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SASON SHAIK

Chemical Reactivity and Valence
Bond Diagrams:
& Personal Account®

The Institute of Chemistry, The Hebrew University, Jerusalem.

*Dedicated to Avner Treinin, a Scientist and a Poet,
on the accasion of his 73rd Birthday.

Abstract: The paper describes my own personal
excursion into valence bond theory which has led
eventually to the development of a general model of
chemical reactivity based on valence bond diagrams.

I'was always fascinated with chemical change.
At first, these were color and consistency
transformations which caught the eyes. I guess I am
not unique in my attraction to the visual beauty that is
occasionally associated with the chemical change.
Later these visual pleasures were replaced by an
intellectual satisfaction with the abstract expression of
the change as is presented in the energy profile in Fig.1

RC

Fig. 1: A reaction profile.

Any chemical reaction starts with reactants (r)
and ends with products (p). As the geometry of r
changes along the reaction coordinate (RC) the energy
rises, reaches a maximum which is called the transition
state (T8), and thereafter it descends and becomes the
product, p. In this general picture, the rate of the
chemical change depends on the activation energy, or
the energy barrier AE , that separates r and p. This

abstract picture held a lot of appeal for me as well as
for many students of chemistry in my generation, and
the elusive TS species added much allure and
fascination. Understanding chemical reactivity
promised a lot of fun and satisfaction. Even though,
nowadays, it is possible to calculate by means of
quantum chemical methods the barrier and TS
geometry for most reactions and to do this with good
accuracy, nothing has changed: Undersianding is still
as important as it ever was, and the search for unifying
models is an essential goal in chemistry.

In my seminars on the fopic I often show the
cartoon (Fig. 2) of the bewildered student of reactivity
facing the commandment tablets and asking: Which
one do I obey?
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Fig. 2: A bewildered student of reactivity.

Indeed, while I was fascinated with the many
principles which existed in interpreting reactivity, I at
the same time, felt at a loss in deciding which one of
the principles applies, more or lsss, in a given reactivity
problem. As my expertise grew, I learned that the
principles of reactivity originated from two different
disciplines. Principles like the rate-equilibrium
relationship, or the reactivity-selectivity-principle,
were formulated in physical organic chemistry, while




others like the frontier molecular orbital theory, or the
hard-soft principle, originated from emerging discipline
of quantum chemistry. These sets of principles looked
like two pieces truncated from a big jigsaw puzzle and
separated by a rift. There was a need to unify and create
bridges. But in order to do that, it was essential first to
answer the fundamental question of reactivity: What
is the origin of the barrier in a chemical reaction, and
what are the factors which govern its height?

Answers to this question must be songht within
quantum chemistry which contains theory, accepted
by most chemists, that describes correctly chemical
matter and its transformations. Quantum chemistry
offers two conceptual tools calied Molecular orbital
{MO) and Valence Bond (VB) theories. A good
example is the benzene molecule that possesses a
delocalized t-system with six electrons, In MO theory
the six ®-electrons occupy six delocalized MOs as in
Fig. 3a, while in VB theory the same information is
conveyed through the combination or resonance of the
two chemical structures, Fig. 3b, known as the Kekule
structures of benzene.

In the early 1930’s and for a decade or two later
VB theory ruled chemical epistemology. There werea
~ few good reasons for that. Firstly, VB theory relied on

Bond - delocalized six st-electrons
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Fig. 3: MO and VB Pictures of the n-electrons in
benzene.

The VB struclures

the concept of the Lewis electron-pair bond which was
familiar to all chemists, and secondly, Pauling was able
to package the complicated theory in terms of
resonance structures which are the ones used regularly
by chemists. In his monograph, The Nature of the
Chemical Bond , Pauling treated virtually all known
structural chemistry, at the time, using the VB-
resonance concepts. This was a highly influential book
that created a credibility nexus between a simple theory
and experiment, However, as time passed, MO theory
slowly took over, partly because it was more amenable
to computer implementation, and partly because it used
orbitals that possess symmetry. This latter property was
easy to visualize and resulied in a decisive impact on
chermical reactivity as was shown by the Woodward-
Hoffmann Rules which relied on the principle of
conservation of orbital symmetry . In the early
1970°s, J.A. Pople and coworkers introduced the
efficient computer program "GAUSSIAN 70" that was
based on MO theory, and that enabled chemists to
compute the properties of real molecules of
contemporary interest to experimentalists. The victory
of MO theoty was decisive, and this dealt a fatal blow
to VB theory that was completely abandoned.
Most theoreticians realize that at the limit of
both theories they are entirely equivalent. In fact, any
MO wave function can be expanded into a set of VB
structures. For example, the MO wavefunction of the
H, molecule is desctibed by the doubly filled ¢ MO,
Fig. 4(a). When this wavefunction is expanded it gives
the three VB structures in Fig, 4(b). One is a covalent
structure which pairs up the spins on the two H atoms,
and the other two are the ionic structures which localize
the two electrons on one of the atoms. Since the
¢-MO is constrained to have the molecular symmetry,
the covalent and jonic structures have identical weights
in the MO-wavefunction. This identity is nonphysical
since the electrons repel one another and would prefer
to stay apart as in the covalent structure. Indeed, a
correction of the MO wavefunction by a procedure
called configuration interaction (CI) raises the weight
of the covalent structure at the expense of the ionic
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Fig. 4: MO and VB desctiptions of the H-II bond.

structures (CI uses the wavefunction with ¢2 and o™
occupations). The corrected wavefunction of the H-H
bond is then mostly the cavalent structure with a small
contribution from the two ionic fluctuations. VB theory,
on the other hand, starts from the three structures and
mixes them. This procedure leads to precisely the same
wavefunction as from an MO followed by CI
correction, Thus, in fact, VB theory is more precise
than MO theory without the CI comrection, but taken
to the same level the two theories give precisely the
same results. At no fevel are the two theories really
different because the MO type wavefunction contains
VB structures and can be expanded in terms of a linear
combination of them (which might or might not have
the physically meaningful weights, depending on the
level of calculation). The VB and MO wavefunctions
Jor a given molecule (e.g., benzene) are two
representations of the same physical picture; like two
masks of the same person. This is the beauty of the
two theories; each mask reveals another face of
reality and provides a dif ferent sort of insight into
chemistry.

However, chemists like any other group of
people with shared interests, tend to form camps and
to side with one theory while strongly opposing the
other. When I was a student in the mid to late 1970°s,
MO theory was in its hey days, while VB was ina low
ebb. There were no efficient VB programs to calculate
molecular properties and the theory seemed like 2 faint
primordial murmur from the past. It was considered to
be a wrong theory or simply passe. [ was of course of

the same opinion and loved very much what I was doing
in MO theoty. However, this bad opinion concerning
VB was destined to change completely, and as this
change is connected with some special recollections, I
would like to share them with the readers.

When 1 was a Ph.D. student at the University
of Washington, R, Hoffmann visited to give a series of
talks (I think this was the H, Dauben Series). As
Hoffmann likes to do, he invited all the graduate
students for beer in one of the local pubs. It was a great
opportunity for all of us to sit in the company of this
famous chemist, who by everybody’s view was a future
Nobel Laureate (which he became in 1981). In the
relaxed atmosphere of the pub, I gathered enough
courage to ask him what he thought will be the future
of quantum chemistry. He answered in his typical
thoughtful manner, and said many things I didn t
understand. But one thing struck me the most: He was
predicting that VB theory would make a come back!
Considering the consensus on VB theory, what
Hoffmann was saying sounded at best very strange,
and I thought to myself; Doesn’t he know that VB
theory was a wrongtheory 7 A few years passed, and
I discovered VB theory onmy own, and found what
to me has become ever since a source of beauty and
great lucidity. It was then that [ could see sow VB theory
provides the necessary insight into the fimdamental
questions of reactivity, but that it also required the
special insight of orbital symmetry which is typical to
MO theory. To comprehend reactivity, it was necessary
to merge the two theories and to move to-and-fro
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between them. This hybrid approach was achieved
during my Post Doctoral year at Cornell and the model
was published in a paper entitled What Happens to
Molecules as They React: A Valence Bond Approach
to Reactivity . ' In so doing a general model emerged
which described the barrier formation in a unified
manner for any chemical reaction.

In collaboration with Addy Pross from Ben-
Gurion University, the model was articulated and
applied to almost all the classical mechanisms of
physical organic chemistry./? Initially, the model was
applied qualitatively. The reactivity parameters were
derived from thermochemical data using 2
semiempitical approach.®! Subsequently, the Orsay
group has developed a reasonable ab initio VB code,
and together with Philippe Hiberty from Orsay we
could show that the qualitative model can be faithfully
computed. Many of the qualitative ideas were
reproduced by the calculations, while others were
modified. The model was further articulated and
improved by the VB calculations.* The advent of VB
calculations was important because we could think and
compute in precisely the same manner. Let me describe
now the model very briefly. More details can be found
_ in the original literature including in a few textbooks
which incorporate elements of the model P}

Fig. 5 shows the two VB diagrams which
constitute the essence of the model. Reactivity turns
out to be a simple outcome of the promotion energy,
G, that prepares the molecules for the electronic
reorganization inherent in the chemical transformation
r — p. The diagram on the left hand side (a) shows the
mechanism of a barrier formation in an elementary
chemical step. The barrier arises due to the behavior
of the two VB states (the curves in the regular lines)
along the reaction coordinate (RC). In gross terms,
these VB states, which are separated initially by the
promotion energy, correspond to the electron pairing
situations of r and p, and therefore they cross along
RC. The crossing mirrors the fact that the reactants
are transformed to products as a result of breaking old
bonds and making new ones. The mixing of these VB

71

situations leads to avoidance of the crossing and creates
two new states which are drawn in heavy lines, The
lower heavy-lined state is the reaction profile for the
chemical reaction in the ground state. The top of this
profile is the transition state (TS) which is the
resonating hybrid of the two VB situations. Thus the
TS is typified by bond-delocalization in analogy to
benzene which is bond-delocalized due to the
resonance of its two Kekule structures. The resonance
of the VB structures endows the TS with a resonance
energy that is labeled as B. Since the TS is a resonating
hybrid of reactant-like and product-like bonding
situations, it has a special status, as a transit point that
includes equal weighted characters of the reactants and
products. Itis the *egg’ that contains all the information
necessary to become r or p.

The diagram on the right hand (b) in Fig. 5
shows the origins of reaction intermediates and
stepwise mechanisms, due to the involvement of a third
VB-state in the avoided crossing. This intermediate
state, @, involves electronic reorganization which is
part-way between the reactant and product states. When
O, gets low enough, it crosses below the intersection
point of the two curves and mediates the transformation
from rto p. In fact, the involvement of ®, offers a lower

VE AVOIDED CROSSING DIAGRAMS
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Fig. 5: VB diagrams for an ¢lementary step (a) and a
stepwise mechanism (b).




energy route for the r — p transformation and catalyzes
it. For example, in C-H bond activation catalyzed by
transition metal oxo cations (e.g., FeO") in the gas
phase, the direct transformation r — p involves a high
barrier and the reaction would have infinitely slow rate
had this been the entire story. Fortunately however, an
excited state of the catalyst, FeO?, is stabilized along
the reaction coordinate and creates a low energy
pathway for the transformation. This is one example
of many mechanisms which have been discussed in 2
recent review.) Even the most celebrated concerted
reaction, called the Diels-Alder reaction, can be made
stepwise by appropriate substitution (see, Sustmann et
al in ref. 6). The proteolysis of the peptide and ester
bonds follow the same internal catalytic effect via an
intermediate state (here @, is a n-charge transfer state.
See ref. 6). As a matter of fact, most transformations
in Nature are stepwise, and molecules always find
intermediate excited states which are low enough to
mediate and catalyze the transformation.

Let me turn back to the elementary processes
described by Fig, 5(a). The barrier is expressed as a
fraction (f) of the promotion energy (G) less the
resonance energy gained in the TS by bond
delocalization. The promotion energy gap, G, is the
primary reactivity factor and its knowledge enables to
make many predictions without the need to bother with
the other factors. Consider for example, the identity
atom transfer reaction, Xe + XX* = XX 4+ X

(X =X).The promotion energy for this reaction is the
singlet— triplet unpairing (AE_ (X-X)) of the electrons
in the X-X bond which is broken during the process.
When X = H the AE_ (X-X) is huge, ca 250 keal/mol,
while when X =Li or other metallic atoms AE_ (X-X)
is very small, ca 30 keal/mol. When the promotion gap
varies in this manner, the outcome of the avoided
crossing changes from a profile with a TS occupying
the top of a barrier (in X = H) to one in which the
bond-delocalized X ¢ species is a stable cluster
(in X = Li), as shown in the VB diagrams in Fig. 6
(from JPC 1990, 94, 4089). In fact, there are species
of the two kinds for different X group, and there are
even cases like X = I where the profile is very flat.
Based on this general trend, one could consider the
AE (nn*) for 2 suspended n-bond which is 100 keal/
mo! or more, and predict that the delocalized n-
¢lectrons of benzene and other bond-delocalized
species are distortive TS-like species which are kept
delocalized due to the constraints of the ¢-frame that
prefers a symmetric structure. 7 There is a consensus
now that the prediction is correct and would lead
eventually to a paradigm change in the area,

This qualitative change in the nature of the
bond-delocalized species, as in Fig. 6, is in fact the
story of the division of the Periodic Table to nonmetals
and metais. In nonmetallic elements, the excitation
energies (which determined the value of G) are large.
Therefore, these elements form discrete molecules

150 1 1501 .
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Fig. 6: Quantitative VB diagrams 10 o
showing the ground states for the atom
transfer reactions X + XX'» XX+ X’ 0- ! 0.
(X =X’ = H, Li). Reproduced with
permission of the ACS. ah 7
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which are stable, while the bond-delocalized clusters
are transition states for transformations of the discrete
molecules, On the other hand, in metallic atoms the
excitation energies are small. Therefore these elements
form bond-delocalized clusters and lattices which are
more stable than the discrete molecules. Many more
predictions and generalizations (e.g., How is it possible
to reduce the barriers of forbidden reactions to almost
zero? When do Zipper reactions become possible?
Why do lanthanide positive ions activate the strongest
bond (C-F} in an organic molecule? What are the
reasons that the DNA repair mechanism requires an
initial electron transfer step?, etc) can be made by
considering only the promotion energy of the
reaction. It is an awesome organizing quantity of
reactivity.

The other two factors, B and f, are less obvious
and need to be articulated for different reactions. In
the case of 82 reactions, X: + CH,-X’— X-CH, +
X:, afull articulation was achieved and the twe factors
are known quantitatively for these reactions.”! For
example in the hatide exchange reaction, f shows a
small variation and is ca 0.25, while B is given as one
quarter of the C-X bond energy. In cases where X#X_,

_the f factor is affected also by the reaction
thermodynamics, and is reduced as the reaction
becores more exothermic.[ While much quantitative
work still lies ahead to quantify B and f in a general
case, the qualitative understanding of how these factors
vary ina given chemical reaction exists. What is already
apparent is that the three factors hold all the necessary
information to account for other reactivity principles,
to bridge between the disciplines of classical physical
organic chemistry and quantum chemistry (see Fig, 2
above), and to suggest novel predictions. [n a nut shell,
G gauges the size of the barrier for o given
transformation, scales the barrier for a given
promotion energy, and B contains the stereochemical
information of the reaction path.

To appreciate the role of the resonance energy
of the TS, we can consider for example the 8,2
reaction, in which the TS has a collinear X-C-X

i

arrangement. In this arrangement B is large, while in
contrast, if the XCX arrangement i triangular B is clase
to zero. This is the reason why 8,2 reactions proceed
with inversion of the chirality around the carbon atom
{can be detected ¢.g., by using CHH 'H"X, where
H =D, H' =T). One can use B to derive orbital
selection rules for a variety of reactions. This was
achieved for radical processes, for nucelophilic
cleavages of cation radicals, and for the competition
of electron transfer and bond making reactions of ion
radicals with nucleophiles and electrophiles.! The
selection rules have led to the concept of entangled
mechanisms in which single TS serves two different
mechanisms. In a recent publication (JACS, 2001, 123,
130) classical trajectory calculations demonstrate that
in the reactions of ketyl anion radicals RR'CO(-*) with
alkyl halides CH,X, a single TS with the C-C-X atom_
arrangement leads to both electron transfer and C-C
bond-coupling reactions. This case of breakdown in
microscopic reversibility may turn out to be more
ubiquitous than we originally thought. If indeed s0, 2
basic tenet of physical organic chemistry would have
to change.

Another interesting concept that emerges from
the VB model naturally is ofthe twin-states ( J. Chen.
Soc. Faraday Trans. 1994, 90, 1631). As seen in Fig.
5(a) the avoided crossing generates two states; one is
the TS and the other is the twin excited states, Ww*. The
twin state 15 a stable minimum on the excited state
surface and can therefore be used in many different
ways to communicate with the ground state, ! There
are various mechanisms of communication and they
can teach much about the nature of the TS (¢.g., Angew.
Chem. Int, Edit. Engl,, 1998, 37, 1394), The VB model
shows that the twin relationship is ubiquitous and every
TS on the ground state has generally a twin minimum
on the excited state. Moreover, in a stepwise
mechanism as in Fig. 5(b) there are two TS’sand hence
two twins, and the options for communication are
therefor doubled. As the means of probing this

communication improve (e.g., the novel approach of
coherent controlled excitation discussed by M. Shapiro




in his ICS-Prize Lecture) so will chemical reactivity
be enriched by more options and very importantly by
more insight into the nature of the chemical change.
To conclude: The VB diagram approach is an
art of piecing together reaction profiles from their
building blocks. It creates order and unity, and makes
new predictions in chemical reactivity and structure,
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The 66th Annual Meeting of the Israel Chemical Society.

February 5-6, 2001

David-intercontinental Hotel, Tel-Aviv.

The Organizing Committee:
Moshe Levy, Chairman, Amnon Horovitz, Ron Naaman, Mudi Sheves,
Reghef Tenne, Weizmann Institute of Science, Ehud Keinan, Technion,

The Annual Meeting this year was attended by
about 700 chemists.

The Guest University this year was Columbia
University, New York.

The program included 4 Plenary lectures, 9
Keynote lectures, 66 Invited lectures and 158 Posters.

In the Chemical Education Session a special
Symposium on: "Chemistry 2000" - A new program
for teaching chemistry in 10th grade, was held.

In the Opening Session the ICS Prizes as well
as other prizes were awarded.

On the second day four prizes for outstanding
posters were awarded.
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Plenary Lectures

The chelate effect in binding, catalysis and
chemotherapy
Ronald Breslow, Columbia University

The ribosome; A molecular machine with brains
Ada Yonath, WIS

Quantum control of chemistry-from theory to reality
Moshe Shapiro, WIS ICS award 2000

An excursion in valence bond theory
Sason Shaik, HUJ ICS award 2000

Parallel Sessions and Keynote Lectures
Session 1 Synthetic Organic and Medicinal Chemistry
The awesome power of chemical synthesis
Samuel J. Danishefsky, Columbia University
Session 2 Physical Organic and Computational
Chemistry
Novel electron-rich anions
Mordechai Rabinowitz, HUJ
Session 3 Structural Biology

" Session 4 Soft Matter and Biomaterials

Session 5 Electrochemistry
Session 6 Synthetic Organic and Medicinal Chemistry
Synthetic and biochemical studies of amino acid
derivatives,
Chris J. Easton, ANU, Australia
Session 7 Physical Organic and Computational
Chemistry
Continuous symmetry numbers and rotational
entropy
David Avair, HUJ
Session 8§ Enzyme Catalysis
Solid state NMR studies of enzyme mechanism:
The role of protein motions
Ann E. McDermott, Columbia University

Session 9 Polymer Chemistry
Novel type of catalysts to design your own
elastomeric or stereoregnlar polymer
Moris Eisen, Technion
Session 10 Environmental Chemistry
Session 11 Catalysis and Organometallic Chemistry
A New Paradigm for Co-factor Regeneration,
Enzyme Recognition of Biomimetic 1,4-NADH
Compounds, and Chiral Synthesis
Richard Fish LBNL, Berkeley, CA
Session 12 Chemical Physics
Hydrogen atoms in chemical reactions
Richard Bersohn, Columbia University
Session 13 Materials
Session 14 Industrial Chemistry
Session 15 Archeological Chemistry
Advances in the characterization of
archeological materials.
Using TEM and image processing
Miguel Jose Yacaman, Univeristy of Mexico
and Univeristy of Texas
Session 16 Catalysis and Organometallic Chemistry
Session 17 Chemical Physics
Session 18 Materials
2D superconductivity in WO, bronzes
Shimon Reich, WIS
Session 19 Analytical Chemistry
Session 20 Chemical Education
New chemistry curricula in the UK:
Ideas and results
David J. Waddington, University of York, UK
Visvalizing concepts in chemistry
Zafra M. Lerman, Columbia College, Chicago
Symposium: "Chemistry 2000" A new program
for teaching chemistry in 10th grade.

The program and abstracts of lectures and posters as
well as some photographs are posted on the website of

the Socjety: www.weizmann.ac.il/ICS/chemistrv66




Prizes awarded at the 66th
Annual Meeting of the Israel
Chemical Society.

The Israel Chemical Society Awards

MOSHE SHAPIRO

is awarded the Israel Chemical Society Prize for
the year 2000 for founding a new field of Coherent
Control (CC) of Chemical Reactions.

Moshe Shapiro is a Professor in the Department
of Chemical Physics, the Weizmann Institute of
Science. He did his Ph.D. work with R.D. Levine, of
the Hebrew University in Jerusalem, and his
postdoctoral werk with M. Karplus at Harvard
University in Cambridge MA.

In collaboration with P. Brumer of the University of
Toronto, Canada, Shapiro founded the new field of
Coherent Control (CC) of Chemical Reactions, which
is currently vigorously pursued in many laboratories

around the world. Shapiro has shown that when two .

laser photo-induced processes vield products at the
same total energy, a change in the relative phase of the
light source used in the two paths enables control of
the product-branching-ratio. This theory (CC) has been
recently extended successfully to the highly important
field of chiral molecules,

Moshe Shapiro alse formulated photo-
dissociation in terms of formal scattering theory. These
comprise: (i) effects of vibrational excitation of
product-branching ratios; (i) mapping of the
molecular wave functions; (iil) dynamics of van der
" Waals complexes and (iv) the development of a solar
pumped laser. All ofthese have had a significant impact
on a wide range of important problems in physical
chemistry today.

The innovative and seminal work of Shapiro
granted the experimentalists unprecedented control
over the dynamics on themolecular level, and will

undoubtedly bring, in the fiture, important applications
in many more areas
of chemistry.

Moshe Shapiro has founded a new field in both
theoretical and experimental chemistty.

SASON SHAIK

Is awarded the Israel Chemical Society Prize for
the year 2000 for his seminal work in the area of
chemical reactivity

Sason Shaik is a Professor in the Hebrew
University s Depariment of Organic Chemistry, He
was a student with N, D, Epiotis of the University of
Washington, and a postdoctoral fellow with the Nobel
Laureate Roald Hoffmann of Cornell University.

Shaik has developed, in collaboration with Adi
Pross of Ben-Gurion University, the valence-bond
theery and curve-crossing models, to explain chenuical
bonding and reactivity, becoming a leading proponent,
worldwide, of this approach.

This approach is quite different from the
conventional Woodward-Hoffimann approach, based on
molecular-orbital theory, although in the limit both
models are equivalent . It permits insights into bonding
and reactivity that may be obscured by the molecular-
orbital model.

He has shaken the world of organic chemistry
with his valence-bond view of electron delocalization
in aromatic compounds and made us all think about-
aromatic delocalization in a completely new light.
Recently, he has made innovative contributions to
bonding description of metal oxo species, and on the
biological oxidation of hydrocarbons by
cytochrome P-450,

Sason Shaik is currently viewed as one of the
most influential practitioner in the area of qualitative
prediction in chemical changes since Roald Hoffmann.




Outstanding Young Scientist Award
YOAV EICHEN

is awarded the Israel Chemical Society Prize
Jor Outstanding Young Scientists, for the year
2000, for his novel work on fabrication of nanometer
scale electronic components by self assembly
processes.

Dr. Yoav Eichen is a Senior Lecturer in the
Faculty of Chemistry, in the Tecknion. He received his
Ph. D. from the Hebrew University in Jerusalem,
working with Prof. Itamar Willner, and did his
postdoctoral work with Jean Marie Lehn in the
University of Strasbourg, France.

Dr. Eichen developed a new approach for
nanoscale electronics using self assembly of DNA
networks. His research interests include site effects on
chemical and physical properties of materials and
structure-activity correlation in functional organic
materials.

His research work was very well received in
the scientific world and it also aroused interest for
possible industrial applications.

The Lise Meitner Center Award
One prize is awarded to
Dr. Galina Chaban

Jfor her paper with ProfessorBenny Gerber of the
Hebrew University, published in the Journal of
Physical Chemistry entitled: Ab Initic Calculation
of Anharmonic Vibrational States of Polvatomic
Systems: Electronic Structure combined with
Vibrational Self-consistent Field .

Dr. Galina Chaban was awarded the prize as
the main developer of Ab Initio anharmonic vibrational
spectroscopy of polyatomic molecules, an algorithm
and code that compute directly the anharmonic

vibrational state of polyatomic systems from electronic
structure codes, thus helping greatly with the
interpretation of molecular spectroscopic data.

The second prize was awarded jointly to
Vitali Averbukh and Ofir Alon

Jor their paper with Professor Nimrod Moiseyev of

the Technion published in Physical Review Letters
entitled: High Harmonic Generation of soft X-rays

by Carbon Nanotubes
Vitali Averbukh and Ofir Alon were awarded

the prize for a highly inovative theory, and -
computational support for that theory, which opens up
the very exciting possibility of developing an X-ray
laser, which if it eventuates would be a dramatic
scientific breakthrough.

Outstanding Chemistry Graduates
Technion , Haifa

Mrs. Lilya Simkovich is a graduate student in
the group of Prof. Zeev Gross at the Technion, Lilya
was among the first students involved in the first simple
and practical synthesis of corroles, porphyrin analogs
whose potential in any application was not previously
explored because of synthetic problems. Lilya has
demonstrated that corrole metal complexes are
excellent catalysts for various reactions, including
asymmefric synthesis. In addition, Lilya’s careful work
has allowed the isolation and crystallographic
characterization of more than 20 novel complexes,
which was of great assistance in determining the
reaction mechanism and the mode of catelytic action.
The results of Lilya’s scientific contributions were
published in the best and most competitive journals,
13 publications so far.
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Bar-Ilan University,
Ramat -Gan

Mr. Dan Thomas Major’s research involves

studies of the molecular recognition of small molecules
(e.g. adenine, adenosine nucleotide derivatives and
other heterocycles) by proteins, and prediction of the
binding site, based on ab-initic calculations of various
propetties of these molecules. He analyses fluorescence
phenomena of some of the nucleotide ligands by
theoretical calculations. In addition, he is involved in
molecular modeling of the studied proteins and docking
problems of various ligands, as an important tool for
rational design of new drugs.
In his research projects Mr, Major demonstrates
independence and original ideas. His scientific
capabilities are reflected in five papers that are the result
of a three year work.

Ben-Gurion University of the Negev, Beer-Sheva
The Orchin Prize

Alex Brayman finished his graduate studies
with distinction in spite of the fact that he was a new
immigrant and had to overcome language problems.
His Master’s work was in developing a mathematical
model for explaining the existence of a sharp and steady
gradient of Ca jons in the liquid of biological cells.
Later on he algo proved it experimentally.

Up to now he has published 8 papers and 4 more are in
preparation.

He has received numerous University prizes and was
chosen as the outstanding instructor by his students.
He has received an NIH post-doctorate fellowship and
we all wish him success in his future scientific career.

The Hebrew University, Jerusalem
The Raphael Levin Prize

Shahar Keinan joined Prof. David Avnir’s
research group when she was still an undergraduate
student,

Her doctorate work involved development of
new concepts in chemistry, connected with quantitative
measurements of symmetry and chirality. Her scientific
publications are in a variety of subjects including
optics, crystallography, biochemistry, photochemistry,
drug development and the chemistry of inorganic
complexes. She succeeded in extracting from each
field, those elements that quantitative analysis of
symmetry and chirality, can bring to light new aspects
in those fields, and she layed the foundation for
extensive future research.

Tel-Aviv University
The Joshua Jortner Prize

Idit Teshuva, a graduvate of Tel-Aviv University
was accepted as a Ph.D. student after receiving her
B.Sc. degree, and is now finishing her thesis in a record
time of two and a half years,

Her research work, supervised by Dr. Moshe
Kol, involved the study of structure and activity of
novel transition metals, for developing polymerization
catalysts for o-olefins,

She succeeded in finding structure - activity
correlations leading to very high polymerization rates,
as well as catalysts leading to living polymerization
and isotactic polymerization,

She was the recipient of a number of prizes and
fellowships including the student Wolf prize, the Intel
prize and the Buchanan fellowship.

Tel-Aviv University
The Joshua Joriner Prize

Michael Galperin immigrated to Israel in 1994
and joined Prof. Avrahan Nitzan’s research group.
After mastering Hebrew and English he tackled the
difficult problems connected with electron transitions
in condensed phases.




His work in electron transitions through
molecular layers, as well as his theoretical calculations
of these processes, resulted in a significant
breakthrough in both areas,

The ICS Ptize for Outstanding High
School Projects

was awarded to Livnat Attar, who graduated
from the High Schoo! in Yahud, for her work on :
The isolation and identification of explosives by Thin
Layer Chromatography . The research was carried out
in the Laboratory for Criminal Identification of the
Poelice Department, under the supervision of Mrs, Sarah
Bar-Abramovitch and Dr. Shmuel Tsitrin.

Livnat developed two TLC systems that are
superior to previous ones and were put to actual use in
the Police Laboratory.

The Itan Peled Prize
for Outstanding High School Projects in the
Chemical Industry

donated by the Peled familly in memory of their son
- Itan who was killed in 1995 in the Arad Festival at
the age of 16.

was awarded to Guy Feigenblatt, from the
Shimon Ben-Zvi High School in Givatayim, for his
work on: Production of Allicin - the active ingredient
in garlic .

The research was carried out under the
supervision of Dr. Aharon Rabinkov from the
Weizmann Ingtitute of Science,

The work . consisted of separation and
purification of the enzyme allicin from garlic.

Guy developed a2 new method for the
quantitative analysis of allicin. The work will be
published in Analytical Biochemistry with Guy as one
of the Authors.

Poster prizes

SAR ANALYSIS OF DEXANABINOL
DERIVATIVES AT THE NMDA RECEPTOR
Ayelet Nudelman, Aaron Garzon, Orit Greenberg,
Batia Avidor, Lara Golender, Dalit Dar, Efrat Oni
and George Fink
Pharmos Ltd., Kiryat Weizmann, Rehovot.

CHEMICAL CHARACTERISTICS OF
POLYMERIZED LIPID VESICLES
Sofiya Kolusheva, Marina Katz, Tatyana Sheynis,
Raz Jelinek
Iise Katz Center for Meso- and Nano-Science and
Technology, and Department of Chemistry, Ben
Gurion University of the Negev, Beer-Sheva.

HIGHLY EFFICIENT
ANTIBODY-CATALYZED DEUTERATION OF
CARBONYL COMPOUNDS
Avidor Shulman, Danielle Sitry, Hagit Shulman and
Ehud Keinan
Chemistry Faculty, Technion, Haifa

CALCIUM ALGINATE BEADS AS A MATRIX
FOR SLOW RELEASE OF PHEROMONES
Ido Yosha!, Arnon Shanil and Shlomo Magdassi?
!Depariment of Chemistry, Ben-Gurion University of
the Negev, Beer-Sheva
ICasali Institute of Applied Chemistry, The Hebrew
University, Jerusalem,
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THE WOLF FOUNDATION 2001 PRIZE IN
CHEMISTRY

The Prize Committee for Chemistry has unanimously
decided that the Prize for 2001 be jointly awarded to

Henri B. Kagan
University of Paris-South, Paris, France

Ryoji Noyori
Nagoya University, Nagoya, Japan

K. Barry Sharpless
Scripps Research Institute, La Jolla, California, USA

Jor their pioneering, creative and crucial work in
developing asymmetric catalysis for the synthesis of
chiral molecules, greatly increasing mankind’s
ability to create new products of fundamental and
practical importance.

H. B. Kagen (born 1930, France) , R. Noyori
{born 1938, Japan) and K. B. Sharpless (bom 1941,

- USA), have independently made great advances in

developing the ability to synthesize chiral molecules.
They pioneered the use of chiral melecular metal
complexes as catalysts in asymmetric synthesis. Minute
amounts of such catalysts can enable the production
of large amounts of desired products of controlled
handedness. These catalysts can perform various
molecular transformations in an asymmetric fashion,
such as reduction, oxidation and isomerization, leading
to a variety of useful chiral products.

The chiral synthetic advances made by these

three scientists, working on three different continents
buf pursuing the same significant goals, are critical to
pharmaceutical manufacturing and the preparation of
a very large number of molecules of controlled
handedness. Their pioneering work has revolutionized
our understanding of asymmetric catalysis and

provided the means for efficient industrial and
laboratory preparations of important pharmacentical
products and fine chemicals needed for daily life.

ok k¥ %

The first example of asymmetric catalysis
(cyclopropanation) by a well-defined metal (copper)
complex was reported by Noyori in 1966. Although
only a low enantiomeric excess was obtained, the result
stimulated further research. In 1971, Kagan reported a
breakthrough in catalytic enantioselectivity. Using a
C,- symmetric ligand (DIOP) for the first time, he
obtained a very high enantiomeric excess in alkene
hydrogenation, catalyzed by a rhodium coraplex.
Kagan’s work had a strong influence on the course of
research in the field of asymmetric catalysis, leading
to the development of a variety of C, -symmetric
ligands and stimulating the study of several important
reactions, such as asymmetric hydrogenation,
hydroformylation, hydrosilylation and allylic
alkylation. In 1980, Noyori reperted asymmetric
catalysis, by complexes of a new diphosphine ligand,
BINAP. Catalysis by ruthenium and rhodium
complexes of this ligand, resulted in spectacular
laboratory and commercial applications, in asymmetric
hydrogenation and isomerization. In the same year,
Sharpless reported a breakthrough in the important field
of asymmetric oxidation, His general method for the
highly enantioselective epoxidation of allylic alcohols
catalyzed by a titanium complex, is of broad scope and
is used routinely in synthesis, More recently, Sharpless
developed another highly useful synthetic
methodology, the asymmetric dihydroxylation of
alkenes, catalyzed by an osmium complex.




from The Development of Modern Chemistry by Aaron Lihde, l

Bob Weintraub

Director of the Library, The Negev Academic College
of Engineering POB 45, Beersheva.

e-mail: bob@nace.ac.il.

I was interested in finding information about
Hendrik Willem Bakhuis Roozeboom (1854-1907),
Roozeboom was one of the pioneers in the field of
chemical thermodyanics. In the course of locking for
information about Roozeboom, [ browsed through the
bock The Development of Modern Chemistry by
Aaron J. Thde. This took me on a ramble into the world
of chemical history that touched on people and places
including Josiah Williard Gibbs, Yale and the Urim
v’ Thurnmin.

Roozeboom:

In Thde’s book I found a reference to a
delightful article by H.S. Klooster in the Journal of
Chemical Education from 1954. Klooster explains
that one of Roozeboom’s major contributions to science
stemmed from his appreciation of the work of Josiah
Williard Gibbs and of his taking Gibbs” work which
was regarded as algebra and incomprehensible and

preach the gospel to the heathens. Roozeboom was
assistant at the University of Leyden, and eventually
moved to Amsterdam to occupy van’t Hof’s chair when
the latter went to Berlin. Most scientists and engineers
are familiar with what is today known as the Gibbs
phase rule, first published by Gibbs in a 321 page
paper as "On the Equilibrium of Heterogeneous
Substances ",

Van der Waals, professor of theoretical physics
at Amsterdam, was familiar with the work of Gibbs
and delivered a lecture in 1886 which included a
thermodynamic interpretation of Roozeboom’s data on
the hydrobromic acid-water system., This lecture was
a revelation to Roozeboom and ignited his interest in
the phase rule. He immediately started to study Gibbs’
paper. The phase rule had been published eight years
before and had been complelety ignored by chemists

and never systematically applied by anybody.

Volume I of Roozeboom’s work The
Heterogeneous Fquilibria from the Standpoint of the
Phase Rule was claimed by Ostwald in 1905 as one
of the few books that required no explanation for its
appearance, it being an indispensable part of every
physicochemical library . Kiooster tells us that
"Roozeboom’s untimely death at the age of 52 deprived
him of the recognition and honors which would have
been given him for his incomparable achievements.
Deeply religious and sharing the aversion of common
people to speculative philosophy, he looked upon the
phase rule as an expression of divine intent to regulate
the material world”.

Yale and Urim v'Thummim:

On the same page in The Development of
Modern Chemistry where Roozeboom, is discussed is
a picture of Josiah Williard Gibbs (1839-1903). In
the background of the picture behind Gibbs, who was
a professor of mathematical physics at Yale and was in
1863 the recipient of first Ph.D. in science granted by
Yale, is Yale’s crest. The crest reads with Light and
Truth inboth Latin (Lux et Veritas)and Hebrew (Urim
v’ Thummim). Ezra Stiles, president ofYale from 1778
to 1795, delivered his inaugural address in Hebrew and
made Hebrew language a freshman requirement.
(Jewish New Haven by Elin Schoen Brockman,
Hadassah Magazine, January 1957). The reference
to Exodus 28:30 "And thou shalt put in the breastplate
of judgement the Urim v’ Thummin; and they shall be
upon Aaron’s heart, when he goeth in before the Lord;
and Aaron shall bear the judgment of the children of
Israel upon his heart before the Lord continually”.
J. H. Hertz points out that Scripture records that in times
of doubt and national crisis during the earlier period
of Israel’s history, the people consulted the Urim
v’Thummim for information and guidance. (The
Pentateuch and Haftorahs, Ed. by J. H. Hertz).
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Founder of the Biophysics Department in the Weizmann Institute
and the Fourth President of the State of Israel

Ephraim Katchalski-Katzir was born in Kiev,
capital of the Ukraine, in 1916. A few years later, the
family moved to Lodz in Poland. In 1922, when he was
six years old and his brother Aharon nine, they immigrated
to Palestine. At first they lived in Tel Aviv, but after one
year relocated to Jerusalem. There Abaron and Ephraim
went to the prestigious Hebrew High School (Gymnasia)
in Rehavia, where both were outstanding students in
science. They decided to continue their studies at the
young Hebrew University on Mount Scopus. There
Ephraim studied botany, zoology and bacteriology. In
order to deepen his understanding of the life processes,
he also took courses in chemistry, physics and
mathematics.

While still at the Hebrew University, Ephraim
joined the Haganah (forerunner of the Israel Defense
Forees (IDT)). Together, he and his brother Aharon
devoted themselves to the research and development of
various defense techniques and weaponry, that eventually
led to the establishment of Chemed and then Rafael. the
Armaments Development Authority of Israel,

As their work progressed, the two brothers decided
to relocate to the Weizmann Institute of Science in
Rehovot, where Aharon was appointed to head the
Department of Polymers, and Ephraim to the Department
of Biophysics, Ephraim concentrated on the synthesis
and study of the physical, chemical and biological
characteristics of poly-o-amino acids, the simplest
macromolecular models of proteins. He succeeded in
showing that the elucidation of polyamino acids in solid
state and in solution is most helpful in determining the
three dimensional (3D) structure of proteins. The
elucidation ofthe 3D structure of poly-L-proline and poly-
L-hydroxyproline facilitated the determination of the 3D
structure of collagen, while the information on the 3D
structure of poly-L-alanine, poly-L-lysine and poly-y-
benzyl-L-glutamate in solid state and in solution
facilitated the detection of cr-helices, B-sheets and random
coils in the 3D structure of proteins.

Noteworthy is the fact that the various poly-amino
acids appeared during the early efforts to determine the
genetic code experimentally. Some of the polymers and

the copolymers of amino acids were found by Ephraim’s
students to act as antigens cauvsing the creation of
antibodies in mammals. These findings led to the
development of Copaxone, an amino acid copolymer,
nsed today as a drug to relieve some of the symptoms of
multiple sclerosis,

Prof. Katzir also developed techniques for enzyme
immobilization and thus succeeded in converting water-
soluble enzymes into heterogeneous biocatalysts, The
use of immobilized enzymes in industry is growing
steadily, since their relative stability enables them to be
used repeatedly in enzyme reactors. In recognition for
this work he became the first recipient of the prestigious
Japanese Kyoto Prize in 1985.

Ephraim’s close asscciation with prime ministers,
his work with Department of Defense officials and his
interest in applying the results of scientific research for
the benefit of industry and agriculture in Israel, led to
him being asked by the then Prime Minister, Golda Meir,
to serve as the fourth President of the State. In 1973
Ephraim was ¢lected President by the Knesset, and he
served in this capacity for the next five years.

At the end of his term of office, Ephraim returned
to the Weizmann Institute of Science and the Tel Aviv
University, where he is engaged in researching biological
specificity at the molecular level. He continues to
encourage the growing biotechnological developments
in Israel, believing that the growing number of our capable
molecular biologists, geneticists and biochemists will
ensure the continued growth of our modem agriculture
and industry, Prof. Katzir believes that the development
of modern biotechnology will raise, directly and
indirectly, the standard and quality of life of all citizens
of Isracl.




Sason Shaik, The Institute of Chemistry, The Hebrew University, Jerusalem, Israel

The paper describes the author’s personal excursion into
valence bond (VB) and the development of a general
model of chemical reactivity based on VB diagrams. The
VB diagram approach is an art of piecing together reaction
profiles from their building blocks. VB theory and its
rival molecular orbital (MO) theory are briefly
introduced, followed by an explanation of how a
combination of VB theory and MO insight helped the
formulation of a unifying model of reactivity based on
VB diagrams. Two VB diagrams constitute the essence
of the model (S. Shaik, A. Shurki, 1999). The first one
shows the mechanism of a barrier formation in an
elementary step due to the avoided crossing of twe
principal VB states, separated by the promotion energy
gap, G. The second diagram shows the origins of stepwise
mechanisms, due to the involvement of a third VB-state
in the avoided crossing. The origins of reactivity patterns
are discussed in the light of the two diagrams. The barrier
in an clementary process is expressed as a fraction (f) of
the promotion energy (G) less the resonance energy (B)
gained in the transition state by bond delocalization. Ina
nutshell, G gauges the size of the barrier for a given
transformation, f scales the barrier for a given promation
energy, and B contains the stereochemical information
of the reaction path. The promotion energy gap, G, is the
primary reactivity factor and its knowledge enables

making many predictions, Some of these predictions are
mentioned: (i) The division of the elements into metallic
atoms which tend to cluster in bond-delocalized states
vis-a-vis the nonmetallic atoms which form discrete
molecules separated by transition states which are bond-
delocalized. (ii) The reason why the r-electrons of bond-
delocalized specics as benzene are in fact distortive (Shaik
et.al. 1997). (iif) How is it possible to reduce the bairiers
of forbidden reactions to almost zere? (iv) Why do
lanthanide positive ions activate the strongest bond (C-
F) in an organic molecule? (v) What are the reasons that
the DNA repair mechanism requires an initial electron
transfer step?. Stepwise mechanisms arise when an
intermediate VB structure gets low enough and crosses
below the intersection point of the principal curves which
describe the direct transformation of reactants to products.
This structure then offers a lower energy route for the
transformation. A few examples are given for such internal
rate enhancing effects: (i) In C-H bond activation
catalyzed by transition metal oxo cations (¢.g., Fe(*) in
the gas phase. (ii} In the proteolysis of the peptide and
ester bonds via an intermediate n-charge transfer state.
The paper ends with concepts, such as "entangled
reactivity" in which microscopic reversibily breaks down,
and the idea of "twin-states" and their reactivity
CONSEqUENCEs.

The laboratory has acquired vast experience in the
performance of analytical and microbiological tests for
the pharmaceutical, food, chemical, electronics,
biological, medical and agricultural industries as well as
for scientific research and environmental control.

Aminolab consists of five different sections, which
provide a wide range of tests for all its customers. The
tests include:

1. Chemistry and environmental analysis for monitoring
the environment.

2. Amino acid analysis, for the peptide companies, the
food industry and many other clients. Analysis of

Aflatoxins is also performed.

3. Pesticide residues analysis in different matrices.

4. Special projects / studies (R & D) mainly for the
pharmaceutical industries,

5. Microbiological laboratory for food, water, cosmetics
and pharmaceutical products.

The laboratory has been accredited according to
ISO/IEC 17025 and relevant sections of ISQ 9002. In
addition, Aminolab has been accredited according to the
OECD principles of Good Laboratory Practice (GLF)
by the EU and the Israeli Accreditation Authority.
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