure, the function and the environment, as well as
on phylogenetic aspects. We found that the structure
of D508 is significantly more ordered than that of
H508. Thus, most of the features that are disordered
in H50S (13} are resolved in T70S (20) and in D508
(3).

The gross similarity of the rRNA fold of D50S to the
available 508 structures allowed superposition of the
model of D508 onto that of the 2.44 structure of H508
(13) and of the 50S subunit within the 5A structure of




the T70S ribosome (20). We found that the RNA fold
and the overall protein distribution are rather similar
in the three structures, but detected significant structural
differences even within the conserved regions, which
cannot be explained solely by expected phylogenetic
variations. In contrast to the significant similarity
between the RNA fold of D50S and H508S, the proteins
show remarkable differences, even when sharing
homology with their counterparts in H508S. In addition,
D508 contains several proteins that have no
counterparts in H50S. We detected RNA segments
replacing proteins and vice versa, Of structural interest
is a three domain protein (CTC), alongside with an
extended alpha helical protein (L20) and two Zn-finger
proteins (1.32 and L36). Analysis of the general modes
of the RNA-protein interactions within D508 did not
reveal striking differences from what was reported for
the other ribosomal particles.

2.1 The peptidyl transferase center and its
vicinity

The peptidyl transferase activity of the ribosome has
been linked to a multi branched loop in the 235
secondary structure diagram, known as the peptidyl
transferase ring (PTR). From the 43 nucleotides
forming the PTR, 36 are conserved in H. marismortui
and D. radiodurans. Superposition of the backbone of
the high resolution structures of the PTR nucleotides
in the two species (13 and in PDB 1JJ2) shows a similar
fold, but the orientations of some of the nucleotides
show distinct differences. The main differences in the
peptidyl transferase ring include translational shifts of
sugar moieties that maintain co-planar bases but are
pointing to different directions in the two structures,
or different degrees of rotation with hardly any change
in the sugar moieties.

In unbound D50S, as in H508, the peptidyl transferase
center seems to be clear of proteins. Protein L2, a
protein often implicated on peptide bond formation,
was found rather far from the peptidyl transferase
center, as in H50S. One of the only proteins residing

near or in the interface area of D308, is protein L27.
This protein is located at the base of the central
protuberance, consistent with previous results of
immuno electron microscopy, crosslinking, affinity
labeling, chemical probing, mutations and footprinting
(23,24 and A. Mankjn, personal communication). L27
has been shown to influence the peptidyl transferase
activity in E. coli 508 by a variety of experimental
observations, including antibiotic cross-linking and a
deletion mutant that shows deficiencies in the peptidyl
transferase activity and impaired enzymatic binding
of Phe-tRNA Phe to the A site (24,25). It has been
proposed that protein L27 plays a role in mediating
the proper placement of the 3’ end of the A-site tRNA
at the pepfidyl transferase center, by screening the
negative charge of the tRNA molecules from that of
the ribosomal RNA during the peptidyl transferase
reaction, and influence the inferactions of the 3" end of
deacylated tRNA with the ribosome after peptidyl
transfer.

In D50S L27 is one of the most flexible proteins and
its N-terminal tail is disordered. The parts of the protein
that are well resolved, however, reach the proximity
of the A- and the P-sites, consistent with the proposal
that it contributes to peptide bond formation by
facilitating the proper placement of the acceptor end
of the A-site tRNA (24). Careful examination of the
D508 electron density map in the vicinity of L27
indicated that in the unbound D50S the disordered tail
may move around rather freely, since it is located at
the particle’s interface. However, based on the positions
of the docked tRNA molecules according to the 5.5
structure of the T70S/ARNA complex (20), it seems that
its movements will be drastically restricted once the
two subunits associate to form the functionally active
708 ribosome. These restrictions, especially in the
presence of tRNA molecules in the A- and the P- sites,
practically dictate that the N-terminal tail of L27 must
thread its way close to the tRNA molecules in the A-
and P-sites, in the direction of the designated peptidyl
transferase center. It was recently suggested that the
exothermic reaction of peptide bond formation is
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strongly dependent on proper orientation of the tRNA
molecules and that the IRNA core provides the frame
for the binding of the tRNA molecules (26). Protein
L27 may be the component that enhances the accurate
positioning of the tRNA molecules.

Inferestingly, in H50S there is no homologous
counterpart to L27. The protein that occupies the place
of L27 is L21e. Contrary to L27, the tail of L21e folds
backwards, towards the interior of the subunit,
disabling potential contacts with the P-site tRNA. This
may indicate that the halophilic ribosomes do not need
a mediator for IRNA binding, perhaps because of the
high salt concentration. It also may support our
hypothesis that tails that are normally involved in
binding factors or substrates, fold away from the action
sites under less than optimal conditions.

2.2 The nascent-protein exit tunnel

More than three decades ago biochemical studies
showed that the newest synthesized part of a nascent
protein is masked by the ribosome (27,28). In the mid
eighties, a feature that may account for these
observations was first seen as a narrow elongated
region in images reconstructed at very low resolution
in 808 ribosomes from chick embryos (29) and at 454
in images of 50S subunits of Bacillus
stearothermophilus (30). Despite the low resolution,
these studies showed that this tunnel spans the large
subunit from the location assumed to be the peptidyl
transferase site to its lower part, and that it is about
1004 in length and 154 in diameter (30}, as confirmed
later at high resolution in H50S (13) and in D50S (8).
The structural features building the walls of the tunnel,
their chemical composition and the “nonstick”
character in H50S are described in (16). We found in
D508 the same characteristics - lack of well-defined
structural motifs, large patches of hydrophobic surfaces
and low polatity. Despite the gross similarities, it seems
that the tunnel in D50S is, in several locations,
somewhat wider than that of H50S.

The opening of this tunnel, at the exit side, is located

at the bottom of the particle. In D508 it is composed
of components of domain III, domain I as well as
several proteins, including L4, 122,123,124 and L29.
In H508, two proteins that do not exist in D50S, L31e
L39%¢ are also part of the lower part of the tunnel.
Interestingly, the space occupied by protein L23 in
D308 hosts two proteins in H50S. The halophilic L23
occupies the space taken by the globular part of L23,
whereas the halophilic L.39e replaces the extended loop
of .23 in D508S. L3%e is a small protein of an extended
non-globular conformation, which pepetrates into the
RNA features that construct the walls of the tunnel in
that region. Its extended tail is thinner than the extended
loop of L23 (in D50S), therefore it penctrates deeper
into the tunnel walls than the loop of L23 in D50S.
I.39e is present in archaea and eukaryotes, but not in
enbacteria. Thus, it seems that with the increase in
cellular complication, and perhaps as a consequence
of the high salinity, a tighter control on the tunnel's
exit was required, and two proteins (HL23 and L39¢)
replace a single one. So far there are no indications for
a connection between this replacement and evolution.
Nevertheless, a protein in this delicate position may
provide the communication path between the ribosome
and other cell components, as evolving further, to act
as a hook for the ribosome on the ER membrane. A
high resolution structure of a eukaryotic ribosome,
bound to the ER membrane, should provide an answer
to these open questions.

3. DISORDER, FLEXIBILITY AND FUNCTIONAL
RELEVANCE

Most of the structural elements that are known to be
involved in the non-catalytic functions of the large
ribosomal subunit were found to be disordered in the
2.4A structure of H50. Since a large number of them
were clearly detected in the 5.5A maps of the assembled
708 ribosome, it was suggested that these features are
disordered in unbound subunits, and become stabilized
once the two subunit associate and the 708 ribosome
is being formed (see above and in (20)). The finding




Functionally relevant flexible region in the
large ribosomal subunit from Deinococcus radioduans

Aninzersubunit brideg

Back cover figure
Left: The intersubunit bridge H69

The intersabunit bridge formed by helix H69. Orange - H69 in the 708 ribosome and in ¢yan as in
unbound D508, Helix H44 of the small subunit is shown in gray and the docked P-site tRNA in

magenta. For clarity, the mRNA is not shown.

Right: The movement of the L1 stalk

A part of the upper side of the view of D50S shown on the front cover with the L1-stalk on the left,
The gold feature represents its position in unbound D50S (the “open-gate” state) and the green, as
in the whole ribosome, in a conformation that may correspond to a "closed-gate". Red indicates a
possible pivot point. For onentation, the P-site (blue) and the A-site (cyan) tRNAs are also shown.

(see the back cover for color).

that almost all of these features are rather ordered in
the unbound D50S indicates that H50S crystal structure
contains features that flex more than in D508,
Biochemical, functional and electron-microscopical
studies indicated that these functionally relevant
features are inherently flexible. However, flexibility
is not necessarily synonymous with disorder. In many
cases, as in D50S and T70S, the flexible structural
elements assume several wetl-defined conformations,

. and their switch from one conformation to another is

related to their functional states. It is fikely that the
crystallized H50S subunits underwent environmentally
induced conformational changes, consistent with their
storage under far from physiological conditions. This
may indicate that the ribosomal strategy to avoid
subunit association and substrate binding under far
from physiological conditions, is to introduce disorder
in the relevant features.

| 8



3.1 The lateral stalks

The L1 stalk (Back-cover figure) inchudes helices H75-
H78 and protein L1, In the complex of T70S with three
tRNA molecules, the L1 stalk interacts with the elbow
of E-RNA. This interaction, together with protein S7
of the small subunit, blocks the exit path for the E-
tRNA. Consequently it was suggested that the release
of the deacylated tRNA requires that one or both of
these features move (20). In H508, the entire L1 arm
is disordered and therefore could not be traced in the
electron density map (13), an additional hint of the
inherent flexibility of this feature. In D50S the RNA
helices of the L1 stalk have a similar fold to that seen
in T70S. However, the entire D508 L1 stalk is tilted
by about 30 degrees away from its position in the T70S
ribosome, so that the distance between the outermost
surface points of the L1 arm in the two positions is
over 30A (Back-cover Figure).

3.2 Flexible intersubunit bridges

The intersubunit bridges are the features connecting
the two subunits within the assembled ribosome,
namely the linkers between the two ribosornal subunits.
The correct assembly of the entire ribosome from its
two subunits is the key, or one of the major keys, for
proteins biosynthesis, hence these bridges must be
positioned accurately and point at the exact direction.
Each intersubunit bridge is formed from two parts -
one of the small and one of the large subunit. We found
that whereas those of the small subunit have almost
the same conformation in the unbound and bound
subunit, those originating from the large one are
inherently flexible, and may have different
conformations or assume a high level of disorder. Upon
subunit association the conformations of these bridges
change so that they can participate in the creation of
the assembled ribosome. Thus, their structure and the
nature of their conformational mobility should show
how the ribosome controls its infricate assembly.

The Back-cover Figure demonstrates a feasible

9|

sequence of events leading to the creation of the
intersubunit bridge from the large subunit to the
decoding center on the small one. Helix H69, that is
responsible for this bridge lies in the unbound 508
subunit on the interface surface and interacts
intensively with helix H70 and H71. Once the initiation
complex, that includes the small subumt and tRNA at
the P-site approaches the large subunit, the tRNA
pushes helix H69 towards the decoding center, and the
intersubunit bridge is formed.

In the 708 ribosome H69 interacts with the small
subunit near the decoding center in Helix H44. In this
position H69 can also contact the A- and P-site tRNA
molecules, and be proximal to elongation factor EF-G
(20). It seems that H69 undergoes conformational
rearrangements between the free and the bound
orientations and it is clear that the displacement and
the rotation of a massive helix like H69 require a high
level of inherent flexibility. This may explain why in
the 2.4A structure of H50S, that was determined at far
from physiological conditions, H69 is disordered (13).

4. ANTIBIOTICS THAT BIND TO THE LARGE
SUBUNIT

Ribosomes of pathogens are a major target for natural
and synthetic antibiotics. The detailed knowledge of
antibiotic binding sites is the key for the understanding
of the mechanisms of drug action as well as an excellent
tool for studying ribosomal function, D. radiodurans
are sensitive to all clinically important antibiotic agents
that target ribosomes, contrary to halophilic ribosomes
that show significant resistance to antibiotics (31).

Difference electron density maps in which the 3.14
structure model of the 50S subunit of D. radiodurans
{8) was used as a reference, allowed an unambiguous
determination of the binding sites of the following
antibiotics: chloramphenicol, clindamycin,
erythromycin, clarithromycin and roxithromyein (11).
All were found to target the 50S subunit only at the
peptidyl transferase cavity, and explain previous
mutational and footprinting data. Each class of




antibiotics among these five agents interacts
exclusively with specific nucleotides, all within the so
called PTR multi-branched loop of domain V of the
23S tRNA (8), and it was found that the binding of
these antibiotics did not result in any significant
conformational change of the peptidyl transferase
cavity.

Chloramphenicol and clindamycin are known to block
peptidyl transferase. In the crystal structure of the
complex chloramphenicol with D508, one of its
reactive oxygens forms hydrogen bonds with C2452,
which has been previously shown to be involved in
chloramphenicol resistance. Its additional reactive
oxygens interact with U2504, G2061 (that has been
implicated in chloramphenicol resistance in rat
mitochondria), U2506, G2505, U2506, and U2485
either directly or via Mg** ions. The binding site of the
lincosamide clindamycin partially overlaps with that
of chloramphenicol. Its hydrogen bond system includes
A2505, C2452 and G2505. Interestingly, neither of
these antibiotics binds to A2451, the nucleotide
assigned as one of the most important for the catalytic
mechanism of the ribosome, based on the 2.4A
structure of H. marismortui.

All three macrolides, erythromycin, clarithromycin and
roxithromycin, were located at the entrance of the
protein exit tunnel, consistent with previous
suggestions that they block the progression of the
nascent peptide (32). The Back-cover Figure shows
the binding site of erythromycin. Its binding site may
allow the formation of 6-8 peptide bonds before the
nascent protein chain reaches them, Once macrolides
are bound, they reduce the diameter of the tunnel from
the original 18-194 to less than 104, and since the

space not occupied by erythromycin hosts a hydrated

Mg"™ ion, the passage available for the nascent protein
is 6-7A. Moreover, in order to reach this narrow passage
the nascent peptide needs to progress in a diagonal
direction, thus imposing further limitations on the
growing protein chain. These structural results are
consistent with previous biochemical findings, showing
that up to eight-mer peptides can be produced by

erythromycin-bound ribosomes (32).

The binding sites of all five antibiotics were found to
be composed exclusively of segments of 23S rRNA at
the peptidyl transferase cavity. The high affinity of the
macrolides (K ., 10 M) to the ribosome cannot be
explained solely by their hydrogen bonding scheme,
and it is likely their binding is being further stabilized
by van der Waals forces, hydrophobic interactions, and
the geometry of the rRNA that tightly surrounds the
macrolide molecules. Similar to the small ribosomal
subunit, ribosomal proteins may affect the binding and
action of ribosome-targeted antibiotics, but the primary
target of these antibiotics is TRNA. The two ribosomal
proteins that have been implicated in erythromycin
resistance are L4 and L22. However, the closest
distances of erythromycin to these proteins are 8-94,
distances that are too long to create meaningful
chemical interactions, and it was suggested that the
macrolides resistance acquired by mutations in these
two proteins is an indirect effect, produced by a
perturbation of the 238 rRNA induced by the mutated
proteins, in accord with previous findings (33). These
perturbations may or may not be connected to the
changes in the width of the protein exit tunnel, as
proposed based on cryo electron microscopy studies,
performed at low resolution (34).

These studies illuminated some of the structural
principles of antibiotics action. Chloramphenicol
targets mainly the A-site. It is located close to the amino
acceptor group of substrate analogue CC-Puromycin
(16). It interferes with the aminoacyl moiety of the A-
site tRNA, consistent with previous findings (35). The
macrolides bind close to the entrance to the protein
exit tunnel, hence sterically block the progression of
the nascent peptide. Clindamycin interferes with the
A-site and P-site substrate binding and physically
hinders the path of the growing peptide chain. In this
way it bridges between the binding site of
chloramphenicol and that of the macrolides. It overlaps
with both A- and P-sites, explaining its A/P hybrid
nature {36). These antibiotics could also inhibit peptidyl
transferase by interfering with the proper positioning
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and the translocation of the tRNAs at the peptidyl
transferase cavity. This hindrance may be direct, as in
the case of chloramphenicol, or indirect, as in the case
of the three macrolides. In addition, antibiotic binding
physically link regions known to be essential for the
proper positioning of the amincacyl- and peptidyl-
tRNAs and thus limit the conformational flexibility
needed for protein biosynthesis,

The binding sites of these antibiotics have some
overlapping nucleotides, explaining why clindamycin
and macrolides bind competitively to the ribosome and
why most RNA mutations conferring resistance to
macrolides also confer resistance to lincosamides
(reviewed in (32). The common nucleotides targeted
by antibiotics may be considered as essential to peptide
bond formation. Hence, the information derived from
the overlapping binding sites may indicate how to
create powerful antibiotics combinations and how to
design antibiotics of a higher stability.

5. CONCLUDING REMARKS

Ribosomal crystallography, initiated two decades ago,
yielded recently exciting structural and clinical
information. The findings that the studied antibiotics
interact almost exclusively with the RNA chains,
explains why resistance to antibiotics that target
ribosomes in clinical strains can be linked, in many
cases, to mutations of the ribosomal RNA within
functional relevant regions. As the therapeutic use of
antibiotics has been severely hampered by the
emergence of drug resistance in many pathogenic
bacteria, revealing antibiotics binding sites may assist
not only rational drug design but may also open the
door for minimizing drug resistance. Still to be revealed
is the high resolution structure of the entire ribosome
and the mechanism of peptide bond formation, The
recently identified mesophilic source, the ribosomes
of which crystallize under close to physiological
conditions, in unbound state as well as in complexes
with antibiotics or substrates, indicate that more
excitements are due in the foreseeable future,
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SONOCHEMISTRY

and its Application in Materials Science

Aharon Gedanken, Department of Chemistry, Bar-llan University, Ramat-Gan.

We are all aware of the use of ultrasound radiation in
medicine, where it is being used mostly for diagnosis,
and more recently focused ultrasound radiation is being
used to burn cancer cells. Less is known of its
application in chemistry, despite the fact that it has
applications across almost the whole breadth of
chemistry. One of the main advantages in conducting
sonochemical experiments is that it is very inexpensive
to get started in the field. The current review is aimed
at introducing the field of sonochemistry and describing
the activities in our laboratory.

Letus first address the question of how 20kHz radiation
can rypture chemical bonds, and try to explain the role
of a few parameters in determining the yield of a
sonochemical reaction, and what are the unique
products obtained when ultrasound radiation is used
in Materials Science. General introductions to the
subject can be found in recent books and reviews
[1-4].

A number of theories were developed in order fo
explain how a 20kHz sonic radiation can break
chemical bonds. They all agree that the main event in
sonochemistry is the creation, growth and collapse of
abubble that is formed in the liquid. The first puzzle is
how such a bubble can be formed, considering the fact
that the forces required to separate water molecules to
a distance of two van-der Waals radii, would require a
power of 105 W/em?. On the other hand, it is well
known that in a sonication bath, with a power of 0.3
Wicm?, water is already converted to hydrogen
peroxide. Different explanations were offered; they are
all based on the existence of unseen particles, or gas
bubbles, that decrease the intermolecular forces,
enabling the creation of the bubble. The experimental
evidence, that when the solution undergoes
ultrafiltration, before the application of the ulirasonic
power, there is no sonochemistry, supports these
theories. The second stage is the growth of the bubble,
which occurs through the diffusion of solute vapor to
the volume of the bubble. The third stage is the collapse
of the bubble that happens when the bubble size reaches
its maximum value. According to the hot-spot

mechanism, this implosive collapse raises the local
temperature to 5000°K and the pressures to a few
hundred atmospheres, These extreme conditions cause
the rupture of chemical bonds.

From the time we entered the field in 1993, we were
intrigued by the fact that the products of many
sonochemical reactions were in the form of amorphous
nanoparticles. For example, K. Suslick, who was one
of the initiators of the field, has demonstrated that the
sonication of Fe(CO), as a neat liquid, or its solution
in decalin, yielded 5-20 nanometer size amorphous iron
particles [5]. The reason for the amorphicity of the
products is related to the high cooling rates (>10" K/
sec) obtained during the collapse of the bubble, which
does not allow the products to organize and crystallize.
These high cooling rates result from the fast collapse
that takes place in less than a nanosecond [6]. For this
reason, a sonicated solution containing a volatile solute
will always lead to amorphous products. Howevet, the
reason for the nanometer-sized particles is not yet clear.
The estimated size of the collapsing bubble varies from
ten to a few hundred microns. In addition fo the region
inside the bubble, where a gas phase reaction takes
place upon its collapse, a second important region is
of great importance. This is the interfacial region, which
surrounds the collapsing bubble. Its width is calculated
to be 200 nm, and the temperature reached after
collapse 1900°K [7]. Sonochemical reactions of
nonvolatile compounds such as salts will occur in this
region. In this case, the sonochemical reactions occur
in the liquid phase. The products are either amorphous
or crystalline nanoparticles depending on the
temperature in the ring region where the reaction takes
place.

We cannot mention here all the parameters (frequency,
power, gas under which the sonication takes place,
pressure of the gas, etc.) that affect the sonochemical
yield and rate. We will just mention one important
parameter, the temperature. The equation of an
adiabatic implosion is

T =T, {P_(g-1)/P_}.

where T___ is the temperature reached after the collapse




of the bubble, T, is the temperature of the sonication
bath, g=Cprv, P_is the external pressure equal to the
sum of the hydrostatic and acoustic pressure, and P, ,
is the pressure of the gas inside the cavity, at the radius
at which it collapses. The choice of a nonvolatile
solvent (decalin, hexadecane, isodurene, etc.)
guarantees that only the vapors of the solute can be
found inside the cavitating bubble. Thus P, is
practically the vapor pressure of the solute, and since
it is found in the denominator, lower Pbub results in
higher temperatures and faster reaction rates.

The conclusion is that the temperature affects the
sonochemical reaction rate in two ways. On the one
hand, lower temperatures cause a higher viscosity,
which makes the formation of the bubble more difficult,
and on the other hand, the dominant effect is that at
lower temperatures higher rates will be achieved in
sonochemical processes. This is why the sonic reaction
involving volatile precursors is run at lower
temperatures. Apparent negative activation energies
were measured for sonochemical reactions.

Since 1996, when our first papers began to appear, we
have published more than 100 papers describing the
preparation of a large variety of nanomaterials,
including metals, alloys, metal oxides, metal sulfides,
metal nitrides, chalcagonides, metal-polymer
composites, ceramic materials, dielectric materials, and
others. In addition to the synthetic work, we have
developed a number of fields that have emerged from
our ability to prepare such a large variety of materials.
Here are some of these research areas.

The self-assembly monolayer coating of many
functional groups, especially thiols on surfaces and
particles, have attracted many groups around the world.
In about 60% of the reports gold served as the substrate.
30% of the studies were conducted on silver and 10%
on copper. We have coated Fe and Fe,O, with long

organic alkyl chains having a functional group at their _

ends. In addition to the regular questions such as
organization of the alkyl chains, chemical bonding
versus physical absorption, and thermal stability, a new
dimension, the magnetic properties were added. The

question asked was whether by changing the functional
group, or the alkyl chain, it is possible to "tailor” the
magnetic properties. The answer obtained was positive.
The magnetic properties depend strongly on the nature
of the functional group bonded to the Fe, or Fe,0,
nanoparticles. For example, the saturation
magnetization (in fact saturation is not observed and it
is only an approximate number) of thiols, carboxylic
acids, and alcohols bonded to Fe are about 50-80 emu/
¢gr Fe, whereas those having sulfonic and phosphonic
acids are only 4-8 emu/gr Fe. The comparison is made
for chains with an equal number of carbon atoms. These
differences are also reflected in the blocking
temperatures of the coated particles.

Another closely related field that we have developed
is the sonochemical coating of submicron ceramic
spheres (silica, alumina and zirconia) by a large vanety
of nanoparticles. This was done by synthesizing the
ceramic spheres by conventional techniques (like the
Stobber method for silica particles). The spheres were
then introduced in the sonication bath, mixed with the
solution of the precursor and the ultrasonic radiation
was passed through the solution for a predetermined
time. In this way we were able to deposit on the surface
of the ceramic sphere nanoparticles of metals (Ni and
Co for example), metal oxides (Fe,0,, Mo,0,), rare
earth oxides (Eu,0,, Tb,0,), semiconductors (CdS,
ZnS) and Mo,C. A figure presenting coated silica
spheres is shown in Figure 1.

Obtaining amorphous products are of importance in a
number of fields of science, in particular in catalysis,
where an amorphous nanoparticle is more active than
the corresponding nanocrystalline particle having the
same diameter. This was explained as being due to the
dangling bonds active in the amorphous catalyst. Over
the years we have examined our products as catalysts
in an oxidation reaction, the oxidation of cyclohexane.
In a series of papers we compared the catalytic
performance of sonochemically-made catalysts in this
reaction.

In the last two years we concentrated our sonochemical
efforts in two directions, sonochemical synthesis of
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mesoporous (MSP) materials, and the use of ultrasound
radiation in the deposition of amorphous nanomaterials
into the mesopores. We have developed a sonochemical
method to prepare MSP silica [8], MSP titania [9], MSP
YSZ (Yittria stabilized zirconia), and other MSP
materials. The sonochemical method is faster than the
corresponding sol-gel preparation technique. The
sonochemical products were shown to have thicker
walls than those synthesized by the conventional
methods. We have shown that the products are more
hydrothermally stable than the sol-gel products. Our
MSP titania has the highest surface area reported.

In addition, we have used sonochemistry for the
insertion of amorphous nanoparticles into the
mesopores. We have deposited Mo,O, into the
mesopores of MCM-41 (MSP silica)[10], and
amorphous Fe,0, [11] in the mesopores of MSP tifania.
Five physical methods were used to prove that the
amorphous nanoparticles are indeed anchored onto the
inner walls of the channels. The amount of Mo, O, that
was inserted in the mesopores was 45% by weight, An
attempt to increase this amount showed that the excess
is deposited outside the mesopores, In a recent paper
submitted for publication we reported the synthesis of
MSP iron oxide. lis catalytic activity in the oxidation
of cyclohexane is the highest obtained so far. It converts
36% of cyclohexane to cyclohexanol and
cyclohaxnone (5:1 ratio) at 70°C and one atmosphere
of oxygen.

The second project is related to the sonochemical
preparation of air-stable iron nanoparticles having a
very high magnetization. Iron nandparticles are
pyrophoric and profecting them against oxidation is a
chalienge. In the process developed in our laboratory
we sonicated the solution of Fe(CO), in
diphenylmethane. The as-prepared material is
composed of iron nanoparticles coated by a polymer.
Further annealing of the sample yields the air-stable
product [12]. The characterization of the product and
the stability studies are based on Mossbauer
spectroscopy, XRD, and magnetization measurements.
Although some efforts in materials science are still

directed towards developing new methods for the
fabrication of nanomaterials, more attention is directed
these days to the conirol of the size and shape of the
nanoparticles, We have demonstrated over the years,
that the control of the particle size is quite easy when

. using sonochemistry. It is accomplished simply by the

variation of the concentration of the precursor in the
irradiated solution. The more diluie the solution, the
smaller are the particles, The shapes of the products of
the sonochemical process are less predictable. A major
factor is the presence or absence of a surfactant. We
can just mention that shapes such as olympic nanorings
{BaFe,,0,,) [13], nanocylinders (GaOOH) [14],
nanotubes (TiO,) {15], nested inorganic fullerenes
(T1,0) [16], and spheres were among the shapes of the
sonochemical products.

In addition to the catalytic applications mentioned
above, the sonochemical products will be applied to
two other fields. The first is their use as electrode
building materials in rechargeable Li batteries, and the
second is the fabrication of rare-earth doped optical
fibers, which involves the sonochemical deposition of
nanosized rare-earth oxide on the surface of submicron
sitica spheres.

Figure 1. TEM image of silver nanoparticles deposited
on silica spheres.
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Formerly the President of the Israel Chemical Society
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Alfred Hassner was bom in
1930 in Czernowitz,
Romania (formerly
Austria, now part of the
Ukraine), where he was
. only able to complete the
third grade before WWII
! changed his life and that of
about 100,000 Jewish residents of the city. He lost his
father at age 13 but survived the holocaust. Fred
enrolled directly into the Technische Hochschule in
Vienna (1949-1951), skipping most of grades 4-12 and
then immigrated to the USA where he received a
scholarship at the University of Nebraska and
completed his B.Sc. in 1952. Continuing his graduate
studies at Nebraska under the direction of Norman
Cromwell, he finished his Ph. D. studies in 1956, He
continued post-doctoral training under Louis Fieser at
Harvard during 1956-7, joining the faculty at the
University of Colorado as an Assistant Professor in
1957. There he rose through the ranks and became a
Professor in 1966, a position he held until 1975 when
he moved to the State University of New York at
Binghamton being awarded the prestigions rank of
Leading Professor. He spent sabbatical years at the
Weizmann Institute in 1972-73 as a National Cancer
Institute Special Fellow, and then again in 1981 as a
Meyerhof Fellow. In 1983 he moved to Isracl as a
Professor in the Chemistry Department of Bar-Ilan
University. He is now Professor Emeritus and still
actively directing a research group. About a year ago,
a special symposium was held at Bar-Ilan University
in Hassner’s honor entitled "Recent Advances in
Organic-Bioorganic Chemistry” which featured many
of his former students, colleagues and friends.

As a scholar, Hasner has held visiting professorships
and appointments in many universities throughout the
years. These include Harvard (1966), ETH (NIH
Special Fellow, 1967), Wurzburg (1971), Weizmann
Institute (1972-73, 1981-2), Hebrew University (1979),
Universite Claude Bernard, Lyon, (1980), Kyushu
Institute of Technology (1985), Stanford (1987),

University of California, Berkeley (1989), University
of Nijmegen (1995), University of California, San
Diego (1998). :

Throughout the chemical community in Israel and
abroad, Hasner has played an important role in both
the organization and content of many National and
International Meetings. He has chaired several
symposia including the Gordon Research Conference
on Heterocycles and has given over 250 invited
seminars at universities and industrial laboratories. In
addition, he has presented over 35 plenary or invited
symposia lectures over his career. He has authored or
been the Editor of books and monographs: such as
"Organic Syntheses Based on Name Reactions and
Unnamed Reactions" (Pergamon); three volumes of
"Small Ring Heterocycles” (Wiley); three volumes of
"Advances in Asymmetric Synthesis”, (JAI).

With more than 300 research articles in print, Prof.
Hassner has had a major impact on chemical science,
particularly in the area of new reagents in organic
synthesis, and small ring heterocyclic chemistry. Some
of his major contributions include the stereoselective
and regioselective introduction of nitrogen
functionality into organic molecules, important in the
synthesis of bioactive molecules and natural products.
In the steroid field, he developed the synthesis of
steroido-heterocycles and was one of the first to
recognize the application of NMR half-widths to
stereochemical structure assignments, before high
resolution NMR became available, The broad scope
of Prof. Hassner's research includes synthesis of
alkaloids, pheromones and glycosidase inhibitors, as
well as molecular mechanics correlations that led to
evaluation of strain energies during nitrogen inversion
in cyclic and polycyclic amines. While studying
condition-dependent free radical or ionic mechanisms
in additions reactions to multipie bonds, Hassner first
proposed the concept of regiochemistry and
regioselectivity, now a universally used terminology
in organic chemistry. He was one of the early
developers of the use of 4-dialkylaminopyridines (e.g.
DMAP) as super-acylation catalysts in enhancing direct




esterification of hindered alcohols. Among the many
synthetically useful methodologies that Hassner and
his group developed are stereo- and regio-selective
[2+2] ketene - olefin cycloadditions and stereoselective
intramolecular [342] dipolar cycloadditions, reactions
of great utility in bio-organic and pharmaceutical
research.

Throughout his career he has enjoyed constant
inspiration and encouragement from his wife Cyd, who
unfortunately passed away recently.

Prof. Hassner has been the recipient of numerous
distinctions and awards for his contributions to
chemistry. He was a Monsanto Fellow, a National

Cancer Institute Special Fellow, a von Humboldt
Visiting Professor, ACS National Awards Committee
member, Lady Davis Foundation Fellow, NSF US-
India Exchange Lecturer (1979}, France-US Lecturer,
Nominee SUNY Chancellor’s Award for Excellence
in Teaching, Meyerhoff Fellow, Fulbright Senior
Award, NIH Medicinal Chemistry Study Session
member, Japan Society for Promotion of Science
Lecturer, U.S. National Research Council Award, A W.
Killam Award, Canada.

Prof, Hassner served as President of the Israel Chemical
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The 67th Annual Meeting of the
Israel Chemical Society

January 29-30, 2002
Renaissance Hotel, Jerusalem

Organizing Committee:

Haim Levanon, Chairman, Noam Agmon, David
Avnir, Alexander Berg, Avi Bino, Yoel Sasson, Hebrew
University, Aharon Gedanken, Bar-Ilan University,
Daniel Huppert, Tel-Aviv University, Ehud Keinan,
Technion.

Opening Session

Haim Levanon, Chairman

Ehud Olmert, Mayor of Jerusalem

Amon Shani, President, Israel Chemical Society
Hillel Berkovier, Vice President, R&D, Hebrew
University of Jerusalem

Plenary Lectures

Fifty Years of Dynamic NMR
Zeev Luz, Weizmann Institute of Science

Elementary Steps of Metal-Mediated Hydrocarbon
Activation as Studied by Mass Spectrometry and
Computational Chemistry

Helmut Schwarz

Technical University Berlin, Germany

Impulsive Coherent Control
Ronnie Kosloff, The Hebrew University of Jerusalem

Fast Aerosol Analysis by Lasers and Spectroscopy
Israel Schechter, Technion

Achieving an Indepéndent Economy in Israel
Stef Wertheimer, ISCAR, Ltd.

Parallel Sessions and Keynote Lectures
Session I - Chemical Education

Session I - Chemistry in Hi-Tech

The Chemical Challenges in the Semiconductor
Industry

Oren Reiss, Intel

Session 111 - Nanochemistry

Photoinduced Charge Separation in Molecular-Metal
Nanoassemblies

Prashant V. Kamat, University of Notre Dame, USA

Session IV - Novel Synthetic Methods
Stereoselective Synthesis of 5- and 6-Membered
Carbocycles and Heterocycles via Reactions of
Sulfonyl Carbanions

Alfred Hassner, Bar-Ilan University

Session V - Analytical Approaches in Biomedicine
The Statistical Chemistry of Biological Stercospecific

~ Recognition

Doron Lancet, Weizmann Institute of Science

Session VI - Interfaces and Friction

Dynamics Near an Interface in the Strong Absorption
Limit

Pierre Levitz

PMC-CNRS, Ecole Polytechnique, France

Session VII - Industrial Start-Ups

The Interface between the Biotechnology Industry and
the Pharmaceutical Industry in the Genomic Era
Yigal Koltin, Millenium Pharmaceuticals

Session VIII - Molecular Opto-Electronics
Injection at Molecular Interfaces: Some Mechanistic
Aspects

Mark A. Ratner, Northwestern University, USA




Session IX - Stereochemistry and Asymmetric
Synthesis

Stereochemistry at the Interface between Crystals and
Biology

Lia Addadi, Weizmann Institute of Science

Session X - Enzymes and Proteins

This session is dedicated to the memory of

Prof. Shmaryahu Blumberg from Tel Aviv University
Elucidation of the Cafalytic Mechanism of Glycoside
Hydrolases through Functional Studies and High
Resolution Structures

Yuval Shoham, Technion

Session XI - Quanium Chemistry

From Electronic Structure to Electron Dynamics:

A Unified Approach for Studying Molecular Devices
Daniel Neuhauser, UCLA, USA

Session XII - Colloid Chemistry
Direct Imaging of DNA-Lipid Complexes
Yeshayahu Talmon, Technion

Session XIII - Electron and Proton Transfer
Directly Mapping the Relationship between Molecular
Structure and Electronic Coupling in Artificial
Photosynthetic Systems

Michael R. Wasielewski

Northwestern University, USA

Session X1V - Gas-Phase Reactions

Some Recent Aspects of Unimolecular Gas Phase lon
Chemistry

Chava Lifshitz, The Hebrew University of Jerusalem

Session XV - Analytical Chemistry

A Novel Fluorogenic Reagent for Amino Acids:
Indanedione Detects More Fingerprints on Documents
Joseph Almog, The Hebrew University of Jerusalem

Session XVI - Medicinal Chemistry

The Importance of Being an Endocannabinoid
Raphael Mechoulam

The Hebrew University of Jerusalem

Session XVII - Molecular Dynamics

Recent Interpretation of Cold Atom Experiments: Is
Chaos Assisting Tunneling?

Nimrod Moiseyev, Technion

Session XVIII - Environmental Chemistry

Session XIX - Magnetic Resonance

Quanturn Beats as Probes of the Primary Events of
Photosynthesis

Gerd Kothe, University of Freiburg, Germany

Session XX - Biophysics of Single Molecules
Single Molecule Nanoscale Rulers
Shimon Weiss, UCLA, USA

Session XXI - Bioinorganic Chemistry

Functional Cofactor States in Photosystem I of
Photosynthesis. Comparison of Different Protein-
Cofactor Environments

Dietmar Stehlik, Freie Universitat Berlin, Germany

For the full program and abstracts link to:
http:/fwww.weizmann.ac.il/ICS/chemistry67
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Laser Induced Thin Metal Plates Acceleration
Yehuda Haas and Semion Cogan _
Dept. of Physical Chemistry, The Hebrew University.
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The Lise-Meitner prize

was awarded to Dr. Shahar Keinan for her paper with
Prof. David Avnir from the Hebrew University, entitled,
"Continuous Symmetry Analysis of Tetrahedral/Planar
Distortion. Copper Chloride and other A4B Species”.
Dr Keinan has applied successfully the novel concepts
of continuous symmetry and continuous chirality
practically all across chemistry: in optics, biochemistry,
photochemistry, crystallography and in structural
aspects of inorganic complexes.
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Poster Prizes

The identification of the acid-base catalytic residue of
family 51 glycosidases: kinetic studies of
alpha-arabinofuranosidase from geobacillus
stearothermophilus t-6

D. Shallom?, V. Belakhov®, D. Solomon®, S. Gilead-
Gropper®, T. Baasov™®, G. Shoham? and Y. Shoham?*
*Dept. of Food Engineering, *Dept. of Chemistry, and
“Institute of Catalysis, Technion, ‘Dept. of Inorganic
Chemistry, The Hebrew University.

Quinonostilbenes: a novel type of donor-acceptor
systems

Y. Sutovsky, G. 1. Likhtenshtein, and S. Bittner
Department of Chemistry, Ben-Gurion University.

Multiple emulsions stabilized with biopolymer hybrids
for encapsulation and sustained release of food
additives

Axel Benichou, Abraham Aserin and Nissim Garti
Casali Institute, The Hebrew University.
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The Paul ). Flory Award to Moshe Narkis
from the Technion.

The Paul J. Flory Polymer Research Prize sponsored
by the Dow Chemical Company was divided ex aequo
between two winners Ronald Koninsveld of Sittard,
the Netherlands, and Moshe Narkis of the Technion -
Israel.

The prize was awarded at the POLYCHAR-10 World
Forum on Polymer Applications and Theory on
January, 2002, at the University of North Texas.
Prof. Moshe Narkis of the Technion, received the prize
for his seminal work leading to several kinds of new
materials (crosslinked polyethylene pipes, polymeric
marble). These include materials with electric
conductivity, but low concentration of the conductive
component, as reported in his lecture entitled
“Encapsulation of Filler Particles by Metal or Organic
Electrically Conductive Shells".

HTC Award to Aviv Amirav
from Tel-Aviv University.

Aviv Amirav, a Professor of Chemistry at Tel Aviv
University, received on February 8, 2002, in Brugge

Belgium, the HTC Award. This award was given to.

Prof. Amirav at the closing ceremony of the HTC-7
meeting on Hyphenated Techniques in
Chromatography for "The Most Outstanding and
Innovative Work in the Field of Hyphenated
Chromatographic Techniques”. Hyphenated techniques
in chromatography such as gas chromatography and
liquid chromatography are widely used in highly
diversified number of areas such as chemistry,
environmental analysis, industrial, food, biochemistry,
drug design, medical diagnoestics and other areas.
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THE HABER LIBRARY

A Collection of the History and Philosophy of Science
Taken from an article by Miriam Gordon, formerly Reference Librarian at the

Wix Central Library, The Weizmann Institute of Science, Rehovot,

The nucleus of the libraries of the Weizmann Institute

was the private collection of Prof. Fritz Haber. The

history of Fritz Haber is a symbol of the tragedy of the

Jewish scientist, suffering from the conflict between

his Jewishness and his German patriotism. Haber was

the son of a prosperous chemical merchant, He entered

his father’s business but soon decided to tum to an
academic career. His intensive early studies were in

electrochemistry and thermodynamics and soon gained

him the position of Professor of Physical Chemistry at

the Technische Hochschule, Karlsruhe (1898). His most

important work, which began in 1904, was the

synthesis of ammonia from hydrogen and nitrogen. His

laboratory demonstration interested Bosch, Bergius and

the Badische Aniline and Sodafabrik companies, and

they eventually developed the process into commercial

production. Haber and Bosch were awarded the Nobel

Prize in chemistry in 1918 "for the synthesis of
ammonia from its elements”. This work of Haber was,

and still is, invaluable for the chemical industry

worldwide. In 1911, at the age of 42, Haber was

appointed Director of the Kaiser Wilhelm Institute for

Physical Chemistry in Berlin. With the outbreak of
World War T in 1914, motivated by his strong

patriotism, he placed himself and his laboratory at the

service of the government and played a major role in

the development of poison gas as a weapon.

After the war Haber’s Institute became the world’s
leading center of research in physical chemistry.

Throughout his life he had been an advocate of close

relations between science and industry. He was active

in promoting the national organization of research and

in fostering friendly relations with foreign scientists.

The breakup of Haber’s institute began in 1933 when,

with the rise of the Nazi regime and its anti-Semitic
policy, this great German chemist became "Haber the
Jew", He was ordered to dismiss all the Jews from the
stafl of his Institute. He refused and resigned.

It was at that time that Haber met Chaim Weizmann,
then already a distinguished scientist, and the President
of the World Zionist Organization, who later became
the first President of the State of Israel. Weizmann

devoted himself to the scientific, economic and
industrial development of the Jewish community of
Palestine. He believed that science could provide for
the livelihood of as many Jewish immigrants as might
decide to settle in Palestine. When in the 1930s fascism
prevailed, Weizmann devoted himself to rescuing
talented scientists from Nazi Germany and bringing
them to Palestine. In the early 1930s he laid the
foundations of the Daniel Sieff Research Institute in
Rehovot, which later became the Weizmann Institute
of Science. Prof. Haber and Prof. Willstatter advised
and assisted Weizmann in designing and forming a plan
of operation of the Institute. Weizmann invited Prof.
Haber to Rehovot and offered him a position as Head
of the Physical Chemistry Department of the new
Institute. Haber accepted the invitation but
unfortunately, on his way to the Institute he suffered a
heart attack and died in Basle in January, 1934. After
his death his family presented his private library to the
Daniel Sieff Institute.

The importance of the collection is shown in
Weizmann’s letters from that time. He himself
supervised and closely followed the transfer of the
endowment from Germany to Rehovot and the building
of a new Library. "Professor Fritz Haber has left us his
library, and it is now installed at Rehovot. We had to
erect a special small building for it, but we are now in
possession of a unique collection of books,
appropriately housed". The inauguration took place in
January 1936. Today this unique collection is the core
of the Collection of the History and Philosophy of
Science in the Wix Library of the Weizmann Institute.
The books from the bequest of Prof. Haber either have
his signature, or are dedicated to him. According to
the "Union List of Monographs in Israel” most of them
are the only copies to be found in the country.

Review of the collection:
In the following section, some representative examples

of books in the History and Philosophy of Science
collection of the Wix Library are listed. They comprise
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only a small part of the collection’s holdings, which
contains approximately fourteen hundred titles. The
range of subjects represented in the collection extends
from general philosophy, philosophy of science, history
of science, mathematics, physics, chemistry, earth
sciences, to life sciences. All the examples cited are
either the only copies or are the only copies of that
particular early edition in Israel. The full list of
publications of the History and Philosophy of Science
collection is available at the Wix Library.

Some representative books from the Haber
collection:

Arrhennius, Svante August

Immunochemistry : the application of the principles
of physical chemistry to the study of the biological
antibodies. New York, Macmillan, 1907,

Bunsen, Robert

Gasometrische Methoden. Umgearb. verm. Aufl.
Braunschweig, Vieweg, 1877.

"Gasometric methods" became a classic, full of
chemical, physical and mechanical instructions that
elevated gas analysis to equal rank with gravimetric
and titrimetric methods.

Haber, Fritz

Grundriss der technischen Elekirochemie aunf
theoretischer Grundlage. Munchen, Oldenburg, 1898.
A pioneering work that had considerable influence on
teaching and research. We have a review copy with
blank pages, with Haber 's handwritten comections and
remarks. Not only do we have the only copy in Israel,
but also even in Germany only a few copies might exist,
since most were probably burned together with the
books of other Jewish authors.

Helmholz, Herman Ludwig Ferdinand von
Wissenschaftliche Abhandlungen von Hermann
Helmholtz. -- 3 volumes, Leipzig, Barth, 1882.
Helmholtz’ collected scientific papers.

Le Chatelier, Henri

Vom Kohlenstoff. Vorlesungen uber die Grundlagen
der reinen und angewandten Chemie. Aus dem
franzosischen ubersetz von H. Barschall ; Vorwort von
F. Haber. Halle, Knapp, 1913.

The introduction of the German edition is written by
Haber. There he emphasizes the role of education in
turning the young generation’s attention towards the
industrial application of scientific results.

Lorentz, Hendrik Antoon

Lehrbuch der Physik zum Gebrauche bei akademischen
Vorlesungen. Bd. 1-2. Nach den vierten Aufl. aus dem
hotlandischen ubersetzt von G. Siebert.Leipzig : Barth,
1906. Dedicated to Prof. Haber by the author,

Maxwell, James

Theory of heat. London, Longmans, 1894.

New edition with corrections and additions by Lord
Rayleigh.

Musschenbroek, Petrus van

Introductio ad philosophiam naturalem. 2 volumes,
Lugdani Batavorum, S. et J. Luchtman, 1762.
Posthumous lecture notes. Widely used and translated
into Dutch, English, French and German,

Nernst,Walther Hermann

Theoretische Chemie vom Standpunkte der
Avogadroschen Regel und der Thermodynamik.
Stuttgart, Enke 1913.

Originally written as an introduction to O. Dammer’s
Handbuch der anorganischen Chemie, Stuitgart, 1892,
which by 1926 has gone through 135 editions, including
translation into English.

Ostwald, Wilbelm

Elekrtrochemie, ihre Geschichte und Lehre.

Leipzig , Veit, 1896

His most important single work devoted to the history

of science, a book of more than 1100 pages that exhibits

Ostwald’s complete command of the scientific literatue




on electrochemistry and allied areas. It was, however,
the only one of Ostwald’s major books that was not
published in a second edition, neither was it translated.

Planck, Max

Grundriss der allgemeinen Thermochemie.
Breslau Trewendt, 1893.

With a thirty-one-page historical introduction.

Poincare, Henri

Die Maxwellsche Theorie und die Hertzschen
Schwingungen: Telegraphic ohne Draht. Aus dem
franzosischen ubersetzt von M. Ikle.

Leipzig , Barth, 1909.

Schlenk, Wilhelm und Bergmann Ernst
Ausfuhtiiches Lehrbuch der organischen Chemie.
Bd 1. Leipzig, Deuticke, 1932.

This book contains a remarkable dedication expressing
Schienck's admiration for Haber not only as a
colleague but also as a close friend.

Thomson, Sir Joseph John

Conduction of electricity through gases. 2nd ed.
Cambridge University Press, 1906. Described by Lord
Rayleigh as a summary of "the work of Thomson’s great
days at the Cavendish Laboratory”.

Van’t Hoff, Jacobus Henricus
Zur Bildung der ozeanischen Salzbelagerung.
Braunschweig, Vieweg, 1905.

Willstatter, Richard, und Arthur Stoll
Untersuchungen uber Chlorophyil.
Berlin, Springer , 1913.
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Bob Weintraub, Director of the Library, The Negev Academic College of Engineering. Beersheva.

e-mail; bob@nace.ac.i

Tin disease or fin pest is the name of the beta to alpha
transition, Sn (beta, white metallic solid) = Sn (alpha,
gray non-metallic solid} T=13.2°C,

Above 13.2°C, the ordinary white metallic form is
stable. Below 13.2°C, powdery gray tin is the stable
form. As the temperature is lowered through the
transition temperature the white form generally remains
in a metastable state. The existence of the metastable
phase and the slow transition time allows tin to maintain
its usefulness for many purposes. The chemistry of tin
disease was worked out by Prof. Ernst Julius Cohen
and his coworkers.

Tin Disease

The transformation can be initiated or accelerated by
seeding of white tin with the stable gray form. It can
also be accelerated by the presence of certain solvents
and traces of impurities, and by deformation or strain
in the solid. In fact, in carrying out laboratory analyses
and experiments, care must be taken to avoid
contamination of the metastable phase by stable phase
particles floating in the laboratory atmosphere.
Because of its contagious nature, the transformation
has come to be called disease. Because the
transformation makes the metal useless, Cohen called
it pest.

The transition temperature can be lowered and the
velocity of the transformation slowed down by alloying
tin with other metals or by the addition of impurities.
As the specific volume of gray tin is about 25 per cent
higher than that of white tin, a partial transition can be
seen as the formation of warfs on the white tin.
When white tin is dissolved in concentrated HC, Sn(1l)
is formed. Under similar conditions, gray tin yields
Sn (IV).

Tin disease is well known to the metal finishing
industry. The Atotech catalog lists Tin Sol B, which is
the same as Tin Sol A (water soluble concentrate of
Stannic Oxide), except that it "contains Bismuth for
the control of Tin Pest".

The disease is also well known in cold climates. One

illustration of this knowledge is that of the Sami
Peoples of northern Scandinavia who traditionally
embroider decoratively with tin thread to which silver
has been added, enabling the thread to withstand the
cold.

Examples of Tin Disease

There are many reports of the transition from the white
to the gray allotrope having taken place, some
unexpectedly. Some of these are questioned by
museum conservationists as to whether they are cases
of real tin disease or rather due to ordinary corrosion
of metallic tin or due to other causes. A few examples
are given here.

Captain Robert Scott and his entire expedition to the
South Pole perished in 1912. This tragedy has been
attributed to an attack of #in disease. The kerosene for
the return joumey was stored in cans soldered with
tin. The fuel escaped out of the cans resulting in the
loss of all the lives to the Antarctic cold.

The tin buttons on the clothes of Napoleon's soldiers
were attacked by tin disease and crumbled in the harsh
Russian winter of 1812. Napoleon was unprepared
for the Russian winter right down to the buttons.
Organ pipes made of tin in the old castle church at
Reitz crumbled into gray powder during the winter of
1850, one of many such occurrences in cold northern
European Cathedrals. Before the chemical explanation
was available, this was sometimes attributed to the
work of the devil.

Probable tin ingots from the oldest known shipwreck
in the world at Ulu Burun, near Kas, Turkey, dating
from the 14th century BC, were found completely
transformed to tin oxide. Further analyses of other tin
ingots from the Ulu Burun shipwreck are presently
being carried out.

Recently, environmental and health concerns about lead
have prompted renewed interest and investigations
relating to lead free solders for use in the electronics
industry. New data confirm existing knowledge that
tin pest is a major hazard.




Prof. Ernst Julius Cohen

Cohen was born in Amsterdam and studied chemistry
under Svante Arrhenius at Stockholm, Henri Moissan
at Paris, and Jacobus van't Hoff at Amsterdam. He
became assistant to van't Hoff in 1893, and in 1902 he
became Professor of Physical Chemistry at the
University of Utrecht, a position that he held until his
retirement in 1939. During that time he built up one of
the world's great centers of physical chemical research
and teaching.

Throughout his life, Cohen studied the allotropy of tin.
Cohen's areas of research included polymorphism of
both elements and compounds, photographic chemistry,
electrochemistry, pizeochemisiry, and the history of
science. He published more than 400 papers and
numerous books. His impressions of the United Staies
based on his stay at Cornell University in 1926 were
published in a book called "Impressions of the Land of
Benjamin Franklin * (in Dutch) in 1928. Cohen was
the first President of the Duich Chemical Society and
was President of the [UPAC.

In 1944, because he was a Jew, Prof, Cohen was
arrested and sent to Westerbork, the concentration camp

for Dutch Jews destined for Auschwitz. The Germans
murdered him in a gas chamber on or about March 5,
1944,

C.A. Browne (J. Chem. Ed., 1948) wrote of Cohen:
"He was a firm believer in the brotherhood of scientific
men of all nations and, after the first World War, did
his utmost to reestablish friendly relations between
scientists of the recently hosfile nations. This was
recognized in the dedication to him in 1927 of the
Cohen "Festband" of Volume 130 of the Zeitschrift fiir
Physikalische Chemische,"” which is translated as
follows:

Dedicated by friends and pupils to Ernst Cohen,
successful investigator, and tireless champion for the
reestablishement of friendly relations between scientists
of the peoples that were separated by war, on the twenty-
Jfifth anniversary of his appointment as Professor at
the University of Utrecht. . :

It was with cruel irony of fate that the journal which
honored Cohen with so deserving a tribute, was
published in the country whose later policy of inhuman
persecution was responsible for the death of this peace-
loving man of science" .
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Prof. Alfred Hassner

Formerly the President of the Israel Chemical Society

Alfred Hassner was born in 1930 in Czernowitz,
Romania. He lost his father at age 13 but survived the
holocaust in WWIIL. He immigrated to the USA where
he received his B.Sc. and Ph.D. degrees at the
University of Nebraska and was a postdoctoral fellow
at Harvard University. He joined the faculty of the
University of Colorado in 1957 and in 1975 he moved
to the State University of New York at Binghamton
with the rank of Leading Professor. In 1983 he moved
to Israel as a Professor in the Chemistry Department
of Bar-Ilan University.

With more than 300 research articles in print, Professor
Hassner has had a major impact on chemical science.
While studying condition-dependent free radical or
ionic mechanisms in additions reactions to multiple
bonds, Hassner first proposed the concept of
regiochemistry and regioselectivity, now a universally
used terminology in organic chemistry.

Prof. Hassner has been the recipient of numerous

distinctions and awards for his contributions to

chemistry and served as President of the Israel
Chemical Society from 1991 to 1994.

Abraham Warshawsky

A Tribute to a Scientist, Colleague and Friend

Abraham Warshawsky passed away on November 12,
2001. It was in the midst of a most exciting soar of his
scientific work, just when he was in the process of
realizing many of his original and innovative ideas.
He was a graduate of the Technion, and joined the
Department of Organic Chemistry of the Weizmann
Institute, in 1973, following his postdoctoral studies
in South Africa. Being an expert in the field of
hydrometallurgy, he advocated and urged the
development of novel polymeric-assisted technologies
for metal ion extraction. His experience led to his
marked achievements in the development of most
efficient methodologies of polymer impregnations and
to a breakthrough in the preparation of polymeric
reagents and especially in acylation reactions and
peptide synthesis.

His work was always oriented in the direction of applied
science. Along with his direct scientific activities,
Abraham was the promoter and motivator of various
most important international meetings in the field of
Reactive Polymers. Recently, he was the driving force
behind the establishment of the Israel Society for
Combinatorial Technologies, and was elected to be its
first President.

Abraham Warshawsky was a father to his students
and post-doctoral fellows. Always open, friendly and
with remarkable sensitivity, he listened and helped, and
not necessarily in relation to scientific work. This was
true with regard to his friends as well.
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The Ribosome: A molecular machine with brains

Ada Yonath, Dept. of Structural Biology, Weizmann Institute of Science, Rehovot, Israel
and Max-Planck-Research Unit for Ribosomal Structure, Hamburg, Germany.

Structural analysis of the recently determined high
resolution structures of the small and the large
ribosomal subunits from three bacterial sources,
assisted by the medium resolution structure of a
complex of the entire ribosome with three tRNAs, led
to a quantum jump in our understanding of the process
of the translation of the genetic code into proteins.
Results of these studies highlighted dynamic aspects
of protein biosynthesis; illuminated the modes of action
of several antibiotics; indicated strategies adopted by
ribosomes for maximizing their functional activity and

revealed a wealth of architectural elements, including -

long tails of proteins penetrating the particle's cores
and stabilize the intricate folds of the RNA chains.
Binding of substrate analogues showed that the
decoding and the peptide-bond formation are
accomplished mainly by RNA and support the
suggestion that the ribosome provides the frame for
accurate orientation of the tRNA molecules involved

in peptide bond formation, rather than enzymatic
activity, Proteins may be functionally relevant in
directing the mRNA and in mediating the proper
orientation of the tRNA molecules within the ribosomal
TRNA frame. Elements involved in intersubunit contacts
or in substrate binding are inherently flexible, but
maintain well-ordered characteristic conformations in
unbound particles. The ribosomes utilize this
conformational variability for optimizing their
efficiency and minimizing non-productive interactions,
hence disorder of functionally relevant features may
be linked to less active conformations or to far from
physiological conditions, Clinically relevant antibiotics
bind almost exclusively fo rRNA. In the small subunit
they affect the decoding accuracy or limit
conformational mobility and in the large subunit they
either interfere with substrate binding, by interacting
with components of the peptidyl transferase cavity, or
hinder the progression of the growing peptide chain.

Sonochemistry and its Application in Materials Science

Aharon Gedanken, Bar-llan University, Ramat-Gan

The aim of this article is to introduce the field of
sonochemistry It presents the principles of the effect
of ultrasound radiation on liquids and solutions. In
particular, it discusses the applications of

sonochemistry to the chemistry of materials. The article
concentrates mainly on the activity of Gedanken's group
in the field.
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