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International Collaboration in Chemistry:
New polyolefin architectures via advanced catalysts and customized chain control agents

Intellectual Merit: Polyolefins are the dominant polymeric material used in a variety of
commercial applications chiefly due to the versatility of their properties associated with control over
chemical microstructure and the flexible processing that these structural modifications enable. For
example, highly linear and high molecular weight polyolefins can be processed through gel spinning
to produce fibers used to produce bulletproof vests while controlled short chain branching can lead to
low crystallinity materials for ideal thermoplastic elastomers competitive with siloxanes in some
applications. Chemical microstructure and processing jointly control the morphology of nano-
structured crystals in polyolefins. Rapid progress in polyolefin synthesis has been driven by catalytic
control over molecular weight, molecular weight distribution and modality, tacticity and comonomer
incorporation. However, compared to advances in the synthesis of copolymer topologies in anionic
polymerizations, the control of microstructure in polyolefins is relatively rudimentary. This proposal
will develop cost-effective methods to develop well-defined multi-block polyolefins with controlled
placement of functionality and branching. The approach will utilize new catalysts as well as
customized chain-transfer agents. To quantify and assess developments in polyolefin microstructure,
novel methods for the characterization of the topology of complex macromolecular structures and
complexes will be developed. A novel characterization method using neutron scattering will be
coupled with more traditional chromatographic, rheological and light scattering methods to complete
the synthesis-structure-property relationship for development of novel polyolefin nanostructures.

Broader Impact: The proposed work involves significant interaction with LyondellBasell
which is the top producer of polyolefins and with whom both the PI and the Russian PI have had
previous interactions. A post-doc will primarily work in Moscow with frequent visits to Cincinnati,
Frankfurt and Ferrara, Italy. The post-doc will interact with a broad range of scientist from his main
exposure to synthesis in Moscow, high throughput synthesis in Frankfurt and commercial scale-up in
Ferrara, Italy and Cincinnati as well as neutron scattering and characterization techniques in
Cincinnati and at national user facilities in the US. The project also involves an undergraduate REU
student and a graduate student who will travel to Moscow and Frankfurt as well as to national user
facilities in the US for neutron scattering measurements. A RET high school teacher will travel to
Moscow State University for one month per year to work on catalyst synthesis and to participate in
an existing high school teacher program at the Russian university. These interactions will broaden
scientific interactions with Russia as well as develop a diverse, globally-engaged, US science and
engineering workforce. The project will select where possible minority and women participants for
the participating students and teacher. The PI has a track record of engaging minorities and women
in similar REU and RET projects. A new web based course on novel polyolefin materials will be
added to the PI’s web suit of courses that averages over 70 independent hits per day.

Value Added of the Proposed International Collaboration: Prof. Ilya Nifant’ev is an
expert in organic and organometallic synthesis and he will lead the development of new catalysts and
chain transfer agents. The post-doc will primarily work with Prof. Nifant’ev in Moscow. The
collaboration also offers unfunded participation by four research scientists at LyondellBasell
Corporation who will offer expertise in industrial catalyst development, high-throughput
polymerization techniques and polyolefin characterization. Coupled with the PI’s expertise in
polyolefin characterization and development of novel analytic methods using neutron scattering the
team is ideally suited to address the development of novel polyolefin architectures using advanced
catalysis and group transfer agents. The proposed work will initiate a new interaction between
Moscow State University and the University of Cincinnati.
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1. PROJECT DESCRIPTION

1.1 Background and Problem Statement

Polyolefins are attractive due to their low cost and wide range of applications. Because
they are commodity thermoplastics, improvements in polyolefin properties and performance
significantly benefit society. We continue to witness remarkable progress in this area, mostly
due to new catalysts that allow better control of polyolefin microstructure (molecular weight,
molecular weight distribution, co-monomer incorporation, and tacticity). [1-6] However, cost-
effective ways to assemble more advanced supramolecular structures (i.e., well-defined multi-
block polymers with controlled placement of functional groups and branching) with inexpensive
olefin monomers remain elusive. We propose to develop synthetic approaches to these advanced
polyolefins. Polymerization methods that combine new catalysts and customized chain-transfer
agents will be explored collaboratively in Prof. Nifant’ev’s lab at the Moscow State University.
Coincidentally, Prof. Beaucage will develop techniques to characterize the new polymers and
understand how they self-assemble in solution or in the solid state. The project will also involve
interaction with LyondellBasell through implementation of these new catalysts in high-
throughput experiments in Frankfurt, Germany in collaboration with Dr. Kirsten and using
computational techniques with Dr. Nagy in Cincinnati, as well as development of new
polyolefins using these catalysts systems at the G. Natta Research Center in Ferrara, Italy.

Quantification of chain topology and microstructure in polyolefins challenges existing
approaches. For example, changes in the long chain branch content as little as a few branches
per hundred thousand carbon atoms can have a dramatic enhancement of the melt viscosity of
polyolefins (3 branches per one hundred thousand carbons will triple the viscosity. [7,8] One
current method for determination of long chain branch content involves measuring the number of
trifunctional carbons using NMR despite the extreme dilution. Sensitivity to complex
topological and micro-structural changes produced from the catalysts developed in this work will
in some cases be more challenging than quantification of the extremely dilute long chain branch
sites. Beaucage, in collaboration with researchers at LyondellBasell, have recently developed
several analytic methods to address these issues including the use of neutron scattering data to
quantify the topology and microstructure of complex polyolefins. In order to demonstrate these
new methods we will first develop model microstructures through the use of anionic
polymerization of polybutadiene followed by hydrogenation such as monodisperse star
polymers, comb polymers, H-polymers and other controlled structures [9-12] in collaboration
with Prof. Nifant’ev at the Moscow State University lab. We will then use these characterization
methods to understand new polymers produced using commercially viable catalyst systems.

Advanced Polyolefins — commodity product, based on nano-assembled semi-crystalline
materials: Commercial polyolefins based on ethylene and propylene homo- and copolymers are
exceptionally versatile primarily because they are semi-crystalline solids with diverse, nano-
sized crystallite morphologies, Figure 1. Since the invention of Ziegler-Natta catalysts, the
polyolefin industry has developed many tools to control the size, shape, crystal structure, and
interconnectivity of these crystallites via catalysis (e.g., with a controlled degree of stereo-
regularization), polymerization conditions (with co-monomer selection and level, multi-reactor
schemes, etc.), and processing conditions. The link between crystalline structure and chain
microstructure has been qualitatively understood, however, it has only been in the recent few
years that the link between crystalline structure, melting point and chain topology have been
discerned using temperature rising elution fractionation and other methods. [13-15]
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Figure 1. Schematic of crystalline structure changes on the micron and nanometer length scales during cold

drawing. Nanostructural development is governed by chain chemical microstructure. Each of the sketches shows a
low magnification (top) and high magnification (bottom) perspective. Included at the bottom of the figure are optical
microscopic images collected in the various stages of the orientation process. [Taken from 16]

Traditional Polyolefin Catalysts — commercial Ziegler-Natta and single-site systems are
sophisticated but approaching practical limits in product control: Recent decades witnessed
enormous advances in two key areas. First, magnesium chloride-supported, multisite Ziegler-Natta
catalysts with high activity were developed. [17-19] Advanced synthetic techniques and
donor/modifier strategies effectively controlled the balance of active sites and catalyst
stereoselectivity.  Second, metallocene-based single-site catalysts provided high-performance
polyolefins (polyethylenes, polypropylenes, polybutenes) with narrow molecular weight distribution
(MWD) and unique microstructures. [20] Both catalyst types are structurally sophisticated and have
been optimized for commercial use. However, each is approaching practical limits. For instance, to
what extent can the individual active sites of magnesium chlorvide-based Ziegler-Natta catalysts be
further controlled through synthesis or use of donors and additives? What structural units can be
incorporated in these polymers or those prepared using metallocenes? Cost-effective ways to
assemble advanced supramolecular structures based on inexpensive monomers, preferably with
controlled placement of functional groups and branches, are needed.

1.2  Existing Research Environment in Professor Beaucage’s Research Group and
Complimentary Capabilities at LyondellBasell and at Moscow State University.

The proposed team provides a strong, multi-functional group that is up to the difficult task of
developing new industrially viable approaches to control chemical microstructure in polyolefins.

Beaucage is best known for his work in small-angle scattering and in the development of
scattering theory for complex disordered materials including macromolecules in dilute solution [21],
equilibrium swollen networks [22,23], fractal aggregates [24] and nanomaterials. [25] Beaucage
proposed and derived the Unified function for scattering which allows for the modeling of a wide
range of hierarchical disordered materials using a single function. [26-27] Recently Beaucage has
developed a method to quantify the topology of complex materials using small-angle scattering



including short-chained branches [7], star polymers [28], long-chain branches [8], hyperbranched
[29], cyclics [30], and biopolymers. [31] Beaucage’s group is currently split between work on
characterization of complex systems (2 graduate students), and work on synthesis of nanoparticles,
heterogeneous catalysts and dye-sensitized solar cells (3 graduate students and 3 undergraduates
including an NSF grant through CBET in the Engineering Division and support from USAID through
the Higher Education for Development Program). Beaucage’s facilities include preparatory labs for
neutron scattering samples, static light scattering facilities, optical microscopes and extensive x-ray
scattering facilities including two pinhole cameras on rotating anode sources and an ultra small angle
scattering (Bonse-Hart) camera developed by Beaucage and a graduate student with funding from
Procter & Gamble. Beaucage also has a synthesis lab.

Prof. Beaucage and Dr. Galiatsatos at LyondellBasell in Cincinnati offer unique capabilities
in the characterization of the molecular and supra-molecular structures targeted by the proposed
work. [7,8] Beaucage has developed a scaling approach using neutron scattering and small amounts
of hydrogeneous polymers that can quantify details of the molecular topology and macromolecular,
supramolecular and nano-structure of semi-crystalline polymers as a function of the catalyst structure
and reaction conditions. The project will also use hybrid chromatographic fractionation techniques
developed by Galiatsatos at the Cincinnati facilities of LyondellBasell to produce narrow molecular
weight fractions of polymers from multiple catalytic sites in order to develop a fundamental
understanding of the catalytic control over molecular structure.

Prof. Ilya Eduardovich Nifant’ev’s extensive facilities at Moscow State University are
centered on the development of catalysts for synthesis of polyolefins. Catalyst and chain
transfer/shuttling development will be achieved by Prof. Nifant’ev in collaboration with Dr.
Piemontesi, Dr. Nagy and through the application of high-throughput techniques, which is an area of
expertise for Dr. Kristen. This team of experts provides a unique array of talents. Prof. Nifant’ev’s
group over the recent decade developed robust synthetic approaches toward a large variety of
organometallic catalyst components resulting in more than 1000 isolated structures tested in
polymerization systems, some of these were proven to have commercial implications. [32-34] Non-
funded participants of the project will contribute to the success of the proposal: Dr. Piemontesi’s lab
at the G. Natta research center in Ferrara (Italy) is involved in developing new polyolefinic materials
based on propylene and butene monomers [35]; Dr. Nagy is active in the areas of catalyst design
utilizing computational techniques at LyondellBasell’s Cincinnati Research Center [36]; Dr. Kristen
directs the high throughput experimentation activities oriented toward polyolefin research at the
Frankfurt research center of LyondellBasell. [37]

This Proposal Represents a New Research Direction

The proposed research represents a new research direction for Prof. Beaucage and Prof.
Nifant'ev since the use of chain transfer agents to produce new chain microstructure and topologies
has not been previously considered by either of the PI’s or LyondellBasell. The project also involves
production of monodisperse, model-branched structures for verification of new characterization
techniques which is a research direction not currently funded or being investigated by the PI’s or by
LyondellBasell. Current work supported by LyondellBasell focuses on existing commercial resins
and commercial catalyst systems using traditional approaches.

Most Important Initial Results

1) Development of model to quantify chain microstructure using small-angle neutron scattering. [38]

2) Development of method for quantification of local structural features using neutron scattering.
[7,8,38,28-31]

3) Development of capabilities for TREF and other fractionation techniques for separation of
complex mixtures of variable chain topology at LyondellBasell in Cincinnati. [13-15]



4) Expertise and track record of Prof. Nifant’ev in the development of catalyst structures tested in
polymerization systems, some of which had commercial value. [32-34]

5) Demonstration of high throughput catalyst testing at Frankfurt facilities of LyondellBasell. [37]

6) Development of modeling and industrial production capabilities of LyondellBasell in Cincinnati
and in Ferrara, Italy. [36]

Important Issues to Address:

A number of scientific and technical issues will be addressed in the proposed research:

1) Development of new approaches towards advanced polyolefinic materials using nonconventional
polymerization methodologies based on a combination of living polymerization catalysts and
customized chain control agents.

2) Development of controllable supramolecular architecture based on targeted placement of
polyolefin and functionalized polyolefin blocks. While we can build on recent advances in
controlled chain transfer techniques in coordination polymerization systems [39,40], further
progress is required in improving the control over the complex chemical systems, developing
methods to introduce polar functions in a controllable fashion and establish reliable structure
characterization techniques that can quantify supramolecular and molecular topology.

3) Development of improved single-site transition metal catalysts with high activity and very low
contribution of chain transfer processes (preferably living polymerization in commercially
viable elevated temperatures). We’ll utilize rational catalyst development techniques guided by
computational insight.

4) Development of new, more efficient and customized, reversible chain transfer agents, capable of
carrying various functional groups. This field requires development of conceptually new
systems and cost-efficient ways of preparing these agents.

5) Establishing new polymer characterization techniques for reliable structure assignment for the new
materials and enabling understanding of the complex relationship between supramolecular and
molecular topology and catalysis, as well as novel characterization techniques for these designed
materials and their self-assemblies in solution and in the solid state.

1.3 Objectives
The new polymers are expected to have controllable supramolecular architecture, based on
targeted placement of polyolefin and functionalized polyolefin blocks. While we can build on recent
advances in controlled chain transfer techniques in coordination polymerization systems [39,40],
further progress is required in improving the control over the complex chemical systems, developing
methods to introduce polar functions in a controllable fashion and establish reliable structure
characterization techniques that can quantify supramolecular and molecular topology.
The key focus areas in achieving a significant step forward in this challenging problem are:
1) Development of improved single-site transition metal catalysts with high activity and very
low contribution of chain transfer processes (preferably living polymerization in commercially
viable elevated temperatures). We’ll utilize rational catalyst development techniques guided by
computational insight.
2) New, more efficient and customized, reversible chain transfer agents, capable of carrying
various functional groups. This field requires development of conceptually new systems and
cost-efficient ways of preparing these agents.
3) Establishing new polymer characterization techniques for reliable structure assignment for
the new materials and enabling understanding of the complex relationship between
supramolecular and molecular topology and catalysis.

1.4 Proposed Work
The project will have three main tasks:
Task 1) Catalyst development for controlled microstructure polyolefins, Figure 2.



Task 2) Development of model branched structures and blends for verification of the characterization
techniques used for catalyst development.

Task 3) Development of new polymer characterization techniques to enable quantification of
chemical microstructure and topology.
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Figure 2. Schematic of interaction in Task 1.

1.4.1 a Next Generation Catalyst Systems - Shaping the Future of Polyolefins.

Within the last decade, mixed single-site catalysts have been used to generate controlled
multimodal resins (Scheme 1, Figure 3a) or highly branched polymers using a single or multi-
monomer feedstock (Scheme 2, Figure 3b). After intensive research, several systems achieved
commercial status for making polyethylene grades with improved performance.
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Figure 3. a) Scheme I single-site catalysts for controlled multi-modal resins. b) Scheme 2 single site catalysts for
highly branched polymers.

Recent advances in coordinative polymerization include controlled chain-transfer techniques
that potentially allow manufacturers to expand the range of accessible polyolefin architectures are
shown in Schemes 3 and 4, Figure 4. [39,40]

Post-metallocene single-site catalysts that provide varying degrees of comonomer
incorporation efficiency and chain-transfer/chain-termination properties enabled these new polymer
synthesis strategies. Scheme 5, Figure 3, illustrates frequently reported precursor complexes. [40]



Expansion of Post-Metallocene Diversity — enabling factor in new polymer and process design

Interest in the chemistry of catalyst precursors is gradually shifting from metallocenes to
post-metallocenes, and many of the newly published precursors incorporate chelating ligands.
Diverse ligand environments and vast experimentally “uncharted territories” promise a vibrant future
for the development of enhanced polyolefins at reduced manufacturing costs.  Advanced
computational tools and high-throughput experimentation are essential for efficient research and
development in this area. An integrated catalyst-process-product design strategy demands
convenient, inexpensive synthetic strategies for ligand candidates starting from easily accessible
precursors.
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Figure 4. a) Scheme 3, multi-block copolymers using chain transfer agents. b) Scheme 4, di-block copolymers
using two reactors and chain transfer agents.
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Figure 5. Frequently reported precursor complexes for post-metallocene single-site catalysts. [40]

Our recent studies indicate that the quinoline moiety is a particularly versatile template that
supports diverse ligand topologies. We successfully developed a flexible synthetic approach to
prepare quinoline compounds strategically functionalized in the 2- and 8-positions. We also
identified selective metallation procedures that give new classes of promising catalyst precursors
(Scheme 6, Figure 6).
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Figure 6. Scheme 6, use of quinoline as a precursor to a new class of post-metallocene catalysts.



Activated and tested under commercially relevant conditions, the new catalysts demonstrate
good stability and high activity in ethylene and propylene (co)polymerizations. Preliminary analysis
of the polyolefins indicates a dramatic effect of ligand environment and activation procedure on the
polymer structure and composition. Remarkably, the new polymers are structurally and
compositionally diverse. This is likely due to the multi-site nature of the catalysts; site
diversification might occur during catalyst formulation as well as during polymerization. We believe
that this generation of “non-spectator” ligands can be used to design new polymerization
technologies. The interplay of the active sites and their influence on polymer architecture is not yet
known and will constitute one of the research areas of our proposal.

Nontraditional Chain-Transfer Agents — a new research direction in coordination catalysis

As a key program element, we propose to expand the list of agents now used in reversible
chain-transfer scenarios (Schemes 3 and 4, Figure 4) beyond dialkylzincs or trialkylaluminums. In
addition to identifying more efficient systems, we will explore several ways to use the chain-transfer
agent as a “vehicle” to introduce reactive functionalities into the polyolefin. This aspect will require
commercially viable, robust synthetic approaches to the new reagents.

1.4.1 b Key Deliverables/Milestones - Catalyst Component and Polymer Synthesis

First year:
Catalyst complexes: Prepare benchmark complexes and diverse representatives of the
quinoline-based precursor family of Scheme 6, Figure 6.
Chain-transfer agents: Evaluate synthetic approaches to prepare new zinc alkyl compounds.
Computational chemistry: Develop computational descriptors for chain-transfer processes.
High-throughput technique: Develop a robust solution polymerization testing procedure using
literature benchmarks.

Second year:
Catalyst complexes: Continue to diversify quinoline-based precursors.
Chain-transfer agents: Develop a commercially viable in-situ approach to generate new chain-
transfer agents.
High-throughput technique: Broadly screen combinations of precursor complexes and chain-
transfer agents.
Medium-scale lab polymerization: Prepare large (~100 g) polyolefin samples using new catalyst
precursors and traditional chain-transfer agents.

Third year:
Chain-transfer agents: Optimize a commercially viable in-situ approach to the most promising
chain-transfer agents.
High-throughput technique: Investigate process conditions with a selected precursor/chain-
transfer agent combination.
Medium-scale lab polymerization: Prepare large (~100 g) polyolefin samples using new catalyst
precursors and newly developed chain-transfer agents.

1.4.2 a New Quantification of Chain Microstructure and Topology, and Synthesis of Model

Chain Topologies for Development of Characterization Methods.

Branched & Network Polymers: The control & understanding of chain
microstructure and branch content has been an active area of research for polymer scientists
for several decades. Branching strongly affects the dynamic properties of polymers due to
the formation of quiescent networks. Long chain branching has the strongest effect on
rheological properties, yet has been particularly difficult to quantify since the number of
branch sites is often small, as determined by NMR for instance. Alternatives to colligative
techniques such as NMR have failed to provide quantitative measures of long-chain



branching due to the complexity of the non-linear dynamic response of branched structures
associated with a hierarchical chain structure. This proposal will implement a new analytic
approach that enables structure/property control in branched systems. [38] This new
characterization method will be used in the development of new catalysts and polymer
microstructure.

7/ i;/(/l,\/v?&%
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Figure 7. Different branched structures as discussed in text; bold-grey indicates a minimum path through the
structure of length p.
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Figure 8. Schematic of interactions in Tasks 1 to 3.

Branches in macromolecules can be classified in terms of short (SCB) or long (LCB)
chain branching where a long branch is one that is indistinguishable from the main chain.
[41-44] SCB’s primarily affect local structure such as the persistence length. [7,45] SCB'’s
affect crystallinity and miscibility.
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Figure 9. a) Monte Carlo simulation results of short chain branching by Connolly et al.. [45] b) Variation in
Persistence length, as measured by small angle neutron scattering, with short chain branch content for
polyethylene. [7]

When branches become indistinguishable from the main polymer chain, branching
does not significantly affect persistence since the number of branch sites is few, but
branching has a large effect on chain scaling and rheology. [46,47]

Quantification of Branching in Polymers: Table 1 compares existing techniques to
quantify branching in macromolecules. Relative measures of branching obtained from GPC and
rheological measurements are routinely used for estimating branching in polymers. NMR has
also been employed for determining branch content in polymers by detecting the frequency
shifts for carbon atoms at branch points using high-frequency "C-NMR for PE and PVC. The
viability of these techniques to estimate branching and topology from existing literature and the
shortcomings are summarized in Table 1 with a list of references. All of these techniques will be
part of the characterization performed at LyondellBasell’s Cincinnati Technical Center in
collaboration with Beaucage. Scattering will be performed at national user facilities.

Table 1. Comparison of Characterization Techniques.

Effective in
Technique measuring Nature V:;h;tsﬁzy References
LCB SCB
1 GPC Yes No Relative Qualitative [48-53]
2| NMR No Yes | Absolute | <M~ g’\r/gE and [53-61]
3 | Rheology Yes No Relative Qualitative [62-87]
: Absolute 0y, ¢, d;, [21,24-
4 | Scattering Yes Absolute 1, 11, <Dogw, <> 31,38,47,57,88-94]

LCB/SCB: long/short chain branching, n,: number of branch points, z,.: length of branches, ¢, mole fraction of
material in branches, c: connectivity dimension, df: fractal dimension, lp: persistence length, n;: inner fraction, PE:
polyethylene, PVC: polyvinylchloride.

Our Recent Work On Quantification of Branch Content in Randomly Branched
Polyethylene by Small Angle Scattering: [38]

Beaucage [38] has given a new approach to quantify branch content by considering the
scattering contributions from chain-like aggregates. Such a description has been applied to polymer
chains [8,38,88], ceramic aggregates [38,95] and biomolecules. [31] An aggregate structure can be
linear or branched, as shown in Figures 7 & 10. [38] The open circles, connected in a chain of p
primary units, in Figure 10b, represent the minimum path through the structure. A scaling
relationship between the degree of polymerization, z, the number of units in the minimum path, p,
and the overall coil/aggregate size R, and the size of the Kuhn step R; [38,96,97] can be given as,

¢ d

p'=z=(R,/R)"’ (1)
where ¢ in eqn. (1) is known as the connectivity dimension, which is equal to 1 for a linear chain, and
increases with more complex microstructure. dy is the mass fractal dimension. A second scaling

9



relationship between the above terms could be expressed with the minimum dimension d,,;, [96,97]
where d,;, represents the mass fractal dimension of the minimum path (Figures 7 and 10) or the
tortuosity of the chain path in the absence of branches.

p=R,/R)™ where dy,=d, c Q).
Beaucage [38] showed that one could obtain branch content from eq. (1) and eq. (2) as follows,
1 dmm_df
- —1 R
0, =L=l-z =12 ()
4 R,
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Figure 10. a) Linear agqregate, b) Branched aggregate; composed of primary particles. The open circles in b)
represent the minimum path, p, through an aggqregate. [38] c) Neutron scattering data from 1 % hydrogeneous
branched polyethylene in deuterated p-xylene at 125 °C fit to the Unified Equation. [7] The dashed line at high-q is
scattering due to the persistence unit, low-q dashed line is Guinier’s law for the coil.

The scattering pattern, Figure 10c, displays the persistence regime at highest-q indicated by
the dashed curve from which the persistence length is measured. At lower q the coil regime is
composed of a Guinier curve [26,92,98], fine dashed curve,

I(g)=Gexp(-q"R: /3) 4),
where G is a constant and R, is the radius of gyration, and a power-law decay [26,92],

_ —d;
I(g)=B.q (5),

where By is a constant and dy is the mass fractal dimension. The parameter d,,;, can be calculated
from scattering using eqns. (4) and (5) to account for branched structures [38],

d = B,R" (CpGJ(df /2)) (6)

where G is the Guinier prefactor (eq. (4)) for the aggregate, R, is the aggregate radius of gyration
(eq. (4)), dr is the mass fractal dimension (eq. (5)) and By is the power-law prefactor (eq. (5)). C, is a
scattering polydispersity factor described by Sorensen [7,99] and given by,

dpy /2
C,= (Zl/zz)(zzu/df2 /Zz) ” (7)
where z; is the i’th moment of the degree of polymerization, z. C, = M,/M,, for dp, = 2. Details of
these data fits are described in a recent paper. [7]

Ref. [7] describes how a wide range of microstructural parameters can be directly calculated
from SANS data using this scaling analysis. For example, Figure I1a shows the number of branches
per chain, ng,, calculated with no free parameters directly from SANS, compared with the same value
obtained from NMR. NMR cannot determine the average length of a branch, zz,, which is shown
from SANS in Figure 11b. The average branch length, z,, can have significant impact in
understanding the rheological behavior of long chain branched polymers. Figure 11b shows a log-
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linear plot of the zero shear viscosity enhancement, n /m,, , as reported by Costeux et al. [100],
versus the average branch length, z,, from SANS. An exponential increase in 1 /n,, with increasing

branch length is observed. Extrapolation of the line in Figure 11b intercepts the z,, axis around 4000
g/mole. This implies that the viscosity enhancement effect due to long chain branching starts to
occur, when the average branch length (weight average) becomes about three times the entanglement
molecular weight, M., of 1250 g/mole. It has been previously reported that for a branch in a polymer
like polyethylene to have a significant effect on the rheological properties, branches need to be at
least twice M, (number average). [101]

Based on previous studies, the viscosity enhancement can also be attributed to the average
number of inner segments per chain, n;, as described in ref. [8], in branch-on-branch polymer chains.
Inner segments are chain segments ending in two branch points and exist in branch-on-branch or
hyperbranched structures. Figure 1Ilc shows a plot of viscosity enhancement, no/no‘L , Versus n;

obtained directly from SANS with no free parameters. The plot shows a linear increase of viscosity
enhancement with increasing number of inner segments for the samples studied. A linear fit to the
values obtained from SANS intercepts at no viscosity enhancement (n/m,, = 1), grey circle. This

supports the proposition that inner segments are highly important to the enhancement of viscosity in
systems displaying branch on branch structure.
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Figure 11. (a) Plot of number of branch sites per chain, ny,, calculated from SANS against average number of
branches per chain, B, from NMR. [100] (b) Log-linear plot of zero shear viscosity emhancement for linear
polyethylene of same M,, [8] against average length of branch, z,, from SANS for weakly branched HDB samples.
(c) Linear plot of zero shear viscosity enhancement [8] against number of inner segments per chain, n; from SANS,
for the HDB samples.

Specific Controlled Branching Samples to be Studied and Expected Behavior:

Symmetric Star Polymers: Star polymers are polymers with a single junction point and f
arms. Since two of the arms will form a minimum path through the structure (Figure 7a) the mole
fraction branching is simply Oy, = (f-2)/f. The minimum path is given by p = 2 z/f, which leads to a

connectivity dimension of ¢ = In(z) / (ln(z) + 1n(2/ f )) . The average branch length for a star is z,, =

z/f. The number of branches for a star is n,, = f-2. Symmetric polybutadiene and hydrogenated
polybutadiene star polymers with f = 3, 6, 9 and some higher functionalities will be synthesized. [9]
A series of asymmetric star polymers that parallel the symmetric star polymers in molecular weights
will also be synthesized. Variability in zg, with asymmetry of the star architecture is of interest. ng;
should remain constant for these matched symmetric/asymmetric polymers.

Comb Polymers: For evenly spaced comb polymers with significant branch length, n; = ny, -
1 inner segments. Also, ¢, = ny,/(2ny, + 1) and z,, = z/(2ny, + 1). For other comb architectures
similar relationships can be obtained. A number of comb and branch-on-branch modified comb
polymers will be synthesized. [85]
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Model Short Chain Branched Polyolefins: If the branch length is sufficiently small
compared to the main chain and if a significant number of short branches occur on a comb polymer,
we expect to see enhancement of the persistence length rather than scaling effects. [7] A series of
poly(ethylene-co-1-butene) copolymers will be synthesized to study this effect. [11] Variable branch
length is also of interest. Additional commercial samples of this type are also available with variable
content of hexane comonomer from 0.25% to 5 % and with molecular weights on the order of 100
kg/mole and polydispersity indices of about 2.

H-Polymers (a-w Type Polymers or Pom-pom Polymers): H-polymers display a unique
value for n; that can be a useful test of our ability to measure inner fraction. A series of H-polymer
and pom-pom polybutadiene and hydrogenated polybutadiene polymers will be produced. [9,12]

Blends of Branched Polymers of Variable Architecture and Linear Polymers:
Commercial long chain branched polymers are typically blends of 3 arm star polymers and linear
polymers with some branch on branch structure. It is important to verify the sensitivity of the
proposed analytic method using blends of monodisperse polymers of variable functionality.

Quantification of Polydispersity in Branched Structures: Following the work of
Sorensen [7,99] the polydispersity of a branched polymer blend can be quantified through the
parameter C, as mentioned in equations (13) and (14). Verification of this approach can only be
made by blending controlled molecular weight and branched polymers of the types discussed above.

1.4.2 b Key Deliverables/Milestones — Model Polymers with Controlled Microstructure and
SANS Method.

Proposed Work Using Model Chains and Development of SANS Method, Tasks 2/3:
1) Anionic synthesis of controlled topology polymers at the Moscow State University under the
direction of Prof. Nifant’ev and involving the graduate student, REU undergraduate student and the
post doctoral researcher. The RET high school teacher will also be involved in this work.
2) Transfer of the anionic synthetic techniques involving synthesis of polybutadiene followed by
hydrogenation for linear, comb, star, and other more complex topologies to Cincinnati.
3) Experimental determination of branching topology on model samples and blends using SANS at
US user facilities in Oak Ridge and at NIST and other techniques available in our lab such as
dynamic light scattering and at LyondellBasell’s facility in Cincinnati.
4) Measurement of melt rheology for correlation with SANS and synthetic topology.
5) Development of models that will be used to measure and predict properties of branched polymeric
systems based on the structural model from SANS measurements.

Tasks 2/3: Development of model chain topologies of low polydispersity and SANS Method.

First year:
The post doctoral researcher will reside in Moscow at MSU. He will setup arrangements at the
Moscow State University for the anionic polymerizations using facilities that already exist. The
graduate student will join the post-doc after about 6 months to begin work on the model polymer
synthesis. The REU undergraduate will join the graduate student and post-doc in the summer.
Both the undergraduate and graduate students will spend about 10 weeks in Moscow working on
the synthesis of model structures. Monodisperse, linear polybutadiene chains will first be
synthesized, followed by symmetric star polymers. Initial neutron scattering measurements and
characterizations at Lyondell’s Cincinnati facility will begin in the first year.
Interaction with Task 1: Initial controlled topology samples will be available at the end of the
first year. These will be included in neutron scattering measurements and will be characterized
using dynamic light scattering and rheology at UC and in the characterization facilities of
LyondellBasell in Cincinnati.
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Second year:
Synthesis of comb polymers. Continuing neutron scattering measurements and other analytic
work will proceed. Shorter visits by the graduate student and REU undergraduate to Moscow
will be necessary. Setup synthesis capability in Cincinnati for anionic polymerization.
Interaction with Task 1: Feedback between polymer characterization and catalyst development.
Characterization of commercial viability studies for catalyst-transfer agents. Use some of the
SANS results to guide the high-throughput technique. Examine medium scale synthesis samples
for feedback with the catalyst work and comparison of lab scale with scaleup.

Third year:
Model short chain branched and H-polymers will be synthesized. Continued refinement of the
SANS analysis and measurements.
Interaction with Task 1: Detailed microstructural analysis of optimized commercially viable in-
situ approach for the most promising chain-transfer agents. Consider some of the cases for the
high-throughput process study to tune the high-throughput study guidelines. Characterize
results of moderate scale synthesis of target catalysts.

2. BROADER IMPACT OF THE PROPOSED WORK
2.1 Benefits to Society and Industry

The proposed work will contribute to the development of improved polymers for commercial
application as well as improving our understanding of the relationship between chain microstructure
and physical properties. This understanding will be of use with a wide range of macromolecular
materials including renewable plastics as well as biomaterials such as proteins as demonstrate by
Beaucage. [31] The scattering approach is also applicable to understanding growth mechanisms and
properties of branched disordered ceramic aggregates. [95] The understanding developed in this
work is therefore applicable to a broad range of problems of importance to chemists.

2.2 Education and Knowledge Dissemination

The project is designed to expose young scientists to the international research community as
well as to develop ties between science in the Russian Federation and the US. Non-funded
participation of researchers at labs in Frankfurt, Germany and at the G. Natta Research Center in
Ferrara, Italy will further expose young researchers to a broad range of international research. This
includes a post-doctoral researcher, a graduate student and an undergraduate student. The project
will also include participation of a high school teacher who will spend one month per year in
Moscow working on anionic polymerization as well as participating in the School of Education at
Moscow State University. This exposure will broaden the scientific experience of the teacher as well
as the students with whom he/she interacts in the US, encouraging further international exposure.
These interactions will broaden scientific interactions with Russia as well as developing a diverse,
globally-engaged, US science and engineering workforce. The project will select where possible
minority and women participants for the participating students and teacher. The PI has a track record
of engaging minorities and women in similar REU and RET projects. The undergraduate, graduate
students and the post-doctoral researcher will also be exposed to the research environment at US
national labs in performing neutron scattering measurements at Oak Ridge and NIST.

New web based course on novel polyolefin materials will be added to the PI’s web suit of
courses that averages over 70 independent hits per day with over 260,000 independent IP hits since
2000.  The course will cover catalytic chemistry of controlled microstructure, analytic
characterization of microstructure and industrial processes used for production of polyolefins. The
post-doctoral student will be involve in preparation of this course and will teach some of the lectures
from Moscow. Lectures by Prof. Beaucage and Prof. Nifant’ev will be linked through the use of an
Internet based classroom available at both universities.

13



3. MANAGEMENT PLAN

The project will chiefly involve two sites, Moscow State University and the University of
Cincinnati. Both sites have access to web based conferencing facilities so a weekly meeting lasting
about one hour is possible to maintain contact between the groups and to plan interactions and
sample transfer. Of particular importance is the mentoring of both the post-doctoral student and the
graduate student during their time in Moscow. Beaucage will be in frequent e-mail contact with the
students and post-doc. In addition to the weekly web meetings Beaucage will travel to Moscow once
a year and will spend a more extended time in Moscow the first year to help setup the project with
the post-doc. Beaucage has not traveled to Moscow previously, however, the LyondellBasell
participants have had contact with Prof. Nifant’ev and his group at Moscow State University for a
number of years, so there are existing strong contacts through the industrial partners. Prof. Nifant’ev
also plans to travel to Cincinnati, Frankfurt and Ferrara during the project using support from the
Russian Foundation for Basic Research (RFBR). RFBR will also supply funds for materials used in
Moscow at the Moscow State University where model polymers will be synthesized. In Moscow,
Prof. Nifant’ev will be in charge of day-to-day management of the post-doctoral researcher and
visiting graduate student and undergraduate student.

4. RESULTS FROM PREVIOUS/CURRENT NSF AWARDS

The PI is currently supported on a one year no cost extension by NSF award 0626063 from
CBET, Spray Jet Flames for Supported Gold Catalysts: New Catalysts by Design. 09/01/06 to
08/31/10. The project has supported a US resident PhD student, a minority high school teacher (2
summers) and 4 female and one minority undergraduate student. The graduate student and one of the
REU undergraduates spent more than 6 months in Zurich Switzerland as part of this project. A spray
flame reactor was developed for the production of supported gold catalysts on metal oxide supports
for room temperature oxidation of CO. Nano-scale gold catalysts were produced on titania, silica,
alumina and iron oxide supports. The mechanism of formation of these supported catalysts was
studied in the flame using in situ anomalous x-ray scattering (ASAXS) at the Advanced Photon
Source of Argonne National Laboratory as well as at the NSF funded CAMD synchrotron facility at
LSU. The reactivity of the supported catalysts was studied using a quartz reactor coupled with a
mass spectrometer for monitoring the exhaust gasses. For comparison, Au/TiO, catalyst was also
synthesized using deposition precipitation (DP) method. For the CO oxidation reaction, it was
observed that the activity of catalyst prepared by deposition precipitation DP method is higher then
those prepared by spray flame pyrolysis (SFP) for the same weight loading of gold. SFP has the
advantage that it is a continuous process and can produce these supported catalysts at a much higher
rate and at a lower cost. While the SFP gold particles are larger and have a broader size distribution,
the lower activity of SFP catalysts seems to be primarily associated with the shape of the particles
that differ between the two preparation methods. Gold particles from the DP method seem to be two-
dimensional with a height of less than two atomic-layers. In contrast, the SFP gold particles are
three-dimensional nano-crystals embedded on the TiO, surface. There are also differences in the
morphology of the titania support phase between pyrolytically formed catalysts and those produced
by DP using commercial TiO,. The effects of catalyst support structure in the DP method were
studied using TiO; produced in SFP of variable morphology. The activity of catalysts prepared using
the flame made TiO; is even higher then the catalysts made using commercial TiO,. The work
involved extensive use of EXAFS facilities at ESRF in Grenoble, France. The project has also
involved independent projects by REU, RET, IREE students and scientists involving other
nanoparticulate aerosols such as carbon soot from diesel engines, iron oxide nanoparticles, carbon-
coated titania and platinum catalysts supported on alumina. Two papers are in submission associated
with this work and four papers are being prepared. Prior publications associated with the preparation
of catalysts by the co-PI (out of 115 peer reviewed papers) include a paper in Nature Materials 3
370-374 (2004) by Beaucage G, Kammler HK, Mueller R, Strobel R, Agashe N, Pratsinis SE,
Narayanan T as well as 6 further papers listed below:
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1) Kammler HK, Beaucage G, Kohls DJ, Agashe N, Ilavsky J J. Appl. Phys. 97 054309 (2005).

2) Beaucage G Phys. Rev. E 70 031401 (2004).

3) Mueller R, Kammler HK, Pratsinis SE, Vital A, Beaucage G, Burtscher P Powd. Tech. 140 40-48
(2004).

4) Kammler HK, Beaucage G, Mueller R, Pratsinis SE Langmuir 20 1915-1921 (2004).

5) Kammler HK, Jossen R, Morrison PW, Pratsinis SE, Beaucage G Powd. Tech. 135 310-320
(2003).

6) Hyeon-Lee J, Beaucage G, Pratsinis SE Langmuir 14 5751-5756 (1998).

5. SUMMARY OF THE PROPOSED INTERACTION WITH MOSCOW STATE
UNIVERSITY AND LYONDELLBASELL
5.1 Visits Between the US Researchers and Students and Their Partners Abroad

The proposed work will involve trips by Beaucage and his graduate student, undergraduate REU
students and a RET (research experience for teacher) participant to MSU to visit the laboratory of
Prof. Nifant’ev as well as visiting the German, Italian and Cincinnati Laboratories of LyondellBasell.
Several short visits are planned on an annual basis while the graduate student and undergraduate
REU students will spend 10 weeks learning catalytic techniques that can be transferred to the
Cincinnati Lab of Beaucage. Similarly, the post-doctoral student and Prof. Nifant’ev will visit
Cincinnati and the US labs of LyondellBasell (also in Cincinnati). In the first year Beaucage will
spend about one month in Moscow setting up the project and performing other project activities.

The collaborative approach to be used and the expected synergy: Catalyst systems developed
and synthesized in Moscow will be used to prepare new polyolefinic materials and distributed to the
non-funded participants in Ferrara, Frankfurt and Cincinnati. Samples will be delivered to Cincinnati
for characterization using TREF and scattering techniques in the laboratory of Beaucage as well as at
national user facilities at ORNL and NIST. Results of this characterization will be discussed in
weekly web-based videoconferences. Annually, the Cincinnati participants will travel to Moscow
and to the European labs of LyondellBasell for discussions of the results. The graduate and
undergraduate students will spend approximately 10 weeks per year in the labs of Prof. Nifant’ev in
Moscow studying catalysis. The post-doc will visit the labs of Beaucage and the facilities of
LyondellBasell in Cincinnati to learn the novel characterization techniques. All of the US
participants will attend Russian existing language programs in the college of Chemistry at MSU.

5.2 Anticipated Scientific Benefits of the Interaction.

Prof. Ilya Nifant’ev is an expert in organic and organometallic synthesis and he will lead the
development of new catalysts and chain transfer agents. The post-doc will primarily work with Prof.
Nifant’ev in Moscow. The collaboration also offers unfunded participation by four research
scientists at LyondellBasell Corporation who will offer expertise in industrial catalyst development,
high-throughput polymerization techniques and polyolefin characterization. Coupled with the PI’s
expertise in polyolefin characterization and development of novel analytic methods using neutron
scattering the team 1is ideally suited to address the development of novel polyolefin architectures
using advanced catalysis and group transfer agents. The proposed work will develop a new
interaction between Moscow State University and the University of Cincinnati.

The main scientific benefits of the proposed interaction between UC and MSU are:
1) Expertise in the development of novel catalysts, and chain transfer agents.
2) Expertise and access to facilities specializing anionic polymerization of polybutadiene at the

Moscow State University.

3) Complementary expertise in characterization of chain microstructure and topology at Cincinnati.

4) Joint interactions with LyondellBasell with associated complementary expertise in olefin
polymerization, high-throughput synthetic methods, and polymer characterization.

5) Strong interest by all participating scientists in the project as it directly relates to their main
scientific interests.
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nanoparticles for nano-catalysts and other
applications. Funded by NSF CTS.

Ramnath Ramachandran: PhD studies branching
and persistence effects on rheology in polyolefins.
Funded by LyondellBasell.

Ryan Breese (MS 2004; PhD 2009): PhD studies on
oriented  polymer film  structure/property
relationships. Funded by Equistar and now by
Eclipse Film Technologies.

Mangesh Champhekar: (MS 11/2008) Studies of
ultra oriented polyolefin/ clay nano-composites.
Hao Liu, Senior Project: In situ SAXS studies of
Diesel Exhaust at the CHESS Synchrotron.

Kurt Woodford, Senior Project: Orientation
Polyolefin Films.

Undergraduate Research Assistant (NSF REU
Students): Stephanie Berger, Carbon coated silica
for solar cell applications. = Robin Holland,
(Minority REU Student) In situ studies of diesel
exhaust nanoparticulates using synchrotrons.
Maesa Idries, Current REU student.

High School Teacher (NSF RET Participant):
Edwin Segbefia Princeton High School Physics

in

Department (Minority teacher). Flame-made
hematite nano-particles for arsenic remediation in
drinking water.

Select Past Graduated Students/Post Doc

Amit Kulkarni (MS 2004; PhD 2007): Funded by
P&G, Intel, Equistar. ~ Currently Research
Engineer GE Plastics Evansville IN (10/2007).

Doug Kohls, (MS 2002; PhD 2006): Currently
Assistant Professor Dept. Materials Science and
Engineering University of Cincinnati.

Hashard Chavan (MS 2006) Bioplastics San Jose CA.
Ayush Bafna (PhD 2004, MS 2002) Research
Engineer, Dow Chemical Central Research Freeport TX.
Nikhil Agashe (PhD 2004, MS 2001) Research
Engineer GE Plastics, Evanston IN.

Suresh Murugesan (PhD Chemistry 2003) Scientist
Texas Research Institute.

S. Sukumaran (PhD 2002) Asst. Prof. Polymer Science
Yamata University, Japan.

G. Skillas (Post-Doc from ETH Zurich 2001)
Research scientist, GMX Degussa, Hanau Germany.

J. Hyeon-Lee (PhD 1998) Research Scientist, Samsung
Research Institute, Seoul, South Korea.

Ling Guo (MS 1997) P&G Miami Valley Laboratories
(Central Research Division).

S. Rane (PhD 1999) Senior Research Engineer,
Procter& Gamble Beckett Ridge Technical Center
Cincinnati.



SUMMARY YEAR

1

PROPOSAL BUDGET

FOR NSF USE ONLY

ORGANIZATION PROPOSAL NO. |DURATION (months)
University of Cincinnati Main Campus Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Gregory Beaucage
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates PNSE Funded | Reqﬁgggesd By grant';téng;NSF
(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR proposer (if different)
1. Gregory Beaucage - Professor 0.000 0.000 0.81% 10,410 | s
2.
3
4.
5.
6.( 0)OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.00| 0.00 0
7.( 1) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.000 0.81 10,410
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 1)POST DOCTORAL SCHOLARS 12.000 0.00, 0.00 50,000
2.( 0)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.000 0.000 0.00 0
3.( 1) GRADUATE STUDENTS 25,000
4.(  0)UNDERGRADUATE STUDENTS 0
5.( 0) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 85,410
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 17,934
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 103,344
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
Dynamic Light Scattering Camera $ 50,000
Shear Rheometer 30,000
TOTAL EQUIPMENT 80,000
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 21,000
2. FOREIGN 31,500
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 6,000
2. TRAVEL 18,000
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 2) TOTAL PARTICIPANT COSTS 24,000
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 8,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 200
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 5,590
TOTAL OTHER DIRECT COSTS 13,790
H. TOTAL DIRECT COSTS (A THROUGH G) 273,634
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
F&A on MTDC (Rate: 26.0000, Base: 166544) (Cont. on Comments Page)
TOTAL INDIRECT COSTS (F&A) 44,801
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 318,435
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 318,435 | $
M. COST SHARING PROPOSED LEVEL $ 0 | AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
Gregory Beaucage INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG

1 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



SUMMARY PROPOSAL BUDGET COMMENTS - Year 1

** |- Indirect Costs
REU & RET 25% of Stipends (Rate: 25.0000, Base 6000)




SUMMARY YEAR

2

PROPOSAL BUDGET

FOR NSF USE ONLY

ORGANIZATION PROPOSAL NO. |DURATION (months)
University of Cincinnati Main Campus Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Gregory Beaucage
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates PNSE Funded | Reqﬁgggesd By grant';téng;NSF
(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR proposer (if different)
1. Gregory Beaucage - Professor 0.000 0.000 0.81% 10,722 | $
2.
3
4.
5.
6.( 0)OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.00| 0.00 0
7.( 1) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00 0.81 10,722
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 1)POST DOCTORAL SCHOLARS 12.000 0.00, 0.00 51,500
2.( 0)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.000 0.000 0.00 0
3.( 1) GRADUATE STUDENTS 25,750
4.(  0)UNDERGRADUATE STUDENTS 0
5.( 0) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 87,972
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 18,782
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 106,754
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 21,630
2. FOREIGN 23,690
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 6,180
2. TRAVEL 17,210
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 2) TOTAL PARTICIPANT COSTS 23,390
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 8,240
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 206
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 5,758
TOTAL OTHER DIRECT COSTS 14,204
H. TOTAL DIRECT COSTS (A THROUGH G) 189,668
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
F&A on MTDC (Rate: 26.0000, Base: 163095) (Cont. on Comments Page)
TOTAL INDIRECT COSTS (F&A) 43,950
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 233,618
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 233,618 | $
M. COST SHARING PROPOSED LEVEL $ 0 | AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
Gregory Beaucage INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG

2 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



SUMMARY PROPOSAL BUDGET COMMENTS - Year 2

** |- Indirect Costs
REU & RET 25% of Stipends (Rate: 25.0000, Base 6180)




SUMMARY Y

PROPOSA

L BUDGET

EAR 3

FOR NSF USE ONLY

ORGANIZATION
University of Cincinnati Main Campus

PROPOSAL NO.

DURATION (months)

Proposed | Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR
Gregory Beaucage

AWARD NO.

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates P ndeds Funds Funds
(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR R‘*S%%SSSSPY gr%?ﬁ?fe%m)s i
1. Gregory Beaucage - Professor 0.000 0.000 0.81% 11,044 |3
2.
3
4.
5.
6.( 0)OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.00| 0.00 0
7.( 1) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00 0.81 11,044
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 1)POST DOCTORAL SCHOLARS 12.000 0.00, 0.00 53,045
2.( 0)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.000 0.000 0.00 0
3.( 1) GRADUATE STUDENTS 26,523
4.(  0)UNDERGRADUATE STUDENTS 0
5.( 0) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 90,612
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 19,667
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 110,279
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 22,279
2. FOREIGN 24,401
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 6,365
2. TRAVEL 17,426
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 2) TOTAL PARTICIPANT COSTS 23,791
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 8,487
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 212
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 5,930
TOTAL OTHER DIRECT COSTS 14,629
H. TOTAL DIRECT COSTS (A THROUGH G) 195,379
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
F&A on MTDC (Rate: 26.0000, Base: 168310) (Cont. on Comments Page)
TOTAL INDIRECT COSTS (F&A) 45,352
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 240,731
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 240,731 |$

M. COST SHARING PROPOSED LEVEL $ 0 ‘ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY

Gregory Beaucage INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG

3 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



SUMMARY PROPOSAL BUDGET COMMENTS - Year 3

** |- Indirect Costs
REU & RET 25% of Stipends (Rate: 25.0000, Base 6365)




SUMMARY Cumulative

PROPOSAL BUDGET

FOR NSF USE ONLY

ORGANIZATION PROPOSAL NO.

University of Cincinnati Main Campus

DURATION (months)

Proposed | Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Gregory Beaucage
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates P ndeds Reqﬁgggesd By grant';léng;N -
(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR proposer (if different)
1. Gregory Beaucage - Professor 0.000 0.00 2.43$% 32,176 | $
2.
3
4.
5.
6.( ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.00| 0.00 0
7.( 1) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00 2.43 32,176
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 8)POST DOCTORAL SCHOLARS 36.000 0.00 0.00 154,545
2.( 0)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.000 0.000 0.00 0
3.( 3) GRADUATE STUDENTS 77,273
4.( 0)UNDERGRADUATE STUDENTS 0
5.( 0) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 263,994
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 56,383
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 320,377
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
$ 80,000
TOTAL EQUIPMENT 80,000
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 64,909
2. FOREIGN 79,591
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 18,545
2. TRAVEL 92,636
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 6) TOTAL PARTICIPANT COSTS 71,181
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 24,727
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 618
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 17,278
TOTAL OTHER DIRECT COSTS 42,623
H. TOTAL DIRECT COSTS (A THROUGH G) 658,681
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A) 134,103
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 792,784
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 792,784 | $
M. COST SHARING PROPOSED LEVEL $ 0 \ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
Gregory Beaucage INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG

C *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



Budget Justification

PERSONNEL:

The project will support a postdoctoral student ($50,000) who will work in Moscow
learning synthetic techniques at the Moscow State University. The project will support the PI for
25% of the summer ($10,410) when he will travel to Moscow to work on the project with Prof.
Ilya Nifant’ev’s group and with LyondellBasell Researchers in Frankfurt, Germany and
Ferrara, Italy. The remainder of the PI's billable time will be spent at neutron scattering
facilities in the US. The project also supports a graduate student ($25,000) who will spend
25% of his time at Cincinnati and 75% of his time either in Moscow, Frankfurt and Ferrara
Italy or at neutron scattering facilities in the US (Oak Ridge and NIST). An undergraduate
student ($6,000) on an REU supplemental will work 25% of his/her time at UC and 75% of
the time in Moscow or at neutron scattering facilities. The project also funds a RET high
school chemistry teacher who will spend one month (all of his funded time) at Moscow
State University in the summer (RET covers only travel not stipend).

Annual increases for the PI are budgeted according to the AAUP contract. Increases
of 3% in years 2 and 3 are included for the graduate student, post doc and undergraduate
REU student.

FRINGE BENEFITS:

Fringe Benefits are a direct-charge as a percentage of salaries and wages at rates
established by the university, and reviewed annually by DHHS, for salary expenses. Fringe
Benefits amount to $16,552, $18,647, and $19,527 for the three years of proposed funding.

EQUIPMENT: (100% on-campus charges)

The proposal will purchase two new instruments in the lab of Beaucage that will be
used in the project to complement existing facilities. A dynamic light scattering instrument,
$50,000, will be used to develop comparative measures of structural topology for the
polymers developed in the project. A shear rheometer, $30,000, will be used to determine
the consequence of topological features on the physical properties of the materials synthesized.

TRAVEL: (100% off-campus charges)

The project will involve significant amounts of travel between Cincinnati and Moscow as
well as travel to national user facilities in the US for neutron scattering measurements. Some
support for traveling to meetings such as the American Chemical Society Meeting is also
included. Amounts listed below are for the first year and an increase of 3% is budgeted for
years 2 and 3. A dorm room at Moscow State University costs $250/week and $50/day for
food is allocated for the graduate student and undergraduate in addition to their stipends
while they stay in Moscow. Airfare is about $2000 from Cincinnati to Moscow. A 10-week
visit is estimated to cost $8,000 for a student. The high school teacher, postdoctoral
researcher and professor will stay in hotels with an associated higher travel cost.

Post Doc:
Foreign Travel:

The budget includes travel between Moscow and the US two times per year (@ $2,000

airfare, 10 days housing and food $2,000) as well as travel to Germany and Italy @

1



$3,000 per trip. $1,000 for airfare within Europe and $2,000 for housing/food for a total
of $11,000.
Domestic Travel:
The post-doc will travel to one meeting per year at $3,000 ($700 Registration, Hotel
$700, Airfare $1,000, Food $300).
REU Student:
Foreign Travel:
The REU student will travel to Moscow for 10 weeks at the student rates noted above
$8,000 in year 1.
No Foreign travel in years 2 and 3 for REU student.
Domestic Travel:
No Domestic travel in year 1 for REU student.
The REU student will attend one meeting per year at $3,000 in years 2 and 3.
The REU student will travel to national user facilities in the US for neutron scattering on
2 trips at about $2,000 per trip.
Total Domestic REU travel is $7,000/year in years 2 and 3.
Graduate Student:
Foreign Travel:
The graduate student will travel to Moscow for 10 weeks at the student rates noted above
$8,000 in year 1.
Plus travel to Germany and Italy at about $1,500.
Total graduate student foreign travel first year $9,500.
In year 2 and 3 the graduate student will take one trip to MSU for about 10 days plus
travel to Germany and Italy for a total of $5,500.
Total graduate student foreign travel $5,500 years 2 and 3.
Domestic Travel:
The graduate student will travel for one meeting per year at $3,000, and travel to National
User Facilities for Neutron Scattering 3 times per year at $6,000/yr.
Total Domestic Graduate Student is $9,000 in years 1, 2 and 3.
Principle Investigator:
Foreign Travel:
The PI will travel to Moscow/Italy and Germany for 4 weeks in the summer for year 1.
Airfare $3000 Housing/food @ ~$250/day ($8000).
Total PI Foreign ~$11,000 year 1.
In years 2 and 3 the PI will travel to MSU/Italy and Germany for 2 weeks.
$6,500/yr in years 2 and 3.
Domestic Travel:
PI will travel to one meeting for $3,000 and to National User Facilities for neutron
scattering (3 trips) $6,000/yr.
Total Domestic for PI: $9,000

Supplies and other Direct Costs: (100% on-campus charges)

Materials and supplies: $8,000. Analytic Services $2,500. Publications $200. A part of
the graduate student tuition is also charged at $3090 for the first year which increments as a
fraction of planned tuition increases.
Total Supplies and Direct Costs: $13,790 for the first year.



Amounts listed are for the first year and an increase of 3% is budgeted for years 2 and
3. Analytic services will be used for services such as use of analytic services 25% at the UC
Characterization Center, mass spectrometers and other spectrometers in the Chemistry
Department as well as the Engineering and Physics Machine Shops through university
approved service centers. Rates at approved service centers are approved by the university
council for service centers in accordance with federal regulations. 75% will be used for off
campus services.

Tuition is included for the graduate student at $3,090 for the first year and
increasing at 3% annually for a total of $9,551 as mandated by the University. Tuition is
charged at a reduced rate that represents a savings of about $12,000 per year.

About $200 per year is included for publication and reprint charges, with an
increase of 3% included for years 2 and 3.

REU BUDGET (Research Experience for Undergraduates):

Amounts listed below are for the first year and an increase of 3% is budgeted for years
2 and 3. 25% indirect charges are taken on the stipend of these expenses as specified by
the NSF.
Foreign travel $8,000 (Year 1)
Domestic travel $7,000 (Year 2 and 3)
Stipend: $6,000

RET BUDGET (Research Experience for Teachers): (100% off-campus)

Each year one high school teacher will be sent to Moscow State University from the
Cincinnati Area Chemistry teachers. There will be no stipend so the traditional RET indirect
charge of 25% of the stipend is not be included. The $10,000 RET funding will be used entirely
to fund travel for about 1 month in Moscow. The RET participant will travel to Moscow for a
month in the summer: Airfare $2000 Housing/food @ $250/day ($8000). (Since it is difficult to
estimate travel costs accurately, any funds not used for travel from the RET part of the budget
will be given to the high school teacher as a stipend and charged an indirect rate of 25% or will
be used to supply the high school teacher with equipment to perform labs related to the project at
his/her home institution.)

Total RET Foreign $10,000. Where the daily allowance for food and housing is based on
(but lower than) the US State Department Allowable Rates for Moscow. The teacher will
participate in research at Moscow State University and will also participate in a teaching
enhancement program in the Teaching College of MSU.

INDIRECT COSTS:

Indirect costs are charged at 26.0% of Modified Total Direct Costs (MTDC) for
greater than 51% off-campus expenses per DHHS rate agreement dated 06/11/09,
excluding equipment, tuition and REU travel and stipend costs. The REU and RET portion
of this request are charged at a flat rate of 25% on stipends only.



Current and Pending Support

(See GPG Section 1I.C.2.h for guidance on information to include on this form.)

The following information should be provided for each investigator and other senior personnel. Failure to provide this information may delay consideration of this proposal.

Other agencies (including NSF) to which this proposal has been/will be submitted.

Investigator: Gregory Beaucage

Support: OCurrent B Pending 0O Submission Planned in Near Future O *Transfer of Support

Project/Proposal Title: International Collaboration in Chemistry: New polyolefin
architectures via advanced catalysts and customized chain
control agents (THIS PROPOSAL)

Source of Support: NSF

Total Award Amount: $ 792,785 Total Award Period Covered:  09/01/10 - 08/31/13
Location of Project: University of Cincinnati/Moscow State University

Person-Months Per Year Committed to the Project. Cal:0.00 Acad:0.00 Sumr: 0.81

Support: OCurrent B Pending 0O Submission Planned in Near Future O *Transfer of Support

Project/Proposal Title: Materials World Network: Tuned oxide nanopartiles for solar
cells in sub-Saharan Africa.

Source of Support: NSF

Total Award Amount: $ 465,277 Total Award Period Covered:  06/01/10 - 05/31/13
Location of Project: University of Cincinnati/Cape Town University, South Africa
Person-Months Per Year Committed to the Project. Cal:0.00 Acad:0.00 Sumr: 0.78

Support: OCurrent B Pending 0O Submission Planned in Near Future 0O *Transfer of Support
Project/Proposal Title: Nanomechanics of Complex Structures

Source of Support: NSF

Total Award Amount: $ 370,202 Total Award Period Covered:  02/01/10 - 01/31/13
Location of Project: University of Cincinnati

Person-Months Per Year Committed to the Project. Cal:0.00 Acad:0.00 Sumr: 0.50

Support: OCurrent R Pending [OSubmission Planned in Near Future O *Transfer of Support

Project/Proposal Title: High Temperature WGS Catalysts (Peter Smirnoitis PlI,
Beaucage part $20,000)

Source of Support: NSF

Total Award Amount: $ 20,000 Total Award Period Covered:  02/01/10 - 01/31/13
Location of Project: University of Cincinnati

Person-Months Per Year Committed to the Project. Cal:0.00 Acad:0.00 Sumr: 0.25

Support: K Current [OPending [OSubmission Planned in Near Future O *Transfer of Support
Project/Proposal Title: Construction of USAXS Camera

Source of Support: Procter & Gamble
Total Award Amount: $ 20,000 Total Award Period Covered:  06/01/09 - 06/01/10
Location of Project: University of Cincinnati

Person-Months Per Year Committed to the Project. Cal:0.00 Acad:0.00 Summ:0.00

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.

Page G-1 USE ADDITIONAL SHEETS AS NECESSARY



Current and Pending Support

(See GPG Section 1I.C.2.h for guidance on information to include on this form.)

The following information should be provided for each investigator and other senior personnel. Failure to provide this information may delay consideration of this proposal.

Other agencies (including NSF) to which this proposal has been/will be submitted.

Investigator: Gregory Beaucage

Support: K Current [OPending O Submission Planned in Near Future O *Transfer of Support
Project/Proposal Title: Structural Studies of Commercial Polyolefins

Source of Support: LyondellBasell
Total Award Amount: $ 316,052 Total Award Period Covered:  09/01/06 - 08/31/10
Location of Project: University of Cincinnati

Person-Months Per Year Committed to the Project. Cal:0.00 Acad:0.00 Sumr: 0.50

Support: OCurrent OPending 0O Submission Planned in Near Future O *Transfer of Support
Project/Proposal Title:

Source of Support:

Total Award Amount: $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project.  Cal: Acad: Sumr:

Support: OCurrent OPending 0O Submission Planned in Near Future 0O *Transfer of Support
Project/Proposal Title:

Source of Support:

Total Award Amount: $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr;

Support: OCurrent OPending 0O Submission Planned in Near Future O *Transfer of Support
Project/Proposal Title:

Source of Support:

Total Award Amount: $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project.  Cal: Acad: Sumr;

Support: OCurrent OPending O Submission Planned in Near Future O *Transfer of Support
Project/Proposal Title:

Source of Support:

Total Award Amount: $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project.  Cal: Acad: Summ:

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.

Page G-2 USE ADDITIONAL SHEETS AS NECESSARY



Facilities, Other Resources and Equipment

Cincinnati

Facilities:

Beaucage/University of Cincinnati:

410 Rhodes Hall Laboratory is a 600 square foot research laboratory primarily focusing on
scattering and polymer characterization instruments.

551 Engineering Research Center Laboratory is a 300 square foot research laboratory with a
hood, suitable for chemical synthesis. A light scattering camera is also housed in this
lab as well as two polymer-processing machines.

Office: Beaucage's office is located in 492 Rhodes Hall with student desks in 410B Rhodes and in
the laboratory.

Equipment:

Beaucage/University of Cincinnati:
Polymer Processing Equipment:

Collin Teach Machine Direction Orientation Unit On loan from Eclipse Film Technology
and Collin GmbH (http:/ /www.drcollin.de/en/index_en.html). Lab scale polymer
film stretching machine.

Brabender 50 gm Extruder Located in ERC 551 Lab. Film blowing attachment and home
made take-up tower as well as mixing head. Home made fiber spinning apparatus.
(See http:/ /www.eng.uc.edu/~gbeaucag/Classes/Processing.html for pictures and
video of this equipment. Equipment was donated by Dow Chemical and P&G to
Beaucage, is very old but functional.

Departmental Carver Hot Press. Located in Polymer Processing Laboratory.

TM Long Stretch Polymer Film Biaxial Stretcher from Inventure Labs
www.inventurelabs.com. Donated from P&G Polymer Processing Center Beckett
Ridge Laboratories to Beaucage. Instrument is for static and dynamic precision biaxial
deformation of polymer films. This instrument will be used to study post
blowing/ casting nano-composite orientation located in 410 Rhodes Hall.

Departmental Battenfeld injection molding machine. Fairly old but functional machine
purchased second hand about 10 years ago for $7,000. Located in Polymer Processing
Laboratory at the University of Cincinnati.

Scattering Equipment

12 kW Rigaku rotating anode X-ray source with three small angle X-ray scattering
cameras located in 410 Rhodes Hall laboratory of Beaucage with:

A pinhole camera with a 2-D detector focusing optics automatic sample changer.
Instrument has been widely used in published SAXS studies. 0.5 to 50 nm size
resolution, absolute intensity capability.

Kratky SAXS camera, capable of wider g-range compared to pinhole camera. Data is
slit smeared requiring desmearing making results less reliable. 0.1 to 100 nm
resolution.

Bonse-Hart USAXS camera. 1 nm to 1 micron resolution.

Two static light scattering cameras and optical components.

Pinhole static small-angle light scattering camera with 2D CCD camera located in 410
Rhodes Hall laboratory of Beaucage. Camera is enclosed in a dark box with vertical
alignment, 20 mW HeNe laser, adjustable attenuator, polarizers pinhole optics, hot
stage capabilities, scattering is projected on a screen and imaged with a Princeton
Instruments 2D CCD detector. 0.6 to 100 micron resolution.

Ultra-small angle static light scattering camera located in 551 Engineering Research
Center laboratory of Beaucage. 30 mW HeNe laser, step scan goniometer with fiber




optics connection to PMT and computer. Unique optics for USALS measurements, 1
micron to 1 cm resolution.
Assorted optics, optical tracks, 5 mW HeNe laser, stepper motors and motor controller.
Other Equipment:

Dupont Instruments 912 Differential Scanning Calorimeter in the 410 Rhodes Lab.

TA Instruments Dynamic Mechanical Analyzer DMA 983 in the 410 Rhodes Lab.

4 Pyrolytic reactors with 6 mass flow controllers, assorted tubing, heat tape, neutralizers,
filter banks and exhaust pump located in the 551 Engineering Research Center
Laboratory of Beaucage.

The Advanced Materials Characterization Center (AMCC) operated by the Department
of Chemical and Materials Engineering at University of Cincinnati Located on the 3'rd
floor of the Engineering Research Center has a CM-20 TEM, with a LaB, source,
theoretical resolution of 1.4 A and EDS capabilities. The operating costs are $85 per
hour.

The SEM setup at the University of Cincinnati AMCC facility include a Hitachi S 4000
conventional FEG SEM with a theoretical resolution of 15 A, and EDS capabilities and
an environmental FEI XL 30 ESEM-FEG with a theoretical resolution of 15 A and
operating pressure of 20 torr. The operating costs for SEM are $80 per hour.

X-ray powder diffraction is also available at the AMCC with a user fee or $40/h.

Other Resources:

Beaucage is a long-term collaborator and consultant with the Equistar division of
LyondellBasell Corporation, the number 2 producer of polymers in the US and number
1 producer of polyolefins. Equistar's polymer processing research facility frequently
collaborates with Beaucage and this collaboration is expected to continue through this

roject.

Bgau]cage is also a long term collaborator and consultant with Procter & Gamble
Corporation which has polymer processing facilities in two main locations in
Cincinnati.

Beaucage has a working arrangement with two beam lines at the Advanced Photon
Source in Chicago at the UNICAT and at the BESSRC user facilities.

SAXS measurements are performed at CHESS (Cornell University) and at SSRL
(Stanford University). Beaucage is also a founding member of the user group for the
LSU SAXS facility funded by NSF (CAMD).

SANS measurements are performed at HFIR facility of Oak Ridge National Laboratory
where Beaucage has consistently obtained beam time for 3 years. Similarly Beaucage
has consistently obtained beamtime at NIST’s Reactor Division over the past 3 years.
SANS time is also available at Los Alamos National Laboratory and through special
arrangements at ANSTO at the Bragg Institute in Australia among other international
facilities.

Moscow
Facilities:
Nifant'ev/Moscow State University:
431, 532 and H35A Rooms of about 150 square meters research laboratories primarily
focusing on synthesis of organic and metalloorganic compounds is located in the
building of Department of Chemistry.

Office: Nifant'ev's office is located in H35A Room.



Equipment:
Nifant'ev/Moscow State University:

The team has all necessary small equipment to carry out of the research work of
Synthesis of Organic and Metalloorganic compounds:

- Glassware;

- Pumps;

- Stirrers;

- Balances etc.

The Department of Chemistry has all analytical equipment necessary to support the
research work of Synthesis of Organic and Metalloorganic compounds:

- 2 NMR spectrometers of 400MHz and 600MHz (Bruker);

- Mass-spectrometers;

- Gas Chromatograph;

- IR spectrometer



Information Pertinent to Prof. Ilya Eduardovich Nifant’ev

Foreign investigator's budget request from the RFFR:

The requested amount from the Russian Foundation for Fundamental Research (RFFR) is
700,000 Rubles (~ 25,000 USD) per 3 years (15% overheard; 45% travel expenses; 40% reagents
and supplies).

Current and pending support list
e Olefin polymerization catalysts

Long term research agreement with Basell Polyolefine GmbH () renewed annually.

~ 100,000 USD per year

This research is limited to conventional Ziegler Natta and metallocene Catalysts so is

distinguished from the proposed research. The use of chain transfer agents to produce

new chain microstructure and topologies has not been previously considered by either of

the PI’s or LyondellBasell. The proposed research is a new direction for both of the PI’s.
e Co-contributor in RFFR grant “09-03-12232” “Carbon-based polyolefin nanomodifiers”;

2009-2010 with a total budget of 12,000 USD.

2 Page CV Follows:




Ilya Eduardovich Nifant’ev, Professor Office: +7.495.939-4098

Department of Chemistry Lab: +7.495.939-1253
Moscow State University Fax: +7.495.939-4523
Moscow, 119991 Russia e-mail: inif@org.che.msu.ru
Education

1970-1980 - graduated from secondary school in Moscow;

1980-1985 - graduated from the Moscow State University, Department of Chemistry M.S.

Chemistry;

1985-1988 - Moscow State University, Department of Chemistry, Post graduate study, in the lab
of Organometallic Chemistry, Ph.D. Organometallic chemistry.

Advisor: Prof. Dmitri.A.Lemenovskii. "The ways of bis-metallocenes formation"

1988-1992 Moscow State University, Department of Chemistry; Post Doctoral Fellow the lab of
NMR, Dr. of Sciences (chemistry)

Advisor: Prof. Yuri.A.Ustynyuk. "Design and synthesis of cyclopentadienyl-substituted
complexes of early transition metals”

Appointments

Moscow State University, Professor, Department of Chemistry, 2004-present.
Moscow State University, Senior scientist, Department of Chemistry, 1992-2004
Moscow State University, Scientist, Department of Chemistry, 1988-1992

Other Experience and Professional Memberships
1982-present Member The Mendeleev Russian Chemical Society
2008-present Panel and Individual Referee for ROSNANO Proposals.

10 Related Publications (from 81 peer reviewed)

1. Highly regiospesific zirconocene catalysts for the isospecific polymerization of propene,
Resconi L., Piemontesi F., Camurati 1., Sudmeijer O., Nifant’ev L.E., Ivchenko P.V.,
Kuz’mina L.G., J.Am.Chem.Soc., 1998, 120, 2308-2321

2. C2-Symmetric zirconocenes for high molecular weight amorphous polypropylene, Angeli D.,
Balboni D., Baruzzi G., Braga V., Camuratti I., Moscardi G., Piemontesi F., Resconi L.,
Nifant’ev ., Guerra G., Venditto V., Antinucci S., Macromolecular Chemistry and Physics,
2001, 202, 2010

3. A DFT study of ethylene polymerization by zirconocene-boron catalytic systems. The effect
of counterion on the kinetics and mechanism of the process, Nifant’ev, L.E.; Ustynyuk, L.Yu.;
Laikov, D.N., Organometallics, 2001, 20, 5375-5393

4. Fluorenyltitanium triisopropoxide and bis(fluorenyl)titanium diisopropoxide: a facile
synthesis, molecular structure, and catalytic activity, Sergei Ya. Knjazhanski, Gregorio
Cadenas, Maricela Garcia, Catalina M. Pérez, Ilya E. Nifanti’ev, Pavel V. Ivchenko,
Konstantin A.Lyssenko, Organometallics, 2002, 21, 3094-3099.

5 Resconi, L.; Guidotti, S.; Camurati, I.; Nifant’ev, L. E.; Laishevtsev, 1. Polym.Mater. Sci. Eng.
2002, 87, 76-77.

6. ansa-Zirconocenes Based on N-Substituted 2-Methylcyclopenta[b]Indoles: Synthesis and
Catalyst Evaluation in Liquid Propylene Polymerization, van Baar, J. F.; Horton, A. D.; de
Kloe, K. P.; Kragtwijk, E.; Mkoyan, S. G.; Nifant'ev, L. E.; Schut, P. A.; Taidakov, I. V.;
Organometallics, 2003; 22; 2711-2722.




7. Heterocycle-Fused Indenyl Silyl Amido Dimethyl Titanium Complexes as Catalysts for High
Molecular Weight Syndiotactic Amorphous Polypropylene, Organometallics, Grandini, C.;
Camurati, I.; Guidotti, S.; Mascellani, N.; Resconi, L.; Nifant'ev, I. E.; Kashulin, I. A_;
Ivchenko, P. V.; Mercandelli, P.; Sironi, A.; Organometallics, 2004; 23; 344-360.

8. Ci-symmetric heterocyclic zirconocenes as catalysts for propylene polymerization, Ilya E.
Nifant’ev, Ilya Laishevtsev, Igor A.Kashulin, Pavel V.Ivchenko, Simona Guidotti, Fabrizio
Piemontesi, Isabella Camurati, Luigi Resconi, Peter A.A. Klusener, J.J.H. Rijsemus, K.P. de
Kloe, Frans M. Korndorffer, Macromolecular Chemistry and Physics, 2004, 205, 2275-2291.

9. C1-Symmetric heterocyclic zirconocenes as catalysts for propylene polymerization,
L.Resconi, S.Guidotti, I.Camuratti, R.Frabetti, F.Focante, .Nifant’ev, I.Laishevtsev,
Macromol.Chem.Phys., 2005, 206, 1405-1438

10. Structure-Property Correlations in Polypropylene from Metallocene Catalysts:
Stereodefective, Regioregular Isotactic Polypropylene, De Rosa, C.; Auriemma, F.; Di Capua,
A.; Resconi, L.; Guidotti, S.; Camurati, I.; Nifant'ev, 1. E.; Laishevtsev, 1. P.; J. Am. Chem.
Soc.; 2004; 126; 17040-17049.

Collaborators & Other Affiliations (past 48 months)

Prof. L.A.Novokshenova, head of laboratory, Institut of Chemical Physics RAS, Moscow,
Russia

Prof. Yu.A.Ustynyuk, head of laboratory, Department of Chemistry, Moscow State University,
Moscow, Russia

Prof. D.A.Lemenovskii, head of laboratory, Department of Chemistry, Moscow State
University, Moscow, Russia

Prof. A.L.Maksimov, head of laboratory, Institute of Peprochemical Synthesis RAS, Moscow,
Russia

Dr. A.V.Vorogushin, Director of Department, SIBUR, Moscow, Russia

Dr. D.M.Roitershtein, Head of Organic Chemistry Division, Moscow City Teachers’ Training
University, Moscow, Russia

Prof. A.V.Pshejetsky, Professor, Departments of Pediatrics and Biochemistry University of
Montreal

Dr. S.Mihan, Research Manager, Basell GmbH, Germany

Graduate & Postdoctoral Advisors

Prof. Yuri.A.Ustynyuk, Professor, head of laboratory, Department of Chemistry, Moscow State
University, Moscow, Russia

Prof. Dmitri.A.Lemenovskii, Professor, head of laboratory, Department of Chemistry, Moscow
State University, Moscow, Russia

Thesis Advisor and Postgraduate-Scholar Sponsor:
11 PhD, 15 MS, 5 Post Doc.

Current Students:
3 Graduate Students; 3 Ph.D. students

Awards:
ACS Arthur K. Doolittle Award, 2002

Date: January, 2010
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The letter of commitment

This letter is to certify that Moscow State University, Department of Chemistry assures
that it is committed to the collaboration between Moscow State University (Prof. llya
E.Nifantev) and University of Cincinnati (Prof. Gregory Beaucage) as provided by the
joint NSF-RFBR project application “New polyolefin architectures via advanced
catalysts and customized chain control agents” and will give students appropriate
access to all necessary facilities of Department of Chemistry.

Prof. llya E.Nifantev will participate in the project and will assist the American students

who will be in Moscow including, Mentoring the Post doc, overseeing the graduate
student, undergraduate and the high school teacher for necessary time.

Dean of the Department of Chemistry




Postdoctoral Researcher Mentoring Plan

This Postdoctoral Researcher Mentoring Plan has been prepared by Gregory Beaucage at the University
of Cincinnati. The Plan establishes guidelines for work to be performed by a Postdoctoral Researcher in
support of the NSF International Collaboration in Chemistry Project Awarded to the University of
Cincinnati, entitled “New polyolefin architectures via advanced catalysts and customized chain control
agents”. The Postdoctoral Researcher assigned to the project will work in the Moscow State University
laboratory in Moscow Russia, at Oak Ridge National Laboratory, at the National Institute of Standards
and Technology, at laboratories of LyondellBasell in Frankfurt Germany and Ferrara Italy as well as at
the University of Cincinnati and will conduct research on synthesis of advanced catalysts for control of
polyolefin microstructure.

1. Orientation will include in-depth conversations between Prof. Beaucage, Prof. Nifant’ev, Dr. Sandor
Nagy (LyondellBasell) as well as others involved in the project and the Postdoctoral Researcher. Mutual
expectations will be discussed and agreed upon in advance. The post-doctoral researcher will work
primarily in Moscow so that Prof. Nifant’ev will be principally responsible for setting daily expectations.
Orientation topics will include (a) the amount of independence the Postdoctoral Researcher requires, (b)
interaction with coworkers, (¢) productivity including the importance of scientific publications, (d) work
habits and laboratory safety, and (e) documentation of research methodologies and experimental details so
that the work can be continued by other researchers in the future. The Postdoctoral Researcher will attend
classes in Russian Language given in the Chemistry College at Moscow State University during his/her
stay in Moscow with other foreign researchers.

2. Career Counseling will be directed at providing the Postdoctoral Researcher with the skills, knowledge,
and experience needed to excel in his/her chosen career path. In addition to guidance provided by Profs.
Nifant’ev and Beaucage, the Postdoctoral Researcher will be encouraged to discuss career options with
researchers and managers at LyondellBasell and with former students and colleagues of Profs. Beaucage
and Nifant’ev.

3. Experience with Preparation of Grant Proposals will be gained by direct involvement of the
Postdoctoral Researcher in proposals prepared by Profs. Beaucage and Nifant’ev. The Postdoctoral
Researcher will have an opportunity to learn best practices in proposal preparation including
identification of key research questions, definition of objectives, description of approach and rationale,
and construction of a work plan, timeline, and budget.

4. Publications and Presentations are expected to result form the work supported by the grant. These will
be prepared under the direction of Profs. Beaucage and Nifant’ev and in collaboration with researchers at
LyondellBasell. The Postdoctoral Researcher will receive guidance and training in the preparation of
manuscripts for scientific journals and presentations at conferences.

5. Teaching and Mentoring Skills will be developed in the context of regular meetings within
Beaucage/Nifant’ev research group during which graduate students and postdoctoral researchers describe
their work to colleagues within the group and assist each other with solutions to challenging research
problems, often resulting in cross fertilization of ideas. The Post-doc will also teach part of a web based
course described in the Project Description as well as mentor a Graduate student and an REU
undergraduate student in Moscow.

6. Instruction in Professional Practices will be provided on a regular basis in the context of the research
work and will include fundamentals of the scientific method, laboratory safety, and other standards of
professional practice. In addition, the Postdoctoral Researcher will be encouraged to affiliate with the
American Chemical Society and other organizations.

7. Technology Transfer activities will include regular contact with researchers at LyondellBasell. The
Postdoctoral Researcher will be given an opportunity to become familiar with the university-industry
relationship including applicable confidentiality requirements and preparation of invention disclosure
applications.

8. Success of the Mentoring Plan will be assessed by monitoring the personal progress of the Postdoctoral
Researcher through a tracking of the Postdoctoral Researcher’s progress toward his/her career goals after
finishing the postdoctoral program.



Request for an RET Supplement (3 pages)

1) Overview: Description of the RET activity.

The proposed research experience for teachers project will involve an international research
experience where a high school chemistry teacher in Cincinnati will travel to Moscow to work in the lab
of Nifant’ev assisting the graduate student and REU student on anionic polymerization of model branched
polymers. The research is aimed at understanding the nature of and predicting the physical properties of
branched molecular microstructures.

In Moscow Prof. Nifant’ev has strong working contacts with two Pedagogical Institutions for
training of High School Teachers:

The Moscow State Pedagogical University (http://www.mpgu.ru): This is the main Pedagogical

University of Russia and,

- The Moscow City Teachers’ Training University (http://www.mgpu.ru): This is a mostly

Moscow based University.

Both Universities have Departments of Chemistry where they prepare the future teachers of
Chemistry. Prof. Nifant'ev’s colleague, Dr. Dmitrii M.Roitershtein, works in The Moscow City
Teachers’ Training University as a head of the Organic Chemistry Division. His area of scientific
expertise is the chemistry of lanthanides. At the moment they collaborate with him in preparing of
new Nd-catalysts for the polymerization of dienes. Any contacts with Dr. Dmitrii M.Roitershtein
within our project are possible, including contribution of his students in our research work. It is
planned that the High School Teacher will interact with these teachers colleges either formally or
informally in meetings to discuss possible long term relationships. At this stage the interaction with
the Teachers Colleges are informal and may involve setting up collaborative teaching interactions with
the teacher’s Cincinnati High School over the Internet. It may also be useful for the high school teacher to
discuss and compare teaching practices with his Russian counterparts. Housing for the teacher will be
arranged by Prof. Nifant’ev and the post-doctoral researcher in Moscow. The stay in Moscow will take
place in the summer and will last for about one month. A different high school chemistry teacher will be
involved each year of the project. The teachers will attend Russian language classes with other foreign
researchers in the Chemistry College of Moscow State University during the stay.

2) Nature of Teacher Activities.

The high school teacher will travel to Moscow State University in Russia and will live in a
premium dorm at the university for one month. He will participate with the undergraduate student,
graduate student and post-doctoral researcher in the synthesis of monodisperse model polymers. These
polymers will be used to understand the affect of polydispersity in molecular weight and topology on the
various characterization techniques implemented for the main catalyst development project. The high
school teacher will also interact with Prof. Nifant’ev’s group as well as the group of Prof. Beaucage and
will participate in weekly web-based videoconference concerning the project. Depending on the expertise
of the high school teacher he/she will be allowed to participate in the design of new synthesis procedures
and the types of chain microstructure that will be constructed.

The high school teacher will develop a web page and polymer synthesis teaching module for his
high school class using atom transfer radical polymerization (ATRP) of polyacrylamide which is a living
polymerization that parallels anionic polymerization but with mild reagents and being less sensitive to
water and oxygen. In Moscow he will produce polymers using ATRP that parallel in polydispersity and
molecular weights the polymers being produced for the chain microstructure study. The teaching module
will discuss the properties of polymers that are affected by chain topology. The teacher will perform
characterization of his ATRP polymers at Moscow State University and will use this information in his
teaching module.



2) Experience of the Principal Investigator

Prof. Beaucage has previously worked with a minority high school teacher from Princeton High
School in Cincinnati, Edwin Segbefia, Figure 1. Segbefia worked two summers on a project involving
synthesis of nanoparticles in flames. He interacted closely with two REU students, Stephanie Berger and
Robin Holland. Last summer Segbefia worked with these REU students on several projects including
synthesis of carbon coated titania and studies of maghemite synthesis in spray flames conducted in our
spray flame pyrolysis setup, Fig. 1b, as well as in a simple oil lamp using ethanol and ferrocene which are
inexpensive and available through Aldrich and Sigma suppliers, Fig. 2. We have developed a web based
teaching module that demonstrates the use of these simple diffusion flames to produce nano-particles that
are magnetic. Students form Princeton high school visited UC to observe electron microscopy of the
particles they produced in their high school laboratories using this module. The teaching module is
posted on the PI’s web page (http://www.eng.uc.edu/~gbeaucag/Classes/Ferrocene Burner.html).
Evaluation of the teaching module by the high school students and Segbefia was planned. A web-based
evaluation was also linked at the web page.

Figure 1. a) Greg Beaucage, Stephanie Berger (REU Stua’en, Ein Segbefia (RET Teacher), b) Spray
flame for supported gold catalysts. ¢) Graduate student Sachit Chopra with flame spray pyrolysis setup
at the Advanced Photon Source, Argonne National Laboratories.

Additionally, Edwin and Stephanie and Robin were able to go on two experimental trips to the
National Institute of Standards in Gaithersburg Maryland where they assisted in neutron scattering
measurements with the PI and a graduate student. Edwin and Stephanie also traveled to Argonne
National Laboratories Advanced Photon Source (APS) were we performed in situ x-ray scattering
(SAXS) measurements on nano-particles during formation in spray and diffusion flames. Edwin was able
to perform in situ SAXS measurements on his oil lamp setup. This data was incorporated in the web-
teaching module. It is hoped that the interaction with Edwin will enable high school students from
Princeton High School to travel to one of these national user facilities in the future to participate in these
measurements though funding for this has not yet been obtained.

Stephanie and the graduate student Sachit Chopra, Figure 1, participated in an International
Research and Education in Engineering (IREE) Project on spray flames where they stay in Zurich
Switzerland for 6 months studying reactivity of gold catalysts produced in spray flames. This project is in
collaboration with Sotiris Pratsinis and Jeroen van Bokhoven at ETH. Work at the European Synchrotron
Research Facility in Grenoble France using SAXS was also conducted during this IREE Project and
coincided with a trip by the REU student to Switzerland in the summer.

The PI has also taught at an NSF funded high school teacher-training program at Miami
University in Oxford Ohio (taught at the Middletown campus) for several summers. The focus of this
program was the development and dissemination of laboratory exercises to high school teachers for use in
their home institutions. Teachers traveled from across the US to attend classes and labs. The course was
free and teachers were provided travel funds to attend. The PI has also had an underprivileged minority
high school student as a summer intern for one summer.

3) Participant Recruitment:
The previous RET participant was found by calling a number of local high schools and requesting



for those interested. Edwin Segbefia had an unusually strong resume in that he had previously earned a
research MS degree in Physics and had done some worked towards a PhD. He had already worked at a
small synchrotron and had good lab and technical writing skills. It is unlikely that a similarly trained high
school teacher will be found for this project, but a suitable candidate will be found in a similar manner,
that is, by canvassing local high schools in a widening perimeter from the University until a reasonable
candidate is found. Preference will be given to women and minorities.

(c) (d)
Figure 2. a) Simple oil lamp burner with ethanol/ferrocene solution as fuel for high school teaching
module. b) Thermophoretic and magnetic collection of nanoparticles using a coffee can filled with cold
water and magnets for high school teaching module. c¢) Hematite nanopowder from flame spray
pyrolysis (figure 1b) at UC. d) Magnetic separation of hematite nanoparticles from water at UC as a
route to heavy metal remediation from drinking water.

4) Transfer of new knowledge to classroom activities & Follow up Plan.

There will be three main mechanisms for transfer of the RET results to the high school classroom.
a) Development of a web page teaching module for ATRP polymerization of polyacrylamide in a high
school chemistry lab. b) Web based interaction between Cincinnati high school class and Moscow State
University Teaching College. c) Visit of high school students to the University of Cincinnati to
characterize polymers made in the high school lab using NMR and IR spectroscopy.

5) Project Evaluation Reporting:

The project will be evaluated by the High School teacher with an assessment at the state to indicate
expectations and at the end of the project to assess the impact of the project on the teachers capabilities.
One year after the project the teacher will be asked to critique the program to assess the impact on
teaching at the High School as well as exposure of the students to international research in Chemistry.
The students who participate in the web based teaching module, interaction with Russian chemists and the
visit to the University of Cincinnati will be surveyed as to the value of the program.



Request for an REU Supplement (3 pages)

A Research Experience for Undergraduates (REU) supplement is requested for the
project "International Collaboration in Chemistry: New polyolefin architectures via advanced

catalysts and customized chain control agents" that will allow a US citizen or permanent
resident undergraduate engineering student to participate in this research project.

1) Overview: Description of the REU activity.

The proposed research experience for undergraduates project will involve an international
research experience where an undergraduate Chemistry or Chemical Materials Engineering
student will travel to Moscow to work in the lab of Nifant’ev assisting the graduate student and
RET teacher on anionic polymerization of model branched polymers. The research is aimed at
understanding the nature of and predicting the physical properties of branched molecular
microstructures. Housing for the undergraduate will be arranged by Prof. Nifant’ev and a post-
doctoral researcher in Moscow. The trip will take place in the summer and will last for 10
weeks. A different undergraduate will be involved each year of the project. The undergraduate
student will attend Russian language classes in the College of Chemistry at Moscow State
University with other foreign researchers.

2) Nature of Student Activities.

The undergraduate will travel to Moscow State University in Russia and will live in a dorm
at the university for 10 weeks. He/She will participate with the high school teacher, graduate
student and post-doctoral researcher in the synthesis of monodisperse model polymers. These
polymers will be used to understand the affect of polydispersity in molecular weight and
topology on the various characterization techniques implemented for the main catalyst
development project. The undergraduate will also interact with Prof. Nifant’ev’s group as well
as the group of Prof. Beaucage and will participate in weekly web-based videoconference
concerning the project.

The student will assist the high school teacher in the development of a web page and
polymer synthesis teaching module for his high school class using atom transfer radical
polymerization (ATRP) of polyacrylamide which is a living polymerization that parallels anionic
polymerization but with mild reagents and being less sensitive to water and oxygen. In Moscow
he/she will produce polymers using ATRP that parallel in polydispersity and molecular weights
the polymers being produced for the chain microstructure study. The teaching module will
discuss the properties of polymers that are affected by chain topology. The teacher will perform
characterization of his ATRP polymers at Moscow State University and will use this information
in his teaching module. The ATRP synthesis will be written up as an article for the Journal of
Chemical Education by the undergraduate and high school teacher.

2) Experience of the Principal Investigator

Prof. Beaucage has previously worked with 3 REU students and a minority high school
RET teacher from Princeton High School in Cincinnati, Edwin Segbefia, Figure 1. Segbefia
worked two summers on a project involving synthesis of nanoparticles in flames. He interacted
closely with two REU students, Stephanie Berger and Robin Holland. Segbefia worked with
these REU students on several projects including synthesis of carbon coated titania and studies of
maghemite synthesis in spray flames conducted in our spray flame pyrolysis setup, Fig. 1b, as
well as in a simple oil lamp using ethanol and ferrocene which are inexpensive and available
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through Aldrich and Sigma suppliers, Fig. 2. We have developed a web based teaching module
that demonstrates the use of these simple diffusion flames to produce nano-particles that are
magnetic. Students form Princeton high school visited UC to observe electron microscopy of the
particles they produced in their high school laboratories using this module. The teaching module
is posted on the PI’s web page (http://www.eng.uc.edu/~gbeaucag/Classes/Ferrocene
Burner.html). Evaluation of the teaching module by the high school students and Segbefia was
planned. A web-based evaluation was also linked at the web page.

E

Figure 1. a) Greg Beaucage, Stephanie Berger (REU Student), Edwin Segbefia (RET Teacher),
b) Spray flame for supported gold catalysts. ¢) Graduate student Sachit Chopra with flame

spray pyrolysis setup at the Advanced Photon Source, Argonne National Laboratories.

(c) (d)
Figure 2. a) Simple oil lamp burner with ethanol/ferrocene solution as fuel for high school
teaching module. b) Thermophoretic and magnetic collection of nanoparticles using a coffee
can filled with cold water and magnets for high school teaching module. c¢) Hematite
nanopowder from flame spray pyrolysis (figure 1b) at UC. d) Magnetic separation of hematite
nanoparticles from water at UC as a route to heavy metal remediation from drinking water.



Additionally, Edwin and Stephanie and Robin were able to go on two experimental trips
to the National Institute of Standards in Gaithersburg Maryland where they assisted in neutron
scattering measurements with the PI and a graduate student. Edwin and Stephanie also traveled
to Argonne National Laboratories Advanced Photon Source (APS) were we performed in situ x-
ray scattering (SAXS) measurements on nano-particles during formation in spray and diffusion
flames. Edwin was able to perform in situ SAXS measurements on his oil lamp setup. This data
was incorporated in the web-teaching module. It is hoped that the interaction with Edwin will
enable high school students from Princeton High School to travel to one of these national user
facilities in the future to participate in these measurements though funding for this has not yet
been obtained.

Stephanie and the graduate student Sachit Chopra, Figure 1, participated in an
International Research and Education in Engineering (IREE) Project on spray flames where they
stay in Zurich Switzerland for 6 months studying reactivity of gold catalysts produced in spray
flames. This project is in collaboration with Sotiris Pratsinis and Jeroen van Bokhoven at ETH.
Work at the European Synchrotron Research Facility in Grenoble France using SAXS was also
conducted during this IREE Project and coincided with a trip by the REU student to Switzerland
in the summer.

The PI has also taught at an NSF funded high school teacher-training program at Miami
University in Oxford Ohio (taught at the Middletown campus) for several summers. The focus
of this program was the development and dissemination of laboratory exercises to high school
teachers for use in their home institutions. Teachers traveled from across the US to attend
classes and labs. The course was free and teachers were provided travel funds to attend. The PI
has also had an underprivileged minority high school student as a summer intern for one
summer.

3) Participant Recruitment:

Undergraduates will be recruited via an advertisement placed on the PI’s web page and
the PI will place fliers around campus indicating that this research position is open for the
summer. Announcements will also be made in classes taught by the PI. In the past it has not
proven difficult to locate undergraduate students interested in this work. The main criterion will
be for a student interested in pursuing graduate education who has interest in chemical synthesis
and catalysis and some inclination towards experimental work. It will be attempted to locate a
student with some knowledge of Russian. Other criteria will be for female and minority students
and students with a background suitable for a graduate program in Chemical or Materials
Engineering. All 3 of the REU students Prof. Beaucage has had were women and one a
minority. Beaucage has also had a number of minority and women students work on senior
projects.

4) Transfer of new knowledge to classroom activities & Follow up Plan.

The REU project will be assessed by an exit survey of the undergraduate and by the
delivery of a manuscript for the research work. The manuscript will pertain to an article for the
Journal of Chemical Education focusing on ATRP polymerization and polymer chain
microstructure. It is expected that the undergraduate will present the summer work at the
American Chemical Society National Meeting in August. This meeting trip will be funded by
funds available for undergraduate researchers at the University of Cincinnati.



Sandor Nagy, Ph.D.
LyondellBasell Industries
11530 Northlake Drive
Cincinnati, OH 45249
Phone: 513.530.4220

January 28, 2010

Dear Sir or Madam,

lyondellbasell

I intend to collaborate as a non-funded participant in the project, “New polyolefin architectures

via advanced catalysts and customized chain control agents”, being submitted by Prof.. Greg

Beaucage at the University of Cincinnati. We hope to work with Beaucage in the development

of exciting new approaches toward polyolefins with unique macrostructures.

I plan to spend a considerable amount of my time (up to 8 hours per week, depending on project

needs) on developing computational based approaches toward rational design of new catalytic

systems supporting this project, as well as supervise polymerization procedures to prepare

polymer samples for Prof. Beaucage’s structural studies.

Sincerely,

Sk

]

Sandor Nagy, Ph.D.

Fax. 1.513.530.4268
www.lyondellbasell.com
A Lyondell Company

Equistar Chemicals, LP
11530 Northlake Drive

Cincinnati, OH 45249
Ph. 1.513.530.4000



Sandor M. Nagy

Senior Research Scientist

Equistar Chemicals, a LyondellBasell Industries Company
Cincinnati Technology Center

e-mail: sandor.nagy@lyondellbasell.com

Cincinnati Office: Morris Office: Home:

11530 Northlake Dr. 8805 North Tabler Rd. 516 Stanhope Ct.
Cincinnati, OH 45249 Morris, IL 60450 Naperville, IL 60565
Phone: 513-530-4220 Phone: 815-942-7421 Phone: 630-848-0180

Fax: 815-942-7422
Education

1979  St.Petersburg (Leningrad) University, St.Petersburg, Russia; M.S. Organic Chemistry:
Advisor A.P.Molchanov. Reactivity of Unsaturated Carbenes.

1985 Novosibirsk Institute of Organic Chemistry, Russian Academy of Sciences, Novosibirsk,
Russia; Ph.D. Physical Organic Chemistry: Advisor G.l.Borodkin. Rearrangement of
Carbonium lons in Crystalline State.

Employment

Equistar Chemicals, a LyondellBasell Industries Company, Cincinnati, OH. Senior Research
Scientist, Catalyst Group, 1998-present.

Occidental Chemical Co., Grand Island, NY. Research Scientist, Research and Technology
Center, 1992-1998.

Novosibirsk Institute of Organic Chemistry, Russian Academy of Sciences, Novosibirsk, Russia.
Research Associate, Laboratory of Mechanisms of Organic Reactions. 1979-1992.

Other Experience and Memberships

1992-present  American Chemical Society
1989-1992 Lecturer at Novosibirsk State University (Organic Chemistry)

Research Interests

Mechanisms of catalytic processes; rational design of complex chemical systems; industrial
catalytic processes; applied computational chemistry.

Patents (last 5 years) — from 74 allowed US Patents, more than 10 pending applications.

US 7,638,584 (2009) Nagy, S.; Tsuie B.M.; Clemons R.J. - Olefin polymerization process

US 7,473,745 (2009) Chandrashekar, V.; Mack M.P.; Gates C.H.; Holland, C.S.; Nagy, N., Nagy,
S.; Vargas, E.S., Merrick-Mack, J.A. — Preparation of multimodal polyethylene

US 7,189,675 (2007) Nagy, S — Olefin polymerization catalyst on plasma-contacted support

US 7,144,964 (2006) Nagy, S.; Mack, M.P. — Solution polymerization process utilizing
preassembled bimetallic Ziegler-Natta catalysts

US 7,122,497 (2006) Nagy, S.; Tsuie, B. — Olefin polymerization catalyst system

US 7,091,291 (2006) Nagy, S. — Olefin polymerization process

US 7,078,362 (2006) Nagy, S. — Carbene donor modified Ziegler Natta catalysts

US 7,049,262 (2006) Nagy, S.; Johnson, K.W. — Cryogenic method for forming supported
catalysts

US 7,026,415 (2006) Nagy, S.; Tsuie, B.M. — Clatrochelates as olefin polymerization catalyst
components

US 7,005,489 (2006) Nagy, S.; Mack, M.P. — Zwitterionic metallacycles

US 6,998,451 (2006) Nagy, S.; Neal-Hawkins, K. — Olefin polymerization process

US 6,995,216 (2006) Winslow, L.N. — Process for manufacturing single-site polyolefins



US 6,984,499 (2006) Nagy, S. — Olefin polymerization catalysts based on hydroxyldepleted
calicarene ligands

US 6,982,305 (2006) Nagy, S. — Olefin polymerization in the presence of a dehydrogenation
catalyst

US 6,958,377 (2006) Nagy, S. — Olefin polymerization process

US 6,933,354 (2005) Lynch, M.W.; Meverden, C.C.; Nagy, S.; Neal-Hawkins, K.L. —
Aluminoboronate activators for single-site olefin polymerization catalysts

US 6,908,972 (2005) Tsuie, B.M.; Neal-Hawkins, K.L.; Nagy, S.; Lynch, M.W.; Mack; M.P.; Wang,
S.; Merrick-Mack, J.A.; Lee, C.A.; Mutchler, J.A.; Johnson, K.W. — Method for making
polyolefins

US 6,884,749 (2005) Neal-Hawkins, K.L.; Nagy S.M.; Sartain, W.J.; Gupte, K.; Johnson, K.W. —
Supported catalysts which reduce sheeting in olefin polymerization

US 6,875,829 (2005) Nagy, S. — Single-site catalysts containing chelating N-oxide ligands

US 6,841,500 (2005) Nagy, S.; Tsuie, B.M.; Sartain, W.J. — Bimetallic indenoindolyl catalysts

US 6,838,410 (2005) Wang, S.; Lee, C.C.; Mack, M.P.; Hlatky, G.G.; Nagy, S.; Tsuie, B.M,;
Meverden, C.C. — Catalysts for making polyolefins

Selected Research Papers — from 15 peer reviewed publications

Modeling and catalytic performance of group 4 metal complexes with anionic heteroatomic
ligands - Nagy, Sandor M.; Mack, Mark P.; Hlatky, Gregory G.; ACS Symposium Series
(2003), 857(Beyond Metallocenes), 76-85.

Intramolecular borylation reaction catalyzed by Lewis acid: preparation of 1H-2,1-benzazaborole
derivatives - Genaev, Alexander M.; Salnikov, Georgii E.; Shubin, Vyacheslav G.; Nagy,
Sandor M.; Chemical Communications (Cambridge) (2000), (17), 1587-1588.

Silica-supported zirconocene catalysts: Preparation, characterization and activity in ethylene
polymerization - Moroz, Boris L.; Semikolenova, Nina V.; Nosov, Andrey V.; Zakharov,
Vladimir A.; Nagy, Sandor; O'Reilly, Neil J.; Journal of Molecular Catalysis A: Chemical
(1998), 130(1-2), 121-129.

Selectivity of nitration reactions of aromatic compounds on zeolites H-Y and H-ZSM-11 - Nagy,
Sandor M.; Yarovoy, Konstantin A.; Shubin, Vyacheslav G.; Vostrikova, Lidiya A. - Journal of
Physical Organic Chemistry (1994), 7(7), 385-93.

On the nature of zeolite catalyst effect on the selectivity of toluene nitration by acyl! nitrates.
Nagy, S. M.; Yarovoy, K. A.; Vostrikova, L. A.; lone, K. G.; Shubin, V. G. - Studies in Surface
Science and Catalysis (1993), 75(New Frontiers in Catalysis, Pt. B), 1669-72.

Nitration of aromatic compounds with benzoyl! nitrate on zeolites - Nagy, S. M.; Yarovoi, K. A.;
Shakirov, M. M.; Shubin, V. G.; Vostrikova, L. A.; lone, K. G.; Journal of Molecular Catalysis
(1991), 64(3), L31-L34.

Carbonium ion rearrangement in the crystalline state: isokinetic phase point - Borodkin, G. 1.;
Nagy, S. M.; Mamatyuk, V. I.; Shakirov, M. M.; Shubin, V. G.; Journal of the Chemical Society,
Chemical Communications (1983), (24), 1533-5.

Collaborators (Last 5 Years)

Prof. |.LE.Nifant’ev Moscow State University, Russia; Development of post-metallocene
catalysts;

Dr. S.Mihan Basell GmbH, Frankfurt, Germany; Development of polymerization
catalysts;

Dr. G.Morini Basell Poliolefine Italia S.r.l., Ferrara, Italy; Development of Ziegler-Natta
systems;

Prof. V.G.Shubin Novosibirsk Institute or Organic Chemistry, Russian Academy of

Sciences, Novosibirsk, Russia; Development of new ligands;
Prof. J.M.Caruthers Purdue University, School of Chemical Engineering; West Lafayette, IN;
Modeling of complex chemical systems.



VASSILIOS GALIATSATOS, PhD
Fellow of the Society of Plastics Engineers

EDUCATION

1986

1986

1982

Ph.D. in Polymer Science (Div. of Physical Chemistry)
THE UNIVERSITY OF CINCINNATI, Cincinnati, OH.
Advisor: J.E. Mark

Masters of Science Degree in Chemistry

THE UNIVERSITY OF CINCINNATI, Cincinnati, OH.
Advisor: J.E. Mark

Bachelor of Science Degree in Chemistry

THE UNIVERSITY OF THESSALONIKI - GREECE.

PROFESSIONAL EXPERIENCE

2001 to present Consulting Researcher — LyondellBasell Industries

Cincinnati, OH

2000 to 2001 Staff Scientist — Abbott Labs
Ashland, OH

1996 to 2000 Staff Scientist — Huntsman Polymers Corp.
Odessa, TX

1990 to 1996 Assistant Professor - Polymer Science

The University of Akron, Akron, OH

1988 to 1990 Senior Research Physicist

Goodyear Tire and Rubber Co., Akron, OH

1986 to 1988 Postdoctoral Research Associate - Chemistry

The University of Washington, Seattle, WA

1982 to 1986 Research Assistant - Chemistry

The University of Cincinnati, Cincinnati, OH.

PROFESSIONAL AWARDS AND HONORS

2007

2007
2007

2006
2004
2004
2001
1999
1996
1995

1995

Appointed Vice-President and Member of the Executive Committee — Society
of Plastics Engineers

International Councilor Service Award — Society of Plastics Engineers
Elected General Operating Chair for ANTECO07 Conference — Society of
Plastics Engineers

Recipient of Sparks-Thomas Award for innovation in research — Rubber
Division — American Chemical Society

International Councilor Service Award — Society of Plastics Engineers
Elected Technical Program Chair for ANTEC04 Conference

Elected as a Fellow Member of the Society of Plastics Engineers

Division Chairman - Polymer Analysis Division, Society of Plastics Engineers
Outstanding Service Award - Polymer Analysis Division, Society of Plastics
Engineers

Induction by the University of Akron into the American Society of Patent
Holders as a Distinguished Corporate Inventor

Outstanding Service Award - Polymer Analysis Division, Society of Plastics



VASSILIOS GALIATSATOS, PhD

Fellow of the Society of Plastics Engineers

Engineers

1990 Academic Challenge III Award Faculty position - Ohio Board of Regents

SERVICE TO THE PROFESSION

1994 to 1997

1994 to present
1991 to present

1990 to 1996
1987 to present

PATENTS
1994

1995

2003

Review panel member for NIH Research (1994: NIDR Centers of
Excellence; 1995: SBIR Phase I)

Board of Directors - International Polymer Networks Group
Board of Directors — Polymer Analysis Division, Society of
Plastics Engineers

Editorial Board, Chemical Design and Automation

Reviewer for Macromolecules, Journal of Polymer Science -
Physics, Polymer (London), Rubber Chemistry and Technology,
Journal of the American Chemical Society, European Polymer
Journal, Journal of Computational Polymer Science

Reviewer for National Science Foundation, National

Research Council, Petroleum Research Fund (ACS)

US PATENT 5,376,738 on molecular reinforcement of
silicone elastomers

U.S. PATENT 5,676,972 on controlled release formulations
of polymer gels

U.S. PATENT 6,599,987 on water-soluble, curable
copolymers, methods of preparation and uses thereof

BUSINESS CONSULTING

1990 to 1996

Americhem - Akron, OH - on polymer characterization

Bicron Corp. - Newbury, OH - on silicone rubber fundamentals
Biosym Technologies Corp. - San Diego, CA - on polymer
modeling

Kumbho Tire Co. - South Korea — on rubberlike elasticity

Lord Corp. - Cary, NC — on polymer networks

Owens Corning Fiberglas Corp. - Granville, OH — on polymer
modeling

Raychem Corp. - Menlo Park, CA — on polymer modeling

2 PUBLICATIONS OF 43

Galiatsatos, V., Editor “Molecular Simulation Methods for Predicting

Polymer Properties” — Wiley Interscience - 2005
Galiatsatos, V. “Optical Properties of Polymers” — Encyclopedia of

Polymer Science and Engineering — Wiley — 2003 (updated in 2006)



Dr. Marc Oliver Kristen
Lyondellbasell Industries
Basell Polyolefine GmbH
Catalyst Systems
Industriepark Hochst
Building E 413

65926 Frankfurt

Germany

10/1986 — 08/1992  Study of Chemistry at University of Bielefeld
09/1989 — 05/1990  Study at University of Michigan, Ann Arbor, USA
09/1992 — 02/1995  Research for doctoral thesis in Organometallic Chemistry at University
of Bielefeld in the group of Prof. Jutzi
01/1994 — 04/1994  Research at University of North Carolina, Chapel Hill, USA in the
group of Prof. Brookhart
02/1995 “Dr. rer. nat.” at University of Bielefeld.
03/1995 — 12/2001  BASF Aktiengesellschaft:
Research chemist at Polymer Laboratory.
Major fields of interest:
Development of supported metallocene catalysts for polyethylene
Catalytic emulsion polymerisation of polyolefins in water
High throughput experimentation of polymerization catalysts
01/2002 — present  Basell Polyolefine GmbH:
Head of High Throughput Experimentation: Responsible for entire

Basell’'s HTE activities

Author of more than 50 patents and patent applications. Referee for major chemical journals
and the German Ministery of Education and Research. Mutiple invited oral presentations at
major international conferences in the areas of organometallic chemistry, polymerization

catalysis and high throughput experimentation.



Surname(s) / First name(s) Fabrizio Piemontesi

Address(es) Via Santa Margherita 92F, 1-44100, FERRARA, Itly
Telephone(s) Office + 39 532-467724

Nationality Italian

Date of birth 6th April 1960

Gender Male

Work experience:

October 2000 —

Occupation or position held: Responsible of Research Laboratory

Basic Research studies on heterogeneous Ziegler-Natta Catalysts (MgCI2 based). Cooperation in
the development of new catalysts. Studies of 1-olefin homo and copolymerization with
Heterogeneous ZN and Metallocene based catalysts

Name and address of employer: Basell Poliolefine Italia , “Giulio Natta” R&D Center; Piazzale
Donegani 12 — Ferrara

April 1996 - October 2000

Occupation or position held: Responsible of Research Laboratory

Studies of homo and copolymerization of 1-olefin with metallocene based catalysts.
Polymerization mechanisms Statistical modelling of homo and copolymerization

Name and address of employer ~ Montell Italia, “Giulio Natta” R&D Center; Piazzale
Donegani 12 — Ferrara Type of business or sectors

March 1989 - April 1996

Occupation or position held: Researcher

Synthesis and reactivity of Zirconium metallocenes for 1-olefin copolymerization

Himont “Guido Donegani” R&D Center Novara (up to December 1991) and “Giulio Natta”
R&D Center; Piazzale Donegani 12 — Ferrara (from January 1992)

Education and training

October 1979 — October 1986 Title of qualification awarded: Italian Laurea in Chemistry

Organometallic Chemistry, Spectroscopy. Thesis on “Synthesis and characterization of metallic
complexes of aminoacid Schiff’s basis” under the supervision of Prof. Luigi Casella

Universita di Milano 109/110

Mother tongue(s) Italian

Other language(s) Self-assessment European level (*) English, French

Teaching experiences

Contract professor in University of Ferrara (3 years of a full year course in polymerization) and
University of Padova (6-10 hours course during 6 years) Lecturer and Final Thesis Tutor in
Master Course in cooperation with Universities of Ferrara and Rome

Organic and Organometallic Chemistry (University) 13C NMR of polyolefins (interaction and
cooperation with internal NMR experts) Use of Markovian models for the study of homo
and copolymerization reaction Setup of polymerization experiments Knowledge of the
main structure-properties relationships in polyolefininic materials



Recent Publications

Co-author of about 41 papers

h-index = 9 (evaluated with “Harzing, A.W. (2009) Publish or Perish, version (2.8.3644),
available at www.harzing.com/pop.ht”)

Key Elements in the Structure and Function Relationship of the MgCl,/TiCls/Lewis Base
Ziegler—Natta Catalytic System, Andrea Correa, Fabrizio Piemontesi, Giampiero Morini,
and Luigi Cavallo Macromolecules, 2007, 40 (25), pp 9181-9189.

Cl-symmetric heterocyclic zirconocenes as catalysts for propylene polymerization, 1: Ansa-
zirconocenes with linked dithienocyclopentadienyl-substituted cyclopentadienyl ligands.
Nifant'ev, Ilya E.; Laishevtsev, Ilya; Ivchenko, Pavel V.; Kashulin, Igor A.; Guidotti,
Simona; Piemontesi, Fabrizio; Camurati, Isabella; Resconi, Luigi; Klusener, Peter A. A.;
Rijsemus, Jos J. H.; de Kloe, Kees P.; Korndorffer, Frans M Macromolecular Chemistry
and Physics 2004, 205(17), 2275-2291.

C2-symmetric zirconocenes for high molecular weight amorphous poly(propylene).  Balboni,
Davide; Moscardi, Gilberto; Baruzzi, Giovanni; Braga, Vittorio; Camurati, Isabella;
Piemontesi, Fabrizio; Resconi, Luigi; Nifant'ev, Ilya E.; Venditto, Vincenzo; Antinucci,
Simona. Macromolecular Chemistry and Physics 2001, 202(10), 2010-2028.

Selectivity in Propene Polymerization with Metallocene Catalysts. ~ Resconi, Luigi; Cavallo,
Luigi; Fait, Anna; Piemontesi, Fabrizio. Chemical Reviews (Washington, D. C.) 2000,
100(4), 1253-1345.

A New Class of Isospecific, Highly Regiospecific Zirconocene Catalysts for the Polymerization
of Propene.  Resconi, Luigi; Piemontesi, Fabrizio; Camurati, Isabella; Sudmeijer, Olof;
Nifant'ev, Ilya E.; Ivchenko, Pavel V.; Kuz'mina, Lyudmila G. Journal of the American
Chemical Society 1998, 120(10), 2308-2321.

Recent Patents

Co-inventor of about 25 patents in the field of metallocenes and Ziegler Natta catalytic systems
for the synthesis of polyolefins,

- US2009326156 (A1) - 2009-12-31 Process for the preparation of a catalyst component and
components therefrom obtained

- US2007021295 (A1) - 2007-01-25 Butene-1 (Co)Polymers Having Low Isotacticity -
US2008004409 (A1) - 2008-01-03
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The project "International Collaboration in Chemistry: New polyolefin architectures via
advanced catalysts and customized chain control agents" will involve significant interaction
with LyondellBasell Industries. A draft research agreement is included as a supplement
in keeping with requirements in other NSF industry/academic collaborative programs
such as the GOALI program. If the project is funded a signed research agreement will
be negotiated prior to NSF funding to ensure protection of intellectual property and to
allow open scientific discourse between the industrial and academic scientists involved
in the work. This draft agreement was written by Prof. Beaucage and is currently under
consideration and significant modification by the legal counsel of LyondellBasell Industries.

DRAFT INDUSTRIAL RESEARCH AGREEMENT

THIS RESEARCH AGREEMENT made and effective as of the date of last signing (herein the “Effective
Date”) by and between LYONDELLBASELL INDUSTRIES, 1221 McKinney Street, Suite 700,
Houston, Texas 77010 on behalf of its subsidiary Equistar Chemicals LP, (herein “Sponsor”), a for-
profit corporation, and the UNIVERSITY OF CINCINNATI, a state institution of higher education
organized under Section 3361 of the Ohio Revised Code, (herein “UC)” on behalf of the College of
Engineering, Department of Chemical & Materials Engineering having an office at University Hall, Suite
530, 51 Goodman Drive, Cincinnati, Ohio 45221-0222.

WHEREAS, the research program contemplated by this Agreement is of mutual interest and benefit to UC
and to the Participant, and will further the instructional and research objectives of UC in a manner consistent
with its status as a nonprofit, tax-exempt, educational institution,

NOW, THEREFORE, the parties hereto agree as follows:

1. STATEMENT OF WORK. UC agrees to use its reasonable efforts to perform the research
program (herein the “Research Program”) as set forth in Exhibit A.

2. PRINCIPAL INVESTIGATOR. Gregory Beaucage, Ph.D. will supervise the research. If, for any
reason, that person is unable to continue to serve as Principal Investigator, Participant and UC shall
attempt to find a successor acceptable to both parties. If such a successor is not available, this
Agreement shall be terminated as provided in Article 6.

3. PERIOD OF PERFORMANCE. The research shall be conducted during the period beginning on
the 9/01/10 and ending on 8/31/13 (herein the “Termination Date”) and will be subject to renewal
only by mutual agreement of the parties.

4. REIMBURSEMENT OF COSTS. No costs are expected from this agreement.
6. EARLY TERMINATION.
A. Should UC breach this Agreement or become unable to perform hereunder, Participant shall
have the right to terminate this Agreement. Participant shall notify UC of its intention to do

so, and termination shall become effective sixty (60) days thereafter if UC is unable to cure
the breach or rectify the problem.
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B. Either party may terminate this Agreement upon thirty (30) days written notice to the
other party.

7. REPORTS AND CONFIDENTIAL INFORMATION

A. From time to time during the term of this Agreement, UC will provide Participant with
written summaries of research progress. A final report will be provided at completion.

B. As used herein, “Confidential Information” shall mean information, know-how, samples,
drawings or data, technical or non-technical, relating to the Research Program, that
originates with either party, is disclosed or provided to the other and is clearly labeled as
“Confidential”. If disclosed orally, the Confidential Information shall be promptly reduced
to written form and labeled as “Confidential”. The recipient may use the originator’s
Confidential Information for purposes of this Agreement, but agrees neither to use for any
other purpose nor to disclose or provide such Confidential Information to any third party at
any time during the term of this Agreement or thereafter, except as follows:

1. To the extent that such Confidential Information was known to the recipient from
sources other than the originator prior to its disclosure hereunder, and this is
demonstrably documented in written records made by recipient prior to such
disclosure; or

2. To the extent that such Confidential Information in fact is public knowledge prior to
or after its disclosure, other than through acts or omissions attributable to the recipient; or

3. To the extent that such Confidential Information was disclosed or provided to the
recipient by a third party who did not derive such information from the originator;
or

4, To the extent required by law, if a request is received under the Ohio Open
Records Act, UC shall notify Participant in advance of releasing any Confidential
Information.

C. Each recipient specifically agrees not to export or re-export any information and/or technical
data and/or products in violation of any applicable USA laws and/or regulations.

D. Each recipient will retain control of Confidential samples received hereunder and will not
provide them to parties who are not bound by this Agreement.

8. PUBLICATIONS. UC reserves the right to publish the results of its research performed hereunder.
Before publishing, however, UC agrees to submit copies of any manuscript proposed for publication
to Participant at least Thirty (30) days in advance of the presentation or publication date, and if
Participant does not ask to defer publication within Thirty (30) days after receipt of the manuscript so
that patent applications may be filed, UC may proceed with publication. In the event Participant asks
to defer publication, UC shall not publish or otherwise disclose to any third party any of the
information contained in the manuscript until such time as a patent application has been filed or the
expiration of Sixty (60) days after the date of submission of the manuscript to Participant, whichever
occurs first.



SRS# SAP#

01-2010

9.

INTELLECTUAL PROPERTY.

A.

Subject to Section 3345.14 of the Ohio Revised Code, title to any discovery or invention
conceived or first reduced to practice in the performance of the research program, herein
“Project Invention,” shall be assigned to UC if all of the inventors are UC employees; shall
be assigned jointly to Participant and UC if the inventors include employees of both parties;
and shall be assigned to Participant if all the inventors are employees of Participant.

If Participant asks UC to file patent applications on a Project Invention, Participant agrees to
pay the costs of filing, prosecution and maintenance of the resulting patent application(s) and
patents maturing therefrom. Participant shall notify UC of those foreign countries in which
it desires a license, in sufficient time for UC to satisfy the patent law requirements of that

country.

If UC asks Participant to pay for the filing, prosecution or maintenance of a patent
application or patent on a UC Project Invention, and Participant refuses, Participant’s option
rights with respect to such patent application or patent shall terminate immediately.

In consideration for research support and patent expenses received hereunder, UC grants to
Participant an option (herein “the Option™) to acquire a license to any UC Project Invention,
including any patent applications and patents resulting therefrom, according to the terms and
conditions set forth herein.

(1) The Option will expire on the Termination Date of this Agreement.

2) Participant may exercise the Option by written notice to UC at any time prior to its
expiration declaring Participant’s intent to negotiate a license agreement with UC
(herein the “License Agreement”). The parties shall begin to negotiate in good faith
toward execution of the License Agreement under commercially reasonable terms
within Sixty (60) days after receipt by UC of written notification by Participant.

3) Participant agrees promptly to notify UC in writing at any time during the Option
Period if Participant determines not to exercise the Option, and further agrees to
provide UC in reasonable detail in writing the basis for such determination. The
Option shall expire immediately on such notification.

Title to any copyrights or copyrightable material first produced in the performance of the
Research Program shall remain with UC. UC shall grant to the Participant an irrevocable,
royalty-free, non-transferable, non-exclusive right and license to use and reproduce all such
copyrightable materials, including computer software and its documentation specified to be
developed and delivered under the Statement of Work, for Participant’s internal (non-
commercial) purposes. UC further grants to Participant an option to negotiate a
non-exclusive (or exclusive subject to third party rights, if any) royalty-bearing license to
use, reproduce, display, distribute, and perform such computer software and its
documentation for commercial purposes, such option to expire on the Termination Date.
Computer software for which a patent application is filed shall be subject to paragraphs A-D
above.
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10.

11.

12.

13.

14.

F. Tangible Research Property (herein”TRP”) is defined for purposes of this Agreement as
tangible (or corporeal) items produced in the course of research projects supported by UC
or by external participants. TRP includes such items as: biological materials, engineering
drawings, computer software, integrated circuit chips, computer databases, prototype
devices, circuit diagrams, equipment. In the event that Subcontractor elects to establish
property rights other than patents to any TRP developed during the course of the research,
Subcontractor and UC will determine the disposition of rights to such property by separate
agreement. UC will, at a minimum, reserve the right to use and distribute TRP for
non-commercial research purposes.

G. All licenses granted pursuant to this Article 9 become effective as of the date the parties sign
a subsequent license agreement.

USE OF NAMES. Neither party will use the name of the other in any advertising or other form of
publicity without the written permission of the other.

ANIMAL AND HUMAN STUDIES. Any use of human subjects or live, vertebrate animals in the
performance of research hereunder shall comply with all applicable laws and government

regulations.

NOTICES. Any notices required to be given or which shall be given under this Agreement shall be
in writing delivered by first class mail (air mail if not domestic) addressed to the parties as follows:

UNIVERSITY OF CINCINNATI SPONSOR

Deborah Galloway, Executive Director,

Sponsored Research Services LYONDELL INDUSTRIES
University Hall, Suite 530 Equistar Chemicals LP

51 Goodman Drive Technology Center
University of Cincinnati 11530 Northlake Drive

P.O. Box 210222 Cincinnati, OH 45249

Cincinnati, Ohio 45221-0222

Phone: (513) 556-2873 Phone:
Fax: (513) 556-4346 Fax:
E-mail: Deborah.Galloway@uc.edu E-mail:

In the event notices, statements, and payments required under this Agreement are sent by certified or
registered mail by one party to the other party at its above address, they shall be deemed to have been
given or made as of the date so mailed, otherwise as of the date received.

ASSIGNMENT. This Agreement shall be binding upon and shall inure to the benefit of the parties
hereto and the successors to substantially the entire business and assets of the respective parties
hereto. This Agreement shall not be assignable by either party without the prior written consent of
the other party.

GOVERNING LAW. The validity and interpretation of this Agreement and the legal relation of the
parties to it shall be governed by the laws of the State of Ohio and the United States.
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19.
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GOVERNING LANGUAGE. In the event that a translation of this agreement is prepared and
signed by the parties for the convenience of the participant, this English language version shall be the
official version and shall govern if there is a conflict between the two.

EXPORT CONTROLS. It is understood that UC is subject to United States laws and regulations
controlling the export of technical data, computer software, laboratory prototypes, and other
commodities, and that its obligations hereunder are contingent on compliance with applicable U.S.
export laws and regulations (including the Arms Export Control Act, as amended, and the Export
Administration Act of 1979). The transfer of certain technical data and commodities may require a
license from the cognizant agency of the United States Government and/or written assurances by the
Participant that the Participant will not re-export data or commodities to certain foreign countries
without prior approval of the cognizant government agency. While UC agrees to cooperate in
securing any license which the cognizant agency deems necessary in connection with this
Agreement, UC cannot guarantee that such licenses will be granted.

FORCE MAJEURE. UC shall not be responsible to the Participant for failure to perform any of
the obligations imposed by this agreement, provided such failure shall be occasioned by fire, flood,
explosion, lightning, windstorm, earthquake, subsidence of soil, failure or destruction, in whole or in
part, of machinery or equipment or failure of supply of materials, discontinuity in the supply of
power, governmental interference, civil commotion, riot, war, strikes, labor disturbance,
transportation difficulties, labor shortage, or any cause beyond the reasonable control of UC.

WARRANTY DISCLAIMER. Nothing in this Agreement shall be construed as:
A. A warranty or representation by UC as to the validity or scope of any patent.
B. A warranty or representation that anything made, used, sold or otherwise disposed of under

any license that may be granted upon exercise of the Option is or will be free from
infringement of patents, copyrights and trademarks of third parties;

C. An obligation to bring or prosecute actions or suits against third parties for infringement;

D. Conferring rights to use in advertising, publicity or otherwise any trademark or the name of
UC; or

E. Granting by implication, estoppel or otherwise any licenses under patents of UC other than

patent(s) identified herein, regardless whether such other patents are dominant or

subordinate to any such patent(s).
Except as expressly set forth in this Agreement, UC MAKES NO REPRESENTATIONS AND
EXTENDS NO WARRANTIES OF ANY KIND, EITHER EXPRESS OR IMPLIED. THERE
ARE NO EXPRESS OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE, OR THAT THE USE OF THE LICENSED PRODUCT WILL
NOT INFRINGE ANY PATENT, COPYRIGHT OR TRADEMARK OR OTHER RIGHTS.
ENTIRE AGREEMENT. Unless otherwise specified, this Agreement embodies the entire
understanding between UC and the Participant for this project, and any prior or contemporaneous
representations, either oral or written, are hereby superseded. No amendments or changes to this
Agreement, including without limitation, changes in the statement of work, total cost, and period of
performance, shall be effective unless made in writing and signed by authorized representatives of the parties.

By signature below of duplicate originals, Participant and UC hereby agree to this Sponsored Research
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dopma 35

35.1.1. Ha3BaHue npoeKTa (Ha PyCCKOM si3bIKe)
«Ilonuonegunvt c HO60I apxumeKmypoil: cuHme3 ¢ UCHOIb306AHUEM COBPEMEHHBIX
nepeoosvix Kamaau3amopos u CReyUaIbHbIX A2eHMO08 KOHMPOJIA POCHA Yenuy»

35.1.2. Ha3BaHue npoexTa (Ha aHIJIMHCKOM SI3bIKE)
“New polyolefin architectures via advanced catalysts and customized chain control agents”

35.2. ®ynapaMeHTAIbHAA HAYYHasi MPo0JeMa, Ha pelleHre KOTOPOH HAaNpaBJieH MPOEeKT

CunTe3 ¥ Mccie/l0BaHue 110J110JIe)MHOB

[MonmuoneguHbI — MIACTUKH, MPOTPECC B MPOHM3BOJCTBE W M3YUYCHHU KOTOPBIX CETOIHS
HepeXUBAET HACTOALIMM OyM. [ JTaBHBIMM IpeuMyIecTBaMHU MOJHOJIE()UHOB SIBISETCS HU3Kas
[IEHa MCXOIHBIX MOHOMEpPOB, TAKMX KaK ITWJICH, MPONIIEH U OyTeH-1, a Takxke MUpOYaliIni
CHEKTp MPHJIOKEHUH 3TUX MOoIMMepoB. B HacTosmee Bpemst Hanbosee maciuTaOHbIMU chepamu
NPUMEHEHHUS TTOJINOJIC(PUHOB SBIISIOTCS MPOU3BOJCTBO IUICHOK, TPYO, pasHOOOpa3HOM Taphl U
YIaKOBKH, AeTanell A aBTOMOOMJIBHON MPOMBIIIJIEHHOCTH U J1a)Ke MEAULUHCKUE MaTepuallbl.
BHenpenune Bce HOBBIX M HOBBIX MAapOK TOJHOJIEHUHOB C OCOOBIMH CBOWCTBAMH UPE3BBIYAiHO
BOCTpeOOBaHO oOmiecTBOM, Onaronaps dYeMy B Hamle BpeMs o00beM INPOU3BOICTBA
nonuoneduHoB npesbimaer 100 MIH. TOHH B TOJ UM YBEPEHHO ONEPEKaeT CyMMapHBIH 00beM
IPOM3BOJICTBA BCEX JPYTUX IIACTUKOB.

[Mocnennue necsaTuaeTrs 03HAMEHOBAIIMCH MTPOTPECCOM B JIBYX Ba)KHBIX HAIIPABIICHHSIX.

- Bo-mepBbIX, ObLIM CO3/aHBl CYNNOPTUPOBAaHHbIE Ha XJIOPHAE MarHus MHOTOLICHTPOBBIE
karanuzatopel Llurnepa-Harra [1-3]. AnexBatHbiii 1oA00p BHYTPEHHUX M BHEIIHUX JIOHOPOB
JUI  TaKUX CHCTEM TIO3BOJISIET KOHTPOJMPOBATH AKTUBHOCTH M CTEPEOCETEKTHBHOCTD
KaTajau3aToOpOB.

- Bo-BTOpBIX, OB OTKPBITHI MOHOIICHTPOBBIE (Single-site) BHICOKOMPOU3BOIUTENBHBIC
KaTaJIn3aTOPbl, KOTOPBIE TO3BOJIAIOT TOJYyYaTh pazHOOOpa3Hbie MONHONeUHBI (MTOTUITUIICHBL,
HOJIUIPOIUIIEHBI, MOJUOYTEHbI U T.JA.) C Y3KUM MOJEKYJSPHO-MAacCOBBIM paclpeieieHueM U
YHUKQJIBHOW  MHKpOCTpyKTypoi. CHayala  OIMPOKOE  paclpOCTPaHUCHHE  TIOYYHIIH
METAJUIOLICHOBBIE  KaTajiu3aTopbl,  MpeAcTaBisomue  co0OW  IMKIIONEHTaJAueHUIbHbIC
KOMIUIEKCHI, Kak mpaBuiio, Ti, Zr u Hf [4]. B mociennune HECKOJIBKO JIET MHTEPEC CMEIIAETCA C
METAJUIOLICHOBBIX Ha IOCTMETAJUIOLCHOBBIE KaTalu3aTopbl, KOTOpbIE B HACTOALIEE BpeMs
NPEICTaBISIIOT COOO0M «elie He OCBOSHHYIO TEPPUTOPHIO» H, TIOATOMY, NPUTATHBAIOT BHUMAaHHE
uccieoBaTesnei.

O6a Tuma KaTtamu3aTOPOB OBUIM KOMMEPIHUATH3UPOBAHBI, HO UX MPUMEHEHHE HMEET
OUYCBUJIHBIC OTpaHMYeHHsA. Hampumep, HEMOHSATHO, B KaKOH CTENEHW WHIWBUIYAIbHBINA
KaTaJUTUYECKUA  IEHTp  THTAaH-MarHueBoro  karanuzatopa Llurnepa-Harra  mosxer
peryJMpoBaThCsi BBEACHHUEM JOHOpa WM JI000M npyroit mgo0OaBku? Taxke HESICHO, Kak
peryIupoBaTh CHOCOOHOCTh MOHOIIGHTPOBBIX KaTaaW3aTOPOB B BHEIPEHHUIO TEX WJIM HHBIX
MOHOMEPOB C 00pa30BaHUEM IOJHMMEPA C JOCTATOYHO CJIOKHON apXUTEKTypOd U HEOOXOAUMON
MOJIEKYJISIpHOM Maccoil? Taxkum obpaszom, ce2o0Hs 6 Xumuu noauoiedpuHos Hauboliee ocmpo
cmoum 3a0a4a no paspabomke OOCMYNHLIX U IPHEKMUBHbIX Mem0o008 CUHME3A CLONCHBIX
CYRPAMONEKYIAPHBIX — NONUONEDUHOBLIX CIMPYKMYP € KOHMPOIUPYEMbIM — HOJLONCEHUeM U
cmepeoxumuetl 3amecmumerell, a Maxdice NOUCKA IPGeKMUSHbIX Kamaiusamopos, Komopule u
NO360JISIIOM OCYUIeCMBIAMb MAKOU CUHMES.



35.3. KonkperHast (pyHIaMeHTaIbHAA 321242 B PAMKaXx NPo0JieMbl, Ha pelieHue KOTOpPoi
HANpPaBJIeH MPOEKT:
Cunres moanoJeuHOB ¢ onpenaeJeHHOH apXUTEKTYPOii M 3aJaHHBIMHI CBOMCTBAMH,
a TaKKe HOBbl€ HAVUHbIE MOAXO0Abl K CO3IAHMI0 TEXHOJOIHH 10 MX MPOU3BOACTBY
KOMMep‘IeCKI/Ie HOJ'II/IOJ'IC(l)I/IHI)I CO3JaHHBIC Ha OCHOBC JTUJICHOBBIX H l'IpOl'II/IJ'ICHOBBIX
TOMO- ¥ COTIOJIMMEPOB YPE3BBIYAIHO pPa3HOOOPa3HBI U YHUBEPCAIBHBI OJarofaps ToMy, 4TO OHU
SABJIAKOTCA HOJ'IYKpI/ICTaJ'IJ'II/I‘IGCKI/IMI/I BeI€CTBaMU, TO €CThb CMECBbIO aMOp(bHOﬁ u
KpUCTAITMUECKOH (ha3bl, BKITIOYAIOIIEH B CBOM COCTaB HAHO-pa3MepHbIie KpucTamuTsl (Puc 1) .
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Pucynox 1. Cxema usmeHeHUss KpUCMALIUYECKOU CMPYKMYpPbl 6 MUKpPO- U HaAHomawmabe 60 epems
KPUCMAnIu3ayuy u3 nOoaUoIeQUHHO20 PACHAA8a nod cmpeccomio. Hanocmpyxmyphas ounamuka onpedensiemcs
CmMpYKmypou nonumeprou yenu. [5].

Hauunast ¢ oTkpeiTus katanmuzatopoB Llurnepa-Harra, wHmycTpusi monmuonewHOB co3nana
JIOCTaTOYHO MHCTPYMEHTOB JIJIsi KOHTPOJIS pazMmepa, (OpMbI U CTPYKTYpPbl IOJTUMEPOB, a TAKKe
B3aMIMOCBSI3H 3TUX MAPAMETPOB CO CTPYKTYPOU KaTaau3aTopa, YCIOBHIMH momuMepusanuu. [lpu
9TOM, CBSI3b MEXAY KPUCTAUIMYECKOW CTPYKTYPOM U MHKPOCTPYKTYpOoW Iiemu Obura
KOJIMYECTBEHHO  ONHCaHa, OJHAKO TOJBKO HEJAaBHO Oblla HM3y4yeHa  B3aMMOCBS3b
KPUCTAUIMUECKON CTPYKTYpBl, TEMIIEpaTyphbl IUIABIECHUS M TOIMOJOTMHU IENH, HPU 3ITOM
ucnonb3oBanuch Takue Metoasl, kak TREF (Temperature Rising Elution Fractionation) a Taxoke
JIpyTHe noaxomasl [6,7].

Takum oOpa3om, JalbHEUIIHIA porpecc 00IacT MoIHoIe(UHOB OOBIYHO CBSI3BIBAIOT C
BBEJICHUEM HOBBIX 3((EKTUBHBIX KaTalM3aTOPOB, a TAKXKE CO3JaHHMEM IIOJIMMEPOB C HOBOM
MUKPOCTPYKTYPOU (MOJEKYJSPHBIA BEC, MOJEKYJISIPHO-MACCOBOE pacIpe/elicHHe, BHEIPECHUE
COMOHOMEpOB, H30cHenupuUIecKas TMOoIUMEpH3alds W T.J.), 49acTO Kak pa3 Osaromaps
HCII0JIb30BAHUIO HOBBIX KaTaau3atopos [8-11].

Bmecre ¢ Tem, cuHTe3 Oojiee  MPOJABUHYTHIX  MOJUMEPOB,  COJAEPIKAIIUX
CyNpaMoOJIeKyJsIpHbIe  ()parMEHThI  CTPYKTYpbI, HampuUMep, MYJIbTUOIOK-COMOIMMEPOB C
3aJJaHHOHN CTPYKTYPOil M KOHTPOJHUPYEMBIM IOJIOKEHHEM 3aMECTHTEICH MCXOMIs M3 HeIOPOTUX
MOHOMEpPOB, SBIAETCA TPYIHOAOCTIKUMBIM. llens mgaHHOrO mpoekTa — pa3paborarh
CHHTETHYECKHE TIOAXOJAbl K TaKOro poja moiuMmepaM. B xome Hactosmied paOoTel uis
OCYIIECTBIICHUSI TONMMEpU3aluu OynyT TPUMEHATHCA Kak HOBBIE KaTaau3aTopbl, TaK U
CHeHaNTbHbIE areHThl KOHTPOJIS pocTa Henu. IloMumo 3TOoro, MBI pa3paboTaeM crienuaibHbIC
METO/IbI aHAJIM3a HOBBIX IMOJIMMEPOB U UCCIEIyeM, UX TPEXMEPHYIO CTPYKTYPY B TBEPIOM Tele U
B PAacTBODpE.



35.4. llpennaraemblie MeTOAbI M MOAXO0AbI K PellIeHUIO MOCTABJIEHHBIX 32/1a4

VYcnemHoe BBINOJIHEHHE HACTOALIET0 MPOEKTa MOTpedyeT peanu3aliy CIeIyIUX METOI0B U
HOJIXO/10B!

1. Pa3paboTka HOBBIX MOAXOJOB K CHHTE3y COBPEMEHHBIX MEPEIOBBIX MOJIHOIEPUHOBBIX
MaTepHaioB C MCIOJIb30BAHUEM OPUTMHAIBHBIX METOJOB MOJUMEPHU3ALMH, OCHOBAHHBIX
Ha KOMOWHAIMM T.H. «KHBOW» TOJMMEPHU3AMU W CHEIHAJIbHBIX areHTOB KOHTPOJIS
pocTa LenH.

2. Pa3pa0oTka CHHTe3a M IOJIy4€HHE IIOJIMMEPOB C KOHTPOJIUPYEMOW MOJIEKYJIIPHON
apXUTEKTypOl IyTeM HalpaBJIEHHOIO BBEACHHUA B IOJUMEpP  OIpEJeIEeHHBIX
3amectureneil. Ocoboe BHUMaHHE OyIET yOEeNeHO OCYIIECTBICHHIO CO-IIOIMMEpPU3aNuu
TUJEHa M NPONMICHAa C NOJSIPHBIMH CO-MOHOMEpaMH, a TakXe METOoAaM [0
YCTaHOBJICHUIO CTPOEHUSI U CBOMCTB MOITYUYEHHBIX ITOJIUMEPOB.

3. Pa3paboTka OpUrHMHAIbHBIX MOHOLICHTPOBBIX KAaTaJIM3aTOPOB MOJIMMEPH3ALMU 0J1e(hUHOB
y KOTOPBIX COCOOHOCTH K 3(()EeKTUBHON MOIMMEpH3anuu 0J1e(PUHOB OyJIET COYETaThCs
C HHU3KOM CIOCOOHOCTBIO K Iepejade LEeNu, 4YTO IMO3BOJUT IOJy4aTh IOJHUMEPHI C
KOHTPOJINPYEMOU MOJIEKYJISIPHON MacCOM.

4. Pa3zpaboTka HOBBIX 3(()EKTUBHBIX  CIEIHAIBHBIX areHTOB KOHTPOJS pocTa LEMNH,
COBMECTHMBIX C HIMPOKHM pSAOM (YHKIHMOHAJIBHBIX Tpynm. Jta o01acte TpedyeT
Pa3sBUTHS KOHLENTYAJIbHO HOBBIX MOJXO0B U pa3pabOTKH JTOCTYMHBIX METOJOB CHUHTE3a
3TUX PEAreHTOB.

5. Pa3paboTka HOBBIX MOJIXOAOB K M3YyYEHHUIO U HAJECKHOMY YCTAHOBJIEHUIO CTPYKTYPBI
HOBBIX MaTE€pUajOB, YCTAHOBJIEHUE KOMIUIEKCHOW B3aUMOCBSI3U MEXAY CTPYKTypod U
CBOMCTBAMH HOBBIX MaTEpUAJIOB, a TAaKXKe HCCIIEJOBAaHUE MX BO3MOXHOI caMOCOOpKHU B
TBEpIOi (haze U pacTBoOpE.

Hacrosimuii mpoeKkT OpraHW3allMOHHO 3aJyMbIBA€TCSI HE TOJNBKO KaK YHCTO
aKkaJeMU4eckuid. B cilyuae MOANEpKKH B €ro peaju3allid MNpPeIroiaracTcss ydyacTue Ha
0e3603me30n0il ocnoge crietmanuctoB LyondellBasell Industries (www.lyondellbasell.com) —
MHUpPOBOTO JIHJepa B 00JacTH TEXHOJOTMH W MPOM3BOJACTBA monuosneuHOB. Takoe
COTPYIHUYECTBO TO3BOJUT TMOJYYHTH JOCTYl K KOPIOPAaTHUBHOW HWH(OpMAIMH U
BOCIIOJIb30BAaThCSI CaMOW COBPEMEHHOW TEXHUKOW M TMOJJIEPKKOM CO CTOPOHBI MPU3HAHHOIO
nuzaepa orpaciau. Hampumep,

- IPOBEPKY HOBBIX CHHTETHUYECKUX MOIXO0B MPEIoIaracTcs OCynecTBUTh B HaydHom 1eHTpe
LyondellBasell Bo ®pankdypre, ®PI" (high-throughput testing lab) mon pyxoBomctBom Dr.
Marc Kirsten;

- UCCIIEZIOBAaHNE HOBBIX Pa3BETBICHHBIX MOJMMEPOB HA OCHOBE MOJIUIIPOIUAJICHA U OOy TeHa —
B Hayunom nentpe LyondellBasell B ®deppape, Uramusa (G. Natta Research Center) mon
pykxoBoacTBoM Dr. Fabrizio Piemontezi;

- aHAIMTUYECKOE HUCCIICIOBAaHUE MOTyUYCHHBIX MTOJMMEPOB, U3yUEHHE XapaKTepa pa3BeTBICHUH, a
TaKXKe MOJCIMPOBAaHUE HOBBIX KaTanmu3aTopoB - B Hayunom nentpe LyondellBasell B
Huanuanatu, CHIA mox pykoBoactBoMm Dr. Sandor Nagy u Dr. Vassilios Galiatsatos.

35.5. CorsniacoBaHHbIi € 32apy0e;KHbIMU NAPTHEPAMMU JA€TAJbHBIN IJIAH HAYYHbBIX
HCCJICIOBAHMI:

HacTosiiumii npoekT peliaeT iBe 0CHOBHbIE B3aMMOCBSI3aHHbIE 3a/1a4M:

3aoaua Nel. Pa3paboTka KaTaau3aTOpoB IS IMOJYYCHHUS TOJUOJIEPUHA C KOHTPOJIUPYEMOM
MUKPOCTPYKTYpOH.

3aoaua Ne2. CuHTE3 MOJEIBHBIX PA3BETBICHHBIX IMOJIMMEPOB JJIsi OMPOOOBAHUS METOJUK WX
HUCCIICa0BaHUA. Pa3pa60TKa HOBBIX MCTOHNOB HMCCJICAOBAHUA IMOJIMMCEPOB JIA KOJIMYCCTBCHHOI'O
oTpeieNIeHUs] UX XMMHYECKOH MUKPOCTPYKTYPbI U TOIIOJIOTHH.



3aoaua Nel. Pazpabomka xamanuzamopos Ojisi NONYyYeHUs NOAUONePUHA C KOHMPOIUPYEMOLL
MUKPOCMPYKMYPOU.

B Tedyenme mocieAHEro JECATWIIETHS CMEIIaHHBIE MOHOLIEHTPOBBIE KaTaJIH3aTOPBI
WCTIONB30BAIMCh JUII  CHHTE3a MYJIbTUMONANbHBIX monumepoB (Cxema 1, Puc.2) mmbo
BBICOKOPA3BETBICHHBIX MOJMMEPOB C HCIOJIB30BAaHUEM WHIUBUAYAIbHBIX WIH CMEIIAaHHBIX
monomepoB (Cxema 2, Puc.3). B Xome WMHTEHCHBHOTO H3yYeHHs HEKOTOPBIE CHCTEMBl ObUIH
KOMMEPIIHATH30BaHbI C LIENbIO TPOU3BOJICTBA MOJMITUICHOB C OCOOBIMU CBOHCTBAMHU.

Cxema 1 Cxema 2
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Reincorporation
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Catalyst Component
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Puc.2

a) Cxema 1, monoyenmpogvle Kamanuzamopwvl Oasi KOHMPOIUPYEMO20 CUHME3A MYIbIMUMOOANbHO20

noaumepa, b) Cxema 2, MOHOYEHmpoeble Kamajiu3amopbvl o5l cuHmesa BbICOKOPA36€MBIEHHO20 noaumepa

HenaBHue pocTmwxeHus B KOOPAMHALMOHHOW MMOJUMEPH3AIMK BKIIOYAIOT pa3paboTKy
KOHTPOJHMPYEMOTO MEpPEeHoca LEMH, C MOMOIIbI0 KOTOPOTO MOTEHIMATBHO MOXHO IMOJy4aTh paHee
HEJIOCTYITHBIC TU-0JI0K U MyJIbTH-0J10K mosinosieunsl (cxemsl 3 u 4, Puc.3) [8.9].
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Puc.3. a) Cxema 3, mynomubnox cononumepul ¢ UCNONb308AHUEM peazenmog nepenoca yenu. b) Cxema 4, oubnok
CONONUMEPDL C UCNOB30BAHUEM 08YX PEaKMOPOs U Ped2eHmos nepenoca yenu

OOBIYHO, N7 OCYIIECTBJICHHS CHUHTE30B, CXEMAaTHYHO HU300pakeHHbIX Ha Cxemax 1-4,
UCTIOJIB3YIOT TOCTMETAIIJIONIEHOBBIE MOHOIEHTPOBBIE KaTalU3aTOPhl, KOTOPBIE JIEMOHCTPHPYIOT
HOJXO/IAIIEe COOTHOIIECHHE B CKOPOCTSIX POCT LIEMH/OOPBIB IEMH, a TAKXKE IMO3BOJISIOT OCYIIECTBIATH
MOJIMMEPU3ANNIO  OJIEQUHOB C TPHEMIIEMBIMH CKopocTssiMd. Hambonee dacto ymoTpeOmMbie
MOCTMETAJJIOLEHOBBIE KaTaJlM3aTOPbI, MCIIOJIb3yeMble C LIENbI0 CHHTE3a IOJIMOJICPHHOBBIX OJOK-
COIOJIMMEPOB NpHuBeAeHbI Ha Cxeme 5 [9].
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Puc.4. [locm-memannoyernogvie 00HOYEHMPOBbIE KAMATUZAMOPYL, HAUDONIee YACMO UCNOAb3YeMble O NOLYUEHUs
noauonehuHogwix 610K-cononumepos [9].



HemaBHO MBI OOHapyXWiM, 4YTO XWHOJMHOBBIM (parMeHT SBIAETCS OCOOCHHO
MHOTOOOCIIAIOMIMM TEMIUIATOM Uil KOHCTPYMPOBAaHUS HAa HEM pPa3UYHBIX KaTalM3aTOPOB
noJuMepHu3anuu olepuHOB. MBI ycremHo pa3paboTanu THOKMHA CHHTETHYECKUH MOAXOM IS
MOJyYEHUS] XUHOJIUHOB, (QYHKIIMOHAIU3UPOBAHHBIX B MOJIOKeHUs 2- U §- (Cxema 6) M MOIydnIIH
npeBapUTEIbHBIC JaHHBIC, MMO3BOJISIONINE 3AKIIOUYUTh, YTO XUHOJMHOBBIE KOMIUIEKCHI Pa3JIMYHOM
TOIMOJIOTUM TIO CBOMM KATaJIATMYECKHMM CBONCTBAM MHOT/A TPEBOCXOAAT BCE H3BECTHBIC B
HACTOsIIIee BPEMsI METAJIJIOLICHOBBIE U TIOCT-METAJUIOLIEHOBbIE KaTanu3aTopsl [12-14].

Scheme 6
Y
X N P lefi ith
N S olyolefins wi
‘ Rich
P Metallation EM» Polymerization Structural/
- / o /\R Compositional
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X, ¥ =-ArH, -Ar-OH, N{R}H, etc.

Cxema 6, UCNONIL308AHUE XUHONUHA 8 KA4ecmee memMniama O CUHmMe3d HOB020 KIAcCcd nocm-memailloyeHo6blx
Kamaausamopoe.

AKTUBUPOBAHHBIE U MPOTECTUPOBAHHBIC B YCIOBHSX MPUMEHSEMBIX B MPOMBIIUICHHOCTH,
HOBBIC KaTaJlU3aTOPbl JEMOHCTPHPYIOT XOPOUIYI0 CTA0MJIBHOCTh M BBICOKYK) AKTHBHOCTh B
nojimMepu3anuu MW CONOJMMEPpU3AllUM OTUJIICHA W IIPOIUJICHA. HpeI{BapHTeJ'H:HBIﬁ aHaJInu3
HOJII/IOJIC(I)I/IHOB YKa3bIBACT Ha 3dMCTHOC BJIMAHUC IMPUPOABLI 3aMECTUTCIIA B MOJIOKCHHUAX 2-u 8- Ha
CTPYKTYpy TMOJyYarollerocsi mnojumepa. be3 COMHEHHWs, NaJbHEHIee pa3BUTHE XWUHOJIMHOBBIX
KaTaJM3aTOPOB MPUBENET K CO3/AHHUI0 YHHKAIBHBIX KaTAIUTHYECKHX CHCTEM, KOTOpPBIE BO3MOXKHO
OyIyT BOCTpEOOBaHBI TPOMBINIIICHHOCTHIO.

OpHUM W3 TOCHETHHUX JTOCTH)KEHUH B XMMHUH MOJHOIE()UHOB SBUIOCH OTKPBITUE SIBICHHUS
o0paTUMOro nepeHoca ey B Xo/1e noiauMepusanuu (reversible chain-transfer agents), cm. Cxemy 3,
4 [8-9]. CobcTBEHHO, peallbHOE MPUMEHEHHE HaIlesl TOJIbKO OJWH MEePEHOCUMK e — TUITHUIIIHK.
Jlpyrue 1MHKOpPraHMYEeCKHe COCIMHEHHs, OyIy4d KOMMEpPYECKH HEIOCTYIHBIMHU, OKa3allUuCh
HEHMCCIICIOBaHHBIMU. B XOJ¢ peayM3ali HACTOSIIETO0 TMPOEKTa MPEIoIaraeTcsi MOJAYYHTh HU
U3yYUTh IMUPOKUI KPYT IIMHKOPTaHUYECKUX COCJAMHEHHI B Ka4eCTBE MEPEHOCUYMKOB lienu. Kpome
TOrO, JJIA OTOH 1enu OyayT TakkKe pPacCMOTPEHBl OPraHUYECKUE TMPOM3BOJHBIC JPYTHX
HETepeXOTHBIX METaJLIOB.

IIimau pabot B cooTrBeTcTBHE C 3agaueii Nel

IlepBbIii roxa:
Cunrte3 karanu3atopoB: [IpUroToBUTH XMHOJWHOBBIE KOMIUIEKCHI PA3IUYHONW CTPYKTYPHI B
COOTBCTCTBUH peaKHI/IOHHOﬁ IoCjaca0BaTCiIbHOCTBIO, H306pa)K€HHOf/'I Ha Cxeme 6.
HCDGHOC‘{I/IKI/I LCTIM: CHUHTC3UPOBATH U UCCIICAOBATDH PAL JHAIKWI- U TUAPUITITHUHKOB B Ka4UCCTBC
MEPCHOCYHUKOB LCIIH.
KOMH’LIOTCDHOG MOJACIIUPOBAHUC: P8.3pa6OTaTB MOJCIb JIs1 OIIMCaHUA IIpoLecCa IEPCHOCa
HEeOU JUATUIIIIMHKOM.
Hcnons3oBanue BBICOKOIMMPOU3BOAUTCIIPHOI'O TCCTHPOBAHHA KaTaJIWu3aTOPOB: P33pa60TaTB
HaJAC)KHYHO METOAUKY TCCTUPOBAHUA TICPCHOCUUKOB I[CIH, HUCHOJB3YSA JIUTCPATYPHBIC
CTaHIapTHL.

Bropoii roa:
Cunres KaTaJIN3aTOPOB: IMPOAOJDKECHUC CUHTE3a U UCCIICIOBAHHA XMHOJIMHOBBIX KOMIIJICKCOB.
HCDGHOC‘{I/IKI/I IICTIN . HUCCIICAO0BATh IMPOU3BOJHBIC HCIICPCXOAHLIX MCTAJUIOB, OTIIMYHBIX OT
[WHKAa U aJIIOMUHUA B KQYCCTBC IICPCHOCYHUKOB IICTIN.




Vconb30BaHNE  BBICOKONIPOU3BOJUTENFHOTO TECTUPOBAHMS KATAIN3aTOPOB: MIAPOKUI
CKPUHUHT Pa3JIMYHBIX Map KaTalu3aTOP/TIEPEeHOCUNK

HosmMepusais B cpeiHeM MaciiTade: MPUroToBUTH oOpaser] cpemHero macmrada (~100r),
UCTIONIB3YSl HOBBIE XWHOJMHOBBIE KAaTaJIH3aTOPHI.

Tperwnii roxa:
[lepeHocYMKM IlenH: ONTUMH3UPOBATH METOJAUKY HCIOJIb30BAHUS TEPEHOCYMKOB IICTIH,
IMOKa3aBIIUX JIYy4YIIWEC PE3YJIbTAThl B HAIIIMX SKCIICPUMCHTAX.
Hcnonp30BaHHEe BBICOKONPOU3BOAMTEILHOTO TECTUPOBAHUS KATAM3aTOPOB:  HCCIIEO0BAaTh
ONTUMAJIbHBIE  yCJIOBHUS  OCYUIECTBJICHUS  IOJUMEpHU3AlMM ISl  OTACNBHBIX  Hap
KaTaJIn3aTOP/TIEPEHOCYHK IIETIH.
[TommMmepu3anus B CpelHEM MacIiTabe: TPUTOTOBUTH oOpaserr cpemHero macmrada (~100r)
UCTIOJNIB3YSl HOBbIE XWHOJMHOBBIE KAaTAJIH3aTOPhl U HOBBIA EPEHOCUUK IETIH.

3aoaua Ne2. Cunme3 MOOENbHLIX PAZBEMBICHHLIX NOIUMEPOS O]l ONPOOOBAHUS MEMOOUK UX
UCCNe008aHUsL.

MopenbHple TOMMMEPBl ISl  OCYIIECTBICHUS KaJTHMOPOBKH HOBBIX aHAJTUTHYCCKUX
METOJIOB OYyIyT MPUTOTOBIICHBI C UCIIOIb30BAHUEM METOJMUK, CIICIUATBHO pa3pabOoTaHHBIX s
otux uened. Tak, monmmMmepu3anuerd OyTagueHa C HWCIOJB30BAHUEM pPA3JIMYHBIX BHJIOB
KaTajau3aTopoB OyAyT TONyYeHbl MONHOYyTaJUEHBl PA3TUYHON aPXUTEKTYphI: JIMHEHHBINH,
rpeOHe0Opa3HbIi, «3Be371000pas3Hblit» W np. [locieayromiee TUAPUPOBAHHWE CHHTE3HMPOBAHHBIX
MOJUOYTaJIMCHOB TPHUBEACT K TMOJIYYCHHUIO TOJUATHICHOB pAa3JIMYHOW apXxuTekTtypbl [15-19].
Hcnone3yembie mpoueaypsl OyIyT B JajdbHEHWIIEM HPUMEHEHBI ISl TCHEPHPOBAHHS ITHUPOKOMN
OMOJIMOTEKN TIOJUMEPOB JIJIsl UCIOJIb30BaHusI B MOCKOBCKOM ['0Cy1apcTBEHHOM YHHBEpPCUTETE U B
Yuusepcurere [{lunnunarTu.

DKCHpPEHMEHTAIBHOE ONpPENEICHHE TOIOJIOTHH PAa3BETBICHHUS MOJENBHBIX 00pas3loB U
cmeceir ¢ wucnonb3oBaHueM SANS Oyner ocymectBieHo B CIIA wa o6opynoBaHuu
pacrionoxkenHoM B Oak Ridge m B NIST, a Ttaxke Ha 000pymOBaHHWH, TPHHAIJIEKAIIEM
LyondellBasell B Iunmnunartu. Koppensuuu, paspaboTaHHble Ojaroaapsi HCHOIb30BAaHUIO
OKCIIEPUMEHTOB 110 PACCESIHMIO Ha MOJEIBHBIX TOJIUMEpax, OyIyT WCIONb30BAaHbl IS
XapaKTepu3alil  MaTepualioB, TPUTOTOBICHHBIX C HCIOJB30BAaHUEM HOBBIX METOIOB
NOJIMMEPH3aIAY, H3y4aeMbIX B X0/1€ BhITTOTHeHHS 3agaun Nel.

[1nan paGoT B cooTBeTCTBHUE C 3aayeii No2

IlepBbIii rox:

- CuHTE3 pa3BETBICHHBIX MMOJIUINEHOB C PA3IIMYHON apXUTEKTYPOU. Y CTAHOBIEHHE UX CTPOEHUS;

- 'mppupoBanue NoMy4eHHBIX Pa3BETBICHHBIX MOJIUINECHOB.

MoHoauciepCcHbIN THHEWHBIA TOMHOyTaIueH OyJIeT CHHTE3UPOBAaH B MEPBYIO OYepe/Ib, 3aTEM OyIeT
TIOJIYYEH «3BE31000pa3HBIi» MOIUMEp.

- HavanbHbIe 53KCTIEPUMEHTBI 110 pacCesTHUI0 HEMTPOHOB Ha MOJYYEHHBIX OJIUMEpax.

Bropoii roa:

- CuHre3 rpeOHEOOpa3HBIX Ppa3BETBIECHHBIX IOJUOYTaAUEHOB M HX THAPUPOBAHUE C LEIBIO
HOJIy4eHUs: TpeOHe0Opa3HbIX MOJUITUIICHOB.

- [IpopomkeHne 3KCIepUMEHTOB TI0 PACCESIHUIO HEUTPOHOB Ha MOJYYEHHBIX ITOJIUMEpaX.

Tpernii roa:

- 3aBepiieHre paboT MO CHHTE3Yy MOJHUOYTaIWEHOB C PA3IMYHOW apXUTEKTYpou, moiydeHue H-
MOJIMMEPOB U UX UCCIEA0BaHNE METOAOM PACCESHUS HEUTPOHOB.

- 000011I€HNE TTOTYYEHHBIX PE3YJIbTAaTOB.



Hay4nble padoThl, BbINOJIHSIEMble POCCHICKMMHU YYACTHUKAMH NPOEKTA

[IpuroroBneHue HOBBIX INOCT-METAUIOLEHOBBIX KaTaJlU3aTOpPOB M HOBBIX arceHTOB —
MEPEHOCYMKOB  Lenu Uil  uUX  nociaenyromero  w3ydenus B CHIA  wu
BBICOKOITPOU3BOUTENIBHOTO TECTUPOBaHUs B ['epMaHuu (IEpBbIil U BTOPOH o).
OnTumuzanusi CUHTE3a HauOojee yNayHbIX MOCT-METAUIOLIEHOBBIX KaTalu3aTOpOB U
HOBBIX areHTOB — MEPEHOCUYMKOB IEMU C IENbI0 HAapaOOTKU YKPYHMHEHHBIX 00pa3loB
MOJIUMEPOB (TPETUil rox).

[IpuroroBnenue MoOJENbHBIX MOJHONEPUHOB MyTEM KOHTPOJIUPYEMOU IMOIMMEPHU3ALUU
OyTaZlieHa C MOCIEAYIOUUM THAPUPOBAHUEM. DTa NIEATENbHOCTh OYyJIeT OCYLIyCTBIEHA
COBMECTHO ¢ YHuBepcuTeToM LIMHIIMHATTH (TIepBbIN, BTOPOM U TPETUI o).

Hay4Hnble pa0doThbl, BbINOJIHAEMbIE 3apPy0esKHBIMH YYACTHUKAMH MPOEKTA

HoBble karanmu3zaropel mody4YeHHble M3 MOCKBBI OyOyT MpOTECTUPOBaHBI B
NOJIUMEPU3AIMKM STUIEHA U TPONUJIEHA B YCIOBHUSX CYCIEH3MOHHOM IMOJIMMEpHU3aluu
(Dr. Nagy, Hunuumnartu, CHIA), B ycnoBusx romoreHHoil mnonumepusanuu (Dr.
Piemontesi, G.Natta Research Center, ®eppapa, HWramus), Cc HUCHOIb30BaHUEM
CIIEIMAIbHON TEXHUKH BBICOKOIPOU3BOAUTEIBHOIO TECTUPOBAHUS (Dr. Kiristen,
Opankdypt, ['epmanus) A BBISABICHUS JIYYIIMX KaTaJTUTHYECKHX CHCTEM (IIEpBBIi,
BTOPOU U TPETH rox);

Byaytr npurotoBineHsl 00pa3ibl [OJUMEPOB, MCIHOIb3Ys KOMOWHAIMM  HOBBIX
KaTtaau3aTopoB U areHToB-niepeHocunkoB 1enu (Dr. Nagy, Hunnunartu, CIIA), (Dr.
Piemontesi, G.Natta Research Center, ®eppapa, Utanus) (Bropoii u TpeTuii ron);
MogenbHble ¥ HOBBIE OOpaslibl MOJUMEPOB OyIyT AETANBHO MPOAHATU3UPOBAHBI C
UCIIOJIb30BaHUEM IIMPOKOro HabOopa anamuTuueckoi TtexHuku (Prof. Beaucage,
Dr.Galiatsatos, Hunnunartu, CLLIA) (nepBblii, BTopoii U TpeTuil ron).

Ocoboe BHHMaHue OyayT YIEJIEHO UCIOJNb30BAaHUIO COBPEMEHHONW TEXHHUKH I10
paccestHUI0 HEUTPOHOB ISl aHAIM3a KaK MOJEJIbHBIX MOJIHO0JIE(PUHOB, TaK U MOJUMEPOB,
HNOJYYEHHBIX B pe3ysbTaTeé KOMOMHAIMM HOBBIX KaTajiu3aTOpOB M  areHTOB-
nepenocunkoB nenu (Prof. Beaucage, Dr.Galiatsatos, [{uanunarta, CIIIA) (nepBbii,
BTOPOI1 U TpeTUii Tox).

O06ocHoBaHMe 1eJ1ec000PA3HOCTH BBINOJHEHUS] PA00THI HMEHHO € 3THM 3apy0eKHbIM
NapTHEPOM

Heckonpko et Ha3aj yCTaHOBJICHBI IUIOIOTBOPHBIE pab04yre KOHTAKTHI MEXKy Hay4YHOM
rpynmoii w3  MockBel  (pod. WN.D.HudanteeB) u HaydyHBIM TOApa3ACICHUEM
LyondellBasell (Dr.Nagy u Dr.Piemontesi); HECKOJIBKO JIET CYIIECTBYET COTPYIHUUECTBO
mexnay YuuepcutetoM [muuumnattu (Prof. Beaucage) m amepukaHCKMM Hay4HBIM
noapasnenenuem LyondellBasell (Dr.Galiatsatos, Dr.Nagy);

B xoze ocymiecTBIeHHS CHHTETHYECKOW YacTH MPOEKTa OyAET CUHTE3UPOBAHO OOJIBIIIOE
KOJINYECTBO BEChbMa IEPCIEKTUBHBIX KaTanu3aTopoB. K coxanenuto, B Poccum B
HACTOSIIIIEE BpeMsl NPAKTUYECKH HEBO3MOXKHO OCYIIECTBHTH HMX BCECTOPOHHEE
TECTUpPOBaHUE (HET TEXHMKH, cHeruanucToB). Yuactue koswter u3z CIIA, a Takke
cnernuanvctoB 3 kommnanuu LyondellBasell — Texnomormueckoro mnmmepa B AaHHOMN
o0nacTy, MO3BOJUT  IPOBECTH  IO-HACTOSIIEMY  MCYEPIBIBAIOIIEE  H3yYEHUE
KaTaJIn3aTOPOB, CHHTE3UPYyeMbIX B MOCKBE;

B xone ocymiecTBiIeHHs MOTUMEPHONW YacTH MPOEKTa OyJeT CHHTE3MPOBAHO OOJBIIOE
KOJMYECTBO YHHKAJIBHBIX TIOJUMEPOB, OOJaJaronux ocoboil apxurektypoil. K
coxaleHuio, B Poccun B Hacrosiiee BpeMsi MPaKTHYECKU HEBO3MOXKHO OCYIIECTBUTH UX
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BCECTOPOHHEE HUCCIIEI0BAaHUE (HET TEXHUKH, CIIEHUAINCTOB). Yuactue koyer uz CIIA —
IOPU3HAHHBIX AKCHEPTOB IO MCCIEJOBAHUIO CBOMCTB IOJUOJIE(PUHOB METOJAMHU
paccestHUs HEUTPOHOB W JPYIMMHU COBPEMEHHBIMH METOJAaMH, I103BOJIMT BBISIBUTH
YHHMKaJIbHbIE OCOOCHHOCTH MOJIYYEHHBIX MOIHO0JIE(UHOB C 0CO00H apXUTEKTYPOii;

e B VuuBepcurere llunumuartu, a Take B jabopatopusx LyondellBasell nmeercs
MCYEPIBIBAIOIINN HAOOP TEXHUKHU ISl HCCIIEA0BAaHUS MOJINO0JIE(UHOB, BKIIIOUYAs JOCTYII K
SANS u nosomy HFIR. B xozme ocymiecTBieHHs HAcTOSALIETO IPOEKTAa POCCUHCKHE
YYaCTHUKHU MOJTy4YaT HEKOTOPBIN TOCTYI K HEH, YTO NMPUBEAET HE TOJIBKO K JOCTUKEHHUIO
KOHKPETHBIX HAy4HBIX PE3yJIbTaTOB, HO TAKXKE M K 3HAKOMCTBY POCCHUMCKOW CTOPOHBI C
COBPEMEHHBIMHM METO/IaMU aHAJIN3a MOJIMMEPOB;

e Prof. Beaucage u Dr. Galiatsatos o0nagaroT YHHKaJIbHBIMH 3HAaHUSIMA W METOJaMU
aHaJIN3a MOJIEKYJIIPHBIX M CYIPaMOJEKYJAPHBIX CTPYKTYp, Ha CHHTE3 M H3y4YEHUE
KOTOPBIX HaIleJIeH HacTosui poekt [20,21]

35.6. OxngaemMble 10 OKOHYAHHH NPOEKTAa HAYYHbIE PE3yIbTAThI
ITo 3aBepHIeHNH MPOEKTA MPEAINOJIATAeTCHA JOCTUTHYTH CJIeIYIOIINX Pe3yabTATOB:

1) Bynet pa3paboTaH HOBBIH KJIacC COBPEMEHHBIX MOHOIIEHTPOBBIX KaTaIW3aTOPOB MOJMMEPHU3AIHIH,
XapaKTEePU3YIOIINUNCA BBICOKOW AaKTHMBHOCTBIO M HH3KMM BKJIAQJOM IIPOLIECCOB IEPEHOCA LIEMH.
Oxumaercsi, 4to OyZeT OCYIIECTBICH PEXHUM <«OKHBOI» IOIMMEPU3AIMH B HCIIOIB3yEMOM B
NPOMBIIIICHHOCTH WHTepBasie Temneparyp. [Ipu 3Tom mpeamosaraercst pa3paboTka HOBBIX H
OpUTMHAJIBHBIX METOJUK Ju3aifHa KaTaIUTUYECKUX CHCTEM, OCHOBAaHHBIX Ha KOMIIBIOTEPHOM
MOJIEIUPOBAHUHU IPOLIECCOB.

2) bynyT pa3pabotanbl HOBbIE, 3(()EKTUBHBIX U JOCTYIHbBIC areHThI MIEpeHoca e, COBMECTHMbIE
C HIMPOKUM PAIOM (PYHKIMOHAIBHBIX rpyni. JJanHas o0nacte TpeOyeT pa3paboTKu MPUHLIUITUAIBHO
HOBBIX SKOHOMHYECKH OTNPaBAAHHBIX CHHTETUYECKUX MOJIXO0/I0B K MOTYYSHHIO TAKOTO POJa areHTOB.
3) BynyTt co3maHbl HOBbIE METOAMKH aHAJIM3a M OMUCAHHS CTPYKTYpHI TOJIMMEPOB JJIsi HAJEKHOTO
MOJATBEP/KACHUSI BO3MOYKHOCTU HMX MHCIIOJIB30BAHUS IPH CO3[aHUM HOBBIX MaTEpHajoB, a TaKkKe
YCTQHOBJICHHSI B3aMMOCBSI3M MEXIY CYIpPaMOJIEKYJIPHONW/MOJEKYIISIPHONW TOIOJIOTHEH IIeTeBBIX
MIOJIMMEPOB U CTPYKTYPOH KaTaJIU3aTOPOB, C UCIIOJIB30BAHNEM KOTOPBIX OHH IOITYYArOTCS.

35.7. CoBpeMeHHOe COCTOSTHHE MCCJIeI0BAaHUH 110 3asiBJCHHOI Hay4YHOIi mpodJeme,
CpaBHeHHe 0KH/1aeMbIX Pe3yJIbTATOB ¢ MUPOBBIM YPOBHEM

[Tocneqnue MOCTIXKEHUS B O0JIACTH KOOPAMHAIIMOHHOW TMOJMMMEPU3AlUN BKIIFOYAIOT
pa3IuyHble KOMOMHAIIMM MOHOILIEHTPOBBIX KaTallM3aTOPOB, «KUBBIE» KATAITUTUYECKUE CHCTEMBI
JUTSL TIOJIMMEPHU3alii OJIE(HHOB MPHU BBICOKUX TEMIIEpaTypax U METOJUKU KOHTPOIHPYEMOTO
nepeHoca IenH, MOTEHIHMAIbHO MO3BOJIAIONINE MPOU3BOIUTENSAM MOJIHOJIC(PUHOB PACHIUPATH
CIIEKTp JOCTYIHBIX ApXUTEKTYp nmoiumepoB [8,9]. B Hacrosiee BpemMsi B XUMUU KaTalU3aTOPOB
HaOmoMaeTcsl JIpei) OT MEeTa/UIONEHOBBIX K MOCT-METAJIOLEHOBBIM CHUCTEMaM, MpUYEM
CTPYKTYpbl MHOTHMX HOBBIX KaTaJIM3aTOPOB BKJIIOYAIOT XelarHble Jura"abl. [loct-
METAJIJIOLICHOBBIE MOHOIEHTPOBBIE KaTalu3aTOpbl, JJs KOTOPBIX YJAaeTcsli BapbUPOBATh
3¢ (HEeKTUBHOCTh BHEAPEHUS CO-MOHOMEpa M CKOPOCTH MPOIECCOB IMEpPEHOCa/00phiBa IIETIH,
meopemuyecky  TIO3BOJSIOT  pEalM30BbIBaTh HOBBIE CTpPATeTMM CHHTE3a  IOJUMEPOB.
Pa3HooOpa3ue THUIIOB JUTaHIHOTO OKPYXKEHHS M OOMIMPHOCTH 3KCIEPUMEHTAIILHO «eIle He
OCBOCHHBIX TEPPUTOPUI» CYJIUT paAy>KHbIE NEPCHEKTHBBl B pa3pabOTKE HOBBIX THUIIOB
noJnoNe(MHOB MPU OJHOBPEMEHHOM CHIXKEHHU CTOMMOCTH UX Npou3BojcTBa. COBpeMEHHbBIE
pacyeTHbIE METOJBI W BBICOKOIIPOM3BOAUTEIIBHBIC JKCIEPUMEHTAIBHBIE TEXHHUKHU ITO3BOJISIOT
npoBoAUTh  3(PGEKTUBHBIE  HAyYHO-HCCIENOBaTeNbCckhe  paboThl B 3TOM  OOMacTH.
HNuterpupoBanHas crpaTerus au3aiiHa — «KaTaJIU3aTOP-TPOIECC-TPOAYKT» TpedyeT oOIuX,



ACHICBBIX CHHTCTHUYCCKUX IIOAXOAOB K JIUraHAAM-TIIPpCANICCTBCHHHUKAM, OCHOBAaHHBIX Ha
HCITOJIb30BAHUU JICTKO JOCTYIIHBIX UCXOIHBIX CO@I[I/IHGHPlﬁ.

B kadecTBe KJIIOYEBOTO 3JIEMEHTa MPOTPaMMBbI, Mbl MJIAHHUPYEM PACIIUPUTH MEPEUYCHb
areHTOB, HWCIOJB3yEeMBIX CeHYac B METOAMKAaX OOpaTMMOro TepeHoca IenH, 3a MpPeaeiibl
TUANKUINMHKAa. B nomonmHenne k mowcky Ooniee 3¢ (EKTUBHBIX CHCTEM, MBI MperojaraeM
WCCJIEOBAaTh pA3JIMYHbIE TMYTU WCIOJB30BAaHUS AareHTOB TIepeHoca IeMH B KayecTBE
«TPOBOJTHUKAY» JIJIS1 BBEJCHHUSI MOJSIPHBIX (DYHKIIMOHATBHBIX TPYTII B MOIUONIE(UH.

B cnydae ypauu, ucCnosib3ysi CYLIECTBYIOLIYK) TEXHOJOTHIO, MBI CO3J3aJIUM HOBBIE
MOJIMMEPBI C KOHTPOJIUPYEMOU MUKPOCTPYKTYPOH.

35.8. Umeromuiicss Hay4YHbIH 3a1eJ1 110 NPeIJaraeMomMy NMPOeKTy: MOJy4YeHHbIe paHee
pe3yJbTaThl, pa3padoTaHHbIE METOAbI

- Y POCCHICKHX YYAaCTHHKOB NMPOEKTa

JlesiTenbHOCTh HMCCIeOBaTeNIbCKUX TPYNN ToJ pykoBojactBoM mpod. W.O.HudanteeBa Ha
XumuyeckoM ¢akynprere MI'Y um. M.B.JloMoHOCOBa CKOHIIEHTpHUpOBaHa Ha pa3paboTke
KaTaJlu3aTOpPOB  MojiuMepu3anuu oneduHoB. B TeueHwe mocieaHero JecsaTwieTuss ObUIH
pa3paboTaHbl yAadHble CHHTETHYECKHE MOAXOAbl K Pa3HOOOpa3HbIM METATIOOPTaHUYECKUM
KaTaIUTUYECKUM KOMITOHEHTaM, B pe3yJlbTaTe 4dYero ObUIO cuHTe3upoBaHo Ooixee 1000
MHAMBHUIYAJIbHBIX COEIMHEHUM, MPOTECTUPOBAHHBIX B PA3IMUYHBIX MOJUMEPU3ALIMOHHBIX POLECCAX,
JUTSL psiZia KOTOPBIX ObLIA TTOKa3aHa BO3MOXKHOCTh IPOMBIIIUICHHOTO BHEIpeHus [22-25].

CotpynunuectBo mpod. W.O.HudantheBa co CBOMM aMepUKaHCKUM KOJUJICTOM U
koutektuBoM  R&D  mompasnenenmst  LyondellBasel 1o HOBBIM — MOCT-METAIONEHOBBIM
KaTtajau3aTopaM YK€ TMpPHBEI0 K TMEpPBbIM pe3yjbTaraM: ObUIO TOKa3aHO, YTO XWHOJWHOBBIE
KOMILJIEKCHl TIEpPCIEKTUBHBI B Karainuse [12-14], mosTomMy B KaydecTBE CIEAYIOIIEro Iuara
HEOOXOJMMO CHHTE3UPOBATh KaK MUHUMYM HECKOJIBKO JIECATKOB Pa3HOOOPa3HBIX COEIUHEHUI 3TOTO
KJIacca M UCCIIEZIOBATh UX KaTaJTUTHUECKYIO aKTHBHOCTb.

HeszaBucumo, B rpynne W.O.HudanteeBa BemayTcs pabOThl MO MONIMMEPU3ALUH JHEHOB Ha
HMIMPOKOM KpyTe KaTalu3aTOPOB: OT aHMOHHOH MOJMMeEpHU3aluu 10 koopauHanroHHoi — Nd, Co u
Ti- xarammupyemoii. B 2009 romy Obi1 pa3paboraH 3(QQEKTUBHBIA METOA TOJYyYCHUS
rpeOHeoO0pa3HbIX TONMUOyTaaueHOB. B  HacTosiiee BpeMsi pa3palaThIBAIOTCS CHHTETHUECKHUE
MIOJIXOJIBI K «3BE3J0YHBIM) MOJIMOYTaIUCHAM.

- Y 3apy0e;KHBIX YYACTHHKOB MPOEKTA

ITpod. Beaucage u noxrop V.Galiatsatos (LyondellBasell, Iunuunnartu, CIHA) nobunuck
BA)XHBIX PE3yJIbTAaTOB, KOTOPBIE OyIyT MCIIOJIb30BaHbI B X0OJI€ PEaTH3ally HACTOSAIIETO MIPOCKTA:

e briia pazpaboTaHa KOJUYECTBEHHAs OMUCAHHS MHKPOCTPYKTYPBI TMOJMMEPHON Ienu ¢
UCIIOJIb30BaHHEM MaJIOYTIIOBOTO paccesiHust HeHTpoHoB [28];

e bpi1 pa3zpaboTaH MeTOJ KOJIMYECTBEHHOTO OIUCAHUS JIOKAIBHBIX CTPYKTYPHBIX CBOWCTB C
WCIIOJIb30BAaHUEM paccesiHusl HekiTpoHos [20,21,28,31-32];

e [IpoekT TUIAaHMPYET HCIOJb30BaTh THOPHIHYIO METOIUKY  XPOMAaTOrpapuuecKoro
dpakuonupoBanus, paspadborannyto Dr. V.Galiatsatos (LyondellBasell, [lunnuanarn) nmis
BBIJICJICHUSI  y3KUX MOJIEKYJIIPHO-MACCOBBIX  (DpakIUii MOJMMEPOB, IMOJYYEHHBIX C
UCTIOJIb30BaHUEM PA3HOTUIHBIX KAaTATMTUYECKUX YacTHIl, JJIs Oojee TIyOOKOro MOHUMAaHHUs
CBSI3U MEXIY KaTaTUTUYECKON aKTUBHOCTBIO M CTPYKTYPOIl aKTUBHOW YaCTHIIBI.



[Tpod. Beaucage m mokrop V.Galiatsatos pacmosararoT YHUKaJbHBIMA BO3MOKHOCTSIMHU TSI
aHamM3a M UCCIENOBAaHMUA MOJEKYJSIPHBIX H  CYNPaMOJEKYJSPHBIX CTPYKTYp IIOJIMMEPOB,
SIBIISIONIUXCS TICJIbI0 TIpesicTaBieHHo pabotel [20,21]. Beaucage pa3paboran KOJIHMYSCTBCHHBIN
MOJIXOJ] C HCIOJIb30BAaHUEM pACCESIHUS HEUTPOHOB W HEOOJBIIMX KOJIMYECTB THAPUPOBAHHBIX
MOJIUMEPOB, KOTOPBIA MOXKET KOJIMUECTBEHHO 0XapaKTEpU30BaTh JIETAIM MOJIEKYJISIPHOM TOIMOJIOTHH,
a TaKkKe MaKpOMOJEKYJSPHYI0, CyNpaMOJEKYJISIPHYI0 M HaHOCTPYKTYpPbl MOJY-KPUCTALTMUECKUX
MOJIMMEPOB KaK (PYHKIIMU CTPYKTYphI KaTalu3aTopa M YCIOBUN MoJuMepu3anuu. B pacnopsokeHun
npod. Beaucage wumeercs maGopaTopusi aisi TIPENapaTUBHOTO MPUTOTOBJICHUS OOpas3IoB s
UCCIIEIOBAaHNSI METOJIOM DACCEsIHUS HEUTPOHOB, IMOJPA3/EIEeHUs] CTaTMYECKOrO paccesHHUs CBETa,
YKOMIUIEKTOBAaHHbIE ONTHUYECKMMH MHKPOCKOIIAMH M BBICOKOIIPOM3BOJIUTEIBHBIMHE TMPHOOpaMH
PEHTTEHOBCKOTO PACCESTHUSA, BKIIOYAIONIMMHU 2 KaMepbl ¢ BPAIAIOIIUMCS aHOIHBIM UCTOUYHUKOM, a
TaKXkKe yIbTpa-Malylo Kamepy yrioBoro paccesHusi (Bonse-Hart) paspaGorannyio Beaucage u
CTyACHTaMH cTapinx KypcoB (punancupoBanue Procter & Gamble). Beaucage Taxke pacnosiaraer
CHHTETHYECKOH JTabopaTopHei.

Jlaboparopust nokropa Piemontesi’s B uccienoBarenbckoMm nentpe «G. Nattay (Ferrara, Italy)
3aHUMAETCsl MCCIENOBAHUSAMHU B OO0JIACTH Pa3pabOTKH HOBBIX IMOJIHMOJE(PUHOBBIX MaTEpUAOB Ha
ocHoBe mponmieHa u OyrteHa [25]. Jokrop Nagy sddextuBHO pabGoTaeT B 001acTH au3aiiHa
KaTAIUTHYECKMX  CHCTEM  C  HCIOJb30BAHMEM  KOMIIBIOTEPHOTO  MOJCIUPOBAaHHUA B
uccienoparenbckom 1eHTpe LyondellBasell’s (Iluammanatu, CIHIA) [26]. Hokrop Kristen
PYKOBOJUT  BBICOKOTIPOM3BOJIUTEIBHON AKCIEPUMEHTAIBHON jabopaTopueii, 3aHUMAaroIIencs
UCCJICJIOBAaHUEM TIOJUOJC(PUHOB, B HcclenaoBaTenbeckoM IieHTpe LyondellBasell (®pankdypr,
T'epmanus) [27].

35.9. CnincoK OCHOBHBIX COBMECTHBIX IyOJIMKALIMI POCCHIICKHUX H 3apYy0esKHbIX
Y4aCTHHKOB IIPOEKTA, HanboJee 0JIM3K0 OTHOCAIIMXCH K MPeJIaraeMomMy IpPOeKTy

1. Angeli D., Balboni D., Baruzzi G., Braga V., Camuratti I., Moscardi G., Piemontesi F.,
Resconi L., Nifant’ev 1., Guerra G., Venditto V., Antinucci S., C2-Symmetric zirconocenes for
high molecular weight amorphous polypropylene, Macromolecular Chemistry and Physics,
2001, 202, 2010

2. Nifant'ev, Ilya E.; Laishevtsev, Ilya; Ivchenko, Pavel V.; Kashulin, Igor A.; Guidotti, Simona;
Piemontesi, Fabrizio; Camurati, Isabella; Resconi, Luigi; Klusener, Peter A. A.; Rijsemus, Jos J.
H.; de Kloe, Kees P.; Korndorffer, Frans M Cl-symmetric heterocyclic zirconocenes as
catalysts  for  propylene  polymerization, 1:  Ansa-zirconocenes  with linked
dithienocyclopentadienyl-substituted cyclopentadienyl ligands Macromolecular Chemistry and
Physics (2004), 205(17), 2275-2291

3. Tpu noganneix nateHtHele 3asiBku (US + PCT; npuoputer utons 2009) B coTpyIHHUYECTBE C
rpymmoii  LyondellBasell (I.LE.Nifant’ev, S.Nagy et al.), omnuceBaOIMEe HOBBIE
MOCTMETAJIOIICHOBBIE KaTaTU3aTOPhI

35.10. Cnucok ocCHOBHBIX (He GoJiee 5) nyOnKauMii pOCCHICKOr0 COPYKOBOAUTEIS
NMPOEKTA 3a NmocJjaeaHue 3 roaa

1. Ivchenko P.V., Nifant'ev LE., Luzikov Yu.N., Mkoyan S.G. Unexpected reactivity of 3-
(Phenylethynyl)-1H-indenes towards nucleophiles: non-catalytic addition to triple bond with or
without double bond migration // Synthesis, 2007, No. 7, p. 1038-1046.

2. becenun JI.B., YcreiHiok JLIO., Hudantbes W.D. Ilonumepusanus sTuieHa Ha
MOHOIUKIIONeHTaAueHIIbHBIX coenuHeHusix Ti(Ill). MccnegoBanue MeTomoM (QyHKIHMOHATA

I0THOCTH. JKypHan gusuyeckou xumuu, 2008, 82 (11), 2096-2107

10



3. M.Sacco, Ilya E.Nifant’ev, Pavel V.Ivchenko, Vladimir V.Bagrov, Franchesca Focante,
Metallocene compounds, US2009221772, Publication date: 2009-09-03

4. A. JI. JliooumueB, U. I. HudanrseB l3yueHne cTepeo- W HHAHTHOCEICKTUBHOM
nojauMepus3aluu  1,5-rekcajquieHa Ha  TeTepOreHHbIX  Karanm3aropax llurnepa-Harra,
HIOJTYYEHHBIX C MCIIOJIb30BAHMEM ONTHYCCKH aKTUBHBIX BHYTPEHHHX JIOHOPOB. // HM36.Akad.Hayx.,
Cep.xumuueckas, 2009, Ne8, 1623-1630

5. Evgeny Kanshin, Shupei Wang, Lyudmila Ashmarina, Michael Fedjaev, Ilya Nifant’ev,

Grant A. Mitchell and Alexey V. Pshezhetsky, The stoichiometry of protein phosphorylation in
adipocyte lipid droplets: Analysis by N-terminal isotope tagging and enzymatic
dephosphorylation Proteomics, 2009, 9, 5067-5077

35.11. IlepevyeHnb 000pyAOBaHUS M MATEPUAJIOB, HMEIOIIMXCH Y HAYYHBIX IPYIII,
He00XOAMMBIX /Il BHINIOJIHEHHS MPOEKTAa

- Y POCCUICKOU HAYYUHOU 2PYyRNbL

Poccuiickas rpynna npod. M.O.HudanteeBa o61amaeT monHbIM HaOOPOM OOOPYAOBAaHUS JUIS
NPOBE/ICHUS] CHHTE3a OPTaHMYECKHX M AIIEMEHTOOPTaHWYECKHUX COCTUHEHHWH B Macmrtabe oT
MHJUIMTPaMMOB 10 KuJorpamMmoB. llomumo 53Toro, rpymnma uMeeT OOOpyAOBaHUE IS
NPOBEICHUIIHS TOTUMEPHU3AIIH JHCHOB.

Poccmiickass rpymma npod. M.D.HudantbeBa mMeeT mOCTynm K JOCTATOYHO COBPEMEHHOMU
texauke (SIMP, UK, macc- cmekTpomeTpbl) sl HMCCIENOBAHUS CTPOCHHSI OPraHUYecKUX
COCIMHEHUM.

- Y 3apy0excHoll Hay4UHOUl 2PyRnbl

e  VHUKaJbHBIA HAOOp peakTopoB s nonmuMepusanun (Ppankdpypt, @eppapa u LunnuaHaTH)
—MYJIbTH-PEAKTOpHAsl CUCTEMa JUIsl BBICOKOIIPOU3BOJUTENILHOTO CKPUHUHTA; PEaKTOPHI
MaJIoro, CpeJHEro M OOJbIIOro 00beMa; PeakTOpbl JUIsl MPOBEACHUS MOIMMEpPU3ALUU B
YKUJIKOM, Ta30BOH (a3e v MPUTrOTOBICHUS 00pa3LIoB AJIs aHAIU3A.

e Bca ocHoBHas ammaparypa A8 aHaJM3a M XapaKTEPUCTHKH  IOJUMEPOB B
uccienosareiabckoM 1eHTpe LyondellBasell B [{uanuanatu (I'TIX, TREF, SIMP, peomerpsl,
UK Dypbe-criekTpoMeTphl).

Obopyodosanue no uzyueruro paccesanus 8 iabopamopuu npogh. Beaucage:

e 12 xBr Rigaku Bpamaromuiics aHOJHBI PEHTTEHOBCKUN HCTOYHHUK C TpeMs
TUTIAMHU MaJIOYTJIOBBIX PEHTTEHOBCKUX KaMep paccessHusl.

e JIBe cTaTUYHbIE CBETOBBIE KaMEpbl PACCEesIHUS C ONTHYECKMMH KOMIIOHEHTaMHU
Princeton Instruments (2D CCD nerextop, paspemienue 0.6 - 100 Mxm).

e (Caepxmanasi yrioBasi cBeToBasi kamepa paccesHusi; 30 MBt HeNe mazep,
JIIACKPETHBIN CKAHUPYIOIIUNA TOHHOMETP C ONTOBOJOKOHHOM CBA3bp0 ¢ PMT wu
KoMIbIOTEpOM. YHHKaibHas onThka «USALS measurementsy, paspemenue 1 Mkm
—1cm.

e (CwmenHas onTuka, cBeToBojbl, 5 MBT HeNe mazep, npuBoa AMCKPETHOrO
CKaHHUPOBAHUS C KOHTPOJUIEPOM.

e Jlunamuyeckuil cBetoBoil mpubop paccesHus, ALV-500/E/EP (Malvern
Instruments) B CLLIA, koTopsiif MOkeT ObITh HcTONb30BaH g DLS B pactBope mis
KOJUTOMJHBIX CYCIEH3UI HAaHOYACTHI[ OTPEAesisisi TUAPOAMHAMUYECKHI paanyc u3
kodpdumenta guddys3un.
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Ilpouee obopydosanue:

Malvern RH2000 poTanoHHBIN peoMeTp

Dupont Instruments 912 nuddepennnanbHplii CKaHUPYIOLUIUHA KaTOpUMETP

Peomerp ¢ omnuumelt niaBneHUs MOJIMMEpAa: PEOMETPUUYECKHM AMHAMUYECKUI aHaIU3aTop
RDA II TA Instruments, nuHamudeckuii Mexanwdeckuid aHammzatop DMA 983 B 410
Rhodes Lab

Hunammaeckuit UK mpubop, oObeuHsIONMIA THHAMUYECKH MEXaHHUECKUN aHAIHM3aTop C
u3MepeHneM JBoitHoro iydenpenomienuss B MK obGmactu uepe3 cepuio CHHXPOHHBIX
YCHJINTENEN I N3y4YEHUsI AMHAMUYECKUX CBOMCTB ITOJIMMEPOB.

4 NHUPOTUTHYECKHX peakTopa ¢ 6 KOHTpOJJIEpaMHd TIOTOKAa MaccChl, CHa0>KEHHBIE
COCTMHUTENFHBIMUA TPYOKaMH, HarpeBaTeIbHBIMHU JIEHTAMH, HEHTpanu3atopamu, Habopamu
(GUIBTPOB, BBITSKHBIM HAaCcOCOM, pACHOJOXKEHHBIH B 551 maboparopuu HHXKEHEPHO-
HCCIIeIOBAaTENbCKOT0 IeHTpa npod. Beaucage

Hitachi S 4000 craumaprubii FEG SEM c¢ Teopermueckum paspemienuem 15 A, u
Bo3MoxkHOCThIO ompenenenus EDS u FEI XL 30 ESEM-FEG c¢ Teopetnueckum
paspermenuem 15 A u pabounm nasnenuem 20 MM. pT. CT.

Ilpouue pecypcnwi:

e Beaucage sBiseTCSI OCHOBHBIM TOJB30BATENIEM IO 10ITrOcpodHOMY JoroBopy ¢ ESRF
mo in situ SAXS wuccreoBaHHIO C WCMONB30BAaHWEM JTydeBOil ycraHoBku I[D02.
Pabora Benercs B corpynuuuectBe ¢ T. Narayanan (ESRF) u ¢ S. E. Pratsinis
(ETHZ).  Cornamenue rapaHTHPyeT JOCTyH K CHHXPOTPOHaM B TEUYCHHE
HECKOJIBKHX HEJeNb B r0Jl U OOHOBJISIETCS Yepe3 3 rofa, B HACTOSIIee BpeMsl OCTaCs
1 roz1 TEeKy1IEro Nojab30BaTENILCKOIO COTJIALICHHUS.

e Beaucage Takke nmeeT pabodee corjamieHue ¢ IByMs JHHAAMHU moToka Advanced
Photon Source (Uukaro), UNICAT u DNDCAT.

e Beaucage pacnonaraer Bo3aMOXHOCTBIO paboTel B Oak Ridge National Laboratory c
UCIIOJIb30BaHUEM O000pYy/IOBaHUsI MAaJIOYIJIOBOIO HEHTPOHHOrO paccesHUs (uepes

Greg Smith).
e SAXS wusmepenus noctosHHo npousBonsatcs B CHESS (Cornell University) u B
SSRL (Stanford University). Beaucage Takke sBISIETCS WIEHOM TIPYIIIBI

nonbs3oBateneit LSU SAXS, ¢unancupyemoit NSF (CAMD).

35.12. Cpenenns 0 3apy0e;KHOM CO-PYKOBOAHUTE e IPOEKTA (HA AHTVIMHCKOM SI3bIKE)

Gregory Beaucage

May 02, 1957

University of Cincinnati

Full Professor

Kogp! knaccugpukaropa POOU: 03-320 03-330 03-310
Cincinnati OH 45221-0012

513 556 3063

beaucag@uc.edu

35.13. CBenenns 0 3apy0esKHBIX y4aCTHHKAX NIPOEKTA

Dr. Marc Oliver Kristen (y4acTByeT B IPOEKTE, HO HE OTUIAYMBACTCSI)
LyondellBasell, Germany

Head of High Throughput Experimentation

Frankfurt, 65926
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+49 69 305 21367
Marc.Kristen@lyondellbasell.com

Dr. Fabrizio Piemontesi (y4acTByeT B IPOEKTE, HO HE OTIAYMBACTCSI)
April 06, 1960

LyondellBasell, Italy

Head of Laboratory

Ferrara, 1-44100

+532-467724

Fabrizio.Piemontesi@lyondellbasell.com

Dr. Sandor M. Nagy (yuacTByeT B IPOEKTE, HO HE OTUIAYMBACTCS )
Dec.24, 1956

LyondellBasell, USA

Senior Research Scientist

Morris IL 60450

815-942-7421

and

Cincinnati OH 45249

513-530-4220

sandor.nagy@lyondellbasell.com

Dr. Vassilios Galiatsatos (ygacTByeT B IpOeKTe, HO HE OIJIAaYUBACTCS)
LyondellBasell, USA

Senior Research Scientist

Cincinnati OH, 45249

513-530-4263

Vassilios.Galiatsatos@lyondellbasell.com

OnnayrBaeMble HHOCTPAHHBIC YYACTHUKHU MPOEKTa OyayT moabupatbes npodeccopom Gregory
Beaucage cnenmanbHO B ciyyae MOJTYYCHHUS IOJIOKUTENBHOIO pelIeHUs O (MHAHCHPOBAHUH
IPOEKTa

Cnmcoxk uuTHpPYyemMoii JJuTepaTypsbl

1. Traditional heterogeneous catalysts: Ziegler - Natta catalysts in polyolefin synthesis. Chadwick,
JC.; Garoff, T; Severn, JR.; Knuuttila, H; Lehtinen, A. Editor(s): Severn, John R.; Chadwick, John C.
“Tailor-Made Polymers” (2008), 43-78.

2. Manufacturing [of polypropylene]. Bigiavi, D.; Covezzi, M.; Dorini, M.; LeNoir, Richard T.;
Lieberman, Richard B.; Malucelli, D.; Mei, G.; Penzo, G. Editor(s): Pasquini, Nello. “Polypropylene
Handbook (2nd Edition)” (2005), 361-380. Publisher: Carl Hanser Verlag, Muenchen, Germany

3. Ziegler - Natta catalysts and polymerizations. Albizzati, E.; Cecchin, G.; Chadwick, J. C.; Collina,
G.; Giannini, U.; Morini, G.; Noristi, L.  Germany. Editor(s): Pasquini, Nello. “Polypropylene
Handbook (2nd Edition)” (2005), 15-106. Publisher: Carl Hanser Verlag, Muenchen, Germany

4. Polymerization reaction engineering - Metallocene catalysts, Hamielec AE, Soares JBP, Prog.
Polym. Sci. 21 651-706 1996
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5. Modeling the mechanical properties of solid state orientation in semi-crystalline polymer films: a
composite theory approach. D.R.Breese, G. Beaucage - Journal of Polymer Science: Part B: Polymer
Physics, Vol. 46, 607—618 (2008)].

6. “Temperature Rising Elution Fractionation”, Leslie Wild and G. Glockner, Springer Berlin /
Heidelberg Advances in Polymer Science (1991). Temperature Rising Elution Fractionation of
Linear Polyolefins Soares, JBP Hamielek, AE Polymer 36 1639-1654 (1985).

7. Complete quantification of chain microstructure using SANS and TREF in a commercial high-
density polyethylene resin. Ramachandran R, Beaucage G, Kulkarni AS, McFaddin D, Merrick-
Mack J, Galiatsatos V in preparation (2010).

8. Ex uno plures ("out of one, many"): new paradigms for expanding the range of polyolefins through
reversible group transfers. Sita, L. R. Angewandte Chemie, International Edition (2009), 48(14),
2464-2472; Chain shuttling catalysis and olefin block copolymers (OBCs).

9. Wenzel, T. T.; Arriola, D. J.; Carnahan, E. M.; Hustad, P. D.; Kuhlman, R. L “Topics in
Organometallic Chemistry”; 26(Metal Catalysts in Olefin Polymerization ed. Zhibin Guan), 65-104;
(2009);

10. Metal-catalysed olefin polymerisation into the new millennium: a perspective outlook. Busico, V.
Dalton Transactions 41 8794-8802 (2009).

11. Trends in polyolefin chemistry. Kaminsky, W. Macromolecular Chemistry and Physics 209 459-
466 (2008).

12. CATALYSTS BASED ON 2-ARYL-8-ANILINOQUINOLINE LIGANDS, S.Nagy,
L.Winslow, S.Mihan, R Chevalier, L.Lukesova, I.Nifant’ev, P.Ivchenko, M.Lynch, US + PCT;
npuopuTeT nrosb 2009

13. CATALYSTS BASED ON 2-(2-ARYLOXY)QUINOLINE OR 2-(2-
ARYLOXY)DIHYDROQUINOLINE LIGANDS6 S.Nagy, L.Winslow, S.Mihan, R.Chevalier,
L.Lukesova, [.Nifant’ev, P.Ivchenko, US + PCT; nmpuopuret utons 2009

14. METHOD OF PREPARING NON-METALLOCENE CATALYSTS6 S.Nagy, L..Winslow,
S.Mihan, R.Chevalier, L.Lukesova, I.Nifant’ev, P.Ivchenko, K.Neal-Hawkins, US + PCT;
npuopuTeT nrosb 2009

15. Well-defined, model long chain branched polyethylene. 1. Synthesis and characterization.
Hadjichristidis, Nikos; Xenidou, Maria; latrou, Hermis; Pitsikalis, Marinos; Poulos, Yiannis;
Avgeropoulos, Apostolis; Sioula, Stella; Paraskeva, Stella; Velis, Gabriel; Lohse, David J.; Schulz,
Donald N.; Fetters, Lewis J.; Wright, Pamela J.; Mendelson, Robert A.; Garcia-Franco, Cesar A.;
Sun, Thomas; Ruff, Charles J. Macromolecules (2000), 33(7), 2424-2436.

16. Structure, properties and applications of ABA and ABC triblock copolymers with hydrogenated
polybutadiene blocks.  Balsamo, Vittoria; Lorenzo, Arnaldo Tomas; Muller, Alejandro J.; Corona-
Galvan, Sergio; Trillo, Luisa M. Fraga; Quiteria, Valentin Ruiz Santa; Editor(s): Lazzari, Massimo;
Liu, Guojun; Lecommandoux, Sebastien. Block Copolymers in Nanoscience (2006), 367-389.

17. Linear rheology of comb polymers with star-like backbones: melts and solutions. Kapnistos M,

Koutalas G, Hadjichristidis N, Roovers J, Lohse DJ, Valassopoulos D Rheol. Acta 46 273-286
(2006).
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18. Melt Chain Dimensions of Poly(ethylene-1 — butene) Copolymers via Small Angle Neutron
Scattering Fetters LJ, Graessley WW, Krishnamoorti R, Lohse DJ Macromolecules 30 4973-4977
(1997).

19. Well-Defined, Model Long Chain Branched Polyethylene. 1. Melt Rheological Behavior Lohse
DJ, Milner ST, Fetters LJ, Xenidou M, Hadjichristidis N, Mendelson RA, Garcia-Franco CA, Lyon
MK Macromolecules 35 3066-3075 (2002).

20. Ramachandran R., Beaucage G., Kulkarni A.S., McFaddin D., Merrick-Mack J., Galiatsatos V.
Macromolecules (2008) 41 9802-9806 Persistence Length of Short-Chain Branched Polyethylene.],

21. Ramachandran R., Beaucage G., Kulkarni A.S., McFaddin D., Merrick-Mack J., Galiatsatos V.
Macromolecules (2009) 42 4746-4750 Branch content of metallocene polyethylene]

22. De Rosa, C.; Auriemma, F.; Di Capua, A.; Resconi, L.; Guidotti, S.; Camurati, I.; Nifant'ev, . E.;
Laishevtsev, 1. P.; Structure-Property Correlations in Polypropylene from Metallocene Catalysts:
Stereodefective, Regioregular Isotactic Polypropylene, J. Am. Chem. Soc. (2004); 126(51); 17040-
17049.

23. Nifant'ev LE., Ivchenko P.V., Okumura Y., Ciaccia E., Resconi L. Metallocene compounds,.
W02006097497 to Basell Polyolefins GmbH

24, Mihan Sh., Nifant'ev LE. Monocyclopentadienyl complexes, W02004056482 to Basell
Polyolefins GmbH

25. Nifant'ev, Ilya E.; Laishevtsev, Ilya; Ivchenko, Pavel V.; Kashulin, Igor A.; Guidotti, Simona;
Piemontesi, Fabrizio; Camurati, Isabella; Resconi, Luigi; Klusener, Peter A. A.; Rijsemus, Jos J. H.;
de Kloe, Kees P.; Korndorffer, Frans M, Cl-symmetric heterocyclic zirconocenes as catalysts for
propylene polymerization, 1: Ansa-zirconocenes with linked dithienocyclopentadienyl-substituted
cyclopentadienyl ligands. Macromolecular Chemistry and Physics (2004), 205(17), 2275-2291

26. Nagy, S M.; Mack, M P.; Hlatky, G G. ACS Symposium Series (2003), 857 (Beyond
Metallocenes), 76-85. American Chemical Society Modeling and catalytic performance of group 4
metal complexes with anionic heteroatomic ligands.

27. Tuchbreiter A., Marquardt J., Kappler B., Honerkamp J., Kristen M.O., Miilhaupt R., Macromol.
Rapid Commun. (2003) 24, 47-62 High-Output Polymer Screening: Exploiting Combinatorial
Chemistry and Data Mining Tools in Catalyst and Polymer Development.

28. Determination of branch fraction and minimum dimension of mass-fractal aggregates Beaucage,
G Phys. Rev. E. 70 031401, (2004).

29. Scaling model for symmetric star polymers, Rai, DK, Ramachandran, R, Beaucage G, submitted
Europhys. Lett. (2010).

30. Investigating the molecular architecture of hyperbranched polymers using small angle neutron
scattering. Kulkarni AS, Beaucage G Macromolecular Rapid Comm. 28, 1312-1316 (2007).

31. Dimensional Description of Cyclic Polymers. Kulkarni AS, Beaucage G Macromolecules 43,
532-537 (2010).

32. Towards resolution of ambiguity for the unfolded state. Beaucage G Biophysical J. 95 503-509
(2008).
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