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NUCLEAR DISTANCE MEASUREMENTS IN SOLID

STATE NMR SPECTROSCOPY

Shimon Vega, Chemical Physics Department, Weizmann Institute of Science Rehovot, 76100

Introduction

Most of us have been exposed to NMR one way or another, either in actual practice or during courses
on Spectroscopy. The different types of NMR applications have required a subdivision of the field
in several branches, such as, high resolution NMR, protein-NMR, biological-NMR, NMR-logging,
Magnetic Resonance Imaging (MRI) and solid state NMR. Here we will restrict ourselves to the last
one, and discuss some of its unique features. NMR spectra are mainly determined by the interactions of
the nuclei with the external magnetic field (the nuclear Zeeman interaction) and with their surrounding
electrons (the chemicals shift interaction). Additional interactions influencing the spectra are the nuclear
quadrupolar interaction, between nuclear charge distributions and the electric field gradients in molecules,
and the nuclear dipole-dipole and spin-spin interactions. In high magnetic fields these interactions are
anisotropic, ie. they depend on the orientation of the molecules containing the observed nuclei with
respect to the magnetic field direction-. In general their effect is not noticeable in spectra of solutions, -
because the reorientational motion of molecules in solution averages their anisotropies to zero®.

In this publication we discuss some of the experimental and theoretical aspects of solid state NMR
leading to nuclear distance measurements and show some examples. These examples represent only a
small part of the wealth of the techniques and the applications that can be found in the solid state NMR
literaturet®,

Line narrowing by magic angle spinning

Anisotropic interactions

The dominant interactions in solid state NMR are thus anisoiropic in nature. In addition to the well-
known isotropic chemical shifts 8, of the nuclei with a spin J=1/2, such as ‘H, #C, PN, 'P and *§i,
and the isotropic spin-spin coupling between the spins, the important anisotropic interactions are the
chemical shift anisotropy (CSA) and the nuclear dipole-dipele (DD) interaction. For nuclei with />1/2,
such as 2H, "B, ¥Na and A}, the anisotropic nuclear quadrupolar interaction dominates the spectra. On
the one hand these interactions contain structural information and are therefore crucial for conformational
studies, on the other they broaden the lines of polycrystaliine materials and thus causing depletion of
spectral resolution and sensitivity. It is therefore apparent that a main attempt in solid state NMR has been
to eliminate these anisoiropies. We will concentrate on polycrystalline materials, excluding possibilities
to obtain narrow lines by monitoring single crystals.

Elimination of the anisotropic interactions _

To eliminate the influence of the anisotropic interactions on the NMR spectra it is common in solid
state NMR to rotate the samples miechanically. In practice during the experiments the solid samples are
rotated at frequencies of 5-30 kHz around an axis making a “magic” angle of 54.7° with the external
magnetic field®®. After a simple radio frequency (RF) excitation of the nuclear spins a time-dependent
free induction decay (FID) NMR signal can be observed that can be decomposed in terms of interfering
(and decaying) signals oscillating at different frequencies that after Fourier transformation result in a
frequency spectrum. The effect of the magic angle spinning (MAS) on the FID signals can be understood
by investigating the influence of the MAS-induced time dependence of the CSA and dipolar interactions
on the nuclei. Both these anisotropies act in a similar way on the signals, but here we will restrict our
discussion to the dipole-dipole interaction.




Heteronuclear dipole-dipole interactions

In the case of a nuclear spin /=1/2 (say “C) coupled to a heteronuclear spin with S=1/2 (say N), in a
molecule at some fixed orientation in the magnetic field, its two original Zeeman levels are split into four
levels, shifted by (ignoring here the CSA shifts) the isotropic chemical shift values §, and 8, of the
spins and the dipolar frequency shift & ,,(€Q) (sec Figure 1) that is proportional to the dipolar prefactor
®pp "9, which in turn is proportional to |7 [*. This 75 is the /.S nuclear distance vector and Q the
angle between this vector and the magnetic field direction. The orientational dependence of §,(€2)is
the source of the static powder lineshape with an overall width of the order of @, . The frequencies of
the two observed I-spin signal components of each crystallite are equal to the two allowed energy level
differences §, £3,,(€2), as shown schematically in Figure 1.
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Figure 1- Schematic representation of the NMR signal response of a single two-level -spin system coupled to a two-level S-spin
in (a) a static and (c) a rotating sample. The chemical shifts and dipolar interaction shift the energy levels as shown in addition
to the Zeeman energy (not shown) and ignoting CSA interactions. The FID /-signal of a single spin pair can be decomposed in
frequency components corresponding to the energy level differences 8, £ 8, (€2) in (a). The decaying FID signal is shown
in (b). The oscillating energy levels due to MAS resulis in a signal consisting of frequency components in{d) with frequencies
8, +n0,, n=0,%£1,%2 and §, £} = 0. Powder integrals over all possible crystal otientations are necessary te obtain
the powder FID signals and their Fourier transform. The single spin FID signals in (b) and (d) decay because of some spin-spin
relaxation time T, Synchronous detection results in 2 (red) signal only dependend on §, .

When the interaction becomes periodically time dependent § _(Q(¢ +1 ) =98,,(Q(r)), with a time
period T, =2m /w, , the I-signal response is more complicated. However, following Floquet Theory(5),
we can predlct that thlS response can be decomposed in a set of signal components at frequencies
8, £3,,(QU0) + 1o, with 11=—oo,...,c0, where 8,,,(€(0)) in the case of the heteronuclear DD
interaction is equal to the time average of 8, (€(r)). This average can be made zero for all spin pairs
in a powder when the angle between the axis of rotation and the magnetic field is set equal to the magic




angle © = 54.7°, because for alld ,,(Q(2)) & (3c0s*8,, —1) 2. Hence all equivalent spins / in the
crystallites composing a powder produce signals with frequency components 8, +»®, , which are all
in-phase at times mT, =mX2n /@, , and which result in rotational echoes S¢(mT,,)as shown in
figure 2b. The powder spectrum (after Fourier transformation) consists then of a centerband at frequency
8, flanked by sidebands at 8, + #w, . At high spinning frequencies ( @ >5,,(Q(9)| ) the mtensities of
these sidebands approach zero and we get a high resolution spectrum governed by isotropic chemical
shifts 8, only.

As already mentioned the sample spinning at the magic angle averages also the chemical shift
anisotropies, as well as the first order quadrupolar interaction for half mteger spins. '

The homonuclear dipole-dipele interactions

The averaging of the dipolar interaction become complicated when we are dealing with homonuclear
spin interactions. For example, the profon spin pairs in organic material or the *C nuclei in fully
isotopically “C-labeled compounds interact with each other and experience average dipolar frequency
shifts 6, ,(€2(0)) that are not necessarily zero even in the MAS case®. This is due to possible energy
conserving dipolar (spin-up - spin-down) exchange processes between coupled spins f, =1/2 and
I, =1/2. 0% As a result the signals from different crystallites in a powder are not in phase at the
echo positions 77T, and the rotational echoes decay due to the dipolar interaction. Fourier transformed
center and sidebands of the powder signals are not narrow anymore and we loose high resolution. This
broadening effect can only be overcome when we rotate the sample at frequencies much larger than the
actual strength of the static dipole-dipole interaction, ®;, . In the *C-"*C case the last can be reached
easily, but for protons the dipolar strength is too large. Thus in C-NMR of fully enriched solids we
can obtain high resolution spectra, while in the case of proten NMR this is not straightforward. High
resolution solid state MAS NMR is commonly used, in analogy to NMR of molecules in solution, and a
large variety of two-dimensional correlation experiments has been designed and applied in solids®.

Interatomic distances between heteronuclear spins

REDOR and REAPDOR experiments

In order to benefit from the structural information embedded in the heteronuclear dipole-dipole
interaction it is necessary to reintroduce its effect on the rotational echoes in a controlled manner. This
can be achieved by disturbing the MAS response of the spins by applying RF pulses. One of the most
common recoupling methods for heteronuclear spin pairs is based on the application of two short RF
inversion-pulses during each rotor period on one of the two interacting nuclei. During this rotational
echo double-resonance (REDOR) experiment the signal of each spin can still be decomposed in terms
of frequency components of a form &, +85°°%(€2(0)) + nw, , but the rotational echo amplitudes at
mt, decay because § EPOR(Q(0)) = 0 . With all pulses applied on the non-observed spin S, except
one in the middle on the observed spin I for refocusing &, , the decay of the echoes is solely determined
by the dipolar frequency shifts 85" (€(0)) and the REDOR decay signal S(m7,) dependson o,
and thus on the nuclear distancer,; (see Figure 2). This methodology is used for the determination of
atomic distances between atoms like *C-"N (up to about SA) , *C-*'P (up to about 6A), and *C-°F (up
to about 8A) in isotopically labeled inclusion compounds®, macromolecules®, fibrils!'” and active sites
in proteins (0.
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Figure 2 - The basic /-§ REDOR experiment in {a), with two inversion pulses per rotor period T, results in rotational echo
powder amplitudes ST, } (red) that must be compared to signals {blue) with amplitudes S, {(m7,), obtained without dipolar
dephasing but with some T, relaxation time present. In the actual REDOR (b) and REAPDOR (c) expetiments signal amplitudes
are measured one at the time,

The nuclei mvolved in REDOR experiments are mostly spin 7,§=1/2 nuclei. As can be expected the
accuracy of these experiments dependents on the quality of inversion of the RF pulses. This becomes
a problem when the spectral width of the non-observed § nucleus is larger than the RF pulse intensity,
for example when this nucleus has a spin $>1/2. Then the quadrupolar interaction severely broadens the
powder S-spectra and the RF performance deteriorates.
To overcome this difficulty two types of experiments can be considered. One is to improve the inversion
efficiency of the RF pulses on the S spins by replacing them by a set of cleverly designed pulses that
improve their inversion strength('?. The other is to interchange the pulses on the spins and apply all pulses
on the observed I-spin, except for one pulse on the “problematic” non-observed S-spin (see Figure 2¢).
During this last pulse the combination of sample spinning, the time dependence of the large quadrupolar
interaction and RF irradiation inverts the S-spin at least partially and a distance measurement becomes
possible. This last approach is based on an adiabatic passage (AP) inversion and is therefore named
REAPDOR®?. This has enabled us for example to determine " Si =% Ng and “C ='" O distances™ in
zeolites and organic crystals, respectively (see example in figure 3).

To demonstrate the use of REDOR

experiments, we will now give a simple

19 example.

0 o H-5C and *H-1°N spin pairs!?
] The distances between a spin /=1/2 nucleus
os| & : and a deuterium with spin $=I can be
So(;'z(';s}l) 1 o e =24520.07 A obtained by constructing efficient deuterium
0.41 (phase modulated) inversion pulses’?. To
" . ® a000mz demonstrate the use of these composite
] PO 3125He pulses we can consider a selective isotope

@ 2500Hz .

0.0 , : : : labeling scheme where an a-proton of
0 ! 2 ? 4 5 a polypeptide backbone is deuterated
Hmseo *H,, while the carbonyl carbon C,, is
Figure 3 - Example of a REAPDOR resuft for the *C enriched and the amine nitrogen N, 18

determination of a #C - "0 distance in tyrosine('9.




'S N enriched. This makes it possible to determine the ¢ and ¥ dihedral angles on both sides of the
C*® carbon by measuring the nuclear distances* H, = C*,_, and “H-"N_. This strategy was applied to
measure the dihedral angles of the tripeptides LAF and LGA in lyophilized samples''?. Some experimental
results together with calculated curves corresponding to well-defined distances are shown in Figures 4.
Combinations of REDOR and dihedral angle measurements have recently led to a full tripeptide structure
in the solid state!'®.

Interatomic distances between homonuclear spins

BC-BC spin pairs

Up to this point we have discussed heteronuclear spin pairs and the use of RE(AP)DOR type experiments.
As mentioned above the homonuclear dipolar interaction can cause a decay of the MAS rotational echoes
even without RF pulses. For small dipolar interactions, as is mostly the case for *C(1) =" C(2)spin
pairs, only when the spinning frequency @_, or 20, , is about equal to their chemical shift difference
(8, —8,) this decay is significant and nuclear distances can be measured“”. To extend the use of dipolar
interactions for structural studies RF pulse schemes were introduced that generate analyzable rotational
echo decay curves even when the rotational resonance {(RR) condition, ®, = B, —3,|, is not satisfied.
During recent years a large variety of pulse techniques were introduced to do so®, and in particular we
should mention the symmetry-based sequences".,

To demonstrate here the methodology we restrict ourselves to one of the first and most simple pulse
schemes that have shown to be not the best but very useful. In these experiments the dipolar interaction
is reintroduced by applying only one single inversion-pulse per rotor period!®. This simple echo dipolar
recoupling amplitude (SEDRA) experiment has extensively been used in 2D carbon-carbon correlation

Figure 4 - 7(1/2)— S(1) PM5-REDOR results

for the determination of the dihedral angles
through measuring (a) *Hy, —" ', and (b)
2H% - N, REDOR dephasing curves

in LGAU*®  The experimental data fit the
curves correspending 1o the dihedral angles
$=70"+20" and y =-105"+20". 10
Narrow-band SEDRA results for measuring s/,
the () “¢r,—¢7 and the (d) two
B =CHP distances  of  leucine  in
a lyophilized sample of LGF, with results St | ()

033:0.0lam  and  (0.3930.015;0.4242002) %% 5 30 15 20 25 " 700 500 300 100 -100
nm, respectively, are also shown®®. In the LGF
molecule on the top the distances and similar 10
torsion angles obtained from these experitnents s;‘so
are indicated.
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Figure 5 - A possible structure of LGF using the
dihedral angles ¢ = 70° +10°;y = ~80° £10°,
obtainedfrom H35; =" C', and Hy; —'* N, PM5-
REDOR distance {red) determinations,
and the*C'pto *CY ( 0.33 nm ) and Bcé02
{0.42 and 0.39) nm distances in leucine (green),
measured by nbSEDRA and nbRFDR®, The phenyl
ring orientation was determined by a minimal energy
calculation of LGF in vacuum.

experiments under the name of RF driven recoupling
(RFDR}. An extension of this approach is the
combination of the RR condition with the RFDR/
SEDRA pulse schemes while measuring rotational echo
decays as a function of the spinning frequency®?,

With the help of these experiments it has been possible
to measure simultanecusly the distance between the
singly “°C enriched carbonyl carbon in leucine and
the (natural abundant) carbons of its own side chain
in LGF (see Figure 4). These measured distances in
leucine, together with the dihedral angles around
the Cg carbon measured by REDOR, were used in a
constrained energy minimization, yielding the structure
of LGF depicted in Figure 5V, Similar approaches,
while working with fully *C enriched amino acids, can
already be found in the recent literature®,

'H-'H spin pairs

The next example of nuclear distance measures is much
more complicated than the former ones. Tt deals with
the possibility to determine proton-profon distances in
molecules in organic crystalline powders. Using very

high sample spinning frequencies (0, /2r = 35kHz) proton line narrowing can sometimes be sufficient
to reach the necessary resolution for measuring proton-proton distances®?,

< E A, 005{31,2 + gm) 1 Q0N+, + k&)c)tXe"”? >
ok

Figure 6 - Schematic representation of the energy levels of a rotating homonuclear spin system with 1717112 with a time
period T, , exposed 1o a periodic RF pulse sequence with a time period .. Without the RF irradiation in (b) the {blue) powder
FID signal decays due to the non-zero average dipolar frequency parameters 5, o2 (&8, with 8, () =5, .(Q) for

3, =84| > Wy, . The application of a homonuclear RF decoupling pulse sequence recovers in (c) (red) part of the dipolar

decay.




While looking for a more general solution we must first discuss the possibilities to detect high resolution
spectra of protons in solids. Almost forty years ago Lee and Goldburg (LG) suggested a way to eliminate
the dipolar broadening in static spectra of homonuclear coupled spins by used an off-resonance RF
irradiation field®. Another very important development in the late sixties was the introduction of
multiple-pulse (MP) RF imradiation schemes®.During these imradiation schemes significant reduction
of the homonuclear dipole-dipole interaction results in signals that are narrowed, enabling chemical
shift differentiation in the proton spectra. Many additional approaches based on MP and LG irradiation
have followed during the years. To eliminate the CSA interaction and at the same time the homonuclear
dipolar interaction combined rotation and multiple pulse sequences (CRAMPS) have been introduced “°.
This has led to the high resolution CRAMPS experiments that are now used when high resolution proton
spectra from solids are required.

The underlying theory for the LG and MP based dipolar decoupling techniques is Average Hamiltonian
Theory®. This theory relies on the periodicity of pulse sequences, with characteristic time periods
1, and frequencies ®, = 2 /T, enabling the evaluation and partial elimination of the effective dipolar
frequency parametets S o ,(€0)) in the frequency components 8,, +8 37 ,(Q(0)) +#o>, of the
decoupled homonuclear NMR signals.

In the case of CRAMPS the spins are influenced by two periodic perturbations, the sample spinning
and the RF puises, and a theoretical method different from AHT had to be chosen. In our case we used
bimodal Floquet theory (BFT) to estimate the expected response frequencies, composed of the signals
with frequencies 8, , +8,,,,(Q(0))+ nw, + ko, “"(see Figure 6). Using BFT an optimal RF pulse
scheme was chosen, based on a phase modulated (PM) version of the LG irradiation, that resulted in
reasonably high resolution proton spectra®”. Examples of proton spectra, with and without homonuclear
PMLG decoupling, are shown in Figure 7, together with a total proton 2D correlation spectrum of histidine
using PMLG in both dimensions. These type of 2D experiments can now be exploited to determine proton
proximities in organic solids and correlate protons with neighboring nuclei with spins §>1¢9.
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Figure 7 - PMLG proion spectra of (a) monoethyl fumeric acid, (b} histidine, {c) tyrosine and (d} trisodium citrate dehydrate
(with the (blue) MAS-only spectrum). A 2D single quantum (PMLG-PMLG) proton-proton correlation spectrum of histidine is
shown in (e}
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Summary

In this short overview we have summarized some of the available solid state NMR techniques that have
been developed in recent years for measuring nuclear distances. Many examples can already be found in
the literature and new developments are still underway to improve the multi-dimensional experiments.
Thus even more applications of solid state NMR can be expected in the future, mainly in the fields of
membrane proteins and Materials Research.
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Was held at the David Intercontinental Hotel, Tel Aviv
on February 2-3, 2004

Under the auspices of Tel Aviv University
School of Chemistry

Organizing Committee
Yoram Cohen, Chairman, Shmuel Carmeli, Rivka Gai, Israel Goldberg,
Michael Gozin, Yoel Kashman, Yossi Klaftet, Gil Markovich, Eran Rabani

8 Plenary Lectures, 62 Invited Lectures, and 186 Posters were presented at the Meeting.
The ICS Medal and the ICS Special Awards were presented in a special ceremony and dinner.
For details about the awards see next chapter.

Plenary lectures

Nanobioelectronics from Basic Concepts to Practical Devices
L. Willner (The Hebrew University of Jerusalem)

Developments in NMR and MRI from Nanometers to Meters
A. Pines (UC Berkeley, USA)

Nanophotonics: Self-Assembled Materials and Devices that Process Light
T.J. Marks (Northwestern University, USA)

ICS Award Lecture
Biological Molecules in the Gas Phase
C. Lifshitz (The Hebrew University of Jerusalem)

ICS Award Lecture

From Spin and Space Rotations to Nuclear Distances in Solid State NMR Spectroscopy
8. Vega (Weizmann Institute of Science)

Supramolecular Chirality
D.N. Reinhoudt (University of Twente, Nethertands)

DNA In and Out of Viral Capsids
A. Ben-Shaul (The Hebrew University of Jerusalem)

The Development of Well-Defined Molybdenum and Tungsten Alkylidene Complexes for Olefin
Metathesis, Including Enantiomerically Pure Catalysts for Asymmetric Reactions
R.R. Schrock (Massachusetts Institute of Technology, USA)
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Parallel Scientific Sessions

Organic Synthesis

New Directions in Multicomponent Condensation Reactions
1. Marek (Technion-Israel Institute of Technology)

Novel Reactions in Organic Chemistry; Starting Point: F,

S. Rozen (Tel Aviv University)

Chemoselective Esterification Through Carbodiimide Couplings
A. Melman (The Hebrew University of Jerusalem)

Fast Paralle! Synthesis of Highly Substituted 1H-Quinoline-4 on Libraries
G. Gellerman (Compugen)

Electrochemistry

Simulation of Mass-Transport Limitation in Underpotential Deposition

E. Gileadi (Tel Aviv University) ;

The Significance of Impeded Reactions in Electrochemistry and Chemistry
I. Riess (Technion-Israel Institute of Technology)

Electrochemistry and Sol-Gel - Where Can They Meet?
D. Mandler (The Hebrew University of Jerusalem)

Recent Advances in the Development of the 3D- Microbattery
D. Golodnitsky (Tel Aviv University)

Ultra Cold Atoms and Molecules

On the Conversion of Ultracold Fermi Atoms into Bose Molecules
A. Vardi (Ben Gurion University of the Negev)

Ultracold Chemistry
R. Kosloff (The Hebrew University of Jerusalem)

Condensation Limited Cooling in Supersonic Expansions
U. Even (Tel Aviv University)

Spectroscopic Study of Excitations in a Bose-Einstein Condensate
N. Davidson (Weizmann Institute of Science)

Biomolecules: Structure and Function

Bioconjugated Corroles for Medicinal Applications and Enzyme-like Catalysis

Z. Gross {Technion-Israel Institute of Technology)




Exploring the Dark Side of the Moon— Mechanism Based Inhibitors of the Enzyme Trans Retinyl Ester
Isomerohydrolase
A. Albeck (Bar Ilan University)

Combinatorial Model for Non-Enzymatic Receptive Molecule-Ligand and Macromolecular Interactions
C. Gilon (The Hebrew University of Jerusalem)

Mechanism of Retinal Proteins Light-Activation
M. Sheves (Weizmann Institute of Science)
Supramolecular Chemistry

Supramolecular Polydiacetylene Assemblies as Biosensors of Membrane Processes
R. Jelinek (Ben Gurion University of the Negev)

Anion Recognition and Sensing through Pyrroles and Imidazoles
Y. Eichen (Technion-Israel Institute of Technology)

Novel Supramolecular Systems with Diacetal Type Cores: Macrocycles, Gigantocycles and Dynamic
Combinatorial Virtual Libraries therefrom.,
B. Fuchs (Tel Aviv University)

Biomimetic Chemistry of Microbial Iron-Carriers: New Opportunities in Diagnostics and Therapeutics
A, Shanzer (Weizmann Institute of Science)
Organometallic Chemistry

Facile Transition-Metal Induced De-aromatization
D. Milstein (Weizmann Institute of Science)

Recent Advances in the Late Transition Metal Fluorine Chemistry
A. Vigalok (Tel Aviv University)

Transition-Metal Chromophores for Self-Assembly of Thin-Film Molecular Materials
ML.E. van der Boom (Weizmann Institute of Science)

One-Pot Sequences of Reactions with Sol-Gel Entrapped Opposmg Catalysts and Reagents
J. Blum (The Hebrew University of Jerusalem)

Nanomaterials and Interfaces

Decoration of Atomic Steps by Single-Wall Carbon Nanotubes
E. Joselevich (Weizmann Institute of Science)

Towards Molecular-Based Devices: Synthesis, Novel Adsorption Technique and
Nanostructures Construction
S. Richter (Tel Aviv University)




'Scanning Probe Microscopy (SPM) Imaging, Altering and Measuring Forces on Biological Samples
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L.A. Gheber (Ben Gurion University of the Negev)

Fiberoptic IR Spectroscopy: Extension to Nanograms and Other Discoveries
E.M. Kosower (Tel Aviv University)

Chemical Education

Problem Solving: The Difference Between What We Do and What We Tell People We Do

G. M. Bodner (Purdue University, USA)

The Concepts of the Four and Five Units in the New Chemistry Program for High Schools in Israel
D. Mandler (The Hebrew University of Jerusalem)

The Dialogue Between Research on Chemistry Education and Teaching in Class
R. Mamlok-Naaman (Weizmann Institute of Science)

Teaching Stoichiometry Online
R. Gai (Tel Aviv University)

Integration of Computers into Cherical Education
R. Lefler (Ironi Hey High School, Haifa)

Chemistry Understanding Levels as a Tool to Assess Students Performance in the
Computerized Laboratory Curriculum
L. Sasson, Z. Kaberman (Technion-Israel Institute of Technology)

Bioorganic Chemistry

A Lesson From Nature: Novel Antimicrobial and Anticancer Peptides Composed of D,L Amino Acids
Y. Shai (Weizmann Institute of Science)

Biologically Active Boron Compounds: A Parallel Universe
M. Srebnik (The Hebrew University of Jerusalem)
Cannabinoids as Anti-Inflammatory Agents

R. Mechoulam (The Hebrew University of Jerusalem)

Labeled Molecular Imaging Agents of the EGFR-TK for Specific in-Vivo Diagnostic and,
Image Guided Treatment of Cancer.
E. Mishani (The Hebrew University of Jerusalem)

Catalysis and Inorganic Chemistry

Catalytic Systems Immobilized on Dendronized Support: Preparation and Dendritic Effects in Catalysis
M. Portnoy (Tel Aviv University)




Oxidative Decomposition of Formaldehyde Catalyzed by Coal Surface:
A Possible Source for Explosions in Coal Mines
H. Cohen (Ben Gurion University of the Negev)

Potassium Phosphate as a Unique Solid Base in Phase Transfer Catalysis
Y. Sassen (The Hebrew University of Jerusalem)

Functionalized Pyridylamine Ligands
R. Kempe (Bayreuth University, Germany

Chemical Physics of Materials

Laser Patteming at the Nanometer Scale: A Novel Altenative for Photolithography
M. Asscher (The Hebrew University of Jerusalem)

Time-Dependent Density Functional Calculations for the Optical Spectra of Molecules,
Clusters, and Nanocrystals
L. Kronik (Weizmann Institute of Science)

Interpretation of Spin Hamiltonian Parameters by DFT Calculations. An Experimentalist Point of View
D. Goldfarb (Weizmann Institute of Science)

Promotion of Tunneling Through Molecular Bridges by Electronic-Nuclear Coupling
U. Peskin (Technion-Israel Institute of Technology)

Hi-Tech Chemistry

Gold from Vegetable Oils
A. Katz (Enzymotec Ltd.)

Novel Polydicarbazole-Magnetite Nanocomposites for DNA Testing
J.P. Lellouche (Bar Ilan University)

Skin Protection Against Jellyfish Sting
A, Lotan (Nidaria Technology)

NanoPowders from a Seed Company to the World Leader in Nano Metal Powders and Technologies
F. de la Vega (NanoPowders Industries)

Medicinal Chemistry

DNA Toroids and Radioresistance
A. Minsky (Weizmann Institute of Science)

Towards Bifunctional Antibiotics Targeting Cystic Fibrosis
T. Baasov (Technion-Israel Institute of Technology)

Practical Applications of Molecularly Imprinted Polymers (MIPs)
B.S. Green (The Hebrew University of Jerusalem)
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A New Approach for Prolonging the Actions of Peptides, Proteins
and Low Molecular Weight Drugs in vivo
Y. Shechter (Weizmann Institute of Science)

Polymer Chemistry

Catalytic Polymerization of Propylene by Group IV Complexes for the Formation of
Elastomeric Polypropylene: A Mechanistic Insight
M. §. Eisen {Technion-Israel Institute of Technology)

Polymers and Carbon Nanotubes- a New Approach to Interfacial Engineering of Carbon Nanotubes
R. Yerushalmi-Rozen (Ben Gurion University of the Negev)

Homo and Hetero-Stereoselective Polymeric Complexes
A.J. Domb (The Hebrew University of Jerusalem)

Single Versus Multiple Site Olefin Polymerization Catalysis. Remarkable Cooperative Effects
T.J. Marks (Northwestern University, USA)

Soft Matter Biophysics
Anomalous Hydrodynamic Interaction in Confined Suspensions
H. Diamant (Tel Aviv University)

Single Molecule Studies of DNA Relaxation Using Optical Tweezers
M. Feingold (Ben Gurion University of the Negev)

Intracellular Dynamics: Coordination of Microtubule and Nuclear Transport Systems
M. Elbaum {Weizmann Institute of Science)

Nature Entangled: How to Understand the Topology of Biopolymers

R. Metzler (NORDICA Copenhagen, Denmark)

Organic and Analytical Chemistry

Selectivity In the Oxidation of Calix[4]Arene Derivatives
S.E. Biali (The Hebrew University of Jerusalem)

The Use of Organically Modified Silicate (Ormosil) Sols as a Part of the Run Buffer in
Capillary Electrophoresis
E. Grushka (The Hebrew University of Jerusalem)

An Impedimetric Sensor for Detecting Endocrine Disrupting Chemicals
J. Rishpon (Tel Aviv University)

From Sulfone Carbanions to Enantioselective Synthesis of Functionalized Carbocycles and Alkaloids
A, Hassner (Bar Ilan University)




The Israel Chemical Society Medal is awarded
to Professor Joshua Jortner
For his outstanding contributions fo the development and establishment of
chemistry in Israel. :

Professor Joshua Jortner received his M.Sc. and his Ph.D. from the Hebrew
University of Jerusalem in 1956 and 1960, respectively. He was a postdoctoral
fellow at the Institute for the Study of Metals at the University of Chicago during
1962-64 and served as a Professor on a part-time appointment at the University
of Chicago during 1964-70. Since 1964 he has been the Heinemann Professor of Chemistry at Tel Aviv
University, where he served from 1966-72 as Chair of the Chemistry Department and University Vice-
President. In 1988 he was awarded the Wolf Prize in Chemistry. He is a member and foreign member
of twelve National Academies of Sciences, including the National Academy of Sciences of the United
States, the American Academy of Arts and Sciences, the American Philosophical Society, the Royal
Danish Academy of Sciences and Letters, the Indian Academy of Sciences and the Russian Academy of
Sciences. He served as the President of the Israel National Academy of Sciences for several terms and
as President of the International Union of Pure and Applied Chemistry (IUPAC). His research interests,
represented by over 670 scientific papers, span the relations between structure, spectroscopy and dynamics
in large molecules, clusters, condensed phase and biophysical systems. His current activities also span a
variety of issues concerning science and public policy, including education and the public understanding
of science and the maintenance of scientific enterprises in Israel and throughout the world.

The Israel Chemical Society Prize for 2003 is awarded
to Professor Shimon Vega
for his outstanding contributions to solid state NMR spectroscopy
and for his leading role in the NMR community, '

Shimon Vega, born 1943, is a Professor at the Chemical Physics Department,
The Weizmann Institute of Science since 1988. Prof. Vega studied for his Ph.D.
. at the Weizmann Institute under the guidance of Prof. Zeev Luz and completed
% /1 - his postdoctoral studies at the University of California, Berkeley with Prof. Alex
Pines. Prof. Vega has authored over 140 scientific publications. He is frequently invited to lecture at
important international scientific magnetic resonance conferences such as the Gordon Conferences,
the Rocky Mountain Conferences (awarded the prestigions Vaughn Lectureship), Experimental NMR
Conferences (ENC and EENC) etc. He was awarded the 2000 Kolthoff prize from the Department of
Chemistry at the Technion. He participated in the organization of several International NMR Conferences
and Schools in Israel and abroad.
Prof. Vega is recognized as a leading scientist in the field of solid state nuclear magnetic resonance. His
research topics are very broad and include theoretical and experimental problems. They range from the
applications of the Floquet formalism or the “fictitious spin }2 formalism’ to the interpretation of spectra
to the actual spectral measurements in biomolecules, zeolites and many other important materials. His
exceptional ability to combine fundamental, theoretical and experimental tools is recognized in the NMR
community and beyond.




The Israel Chemical Society Prize for 2003 is awarded
to Professor Chava Lifshitz
for her distinguished pioneering studies in the area of the chemistry of gas
phase ions and mass spectrometry, and for her long-term activities
in advancing science in Israel.

Prof. Chava Lifshitz, born 1936, is a Professor at the Institute of Chemistry,
The Hebrew University of Jerusalem, Prof. Lifshitz performed her Ph.D. thesis
on "Isotope Effects in Radiation Chemistry of Water Solutions” at the Hebrew
- University, under the supervision of Prof. G. Stein, and completed postdoctoral research at Cornell
University with Prof. F.A. Long. She joined the Hebrew University in 1963 and acted as the chairperson
of the Institute of Chemistry during the years 1994-1997. Prof. Lifshitz holds the Archie and Marjorie
Sherman Professor of Chemistry Chair. She authored over 240 scientific papers, and received numerous
awards, including the Kolthoff Prize, 1985 (Technion, Haifa), The Max Planck Research Award, 1991
and the Erwin Schrédinger Medal, 1998,
Prof. Chava Lifshitz is regarded worldwide as a distinguished scientist in the field of gas-phase ion
chemistry and mass spectrometry. Her research combines creative experimental and theoretical efforts
directed to the fundamental understanding of the chemical reactivity and properties of jons, molecules,
biomolecules and molecular understanding of the structural properties and the chemical reactivities of
ions in the gas phase, and to the elucidation of thermochemical values associated with ion species and
intermolecular clusters. These studies enabled Prof. Lifshitz to define mechanisms and reactivity patterns
of chemical species in the gas phase that are important milestones in modemn mass spectrometry.
Prof. Lifshitz served as a member at the High Committee for Science and Technology of the Israel
Ministry of Education, 1991-1992, and acted as the President of the Israel Society for Mass Spectrometry,
1991-1994,

The Annual Prize of the Israel Chemical Society
to the Outstanding Young Scientist for the Year 2003 is awarded
to Professor Ilan Marek
Faculty of Chemistry, Technion - Israel Institute of Technology

For his achievements in synthetic organic chemistry and his unique contribution
for stereo selective synthesis, asymmetric synthesis and in the field of the
chemistry of transition metals.
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International Conference on
Frontiers of Chemical Sciences Research

and Education in the Middle East
Malta. December 6-11, 2003

Fatiegat Chemid sissrar
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S S breeloo

Chemists from Egypt, Iran, Israel, Jordan, Kuwait, Lebanon, Palestinian Authoritiy, Saudi Arabia, Turkey,
and United Arab Emirates gathered in Malta to attend the Conference.

The sponsors of this conference were the American Chemical Society (ACS), the Royal Society of
Chemistry (RSC), and the International Union of Pure and Applied Chemistry (IUPAC).

The Organizing Committee was chaired by Zafra Lerman (Columbia College Chicago), and the target
was to bring scientists from Middle Eastern countries to work together under the same roof on different
issues of commeon concern.

Six Nobel laureates participated in this conference: Roald Hoffmann (Cornell University, New York,
USA), Claude Cohen-Tannoudji (Laboratoire de Physique, Ecole Normale Superieure, Paris, France},
Jean-Marie Lehn, (College de France, Paris, France), Yuan T. Lee (Academia Sinica, Taipei, Taiwan),
Dudley Herschbach (Harvard University, Massachusetts, USA), and Rudolph Marcus (California Institute
of Technology, California, USA).

These Nobel laureates presented plenary lectures, and led the various Working Groups as seen in the
attached program.

Thirty posters were presented by the Middle East participants. Joining the Middle East delegates
were representatives from England, Germany, South Africa, and the USA. There were all together, 58
participants in attendance.

In a questionnaire, distributed during the conference, the event was rated as a success beyond all
expectations. The participants from the Middie East voted unanimously to have a follow-up meeting,
which is being planned for 2005.

Anyone interested in additional information should contact Zafra Lerman, Columbia College Chicago
(e-mail: zafral@aol.com).




Program of the Conference

Greetings
Zafra Lerman, Conference Chair (Columbia College Chicago, Illinois, USA)

* Paul Walter (Past President, American Chemical Society; Skidmore College, New York, USA)
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Ann Nalley (American Chemical Society; Cameron University, Oklahoma, USA)

Pieter Steyn (President, International Union of Pure and Applied Chemistry; University of Stellenbosch,
Mapieland, South Africa)

Stanley Langer {The Royal Society of Chemistry, Great Britain)

Plenary Sessions

Chair: Zafra Lerman (Columbia College Chicago, Illinois, USA)

Roald Hoffmann (Nobel laureate; Cornell University, New York, USA)
“Protochemistries for Antiquity — Teaching Tools for Today”

Chair: Herman Winick (Stanford University, California, USA)
Claude Cohen-Tannoudji (Nobel laureate; Ecole Normale Supiricure, Paris, France.)
“Cooling Atoms with Light: A Recent Application to Molecular Physics"

Chair: Ernest Eliel (University of North Carolina, Chapel Hill, USA)
Jean-Marie Lehn (Nobel laureate; College de France, Paris, France)
“From Molecular to Supramolecular Chemistry — Chemistry Beyond the Molecule”

Chair: Arthur Ellis (University of Wisconsin, USA)
Dudley Herschbach (Nobel laureate; Harvard University, Massachusetts, USA)
“The Impossible Takes a Little Longer”

Chair: Stephen Berry (University of Chicago, Illinois, USA)
Rudolph Marcus (Nobel laureate; California Institute of Technology, Califomia, USA)
“Unusual Isotope Effects in the Upper and Lower Atmosphere”

Chair: Helmut Ringsdorf (University of Mainz, Germany)
Yuan T. Lee (Nobel laureate; Academia Sinica, Taipei, Taiwan)
“Dynamics of Chemical Reactions and Photochemical Processes”

Lecture Sessions

Chair: George Atkinson (University of Arizona, Tucson, USA)

Herman Winick (SESAME Project; Stanford University, California, USA)

“The Impact of the SESAME Project on Science, Technology, and Society in the Middle East”

Chair: Stanley Langer (The Royal Society of Chemistry, Great Britain)
Peter Atkins (Committee on Chemistry Education Chair, TUPAC; Oxford, Great Britain)
“Modern Trends in Chemical Education”




Chair: Maria Michel-Beyerle (Technical University, Munchen, Germany)
Charles Kolb (President and CEQ, Aerodyne Research, Inc., Massachusetts, USA)
“Regional Air Quality and Climate Change: New Insights and Research Tools”

Working Groups - Concurrent Sessions

Group leaders: Roald Hoffmann (Nobel laureate; Cornell University, New York, USA),
Venice Gouda (Former minister of state for scientific research in Egypt)

“Cultural Heritage and Preservation of Antiquities”

Group leaders: Jean-Marie Lehn (Nobel laureate; College de France, Paris, France),
Helmut Ringsdorf (University of Mainz, Germany)
“Materials and Polymer Science”

Group leaders: Yuan T. Lee (Nobel laureate; Academia Sinica, Taipei, Taiwan),
Charles Kolb (Aerodyne Research, Inc., Massachusetts, USA})
“Environment, Water and Renewable Energy”

Group leaders: Dudley Herschbach (Nobel laureate; Harvard University, Massachusetts, USA),
Peter Atkins (Oxford, Great Britain)
“Research and New Methodologies in Science Education”

Group leaders: Jean-Marie Lehn (Nobel laureate; College de France, Paris, France),
Emest Eliel (University of North Carolina, Chapel Hill, USA)
“Medicinal and Natural Products”

Group leaders: Rudolph Marcus (Nobel laureate; California Institute of Technology, California, USA),
Roald Hoffmann (Nobel laureate, New York, USA)
“Research and Technology Transfer for Economies in Transition”

Group leaders: Herman Winick (Stanford University, California, USA}),
Dincer Ulku (Hacettepe University, Turkey)
“The Use of the Synchrotron Facility to Facilitate Research in the Middle East (SESAME Project)”

Poster sessions
30 posters were presented by the Middle East participants

Summary Session
Chair: Paul Walter (Skidmore College, New York, USA)
Reports from Working Groups, Recommendations for Future Actions

Closing Remarks
Zafra Lerman (Columbia College Chicago, Illinois, USA}) and
Paul Walter (Skidmore College, New York, USA).
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ROYAL DUTCH/SHELL GROUP AND

SIR ROBERT WALEY COHEN (1877-1952)

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

Beersheva and Ashdod, bob@nace.ac.il
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The first fuel tanks built in Haifa for the opening of the Kirkuk-Haifa pipeline (1935).

Shell traces its history back to the curio shop started in London’s East End in 1833 by Marcus Samuel, an
orthodox Jew. A large part of the frade was based on his invention of the decorative shell box, popular in
Victorian England, made from seashells that he imported from the Far East. The shells were also sold as
ornaments and for collecting. The successful business was continued on by two of his children, Marcus
Samuel (same name as that of his father and later The First Viscount Bearsted) and Samuel Samuel. This
start in the import of seashells was the beginning of an import-export trade that led to the transport of
kerosene used for lighting and then to the production, transport and refining of oil. Marcus Samuel (the
son) kept on the name Shell for sentimental reasons.

In 1901 Robert Waley Cohen started to work for the small and recently organized Shell Transport and
Trading Company Ltd., led by the Samuel brothers. Waley Cohen was from one of the leading Anglo-
Jewish families. He held a degree from Cambridge where he studied chemistry. In 1903 Shell Transport
and Royal Dutch jointly formed the Asiatic Petroleurn Company, Ltd., and in 1907 the two parent
companies became purely holding companies and were amalgamated, with Royal Dutch holding 60%
ownership and Shell Transport holding 40% ownership, which remains the same today.  Waley Cohen
was one of the small group that laid the foundations of the company. (R. Henriques: Sir Robert Waley
Cohen (1966) and Marcus Samuel (1960), and references therein; J. A. Oriel, JCS, 1953)

JA. Oriel: “In those early days of the petroleum industry, when the possibilities of using ‘petrol’
or ‘gasoline’ in the internal combustion engine were beginning to be appreciated, it was thought the
petroleum from whatever source had roughly the same chemical composition, and that the lower the
specific gravity the better it would generally behave in the engine, Sir Robert was not satisfied with these
generalities and set about tackling the problem from two angles - the composition of the petrol and its
efficiency in the engine.

On the chemical side he interested Humphrey Owen Jones, of Cambridge, in the chemical composition of
a variety of petrols and, on the other side, collaborated with Mr. (now Sir) Harry Ricardo, who developed
the variable compression engine. ..it was clear at the end of these researches that the aromatic content of
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the petrof played a considerable part in increasing the highest useful compression ratio possible in the
internal combustion engine, and if the criterion of a specific gravity was to be used to specify a petrol, the
higher specific gravity and not the lower must be looked for.

The collaboration with Sir Harry Ricardo continued for many years, not only in petrol engines, but in
diesel engines and, latterly, in development of the gas turbine.”

Humphrey Owen Jones (1878-1912) :

In 1901 Waley Cohen asked Humphrey Owen Jones to analyze a sample of Shell's Borneo crude oil.
Waley Cohen recalled 30 years later: "...for a long time the industry had been accustomed to ask for
analyses of petroleum, and all that happened was that is was put into a flask, and you were told some
temperatures at which some parts of it boiled and you were told its smell and its color, not always in
very illuminafing terms. This was, I think, the first occasion on which a scientific chemical analysis was
made of a petroleum distillate...In the course of his experiments he found some aromatic hydrocarbons,
and was the first to announce that aromatic hydrocarbons were found in large quantities in nature in the
form of petroleum. That experiment had another economic consequence, namely that a petrol which at
that time was called inferior, and which was being sold at a discount of 25 per cent, immediately became
superior and was sold at a premium of 10 per cent, so that the economic consequences of the first really
scientific work that was done upon petroleum products were very great indeed. I remember Mr. Jones,
in those famous experiments he carried out, showing me 350 pure chemical compounds which he had
isolated from that single distillate of crude petrolenm.” Jones showed that Shell’s Borneo crude was richer
in toluene than any other oil yet discovered, a fact that was to have major consequences later in the First
World War. In 1912 Jones was killed in a mountaineering accident while.on his honeymoon.

Sir Harry Ricardo (1885-1974):

Ricardo (1944): “During the 1914-1918 War, I came into contact with Sir Robert Waley-Cohen of the
Shell Company, who, at that time, was chairman of a committee dealing with fuel supplies. To him I told
of my experiments on detonation, of the very great importance I attached to it, and of my belief that it was
largely a function of the fuel. He imiediately sent me samples of a wide range of fuels of different origin,
which I tried out on my supercharging engine, and I was able to show him very great differences in their
behavior as regards detonation. Of these sample fuels, by far the best was one hailing from Borneo. He
told me to my amazement, that hundreds of thousands of tons of this particular petrol were being burnt to
waste in the Borneo jungle merely because it did not comply with the existing specification as to specific
gravity. On the strength of these observations, he invited me to undertake, as soon as the war was over,
a comprehensive research into the behavior of liquid fuels.” Based on his studies of engine efficiency,
Ricardo had rediscovered the special value of Bomeo crude oil.

One outcome of the cooperation between Shell and Ricardo was the flight in June 1919 of the first direct
airplane crossing of the Atlantic by RAF pilots John Alcock and Arthur Whitten-Brown in a Vickers Vimy
bomber powered by two Rolls-Royce Eagle engines. Ricardo recalls them telling him “that even a small
increase in power or fuel economy might make all the difference between success and failure, for it was
touch and go whether they could take off with enough fuel for the crossing.” The flight of 16 hours and 27
minutes duration from Newfoundland to Ireland was made possible by the use of the new highly aromatic
high octane aviation fuel refined from Borneo crude. When they landed there was scarcely enough fuel
left in their tanks for a further mile of flight. (J. Reynolds: Engines and Enterprise, The Life and Work of
Sir Harry Ricardo, 1999)
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World War I:

“It was a war that was fought between men and machines. And these machines were powered by oil - just
as Admiral Fisher and Winston Churchill had foreseen, but to a much greater extent than even they or
any other leader had expected. For, in the course of the First World War, oil and the internal combustion
engine changed every dimension of warfare, even the very meaning of mobility on land and sea and in
the air. In the preceding decades, land warfare had depended on inflexible railway systems that could
carry troops and supplies to a railhead, as had occurred in the Franco-Prussian War of 1870-71. From
the railhead onward, the troops’ movement had been circumscribed by physical endurance, muscular
capabilities, and the legs of man and beast. How much could be carried, how far and how fast - all that
would change with the introduction of the internal combustion engine.

The extent of this transformation far outpaced anything conceived by strategists. Horses were still the
basis of planning at the outbreak of the war - one horse for every three soldiers. Moreover, the reliance
on horses greatly complicated the problems of supply, for each horse required ten times as much food as
each man. At the beginning of the war, at the First Battle of the Mame, one German general cursed that
he did not have a single horse that was not too exhausted to drag itself forward across the battlefield; by
the end of the war, whole nations would lie exhausted; for the oil-powered engine, while simplifying the
problems of mobility and supply, also multiplied the devastation.” (D. Yergin, The Prize, 1990).

During the War, the British admiralty did not realize until late in 1916 that there was a lack of sufficient
oil supplies. It became apparent that Britain could very well lose the war due to an oil shortage resulting
from insufficient tanker tonnage. This shortage was brought about by the rapid increase in the demand
for oil and by the success of German submarine warfare. Shell started to carry oil in the double bottoms
of tankers, a space usually loaded with water ballast. This decision, despite being proposed by Sir Marcus
and Waley Cohen already in 1915, was taken by the Admiralty, as Waley Cohen later wrote, “but they
had four or five days in hand when they took their decision, almost two years after the scheme had first
been put to them, on 21st June, 1917.” The number of weeks of remaining reserve oil was about to go
below the number of weeks that it took to modify the carge ships so their double bottoms could camy
oil. There were 10 weeks of liquid fuel left in tank installations in England. From the time the plan took
effect until the armistice was signed on November 11, 1918, over one million tons of oil was carried in
the double bottoms of 761 converted ships.

To make additional tonnage available quickly, Waley Cohen was given a free hand in the rapid conversion
of existing British cargo ships info tankers. This involved selecting and taking cargo ships from their
owners, converting them into tankers, and then managing them.,

During the War, Waley Cohen and Samuel Marcus ensured the supply to the Allies of three essential oil
products, available only from the Dutch East Indies and which only Shell could provide: toluene, for the
manufacture of TNT from Borneo; Sumatra gasoline which was unique for aviation; and the Borneo
liquid fuel with its exceptionally low viscosity- a factor of utmost importance for a fleet operating in cold
near-arctic waters in which the viscosity of other fuels rose to an unworkable level,

Despite warnings to the British government by Samuel Marcus in 1902 and again in 1914, no plant in
England was available in time to meet the urgent wartime need of toluene for the manufacture of TNT.
Britain was on the verge of running out of explosives. Waley Cohen organized the operation that was to
alleviate the shortage. On the night of January 30, 1915, the entire Shell toluene refinery at Rotterdam
in neutral Holland was secretly dismantled, camouflaged, sent to the docks and loaded onto a ship. The
plant was reassembled in England. In less than nine weeks the Rotterdam plant was in full working order
at Portishead in Somerset. This saved the English at least one year’s time over what it would have taken




to build an entirely new refinery. Information about the operation was “leaked” to the Germans, but the
date of sailing of the SS Laertes was given as one day later. On that night, a similar ship, the Moordrecht,
was torpedoed at the mouth of Rotterdam harbor. Using the Somerset plant as a guide, a duplicate plant
was quickly built at Barrow-in-Furness, Lancashire. These two plants supplied 80 percent of the TNT
used by the British during the war. The Germans themselves had been using the “neutral” Rotterdam
refinery fo supply toluene for the manufacture of TNT. Lord Birkenhead counted  the battle of toluene
as among the three decisive victories of the war.

Had the problem of the shortage of toluene not been alleviated otherwise, The Ministry of Munitions was
to put into operation plans for the large scale production of toluene by synthesis from butyl alcohol, the
problem having been worked out by Dr. Chaim Weizmann. (Reinharz, J., chapter in The Interaction of
Scientific and Jewish Cultures in Modern Times, 1995).

Waley Cohen served as Petroleun Advisor to the War Office (Honorary) for the period 1917-1919.
Shortly after the Armistice France’s Commissioner General for Petroleum said that without Shell “the
war could not possibly have been won by the Allies.” Waley Cohen was knighted in 1920 in recognition
of his contributions to the war effort.

Palestine and the Haifa Reﬁlieries:

Waley Cohen wanted an ocean installation for Shell in the area around Haifa. He chose the location of the
Haifa Oil Refinery, a site between the Kishon River, the railway, and a projected new road.

The construction of two oil pipelines, one from Kirkuk to Tripoli and one from Kirkuk to Haifa, was
completed within a mouth's time of each other. The massive project required 8 million person-hours of
work. The Royal Dutch/Shell group held a 23.75 % interest in the project. The Kirkuk-Haifa pipeline
was 628 miles. The pipeline was buried 2 ¥ feet underground. To provide corrosion protection, the steel
pipeline was coated with bitumen surrounded by asbestos paper. It took 10-11 days for the oil to reach
Haifa. At Haifa, the oil flowed into tanks and then was pumped into tankers from a jetty with two loading
points about a mile off the coast. 85% of the pipes were 12” with a working pressure of 50 atmospheres
and 15% were 10” pipes with a working pressure of 62 atmospheres. The Kirkuk-Haifa pipeline had 8
pumping stations. The Haifa pipeline contained a 5 mile length of 8” pipe on the siopes leading from the
Arabian plateau to the Jordan Valley. The purpose of the narrower pipe was to slow down the flow, which
would otherwise have been too fast in the last 55 miles which had a fall of 2,000 feet. The pipeline was in
operation from 1935 through 1948, (R. J. Forbes and D. R. O’Beime: The Technical Development of the
Royal Dutch/Shell 1890-1940 (1957)}

In 1935, as the representative of the Royal Dutch/Shell group, Waley Cohen attended fogether with
his wife the opening ceremony of the Kirkuk-Haifa pipeline beld at the Haifa Refinery.  After the
ceremonies, their car collided with a truck near Jerusalem, a result of which Robert’s wife Alice died and
Robert was severely injured.

Waley Cohen was acknowledged as the head of the Anglo-Jewish community and played a leading role
in almost all aspects of Jewish Community life. He was active in the fight against the establishment of a
Jewish State. He saw political Zionism as a conflict with what he felt it meant to be both English and of
the Jewish faith. Despite this, he understood the need for economic development in Palestine. Among his
other efforts, he founded The Palestine Corporation. The Palestine Corporation aided in the establishment
and financing of the Nesher Cement Company, the King David Hotel in Jerusalem, the diamond industry
in Palestine, the Union Bank, the Thud Insurance Agencies, the Palestine Salt Company, the Levant
Bonded Warehouses, and the Agricultural Mortgage Company, among others.
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Nuclear Distance Measurements in Solid State NMR Spectroscopy

Shimon Vega, Chemical Physics Depariment, Weizmann Institute of Science

One of the unique features of solid state NMR spectroscopy is its ability to defermine infra- and
intermolecular atomic distances in molecules in crystalline powders. In this publication we introduce
some of the basic experimental and theoretical aspects of the methodologies leading to these nuclear
distances. The combined effects of the rotation of powder samples and the application of radio frequency
(RF) pulses on the nuclear spins are discussed. Results of measurements on the nuclear spin pairs,
BC-2H, YN-H, BC-C, BC-1"0 and 'H-'H, are shown and one example of the use of solid sate NMR for
the determination of constrains in the structure of tripeptides is given.

Intrinsic fluorescence polarization of the amniotic fluid for fetal maturity

J. Molcho, R. Cohen-Lourie, H. Avraham and A. Parola
Chemistry Department Ben-Gurion University, Beer-Sheva.

A povel approach for the evaluation of fetal lung maturity based on fluorescence polarization (FP)
is presented. The technique determines the intrinsic fluorescence polarization ratio (IFPR) of the
ammniotic fluid (AF). In vitfro measurements of the IFPR indicate a clear dichotomy: high values for
young pregnancies and low values for mature pregnancies. The new method has the potential to be a
noninvasive procedure because the excitation of the AF and the collection of its fluorescence emission
can be performed through the intact cervical amniotic membranes.
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The Greenhouse Effect — warming up of the globe
due to the increase of the CO. concentration in
the atmosphere.
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