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Research Topics of Prof. Mordechai Shacham February 2011

1. Prediction of properties of pure compounds using similarity of molecular
structures.

This research project involves the continuing development, extension and refinement
of the "Targeted QSPR" (Quantitative Structure Property Relationship) method for
prediction of constant and temperature dependent properties of pure compounds. This
method was developed in cooperation between our group at the Ben-Gurion
University and groups from the Tel-Aviv University and Universities in Bulgaria,
Germany and the US. For evaluation and continuing development of the method a
database containing 34 constant properties and molecular structure related
information (in the form of molecular descriptors) for 1800 compounds was prepared
and a computer program for the execution of the Targeted QSPR algorithm was
developed. Using this method the prediction of the properties of a new "target”
compound involves the following steps. First the molecular structure related
information of the target compound is "translated™ into molecular descriptors. Based
on the structural information a training set of "predictive” compounds which are
similar to the target compound and for which experimental data for the desired
properties available, is established. A linear relationship is established between the
property values of the training set members and the molecular descriptor which has
the highest correlation with the property values. Finally this linear relationship
(TQSPR) is used to predict the property value for the target compound. It has been
shown that for many groups of compounds and a great variety of the properties this
method is able to provide predictions within the experimental error limits.

Research is continued in order to extend the use of the method for additional
properties and different groups of substances.

2. Quantitative hazard and operability analysis using dynamic simulation

Hazard and Operability Analysis (HAZOP) is widely used in the chemical industry to
identify safety hazards and to develop means to prevent accidents. We have
developed a quantitative variation of the HAZOP procedure. The process is divided
into sections and dynamic models of the separate sections are prepared. Those models
are used in the framework of the HAZOP procedure to determine the magnitude of the
deviations from normal operation conditions that may lead to serious accidents and to
test design modification to improve the safety characteristic of the process.

The objective of the continuing research in this area is the development of dynamic
simulation models for various processes where safety hazards may exist, and to
analyze these processes by the Quantitative HAZOP procedure.
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Oren Regev — Abstract of research activity

Are dispersant strongly bound to
carbon nanotubes? Nanotube can be
dispersed by a variety of molecules. We
investigate the dynamics of protein-
assisted carbon nanotube dispersion in
water. We find that in equilibrium, only a
small fraction of the dispersants is indeed =
adsorbed to the nanotube surface, while ; A
there is a fast exchange process between the adsorbed and free protein molecules.
Self-diffusion NMR spectroscopy in combination with cryo-transmission electron
microscopy imaging are employed.

Frise, A.E., Edri E., Fur6, I, and Regev, O. Protein dispersant binding on nanotubes studied by NMR
self-diffusion and cryo-TEM techniques, JOURNAL OF PHYSICAL CHEMISTRY LETTERS 2010 1,
1414,

Nanotube dispersion dynamics is studied by UV-vis spectroscopy (enhanced with
chemometric analysis) and low temperature transmission electron microscopy (cryo-
TEM). We studied the effect of both pH and BSA-to-SWNT ratio on SWNT
exfoliation dynamics and recovery. We found that indeed, BSA properties (i.e.
electric charge and conformation) affect the exfoliation dynamics in a similar manner
as it affects the SWNT recoveries: bulkier protein conformation - faster exfoliation
—> higher SWNT recoveries. Higher BSA-to-SWNT ratio results in lower recoveries
and slower dynamics, suggesting that entropic consideration may take part in the
exfoliation-stabilization process of SWNT.
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The effect of pH on the dispersion dynamics of BSA-dispersed SWNT. (A) The absorbance progress
along the dispersion process of SWNT at four different pH values; namely, 3, 5, 7 and 10 (circles,
triangle, squares and diamonds, respectively); [SWNT] = 2mg'mL™ [BSA] = 0.5mg-mL™. (B) The
SWNT recovery, calculated by chemometrics, after centrifugation ('stable’).

Edri, E.; Regev, O., “Shaken, not stable”: Dispersion mechanism and dynamics of protein-dispersed
nanotubes studied via spectroscopy, Langmuir 25(18), 10459-10465 (2009).



Professor M.V.Landau
Solid porous catalytic materials for production of recyclable
fuels and environmental protection — nanotechnology
control of surface chemical functionality

Generic potential energy diagram
showing the effect of a catalyst in
a hypothetical exothermic
chemical reaction X + Y = Z.

The presence of the catalyst opens
a different reaction pathway

with a lower activation ebnergy
The final result and the overall
thermodynamics are the same

Energy

Reaction Progress

e Hexagonal Co phase stabilized on the surface of curved multiwall carbon
nanotubes - efficient catalyst for CO, recycling back to the natural gas by
reaction with hydrogen: CO; + 4H, = CH4 + 2H,0

-

e Low coordinated Mg?* and O ions in the grain boundaries areas at the
MgO nanocrystals contact interface — active sites for conversion of
bioethanol to gasoline

e Strong adsorption of sulfur at Ni,P nanocrystals due to formation of
chemical bonds at their surface yields redistribution of atomic charges -
basis for technology of cleaning fuels to less than 1 ppm residual sulfur




RESEARCH PROJECTS (PROF. SIDNEY LANG)

1. Energy harvesting using pyroelectric devices. Extensive research in recent
years has been devoted to electrical energy production from other than fossil
fuels. Although the majority of these efforts have addressed very large scale
projects, there are a number of important small scale applications such as
replacement of batteries in wireless networks. Many studies of energy
harvesting from vibrations such as mechanical motor noise or human walking
motion by means of piezoelectric devices have been made. Thermal energy
harvested by pyroelectric devices has not been studied to a very great extent.
Pyroelectric materials, ceramics and polymers with polar structures, generate
electric currents when their temperature is changed in a continuous manner. In
this project, energy harvesting using pyroelectric polyvinylidene fluoride
polymer (PVDF) will be studied. Initially, alternating heating and cooling of
the polymer will be achieved using a lamp and a light chopper. In later stages,
the heating and cooling will be achieved using mechanically chopped solar
radiation. The goal of the project is to make a prototype device.

2. Study of protein and cell attachment using a Quartz Crystal Microbalance. A
quartz crystal microbalance (QCM) utilizes changes in frequency of a thin
quartz sensor to determine the mass of deposited material. It has a sensitivity
of several nanograms. We have coated the quartz sensors with a thin layer of
poled PVDF-TrFE copolymer. The sensors are exposed to aqueous solutions
containing electrically charged proteins or cells. Depending upon the sign of
charge of the copolymer, the quartz sensor will attract differently charged
components from the surrounding liquid. Various proteins and cells will be
studied with this device.

thermocouple sensor

rotating disk

gearmotor

heat lamp

Pyroelectric energy harvesting device. From P. Mane et al., IEEE Trans. UFFC 58,
10 (2011).



Prof. Yossi Kost

1) Polysaccharides vectors for gene therapy: The major challenge in using gene
therapy is finding efficient and stable ways to introduce the required genes into target
cells. Non-viral gene delivery systems based on natural polysaccharides may be
advantageous over the current available synthetic ones, due to several characteristics,
such as biodegradability, biocompatibility, low immunogenicity and minimal
cytotoxicity. Polysaccharides, such as starch, pectin, and chitosan, are chemically
modifed with amine groups. Their complexation to nano-scale particles (100-200nm)
and transfection efficacy is beeing studied. The main goal is to develop a safe and
stable platform for non-viral cancer gene delivery based on those polysaccharide
derivatives.

2) Polysaccharides
carriers for SiRNA
therapy: RNA interference
(RNAIi) is a naturally
occurring process  of

Transfection efficiency about 18%

FITC labeling

g\fb[::tc:Or:)i::oentofthecellsare Sequence-speCIfIC pOSt
[& Cell uptake endonytosed. transcriptional gene
silencing, by which gene

3. Nuclear uptake? i is inhibi
expression is inhibited. By

With chloroquine the transfection m eanS Of R N Ai th e I’apy
efficiency is about 65%. Therefore -
el s bt many types of diseases can
be cured. This research
objective is overcoming
Figure 1: Barriers for gene transfection with modified starch as transport barriers of small
he non-viral gene vector. . . .
,t € non-viral gene vecto interfering RNA (siRNA)
to cancerous cells, by complexing siRNA with modified cationic polysaccharide. The
main goal is to develop a safe and stable carrier for RNA delivery based on

polysaccharide derivatives.

Cell type: HEK-293 cells
Fluorescence microscopy
Plasmid encoding to GFP
Carrier: potato soluble starch,
N/P=6

3) Triggered release of drug from liposomes in_tumors using ultrasound and
focused ultrasound: High intensity focused ultrasound (HIFU) techniques allow for
the concentration of acoustical energy in a focal spot deep in the body in a non-
invasive manner with minimal effects to nearby tissue. It is a method of non-
invasively inducing local biological effects inside the body without surgical
intervention. The ability of the HIFU to trigger drugs release from nano particles
(such as liposomes or polymers, 50-100 nm) without affecting the drugs’ chemical
integrity or biological potency, at the tumor place in the body, will be the challenge of
this research.

4) Novel methods for non-invasive detection of amniotic fluid: The aim of these
methods are to investigate the enhancement effect of ultrasound (US), chemical
penetration enhancers (CPEs), and combination of both on the transport of molecules
through the fetal membranes. A possible clinical application may be a non-invasive
extraction of amniotic fluid for analysis and diagnostics of genetic disorders (e.g.,
Down syndrome), or other birth defects in the fetus. These potential methods may
possibly replace other invasive prenatal tests used today such as amniocentesis and
chorionic villus sampling (CVS) which carry definite risk to the mother and fetus, or
as a means for non-invasive fetal drug delivery.
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amniotic sac.

For example: fetal membrane transport
enhancement using US: In this study
we measured o-fetus protein (aFP)
transport from amniotic sac using US
application (20KHz). As can be seen in
figure 2, the permeability of the aFP
were twenty times higher, during or
few minutes after US application, than
the control experiments (i.e. without
ultrasound exposure). This result
demonstrates that low-frequency US
exposure enhances fetal membranes
permeability in reversible transient

manner. Moreover, the transient permeability effect may be attributed to cavitational

affect on the collagen fibers of the amnion.
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