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Conference announcements/ Future Meetings:

Macro 2010 '43rd IUPAC World Polymer Congress’
July 11-16, 2010

Scottish Exhibition and Conference Centre (SECC), Glasgow, United Kingdom
Webpage : www.Macro2010.org
Contact : Prof. Peter Lovell, University of Manchester (Chair) E-mail : Macro2010@rsc.org

4th ASEPFPM, Hong Kong, China

December 2011

Contact : Prof. Pei Li, Hong Kong Polytechnic University E-mail : bepeili@polyu.edu.hk
(Organizer & Chair)
History of the symposium:
- The 1st ASEPFPM was held in 1996 at Zhejiang University in Hangzhou, China.
Chair persons: Prof. Z.-R. Pan of Zhejiang University / Prof. M. Nomura of Fukui University
- The 2nd ASEPFPM was held in 2007 at Fragrant Hill Hotel in Beijing, China.
Chair person: Prof. G.-H. Ma of the Institute of Process Engineering, Chinese Academy of Sciences.
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Colloidal, Macromolecular & Polyelectrolyte Solutions Gordon Research Conference

(Gordon Conference with a Rheological Flair)

February 21-26, 2010
Four Points Sheraton in Ventura, CA

Contact : Lynn Walker (CMU) —Chair-
Norman Wagner (Delaware) & Andrey Dobrynin (UConn) —Vice-Chairs-
Website . http://www.grc.org/programs.aspx?year=2010&program=colloidal

GRC website: http://www.grc.org

The Gordon Research Conference on Colloidal, Macromolecular & Polyelectrolyte Solutions explores the frontiers of
research about complex solutions of charged, macromolecular and colloidal systems and their interfaces. This conference
has a strong interdisciplinary tradition bringing together materials scientists, engineers, physicists, chemists and
biochemists. The conference attracts industrial, government and academic scientists to a stimulating set of presentations
and discussions.

The program highlights the exciting impact of colloidal, macromolecular and polyelectrolyte solutions on materials and on
the traditional subject areas of self-assembly and nanostructures. The conference will present the latest exciting results of
top researchers in the colloid, polymer and polyelectrolyte fields.

Poster sessions will also provide a mechanism for presentation and discussion of the work of conference participants;
participants are strongly encouraged to present a poster and should contact the vice chairs for details. Topics Include:
Colloidal Interactions, Particle Assembly, Manipulation of Colloids with Flow, Attractive Colloids and Gels, lons in Polymers,
Complex Fluid Structure Control, Macromolecules in Complex Environments, Macromolecules in Electric Fields, Future
Trends

Oral Presentations:

Dimitris Vlassopoulos (FORTH), “Glassy dynamics and flow control in soft interpenetrating colloids”
Victor Breedveld (GaTech), "Soft Colloidal Microgels”

Surita Bhatia (UMass), “Formation of Large-Scale Structures in Attractive Colloidal Dispersions and Associative Polymer
Gels”

Steve Granick (UIUC), "Janus colloids"

Marjolein Dijkstra (Utrecht), "Self-assembly of colloidal particles: Predicting and designing new structures”
Keith Johnston (Texas), “Multifunctional Nanoclusters”

Pat Doyle (MIT), “Advances in microfluidic technologies to synthesize complex microparticles”

Patrick Spicer (P&G), “Designing Complex Fluid Microstructures”

Wilson Poon (Edinburgh), “Imaging the flow of concentrated colloidal suspensions and emulsions”

llona Kretzschmar (CCNY), "Patchy particles in fields and gradients”

Carlos Rinaldi (UPRM), “Magnetic Nanoparticles as Probes and Actuators in Complex Fluids”

Monica Olvera de la Cruz (Northwestern), “Asymmetric Interactions and Assembly of Positive and Negative Charged
Nanoparticles in Water”

Nitash Balsara (Berkeley), “Block Copolymer Electrolytes for Batteries and Fuel Cells”

Robert Weiss (Akron), “Rheology of lonomers”

Shiyong Liu (USTC), "Responsive Polymer-Based Multifunctional Chemosensors"

Christos Likos (Dusseldorf), "Behavior of branched polymers in confinement and under shear flow"

Julian Eastoe (Bristol), “Surfactant Modifiers for Carbon Dioxide”

Jim Schneider (CMU), "Monomer Exchange Dynamics Probed using DNA Surfactants”

Gary Slater (Ottawa), “Electroosmotic flow: coating capillary walls with neutral and charged polymers”
Christian Holm (Stuttgart), “Electrophoretic motion of charged macromolecules”

Benjamin Chu (Stony brook), “A Perspective on Future Trends”

Discussion Leaders:
Michael Rubinstein (UNC)
Eric Kaler (Stony Brook)
Thomas Epps (Delaware)
Darrell Velegol (Penn State)
Walter Richtering (Aachen)
Jeffery Fowler (Syngenta)
Philip Sullivan (Schlumberger)
Alan Nakatani (Dow)

Charles Schroeder (UIUC)

Relevant links:
Please apply online. All applicants are strongly encouraged to present a poster at the meeting.
Application deadline for this meeting is January 31, 2010; but applying earlier is highly recommended.
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General announcements

Vacancy Tenure-track Faculty Position in Polymer Chemistry

The University of New Hampshire seeks an exceptional candidate to fill a tenure-track/tenured faculty position
in Polymer Chemistry beginning in the Fall of 2010, with joint appointments in the Materials Science Program
and the Department of Chemistry. An appointment at the Assistant Professor level is anticipated but
exceptional candidates at higher rank will be considered. The successful candidate is expected to teach
effectively at the undergraduate and graduate levels, establish a highly productive research program that
includes both undergraduate and graduate students, routinely publish results of scholarly work, compete
successfully for external grant awards, and participate in service activities. Ph.D. required.

Interested candidates should send a cover letter that addresses the expected rank of appointment and
discusses how their research will complement existing programs at UNH. Please include a curriculum vitae,
research plans (4 pages maximum), statement of teaching philosophy and arrange to have three letters of
recommendation sent to:

Chair, Chemistry-Materials Science Search Committee, Department of Chemistry, University of New
Hampshire, Durham, NH 03824. Recommendations may be sent electronically: chem.search@unh.edu.
Review of applications will commence on November 30, 2009. UNH, an AA/EEO employer, is committed to
excellence through the diversity of its faculty and staff and encourages women and minorities to apply.
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Dr. F. D’ Agosto
LCPP-CNRS/ ESCPE

Bat. F308, B.P. 2077

43 Bd du 11 Nov. 1918
69616 Villeurbanne cedex
FRANCE

Tel.: +33 472 43 1770

Fax:
Franck.dagosto@lcpp.cpe.fr

Dr. S.P. Armes NEW MEMBER

The University of Sheffield
Department of Chemistry, Room C83
Western Bank

Sheffield S10 2TN

UNITED KINGDOM

Tel. +44-114-222-9342

Fax. +44- 114-222-9346
s.p.armes(@sheffield.ac.uk

Prof.Dr. J.M. Asua

The University of the Basque Country
Institute for Polymer Materials (POLYMAT)
Apto 1072

20080 San Sebastian

SPAIN

Fax: +34-943-015 270

jmasua(@sq.chu.es

Prof. Dr. M. Ballauff NEW MEMBER
F-12 Soft Matter and Functional Materials
Helmholtz-Zentrum Berlin fiir Materialien und
Energie GmbH

Glienicker Strafle 100, 14109 Berlin
AND

Humboldt University Berlin

Department of Physics

Newtonstr. 15, 12489 Berlin

GERMANY

Tel: +49 30 8062-3071

Fax: +49 30 8062 2308
matthias.ballauff@helmholtz-berlin.de
Prof. Dr. E. Bartsch

Institut fiir Physikalische Chemie

Universitét Freiburg

Albertstrasse 21

D-79104, Mainz

GERMANY

Fax: +49 761 203 6222
eckhard.bartsch@physchem.uni-freiburg.de

Dr. M. do Amaral

Accenture

Manager

Av. Chile 500, 18 andar

Rio de Janeiro, RJ

BRAZIL

Tel : +55-21-45019560

Fax:
marcelo.do.amaral@accenture.com
doamaral.marcelo@gmail.com
Dr. T.R. Aslamazova

Russian Academy of Science
Leninsky Prospect 31

117915 Moscow

RUSSIA

Fax: +7 095 952 53 08

sovetl @phyche.ac.ru

Dr. K. Avramidis

The Dow Chemical Company
Ucar Emulsion Systems

410 Gregson Drive

Carcy NC 27511

USA

Fax: +1-919-469-6797
avramiks@dow.com

Dr. J. Barton

Polymer Inst, Slovak Acad. of Sciences
Dubravska Cesta

842 36 Bratislava

SLOVAK REPUBLIC

Fax: +421 7 5477 5923
upolbart@savba.sk

Dr. D.R. Bassett
Dow
bassettdaver@aol.com

(RETIRED MEMBER)
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Prof. Dr. A. van Blaaderen NEW MEMBER

Debye Institute for NanoMaterials Science
Utrecht University, Ornstein Lab. (062)
Princeton Plein 5

3584 CC Utrecht

THE NETHERLANDS

Tel: +31-30-2532204 /2952

Fax: +31-30-2532706
A.vanBlaaderen@uu.nl

Dr. E. Bourgeat-Lami
LCPP-CNRS/ESCPE-Lyon

43 Blvd du 11 Novembre 1918
B.P. 2077

69616 Villeurbanne Cedex
FRANCE

Fax: +33-47243 17 68
bourgeat@lcpp.cpe.fr

Dr. P. Chan

PCTS Specialty Chemicals PTE, Nippon Paint Ltd.
16 Joo Koon Crescent
Signapore 629018
SIGNAPORE

Fax:

peterchan@pcts.com.sg

Prof.Dr. S.Choe

R&D Center, Okong Corporation

426-1 Yonghyun 3 dong

Namgu, Incheon 402-023, Republic of Korea
Inha University, Dep. of Chemical Engineering
253 Yonghyundong, Namgu Incheon 402-751
REPUBLIC OF KOREA

Fax: +82-32-876-7467

sjchoe@inha.ac.kr

AND

Prof M. Cunningham

Queen’s University

Department of Chemical Engineering
99 University Avenue

Kingston, Ontario K7L 3N6
CANADA

Fax: +1 613 533-6637
cunning@chee.queensu.ca

Dr. M.S. El-Aasser

EPI, Lehigh University

111 Research Drive,
Bethlehem PA 18015-4732
USA

Fax: +1-610-758-5880
mse0@]lehigh.edu

Dr. Ir. S.A.F. Bon

University of Warwick

Department of Chemistry

Coventry, West-Midlands CV4 7AL
UNITED KINGDOM

Fax: +44 24 7652 4112
s.bon@warwick.ac.uk

Dr. F. Candau

(CRM-EAHP) Institute Charles Sadron
6 Rue Boussingault

Strasbourg Cedex 67083

FRANCE

Fax: +33-388-41-4099
candau@ics.u-strasbg. fr

RETIRED

Dr. B. Charleux

Laboratoire de Chimie Macromoleculaire
Universite Pierre et Marie Curie

Tour 44, Couloir 44-54, ler Etage, 4 place Jussieu,
F-75252 Paris Cedex 05

FRANCE

Fax: +33 (1) 44 27 70 89
charleux(@ccr.jussieu.fr

Prof. Dr. J.P. Claverie

University of Québec at Montréal
Director of Nanogam
Department of Chemistry and Biochemistry
Succursale Centre Ville

Montréal, Québec, H3C 3P8

CANADA

Tel. +1-514 987 3000 / 6143

Fax: +1-514 987 4054
claverie.jerome(@ugam.ca

Dr. A. Elaissari

Claude Bernard University of Lyon-1

LAGEP Laboratory, Bat. CPE-308G

43 Boulevard du 11 novembere 1918

69622 Villeurbanne Cedex

FRANCE

Tel: +33-4 72 431 841/ +33 6 87 355 396

Fax: +33-4 72 431 682
Elaissari@lagep.univ-lyonl.fr

Dr. S. van Es

Dispoltec BV

NEW MEMBER

THE NETHERLANDS
Fax:
stevenvanes@dispoltec.com
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R. Esser

Cytec Surface Specialties
Anderlechtstraat 33
Drogenbos B1620
BELGIUM

Fax: +32-2-378 3944
richard.esser@cytec.com

Dr. J. Forcada

The University of the Basque Country

Institute for Polymer Materials "POLYMAT"
Avenida de Tolosa 72

20018 Donostia-San Sebastian

SPAIN

Phone: + 34-943-018181

Fax: + 34-943-017065

Website: www.sc.ehu.es/polymat
jacqueline.forcada@ehu.es

Dr. F. Ganachaud

Laboratoire de Chimie Macromoléculaire

UMR 5076 CNRS/ENSCM

Ecole Nationale Supérieure de Chimie de Montpellier
8 rue de I'école normale 34296 Montpellier cedex 5
FRANCE

Fax: +33 -4-67 1472 96/20

ganachau@enscm.fr fganachaud@yahoo.fr
Prof.Dr. A.L. German (RETIRED MEMBER)
Eindhoven University of Technology

Dept of Polymer Chemistry and Coatings Technology
PO Box 513

5600 MB Eindhoven

THE NETHERLANDS

Fax: +31 40 246-3966

a.german(@chello.nl

Dr. J.W. Goodwin

Interfacial Dynamics Corp.

PO Box 3284

Tualatin OR 97062

USA

Fax: +1-503- 684-4559
jimgoodwin@compuserve.com

Dr. W.D.Hergeth

Wacker Polymer Systems
LEP, PK 14

Johannes Hess Strasse 24
Burghausen, D-84489
GERMANY

Fax: +49-8677-866 1148
dieter.hergeth@wacker.com

Prof.Dr. R.M. Fitch

Fitch and Associates

HCR 74 Box 24808

12 Codorniz Road

El Prado NM 87529

USA

Fax: +1-505-776-5930
bobfitch@newmex.com

Prof.Dr. W.T. Ford

Oklahoma State University
Department of Chemistry PS107
Stillwater, Oklahoma 74078-3071
USA

Fax +1-405 744 6007
wtford@okstate.edu

Dr. A.P. Gast

Lehigh University

27 Memorial Drive West
Bethlehem, PA. 18015
USA

tel: 610.758.3157

fax: 610.758.3154
apg206@lehigh.edu
Prof.Dr. R.G. Gilbert
University of Queensland
Hartley Teakle Building, Room S434
Brisbane

Queensland 4072
AUSTRALIA

Fax:
b.gilbert@ug.edu.au
Dr. F.K. Hansen
University of Oslo
Department of Chemistry
PO Box 1033 Blindern
0315 OSLO

NORWAY

Fax: +47-228-55542
f.k.hansen@kjemi.uio.no
Dr. Brian Hawkett
School of Chemistry Sydney University NSW 2006
Key Centre for Polymer Colloids
Chemistry F11

NSW 2006

AUSTRALIA

Tel. +61 2 9351 6973

Fax: +61 2 9351 8651
b.hawkett@chem.usyd.edu.au

NEW ADDRESS
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Prof.Dr. A.M. van Herk

Eindhoven University of Technology
Dept of Polymer Chemistry and Coatings Technology
PO Box 513

5600 MB Eindhoven

THE NETHERLANDS

Fax: +31 40 246-3966
a.m.v.herk@tue.nl

Prof. Dr. D. Horak

Institute of Macromolecular Chemistry
Academy of Sciences the Czech Republic
Heyrovsky Sq. 2

162 06 Prague

CZECH REPUBLIC

Fax: 420-296-809 410
horak@imc.cas.cz

Dr. S. Jayasuriya

S.C. Johnson Polymer

831- 16th Street, PO Box 902
Sturtevant, WI. 53177-0902

USA

Fax: +1-262-631-4529
Sunil.Jayasuriya@JWP.Com

Dr. J.G.H. Joosten

DSM Research, PAC

PO Box MD Geleen

THE NETHERLANDS
Fax: +31 46 4461-200
jacques.joosten@DSM.com

Dr. H. Kawaguchi

Keio University

3-14-1 Hiyoshi, Kohoku-ku
Yokohama 223-8522

JAPAN

Fax: +81-45-564-5095
haruma@applc.keio.ac.jp

Dr. M. Keefe

DOW Chemical research corporate R&D
Dow Chemical, 1604 Building
Midland MI 48674

USA

Fax: +1-989-638-6356
mhkeefe@dow.com

Dr. C. Ho

5 Jalan SS4/8

47301 Petaling Jaya
Selangor,

MALAYSIA

Fax: +60-3-787-6625
cchoho2001@yahoo.com

Dr. N. Ise

23 Nakanosaka
Kamigamo, Kita-ku,
Kyoto 603-8024.

JAPAN

Fax: +81-75-701-3833
norioise(@sea.plala.or.jp

Prof. Dr. D. Johannsmann NEW MEMBER
Technische Universitidt Clausthal

Institut fiir Physikalische Chemie
Arnold-Sommerfeld-Str. 4

D-38678 Clausthal Zellerfeld

GERMANY

Tel.: +49 (0) 5323 - 72 3768

Fax: +49 (0) 5323 - 72 4835

johannsmann@pc.tu-clausthal.de

Dr. O. Karlsson

Lund University
Department of Physical Chemistry 1
P.O. Box 124

Lund SE-221 00

SWEDEN

Fax: +46-4622-24-413
ola.karlsson@fkem]1.lu.se
Dr. J. Keddie

Department of Physics
University of Surrey
Guildford, Surrey GU2 7XH
UNITED KINGDOM

Fax: +44 1483 686781
j.keddie@surrey.ac.uk

Dr. O. Keltoum NEW MEMBER
Cytec Specialty Chemicals- R&D Acrylics
Anderlechtstraat, 33

B-1620 Drogenbos

BELGIUM

Tel: +32-(0)2.334.51.94

Fax:

keltoum.ouzineb@cytec.com
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Prof. J. Kim

Department of Chemical Engineering

Yonsei University

134 Sinchon-dong

Seodaemoon-Ku Seoul 120-749

KOREA

Fax: +82-2-312-0305

jayhkim@yonsei.ac.kr

Dr. Ed. Kostansek

Rohm and Haas Co.

Research Labs

727 Norristown Rd.

P.O. Box 904

Spring House, PA 19477-0904

USA

Fax: +1-215-619-1629
ekostansek@rohmhaas.com

Dr. P. Lacroix-Desmazes

Chargé de Recherche au CNRS

Ecole Nationale Supérieure de Chimie de Montpellier
Equipe "Ingénierie et Architectures Macromoléculaires"
UMR 5253 - Institut Charles Gerhardt

8, rue de 1'Ecole Normale

34296 MONTPELLIER CEDEX 5 (FRANCE)
Tél: + 33-4-67-14-72-05

Fax: + 33-4-67-14-72-20

Website: www.iam.icgm.fr / www.icgm.fr
Patrick.Lacroix-Desmazes@enscm. fr

Prof. J.Leiza

The University of the Basque Country

Institute for Polymer Materials "POLYMAT"
Avenida de Tolosa 72, 20018 Donostia-San Sebastian,
Spain

Phone: + 34-943-018181

Fax: + 34-943-017065

jrleiza@ehu.es

Prof. Dr. P.A. Lovell

The University of Manchester

School of Materials

Grosvenor Street

Manchester M1 7HS UNITED KINGDOM

Fax: +44 161 306-3586
pete.lovell@manchester.ac.uk  pal@umist.ac.uk

Dr. G. Koper

Laboratory of Physical Chemistry
Delft University of Technology
Julianalaan 136, 2628 BL Delft
THE NETHERLANDS

Fax: +31 71 527 4397/4537
o.j.m.koper@tudelft.nl

Dr. .M. Krieger

3460 S Green Rd # 101
Beachwood OH 44122
USA

Fax: +1-216-921-6145
imk@po.cwru.edu

Dr. D. 1. Lee

Western Michigan University
Department of Paper Engineering
A-217 Parkview Campus
Kalamazoo MI 49008

USA

Fax: +1-269-276-3501
doiklee@aol.com

Dr. Pei Li

Hong Kong Polytechnic University
Department of Applied Biology and Chemical
Technology

Office : Y845

Hung Hom, Kowloon, Hong Kong
CHINA

Tel : (852) 3400 8721

Fax : (852) 2364 9932
bepeili@polyu.edu.hk

Prof. Dr. A. Lyon

Georgia Institute of Technology
School of Chemistry and Biochemistry

Office: Molecular Science & Engineering, Room 1100K
901 Atlantic Drive, NW

Atlanta, GA 30332-0400

Phone: 404-894-4090

Fax: 404-894-7452

lyon@gatech.edu

NEW MEMBER

NEW MEMBER




IPCG

September 2009

Prof.dr. G. Ma

Chinese Academy of Sciences
Institute of Process Engineering
Zhong-Guan-Cun

P.O. Box 353

Beijing 100080 CHINA

Fax: +86-10-826 27 072
ghma@home.ipe.ac.cn

Prof. Dr.Timothy F. McKenna
Queen’s University

Department of Chemical Engineering
99 University Avenue

Kingston, Ontario K7L 3N6
CANADA

Fax: +1 613 533-6637
tim.mckenna@chee.queensu.ca
Dr. D. Mestach

NEW MEMBER

Nuplex Resins BV

P.O.Box 79

4600 AB Bergen op Zoom

THE NETHERLANDS

Tel: +31 164 276582

Fax: +31 164 276502
dirk.mestach@NuplexResins.com

Dr. M. Nomura

Fukui University Fukui

Department of Materials Science & Eng.
Bunkyo 3-9-1, Fukui

910-8107 JAPAN
Fax/Tel:+81-776-27-8626
nomura-m@mx2.fctv.ne.jp

Prof. Dr. T. Okubo

Institute for Colloidal Organization,
Hatoyama 3-1-112 Uji, Kyoto 611-0012
JAPAN

Fax: +81-774-32-8270
okubotsu@ybb.ne.ip

Prof. Dr. R. Pelton

McMaster University, Dept of Chem. Engineering
SENTINEL- Bioactive Paper Network

1280 Main Street West

Hamilton, Ontario

CANADA L8S4L7

Tel.: +1 905529 7070 ext. 27045

Fax: +1 905 528-5114

Website: www.papersci.mcmaster.ca
peltonrh@mcmaster.ca

Dr. C.J. McDonald
Consultant

45 Rattle Hill Road
Southhampton, MA 01073
USA

Fax:
cim@cjmcdonald.com

Prof. A.Y. Menshikova NEW MEMBER
Institute of Macromolecular Compounds

of Russian Academy of Sciences

Bol'shoi Prospect 31

199004 St. Petersburg, RUSSIA

Fax: +7 812 328 68 69

asya@hqg.macro.ru mensh_asya@yahoo.com

Prof. Dr. A. Mueller
Universitdt Bayreuth
Makromolekulare Chemie 11
Universitaetsstrasse 30 NW 11
95440, Bayreuth GERMANY
Tel. +49 (921) 553399

Fax. +49 (921) 553393
axel.mueller@uni-bayreuth.de

NEW MEMBER

Prof. Dr. M. Okubo

Kobe University

Dept. of Chemical Science & Technology
Rokko, Nada Hyogo

Kobe 657-8501 JAPAN

Fax: +81 78 803-6161
okubo@cx.kobe-u.ac.jp

Dr. D. Ou-Yang NEW MEMBER
Lehigh University, Physics Department

16, Derning Lewis Lab

18015 Bethlehem, USA

Tel. 001 610 7583920

Fax. 1 610 7585730

hdoO@]Iehigh.edu

Prof. Dr. C. Pichot

Ecole Normale Superieure de Lyon
CNRS-bioMerieux

46, allée d’Italie

69364 Lyon Cédex 07. FRANCE
Fax: +33 4 7272-8533
christian.pichot@ens-bma.cnrs.fr
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Dr. I. Piirma

The University of Akron
Dept. of Polymer Science
Akron OH 44325-3909
USA

Fax: +1 303 972-5290
irjapiirma@cs.com / irjapiirma@sbcglobal.net
Prof. Dr. W. Richtering NEW MEMBER
Lehrstuhl fiir Physikalische Chemie 11
RWTH Aachen University
Landoltweg 2, D-52056 Aachen
GERMANY

Tel +49(0)241 80 94760 / 761

Fax +49(0)241 80 92327
richtering@rwth-aachen.de

Prof. Dr. A. Ritcey

NEW MEMBER

Universite Laval

Department of Chemistry,

Quebec City,

Quebec, G1K7P4

CANADA

Tel: 1-418-656-2368

E-mail: anna.ritcey(@chm.ulaval.ca

Dr. W.B. Russel

Dept of Chem. Engineering

Princeton University

Olden Street

Princeton, NJ 08544 USA

Fax: +1 609 258-0211
wbrussel@princeton.edu

Prof. F.J. Schork

University of Maryland

Dept. of Chemical & Biomolecular Engineering
2113E Chemical Engineering Bldg 090
College Park, MD 20742 USA

Fax: +1 301 405-0523
fischork@umd.edu

Prof. J. Snuparek

Department of Polymeric Materials
University of Pardubice

532 10 Pardubice

CZECH REPUBLIC

Fax: +420-46-603-7068
Jaromir.Snuparek@upce.cz

Dr. D.C. Sundberg

Univ. of New Hampshire

Materials Science Program, Room 137
Persons Hall

Durham, NH. 03824-3547 USA
Fax: +1 603 862-4892
don.sundberg@unh.edu

Dr. G.W. Poehlein

407 South Henry Street
Alexandria, VA 22314-5901
USA

Fax: +1 703 837-1109
gspoehlein@aol.com

Dr. G. Riess

Ecole National Superierie

de Chimie de Mulhouse

3 rue a Werner

68093 Mulhouse Cedex FRANCE
Fax: +33 3 89 33 68 54
g.riess@univ-mulhouse.fr

Dr. S. Rimmer
Department of Chemistry
University of Sheffield
Sheffield S3 7HF
UNITED KINGDOM
Fax: +44 114 273 8673
s.rimmer@sheffield.ac.uk

Dr. C. Schellenberg

Ciba Specialty Chemicals Inc.
K-147.2.58

4002 Basel

SWITZERLAND

Fax: +41 61 63 62730
carsten.schellenberg@cibasc.com
Prof. S. Slomkowski

Polish Academy of Science
Centre for Mol. & Macromol Studies
Sienkiewicza 112

PL-90363 Lodz POLAND

Fax: +48 42 6847 126
staslomk@pbilbo.cbmm.lodz.pl
Dr. P.R. Sperry

49 Woodview Drive

Doylestown

PA 18901 USA

Fax: +1 215 348-0654

spe fast.net

Dr. K. Takamura

BASF Corporation

Industrial Products

11501 Steel Creek Road

Charlotte NC 28273-3730 USA
Fax: +1 704 587-8294
koichi.takamura@basf.com
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Dr. K. Tauer

Max Planck Institut fuer Kolloid
und Grenzflaechenforschung
14424 Potsdam

GERMANY

Fax: +49 331 567 9512
klaus.tauer@mpikg-golm.mpg.de

Dr. T.G.M. van de Ven

McGill University, Dept.Chemistry
Pulp & Paper Research Centre
3420 University Street
Montreal PQ H3A 2A7
CANADA
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Contribution: Dr. Steve Arms
S.P.Armes@sheffield.ac.uk

List recently published "polymer colloid' papers:

“Efficient preparation of polystyrene/silica colloidal nanocomposite particles by emulsion
polymerization using a glycerol-functionalized silica sol”, A. Schmid, S. P. Armes, C. A. P. Leite and
F. Galembeck, Langmuir, 25, 2485-2494 (2009).

“Synthesis and characterization of polypyrrole-coated poly(methyl methacrylate) latex particles”, J.
Ormond-Prout, D. Dupin, S. P. Armes, N. J. Foster and M. J. Burchell, J. Mater. Chem. 19, 1433-
1442 (2009).

‘Direct imaging and spectroscopic characterization of pH-responsive poly(2-vinylpyridine) microgels
in aqueous media by scanning transmission x-ray microscopy’, S. Fujii, D. Dupin, T. Araki, S. P.
Armes and H. Ade, Langmuir, 25, 2588-2592 (2009).

“Surface activity of cationic sterically-stabilized polystyrene latexes at the air-water interface: contact
angle determination by ellipsometry”, T. Hunter, D. Dupin, E. J. Wanless, G. J. Jameson and S. P.
Armes, Langmuir, 25, 3440-3449 (2009).

“Stimulus-responsive liquid marbles”, D. Dupin, S. P. Armes and S. Fujii, J. Am. Chem. Soc. 131,
5386-5387 (2009).

“Packing efficiency of small silica particles on large latex particles: a new route to colloidal
nanocomposites”, J. A. Balmer, S. P. Armes, P. W. Fowler, T. Tarnai, Z. Gaspar, K. A. Murray and
N. S. J. Williams, Langmuir, 25, 5339-5347 (2009).

“Synthesis and characterization of film-forming colloidal nanocomposite particles prepared via
surfactant-free aqueous emulsion copolymerization”, A. Schmid, P. Scherl, S. P. Armes, C. A. P.
Leite and F. Galembeck, Macromolecules, 42, 3721-3728 (2009).
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Contribution: Dr. T.R. Aslamazova
sovetl@phyche.ac.ru

THE CALCULATION BARRIER HEIGHT OF THE OVERALL INTERACTION
EMERGY BETWEEN TWO LATEX PARTICLES PREFPARED BY EMULSION
POLYMERIZATION OF MONOMERS OF VERY DIFFERENT POLARITY WITH
SURFACE-ACTIVE INITIATORS:

T. R. Aslamazova®, K. Tauer*

*Institute of Physical Chemistry of Russian Academy of Sciences, Leninskii prospect, 31,
Moscow, Russia; fax 7 095 952 53 08; tel. 7 095 955 46 41, email sovet@phyche.ac.ru;
“Max Plank Institute of Colloids and Interfaces, 14424 Potsdam, Am Mahlenberg, 14476
Golm, Germany, fax 49(0)331 567 9512; Tel. 49(0)331 567 9511, email
Klaus. Tauer@mpikg-golm.mpg.de

Our recent submission was devoted to studying the effect of surface-active initiators
(inisurfs) on the kinetics of emulsion polymerization of monomers with very different
polarity: methacrylate (MA), methyl methacrylate (MMA), styrene (St), 4-methyl styrene
(MSt), and 4-tert-butylstyrene (BSt). As inisurfs 2,2-azobis(N-2'—methylpropanoyl-2-
amino-alkyl-1-sulfonates (AAS) with varying alkyl chain length (number of carbon atoms ng
for OAS 8, TDAS 14, HDAS 16) corresponding to their critical micelle concentration. As
shown there exist strong correlations between the surface activity of the AAS on the one
hand and the rate of polymerization (of MMA and St) and the experimental stability of the
particles on the other hand. It was found that the value of n.  determines the zeta-
potential, hydrophilicity of their surfaces, and the colloidal stability of latexes.

In this submission the barrier height of the overall interaction energy between two
particles has been calculated in order to compare with the experimental stability. Towards
a deeper understanding of the interactions between the particles produced via emulsion
polymerization with AAS — inisurfs model calculation was carried out regarding the surface
forces of particle interaction. According to modem DLVO theory the total interaction
potential between two particles in dependence on their surface separation (U(H)) contains
electrostatic (U.), molecular (U,,), and structural (U;) components.

The electrostatic component, which correlates with the surface charge density or
the ionic hydrophilicity of the particle surface, depends as depicted in Figure 1 on the
hydrophobicity of the inisurfs. It increases with increasing their surface activity of the AAS
and polymeric hydrophobicity which is in agreement with zeta potential and surface charge
density.

1WA TOAR Figure 1 Change of the electrostatic
Shuaoas component of the particle - particle
o o interaction energy for pSt and pMMA
SN e, particles formed with low concentration of
TDAS and HDAS in dependence on the

=T interparticle distance

ey 0™
=

The molecular component of the total interaction energy (Um) is related to the
attractive van der Waals forces between particles facilitating coagulation or coalescence
processes. U, depends on the polarity and polarizability of the paricle surface and is
quantitatively characterized by the Hamaker constant (A) which can be estimated from the
refractive index data. The molecular forces are more than an order of magnitude lower
than the attraction arising from the structural forces. Consequently, for the calculations of
the total energy between the particles it is sufficient to consider only structural and
electrostatic forces.
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The hydrophobic component of (Us) is related to the hydrophobic - hydrophilic
balance at the polymer interface. In the case of a hydrophobic and a hydrophilic interface
lUs contributes to the attraction and the repulsion between the particles. The data on the
contact angle measurements characterize both the p3t, pMSt, pBSt and pMMA particle
interface as hydrophobic and hence, Us contributes to paricle — paricle attraction
(ci.Figure 2). As seen the more hydrophobic particles of pSt, pMSt and pBSt attract each
other stronger than the particles of the more polar pMA and pMMA.

N Figure 2 Change of the structural

: o compenent of the particle — particle

) e interaction energy for polymeric

‘T 7 4 . particles of very different polarity

' formed with high concentration of

. o TDAS in dependence on the
i interparticle distance

L] L] !
-,

H. nm

The data displayed in Figure 3 illustrate that the potential barrier against coagulation is
higher for more hydrophobic polymers and more surface active initiators. It is worth to

Figure 3 Change of the owverall

W ofrEmEaett o ot particle — particle  interaction

B ::j t-aemoas S T energy for pMMA and pSt particles

> of e formed with low concentration of

= 1 A A S N TDAS and HDAS in dependence
ST I B on the interpariicle distance

mention that the order of latex stability as obtained in the model calculations is in
accordance with the experimental stability. The amount of coagulum was higher for MMA
and MA than for St and its derivates. For each monomer the higher coagulum the lower
ne. The polymerization data also reveal that kinetic factors contribute to latex stability. It
was found that the amount of coagulum was higher for the polymerizations carried out with
the higher concentration of the inisurfs (Figure 4). The increase in the concentration of the
inisurfs by almost a factor of 200 increases the rate of polymerization encrmously and

Figure 4 Comparison of the

overall  particle - paricle

. interaction energy for pMMA and

N e pSt particles formed with high (h)

T e and low (L) concenfration of

Y f , L TDAS in dependence on the
b AT ’ Y interparticle distance

Wi+ g

the polymerization time was reduced from 5 or 8 hours to only 10 or 30 minutes for  TmM
and 19,2 mM respectively. This relation between coagulum formation and rate of
polymerization unveils the drawback of inisurfs that the rate of polymerization and the
stabilization of the particles cannot be controlled by separate means. Obviously, a
concentration of the AAS - inisurfs as high as 19,2 mM is on the hand high enough to
boost the polymerization rate by an increased number of polymer particles but on the other
hand too low to stabilize all these particles properly.



IPCG

September 2009

Contribution: Prof. J.M. Asua and Prof. R. Leiza

jmasua@sg.ehu.es irleiza@ehu.es

INTERNATIONAL POLYMER COLLOIDS GROUP NEWSLETTER
Contribution from the Institute for Polymers Materials “POLYMAT™ and Grupo de Ingenieria

Quimica, Centro Joxe Mar Korta, University of the Basque Country, Avda. Tolosa, 72, E-20018
Donostia-San Sebastian, Spain

Reported by José M. Asua and Jose Ramon Leiza September 2009
Book Chapters

POLYMER/CLAY NANOCOMPOSITES THROUGH EMULSION AND SUSPENSION
POLYMERIZATION

M Paulis and JR. Leiza

Advances in Polymer Nanocomposites Technology, Ed. V Mittal, Chapter 2. Nowva Science
Publishers, New York, USA

Recently published articles

EFFECT OF EEACTION TEMPERATURE ON THE GEL CONTENT OF ACRYLIC
LATEXES

N Kohut-Svelko, R. Pirvi, JM Asua, JR Leiza

MACROMOLECULAER REACTION ENGINEERING. 3(1), 211-15 (2009). {Absgzct in the previous
IPCGN).

RADICAL ENTREY MECHANISMS IN ALEALT SOLUBLE RESIN STABILIZED LATEXES
S Caballero, JC. de la Cal JM. Asua
MACROMOLECTILES, 42, 1913-1010 I:l'::":]':'] (Abstract in the previous IPCGHN).

REDOX INITIATORS SYSTEMS FOE EMULSION POLYMERIZATION OF ACRYLATES
ATLOW TEMPERATURES

N Eohut-Svello, R Pirri JM Asua, JR Leiza

I POLYMER SCIENCE: PART A: POLYMER CHEMISTEY | 47, 2017-2027 (2009). (Abstract in the
previous IPCGI).

A NEUEAL NETWOREK MODEL FOR ESTIMATING THE PSD OF A DILUTE LATEX
FROM MULTIANGLE DLS MEASUREMENTS
LM Gugliotta, G.5. Stegmayer, V.D.G. Gonzalez, JR. Leiza, JR. Vega

* Comespondence to IR Vepa, INTEC (CONICET and Universidad Macional del Litoral), Santa Fe, Argentine
PARTICLE AND PARTICLE SYSTEMS CHARACTERIZATION. 26 41-32 (2009).(Abstract in the
previous IPCGIN).

MACROINITIATOR AND MACROMONOMER MODIFIED MONTMORILLONITE FOR
THE SYNTHESIS OF ACRYLIC/MMT NANOCOMPOSITE LATEXES

G. Diacomy, M. Micusik, 4. Bomnefond, M. Paulis, JR. Leiza

MACROMOLECULES 42(9), 3316-3325 {2 [}Ug}. {Abstract mn the previeus [PCGIV).

SECONDARY PARTICLE FOEMATION IN SEEDED SUSPENSION POLYMERIZATION
Q. Hess Gongalves, R AF. Machado, P.H. Hermes de Aravjo, JM. Asug
Seeded suspension polymenzation can be applied fo obfain core—shell particles with particle diametars larger than 1000 mm, which finds application in

efficiency of monomer mcorpomtion m the seed particles. In the present work, the mechanism of secondary partcles formation during seeded suspension
polymerization was inwvestizated using monomers (styTene, methyl acrylate and methyl methacrylate) and inifiators (benzoyl perowide and lmaroyl
peroxide) with different water solubilities and. in the case of the initiators, alse different decomposition
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rates. Results showed that there was no s==d polymer in the compesitton of the secondary particles but only pure polymer from the monomer fead
meaning that they were not formed by erosive breakage of the swelled seeds. The fraction of secondary particles increased when monomers with higher
water splubility and midators with decreasing water solubility were used These results were consistent with the formation of secondary panicles by
homogeneows mcleation and monomer droplet puclsation

POLYMER. 50 (2). 375-381 (2009).

ADHESIVES FOR LOW ENERGY SURFACES
A Agirre, J Nase, C. Creton, JM Asua

The weting and adhesive properties of model pressure szpsitive adhestves synthesised by miniemulsion polymerizaton were investigated. Wetting
expeniments of agqueous soluticns of three different emalsifiers showed that Silwet L-77 (non 1onic ethowylated tnstloxans) was the best

wefling agent Probing adhesive properties, two different stroctural medifications of the polymer were nvestpated: a change m the polymer
microstruciure by the additon of a cham transfer agent and the infroduction of a bydrophobic monomer inte the polymer backbone. An addition of chain
ransfer agent was encugh o obtain a pelymer with a significantly different microstrucure and

consequently enhanced adhesion energy but reduced shear resistance. O the other kand, stearyl acrylate (5A) was employed as the kydrophobic monomer
and the synthesis was camed ouf m mmermlsion polymerization which enables the incorporation of bydrophobic compoumds without any diffusion
limifatioms. There were almost no differences in the polymer microstracture, whereas, some differences were observed in the adhesion properties.

MACROMOL SYMP. 281 (POLYMEE. COLLOIDS), 181-190 (20097,

POLYMERIZATION EKINETICS AND MICROSTRUCTIUEE OF WATERBORNE
ACEYLIC/ALEYD NANOCOMPOSITES SYNTHESIZED BY MINIEMULSION.
M Goikoetvea, RJ. Minari I Beristain, M. Panlis, M.J. Barandiaran, J M. Asua

Waterborne acrylic-alkyd nanocomposites are expected to combine the pestitive propertes of alkyd resins and acrylic pelymers. In this work the Kinetics
of the miniemulsion polymerization used to synthesize these nanocomposites and the effect of the process vanables on the polymer architecure and
particle morphology was investgated. It was found that resin hydrophobicity and the type of mitiator strongly affected the microstucmre of thess
materials. The mechanisms respensible for these effects were discussed.

JOURNWAL OF POLYMER SCIENCE, PART A: POLYMER CHEMISTRY, 47(19), 4871-4885.

LATEX IMAGING BY ENVIRONMENTAL STEM: APPLICATION TO THE STUDY OF
THE SURFACTANT OUTCOME IN HYBRID ALEYD/ACRYLATE SYSTEMS
J. Faucheu, L. Chazeau, C. Gauthier, J-¥. Cavaille, M. Goikoetveq, R.J. Minari, J M. Asua

Among other uses, latexes are a successfil altematve to solvent-bome binders for coatings. Efforts are made to produce hybrid nanosmciured latexes
confammg an acrylic phase and an alkyd phase. However, after the film-formimg process, the surfactant used to stabilize these latexes remains in the film,
and its location can have a drastic effect on the applicaton properties. Among the processing parameters, the alkyd bydrophobicity can strongly influence
this location. This article zims at the imaging of these surfactant malecules m two byboid latexes with different hydrophobicity level of the alkyd resm A
firzt part of thiz paper is dedicated to the upderstanding of the comrast provided by the surfactant in environmental STEM imaging of latexes. Then, the
mfluence of surfactant-polymer affinity on the surfacqant location after film-forming of those hybrid alkydacrylate latexes is studied by this techmigue It
15 shown that in the kybrid latex with an alkyd shell {obtained with the most bydrophilic resin), the surfactant molecules tend to remain buried in the alkyd
phase. Conversely, m the hybnd latex with an acrylate shell (in the case of the most bydrophobic resin), the surfactant molecules tend fo gather into
tslands like in pure acrylate latex films.

LANGMUIR 25(17), 10251-10258 {2000},

PRODUCTION OF WIDELY DIFFERENT DISPERESED POLYMEES IN A CONTINUOUS
TAYLOE-COUETTE REACTOR

G Gonzalez, E. Colmenar, G. Digcomi, F. Alarcia, M. Manea, M Paulis, MJ. Barandiaran, JR
Leiza, JC. dala Cal JM Asua

The surtability of a continnous Taylor—Couette reactor to produce widely different dispersed polymers was investigated. It was found that it is possible
synthesize high solids acrylic pressure sepsitive adhesives prepared by comventiooal emulsipn polymenzation, with higher conversion and narrower
particle size distribution than the one produced with a CSTR. Coaguhmm fres acrylic—alkyd and acrylic—clay hybrid latexes synthesized by muniemmlsion
polymerization, with final pardcle size smmilar to the imitial droplet size, were also obtained. The suitability of this reactor fo synthesize flocculants
obiained by imserse microsmulsion polymerization was also dempostrated.

MACROMOLECULAR REACTION ENGINEERING 3(5-6), 233-240 (2009).

Coming articles
Accepted

MOLECULAR CHARACTERIZATION OF ALEYD/ACRYLIC LATEXES PREPARED BY
MINIEMULSION POLYMERIZATION
R.J Mmmari, M Goiloercea, I Beristain, M. Panlis, M J. Barandiaran, JM Asua

The molecular characierzation of alkyd/acrylic bybrd latexes produced by minemulsion polymerization was characterized in temms of the resin
dagres of grafting, acrylic degree of grafing. reacted double beods m the alkyd. zel confent apd malecular weight dismbuton of the sel part A
simple method based on conventional SEC measurements was developed to estimate the fraction of alkyd resm grafted to the acrylic polymer. The
method can be applied to completely soluble hybrids as well as to hybrids containing zel. Also, the lmits of the extracdon methed nsed in literature
o estimate the fraction of acrylic polymer zrafted to the allyd was investizated, finding that this techmique only provides accurate results at kizh



IPCG

September 2009

values of acrylic degres of zrafting. Combination of this information with the reacted double bonds of the alkyd (determined by indine tiration) and
the MWD of the sol polymer, provides a defailed characternzation of the alkyd-acrylic hybnd polymer.

J Applied Polymer Science {accepted). ID: 576532-430129

NEW AGITATED AND THEEMOSTATIZED CELL FORE IN-SITU MONITORING OF FAST
EEACTIONS BY SYNCHROTERON SAXS

M. Poulis, A. Bormefond, M. Micusik, JR. Leiza
The development of a thermostatized and agitated sample cell for synchrotron SANS measurements of liquid samples (homogeneous or heterogenous) is
presented The set-up enables the in-sitn menttoring of fast chemical reactions, such as emulsion polymenzaton reactions.

JOURNAL OF SYNCHROTRON FADIATION

Submitted

POST-POLYMERIZATION OF WATERBOENE ALKYD/ACRYLICS. EFFECT ON
POLYMER ARCHITECTURE AND PARTICLE MORPHOLOGY
RJ Minari M. Goikoetxea, I Beristain, M. Paulis, M.J. Barandiaran, JM. Asua

The effsctivensss of post-polymenzation for removing the residual meonomer content in alkyd'acrylic bybrid latexes with high solids comtent
of indusirnal inferast {50 %5) was smdted Fesidual monomer amounts lower than 50 ppm were achieved by using redox initator system
vielding bydrophobic tert-batoxyl radicals. Furthermore, the effect on the molecular architecture and particle morphology after the pest
addifion of fhose redon: Mmitiator was mvestigated. A sigmificant increase on the amount of alkyd zrafied to the polyacrylic and the melecular
waight was obfamped for BA-based hybnd latemes, yielding more homogeneous particle morphology. This could represent an oppormmity to
achizve better coating propartes. because compatibility berween alkyd and polyacrylic phases was improved by decreasing the free monomsr
conient

POLYMER

SYNTHESIS OF CATIONIC POLYELECTROLYTES BY INVERSE MICROEMULSION
POLYMERIZATION

G. Gonzalez, J Ugalde, JC. Cal JM Asua

The pessibiliy of formation of branched polymer in the ioverse micToemulsion copolymerizaton of acdylamide and [2-(acryloylogy)ethyl]-
mimethylammonnm chlionde at low temperature (33 °C) and the effect of replacing the tradittonal sepubaich reactors, which are commoenty used m the
production of catonic flocoulants, by & mere efficlent comtinueus reactor oo pelymer chamctenstics and oo it perfommnce as flocoulant wene
mvestigated.

MACROMOL. RAPID COMMUN.

ESSAY: SENSORS, PROCESS CONTROL AND MODELLING IN POLYMER
PRODUCTION

JR Leiza

Polymers are ““product-by-process™ whose microstmicoare, and hence application propertes, are mestly determmed in the reactor. Therefore the
imderstanding of the processes ocowming in the reactor is crucial fo achisve an efficient. comsistent, safe and envirormentallyfriendly productdon of
polymer matenials with improved performance. This reguires the development of detziled and predictive mathematical models of the polymerizaton
[IDCesses, acourate and robust monitering technigues and optimization and conirol sirategies.

MACROMOLECULAR REACTION ENGINEERING
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Contribution: Prof. E. Bartsch

eckhard.bartsch@physchem.uni-freiburg.de

Contribution to IPCG newsletter 2009/2
from

Prof. Dr. Eckhard Bartsch

Institut fiir Physikalische Chemie

Universitit Freiburg

AlbertstraBe 21

D-79104 Mainz, Germany

phone: +49 761 203 6209

fax:  +49 761 203 6222

email: eckhard.bartsch@physchem@uni-freiburg.de

and

Institut fiir Makromolekulare Chemie
Universitit Freiburg
Stefan-Meier-Stralie 31

D-79104 Freiburg, Germany

Titles and Abstracts of unpublished papers

e Synthesis of Photocrosslinkable Microgel Colloids for Cluster Formation Studies
A. Zillessen, E. Bartsch, Langmuir, in print

ABSTRACT. In many physical processes involving colloidal particles transient structures (e.g. in
transient particle gels, phase separating suspensions) are created. Freezing these structures by
chemically intercrosslinking the particles could be an intriguing route to create network structures
with special (e.g. mechanical) properties. Alternatively, photochemically fixing transient structures,
thereby making them accessible to detailed analysis, could provide new insights in processes like
colloidal aggregation or crystal nucleation, which are of fundamental importance for soft matter
physics as well as for applications. For this purpose we synthesized microgel particles, which carry
photoreactive groups on the surface and explored the possibility of creating chemical interparticle
crosslinks by UV illumination. Via seeded growth emulsion polymerization we synthesized
monodisperse polystyrene microgels with a radius of about 210 nm. In organic solvents the particles
swell to a hydrodynamic radius of 350 nm. These polystyrene microgels were functionalized by
using a polymer analogous Friedel-Crafts benzoylation to introduce benzophenone groups onto the
surface. The colloidal particles were characterized by static and dynamic light scattering, optical
microscopy and transmission electron microscopy. The interparticle crosslinking behavior of the
modified microgels in concentrated dispersions was examined by dynamic light scattering, optical
and scanning electron microscopy. To study the effect of short-ranged attractive forces between the
particles linear polystyrene chains acting as depletion agent were added. In time-dependent
irradiation studies we observe a coexistence of individual particles and clusters with a size range
around 2 um in radius already at shortest irradiation times on addition of linear polymer. These
(transient) clusters - introduced by depletion attraction - are permanently fixed by photocrosslinking
and, thus, on dilution of the system made amenable to analysis by light scattering.
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Ph.D. Thesis

e Synthesis and characterization of photocrosslinkable colloids, A. Zillessen, Freiburg 2009
e Crystallization kinetics and viscoelastic properties of colloid binary mixtures with depletion
attraction, A. Kozina, Freiburg 2009.

Work in progress

e Synthesis and characterization of sterically stabilized and refractive index matched aqueous
dispersions

e Highly concentrated, free-flowing dispersions via tailor-made attractive particle interactions

¢ Influence of the polymer to colloid size ratio on the kinetic arrest transition in colloid-polymer
mixtures

e Optical tracer diffusion studies of film formation with surfmer-stabilized latexes

Recent publications

e "Unusual crystallization kinetics in a hard sphere colloid-polymer mixture
T. Palberg, A. Stipp, E. Bartsch, Phys. Rev. Lett. 102, 038302 (2009)
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Contribution: Prof. A. van Blaaderen
A.vanBlaaderen@uu.nl

Prof. Alfons van Blaaderen ‘ Tiniversiiais Tiredt
Soft Condensed Matter  www.colloid.|
Debye Institute for NanoMaterials Scienc
Utrecht University, Ornstein Lab. (062)
Princeton Plein 5, 3584 CC Utrecht
Tel: +31-30-2532204
Sec: +31-30-2532952
Fax: +31-30-2532706
A.vanBlaaderen@uu.nl www.debye.uu.nl

Contribution to IPCG newsletter 2009/2

All the work of the Debye Institute for NanoMaterials Science, University of
Utrecht, can be freely downloaded from the website (which also contains a
news section): www.colloid.nl

Prof. A. van Blaaderen
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Contribution: Dr. E. Bourgeat-Lami
bourgeat@Icpp.cpe.fr

S ELCPP
Laboratoire de Chimie, Catalyse, Polyvmeéres et Procédés

Equipe Chimie et Procédés de Polymérisation
(LCPP-CNRS) Lyon-France. www.lcpp-cpe.com

Contribution to IPCG Newsletter

Submitted by : E. Bourgeat-Lami bourgeat@lcpp.cpe ft
F. D Agosto dagosto@lcpp.cpe fr
M. Lansalot lansalot@lcpp.cpe fr

1. Recently published papers. * Comresponding author

o Macromoleculor Symposia 281, 77-84 (20097

Synthesis of polyacrylic/silica nanocomposite latexes using static mixer
Ula El-Jabg_". Ghomali Farzi*. Flodie Bourgeat-Lami®. Michael Cunningham’, Timothy F.L.
McKemna'~

‘Department af Chemical Engineering, Queen's University, Kingston, Ontario, Canada. *CNRS-LCPP/
CPE-LYON, BP 2007, Université Claude Bernard Lyon 1, Villewrbanne, 69616, France.

The droplet evolutions generated by the static mixers have been investigated expenimentally
in terms of surfactant concentration, flow rate through the pump. monomer hydrophobicity
and type of static mixer used. It was observed that operating at faster pump flow rates
generated smaller nuniemulsion droplets using the PAC static nmuixers. Similar effects were
seen at higher surfactant concentrations (3.0 vs. 1.0 g'L) and monomers of increasing
hydrophilicity (MMA vs. 5t.). When comparing the efficiency of PAC static mixers to SMX
muxing elements it was found that SME was capable of generating droplets approximately
100 nm smaller at similar pump flow rates in the same amount of time. Based on these
promising results, the SMX mixers were further evaluated based on surfactant concentration.
The miniemulsion droplets were polymerized and droplet distributions were evaluated.

o Furopean Polymer Jowrnal 45, 621-620 (2009

Highly filled qol}ﬁr}'reut—l:qlmnite nanecomposites prepared by emulsion polymernization
B. Ruggerone’, C. Plummer-, N. I’Ceg;re:f:-Heneraz._ E. Bourgeat-Lami-, J-A. Manson’

'Laboratoive de Technologie des Composites et Polyméres (LTC), Ecole Polytechnique Fédérale de
Lausamme (EFFL), 1015 Lausanne, Switzerlond

*Chimie, Catalyse, Polymére, Procédé, C2P2/LCPP, UMR 5265 CNRS/CPE/UCBL, Bdt. 303F, BP 2077-
43, Bd Du 11 Nov. 1915, 69616 Villewrbanne Cedex, France.
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Polystyrene-based nanocomposite films containing up to 20wt% Laponite clay have been
prepared by emulsion polvmerization. Signicant increases in the storage and tensile moduli
were observed in both the glassy and rubbery state on Laponite addition. However, whereas
in the glassy state, these increases were correlated with the extent of exfoliation of the
Laponite, in the mubbery state, they were more dependent on the overall Laponite content.
These results are discussed in terms of the observed morphologies and the micromechanical
models for the reinforcing effect of rigid nano-sized filler particles.

e Journal of Marterials Chemistry 19, 4225-4230 (2009}

Planar submicromc silica/polystyrene particles obtained by substrate-directed shaping
A PE’II;DI, D. }'IGU‘_‘,'E]J], S. Ravaine”, E. Bouxgeat-l_,a.mi'l, 0. Lambert’, J-C. Taveaw', E.
Dugnet™’

‘Cenme de Rechevehe Paul Pascal — CNRS, 113, avemue du Dr Schweirzer - 33600 Pessac, France. *
Institut de Chimie de lo Marére Condensée de Bordeaux — CNRS - &7, avenue du Dr Schweitzer - 33608
Pessac Cedex, France. *Chimie, Catalyse, Polyméres, Procédes, C2FLJLCPP - UMR 3265 CNRS/CPE
JUCEL, Bar 308F, 43 Bd du 11 Novembre 1915 - 69616 Villeurbanne, France. ‘Imagen’e moléculaive erf
Nano-bio-technologie —IECE, 2, rue Robert Escarpivt, F-33607 Pessac, France.

Original planar biphasic colloads were obtained by 1) using a growth-seeded emulsion
polymerization process where a controlled number of polystvrene nodules are capable to
nucleate and grow on submucronic silica seeds to form mwultipods and 11) shaping these
multipods on planar substrates by taking advantage of the softness of the polystyrene nodules.
Hence, triangles, squares, pentagons, hexagons, octagons and decagons were observed.

e Macromolecules 42, 946-956 (20009

Use of a Poly(ethvlene oxide) MacroRAFT Agent as Both a Stabilizer and a Control Agent in
Styrene Polymenzation in Aqueous Dispersed System . .
A Martins dos Santos,”” T. Le Bris,” C. Graillat,' F. D’ Agosto.'” and M. Lansalot’

! Université de Lyon, Univ. Lyon 1, CPE Lyon, CNRS UMRI263, Laboratoire de Chimie, Catalyse,
Folyméres ef Procédes (C2FP2), LCPP group, 43 Bd du 11 Novembre 19158, F-69616, Villsurbanne, France.
* Laboratrio de Polimeros, Departamento de Engenharia Quimica, Escola de Engenharia de Lovena -
USF, Esrrada Municipal do Campinho, sm?, CF 116, 12.602.810, Lorena (5P), Brasil

A polviethylene oxide)-based macroFAFT agent (PEO-EAFT, 2 000 gmol™) was
synthesized and vsed as a stabilizer and a confrol agent i the mintenmlsion polymerization of
styrene. Using azobisisobutyronitrile (ATBN) as initiator, stable polyvstvrene (P5) particles
sterically stabilized by the PEO segments were obtamned with almost complete conversion
after 22h. Molar masses increased linearlv with conversion although rather broad molar mass
distributions were obtained due to the presence of several populations of PEO-5-PS block
copolymers. However, dynamic light scattering (DLS) analyses showed a significant increase
in particle diameter with conversion and the ratio of the number of particles to the number of
droplets (Np/Nd) was thus lower than one indicating that the system did not follow a true
miniemulsion process. Transmission electron microscopy additionally revealed the presence
of holes inside the formed particles suggesting that block copolymer PEO-5-P5 could be
buried inside the particles during the polymernzation. Varving the concentration and the
natre of the initiator did not lead fo an improvement of the molar mass distribution. while a
decrease in polyvmerization temperature to 40°C enabled to keep the particle size constant
throughout the polyvmenzation with values close to the starting droplet diameter as expected
for a true mindemulsion.
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o T Polvin. Sci. Part A Polym Chem. 47, 30453055 (2009)

BAFT copolvmerization of methacrvlic acid and polv(ethyvlene glycol) methyl ether
methacrylate in the presence of a hydrophobic chain transfer agent in organic selution and in
water _ )

D. Rinaldi.'” T. Hamaide.” C. Graillat,” F. D" Agosto.”” R. Spitz.! §. Georges,” M. Mosquet.”
P. Maitrasse®

f Université de Lyon, Univ. Lyon 1, CPE Lyon, CNRS UMRS2635, Laboratoire de Chimie, Catalyze,
Folyméres ef Procedes (C2P2), LOPF group, 43 Bd du 11 Novembre 1918, F-69616, Villeurbanne, France.
: Lafarge LCR, 93 Rue De Montmurier BP 13, Saint Quentin Fallavier, F-3829], France

“Université de Lyon, Lyon, F-69003, France; Université Lyon 1, IMP/LMPE Laboratoire des Matériaue
Folyméres ef Biomatérimex, CNRS UMR 5223, Ingénierie des Maréviaux Polymeéres, Villeurbanne, F-
89621, France

'Chr:v_'.'a, 7 rue de UEurope — 21— Sermaises du Lotret, F-45300, France

FAFT polymerization of poly{ethylene glvcol) methvl ether methacrylate (PEGMA, 1100
g.mol']} was first performed vsing cyvanoisopropyl dithiobenzoate (CPDB). The control of
PEGMA homopolymerization, carmed out in THF ([PEGMA] = 40 weight %) at 65°C
(reflux) using 2,2°-Azobis{isobutyromtrile) (AIBIN) as imitiator, was shown by the linear
mncrease of molar masses and the low polydispersity indices (PDI) observed with conversion
and also by the determination of a high chain transfer constant (Cy = 9.1) for CPDB in tlus
system. Copolymerization of PEGMA with methacrvlic acid (MAA) ([PEGMA]MAA] =
40/60) was then undertaken first in dioxane at 85°C. High conversion (89%) was obtained in
three hours without any composition drift and with a good level of control (PDI=1.40). When
the polvmerization was performed in water, 2 strong increase in polvmerization rate was
observed with almost quantitative conversion (98%) in two hours without affecting the level
of control of the final copolymers (PDI~1.30). These last results were tentatively explained by
the formation of hydrophobic domains m which the polvmerization occurred as in bulk.

e Langmgr 215, 10121-10133 (2009

Use of silica particles for the formation of orgamic-inorganic particles by surfactant-free
emulsion polymenzation
N. Sheibat-Othman'" and E. Bourgeat-Lami

'Universite de Lyon, Univ. Lyon I, CPE Lyon, CNRS, UMR 5007, Laborateive d " Automatizme ef de Genie
des Frocédés (LAGEF), 43 Bd du 11 Novembre 1918, F-629616 Villsurbanne, France

 Université de Lyon, Univ. Lyen 1, CPE Lyon, CNRS, UMR 3263, Laboraroive de Chimis, Catalyse,
Polyméres et Procédés (C2F2), LCPF group, 43 Bd du 11 Novembre 1918, F-69618, Villeurbanne,

France.

Polystyrene/silica (P5/510;) and polv(styrene-co-methyl methacrylate)’'510; composite latex
particles were prepared by surfactant-free emulsion polvmerization in the presence of a
polyiethylene glycol) monomethylether methacrylate (PEGMA) macromonomer. The
resulting composite particles were stabilized by the negatively charged silica particles that
adhered to the surface of the latex particles. Different process parameters were investigated in
order to optimize the latex stability and maximize the reaction rate. Mixing in such a
surfactant-free process 1s of major importance and is mainly determined by the type of
impeller vsed during the emulsification. The concentrations of PEGMA and silica particles
were also optimized in order to improve the interaction between the organic and inorganic
phases and ensure a good latex stability. The presence of silica particles on the polymer
particle surface was found to affect radical absorption and decrease therefore the reaction rate.
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2. Articles in press. * Comesponding author

e Engineering Fracure Mechanics

Fracture mechanisms in polystyrene/laponite nanccomposites prepared by enmlsion
polymerization . )
E. Ruggemnel, C. Plummer’, N. Ifeg:rete-HEﬂeraz., E. Bourgeat-Lami™, J-A. Manson'

'Laboratoive de Technologie des Composites et Polyméres (LTC), Ecole Polvtechnique Fédérale ds
Lausanne (EFFL), 1015 Lausanne, Switzerland

*Chimizs, Catalyze, Polymére, Procéds, C2P2LCFP, UMR 5265 CNRS/CPE/UCEL, Bdr. 308F, BP 2077-
43, Bd Du 11 Nov. 1918 69616 INillenrbanne Cadex, France.

Transmission electron microscopy (TEM) has been used to investigate the effect of Laponite
clay on microdeformation of thin latex-based polystyrene (PS) films, in which the Laponite
was concentrated at the original interfaces between the PS particles. At room temperature, a
transition was observed from crazing in pure polystyrene to a coarser fibrillar deformation
mode as the Laponite content increased. Moreover, whereas pure PS showed increasingly
homogeneons deformation as T approached Tg, the fibrillar deformation zones observed in
the nanocomposites persisted up to T just below Tz and there was some evidence for vielding
behaviour at even higher T in the presence of Laponite. The macroscopic fracture resistance
of the films, as assessed from double edge-notched tensile specimens, mitially increased with
Laponite content, but decreased for Laponite contents greater than 5wi% with respect to the
styrene monomer. This was attributed to a decrease in local ductility, consistent with the
observation of reduced deformation ratios in the deformation zones by TEM, and to the
intrinsic weakmness of the Laponite stacks and/or the PS/Laponite interface. Thus, specimens
with Laponite contents comparable with the estimated threshold for percolation of contacts
between the Laponite stacks showed extremely brittle behaviour, associated with crack
propagation along the interfaces between the latex particles.

o Actualité Chimigue (in French)

Les particules mettent les formes. Quand le Dien romain Janus mnspire les scientifiques
A Perro'. 8. Reculusa™. E. Bc-urgeat-Lami": 5. Ravaine’, E. Duguet !

'CNRS, Université de Bordeaux, CRFP, 33600 Pessac, France. *“CNRS, Université de Bordeaux, ITMCE,
33608 Pessac Cedex, France. “Chimie Catalvse Polvméres Procédes - UMR 5265 CNRS/CPE/UCEL,
ESCPE, a9al14 Tlilleurbanne Cedex, France

Because the roman god Janus was usually represented with two heads placed back to back,
the term Janus is used for the description of particles whose surfaces of both hemispheres are
different from a chemical view point. Original properties and applications are expected.
Moreover, they could be used as building blocks for supraparticular assemblies. This review
deals with the great and imaginative efforts which were devoted to the synthesis of Janus
particles.

o drtualité Chimigue (in French)

Les particules mettent les formes. Des atomes aux molécules colloidales
A Perro', D NGuyen'. E. Bourgeat-Lami’. §. Ravaine’. E. Duguet °
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"CNRS, Université de Bordemuoe, CRPF, 33600 Pessac, France. “CNRS, Université de Bordsaux, ICMCE,
33608 Pessac Cedex, France. “Chimie Catalyse Polynéres Procédés - UMR 52635 CNRS/CPE/UCEL,
ESCPE, 68616 Villeurbanne Cedex, France

The concept of colloidal molecules was first evoked by van Blaaderen in 2003 for describing
small non-spherical colloids made of the aggregation of a small number of particles. He
predicted original morphologies to the complex assembly of such colloids, in particular optics.
This paper deals with the first successfl elaboration routes of such new building bricks.

3. Recently submitted papers. * Comresponding author

¢ ddv Polym. Sei (A Van Herk and K. Landfester Editors)

Preparation of Hybrid Latex Particles and Core-Shell Particles Through the Use of Controlled
Radical Polymerization Techniques in Aqueous Media.
B. Charleux.!” F. D' Agosto.! G. Delaittre”

! Université de Lyom, Univ. Lyon 1, CFE Lyon, CNRS UMRS3265, Laboratoire de Chimis, Catalyse,
Polyméres et Procédes (C2P2), LCPP group, 43 Bd du 11 Novembre 1918, F-69616, Villeurbanne, France.
* Institute for Molecules and Matevials, Radboud University Nijmegen, Heyendaalseweg 133, 6323ED
Nijmegen, The Netherlands

The synthesis of hybrid and core-shell nanoparticles using confrolled/living radical
polymerization in aqueous dispersed systems is reviewed. The processes involve emulsion,
miniemulsion and dispersion polymerizations as well as grafting technigques with the aim of
producing submicrometric latex particles with well-defined morphology that may not be
accessible via classical radical polymerization. Those morphologies include organic/inorganic
hybrids, nanos-tructured particles. (nano)capsules and hydrophobic core-hydrophilic shell
particles.

¢ Journal of Polymer Science. Part A. Polymer Chemistry

Svnthesis of oily core-hyvbrid shell nanocapsules through mterfacial free radical
copolyvmerization in nuniemulsion: droplet formation and nucleation.

Z H Cao,"**G. R Shan.' N. Sheibat-Othman. * J-L. Putaux, * E. Bourgeat-Lami ="

'State Key Laboratory of Chemical Erfgineerm)g Deparment af Chemical Engineering, Zhejiang
University, Hangzhou, 310027, Zhejiang, China. “Université de Lyon, Univ. Lyon 1, CPE Lyon, CNRS
UMR 3263, Laboratoive de Chimie, Catalyse, Polyméres erf Procédés (C2P2), LCFF group, 43 Bd du 11
Novembre 1018, F-60516, Villeurbamme, France. * Université de Lyon, Univ. Lyon 1, CPE Lyon, CNES
UMRI007, Laboratoire d ' Automatigue et de Génie der Procédés, 43 Bd du 11 Novembre 1918, F-80616,
Fillsurbanne, France.” Centre de Rechevches sur lss Macromolécules Fégetales (CERMAT-CNRS), BP 33,

F-35041 Grenoble Cedex 9, France

Manocapsules with an oily core and an organic/inorganic hybrid shell were elaborated by
miniemulsion (cojpolymerization of styrene, divinylbenzene, -wmethacrylovlexy propyl
trimethoxysilane and N-isopropyl acrvlamide. The hybrid copolyvmer shell membrane was
formed by polymerization-induced phase separation at the interface of the oily nanodroplets
with water. It was shown that the size. size distribution and colloidal stability of the
miniemulsion droplets were extremely dependent on the nature of the oil phase, the monomer
content and the surfactant concentration. The less water-soluble the hydrocarbon template and
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the higher the monomer content, the better the droplet stability. The successful formation of
nanocapsules with the targeted core-shell morphology {1' ., a liguid core surrounded by a
solid shell) was evidenced by transmission electron m1u:ms4:+:+pv Both nanocapsules and
nanoparticles were produced b\ polymenzannu of the miniemulsion dmplets The propertion
of nanoparticles increased with increasing monomer concentration in the oil phase. These
undesirable nanoparticles were presumably formed by homogeneous nucleation as we showed
that micellar nucleation could be neglected under our experimental conditions even for high
surfactant concentrations. The introduction of y-methacryloyloxy propyl trimethoxvsilane was
considered to be the main reason for homogeneous nucleation.

e Journal of Polymer Science. Part 4. Polymer Chemisiry

Micellar behaviour of well-defined polystyrene-based block copolymers with triethoxysilyl
reactive groups and their hydrolysis- coudeusannu
Cé Guinto {'_“r.:'rm}: Emmanuel Bﬂﬂu' . Elodie Bourgear- -Lami’

'Université de Lyon, Lyon, F-69003, France, Université Lyon I, Lyon, F-69003, France, CNRS UMRS223,
Tngénierie des Matériaux Polyméres: Laboratoire des Matériqux Polyméres et Biomatériowx, F-69622
E:Heurbﬂnne France. ‘Université de Lyon, Université Lyon 1, CPE Lyon, CNRS, UMR 3263, Laboratoire
de Chimie, Caralyse, Polymeres et Procédés (C2P2), LCFP group, 43, Bd. du 11 Novembre 1818, F-60616
Villeurbanne, France.

Block copolyvmers of acryloxy propyl triethoxysilane (APTES) and styrene were prepared
through Nitroxide-Mediated Polvmerization (NMP) using alkoxyamine initiators based on N-
terr—buryl-1—dieth}j-'lphosphcrﬂu—l,}dimethylpmpyl nitroxide (DEPN). The copolvmers were
characterized by "H NME. size exclusion chromatography (SEC) and differential scanning
calorimetry (DSC). Their micellar behaviour in dioxane/'methancl solutions was examined
through static light scattering (SL5) and transmussion electron microscopy (IEM). TEM
indicated the successful formation of spherical micelles which were subsequently frozen by
the sol-gel process. Hydrolysis-condensation of the reactive ethoxvsilyl side groups was
followed by FTIR. 'H NMR and 51 NMR.

o JTCHE Jouwrnal

Film fon’uatmn of puhmer—cla} nanocomposites
M. T Patel’. T Gundabala™ . F. Pardal”, E. Bourgeat- Lami’ JAF. Routh'’

! Department of Chemical Eég'meanng and Biotechnology, University of Cambridge, Pembroke Streer,
Cambridge, UK, CB2 3RA . “Current address: Dept of Physics, Geo:gm Insriture of Technology, Aﬂ’ﬂnm
LS4, Lmver:zm de Lyon, Univ. Lyen 1, CPE Lyen, CNRS UMR 5263, Laboratoire da Chimis, Catalyss,
Polyméres et Procédésr {C2P2), LCFP group, 43 Bd du 11 Nov. IQIS F-69614, Villeurbanne, France

e angmuir

An easy way to control the morphology of colloidal polymer-oxide clusters through seeded
dispersion polymenzation )
D. }IGu}'enl'j, E. Duguet”, E. Bourgeat-Lami®, 5. Ravaine'

'CNRS, Université de Bordemux, CRFP, 33600 Pessac, France. *CNRS, Universits de Bordemux, I[CMCE,
33608 Pezsac Cedex, France. “Chimie Caralyse Polyméres Procédés - UMR 3263 CNRS/CPEUCEL,
ESCPE, a86la Villeurbanne Cedex, France
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Biphasic colloddal particles were obtained by a dispersion polymerization of styrene in
presence of silica seeds in a water/ethanol medium. By simply varyving the water content, the
morphology of the clusters can be modulated from core-shell to raspberry-like entities.

e Polviner

Polymer/clay nanocomposites obtained by in-sifu polymerization: state of the art and recent
advances in miniemulsion polymerization

Jenny Fauchen'. Catherine Gauthier'', Laurent Chazeau®, Jean-Yves Cavaillé, Veéronique
Mellon®, Elodie Bourgeat Lami®

MATEIS, INSA-LYON, 7 avenue Jean Capelle 69621 Villeurbanne Cedex, France. ‘Université de Lyon,
Univ. Lyon 1, CPE Lyon, CNRES UMR 3263, Laboraroive de Chimie, Caralvse, Polymeéres et Procédés
(C2P2), LCPP group, 43 Boulevard du 11 Novembre 1915 F-69618, Villewrbanne, France

Polymer/clay nanocomposites have drawn interest for decades and have been produced
throngh various processes. This article presents a state of the art of the synthesis of
polymer/clay nanocomposites specifically by jn-sitw polymenzation. In a2 second part,
experimental data on the microstructure and properties of polymer/clay nanccomposites
prepared by munmiemulsion polymernzation are presented. Thus recent polymerization route
enables to tailor the nancstructure of the final material through the synthesis of radically
different nanostructured latex particles, with the clays being situated either on the surface of
the latex particle or embedded inside the latex particle. These two nanostructures exhubit
totally different mechanical and water uptake behaviors. The properties of the nanocomposite
films will be discussed in terms of clay dispersion and clay contacts.

s Macromolecules

Polymer/clay nanocomposites: impact of f-sifu polvmerization processes on the interphase
characteristics _

Jenny Faul:]leu]: Catherine Gapthierl'__ Laurent Chazean®. Jean-Yves Cavaﬂlél, Veronique
Mellcrn‘j': Elodie Bourgeat Lami

MATEIS, INSA-LYON, 7 avenue Joan Capelle 69621 Villeurbanne Cedex, France. ‘Universite de Lyan,
Univ. Lyon 1, CPE Lyon, CNRS UMR 3263, Laboraroive de Chimie, Catalyvse, Polymeéres et Procédés
(C2P2), LCPP growp, 43 Boulevard du 11 Novembre 1915, F-69616, Villeurbanne, France

This article refers to the side-effects of in-sitw polvimnerization in the presence of modified
clays. The clay modifications intend to render the clay surface compatible with the monomer-
polymer and'or reactive during polvmerization. Samples issued from two  in-sifu
polymerization mechanisms have been compared to simple blends of latex/'unmodified clays
in terms of shifts in relaxation temperature {(assessed by Dynamic Mechanical Analysis) and
shifts in monomer ratio in the copolvmer (assessed by Nuclear Magnetic Resonance analysis).

o Macromolecular Symposia

Small strain mechanical properties of latex-based nanocomposite films

C. Plummer . B Ruggerc-ﬂe]: N. Negtete—Herreraj, E. Bou;rgeat—Lamij: J-A Manson'
‘Laboratoive de Technologie des Composites et Polyméres (LTC), Ecole Polvtechnique Fédérale de
Lausamme (EPFL), 1015 Lausanne, Switzerland

*Chimie, Catalyse, Polymére, Procéds, C2P2/LCPP, UMR 5265 CNRS/CPE/UCEL, Bat. 308F, BP 2077-
43, Bd Du 11 Nov. 1918, 62616 Villewrbanne Cedex, France.
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A waterborne latex-based technique, in which functionalized laponite platelets are attached to
the surfaces of polystyrene (P5) and acrylic latex particles, has been used to prepare films
with nominal laponite contents of up to 30 wis. At the highest laponite contents this leads to
a cellular arrangement of the laponite-rich layers, which are concentrated at the original
interfaces between the latex particles. Modulated differential scanning calorimetry (D5C) and
dynamic mechanical analysis (DMA) show that a significant proportion of the organic matrix
15 immobilized in the films and hence does not contribute to the glass transition. However, it
15 demonstrated that thus “rigid” matrix fraction anses essentially from intercalation of the
laponite stacks, and 15 not sufficient to account for the relatively large increases in global
stiffness in the rubbery state (T = I;) on laponite addition. The mechanical response for T =
T has therefore been discussed in terms of a four-phase structure, in which intercalated
laponite stacks embedded in a matrix with restricted mobility form a cellular structure, which
15 in tum embedded in a matrix with properties closer to those of the bulk polvmer. The
importance of the cellular arrangement is underlined by the relatively low mbbery moduli
observed by DMA of specimens produced by deforming the original films in plane strain
compression to produce onented textures with relatively little connectivity between the
laponite-rich layers.

¢ Mucromolecular Symposia

Synthesis of polyacrylic/silica nanocomposite latexes using static mixer
G. Farzi', T. F.L. McKenna **", E. Bourgeat-Lami'

{CB\RS—LEPP.-"CPE-‘[ YON, BP 2007, Université Clauds Bernard Lyon 1, Villeurbannes, 69618, France.
“Department of Chemical Engineering, Jueen’s University, Eingston, Ontario, Canada

Static muxers (Sulzer Chemtech, SMX) were used to prepare silica’ MWA-co-BA
miniemulsions that were polymenzed to produce nanocomposite latexes.  Acceptable
conditions for the formmulation of polyvmerizable nanodroplets were found. and subsequently
used to produce silica’polv(MMA-co-BA) nanocomposites by introducing silica-loaded
monomers and preparation of silica-loaded mintemulsions. The droplet size distribution of
the resulting muniemulsions was narrow enough that it could be successfully polvmenized. It
was found that the droplet size depends on the silica content and increases with increasing the
silica concentration. It was also shown that there is a relationship between the droplet size
and the viscosity of the dispersed phase. The majonty of droplets were nucleated upon
polymernization when less than 15% silica was vsed. However, when the silica content
exceeded 15%, the ratio of the number of particles in the final latex to the number of droplets
(NpMNd) increased to valve much higher than 1 indicating the occurrence of homogeneous
nucleation.

4. Ph-D Thesis

Ravindra Udagama Supearvised by Timothy Mc. Kenna and Elodie Bourgear-Lami,
Defence scheduled on October 5. 2000

Synthesis of Polymer-Polymer Hybrids by Miniemulsion Polvmerization and
Characterization of Hybrid Latex
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Abstract. The objectives of work presented in this thesis are to understand droplet and
particle formulation processes in order to make useful polymer-polymer hybrids in agqueous
dispersions and use our fundamental understanding of these processes fo improve monomer
conversion as much a possible and understand impact of these processes on hybrid film
properties. Specific case studies of interest under commercially feasible conditions (1e. solids
content of 50wt%) were done based on two systems namely alkyd-acrylic and polyurethane-
acrylic. Miniemmlsification, chemucal mcorporation of alkvd and polyurethane to acrvlic
monomers, miniemulsion polymernzation and characterization of hybrid latex were studied in
detail. We have been able to successfully svnthesize and characterize hvbnd latex of about
100nm in particle diameter and high solids content (50wt%) to be used in coating and
adhesive applications.

N. Zgheib Supervised by E. Bourgeat Lami, F. D' Agosto and M. Lansalot.
October 2008-October 2011

Surface polymerization chemistry: from metal oxide to functional nanocomposite particles.
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SUBMITTED PAPERS

Surface Electroinitiated Emulsion Polymernizalion (SEEP): A mechanistic approach
L. Tegsier, G. Deniau, B. Charleux and 5. Palaci

Az recently reparted, the SEEP process (Surface Electroinitiated Emulsion Polymerization) is a new
grafting method which provides covalently grafted polymer films on conduciing or semi-conducting
surfaces by radical polymerization in aqueous disperzed media. It relies on cathodic electroinitiation
which creates radical species able to start a radical polymerization. Contrary to the formerly
described cathodic electrografiing of vinylic polymerz {CE}, which also delivers sub-micrometer-
thick and stable polymer films on conducting substrates, but reguires sirictly anhydrous conditions
and organic aprotic solvent, SEEP brings & major improvement in switching from a purely anionic
mechanism to a radical one by adding an aryidiazonium =alt in the reaction mixture, while retaining
the same polymer films characteristics. Moreover, SEEP is not restricied fo water-soluble
monomers but can be performed even with hydrophobic oneg, such az n-butyl methacrylate (BMA).
In such cases, a surfactant is necessary 1o stabilize the monomer in water emulsion. From thiz one-
pot electrografting process performed in water, at room temperature, in few minutes, without
restrictionz on vinylic monomer water solukility, results a polymer coating strongly grafted to the
substrate. This article aims at completing our first one and focuses on mechanistic aspects of SEEP
to eventually establish a possible "grafting onto” mechanizm. To achieve that goal, grafted polymer
filma obtained by SEEF on gold substrate from BEMA in water as a miniemulsion, have been
analyzed by IR-ATR, X-ray photoelectron speciroscopy (XP3), time-of-flight secondary ion mass
spectrozcopy (ToF-5IMS) and atomic force microscopy (AFM).
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Chain Transfer fo Polymer and Branching in Confrolied Radical Polymenzations of n-Bulyl Acrylafe

M. M. Ahmad, B. Charleux, C. Farcet, C. J. Ferguscon, 5. 5. Gaynor, B. 5. Hawkett, F. Heatley, L.
Klumperman, D. Konkolewicz, P. A. Lovell, K. Matyjazzewski, R. Venkatesh

Macromel. Rapid Commun. Special lssue on “Acrylate Free Radical Polymerization: From Mechanism to
Polymer Design” (C. Bamer-Kowaollik Editor)

Chain transfer to polymer (CTP) in conventicnal free-radical polymerizations (FRF) and controlled
radical polymerizations (ATRP, RAFT and MMP) of n-butyl acrylate (BA) has been investigated
using 13C MMR measurements of branching in the poly(n-butyl acrylate) produced. The mol%
branches is reduced significantly in the controlled radical polymerizations as compared to
conventional FRPs. Several pozsible explanations for this obaervation are dizcussed critically and
all except one refuted. The observations are explained in terms of differences in the concentration
of highly-reactive short-chain radicals which can be expected to undergo both intramelecular and
intermolecular CTP at much higher rates than long-chain radicals. In conventional FRP the
distribution of radical concentrations s broad and there always is present a significant proportion of
short-chain radicals, whereas in contrelled radical polymerizations the distribution is narrow with
only a small proportion of short-chain radicalz which diminishes as the living chaing grow. Hence,
irrespective of the type of control, controlled radical polymerizations give rise o lower levels of
branching when performed under otherwise similar conditions to conventional FRPF.  Similar
obzervations are expected for other acrylates and monomerz that undergo chain transfer to
polymer during radical polymerization.

A minimal amaunt of acrylonitrile fums the nitroxide-mediafed polymerization of methyl methacrylate into
an almost ideal controllediving system
Julizn Micolas, Ségoléne Brusseau, Bermadette Charleux

Mitraxide-mediated controlled/lnving free-radical polymerization of methyl methacrylate initiated by
the SG1-based alkoxyaming BlocBuilder was successfully performed in bulk at 80 — 959 *C with the
help of & very small amount of acrylonitrile (&M, 2.2 — 8.8 mol.%) as a comonomer. Well-defined
PMMA-rich PIMMA-co-AN) copolymers were prepared with the number-average molar mass Mn in
the 6.1 = 32 H;g.n"u::ul'1 range exhibiting polydizpersity indsxes as low as 1.23. Incorporation of AN in
the copolymers was demonsirated by 1H and 13C NMR spectroscopy, and its effect on the chain
thermal properties was evaluated by D3C and TGA analyses. Investigation of chain-end
functionalization by an alkoxyaming group was performed by means of 21P NMR speciroscopy and
chain extensicnz from a P{MMA-co-AN)-5G1 macroinitiator. It demonstrated the wery high
proportion of SG1-terminated polymer chaing and ocpened the door to block copolymer synthesis
with a high quality of conirol.

Synthesis via RAFT of amphiphilic block copalymers with ligwid-crystaliing hydrophobic block and their
self-assembly in walsr.
5. Boissé, J. Rieger, A. Di-Ciceo, P.-A. Albouy, C. Bui, M_-H. Li, B. Charleux

Two families of amphiphilic diblock copelymers, in which the hydrophobic block was a cholesteryl-
baszed amectic liguid-crystalline polymer and the hydrophilic block was either a neutral polymer with
a LCST (poly(M,MN-disthylacrylamide)) or a copolymer containing acrylic acid moisties and
polylethylens oxide) side chains, were successfully synthesized by RAFT-mediated controlled
radical polymerization. Mano-azsemblies of these amphighilic species in water or in buffer sclution
were prepared using the co-sclvent method. The merpholegy of the nanc-aszemblies clearly
depended on the weight fraction and the nature of the hydrophobic block. The amphiphilic LC klock
copolymers with a hydrophobichydrophilic weight ratio of 74/28 or 63/35 formed long nancfibers,
whereas the non LT copolymers based on polystyrene with similar ratic formed vesicles or short
cylindrical micelles. Such morphologies were assigned fo the presence of a amectic order in the
hydrophobic domain of the assemblies, as revealed by 3AXS and cryogenic transmission electron
MICIoSCORY.
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Grafting polymer chains bearing an N-succinimidy! activated ester end-group onto primary amine-coafed
silica particles and appiication of a simple, one-step approach via nitroxide-mediated controlifedMiving free-
radical polymerization.

J.Parvole, L. Ahrens, H. Blas, J. Vinas, C. Boissigre, C. Sanchez, M. Save, B. Charleux

In & first part, the alkoxyamine initiator derived from BlocBuilder®, based on the nitroxide 531 and
bearing an M-succinimidyl ester function was uged to synthesize a variety of well-defined polymers
with the activated ester group at the a-end. The grafting of thoze polymer chains onto primary-
amine functionalized Stiber silica particles was performed in soft conditions at room temperature
and was studied as a function of the polymer chain length, the type of zolvent and the
concentrations of both polymer and aming. Polymer grafting densities were mainly in the 0.1 - 0.2
chain.nm™ range. To increase the grafting density in simple experimental conditions, a direct one-
step method was then propozed: the primary-amine modified silica, the MN-succinimidyl ester
functionalized alkoxyamine and the monomer were all infroduced info the reaction medium at once.
This technique allowed grafting and chain growth to takes place simultaneously at the polymerization
temperature {i.e. 120 °C for styreneg), in a single step, and produced hybrid particles with wery high
grafting density, up to 0.9 chain.nm™, and long polymer chains.

Preparation of Hylrid Latex Particles and Core-Shell Particles Through the Use of Contrelled Radical
Paolymerization Technigues in Agueous Media.

Bernadette Charleux, Franck D°Agosio, Guillaume Delaitire

Adv. Polym. Sei. (4. %Van Herk and K. Landfester Editors)

The synthesis of hybrd and core-zhell nanoparticles using controllediliving radical polymerization in
agueous dispersed systems iz reviewsd. The processes involve emulzion, miniemulsion and
dizpersion polymernzations as well as grafting technigues with the aim of producing submicrometric
latex particles with well-defined morghology that may not be accessible via classical radical
polymenzation. Those merphelegiss include organiclfinorganic hybrids, nanostructured particles,
(nanojcapsules and hydrophobic core-hydrophilic shell particles.

LIST OF RECENTLY PUBLISHED PAPERS

AGET ATRF in Water and Inverse Minismuision: A Facile Route for Preparation of High Molecular Weight
Biocompatible Brush-like Polymers

J.K. Oh, F. Perineau, B. Charleux, K. Matyjaszewski

J. Polym. Sci.: Part A: Polym, Chem. 47, 1771-1781 (2009)

Activators Generated by Electron Transfer for Atom Transfer Radical Polymerization (AGET ATRFP)
of oligo(ethylene glycol) monomethyl ether methacrylate (QEOMA) was  invesfigated in
homogensous agueous solution targeting DP = 1000, and in inversge miniemulzsion targeting DP =
G600, at 30 °C. Several reaction parameters were examined including: concenfration of ascorbic
acid, ratio of water to OEOMA, mode of addition of ascorbic acid, and ratio of initiater to Cu(ll)
complex in the preparation of biocompatiple, brush-like, high molecular weight, water-scluble
polymers. The resulis cbtained in thess studies indicats that AGET ATRP retaing all of the benefils
of normal ATRP and, additionally, provides a facile route for the preparation of well-controlled high
molecular weight polymers due fo the use of oxidatively stable catalyst precurzors.

Pegylated thermally-responsive block copolymer miceliss and nanogels via in sifu RAFT agusous
dispersion palymerization.

J. Rieger, C. Grazon, B. Charleux, 0. Alaimg, C. Jerome

J. Polym. Sci.: Part A: Polym, Chem, 47, 2373-2390 (2009)

A wery straightforward approach was developed to synthesize pegylated thermoresponsive core-
shell nanoparticles in a minimum of steps, dirgctly in water. It iz based on RAFT-controlled radical
crosslinking  copolymerization  of N M-diethvlacrylamide (DE2Am) and N, N'-methylens
bisacrylamide (MBA) in agueous dispersion polymerization. Because DEAAM iz water-scluble and
poly{MN, M-diethylacrylamide) (PDEAAM) exhibits a lower critical zolution temperature at 22°C, the
initial medium wasz homogensous, whereas the polymer formed a separate phaze at the reaction
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temperature. The first macroRAFT agent was a surface-active trithiccarbonate bazed on a
hydrophilic poly(ethylene oxide) block and a hydrophobic dodecyl chain. It was further chain
extented with M. N-dimethylacrylamide (DMA&AmM) o target macroRAFT agents with increasing chain
length. Al macroRAFT agents provided excellent control over the agueous dispersion
homopelymerization of DEAAmM. When they were usad in the radical crosslinking copolymerization
of DEAAM and MBA, the stability and size of the resulting gel particles were found to depend
strongly on the chain length of the macraeRAFT agent, on the concentrations of both the monomer
and the croszlinker, and on the process (one step or two steps). The best-suited experimental
conditions to reach thermosensitive hydrogels with nanometric size and well-defined surface
properties were determined.

Formation of polymer vesicles by simultaneous chain growth and seif-assembly of amphiphilic block
copolymers

=. Delaittre, C. Dire, J. Rieger, J.-L. Putaux, B. Charlsux

Chem. Comm. 2887-2889 (2009)

Palymerization-induced formation of amphighilic diblock copolymer vesicles is performed in water at
high concenfration by a single-step nitroxide-mediated controlled free-radical emulzion
polymernzation of d-vinylpyridine initiated by a water-soluble polyisodium  acrylate)
macroalkoxyamine at alkaling gH.

Comprehensive madeling sfudy of nifroxide-mediated confrolled/fiving radical copolymerization of methyi
methacrylalte with a small amount of styrens

J. Micolas, L. Mueller, C. Dire, K. Matyjaszewski, B. Charlsux

Macromolecules, 42(13) 44704478 (2009)

This article presentz a comprehensive kinetic study of the SG1 nitroxide-mediated copolymerization
of methyl methacrylate with a small percentage of styrene using the PREDICI software. The aim of
this study was to confirm the resulis from a previous publication showing that a living polymerization
can be achieved for thiz system. The PREDICI simulations based on the penultimate unit effect
model were alzo able fo give a better insight into the complex mechaniam of nitroxide-mediated
confrolled radical copolymerization. The modsl showed the copolymerization kinetice and the
evolution of the number average molar mass, the fraction of living and dead chaing, and the
concentration of the four types of alkoxyamines and propagating radicalz with monomer conversion.
It was apglied for different initial percentages of styrene and different initiator concentrations.

Nitroxide-Mediated Confrolled Free-Radical Copolymerization of Polyf{ethyiene glycoll Methyl Ether
Mzthacrylate and Methacrylic Acid. Toward New Walter-Soluble Macroinitiators

C. Dire, J. Micolag, 5. Brugseau, B. Charlsux, 5. Magnet, L. Couvraur

In Controlled/Living Radical Polymerization: Progress in RAFT, NMP & OMRF;

Matyjaszewski, ¥_; Ed.;

ACS Symp. Series; American Chemical Society: Washington, DC, Vol, 1024, 303-318 (2009)

Mew water-soluble macroalkoxyamines were synthesized via nitroxide-mediated controlled free-
radical copolymerization of poly(ethylene glycol} methyl ether methacrylate with a low percentage of
siyrene and ferpolymenzation with methacrylic acid at a femperature below 80 °C. They were
employed as macroinitiators for the synthesis of amphiphilic klock copolvmers, either in bulk or in
agueous emulsion polymerization. In the latier process, PEG-coated, amphiphilic diblock copolymer
micelles were generated in situ.

LEST: A Powsrful Tool fo Control Complexation Beftwsen a Dialkoxynaphialene functionalised Poly(N-
isopropylacrylamide) and CBPQT™ in Watsr,

J. Bigot, M. Bria, 5. T. Caldwell, F. Cazaux, &. Cooper, B. Charleux, G. Cocke, F. Delatire, B. Filzpatrick,
O. Fournier, J. Lyskawa, M. Mutley, F. Stoffelbach, P. Weoizel

Chem. Comm. 5266-5268 (2009)

We describe the application of the LCS5T of a naphthalensfuncticnalised polyMIPAM derivative az a
convenient, tuneable and reversible method to disrupt complex formation with CEPQT™ in water.
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Surfactant-free controliedfdiving radical emuwision (co)polymerization of n-butyl acrylafe and methyl
methacrylate via RAFT wsing amphiphilic polyfethylens oxide)-based frithiocarbonale chain fransfer
agents.

J. Rieger, G. Osterwinter, C_ Bui, F. Stoffelbach, B. Charleux

Macromolecules 42(15), 5518-5525 (2009)

The RAFT-mediated, surfactant-free, ab initio, batch emulsion polymerization of n-butyl acrylate
(nBA) and its copolymerization with methyl methacrylate (MMA) were studied. The control agent
was a surface-active trithiccarbonate macroRAFT agent compeosed of a hydrophilic poly(ethylens
oxide) (PEQ) block and a hwdrophobic dodecyl chain. The homopolymerizations of nBA were fazt
with high final conversions and the polymer chaing were well-controlled with narrow molar mass
distribution. The length of the PEOQ chain was shown o directly affect the particle size and the
polymernzation kinetics. The conditions to tune the pariicle size independently from the palyin-butyl
acrylatg) chain length were found, by playing with a mixture of macroRAFT agents with long and
short PEO segment or by adding & PEO-based nonionic surfactant. The copolymerizations of nBA
and MMA exhibited features very similar to thoze of the nBA homopolymenzations provided that the
molar percentage of MMA did not exceed approximately 75 %. In all cases, stable, submicrometric
particles composed of amphighilic diblock copolymer chains were formed.

Mechanistic insight inte surface-initiafed polymerization of methyl methacryiate and sfyrene via ATRP
from ordered mesoporous silica particles.

P. Pasetto, H. Blas, F. Audouin, C. Boissiére, C. Sanchez, M. Save, B. Charleux

Macromolecules 42(16) 5983-5995 (2009)

Hybrid materials were synthesized by grafting polymer chains from the surface of crdered mescporous
gilica (OMS) pariicles via surface-initated atom fransfer radical polymerization (SI-ATRP) of methyl
methacrylate or styrene. Various types of OMS particles were used as substrates: micrometric particles
with ill-defined shape and varying mescpore diameters (9 — 14 nm), submicrometric polydisperse
gpherical OMS particles, and monodizperse core-zhell particles compozed of a dense zilica core and an
CME shell, the latter two materials exhibiting ordered mesopores (diameter 2.5 nm) with radial crientation.
Thiz work proposes a systematic investigation of the molar mass, molar mass digtribution and chain-end
structure of both the grafted chains grown from the silica surface and the free chains produced in solution
from an additional free initiator. The polymerizations of methyl methacrylate and styrene were perfectly
controlled in the homogensous medium via the ATREP mechanism wheresas the study of the grafted chains
highlighted the formation of a large fraction of dead species together with the expected population of living
chains. The influence of the polymerization condifions and of the OMS paricle structure on the
occurrence of the extensive termination reactions was studied and discuszsed.

CURRENT PHD THESIS

Héléne Blas Grafting on polymer onto ordered mesoporous silica

Stéphanie Boisse Synthesgis of hairy nanopariicles and polymersomes

Segoléne Brusseau Mitroxide-mediated controlled free-radical polymerization in emulsion

Claire Bemnhardt ATRP in dizperzed systems and at inorganic interfaces
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Thomas E. Enright, Michael . Cunningham, and Barkev Keoshkerian.
Nitroxide-Mediated Bulk and Miniemulsion (Co)Polyvmerization in a Continuous
Tubular Reactor.

Abstract

In previous work, a modified minienmlsion polymenzation was demonsirated ina
continuous fubular reactor to prepare a latex of polystyrene homopolymer dispersed in
water. In that work, some reaction steps were done in a batch reactor and others were
done in a continuous fwbular reactor. This paper describes an extension of the previous
work 1n which all reaction steps have been done in the confinuons mubular reactor and
copolymerization has also been attempted. The synthesis of polvstyrene homopolyvmer
and poly{stvrene-block-n-butyl acrylate) copolymers and terpolymers by muimiemulsion
polymerization in the fubular reactor 15 described.

Recent Publications

Smeets, Niels MLB.: Heuts, Johan P.A.; Meuldijlk, Jan: Cunningham, Michael F.;
van Herk , Alex M.. "The Effect of Co(II) Mediated Catalytic Chain Transfer on the
Emulsion Polyvmerization Kinetics of Methyl Methacrylate Journal of Polvmer
Science Part A: Polvmer Chemistry. (2009) 47, S075-5089.
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Absiract

The effect of the addition of bas[{difluoroboryl) dimethvlglvoximato] cobalt(Il) (COBF)
in the catalvtic chain transfer mediated ab initio emulsion polymerization of methyl
methacrylate was investigated. The epmlsion polvmerization kinetics have been studied
with varying surfactant, initiator and COBF concentrations. The experimentally
determined average number of radicals per particle 15 a strong function of the
concentration of COBF and proves to be in good agreement with the theoretical ones.
The apparent chain transfer constant, determined up to high conversion, is in excellent
agreement with the predicted value based on a mathematical model based on partitioning
and the Mavyo equation. The results of this work enhance the fundamental understanding
of the effects the addition of a catalytic chain transfer agent has on the emulsion
polymerization kinetics and the control of the molecular weight distribution.

El-Jaby, Ula: Farzi, Ghomali: Bourgeat-Lami, Elodie; Cunningham, Michael;
McKenna, Timothy F.L.. “Emulsification for Latex Production using Static
Mizers”. Macromolecular Symposia (in press).

Abstract

MMintemulsion polymerisation introduces a fresh new outlook on latex production due to
its functional versatility to incorporate organic and inorganic compounds. This allows us
to create novel latices using the same basic materials used in emulsion technology”.
Mintemulsion droplets with diameters typically on the order of 50 — 300 nm are created
by mechanically dispersing an organic phase in an aqueons medinm using a mechanical
homogenizer coupled with a well-adapted stabilization svstem. The organic phase
consists of monomer and a hydrophobic costabiliser that reduces the rate of Ostwald
ripening”. The agueous phase typically contains an anionic. cationic or non-ionic
surfactant or a blend thereof. In the case of a free radical polymerization, the nitiator can
be either water or oil — soluble”™. The polymerisation proceeds in such a manner that the
monomer droplets are converted directly to polvmer particles. In an “ideal” miniemulsion,
each monomer droplet is converted to a polymer particle.

Smeets, Niels M.B_; Heuts, Johan P.A.; Meuldijk. Jan’ Cunningham, Michael F.; van
Herk , Alex M.. “Mass Transport Limitations and their Effect on the Control of the
Molecular Weight Distribution in Catalvtic Chain Transfer Mediated Emulsion
Polymerization”. Macromolecules. (2009) 42, 64226428,

Abstract

The existence of mass transport limitations in catalytic chain transfer mediated enmlsion
polymerization using bis[(difluoroboryl) dimethylglyoximato] cobalt(IT) (COBE) was
investigated. The rate of mass transport of COBF from the aqueous phase towards the
polymer particles proved to depend strongly on the viscosity inside the polymer particles,
1.e. the instantanecus conversion. At high instantaneous conversion the partitioning of
COBF is severely limited, resulting in accumulation of COBF which severely affects the
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agueous phase polymerization kinetics and limits the control of the molecular weight
distribution. At low mstantaneous conversion COBF readily partitions between the
agueous phase and polymer particles resulting in immediate molecular weight contral.
The concentration of COBF inside the polymer particles during the polymerization,
which can be used as a measure for the rate of COBF mass transport, was successfully
quantified using the chain length distribution method. The results of this work clearly
show that the presence of a catalytic chain transfer agent can severely affect the emmulsion
polymerization kinetics. Molecular weight control during the final stages of an emulsion
polymerization can be limited by the increasing viscosity inside the polymer particles,
which limits the mass transport of COBF from the aqueous phase towards the polymer
particles.

Smeets, Niels M.B.; Hents, Johan P A.; Meuldijk, Jan; Cunningham, Michael F.;
van Herlk, Alex M.. “Evidence of Compartmentalization in Catalytic Chain Transfer
Mediated Emnulsion Polymerization of Methyl Methacrvlate”. Macromolecules.
ASAP.

Abstract

Evidence of compartmentalization of the catalytic chain transfer agent in seeded
emulsion polvmerization is shown experimentally. The addition of bis[{difluoroboryl)
dimethylglyoximato] cobalt(IT) (COBF) to seed particles swollen below their maximum
saturation concentration, exhibited multimodal molecular weight distributions (MWD)
which are contributed to a statistical distribution of COBF molecules over the polymer
particles. The experimental observations suggest that there are two limits for catalytic
chain transfer in emulsion polymerization: (7) at the earlier stages of the polymerization
where a global COBF concentration governs the MWD and (i) at the latter stages of the
polymerization where a statistical distribution of COBF moelecules governs the MWD. To
the best of our knowledge, these results are the first to suggest evidence of
compartmentalization in catalvtic chain transfer mediated emulsion polymernization.

El-Jaby, Ula; Cunningham, Michael; McEenna, Timothy F.L.. “Investigation of the
Production of Miniemulsions using an SMX Static Mixer”. Submitted to Industrial
and Engineering Chemistry Research.

Abstract

Ultrasonication, rotor-stator and static mixers were investigated as means of generating
miniemulsion droplets in terms of energy consumption and droplet size distributions. It
was observed that energy costs per mass of latex produced were of similar orders of
magnitude for the devices in question. However, it was found that the absolute widths of
the distributions for droplets generated with the sonicator and rotor-stator were larger
than those generated with the static mixers and during polymerisation underwent
secondary nucleation. This, coupled with the relatively low shear imposed on the flusd
by the static mixers makes them an 1deal choice for the generation of miniemmlsion
droplets.
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Chan, Nicky: Boutti, Salima; Cunningham, Michael F.; Hutchinson, Robin A..
“Continuous atom transfer radical polvmerization with low catalyst concentration
in a tubular reactor”. Macromolecular Reaction Engineering (featured cover
article). (2009) 3,5, 222-231.

Abstract

Continuous ARGET ATRP of butyl methacrylate (BMA) was carried out in an 850 mL
tubular reactor using ppm levels of copper catalyst and stoichiometric amounts of ligand
to copper under industrially relevant conditions without monomer and solvent
purification. It was found that stainless steel fittings and/or storage tanks had an adverse
effect on polymenzation rate, underlining the importance of the choice of chemically
mert tubing. The problem of lower rate was solved by increasing the amount of reducing
agent in the system fourfold, under which conditions the MW development and
polymerization rate in the tubular system compared well to that in a batch reactor. Thus,
ARGET ATEP can be made significantly faster and less sensitive to impurities through
the judicious nse of an inexpensive and non-hazardous reducing agent. The tubular
reactor produces polymer with a controlled MWD continuously and robustly,
demonstrating its potential for industrial adoption.

Cunningham, Michael F. “Controlled/Living Radical Polvmerization in Aqueons
Dispersed Systems”, Progress in Polvmer Science (2008), 33(4), 365-398.

Abstract

Recent advances in the understanding and application of living/controlled radical
polymernzations (L/CEP) to aqueous dispersions, including miniemmlsion, emulsion and
suspension, are reviewed. The advantages of aqueous dispersions for commercializing
L/CEP systems provide a powerful incentive for adapting 1L/CRP to dispersed systems,
but there have been sigmificant challenges posed by the inherent nature of operating in 3
heterogeneons environment and in confined reaction volumes. Stable Free Radical
Polymernzation {SFEP), Atom Transfer Radical Polymerization (ATRP) and Eeversible-
Addition-Fragmentation-Transfer (RAFT) polymerization in heterogeneous svstems have
all been the subject of active investigation. Developments in the chemistry of each type
of L/CEP have facilitated their successful adaptation to aqueous dispersed systems.
Newer types of L/CRP, including cobalt-mediated polvmerization and Reverse Iodine
Transfer Polymerization (RITP), have been rapidly adapted to enable their use in water-
borne systems. The progress of each type of L/CRP in aqueous dispersions is discussed,
along with outstanding challenges, issues, and future opportunities.
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Simms, Evan W.; Cunningham, Michael F. “Compartmentalization of Reverse
Atom Transfer Radical Polymerization in Miniemulsion”. Macromolecules (2008)
41, 5148-5155.

Abstract:

Compartmentalization of an ATRP system was found to reduce the overall
polymerization rate and improve the control over the polymernization. Both the particle’s
size and the oumber of polvmer chains contained in the particle are important parameters
to control when formulating an ATRP system that exhibits compartmentalization effects.
It was determined that a particle size of less than 200 nm is sufficiently small to affect
ATEP provided that each particle contains less than ~ 4000 polymer chains because
compartmentalization requures that the reactants (active polyvmeric radicals and CuBrz-
EHATREN) be limited by the volume of the particle. The difference between a
conventional free radical polymerization and ATEP are highlighted by the opposing
imypact that comparimentalization has on the kinetic of the polvmerizations. Ina
conventional system it is the segregation effects that canse an increase in the
polymerization rate, while the confined space effect dominates the kinetics in ATEP.

Ula El-Jaby, Michael Cunningham, Tom Enright , Timothy F. L. McKenna.
“Polymerisable Miniemulsions Using Rotor-Stator Homogenisers™. Macromolecular
Reaction Engineering (2008), 2, 350-360.

Absiract

The use of a rotor-stator mixer as a homogenisation device to make miniemulsion
droplets with industrially pertinent solid contents was investigated. Methyl
methacrylate/butyl acrylate (30:50 w/w ratio) miniemulsions with droplet diameters from
2 um to 300 mm and polydispersity indices from 1.2 to 3.6 were used. Mintemulsions
with three different mean droplet diameters (300, 400, 600 nm) were polymerised and the
evolution of particle size was observed. When 300 nm droplets were polvmerised they
vielded particles of sinular diameter to the original droplets, whereas particle coalescence
of the growing particles with a loss of control over the particle size distribution was
observed for the 400 and 600 nm droplets. The influence of costabiliser, agitation speed,
solid content, colleidal protectors and surface coverage on the evolution of the droplet
size and size distribution as well as on the evolution of the average particle size and its
distribution were examined. It was observed that changing the above parameters had no
impact on the evelution of the particle size, suggesting we have a very robust
miniemulsion system.
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Eecent Publications

Monodisperse Micron-Size Polymer CoreNanoparticle Pigment Shell Composite Particles via
Heteroaggregation, Zubitur, M. M., Sudol, E. D, Dimenie, V. L., and El-Aasser, M5, J Appl. Polvn.
Sei., 114, 264 (2009)

A process for preparing menocdisperse, micron-size composite particles consisting of a polymer core and a
nancparticle pigment shell 1s desciibed. A heteroaggregation process employing wniform stable micron-
size polvmer particles prepared by dispersion polymerization and unstable carbon black pizgment particles
proved successful for a variety of polvmers including polyimethyl methacivlate) (PMMMA), polvstyrens
(P5), polvin-butyl acrvlate) (PBuA), and several functional copolymers. Sonication is applied to the
mixture enabling the pigment to be broken into its primary particle size, allowing it to form a relatively
mform layer on the swface of the polymer particles by heteroaggregation when the sonication is
removed. Attempts to encapsulate these pigment-coated particles by seeded polymerization resulted in
only partial engulfinent of the pigment particles in the swface.

Submicrometer Surface Patterning Using Interfacial Colloidal Particle Self-Assembly, Ray. M. A
Shewmon, N, Bhawalkar, 5., Jia, L, Yang Y. and Damnels, E. S, Langmuir 25, 7263 (2009).

Hexagonal noncontiguously packed (HNCF) arravs of submicrometer-sized particles trapped at an air-
water interface are successfully transferred to solid substrates. The long-range order of the hexagonal
arrays at the interface can be improved by compression-relaxation cycles. The interparticle distance (Le
the periodicity of the hexagonal array) can be contrelled by varying the degree of comypression of the
particle film The crit. characteristics of the substrate surface are hydrophobicity (advancing water contact
angle of =707 and a charge complementary to the swface of the particles. Suitable silicon and glass
substrates are easily prepd. by treatment with com available organosilicon compounds. Two transfer
processes were developed. "When the parallel transfer process is used. the HNCP arrays are deposited on
the solid substrates with minimal pattern distortion.  The vertical dipping transfer distorts the pattern and
renicders a sense of divectionality perpendicular to the dipping direction. This surface patterning techmicue
iz applied to fabrication of subwavelength grating for antireflection in the visible region.  Antireflective
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HMNCP arrays compising varied particle diameters and pattern periodicities are fabricated on glass
substrates to demonstrate the effects of these parameters on the antiveflection performance.

Direct Measurements of the Freguency Dependent Dielectrophoresis Foree, Wei, M.-T., Tunio, J. and
Ou-Yang, H D., Biomicrgfluidics, 3, 012003 (2009).

Dielectrophoresis (DEP). the phenomenon of directed motion of electrically polanzable particles in a non-
uniform electsic field, is promusing for applications in biochemical separation and filtration. For eolloddal
particles in suspension, the relaxation of the ionic species in the shear layer give rise to a frequency-
dependent, bi-directional DEP force in the BE range. However, quantification methods of the DEP force
on individual particles with the pico-Newton resolution required for testing new development in theories
and designing device applications are lacking. We report the use of optical tweezers as a force sensor and
a lock-in phase sensitive technigue for analysis of the particle motion in an AM modulated DEP foree.
The coherent detection and sensing scheme vielded not cnly unprecedented sensitivity for DEP force
measurements, but also provided a selectivity that clearly distinguishes the pure DEP force from all the
other ommnipresent forces in the systemy including electrophoresis. electro-osmosis, heat-induced
convections and Browndan forces, all of which can hamper accurate measurements through other existing
methods. Using optical tweezers-based force transducers already developed in our laboratory, we have
results that quantify the frequency-dependent DEP force and the eross-over frequency of individual
particles with this new experimental method.

Publications Accepted

Influence of Cytoskeletal Structure and Mechanics on Epithelial Cell Injury During Cyclic Airway
Reopening, Yalcin, H €., Hallow, K M., Wang, J., Wei, M.T., Ou-Yang HD. and Ghadiali, 5. ., Am. J
Ehysiol Lung Cell Mol Fhysiol

Although patients with the acute respiratory distress syndrome (ARDS) require mechanical ventilation,
these ventilators often exacerbate the existing lung injury. For example, the cyclic closuwre and reopening
of fluid-filled amrways during ventilation can cause epithelial cell (EpC) necrosis and barrier dismption.
Although nmch work has focused on mEnimizing the injurious mechanical forces generated durning
ventilation an alternative approach is to make the EpC less susceptible to injury by altering the cell’s
infrinsic biomechanical and biostructural properties. In this study. we hypothesized that alterations in
cytoskeletal structure and mechanics can be used to reduce the cell’s susceptibility to injury durning arway
reopeming. EpC were treated with Jasplakinolide to stabilize actin filaments or Latrunculin A to
depelymerize actin and then exposed to cyclic airway recpening conditions at room temperatire using a
previously developed in-wine cell culture model. Actin stabilization did not affect cell viability, but
significantly improved cell adhesion primarily due to the develepment of more numerous focal adhesions.
Surprisingly, actin depolymerization significantly improved both cell viability and cell adhesion, but
weakened focal adhesions. Optical tweezer based measurements of the EpC’s micro-mechanical
properiies indicate that although Latmunculin-treated cells are softer, they also have increased viscous
damping properties. To firther investigate the effect of “fluidization™ on cell mjury, experiments were
conducted at 37°C. Although cells held at 37°C exlubited memimal changes in cytoskeletal structure, they
did exhibit increased viscous damping properties and fmproved cell wisbility. We conclude that
fluidization of the actin cytoskeleton mabkes the EpC less susceptible to the injurions mechandcal forces
generated during cyclic airway reopening.
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Optical Bottles: A Quantitative Analysis of Optically Confined Nanoparticle Ensembles in
Suspension, Jundo, J., Seongmin Park, 5., Kim M-W. and Ou-Yang, H D., Accepted. J Solid State
Conmum.

We present a novel method, optical bottles, that use focused a laser beam to trap and analvze the optically
confined multiple nancparticles. A theoretical framework based on the mechanical eguilibrium of the
optical radiaticn pressure produced by the focused laser beam. and the osmotic pressure produced by the
engiched particle concentration in the optical trap 1s developed for analyzing the ensemble behavier of the
optically confined nanoparticles. Experiments were conducted for fluorescently labeled polystyrens nano
spheres and unilamellar phospholipid vesicles to deternune the optical trapping energy of individual
particles as well as the csmotic compressibility of the colloids. The new method has the advantage over
comventional methods because it 15 not limited by the particle concentration and 1s relatively easy to
implement.

Submitted Publications

Synthesis and Characterization of PNIPAMTPS Core/Shell Particles, Zhang, L., Daniels, E. 5
Dimeonie, VL., and Klein, A, Subnutted to J Appl Pelym. Sci.

Crosslinked. monodisperse PNIPAM particles were synthesized by precipitation polymerization. The
particle size was measured by dynamie light scattening (DLS), capillary hydrodynamic fractionation
(CHDF), and transmission electron microscopy (TEM). Two different polyvmerization methods were nsed
to prepare PINIPANTPS core'shell particles. both above and below the wolume phase transition
temperature (VPPT) using either 2 multi-stage or semi-batch polymenzation process. In both processes,
mform “raspberry” structures were obtained in which pelystyrene formed small domains en the surface
of the PWNIPAM particles. The resulting core and shell structure was proven by temperature-dependent
particle size and density gradient experiments.

Probing the Dynamic Differential Stiffness of dsDNA Interacting with RecA in the Enthalpic
regime," Lien C-H., Wei, M.-T., Tseng. T- Y., Lee, C-D. Wang, C., Wang, T-F., Ou-Yang H D, and
Cluou, A (submitted to Opiics Express)

EecA plays a centfral role in homologous recombination of DNA. When RecA combines with dsDNA to
form RecA-dsDNA nucleofilament, it uvowinds dsDNA and changes its stucture. The unwinding length
extension of a DINA segment interacting with EecA has been studied by various techmigues, but the
dynamic differential stiffness of dsDINA comjugating with EecA has not been well characterized. We
applied oscillatory optical tweezers to measure the differential stiffness of dsDINA melecules, interacting
with BecA as a function of time at a constant stretching force of 33.6pN. The values of the differential
stiffness of DNA (for stretching force in the range of 20.0pN to 33.6pl) measured by cscillatery optical
tweezers, both before and after its interaction with FecA  are consistent with those measured by stationary
optical tweezers. In the dynamic measurement, we have shown that the association {or binding) rate
increases with higher concentration of RecA; additionally, we have also monitored in real-time the
dissociation of FecA from the stretched FecA-dsDINA filament as ATPgS was washed off from the
sample chamber Finally, we verified that RecA (I26C), a form of FecA nmtant does not affect the
differential stiffness of the stretched DINA sanple. It implies that nmatant Beced (126C) does not bind to
the DMNA, wlich is consistent with the result obtained by conventional biochemical approach.
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Conference Proceedings

Depletion-driven Selective Optical Trapping in Nanoparticle Suspensions, Junio, J. and Ou-Yang, H
D.. SFIE Oprics FPhotonics, San Diego. USA 2006, (SPIE Proc. Vel 7400, 2000)

With the right proportions, a binary suspension of different sized particles may be subject to  entropic
effects that can generate a depletion-induced attraction between large particles. A manifestation of the
induced attraction is the enhanced csmotic compressibility of the larger species in the presence of the
smaller species. We conducted an experimental study on how such an enhancement is affected for 190 om
polystyrene spheres in the presence of polyethelyne-oxide in agquecus solutions. Using the gradient force
from a tightly focused laser, we can locally concentrate the polvstyrens nanoparticles in suspension and
from the changes of local particle density under the known gradient force, we deduce a guantitative
measure of the isothermal compressibility of the paticles. We report the analysis of these
compressibilities and their enhancement by the added polymers for a broad range of particle and polymer
concentrations.

Measurement of Optical Binding Force between Twe Colloidal Particles, Wet, M.-T., Ng. J., Chan,
C.T. and Ou-Yang. H. D SPIE Optics Photonics, San Diego, TUSA, 2006, (SPIE Proc. Vel 7400, 2009)

Optical binding has been proposed to be responsible for the cluster formation of micron size dislectric
spheres in coherent light fields. However, a direct measurement of the forces invelved in binding is
mussing. We report an experimental study of optical binding forces between two optically trapped
dielectric spheres. Besults for optical forces are presented as a function of three parameters: interparticle
separation, patrticle size, and respective polarizations. A comprehensive caleulation based on the
zeneralized Mie scattering theory for the experiment has also been conducted. We suggested that the
oscillatory optical forces as a function of the particle separation are not due solely to simple dipole forces,
as the quadmpole and higher order polarizations played an important role in this study.

Extended Abstracts

Optical Bottles: Using Light to Confine and Analyze Nanoparticle Suspensions, Junde, J. and Ou-
Yang . H. D in Optical Trapping Applications, OSA Technical Digest (CD) (Optical Society of America,
2009), paper OTuB4.

We present a new experimental method, termed the optical bottle, for analysis of the ensemble behavior
of optically-trapped nanoparticles in suspension. By moenitoring the particle density in the focal region of
the beam we determine the intensity-dependent optical trapping enerzy per particle and the isothermal
bulk modulus of the suspension. Optical trapping was achieved by a variable-power IE. (1064 nm) laser
coupled to a high WA objective lens. The particle density of a system of flucrescently-labeled 100 nm
polystyrene colloidal particles was momtored by fluorescence excited by a green (332 mm) laser aligned
parfocally with the IR trapping beam through the same objective lens. Fluorescence signals from the
focal region common to both beams was band-passed to a conjugate pinhole and detected confocally.
From the particle number density in the focal region as a function of the trapping laser intensity, a force
balance model yields the radiation force per particle imparted by the IR beam. the isothermal bulk
modulus of the suspension, and information on interparticle interactions.
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Short Abstracts for Conferences

Determination of Charge Interactions of Nanoparticles by Optical Trapping. Jumo, J. and Ou-Yang,
H. D, APS March Meeting, Pittsburgh, USA_ 2009,

We report an experimental study of interactions in colloidal nancoparticles through optical trapping. Using
an optical trap with a size mnch larger than the trapped particles, we were able to create an optical bottle
to confine and concentrate the nancparticles. We measured the highly focused light-induced particle
density fluctuation with confocal fluorescent detection. A theory based on a balance between the optical
frapping radiation pressure and the osmotic pressure has been  developed to calenlate the isothermal
oamotic compressibility from the forced density fluctuation. The measured csmotic compressibilities of
colloidal crystals are then used to determine the surface charge density of the colloidal [Alexander, 5,
Chailin P, M., Grant. P.. Morales. G. I, Pincus. P, and Hone, D, Charge Renormalization, Osmeotic
Pressure, and Bulk Modulus, of Ceolloidal Crystals: Theory, J Chem. Fhys, 80, 5776 (1984)]
Comparizon of the experimentally deternuned charge density is compared to t deternuned by zeta
potential measurements.

DEP Force Spectroscopy, Wer, M.-T_, Junic, J. and Ou-Yang H. D APS March Meeting, Pittsburgh,
UsA, 2008

We report accurate characterization of the dielectrophoretic forces imparted on individual colloid particles
in an agquecus suspension. The metion of suspended particles relative to the solvent resulting from
pelarization forces due to an inhomogensous electric field 1s known as the dielectrophoretic force (DEP).
In the case of colloidal particles, the Clanssins-Mossotti (CM) function contaiming the frequency
dependence of the dielectric behavior of the particle relative to the suspending fluid dictates the direction
and magnitude of the resulting DEP force. The magnitude of this force approaches zero as the frequency
approaches the point of cross-over to switch the direction of the force. Using optical tweezers as force
sensor we have successfully characterized the frequency dependent DEP foree with a spatial resolution in
the micron range and a foree resolution of a fiaction of 1pN. To achieve this, we used an AM modulation
scheme to admindster the cscillating electric field, so that we could moniter the phase and amplitude of
the displacement of the particle while 1t was held by the optical tweezers and acted on by the DEP force.
The optical tweezers based DEP force spectroscopy presents a way to understand the fundamental
parameters at the microscopic level.

Depletion-Modified Interactions in Nanoparticle Suspensions. Jume, J. and Ou-Yang, H. D., APS
March Meeting, Pittsburgh, TSA, 2009

This project reports an experimental study of the charge-based inferparticle interactions present in a
model colloid system. Optical trapping was achieved by a variable power TR (1064nm) laser coupled into
a high WA objective. We measured the parficle density through fluorescent detection by a green (33 2mm)
excitation laser aligned to be parfocal with the IR trapping beam through the same objective lens.
Flucrescent signals emanating from the focal region commen to both beams was band-passed to a pinhele
set to be conjugate to the commeon focal region for confocal detection, the use of an optical chopper with a
lock-in amplifier permitted the enhancement of the signal-to-neise ratio. MMaking use of an optical trap
with a size much larger than the trapped particles, we were able to create an optical bottle to confine and
concentrate the nanoparticles. Owr theoretical framework was based on a balance between the generated
radiation pressure from the trapping beam and the resulting osmotic pressure difference created by the
concentration of particles; this permitted the caleulation of the isothermal compressibility.  From
optically-induced concentration change in the focal region we were able to deduce the compressibality as
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a fonction of different charge conditions, ie. counter-ion concentration and surface charge of the
patticles.

Optical Binding Force Acting on Two Optically Trapped Particles, Wei, M.-T. and Ou-Yang, H D
APS March Meeting, Pittsburgh, USA 2009

In additien to common optical manipulation setups such as an optical tweezers, the radiation forces
generated by a laser can also induce chain-like arrangements of um-sized dielectric spheres theough
coberent multiple scattering, through a process known as optical binding (OB). Although the forces
generated theough OF are on the order of piconewtons, they are still sufficient to overcome other relevant
mnteractions in the suspension such as Van Der Waals and gravitational forces and Brownian fluctuations.
The OB force oscillates from attractive to repulsive as function of interparticle separation; as obsetrved in
theoretical models and optical fields found in systems such as counter propagating lasers in dual-beam
optical-fibers. Using a dual optical tweezers setup. we have measured the inter-particle OB force from
two 1.5 pm diameter polystyrense particles in suspension as a function of their separation by holding them
in separate optical traps. Using a calibration scheme, we have isclated the OB foree from the background
of hydrodynamic and Brownian forces. Using experimental measurements and theoretical predictions, we
alsc proved that by changing the respective polarizations between parallel and perpendicular orientations
of the two traps, the OB force was the only force acting on the particles.

Mechanical Anisotropy of Cytoskeleton in Biological Cells, Wei, M.-T_. Slm, C. and Ou-Yang, H D
APS March Meeting, Pittsburgh, USA_ 2009

The ability to study how cells respond to mechanical stimulation and the dynamical micromechanical
properiies of lving biological cells is crucial for understanding cells functions. Biclogical cells can
rearrange their cytoskeleton preferentially to respond to vectorial mechanical stimmlus throuwgh cell-
modulation adjustment of intracellular forces that bind the skeleton stucture. Using a dual oscillating
optical tweezer based microrheometer; we were able to probe temporal fluctnations in the viscoelasticity
of biological cells internally, using endocytosed wm probe particles. Since the directional response of the
cell mechanical properties are deiven by the responses of signaling molecules, we can use the optical
tweezers setup to investigate the mechanc-transduction in living cells. Using the internal probes, we have
measured the storage and loss modulus of the cellular matersal and found 1t to be directionally specific,
and have mapped out the anisotropy as a function of stimmlns divection.

Osmotic Compressibility of Unilamellar Vesicles in Aqueous Suspensions. Park, 5., Jumo. J. and Ou-
Yang. H. D.. APS March Meeting. Pittsburgh, USA, 2009

This project reports the results of a new experimental method to measure the csmotic compressibality of
lipid-based vnilamellar vesicles. We measured the compressibility of vesicle suspensions to gquantify the
collective effect of the interparticle interactions as a function of surface charge and 1omie strength of the
suspending medinvm.  Optical trapping was made by a 1064nm laser coupled into a high NA objective
lens. We monitored the flucrescently labeled vesicle mumber density using a 532nm excitation beam
aligned to be parfocal with the trapping beam through the same objective. Fluorescent signals from the
focal region commeon to both beams were band-passed to a pinhole for confocal detection. Using the
number density of the vesicles in the focal spot as a function of trapping intensity and a force balance
model, we were able to caleulate the effective trapping energy per vesicle as well as the osmotic virial
coefficients for a system of lipid vesicles prepared with DOPG, cholestercl, and Dil. As an alternative to
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scaftering methods, the optical trapping-based study introduced here is advantagecus since it can ocour in
concentrated suspensions yielding an in sitn measurement of colloidal interactions.

Optical Trapping of Colloidal Nanoparticles by a Weakly Focused Laser Beam, Lin, C-Y ., Lin H.-
Y., Chen, S.-T, Wei, M.-T.. and Ou-Yang, H. D, APS March Meeting, Pittsburgh, TISA, 2009

We present an analysis of the behavior of an ensemble of colleidal nanoparticles in the focal region of a
wealdy focused laser beam. Using a mechanical balance of the laser radiation pressure that causes particle
migration into the light field and the csmotic pressure of these particles opposing migration. we propose a
new method for quantifying the optical frapping potential of individual particles by measuring the
increase of the particle concentration as a fonction of the laser intensity. We find comparable results for
the optical trapping potential from this method with values cbtained by single particle trapping methods,
indicating that radiation-induced particle convection from a weakly focused laser beam does niot affect the
steady state distribution of the particles in the light fisld.

FPh.D. Dissertation

Study of Monomer Droplet Behavior in Miniemulsions
Megan B. Casey

Miniemulsion technology offers pessible applications such as encapsulation of pigments, oils, and
polymers, and polymenization of lighly water-inscluble monomers not possible wia conventional
emulsion polymerization Fundamental understanding of mintiemmlsions has been hindered by ignorance
of their droplet size distribution (DSD). In this wetk the droplet size and size distribution of
mitenmilsions have been characterized using, with adaptation, particle sizing technigues such as capillary
hydrodynamic fractionation (CHDF), acoustic attenuation spectroscopy (AAS), surfactant titration,
dynamic light scattering (DLS), and microscopy.

AAS has the advantage of being able to characterize the DSD of concentrated dispersions, unusual in
typical sizing technigues. This makes it particularly well-suited for sizing monomer deoplets in
mimdemulsions. Another advantage is its wide size measurement range of 10 nm to 100 microns.
However, for systems with relatively soft. deformable dispersed particles. or systems with low density
comtrast between the dispersed and continuous phases. such as monomer mindepmlsions and polymer
latexes, accuracy 15 somewhat compromised at the micron scale. A disadvantage is the need to know
many thermodynamic properties of both the dispersed and continuous phases of the dispersion being
measwred. AAS results are reproducible and reliable, and agree fairly well with CHDF and surfactant
titration results.

A CHDF instriment was modified to enable detection of styrene nuntemulsion droplets, by nsing styrene-
saturated eluent. This proved to be a reliable sizing techmicue for characterizing muniemulsion DSDs.
However, vse of eluent that is completely saturated with monomer was found to be critical to this
technigue. Agreement between CHDF and AAS was generally good, except when the DSDs were very
broad and multimodal.

A critical ingredient in nuniemulsion recipes is the costabilizer, a water-insoluble compound that helps
prevent diffusion of the slightly scluble monomer from the smaller droplets through the continmious phase
to the larger droplets via Ostwald ripening. The DSDs of styrene miniemulsions with both hexadecane
(HDY) and cetyl alechol (CA) as costabilizer were characterized by surfactant titration, CHDFE, and AAS
periodically after preparation to observe changes in DSD. When HD was used as the costabilizer, droplets

7
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were indtizlly smaller, and their DSDs slowly broadened and shifted to larger sizes, when less costabilizer
was present. These changes were slowed when additional swfactant was added after preparation. After
several days, the mintemmlsions” average droplet size increased to about 150 nm regardless of how much
HD or swfactant was present. When CA was used as the costabilizer, the miniemulsions had nmltimodal
D5Ds, and average droplet sizes in the micron range. The DSDs shifted to lasger sizes within several
hours after preparation.

Diffusional degradation by Ostwald ripening in styrene mindemmulsions ccourred to a significant extent,
causing HD costabilizer to concentrate in small droplets while becomuing diluted in large droplets. Less
composition change occusred in styrene mindenmilsions with either higher initial HD content or with
additional swfactant added after somification. Both of these conditions led to a mininization of free
energy, increasing stability. It was shown to be feasible that Ostwald ripening cccurred within minutes of
preparation of the miniemulsion.

Styrene mimenmlsions were found to have fauly similar pelymer PSDs after polymerization despite
lazge differences in their initial monemer DSDs. This indicates that, in addition to the droplets,
polymerization occwired in the agueous phase, and transport of monomer from large droplets to
polvmerizing sites ocomred, to varying extents. This is in confrast to minjenmlsicn polymerization with a
highly water-insoluble monomer, such as cctadecyl methacrylate, where it was found that the final latex
PSD exactly matched the initial moncmer DSD, indicating polymernization was solely in the droplets.

Patent

Opto-Fluidic Nanoparticle Detection Apparatus, Ou-Yang. H D. and Chang. X, International Patent
Application PCT/TUS09/035683, filed March 2. 2009, pending.
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31 . Mowod, H. Mouaziz, A. Penciu, H. Meéhier, B. Fenet, H. Fessi, ¥. Chevalier {2009),

Elaboration of radiopague icdinated monoparticles for in situ control of local drug
delivery, Biematerialz, 30, 5667-5674.
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Contribution to the IPCG newsletter (Sept. 2009)
Jaequeline Forcada
The University of the Basque Country/EHU
Accepted papers:

Optimized Buffered Polymerizations to Produce N-vinyleaprolactam-based
Microgels

Ainara Imaz and Jacqueline Forcada

EUROPEAN POLYMER JOUENAL don: 10.1016/.eurpolym). 2009 08.003

Temperanure-sensitive N-vinvlcaprolactam (VCL)-based microgel particles were svnthesized by emulsion
polvinerization in a baich reactor. Te avoid the hydrelvsis of VCL, optimized buffered reactions were
carmied out by using VCL as main monomer, M N -methylenebizacrvlamide (BA) as cross-linksr and a
sugar-based comonomer (3-G-methacrvlovl-1,2:5 6-di-O-isopropylidene-o-D-glucofuranose,  3-MDG.
The amounts of mitator, cross-linker, surfactant, comonomer, and reaction temperamre were the reaction
varables. The effects of these variables on the Kinetic feamres of the different polvmerizations were
analvzed. The colloidal charactenzation of the microgel particles consists of the analvsis of the evolution
of the average hydrodynamic diameters as a function of the temperature of the medinm. The results
showed that in all cases BA reacted faster than VCL. All final mucrogel parmicles showed swelling-de-
swelling behavior by changing the temperamire of the medinm in which they are dispersed. Initally
formed microgel particles were not temperamre-sensitive being necessary up to about 30% of VCL
conversion for the onset of the swelling-de-swelling behavior. The final colloidal characteristics of these
new microgels can be mned by modulatng the reaction variables.

Hydrazine-functionalized latexes

Alvaro Costovas, Jose Ramos, and Jacqueline Forcada

JOURENAL OF POLYMER SCIENCE, PART A: POLYM CHEM (Accepted July 24,
2009)

The non-commercial funcional monomer 4-vinvlbenzyl hydrazine (VBH) was svnthesized and
subsequently copolymenzed with stvrens (5t) by means of different baich and semicontinweons seeded
emmlsion polymerization processes, 50 as o obfain hyvdrazine-functionalized nanoparticles. The effect of
pH. surfactant and initiator amounts, ratie VBH/S: eaction temperature, and ratio aceions/water wele
smdied Dme to the amphiphilic character of VBH at acid pH, the hydrazine groups of the functienalized
comonomer were masked with acetone to form hvdrazone groups. Secondarv nucleations were avoided
by using the protecied VBH comonomer, however a decreased radical efficiency achieving limited
conversion was observed. Conmolling the cationic initdator concentraton, complete conversions together
with the neat growth of the seed particles were obtained in the semicontinuous sesdsd emulsion
polvmerization of stviene and VEBH protected with acetone.

Recently published papers:

New Biocompatible Microgels

Ainara Imaz and Jacqueline Forcada

MACROMOLECULAR 5YMPOSIA 281, 85-88 (2009)

Monodisperse Magnetic Polymerie Composite Particles for Biomedieal
Applieations

Shulai Lu, Jose Ramos, and Jacqueline Forcada

MACROMOLECULAR 5YMPOSIA 281, 89-95 (2009)

Preparation of Magnetic Polymeric Composite Nanoparticles by Seeded Emulsion
Polymerization

Shulai Lu, Rongjun Qu, and Jacqueline Forcada

MATERIALS LETTERS 63, 770-772 (2009)

Encapsulation of Silica Nanoparticles by Miniemulsion Polymerization

Alvaro Costoyas, Jose Ramos, and Jacqueline Forcada

JOURNAL OF POLYMER SCIENCE, PART A: POLYM CHEM 47, 935-948 (2009)
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Unpublished paper:

Use of Hydrophobically Modified Inulin for the Preparation of Polymethyl
Methacrylate/Polybutyl Acrylate Latex Particles Using a Semicontinuous Reactor

Marc Obicls-Eabasa, Jose Eamos, Jacqueline Forcada, Jordi Esquena, Conxita Solans,
Bart Levecke, Karl Booten, Tharwat F. Tadros

The sesded semicontinuons emulsion copolymerization of methvl methacrylate (MWA) and butyl
acrvlate (BuA) stabilized with a graft polvmeric surfactant based on inulin, INUTEC SP1, as well as its
mixtre with sodium lauryl sulfate (SLS) is described. The mixmre of 515 and Brij38 {alcohol
ethoxylaed) and the miznre of 5LS and Pluronic PES (bleck copolymer PEO-PPO-PED) are also used as
surfactant svstems. The addition of methacrvlic acid (MAA) or acrvlic acid (AA) as co-lmonomers is also
studied. Previous results proved this inulin-derivative surfactant, INUTEC 5P1, 1o be werv effective on
synihesizing latexes using a very low surfactant concentradon. The kinetic features of the emmulsion
pelvmerization {(Instantaneons conversion and total conversion) were gravimetricallv detsrmined along
the reactions. Latex dispersions were characterized by Photon Comelation Spectroscopy (PCS) and
Transmission Electron Microscopy (TEM) to obtain the average particle size, the particle size
dismibutions (PSD) as well as the polvdispersity index (PdI). The stabilitv was determined by
turbidimeny measurements and expressed in terms of critical coagulation concenmation. The results show
that latexes with a nammow PSD can be obtained using a low INUTEC 5P1 to monomers weizht ratio
(0.003). When a mixre of INUTEC 5P1 and SL5 is used, a wider P3D is obtained due to secondary
nucleations. Replacing INUTEC 5P1 by other nonionic surfactants such as Brij38 or Pluronic P25 leads
o an increase of average particle size and wider PSD.
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The Key Centre for Polymers and Colloids
The University of Sydney

i‘m N ._‘-w" September 2009
" Brian S. Hawkett

We continue to pursue PC interests in our core area of RAFT in dispersed phase systems. This work
includes the coating of solid particulates with polymer to form nano composite materials, which
includes collaboration with Eindhoven University of Technology on the coating of clay particles. We
are also stepping up the effort on the stabilization and encapsulation of magnetic nanoparticles for
biomedical applications. Our initial paper in this area has been submitted for publication in Langmuir.
This work is showing great promise in areas of hyperthermia and drug delivery. More traditional
emulsion polymerization work on studying the origin of the enhanced thermal background rate in
styrene emulsion polymerization and a reexamination of the impact of a hairy layer on the entry and
exit parameters continues. The paper, listed below, on chain branching in BA polymerization
represents the culmination of many years of international collaboration. Following on from the work
of Ganeva et. al. we are working on the preparation and stabilization of very small monodisperse
particles. We have now devised genuine nanoscale anisotropic particles that have a short dimension of
around 20 nm and a long dimension of ~30 nm, and the two ends can have different polymer
compositions and different stabilization. We have also been conducting work on the formation and
stabilization of gas bubbles in inverse emulsions.

Recent papers are listed below:

1 Nasir M. Ahmad, Bernadette Charleux, Céline Farcet, Christopher J. Ferguson, Scott G. Gaynor,

Brian S. Hawkett, Frank Heatley, Bert Klumperman, Dominik Konkolewicz, Peter A. Lovell,
Krzysztof Matyjaszewski, and Rajan Venkatesh. Chain Transfer to Polymer and Branching in
Controlled Radical Polymerizations of n-Butyl Acrylate. Macromolecular Rapid Communications.
Accepted for publication August 2009.
Abstract: Chain transfer to polymer (CTP) in conventional free-radical polymerizations (FRP) and
controlled radical polymerizations (ATRP, RAFT and NMP) of n-butyl acrylate (BA) has been
investigated using 13C NMR measurements of branching in the poly(n-butyl acrylate) produced.
The mol% branches is reduced significantly in the controlled radical polymerizations as compared
to conventional FRPs. Several possible explanations for this observation are discussed critically
and all except one refuted. The observations are explained in terms of differences in the
concentration of highly-reactive short-chain radicals which can be expected to undergo both
intramolecular and intermolecular CTP at much higher rates than long-chain radicals. In
conventional FRP the distribution of radical concentrations is broad and there always is present a
significant proportion of short-chain radicals, whereas in controlled radical polymerizations the
distribution is narrow with only a small proportion of short-chain radicals which diminishes as the
living chains grow. Hence, irrespective of the type of control, controlled radical polymerizations
give rise to lower levels of branching when performed under otherwise similar conditions to
conventional FRP. Similar observations are expected for other acrylates and monomers that
undergo chain transfer to polymer during radical polymerization.
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2 Pramith Priyananda, Brian S. Hawkett and Gregory G. Warr. Controlling the Locus of Bubble

Nucleation by Dissolved Gases in Heterogencous Liquid-Liquid Systems. Langmuir, Article
ASAP, DOI: 10.1021/1a902309f.
Abstract: We have examined the nucleation of chemically generated nitrogen gas bubbles in
microheterogeneous systems, using optical microscopy on a model system consisting of a single
liquid—liquid interface. Results clearly show that bubble nucleation occurs in both the aqueous and
oil phases, despite the nitrogen production reaction being a purely aqueous phase process. A
theoretical model is developed which describes the time evolution of the nitrogen concentration
profile, and this reveals that bubbles in the oil are a result of homogeneous nucleation of dissolved
N, transported across the interface into a (supersaturated) diffusion layer. We further show that
bubble nucleation in the oil can be inhibited or eliminated by adding water-soluble surfactants,
which facilitates aqueous phase bubble nucleation and then acts as highly effective nitrogen sinks,
severely reducing the flux of dissolved gas across the water—oil interface.

3 Syed Imran Ali, Johan P.A. Heuts, Brian S. Hawkett and Alex M. van Herk. Polymer

Encapsulated Gibbsite Nanoparticles: Efficient Preparation of Anisotropic Composite Latex
Particles by RAFT-Based Starved Feed Emulsion Polymerization.
Langmuir (2009), 25(18), 10523-10533.
Abstract: Anisotropic polymer-inorganic composite latex particles were synthesized using a
RAFT-based encapsulation approach on cationic gibbsite platelets. Using the RAFT agentdibenzyl
trithiocarbonate, a series of amphipatic living random RAFT copolymers with different
combinations of acrylic acid and butyl acrylate units were synthesized. These RAFT copolymers
were used as living stabilizers for the gibbsite platelets and chain extended to form a polymeric
shell by starved feed emulsion polymerization. Cryo-TEM characterization of the resulting
composite latexes demonstrates the formation of anisotropic composite latex particles with mostly
one platelet per particle. Monomer feed composition, chain length and hydrophilic-lipophilic
balance of the RAFT copolymer were found to be important factors for the overall efficiency of
the encapsulation. Good control over platelet orientation and high encapsulation efficiency was
achieved via this route.

4 Ewan Sprong, Hank De Bruyn, Christopher H Such, and Brian S Hawkett. Control of Particle

Morphology in ab initio RAFT Mediated Emulsion Polymerization. Aust. J. Chem. Accepted for
publication, 13th May 2009.
Abstract: Recent advances in the use of Reversible Addition-Fragmentation chain Transfer
(RAFT) polymerisation in dispersed phase systems have paved the way for the fine control of the
morphology of latex particles that was not possible by conventional free radical polymerisation
techniques. With this approach living amphiphilic block copolymers are synthesised that self-
assemble to form micelles. The hydrophilic segment is formed from a water-soluble monomer
which stabilises the latex particles as polymerisation proceeds and the latex particles grow. The
hydrophobic ends of the RAFT diblocks ultimately grow into the polymer that forms the body of
the particles. This paper presents examples of ways in which these advances can be used to
engineer latex particles with unique morphologies that exhibit specific application properties.



IPCG

September 2009

5 Dominik Konkolewicz, Meiliana Siauw, Angus Gray-Weale, Brian S. Hawkett, Sébastien Perrier.

Obtaining Kinetic Information from the Chain-Length Distribution of Polymers Produced by
RAFT. Journal of Physical Chemistry B (2009), 113(20), 7086-7094.
Abstract. We describe a simple model for the kinetics and chain-length distribution of polymers
made by living radical techniques. Living radical methods give good control over the molecular
weight of a linear polymer by capping the growing end and forming a dormant chain. The polymer
is predominantly capped, and occasionally decaps to form a radical that propagates for a short
period before recapping. Our model uses this mechanism to describe the chain-length distribution
of polymers made by living radical methods. We focus on oligomers made by Reversible
Addition-Fragmentation chain Transfer (RAFT) polymerization as model systems. Our model can
determine optimal reaction conditions for desired polymer properties and test hypotheses about
reaction schemes by using only two parameters, with each parameter related to the kinetics. The
first parameter is the mean number of monomers added when a chain decaps. A broad distribution
results if many monomers are added upon decapping. The second parameter is the mean number
of times a polymer decaps. Many decapping events indicate high monomer conversion. Our model
gives kinetic information by directly fitting to an experimental chain-length distribution, which is
the reverse of other kinetic models that generate the distribution from rate coefficients. Our
approach has also the advantage to be simpler than previously published kinetic schemes, which
use many rate coefficients as inputs. Our model was tested against three monomers (acrylic acid,
butyl acrylate and styrene) and two RAFT agents. In each case, we successfully describe the
chain-length distribution, and gives information about the kinetics, especially the probability of
propagation versus deactivation by the RAFT mechanism. This excellent agreement with a priori
expectations and quantum calculations makes our model a powerful tool for predicting the
structure of polymers obtained by living radical polymerization.

6 Konkolewicz, Dominik; Hawkett, Brian S.; Gray-Weale, Angus; Perrier, Sébastien. RAFT

Polymerization Kinetics: How Long are the Cross Terminating Oligomers. Journal of Polymer
Science, Part A: Polymer Chemistry (2009), 47(14), 3455-3466.
Abstract: We propose a model for the kinetics of Reversible Addition-Fragmentation Chain
Transfer (RAFT) polymerization. The essence of this model is that the termination of the radical
intermediate formed by the RAFT process occurs only with the shortest active radicals. This
model accounts for the absence of 3 armed stars predicted by other cross termination models since
the short radical makes a negligible difference to the overall molecular weight. The model is tested
against experiments on styrene at 60 °C with cyano-isopropyl dithiobenzoate (CPDB) as the
RAFT agent. The predicted rate coeficients are consistent with slow fragmentation of the RAFT
inter-mediate, and the overall concentration of radicals is consistent with ESR experiments.
Overall, it demonstrates that the two conflicting models that have been proposed so far can
actually coexist.
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Contribution to IPCG of Group Alex van Herk & Hans Heuts
Eindhoven University of Technology, Laboratory of Polymer Chemistry (SPC)

During the International Polymer Colloids Group an extensive discussion took place on the
guestion: Pelvmer Collotds, Que Vadis. Part of the discussion centred on the selations between
different subject areas. A nice triangle resulted from that discussion and I would like to open this
contribution with showing that triangle as a product of the IPCG comumunity:

Farticles Molecules

N/

Colloidosomes  Parlicles

Nanasynthons Syntheti m_;! F'rlc:-cassf
Characterization

r '_ ‘ — - - igh
SuprastructUres e AT Society/Monay | Functicnalities

Research focus, philosophy and mission

The main focus of the research 1s on the contrelled syathesis of fuonctional polymer particles and
the pertaining mechanizms in thedr principal synthesis technigue: emulsion polymernzation.
Eelated activities are widespread in the department and the group of relevant researchers is
refersed to as the Emulsion Research Group (ERG). This group's focus lies on continuounsly
enhancing its insight into (controlled) radical pelvmernization mechanisms and molecular
properties so as to achieve an optimum contrel of macromolecular architectures and particle
morphologies. An optimal control of these pelvmer and particle properties 15 required for
achieving specific materials, with a focus in the following two target areas: biomedical
applications of functional nancparticles and performance surface coatings (including
antimicrobial coatings). Ouwr research philosophy is that a true design of macromoelecular
materials 15 only possible from a thorough vnderstanding of the underlving reaction mechanisms
and molecular properties. and therefore all research themes are suppeorted by the extremely
important molecular characterization and particle characterization expertise. Our mission is to
generate and disseminate generic understanding and technology in the area of radical
polvmerization strategies towards fonetional polvmer particles to the benefit of a sustainable
society.
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The two research themes of the Emulsion Research Group

Theme 1: (Controlled) radical polymerization

Within this theme. two main research lines are explored, 1.e. fundamental aspects of conventional
and Centrolled Radical Polymenization (CEF). CEP is performed both in selution and in
amulsicn. In erder to be able to gensrate polvmeric matertals with added value, like e 2.
responsive compartments for controlled diug release and self-healing of polymers, anti-microbial
coatings, performance coatings with enhanced properties etc. etc.. control of molar mass
distribution and especially the architecture of the synthesized (block) copolymers 15 required.

The cwrrent activities in the field of CRP are largely based on Reversible Addition-Fragmentation
chain Transfer (RAFT)-mediated polymerization and Catalytic Chain Transfer Pelvmerization
(CCT). Projects in this part of the research are generally aimed at the development of a specific
polvmer structure, e g. telechelic polymers. block copolymers. macromenomers ete. Since CCT
and EAFT-mediated polvmerization in particular are not fully uvnderstood mechamstically,
significant effost 15 put in the elucidation of mechanistic details. For practical seasons, these
mechanistic studies are usually embedded in the synthetic projects. On the basis of an increased
understanding of the polymerization mechanism, for which the available SEC, GPEC and
MAIDI-TOF M5 characterization technigues are indispensable, the future zoal within this theme
is to design and synthesize increasingly advanced macromolecular architectures.

As from 2006 Dr. Hents actively started to set up this new research line in this theme and the first
outcomes of this work are expected in one or two years.

Theme 2: Functional polymer colloids

In the field of functional pelyvmer colloids four research lines are covered. First of all the kinetics
and mechanisms of the basic steps in emulsion polvinerizations are studied, this includes the
deternuination of the basic kinetic parameters in radical (co)polymerization (the general
polyvmerization mechanizm in emmulsion polymenzation). A second area is the use of alternative
mnitiation methods like electron beam and vltrasound initiation, the third area 15 on-line
monitering and control of emulsion (co)polymerizations through for example on-line Eaman
spectroscopy and the largest area comprises “Control of internal morphology and particle size of
(reactive) polymer latex particles and wesicles’. This area includes encapsulation of inorganie
particles likee titaninm dioxide and elay platelets. Within this area Dr. Heuts i3 developing hairy
functional particles (antimicrobial fuonctionality).

Based on the kmowledge of the relation between kinetic parameters and chemical composition
distribution along with the molecular weight distribution, we want to control the internal
morphology of the generated polvmer particles, and therewith the physical properties of the end
products.. The possibility to apply the environmentally friendly latex technolegy, one of the key
expertise’s of the Emmision Research Group, for developing added value products and materials,
e.z in the field of functional materials. 13 explored.
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Recent publications:

Modeling of Emmlsion Polymerization, will it ever be possible?
Part 2: Deternunation of basic kinetic data over the last 10 yvears
AM. van Herk

The effect of Co(ll) mediated catalvtic chain transfer cn the emulsion polymerization kinetics of

methyl methacrylate
NMB. Smeets, JP.A Heuts, J. Meuldyk. M.F. Cuoningham A M. van Herk

Evidence of compartmentalization in catalytic chain transfer mediated emmulsion pelymerization

of methyl methacrylate
N.MB. Smeets, JP.A Heuts. J. Meuldijke. M.F. Cunningham A M. van Herk

Polymer encapsulated Gibbsite nanoparticles: Efficient preparation of anisotropic composite latex
particles by BAFT-based starved feed emulsion polymerization
SL Al JPA Heuts BS Hawkett, A M. van Herk

PhD projects:

1. Process contrel in emulsion (co/terlpolymerization

- Combinatorial latex synthesis procedures and high-throughput screening of polymeric
materials. (Momeue Mballa Mballa, DPT)

Propagation in the aguesus phase and entry in emulsion

copolymerization. (Pogja Daswani, BASFE)

2. Special particle morphologies

Hybrid latices containing inorganic particles (Mark Benx, DOW)

(Sved Imran Ali HEC)

- Contrel of latex morphology (including non-spherical latices and hollow particles) (Syed
Iman Ali. HEC) (Monigue Mballa Mballa, DPT)

3. Functionalized latex particles for coating applications

Block copolymers as surfactants and as new material in latex paints. (Andond San Martin,
Spain)

Incorporation of a-olefins and hydrophobic monomers in latex

particles for coatings applications (Foxana Albu, DPT)

Antimicrobial latex particles (Hector Tello, Comex)

4. CCT, coordination polymerization and CRF in emulsion

- Several mechanistic and technelogical aspects of CCT. coordination polymerization
and CEP in emulsion. Applications.
(Miels Smeets, SEP) (Timo Sciarone, DPI (Koning. Van Heirl))

3. Scaling-up qf emulsion polymerization, Process intensificarion
- Process aspects of em pol. More efficient methods of manufacture.
Continuons operations. (MNiels Smeets, SEP)



IPCG

September 2009

6. Film formation
- Film formation {collaboration with Rolf van Benthem TT/e)

7. Coagulation phemomena, use of heterocoagulation, colloidosomes
- Product innevation (colloidal stabilization mechanizms).
The vse of heteroceagulation for encapsulation purposes, Marie-Claire Hermant  (DPT),

Evgeneiy Tkalya (DPI)

8. Reduction of residual monemer
- Approaches to reduce residual monomer. (Marijke Aerts, SEPF)
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Institute of Macromolecular Chemistry
Academy of Sciences of the Czech Republic
Hevyrovskeho 5q. 2, 162 06 Prague 6
Czech Republic

Reporter Daniel Horak. horak@ime.cas.cz

Recent publications

Cholesterol-modified superporous poly(2-hydroxyethyl methacrylate) scaffolds for tissue
engineering. Kubinova 5. Hordk D, Svkova E.. Biomarerials 30, 4601-4609 (2009).

Abstract, Modifications of polv(2-hvdroxyethy]l methacrvlate) (PHEMA) with cholesterol and
laminin have been developed to design scaffolds that promote cell-surface interaction. Cholesterol-
modified superporous PHEMA scaffolds have been prepared by the bulk radical copolymerization
of 2-hydroxvethyl methacrylate (HEMA), cholesterol methacrylate (CHLMA) and the cross-linking
agent ethylene dimethacrylate (EDMA) in the presence of ammeonium oxalate crystals to introduce
mterconnected superpores in the matrix. With the aim of immobilizing lanunin (LN, carboxyl
groups were also introduced to the scaffold by the copolymerization of the above monomers with 2-
[(methoxyearbonylimethoxy]ethyvl methacrylate (MCMEMA). Subsequently, the MCMENMA
moiety in the resulting hvdrogel was hydrolyzed to [2-(methacrylovlexy)ethoxyv]acetic acid
(MOEAA), and laminin was immobilized via carbodiimide and Nhydroxrsulfosuccinimide
chemistry. The attachment, viability and morphology of mesenchvimal stem cells (MSCs) were

valuated on both nonporous and superporous laminim-modified as well as laminin-unmodified
PHEMA and poly(2-hydroxvethyl methacrylate-co-cholesterol methacrylate) P(HEMA-CHLMA)
hydrogels. Weat PHEMA and lamumin-modified PHEMA (LN-PHEMA) scaffolds facilitated M5C
attachment, but did not support cell spreading and proliferation; the viability of the attached cells
decreased with time of cultivation. In contrast, MSCs spread and proliferated on P{HENMA-
CHLMA) and ILN-P(HEMA-CHLWMA) hydrogels.

Kevwords: Cell adhesion, cell viability, hydrogel. polyHEMA, porosity.

Magnetic poly{glvcidv]l methacrylate) particles prepared in the presence of surface-modified
v-Fe 03 Tocchio A, Horak D, Babi¢ M., Trchova M., Veverka M., Bened M.T, Fojtikk A J
Polym. 5ci., Polym. Chem. Ed . 47, 4952-4994 (20097

Abstract. Maghemite (y-Fea0:) colloid has been synthesized by coprecipitation of ferrous and
ferric salts in alkaline medivm and oxidation. The obtained nanoparticles were complexed with a
phosphate macromonomer - penta(propyvlene glveol) methacrylate phosphate (PPGMAP).
Complexes with the weight ratio PPGMAP/y-Fe,05 0.01 - 10 were investigated using a range of
characterization methods. The amount of PPGMAP attached to the particles was ca. 22 wt %4, The
size and size distribution of the y-Fea(O; core particles mn the drv state was measured by TEM. To
complete the TEM images, the hvdrodynamic size of the nanoparticles mncluding polvmer shell and
the maghemite core was determined by DLS measurements in toluene. Magnetic polw glveidyl
methacrylate) (PGMA) nanospheres were obtained by Kraton G 1650-stabilized and AIBN-
mnitiated polvmerization of glyveidyl methacrylate (GMA) in toluene or toluene/cyclohexans mixture
m the presence of PPGMAP-coated y-Fea0; collowd. The effect of Eraton G 1630 concentration on
the morphology, PGIMVA nanosphere size and polvdispersity was investigated. The particles were
characterized also by both thermogravimetric analvsis and magnetic measurements,

Keywords: Magnetic polymers, nanoparticles, coatings. glvcidyl methacrylate, penta(propylene
glveol) methacrylate phosphate.
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Magnetic poly(glycidyl methacrylate)-based microspheres prepared by suspension
polvmerization in the presence of modified Lag 7551 :sMnO; nanoparticles. Horak D, Pollert
E.. Trchova M., Kovatova I Eur. Polym J_ 45, 1000-1016 (20097,

Abstract. With the aim of preparing new magnetic poly{glveidyl methacrylate) (PGMA)
mucrospheres suitable for magnetic separation. Lag755m2sMn0s nanoparticles were selected as a
core material. In order to improve their compatibility with PGMA. the surface of the nanoparticles
was treated with penta(methylethvlene glveol) phosphate methacrvlate (PMGPMA) as a stabilizer.
Subsequently, the nanoparticles were encapsulated by the suspension pelvmerization of glyeidyl
methacrylate (GMA) resulting in a relatively homogeneous distribution of Lag 75515 2sMn0s
nanoparticle aggregates inside the polymer microspheres. Microspheres in the size range of a
hundred micrometers with a broad particle size distnibution were obtained. PMGPMA can be
considered to be an efficient compatibilizer between Lag 7551 2::MnO5 nanoparticles and PGMA
Both PMGPMA-coated Lag 75517 25Mn0; nanoparticles and magnetic PGMA microspheres were
characterized in terms of morphology, particle size, composition and magnetic properties by the
appropriate methods, such as M-ray diffraction, FTIE spectroscopy, thermogravimetric analyvsis
(TGA), transmuission electron microscopy (TEM), light microscopy and SQUID magnetometry.

Kevwords: Magnetic, suspension polymerization, perovskit, glyveidyl methacrvlate.

Separation of PCR-ready DNA from dairy products nsing magnetic hyvdrophilic microspheres
and poly{ethylene glvcol)}-NaCl water solutions. Eittich B.. Spanova A, Salek P Némcova P
Trachtova 5., Horak D. J Magn. Magn. Mater., 321, 1667-1670 (20097,

Abstract. Carboxyl group-containing magnetic nonporous poly 2-hydroxyethyl methacryvlate-co-
glycidyl methacrvlate) (P(HEMA-co-GMA)) and magnetic glass microspheres were used for the
1zolation of bacterial DNA. P{HEMA-co-GMA) microspheres were prepared by the dispersion
polyvmerization in toluene 2-methvlpropan-1-ol nuxture in the presence of magnetite nanoparticles
obtained by coprecipitation of Fe(II) and Fe(III) salts with ammonivm hvdroxide. Carboxyl groups
were then introduced by oxidation of the microspheres with potassiumn permanganate. The most
extensive DNA recovery was aclueved at PEG 6000 concentrations of 16 % and 2 M NaCl The
proposed method was used for bacterzal DINA isolation from different damy products containing
Bifidobacterium and Lacrobacillus cells. The presence of target DNA and the quality of 1solated
DNA were checked by polymerase cham reaction (PCR) amplification with specific primers.

Kevwords: Magnetic, DINA separation, nucrospheres, glyveidyl methacrvlate, 2-hvdroxvethyl
methacrvlate, polvmerase chain reaction (PCR).

Laccase immobilized on magnetic carriers for biotechnology applications. Rotkova I
Sulakova B, Korecka L. Zdrazilova P.. Jandova M., Lenfeld J.. Hordk D.. Bilkova Z. J. Magn.
Magn. Maoter., 321, 1333-1340 (2009).

Abstract. Laccase catalyzing the oxidation of p-diphenols has been applied in many industrial and
biotechnology areas. Immobilized form of laccase has overcome the problem with contamination of
the final product. WNevertheless sensitive enzymes immobilized to the matrix can be inactivated by
the environmental conditions. The aim of tlus research was to prepare carrier with improved
activity and responsible stability even under extreme reaction conditions. Laccase immobilized
through carbohydrate moieties on magnetic hvdrazide bead cellulose with a final activity of 0.63
1U./1 ml of settled carrier confirmed that carriers with onented immobilized enzvme might be
useful in routine biocatalytic applications.

Kevwords: Macroporous bead cellulose, magnetic, laccase, onented immobilization, enzyme
carrier, textile dye.
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The effect of different magnetic nanoparticle coatings on the efficiency of stem cell labeling.
Horiak D, Babié M., Jendelova P.. Hervnek V., Trchova M., LikavEanova K., Kapcalova M., Hajek
M., Svlcova E. J Magn. Magn. Marer., 321, 1339-1547 (2009},

Abstract. Maghemite nanoparticles with various coatings were prepared by the coprecipitation
method and characterized by transmission electron microscopy, dyvnamic light scattering and IR in
terms of morphology. size, polydispersity and surface coating. The labeling efficiency and the
viability of both rat and human mesenchymal stem cells labeled with Endorem™, polv(L-lysine)
(PLL)-modified Endorem”, uncoated y-Fe; 05, D-mannose-, PLL- or polv(N, V-
dimethyvlacryvlanude) (PDMAAm)-coated v-FeaOs nanoparticles were compared. Coated y-FeaO5
nanoparticles labeled cells better than did Endorem”. High relaxation rates and in vifro magnetic
resonance imaging of cells labeled with coated nanoparticles showed clearly visible contrast
compared with unlabeled cells or cells labeled with Endorem”.

EKevwords: Magnetic, nanoparticles, maghenute, MEI stem cells.

Polarity and temperature-dependent properties of poly{N-isopropylacrylamide) and
polv(N,N-diethylacrylamide) hvdrogels studied by liquid chromatography. Hradil T, Mackova
H.. Horak D). Macromol. Svimp., 281, 142-149 (20097,

Abstract. Superporous MN-1sopropylacryvlanude (NIPAAm) and N N-diethylacrylamide (DEAAm)
copolyvmers with N V-methvienebizacrylamide (MBAAm) were prepared by radical polvmerization
with the aim to determine their temperature-dependent changes in polarity by liquid
chromatography. Superpores were formed by the sali-leaching technicque using NaCl as a porogen.
Porosities of the hydrogels characterized by water regain and mercury porosimefry, ranging from
81 to 91 %%, were proportional to the volume of WaCl porogen in the feed. The retention volumes of
several phenols decreased with increasing temperature as polarity of the hvdrogels decreased. A
jump change in solute retention volume was observed at cq. 32 °C in PNIPAAm and at ca. 35 °C in
PDEAAm mdicating a change in the mechanism of interaction. The Gibbs energy changes AGran
were rather low, increasing in the order phenol = benzyl alcohol < ethanol < butan-1-ol. In conftrast
to the solutes, retention volumes of bovine serum albumin and dextrans were higher at higher
temperane confirming thus hydrophobic interactions of the compounds with the studied
hydrogels.

Kevwords: Polvacrylamides, temperature-sensitive, liquud chromatographyv, retention, albuman,
dextran
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Poly(NV. N-dimethvlacrvlamide)-coated maghemite nanoparticles for stem cell labeling. Babié
M., Horak D, Jendelova P., Glogarova K, Hervnelk V., Trchova M., Likavéanova K., Hael M.,
Sykova E. Bioconjugate Chem. 20, 283-204 (20097,

Absiract. Maghenute (y-Fe:03) nanoparticles were obtained by the coprecipitation of Fe(Il) and Fe
(IIT) salts with anumonivm hvdroxide followed by oxidation with sodinm hypochlorite. Solution
radical polvmerization of N V-dumethyvlacrvlamide (DMAAm) in the presence of maghemite
nanoparticles vielded poly(N N-dimethvlacrylamide) (PDMA Am)-coated maghenute nanoparticles.
The presence of PDMA Am on the maghenute particle surface was confirmed by elemental analysis
and FT-IE. ATE. Other methods of nanoparticle charactenization imnvelved scanning and
fransmission electron microscopy, atomic adsorption spectroscopv (AAS), and dynamic light
scattering (DLS). The conversion of DMAAm during polvmerization and the molecular weight of
PDLA Am bound to maghemite were determined by nsing gas and size-exclusion chromatography,
respectively. The effect of 1onic 4.4 -azobis(4-cvanovaleric acid) (ACVA) initiztor on nanoparticle
morphology was elucidated. The nanoparticles exhibited long-term colloidal stability i water or
physiological buffer. Fat and human bone marrow mesenchyvmal stem cells (WSCs) were labeled
with uncoated and PDMAAm-coated maghemite nanoparticles and with Endorem” as a control.
Uptake of the nanoparticles was evaluated by Prussian Blue staining, transmission electron
microscopy, I3-MR relaxometry and iron content analysis. Significant differences in labeling
efficiency were found for human and rat cells. PDMAAm-modified nanoparticles demonstrated a
higher efficiency of intracellular uptake into human cells in comparison with dextran-modified
(Endorem”) and unmodified nanoparticles. In gelatin, even a small number of labeled cells changed
the contrast m ME images. PDMA Am-coated nanoparticles provided the highest T2 relaxivity of all
the investigated particles. fn vive MR imaging of PDMAAm-modified iron oxide-labeled tMSCs
implanted in a rat brain confirmed their better resolution compared with Endorem™-labeled cells.

Kevwords: V. V-Dimethvlacrvlamide, nanoparticles. stem cells, cell labeling, MEL
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Haruma Kawaguchi, Ph.D.
Frofessor, Kanagawa University
Professor Emeritus, Keio Lniversity
harumag@ikanagawa-u.ac.ip

HK's latest news

| started to work at new laboratory in Kanagawa University which locates near Keio University in
Yokohama from April 1%
Mailing address: 3-27-1 Rokkakubashi, Kanagwa-ku, Yokohama 221-2686
Phone +81 45 481 5661 ext 3544

Frofessors W. Richtering, LA, Lyon, and H. Chshima kindly edited and published a special issue of Colloid
& Polymer Science o commemaorate my refirement from Keio University. | was presented the issue at the
banquet of the 2" International Symposium on Advanced Pariicles, the details of which is presented helow.

SYMPOSIUM REPORT
2" International Symposium on Advance Particles (ISAP2009) / 19™ IKETANI Conference
Dates: April 26-29 Yenue: Keio University, Yokohama, JAPAN.

The conference was sponsored by the IKETANI Foundation of Science and Technology and was celehrated
as one of the events commemarating the 150th Anniversary of Kelo Lniversity.
The number of paricipants in ISAP2009 was about 220 including 50 overseas visitors, 30 high school
students, and 30 stuff members. On behalf of the symposium committes, | (HE) would express my deep
gratitude to the all who kindly paricipated in the conference under hard conditions due to serious economic
recession and prevalence of Influenza.

The conference included 3 plenary lectures, 27 invited papers, 14 confributed papers, and 40 posier
papers in 2 and a half days scientific session.
16 papers were made up to full papers and will be published on Macromolecular Symposia next early spring.
{15‘ International Symposium on Advance Paricles was held in1998 at Yokohama seaside area as the 7o
IKETAMI Conference.)
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Ph. D. thesis

Dir. Atsuyuki Minomiya

Title: A Study on Synthesis and Froperty of Photocrossiinkable Polymers

Abstract: Photosensitive polymers are indispensable not only for producing the semiconductor but also

applying to printing and dsplay. The main types of representative photosensitive polymer are cinnamate,

diazo, azido, acrylate and cromate.

In this disseration acrylate type photosensitive palymer was mainly studied especially in terms of

photocrosslinking.

- Chapter 1 describes at first the usage of the photosensitive polymer in the industrial world and next the
photochemical reaction of the five types of photopalymers mentioned above and then the purposea of this
study.

- Chapter 2 examines the relative photosensitivity of cinnamayl type photosensitive palymers such as paly
[p-{3-buthoxy- 2-cinnamoyloxypropoxy) styrene] (FPBCS) and azido type ones such as poly
{p-hydroxystyrene- 3. 5-diazidobenzoate) (FHS-DAB).

- Chapter 3 discusses the syntheses and photosensitivity of acryloyimorpholine copolymers with 2 pendant
imeth)acryloyl group. Mew six copolymers are examinad in terms of their hydrophilicity, waterproof
oropearies and compatibility with hydrophobic photocrosslinling reagents.

- Chapter 4 investigates the photosensitivity, heat-resistance and other characters of photosensitive
composites to obtain the high heat-resistance (=260°C) available to lead free solder.

- Chapter 3 studies dynamic viscoelastic properies of phenoxy resin having acryloyloxy group that has not
been investigated as photosensitive polymer until now.

Chapter & cites the superionty of acrylate type photosensitive polymer over others (cinnamate and azido)
Dy summarizing up the entire chapters.

Recent Publication
Book
“Microgel” in *Hydrogels® ed by Rolando Barbucci (2008)

Paper
AL Minomiya, H. Kawaguchi,
Photoreactivity and dynamic viscoeslasticity of phenoxyresin having acryloyloxy groups.
J. Adhesive Soc., 43, 335 (2008)

Y. Sartenaer, B. Hara, H. Kawaguchi, F. A, Thiny.

Relative Specificity of the Hybridization Process on DNA Chips:Direct Comparison of Four Interfacial
Architectures Investigated by Surface Flasmon Resonance

e-J. 3wt Sci. Nanotech. Vol 7 (2009) 777-7a2
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Professor Jung-Hyvun Kim

Nanosphetre Process and Technology Laboratory

Department of Chemical and Biomolecular Engineering, Yonsei University
134 Shinchen-dong, Sudasmocn-km, Secul 120-749, Korea

Tel : 82-2-2123-7633 Fax : §2-2-312-0305

E-mail : javhlom@yvonseiac la

Recently Published Papers

Preparation of Uniform Microspheres Using a Simple Fluidic Device and Their Crystallization into
Close-Packed Lattices

Sung-Wook Chot. In Woo Cheong, Jung-Hyum Kim, and Younan Xia

small, 3 (4), 454-450 (2009} Curvent Applied Fhysics, 8, 630-663 (2008)

A versatile techmeue for prodocing moenodisperse muicrospheres from both hydrophebic and hydrophilic
polvmers using a simple fluidic device fabricated with a polyivinyl chloride) (PVC) mbe. a syringe nesdle,
and a glass capillary tube is described. The technigue is successfully applied to a variety of different materials,
imeluding poly(e-caprolactone) (PCL) as an examyple of a hvdrophobic pelymer, ethyl-2- evaneactrylate (ECA)
as an example of organic monomer, and gelatin as an exanple of a hydroplulic, natural polymer. From the
calenlated capillary number (Ca) and Weber number (We). the system is confirmed to wetl 1n the dripping
regime. Precise control over particle size can be achieved by varving the polvmer concentration and/cr the
flow rate for the continuous phase. An increase in flow rate for the continuous phase or a decrease in polymer
concentration results in the reduction of particle size. The production of raspbernry-like microspheres with a
mixtuye of PCL and ECA is alse demonstrated. In addition. we have developed 2 tapping method based cn

solvent evaporation on a concave glass for erystallizing these microspheres into close-packed lattices.

Fabrication of Transparent Conductive Carbon NanotubesPolyurethane-urea Composite Films by
Solvent Evaporation-induced Self-assembly (EISA)

Ho Seung Ki, Jeong Hyun Yeum Sconya Cheoe, Jung Hyon Kim In Woo Cheong

Composites Science and Technology Composites, 69, 645-630 (2009)

Transparent and conductive carbon nanctubes (CNTs)'polyurethane-urea (PULT) composite films were
prepared by solvent evaporaticn-induced self-assenibly (EISA). Pristine CWNTs were treated with acids
(H2504/HNO3 = 3:1, viv), acylated with thiony] chloride, and purified after filiration. These acylated CNT:
(003 we% in dimethylformamide. DMF) were deposited onto the 3-aminopropy] triethorysilane (APTES)-
meodified glass substrate by DME EISA at 1000C with the withdrawal rate of 3 con'h. The CNT layers of 200-
400 nm thickmesses were transferred to the PULT films by solution casting or resin fransfer molding (BTM) at
ambient temperature. Optical transmittances of the composite films were §0-75% at 5330 nm wavelength and

their sheet resistances were 5.2°100 - 2.4 103 KW/ sguare, and which varied significantly with type of CNT:

and the transferring methods of CNT layers.
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Tunable Fluorescent Multifunctional Poly(St-co-MAAYAu-Aphen Hybrid Nanoparticles via Surface
Immeobilization

Patalzanmrs Govindziah Jung Min Lee. Veon Jae Jung. Sun Jong Lee and Jung Hyun Kim
Jownal of Materials Chenustiy, 19, 33293337 (2009)

Tunable flucrescent poly(styrene-co-methacrylic acid) (poly(St-co-MAAY Avu-Aphen hybrid nanoparticles
were fabncated by immebilizing the 5-amino-1.10-phenanthroline functionalized gold nanoparticles (An-
Aphen) on the surface of copeolymer nanoparticles in agueous solution. Aphen-Au cationic complex was
absorbed on the surface of poly(St-co-MAA) nanoparticles by using electrostatic interactions and metalized
by a reduction process. Thus, the functionalized metal nanoparticles can be inwmebilized ento the surface of
the copolyvmer nancparticles to significantly modify their optical properties. The structure of the lbaid
nanoparticles was confirmed by infrared spectroscopy, scamning electron microscopy, Xay diffraction TIV-
Wis spectrophotometer and spectroflucrophotometer studies. These hybrid nanoparticles exhibited fluorescent
propetties with enhanced photoluminescence guantum yield compared to the gold clusters. Furthermore,
fluorescent emission wavelength of hybrid nanoparticles can be funed precisely by changing the amouwnt of
Aphen fonctionalized gold nancparticles on the swrface of polySt-co-MAA) nancparticles. PL spectra of
hybrid nanoparticles showed a red-shift with increasing the amount of functionalized gold on the poly(St-co-

MAA) nancparticles surface in a water medivm.

A facile preparation of microparticles from sulfonated polyester nanoparticles wvia emulsion—
aggregation process

Sankaraiah Subramani, Sun Jong Lee, Jung Min Lee, SungWook Ched, Jung Hyun Kim

Colloids and Swfaces A: Physicochem Eng. Aspects, 340 40-49 (2009

A process to prepare mucroparticles of narrow size distribution having a particle size in the range of
approximately 1-8; m was developed. The primary cbjective of this work was to study the formation and
meorphology of copolvester microparticles prepared using a sulfonated copeolyester emmlsion by an emulsion—
aggregation process. Melecular weight of the copolvesters was measured by gel permeation chromatography.
The glass transition temperature (1g) of the copolyesters was found to be in the range of 40-70 =C.
Agoregating agents used in this study were 1-3% (wt%2) sclufions of divalent ioms of zine acetate and
magnesinm chloride salts. Enmilsion—aggregation experiments were performed at various temperatures: 40, 50,
G0, and 80 =C. Particle mosphologies studied by field enussionscanning electron microscopy mMeasirements
provided an understanding of the conditions and mechanism leading to formation of microparticles by the
emmilsion—aggregation process. Molecular weight and Tg of the copolyester, the concentration of aggregating
agent, and the temperaturewere determined to be the most important parameters influencing the preparation of
mucroparticles. This process illustrates the preparation of microparticles of vniform size with morphelogy of

controlled shape from a nanometer-sized enmlsion by tonic crosslinking.
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Synthesis and characterization of fluorescein isothiocyanate (FITC)-labeled PEO-PCL-PEQ triblock
copolymers for topical delivery

Hewi Kyoung Cho, Saifullah Lone, Diae Duk Kim Joon Ho Chot, Sung Woek Chot, Jin Hun Che, Jung Hyun
Eim In Woo Cheong

Polymer, 30 2357-2364 {2008}

We present the synthesis of fluorescein isothiocyanate (FITC)-labeled polylethylene coide)-block-poly(3-
caprolactone)-block-polylethylens oxide) (PEO-PCL-PEQ) triblock copolymers and thedr applications for
tracking the penetration behavior of FITC-labeled copolvimers in the haitless monse skin In the first step,
PEC-PCL diblock copolyvmers with different ratios of PCL to PEO (1.2, [CL]Y[EOQ]) were prepared by g
opening polymernzation of 3-caprolactone (CL). where moncmethoxy poly(ethylene glyeol) (mPEG Mn 2
2000 g mel 1) was used as a2 macro-initiator. FITC was successively reacted with octadecylamine,
iophorone disocyanate (IPDI), and then wsed as a linker to obtain PEO-PCL-PEOQ tribleck copelymers from
the PEO-PCL diblock copolymers. In agqueons solution. both FITC-labeled tritlock copelymers show two TV
absorption peaks at 489 and 453 nm, attributed to the monomeric FITC and H-aggregated FITC

mdeties, respectively. Due to the strong H-aggregation of FITC in the copolymer of high [CL)/JEO].
fluorescent emission intensities considerably decreased at high concentrations of the copolymer. FITClabeled
copolymers exlubited more sharper polarized optical and fluorescence microscopic images compared to the
mixtures of FITC and wnlabeled copelymer in both solid crystalline and nmlitiple emulsion state. Furthermore,
the Frantz diffusion cell test was cartied out to demonstrate the penetration behavior of the FITC-labeled

copelymers in the hairless mouse skin.

Order-to-Order Transitions of Block Copolymer in Film Geometry
Changhal: Slun Du Yeol Byu. June Hub, Junz Hyun Kim Kwang-Woo Kim
Macromolecules, 42 (6), 2137-2160 (2009)

The various mesophasic transiions for an asymmetric polystyrene-block-polvisoprene (P5-b-FI) in film
geometry, like the crder-to-order transitions, were investigated by in situ grazing incidence small-angle X-ray
scattering (GISASS). Compared with the sequential phase transitions in bulk, lamella (LAM) to hexagonally
perforated layer (HPL) to gyroid (GYER) to hexagonally packed cylindsr (HEX) to disorder (DIS) by thermal
energy, the only difference in geometsy leads to the enhancement of LAM phase the parallel shifts of
transifion temperatures for HPL and GYR phases. and a liftle increase of order-to-disorder temperature
(TODT) as a consequence of weal: interfacial interactions. However, a shott-range of HEX phase in bulk
dizappears. These results may be correlated to the suppressed compositional fluctuation in film geometsy due

to the interactions of pelyisoprens bleck with the substrate and air.
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Omne-Step Synthetic Route for Conducting Core-Shell Poly(styrene/pyrrole) Nanoparticles
Jung Min Lee, Dong Gyu Lee, Sun Jong Lee, Jung Hyun Eim
Macromelecules, 42 (13), 431143519 (2009)

Conducting core-shell poly(styrens/pyrrole) (poly(StPy)) particles were successfully prepared by a one-step
solution route in soap-free emmlsion polvmenzation. Hydrogen peroeside (HyO5) and a trace of ferrie chloride
(FelCly) were used as an initiator couple to carry out Fe3+-catalyzed oxidative polymerization. The average
particle size of the particle was approximately 250 nm and 1ts core-shell meorphelogy (shell thickmess ~ 20-30
) was proved with transmission electron mucroscopy. The SEM images after CHCI3 dissolution supported a
clear evidence of distinct core-shell morphelogy, and which was confirmed by DSC and TGA analyses. We
propesed a growth mechanism for the formation of the core-shell pelw(StPy) particles based on the time-
evolution morphology of the particle. The result was also corroborated by the -potential data. The surface
compositions of theltime-evolution GPC. FT-IE and particles were examined by X-ay photoelectron

spectroscopy (XPS). The doped particles showed a high conductivity in divy state.
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Coming Papers

Enhanced Crystallization of Bisphenol-A Polycarbonate by Organoclay in the Presence of Sulfonated
Polystyrene Ionomers

Pataleanmui Govindaiah, Jung Min Lee, Seung Mo Lee, Sankaraiah Subramani, Jung Hyoun Kim

Maeromolecular Research, In Press (2009)

Polycarbonate (PC)/SPS tonomer/organoclay nanocomposites were prepared by solution intercalation process
using sulfonated polyvstyrene (SPS) ionomer as a compatibilizer. The effect of organcclay on the melt
crystallization behavior of fonomer compatibilized polycarbonate was studied using differential scanming
calorimeter (D5C). The extent of crganoclay dispersion showed dependence on melt crystallization behavior
of polycarbonate. The effect of lonomer loading and cation size on imtercalation/exfoliation efficiency of
organoclay in PC/SPS tonomer matrix was also studied nsing WAND and TEM. Dispersion of the crganically
modified clay in the polymer matrix was improved with the merease in the ionomer compatibilizer loadings
and cation size. SPS ionmomer compatibilized PClorganoclay nanocompeosite showed enhanced melt
crystallization compared to the SPS ionomer/PC blend. Well dispersed organoclay nanccomposites showed
better coystallization than the pootly dispersed clay nanccomposites. These nanocomposites also showed
better thermal stability than the simple SPS tonomer/PC blend.

Characterization and Filin Forming Application of Polythiophene Nanoparticles Synthesized by Fe3+
Catalyzed Oxidative Polymerization in Aqueous Medimmn
Sun Jong Lee, Jung Joon Oh, Jung Min Lee, and Jung Hyun Kim

Jowmal of Nanoscience and Namotechnolagy, In Press (2009)

Polvtlucphene (PT) nanoparticles having different particle size were prepared by Fed+-catalyzed oxidative
polymerization in agueous medivm. They were characterized by UVoans spectroscopy. photoluminescence
(PL) spectroscopy, scanning electron microscope (SEM), and transmission electron microscope (TEM). As the
concentration of surfactant. 1.2 polystyrene sulfonate (PSS, increased. the particle size of PT nancparticles
decreased from 32 nm to 20 nm Thiz was confirmed by SEM analysis. The inerease of PL intensity was
observed with the decrease of particle size of PT nanoparticles. This resulted from the increased total swface
area of PT nanoparticles due to the particle size reduction. Furthermore, self-absorption effect also became
weak as the particle size decreased. PT nanoparticles prepared by using PSS could be directly used to make
film by annealing at 150°C without any additional solvent casting procedure. This film showed the PL peal: at
380 nm excitation wavelength. The resulting PT nanoparticles prepared by using PSS are potentially useful in

fabricating high quality active layer for electroluminescence (EL) devices.
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Self-Assembling Systems group, DelftChemTech, Delft University of Technology
Dr. Ger Koper

Recent publications

e Koper, G.J.M., An Introduction to Chemical Thermodynamics, VSSD 2009, Delft, the
Netherlands.

e Cahill, B. P.; Papastavrou, G.; Koper, G. J. M.; Borkovec, M., Adsorption of poly(amido amine)
(PAMAM) dendrimers on silica: Importance of electrostatic three-body attraction. Langmuir 2008,
24, 465-473.

e Koper, G.J.M. An introduction to Interfacial Engineering, VSSD 2007, Delft, the Netherlands.

Preprints:

Light Induced Green Synthesis of Gold Nanoparticles
Roy K, Kowlgi NK, Koper GJM and Wolterbeek WTh

A simple and spontaneous formation of gold nanoparticles was observed by keeping a solution of
chloroauric acid in 10% polyethylene glycol (PEG 20,000) in the sun light for 3 hours. The solution
was analyzed for its UV visible spectrum and the shape and size distribution of nanoparticles was
studied by transmission electron microscopy (TEM) and dynamic light scattering (DLS), which proves
the presence of ~20 nm diameter nearly spherical nanoparticles in the solution. Similar solution when
kept in the dark did not show any nanopatrticle formation neither did a solution of gold in lower
molecular weight PEG in presence of sunlight.

Influence of a surfactant or salt on phase inversion in a water—oil pipe flow
K. Piela, E. Djojorahardjo, G.J.M. Koper and G. Ooms

Phase inversion experiments have been performed with a water—oil flow through a pipe to study the
effect of the addition of a surfactant or of salt on the critical dispersed phase volume fraction (at the point
of phase inversion). The addition of a surfactant caused a small change in the critical volume fraction,
but the general form of the ambivalence region in the inversion map remained the same. The influence
of salt was negligible.
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Dr. Patrick LACROIX-DESMAZES

CG:::

Montpellier

Becentlv published aiticles:

= “Synthesis  of Pelwvimdl  acetatel-b-Felywidimesthylsiloxans)-b-Palvivingl
acetate) Triblock Copolymers by Iadine Transfer Photopolymerization in
Miniemulsion” ], Tonnar, E. Pouget, P. Lacromx-Desmazes, B. Boutevin
Macromolecular Symposia 2009, 281, 20-30.
httpiide dos.org/T10. 1002/ masy. 200930703

o  “Confinuous Sc-C0; Process using Nangfiltration by Inorganic Membrane ™
M. Eoh, B. Fowmel, F. Barth, L. Schrive, I. Stoychev, P. Lacroix-Desmazes,
T. Rivaut Industrial & Engineering Chemistry Research 2009, 48, 3406-
3414, http:Vde doorg 1010214280045 22

=  “Confrollad Radical Polymerizafion of Bupl Acrylate and Mathyl
Methacrylate by Reverse lodine Trangfer Folymerization (RITE) in
Miniemulsion: Use of Hyvdrogen Peroxide as Oxidant™ . Tonnar, P. Lacroix-
Desmazes. in ControlledLiving Radical Polymerization, K. Matyjaszewsli
(Ed), ACS Symposinm Series 2009, 1024, 65-80. hem:ldedod orz/10.1021bk-
2005-1024.ch005

Other comnuuications:

“Polymérisation radicalaive contvdlée par ftrangfert diode en mode inverse
(FUTFP) en emulsion™ ], Tonnar, P. Lacroix-Desmazes Actualités Groupement

Frangais d'études et d'applications des Polyméres (GFP) 2009, 113, 5-12. [I55N
J148-14127

Submitted arficles:

«  “SANS study of the selforganization of gradient copolymers with ligand
groups in supererifical CO;" T, Ribaut, J. Oberdisze, B. Anmighofer, T
Stoychev, B. Fournel, 5. Samrade. P. Lacroix-Desmazes Soft Marter, acceprad.

Abztract: We report on a small-angle newmon scatering smdy gf the zelf
organization of new gradient fluorinated copolvmers with ligamd groups in
supercritical  carbon  dicxide  (5eC0y.  Polyl 1,2 2-temalydroperfluorodecyl
acryiate-co-acetoacetoxyatiyl  methacrvlare) rpuh {FDd-co-A4AEM)Y), polyil ]l 22-
temralydroperfluorodend  acrvlate-co-vimyibengylphosphonic  acid  disthylestar)
(polFDAd-co-FEEDE)) and poll, 12 -tevahydroperflucrodecyl  acrylate-co-
vimplbenzylphosphonic  diacid)  (pely(FDA-co-TBPDA))  gradient  copolvmers
onthesized by controlled radical polymerization exhibit a very good solubility in
soiCly We imvestigared their cowformaron and aggregafton ar a function of
composiien and molecular weight of the copolymer, concenfraiion, prezsure and
temperature. enerally, the gradient copolymers form small aggregares with low

UNE 5253 CHES, Instingt Charles Geshards — Iestine: de Chiie Moleoulaire of des Materiaw de

‘riocu%her i ﬁ trifgrie of Avchiecures Mycromaoldculaines (T4
SNSCIM o oeodnras! $ Rae Ecole Nommale. 34195 Mopellier Ceder 5, France
Tal: +33 [E'-I-ﬁ 1472 05. F- +33 (04 67 14 T2 200
CHIMIEOrtPellier Dir. Datrick LACROTE-DESMATES, E-moil - patrick Incrois-despazes ez &
Web: hizp\wavw iam icgm 5. itp: \werw scpm &7, nipoiwenw epsom f
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mean aggregation numbers berween I and 10 and radii of gyvation in the range 2 to
54 4 Bacause of the nature of the AAEM COs-phobic moiery, the effect of prezmure
on the aggresation qf polyiFD4-co-A4AEM) i more important than the one of
temperature; C0; density alone iz nor syfficient to dezcribe the thevmodhvnamic state.
The ability gf polyFDA-co-FEPDA) to solubilize warer inside aggregares dispersed
in OO, iz alzo demonsirated.

Proceedings of international conferences :

* "Potential of novel gradient copolymers for applications in supercritical carbon
dioxide : a new step fowards surface decontamination i nuclear imdushy®, T.
Bibaut, P. Lacroix-Desmazes, J. Oberdizze, 5. Nasem, G. Sadowski. B. Fournel, 5.
Sarrade, S. Lagerge %th Infermational Sywiposium on Supercrifical Fluids,
Proceedings (IS45F), 18-20 May 2009, Arcachon (France), 6 pp.

hitp:/wwer isasf net!

s "Decontamination of solid matrives in the nuclear industry using compressed
carbon dicxide: application with frade siloxylated swrfactants" 1. Stoychev, D
Foland, B. Foumel P. Lacroix-Desmazes International Green Process
Engineering Congress and the Enropean Process Intensification Conference GFE-
EFIC 2009, Proceedings GPE-EPIC 2009, 14-17 June 2009, Venisa (Ttalv), 6 pp.

Work in progress:

Tiphaine BIBAUT (Third wear PhD studemt, supervisor: Patrick LACROT-
DESMAZFES and Stéphane SARRADE): Synthesis and selffassembly of CO-philic
copelvmers bearing complexing groups: application in swrface decontamination aof
solid matrixes using supsreritical CO2 Sterically stabilized dispersions as well as
water-in-COn microemulsions are parts of this work. PhD will be defended in avtimn
2009.

Tvan STOYCHEV (Thid wyear PhD student. supervisor: Patnck LACROI-
DESMAZFES and Bruno FOUENEL): Study of micellar ageregates in supercritical
C02 for the development of a swface decontamination process of solid substrates.
Sterically stabilized dispersions are parts of thus work. PhD will be defended in
avtumn 2008,

Francizco-Javier ENBIQUEZ MEDEAND (Third vear PhD student, supervisors:
Ramiro GUEREERO-SANTOS and Patrick LACRODI-DESMAZES): Swithesis of
muliiblock copolymers by living radical polymerization. Emulsion pelymerization is
part of this work. PhD will be defended in first semester of 2010.

UMR 5253 CNES, Insting Charles Geshardt — Instins de Chimie Moléoslaire e des Materiaus de

g Momtpelier. Equipe Inpdniarie af Architeciures Macromaidoulaires (T4,
SNSCIM = oo TR 525 10614, § Rue Ecols Nommale 34135 Maootplier et 5, France
Tal: +33 (044 §7 1472 05. Fax +33 ()4 67 147

CHIMEN DSl llor Dir. Baurick LACRODE DESMATES, E-masl - pamick lacrois desmrazes ensern

Web: hitpo! v iam icem §, btpwwwbcem 7, bip:'wiww ensom 7
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Jerdme GARNIER (Second wear PhD student, supervisors: Patrick LACROTD-
DESMAZFES and Alex VAN HEERK): Swnthesis of composite latex particles by
emulsion polymerization.

Mathien CHIEAT (PhD student starting October 2009, supervisors: Patrick
LACROD-DESMAZFES and Bruno FOURNEL): Swnthesiz of new complexing
macromolecular surfactants and study of theiv self-assembly in dense CO; for the
development of a clean decontamination process. Sterically stabilized dispersions as
well as water-in-CO; microemulsions will be parts of this wotl:

David FAYEROUX (PhD student starting October 2009, superviser: Patrick
LACROD-DESMAZES): Reverse Jodine Transfer Polvmerizafion. Polymerization in
dispersed media will be part of this work.

Alsjandro Magne VILLA HEENANDEZ (PhD student starting October 2000,
supervisor: Patrick TACROD-DESMAZES): Synthesis of nanostructured polymearic
materials by Reverse Jodine Transfer Polymerization. Nanostructured latexes will be
part of this work.

UMR. 5253 CNES, Instingt Charles Gerhardt — Instenet de Chirnie Modeculaire ef des Matériaus de
Mompedier. Equipe fngdnieric af drchimcures Macromaidrulairer (T4M)
1 EMSCH, UME. 5253 ICG-IAM, & Bue Ecole Nommale, 34296 h’utmﬂhar Cedlex 5, Framce.
Tel: +33 (004 67 14 72 05. Fax +33 ()¢ 67 14 72 20
Dir. Patrick LACROT-DESMAZES, E-mail nm-:klmms—dan:ﬂzes anemscm &
Web: hiftpowoaey damvicem i, btfpewwow toem &7, bnm: wiwow ensom f
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Dr. F. GANACHAUD

All information gathered below enfails some colloid issues. Production dealing with
silicones 1s available on demand.

Papers submutted:

“Well-Architectured PDMS-Containing Copolymers Obtained by Radical Chemistiy:
Synthesis and Properties”, E. Pouget, J. Tennasr, P. Lueas, P. Lacroix-Desmazes, F.
Ganachaud. B. Boutevin, ﬂ'mmm.f Reviews, under revision (September 2009).

Abstract - Silicone polvmers are of particular mterest due to thelr wmique properties,
inclndmys elastomenic properties, thermal resiztance and low mwface enerzy, due to ther
unigue organeinorganic chemical stectme. This review, meluding 345 referances from the
last 30 years and about half of them from the last decade, 1z aimed at sunwmarizing the
chemiztry on the radical pelymenzation of different monomers from and onto
polyidimethvlsloxans) (PDMS) chains. After an mtroduction desernbing the exceptiomal
properties of FDMS and the high mtersst in the chemueal lnkage of FDMS with other
polymers to obtain new functionzl materials, the second part of this review sunmmarizes the
diffarent synthesis and/or fimetionalization routes of pelvsiloxanes, In order to get a batter
comprehension of the following sections. The third part deals with PDMS-based copolymer
synthesis by using conventional radical pohmerization (PDMS miacro-mitiators, FDMS
macromonomers and PDMS mocrotransfar agents). The fourth part deals with controlled
radical pelymenzation (ImFarTer, NMP, ATEE, ITP, EAFT), allowning the symthesiz of
FDMIS-bazed tailored macromolecular architecturas with control over the melacular weights,
cham-end functionality and mudber of side chains. The final part zives a summary of the
propertiss (bulk, swface, mechamesl, thermal and soluhon properties) and applications
(precursors for mesoporous memsbranes, sterte stabilizers for latex synthesiz m supercitical
C0:, compatitbilization for polymer blends, polvmer slecmolvte, hybnid nanocomposttes,
ate)) of the resultmz polvsiloxane conmtaimmz copobymers. This review concludes by
comrparing the different polymerization methods and highlizhts the fohwe challenges for the
syuthesis of new copolymeers and the conditions for an mdustrial developmens.

“Cafiomic  Polymerization of TVimpyl Monomers in  Agueous Media: From
Monsfimctional Oligomers to Lomg-Lived Polymer Chains”™, 5. Eostjuk, F.
Ganachaud. Submitted fo Accounts af Chemical Research (July 2009)

Comspactus: Acueous-based pelymenzation processes ocoupy a presmenent position m
industry because of the possibility to prepare polymer lateaxes whole weing such cheap, non-
viseous, heat-controlling and, mest tmpertant, sxvironmentally benign solvent 3z water. Fres
radical mtiated enmmlsion or suspension polymenzation iz applied nowadavs e oa
moultmmllion fon seale. On the contrary, lomic polymerization m agueous media has basn

UME. 5233 CHRS, Institut Charles Gerhand: — Instimt da Chirnie Moleculaire et des Matérimes
".-InmpeLlET Equipe Jeednierie of Architectures Macromoldcularres (L4).

SNSCIT o Eso UME 5232 ICGIAM, § Rue Ecole Normale, 34205 Monmellier Ceder 5, France
CHIMIEW dripellier

Tel: 433 (04 67 14 7204, Fne: +3

Dr. Frangois GAMACHAUD, E-mail : Sancois pamachaud: er_<.:r_f:
Weed: It roran dam egma, IV, e www g £, hip www et
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little mmvestgzated becanze even a smill amount of water easily deactivates convemtional
catalysts as those used in thesze proceszes. Thiz Accoumt provides an overiew of owrent
state and fohwre of cationic polymerization of viny] monomers m agquecus mediz with special
emphasis on the design and evelution of catalytic svstems amd the precizion syothesis of
fimetional polymers. Fatty sttong acids, so-called INISURF for their dual role of mtiator
and surfactant at the same tome, and lanthamde taflates wers first used fo mduce suspenzion
or emulsion catiomic polymenzaton of such reactve monomers as p-methoxystyrene and
vimyl ethers. The main feanwe of thess polymenzation processes iz the locazon of all
reactions (mutiation, propagation and termunation) at the particle interface. The limtation of
malecular weight of syathesized polyvip-methoxvstyrens)s was mdsbted to the “ciztical DE”
effect, related to the emby of clizomers mnside the particles when these becoms too
hyvdrophobic. The use of the next generations of catalysts, 1e. named Lewis acid sufactant
combimed catalvsts” (LASC), allowed to dizplace the pelymerization loous from the niterface
o the inside of the monomer droplets and, in tom, o prodoce longer polvimer chains Finally,
the recent famulv of catalviic systems discussed m this ariicle, 1.8, borans-based catalvsts
(BL0Et,, BiCF:):, GF-L-BCGE:D)D and (CF-12-[BCFlld), showsd great
potential 1n the symthesiz of well-defined macromolecules by cationic polvmerizaten
agqueons mediz from such mdwstially mmportant meonomers as styrene, cvelopsntadisne and
aven 1sobuiylena.

Eecently Published Papers:

“Siloxane-containing monomers”, F. Ganachaud, S. Boileau, in “Handbook of Ring
Opening Polymerization”. P. Dubois, Q. Coulembier, J-M. Raguez Ed. Wiley-1"CH,
p. 6395 (2009).

A section of fus review article 15 dedicated to the preparston of silicone esmmalsions by 1ing
opening polymenzation

Work in progress on emulsions:

Sergei KOSTIUK (Post-Doc, 2 years): Cafionic polymerizafion of dienas in aguesus-
based processes: towards the generation of synthefic Natural Rubber?

Man WU (Post-doc, 1 vear): Dispersion of drugs by Ouzo effect

Julien AUBRY (Third vear PhD student): Application of Ouze gffect in encapsulation
gf active ingredients.

David MARIOT (Second vear PhD student): Encapsulation of silica by polymess
using the Ouzo effect

4 UDE. 5233 CHES. Institut Charles Cerhards — Instine da Chirnie Moleowiaime et des Matérias
| - ‘lf:[nmpeUEr Equipe Fezenierie ar Archivectures Macromoléculares (T44).
S NSCIT oo VR 5252 ICCIAM, § Rus Ecole Normale, 34106 Mintpelier Cedes 5, France
Tel: 433 (4 67 14 72 08, Fme +33 (04 67 147220
CHIMIE H?"’E'B”'Er Dir. Frangais GAMACHAUT, E-mail - flanoois “ﬂ]lﬂl'_"lﬂll.l.‘.. er.<.:Lf[
We: Intrp:wewew o jegrn &, bape wwwe eem
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Western Michigan University and EcoSynthetix Inc., Lansing, Michigan
http://www.wmich.edu/pci/faculty/lee_N.htm
www.ecosynthetix.com

StevenBloembergen, Edward VanEgdom, Robert Wildi, lan. J. McLennan, Do Ik Lee, Charles P.
Klass, and John van Leeuwen, “New biolatex binders based on biopolymer nanoparticles™ presented
at the 2009 PTS Nanotechnology Seminar (PTS—Fachseminar: Nanotechnologie bei der
Papierherstellung) in Munich, Germany, in April 21-23, 2009.

New biolatex binders have been developed which are based on biopolymer nanoparticles. The bio-
polymer nanoparticle latex (“biolatex”) is a high performance substitute for petrochemical-based
bind-ers such as styrene butadiene (SB) and styrene acrylate (SA) latexes that are the dominant
binders used by coated paper and paperboard manufacturers. The biolatex binders provide
performance that is comparable for most of the important paper and paperboard properties, while
providing superior performance to SB and SA latexes for water retention, opacity, dry pick, print
mottle, porosity (blister resistance), and stiffness, one of the more valued paper properties. This
presentation will describe the fundamental aspects of the biolatex binders and some differences
between petrochemical-based latex binders and biolatex binders.

Preparation of Biolatex Binders:
Crosslinked Water-Swollen Biopolymer Nanoparticles by Two Patented Processes

*Reactive Extrusion Process
—Simultaneously crosslinking biopolymer molecules and sizing the crosslinked molecules
—Controlling the water swell ratios of particles by varying the degree of crosslinking
—Controlling the particle size by varying the shear stress
U.S. Patent 6,677,386
*Inverse Emulsion (Water-in-Oil) Process

—Emulsifying biopolymer-water solutions containing crosslinking agents in hydrophobic solvents
—Crosslinking the biopolymer molecules in the water phase
—Separate the crosslinked biopolymer particles thus formed
U.S. Patent 6,755,915

Characteristics of Starch Biolatex Binders and Their Unique Paper Coating

Properties

*Characteristics of Starch Biolatex Binders
—Dispersions of crosslinked starch nanoparticles with varying particle sizes and swell ratios
—Particle size: 100 -500 nm
—Swell ratio: 2 -10
*Unique Paper Coating Properties

—High low-shear viscosity, but less dilatant at high-shear rates by acting as self-lubricants.
—High water-retention—Excellent coating holdout due to higher effective volume solids
—Good coating gloss due to good fiber-coverage as well as lower shrinkage
—High stiffness
—Good opticals, etc.
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Steven Bloembergen, Edward VanEgdom, Robert Wildi, Ian. J. McLennan,

Do Ik Lee, Charles P. Klass, and John van Leeuwen, "Biolatex Binders for Paper and Paperboard
Applications” presented at the 7" International Paper and Coating Chemistry Symposium, McMaster
University in Hamilton, ON, June 10-12, 2009 and submitted to Journal of Paper and Pulp Science.

ABSTRACT

Biopolymer nanoparticles form latex (referred to as ‘biolatex”) dispersions that consist of crosslinked
water-swollen starch nanoparticles. The biolatex™ emulsion provides an alternative binder system to
petrochemical-based binders used by coated paper and paperboard manufacturers. To date, these
biobased latex binders have shown performance comparable to that of all-synthetic latex systems at a
replacement level of 35% to 50% for paper properties such as coating gloss, brightness, whiteness,
fluorescence, ink gloss, and printability, while providing superior performance for water retention,
opacity, dry pick, print mottle, porosity (blister resistance) and paper stiffness. The biolatex binder
imparts enhanced open structure which is particularly beneficial for coated paperboard applications,
providing excellent fold-crack resistance, holdout (hiding ability), glueability and appearance. This
poster presentation describes the characteristics and paper coating properties of the crosslinked water-
swollen starch nanoparticles and the development of novel titanium dioxide conjugate compositions.
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Submitted by: L. Andrew Lyon, Professor lyon@gatech.edu

Recently published papers

1. Mukherjee, M. G.; Lyon, L. A.; Le Doux, J. M., Rapid modification of retroviruses
using lipid conjugates. Manotfechnology 2009, 20 (6).

Methods are needed to manipulate natural nanoparticles. Viruses are particularly
interesting because they can act as therapeutic cellular delivery agents. Here we
examing a new method for rapidly modifying retroviruses that uses lipid conjugates
composed of a lipid anchor (1,2-distsaroyl-sn-glycero-3-phosphosthanclaming), a
polysthylene glycol chain, and biotin. The conjugates rapidly and stably modified
retroviruses and enabled them to bind streptavidin. The implication of this work for
modifying viruses for gene therapy and vaccination protocols is discussed.

2. Meng, £. Y.; Smith, M. H.; Lyon, L. A., Temperature-programmed synthesis of
micron-sized multi-responsive microgels. Colloid and Polymer Science 2009, 287
(3}, 277-285.

A new synthetic protocol for the synthesis of large diameter (2.5 t0 5 mu m),
temperature-, and pH-responsive microgels via aqueous surfactant-free radical
precipitation copolymerization is presented. We have found that in this size range,
which is not typically attainable using traditional dispersion polymerization approaches,
excellent monodispersity and size control are achieved when the synthesis employs a
programmed temperature ramp from 45 to 65 A degrees C during the nucleation stage
of the polymerization. A combined kinetic and thermodynamic hypothesis for large
particle formation under these conditions is described. Particle sizes, volume phase
transition temperatures, and pH responsivity were characterized by particle tracking and
photon correlation spectroscopy to illustrate their similar behavior to particles made via
more traditional routes. These particles have been enabling for various studiss in our
group where microscopic visualization of the particles is required.

3. Meng, Z.; Cho, J. K; Breedveld, V.; Lyon, L. A, Physical Aging and Phase
Behavior of Multiresponsive Microgel Colloidal Dispersions. Joumal of Physical
Chemistry B 2009, 113 (14), 4530-4593.
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Quantitative microscopy measurements have been made on poly(N-
isopropylacrylamide-co-acrylic acid) (pMNIPAM-AAC) microgel dispersions as a funclion
of time, temperature, pH, and volume fraction. These studies reveal an extreme degres
of complexity in the physical aging and phase behavior of the dispersions; this
complexity arises from a convolution of the system ensrgetics at the colloidal, polymer-
chain, and molecular scales. Superficially, these dispersions display the classic colloidal
phases observed for spherical particles (i.e., gas, fluid, crystal, and glass). However,
unlike simple repulsive hard spheres, pMIPAM-AAC dispersions are observed to evolve
from a diffusive, fluidiike state immediately after being introduced into rectangular
capillary tubes, to very slow crystalling or glassy phases after days or weeks of aging. In
addition to this structural evolution, the free volume accessible to the microgels in
crystalline or glassy phases (i.e., the cage size) decreases with time, indicating that the
physical aging process doss not end following assembly, but instead continues to
gvolve as the dispersion slowly procesds to an equilibrium state. The temperature
dependence of pNIPAmM-AAc microgel swelling and how it influsnces the colloidal
assembly was svaluated during the aging process as well. These thermal melting
sxperiments revealed an enhancement in the thermal stability (i.e., a decrease in the
influsnce of temperature on the phase behavior) of the assemblies during the aging
process that we associate with an evolution of attractive interparticle intsractions during
aging. These attractive interactions dictate the time scale for assembly (aging), the final
phase adopted by the dispersion, the dynamics of the final state, and the ultimate
thermal stability. The culmination of these studies is the pseudoequilibrium phase
behavior of pNIPAM-AAC microgel dispersions, which we present as a function of pH
and volume fraction following similar to 1 month of aging. This diagram reveals highly
complex dispersion characteristics that appear to be intrinsically tied to the degree of
AAC protonation. In general, we find that, at pH < pK{a), the final dispersions behave in
a manner that can be associated with attractive interparticle interactions, whereas at pH
= pKia), repulsive interactions appear to be dominant. These results are discussed in
the context of the slow evolution of microgel swelling and attractive interaction potentials
arising from reorganization and association of polymer chains via multiple weak
hydrogen-bonding interactions.

4. Lyon, L. A Meng, £.Y.; Singh, N.; Sorrell, C. D.; John, A. 5., Thermoresponsive
microgel-based materials. Chemical Society Reviews 2009, 38 (4), 863-874.

With the continued development of thermoresponsive colloidal hydrogel particles, a
number of groups have begun to exploit their properties to create dynamic materials
self-assembled from those components. The fundamental details of how those building
blocks are assembled, the component functionality, and the geometry or length-scales
present in the assemblies contribute to the behavior of the resultant material. In this
tutorial review, we examine recent progress in the assembly of responsive hydrogel
colloids in two and three dimensions, highlighting their potential applications, especially
in the domain of biotechnology.
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a. Iyer, A. 5., Lyon, L. A., Self-Healing Colloidal Crystals. Angewandte Chemie-
International Edition 2009, 48 (23), 4562-45686.

A complex interplay between colloidal and polymeric energetics in microgel self-
assembly behavior results in soft colloidal assemblies with self-healing properties.
Repulsive soft spheres can adopt highly compressed conformations in colloidal
crystalline lattices without directly contacting the nearest neighbors. This distant action
is directly responsible for the self-healing of the assemblies.

6. Hendrickson, G. R.; Lyon, L. A, Bioresponsive hydrogels for sensing
applications. Soft Matter 2009, 5 (1), 29-35.

This Highlight presents some of the recent efforts in the design of bioresponsive
hydrogels, and their application fo biosensing. These efforts extend philosophically from
early work on glucose responsive gels, with current studies being focused both on gel
responsivity and transduction of that response such that true sensor applications can be
realized. The future outlook for the field is also discussed.

T Blackburm, W. H.; Dickerson, E. B.; Smith, M. H.; McDonald, J. F.; Lyon, L. A,
Peptide-Functionalized MNanogels for Targeted siRMA Delivery. Bioconjugate
Chemistry 2009, 20 (5), 960-968.

A major bottleneck in the development of siRNA therapies is their delivery to the desired
cell type or tissue, followed by effective passage across the cell membrane with
subsequent silencing of the targeted mRNA. To address this problem, we describe the
synthesis of core/shell hydrogel nanoparticles (nanogels) with surface-localized
peptides that specifically target ovarian carcinoma cell lines possessing high expression
levels of the Eph2A receptor. These nanogels are also demonstrated to be highly
effective in the noncovalent encapsulation of siRNA and enable cell-specific delivery of
the oligonuclectides in serum-confaining medium. Cell toxicity and viability assays
reveal that the nanogel construct is nontoxic under the conditions studied, as no toxicity
or decrease in cell proliferation is observed following delivery. Importantly, a preliminary
investigation of gene silencing illustrates that nanogel-mediated delivery of siRNA
targeted to the EGF receptor results in knockdown of that receptor. Excellent protection
of siRNA during endosomal uptake and endosomal escape of the nanogels is
suggested by these resulis since siRNA activity in the cytosol is required for gene
silencing.
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Dr. Anastasia Yu. Menshikova,

Eh. D., Dr. Sci.,

leading scientist at the Institute of Macromolecular Compounds
of Russian Academy of Sciences,

Bolshoi pr. 21, St. Petersburg, 193004 Russia

Papers published in 2008

Bazhenova, A.G.. Men'shikova, A YU Selkin, AV Fedotov, V.G, Shevchenko, NN
Yakimanskii, AV. / Crystal optics of three-dimensional photonic crystals with
interfaces. // High Energy Chemistry, 2008, 42(7), 527-528.

Men'shikova, AW Shevchenko, M.N.; Shabsels, B.M.; Sel'kin, AV, Bazhenova, A.G.]
Anishchenko, E.S.; Yakimanski, A\. [/ Self-assembly of monodisperse polymer
particles into photonic crystals and incorporation of chromophores in them. // High
Energy Chemistry, 2008, 42(7), 529-531.

Shevchenko, N.N.; Men'shikova, AYu.; Bazhenova, A.G.; Sel'kin, AN, Anishchenko, E.S;
Yakimanskii, AN. [ Self-assembly of monodisperse nanoparticles of styrene
copolymers with N-vinylformamide into periodic colleidal structures. // High Energy
Chemistry, 2008, 42(7), 532-534.

Recently published papers

Yakimansky, AN, Menshikova, AYu; Shevchenko, N.N.; Shabsels, B.M.; Bazhenova, A.G.;
Sel'kin, AV Sazonov, Sk Vedemnikov, Al Gromov, S.P.; Sazhnikov, V. A Alfimov, M./
From polymeric nanoparticles to dye-containing photonic crystals: synthesis, self-
assembling, optical features, and possible applications. / Polymers for Advanced
Technologies, 2009, 20(6), 581-588.

Abstract

Paly(styrene-co-MN-vinylformamide) nanoparticles with the diameter from 55 to 200 nm were
prepared by emulsion copolymerization and their self-assembling was studied. In the
dispersions of these particles, the formation of iridescent periodic colloid structures is
observed. The period of the structures is about 220 nm and shows no cymbate dependence
on the nanoparticle size, indicating the possible variety of packing types occurring during the
self-assembling of nanoparticles in dispersions. For 250-300 nm sized poly(styrene-co-
methacrylic acid) particles, it was shown that ionization of their surface carboxylic groups in
alkaline media leads to the considerable improvement of the photonic crystal structures
obtained from the dispersions of these nanoparticles. It was demonstrated that cationic
chromophores can be adsorbed on their negatively charged surface. In this way,
chromophore-modified polymer photonic crystal materials for applications as gas or liquid
sensors could be prepared, as their measured fluorescence spectra show remarkable and
reversible responses to the presence polar organic solvent vapors, e.g. acetone.
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Menshikova A., Evseeva T., Shevchenko N., Shabsels B., Yakimansky A., Ivanchev S.
Monodisperse Particles Based on Copolymers of Methyl Methacrylate or Styrene with
N-vinylformamide. / Macromol. Symp. 2009, 281(1), 61-68.

Abstract
Various technigues of one-step batch emulsion copolymerization of methyl methacrylate

(MMA) or styrene (St) with N-vinyiformamide (NVF) initiated by 2,2-azobis(2-
methylpropionamiding) (AIBA) or 2 2'-azobis[2-(2-imidazolin-2-yl)propane] (AIP)
dihydrochlorides in the presence of dextran, cetyltrimethylammonium bromide (CTAB) or
without any stabilizers were examined to obtain monodisperse submicron and nano-
particles, having both positive surface charge and hydrophilic surface. After hydralysis in
acidic media, particle surface contained amino groups originated from NVF units along with
carboxylic groups from hydrolyzed initiator residues. Obtained particles were tested as
building blocks of hierarchic structures. Owing to their amphiphilic surface, the particles
were capable of self-assembling from their dispersions into three-dimentional {30) ordered
arrays.

Mustafina, Asiya R.; Fedorenko, Svetlana V_; Konovalova, Olga D.; Menshikova, Anastasiya
Yu.; Shevchenko, Nataliya N_; Soloveva, Svetlana E.; Konovalov, Alexander |; Antipin, Igor
S. / Novel Highly Charged Silica-Coated Th(lll) Nanoparticles with Fluorescent
Properties Sensitive to lon Exchange and Energy Transfer Processes in Aqueous
Dispersions. / Langmuir, 2009, 25(5), 3146-3151.

Abstract
OH

Antenna
ED’S 0,

i-OH
HO-

Mowel silica-coated Th{lll) nanoparticles with high luminecsence were synthesized using
the reverse microemulsion procedure. The quenching of luminescent properties of these
nanoparticles can be achieved by ion exchange and energy transfer mechanisms. The
quenching through the ion exchange of Th(lll) by H+ ar La(lll) is time dependent,
indicating that the ion exchange is probably diffusion controlled. The quenching by Coflll)
complex cations is achieved by the energy transfer mechanism and thus is not time
dependent. The analysis of quenching data in Stem-Yolmer cooordinates reveal the
negative charge of the silica-coated Th(lll)-TCAS nanoparticles and several types of
luminophaoric species, located within the core and close to the surface of silica
nanoparticles.
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Lebedev-Stepanov PV, Khokhlov P.E., lonov D.S., Yakimanskii AV, Men'shikova AYU,
Shevchenko N.N., Evseeva T.G., Alfimov M. V. / Self-assembly of micro- and
nanostructures during their two-stage spin-coating / Nanotechnologies in Russia. 2009,

4(3-4), 54-59.

Abstract

Two-layer films were prepared by spin-coating the dispersions of polymer or silica
nanoparticles onto the layer of polystyrene microspheres. It is shown that the lower layer
formed by larger particles causes a structuring effect on the upper layer. This is a
prospective technological method for preparing nanostructured substrates and films.
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Prof. Dr. Axel Miiller E-mail: axel musller@uni-bayreuth.de

October 23, 2009
Hello [PCG members,

I am a new member in this illustrovs grovp and happy to contribute an overview of my research. As
vou will see T am not much wvolved in emulsion polymenization but my interest is in colloidal and
hybrid structures, in particular organic nanoparticles (polyelectrolyte molecular brushes and stars,
multi-compartment block copolymer micelles, Janus patticles) and thetr hivbrids with inorgame
materials (metals. metal coides. silica, silsesquioxanes). We use living/controlled polvmerization
methods to obtain well-defined pelvmer structures, which form or can be converted into the desived
nanoparticles.

I look forward to interacting with vou,
Axel

Selected publications related to polymer colloids in 2009
For full list of publications and abstracts of published papers, see waw.mcii.de

1. Y.ZXu, S Bolisetty, M. Drechsler, B. Fang, J. Yuan, L. Harnau, M. Ballauff, A H E. Miiller
Manipulating cylindrical pelvelectrolyte brushes on the nanoscale by counterions: Collapse
transifion to helical structures
Soft Matter 5, 379 (2009), hitp:/xlink yse orgPdoi=B8121 70F

2. A Walther, M. Drechsler. A H_E. Miiller,
Structures of Amphiphilic Janus Discs in Aqueons Medinm
Sgft Matter, 5, 383 (2009, http:/xlink rsc org/7doi=BE12321G

3. A Walther. A H. E. Miiller
Formation of Hydrophobic Bridges between Multicompartment Micelles of Miltoarm Star
Terpolymers in water
Chem. Conmmun. 2009, 1127; DOI: 10.1039/B820307H

4. M Schumacher. M. Buppel, J. Yuan. H Schmalz, O. Colombani. M. Drechsler, A HE. Miiller
Smart organic-inorganic nanchybrids based on amphiphilic bleck copolvmer micelles and
functional silsesquicxane nanopaiticles

Langmuir 28, 3407 (2009): DOL 10.1021/1a803601a

M. Schumacher, M. Buppel, J. Kohlbrecher, M Burkhardt, F. A Plamper, M. Drechsler,
AHE. Miller

Smart orgamic-inorganic nanchybrid stars based on star-shaped polv{acrylic acid) and
functional silsesquicxane nanopaiticles

Polymer §0, 1908 (2009), DOL 10.1016/4. polymer. 2000.02.010

6. B.Fang A Walther, A Wolf, Y. Xn, J. Yuan, A H E. Muller

Undulated Multicompartment Cylinders by the Ceontrolled and Directed Stacking of Polymer
Micelles with a Compartmentalized Corona
Angew. Chem. Int. Ed. 48, 2877 (2009, DOI: 10.1002/anie 200806051

A Walther, M. Drechsler, 5. Fosenfeldt, L Hamau, M. Ballauff, V. Abetz, A H. E. Miller
Self-Assembly of Janus Cylinders into Hierarchical Superstructures
J o Am. Chem. Sec. 131, 4720 (2009), DOIL: 10.1021/4a808614q
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14

16.

P. D. Petrov, M. Drechsler. A H. E. Miiller

Self-assembly of Asymmetric Poly(ethvlene oxide)-block-Pely(n-butyl acrylate) Diblock
Copolymers in Aguecus Media to Unexpected Structures

J Phys. Chem. B 113, 4218 (2009), DOL: 10.1021/ip809598y

A Walther, I Yuan, V. Abetz. A H. E. Miiller

Structure-Tunable Bidirectional Hybrid Nanowires Templated via Multicompartment Cvylinde
Nano Lett. 9, 2026 (2009). DOI: 10.1021/n19002973

E_ Joso, 5. Reimnicke, A Walther, H Schmalz. A H E. Miiller. L. Bamer

Facile Access to Hydroxy-Functional Core/Shell Microspheres via Grafting of Ethylene Oxidi
by Anionic Fing Opening Polvmerization

Macromel Rapid Commun. 30, 1009, 2009, DOT: 10.1002/marc 200900031

F. Schacher, A Walther. M. Euppel, M. Drechsler. A H E. Miller

Multicompartment Core Micelles of Triblock Terpolymers in Organic Media
Macromolecules, 42, 3540 (2009) (cover article) , DOL: 10,1021 /ma%002424

20 AL S Goldmann, A, Walther, E. Joso, D. Emst. K. Loos, L. Nebhani, C. Bamer-Kowollik, L.

Bamer A H E. Miiller

Surface Modification of Pely(divinylbenzene) Microspheres via Thuel-Ene-Chemistry and
Alloyne-Azide Click Feactions

Macromolecules 42, 3704 (2009%; DOT: 10.1021/ma900332d

. F. Schacher. A Walther, A H. E. Miller

Drynamic Multicompartment Micelles in Agueous Media
Langmuir 25, 10962 (20097, DOT: 10.10211a901 182
F Schacher, E. Betthausen, A Walther, H. Schimalz, D. V. Pergushov, A. H. E. Muller

Dvnamic Multicompartment Interpolyelectrolyte Complexes
ACS Nane, 3, 2095 (2009), DOL: 10.1021/nn200110s

. J. ¥uwan. Y. Lu. F. Schacher, Th. Lunkenbein 5. Weiss, H. Schmalz A H. E. Liller

Template-directed Synthesis of Titanda Hybrid Nanowires within Bishydrophilic Core-Shell
Cylindrical Polymer Brushes
Chem. Mater. 21. 4146 (2009), DOT: 10.1021/cm 90003 2m

Y. Xu, F. Plamper. M. Ballanff. A HE Miiller
Polvelectrolyte Stars and Cylindrical Brushes
Adv. Palym. Sei., accepted

submitted

17.

18

19.

5. V.Larin D. V. Pergushov, ¥. Xu, A. A Darinskii, A B. Zezin, A H E. Miiller, O. V.
Borisov

WNano-patterned stctures 1o cylindrical pelyvelectrolyte brushes assembled with oppositely
charged polyions

Soft Marter, in revision

F. Schacher, C. V. Synatschle, M. Drechsler, A HE. Miiller

Double-Layered Micellar Interpolyelectrolyte Complexes

submitted to Chem. Commun.

Y. Xu, J Yuan B. Fang. M. Drechsler. 5. Bolisetty. M. Ballanff. A H. E. Miiller
Hybrids of magnetic nanoparticles with double-hydrephilic core-shell eylindrical polymer
brushes and their alignment in a magnetic field

submitted te ACS Nang
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200 Y. Xu, J. Yuan, A H E. Miiller
Single-molecular Hybrid Nano-cylinders: Attaching Polvhedral Oligomeric Silsesquioxan
Covalently to Polyglycidy]l methacrylate) Cylindrical Brushes
submitted to Polymar

21. M. Miillner. A. Schallon, A Walther, B Freitag, A. HE. Miiller
Clickable, Biocompatible and Fluerescent Hybrid Nanoparticles for Intracellular Delivery
Optical Imaging

submitted to Biomacromolecules
Edited Books

A H E. Miller, O V. Borisov, Eds.
Self-Orgamized Nanostructures
Advances in Folymer Science, Springer, Heidelberg 2010 (2 volumes, in preparation)
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1 Effect of polymer end group on the morphelegy of polystyrene/poly{methy] methacrylate) composite
particles prepared by the solvent evaporation method, Takuya Tanaka, Masaru Okayama, Masayosh
Okubo, Macromeol. Symp. | in press

The effect of polymer end group on the morphology of polystyrene (P5)/poly(methy] methacrylate) (PMMA)
composite particles was mvestigated on the basis of expenimental observations and theoretical predichions. Both
polymers with potassium persulfate (EPS)-denrved hydrophilic end group(s) and 2, 2'-azobis(isobutyromiirila)
(AIBN)}-derived hydrophobic end group(s) were synthesized by emmulsifier-free emmlsion polymerizations and
solution polymenzations, respectively. Composite particles with the same end groups were prepared by release
of toluene from PS/PMMA toluene (1/1/24, wiw/w) droplets dispersed mn an agueous solufion of sodium dodecyl
sulfate (SD5). At a low 5DS concentration, when the polymers with EP5-denved end group(s) were employed,
acomn hke particles were formed. On the other hand, when the polymers with AIBN-denved end group(s) were
used, particles having a dimple were obtamed The mterfacial tensions between toluene solutions of the
polymers and SDS agueous mediom were lower for KPS-derived end group(s) than for AIBN-denved end
group(s), and the difference was mmch larger for PS phase than PMMA phase The predicted morpholopies
obtamed from calculation of the moimpom total mterfacial free energy wsing the mterfacial tensions agreed well
with the experimentally cbserved morphologies in both cases. Moreower, the morphology of PS/PMBMA
composite particles with different end groups was also examined.

2. Conirel of layer thicknesz of enion-like multilayered composite particlez prepared by the solvent
evaporation method, Takuya Tanaka, Nachiko Saito, Masayoshi Okubo, Macromelecules, in press

Micrometer-sized, monodisperse, “omcnlike” multlayered polystyrene-block-poly{methy]l methacrylate)
(P5-6-PMMA, volume frachon of PS5 sepment in the block copolymer; fix = 0.35) particles and
P5/P5-5-PMMA/PMMA composite particles with different layer thicknesses (I}) were successfully prepared by
slow releaze of toloene by evaporation from polvmer/toluens droplets dispersed in agqueons media formed usmg
the membrane emmlsification method. I 1s defined as one periodicity consisting of single PS5 and PMMA layers.
The effects of number-averaze molecular weight (M, of PS-5-PMMA = (7.8-29 0)x10* z-mol™) and volume
fraction of PS-b-PMMA (PS/PS-5-PMMAPMMA = 0W10/0-4 5/1/4.5, vwv/v) on the D of multilayered particlas
were investigated. The D value increased with an mmcrease in M to the 273 power, m agreement with theory
established in polymer blend flm systems. PS (M, = (1.1-48.9)x10* z-mol™)y PS-5-PMMA (M, = 29.0x10%
g-mol™?, fig = 0.5VPMMA (A, = (1.3-46.9) x10* g-mol™) compesite particles with various volume fractions were
alzo prepared. When the molecular weights of the homopolymers were lower than those of the comespondmg
polymer segments in the block copolymer, multilayered structures were observed even at a low volume fraction
of the block copolymer. On the other hand, when they were higher, microphass and macrophase-separated
structures coexisted m all volume fractions. The D of multlayered particles contammmg low molecular weight
homopolymers was proportional to the -1/3 power of the volume fraction of the block copolymer consistent with
the theory of the polymer blend film systems, mdicating that the ) 1s controllable by proper selection of the

experimental conditions.

3. Nitrexide-mediated radical polymerization of styrene in agueous microemulsion: inifiator efficiency,
compartmentalization, and nitroxide phasze tramsfer, Per B. Zetterlund, Jumpei Wakamatsu and
Masayosh Okube, Macromolecules, m press

Hitroxide-mediated radical polymenzations (WMP) of styrene at 100°C using the cationic emulsifier

tetradecylinmethylammonium bromide (TTAB) have been camed out employmgz 2, 27 -azoisobutyrominle

(AIBN) and two mitroxides of different water solubiliies. The polymenzation rate was lower and the molecular

weight disinbution more namrow 1n microemulsion than bulk at low comversion. The resulis can be rationalized

based on the lower mittator effictency m mucroemulsion than bulk, presumably cansed by the confined space
effect (comparimentalization) on geminate termination of AIBN radicals, and poszibly also the confined space
effect causing an increase in deactivation rate. The extent of retardation relative to bulk was more severe for the
lezs water-soloble 2, 2, S-trimethy]l-4-phenyl-3-azahexane-3-oxy (TIPNO) than the more water-soluble

N-tert-butyl-N-[1-diethylphosphono-(2, 2-dimethylpropyl)] nitroxide (5G1) as expected based on more

extensive nitroxide exit occumring i the case of 5G] than TIPWO. The results illustrate how effects of

heterogeneity can profoundly mfluence the course of NMP in dispersed systems.
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4. Preparation of styrene - methacrvlic acid copolvmer particles having uneven surface by emulsion
copelymerization with nonionic emulsifier, Tovoke Suzuki, Hapu Li, Masaveshi Okubo, Macromsl.
Symp., 1n press

Emmulsion copolymerization of styrene and methacrvhic acid with nenionic emulsifier and potassium persulfate as
mitiator gave nonspherical copelymer particles having uneven surface. The formation was based on the
coagulation of byproduct nano-sized {eq. 35 nm) particles, which were formed throughout the copolymenzation
unil monomer phase disappeared, onto main submicron-sized (234 ~ 445 nm) particles.

5. Preparation of nvlon-6 particles in ionic liguids, Hideto Mimami, Yasuneri Tarutani, KEazuhire Y oshida,
Masayoshi Okubo, Macromel. Symp., In press

Utilhizing the thermal stability of 1onic liguid, micrometer-sized Nvlon-6 particles were sucecessfully prepared by
hwdrolvtic polyvmerization of -caprolactam at high temperaturs with polyvmy] pyrolidons as stabilizer m lomic
liguids, 1-butyl-3-methyl mmidazolinm tatrafluorcbaorats, [Boum][BE,] and N,
N-diathy]l-N-methyl-N-{2-methoxyethyDammonium bis{iriflucro-methanesulfonyllamids, [DEME][TFSA]. The
obiamed particles had a unigue shape becauze Nvlon-6 13 a crvstalline polymer. Viscositv-averaze molecular
weights of Nylen-& prepared m [Bmuim][BF,] and [DEME][TFSA] at 130°C for 43 h were 4200 and 2200,
respectively.

4. Organctellurium-mediated living radical emulsifire-free emulsion polymerization of styrene, Tukiyz
Eitavama, Amorn Charvasat, Masavoshi Okubo, Macromel. Symp., in prass

Emulsifier-free crganotellurium-mediated living radical emulsion polymenzation (smulsion TEREP) of styrene
was successfully camied ouf using a2 water-zoluble TERP agent, polvimethzerylie acid)-metholtellany]
(PRIAAID-Tele) (degree of polvmenzation of PMAA, 30} and a water-soluble thermal imitiator, 4,
4'-azobis{d-cyanovalenie acid) (W-5010, which were neuntralized wnth WaOH, at 60°C with stivmg at 220 rpm,
where most of monomer floated as a layer onto an agueous medmm. The polymerization proceeded without an
mduction period and completed within 20 k., resulting in 2 stable P5 emulsion without anv coagulation, although
the particle size distmbution was bimedal. The pelymenzation livingness was maintamed, although the
experimental mumber-average molecular weight (M) differed from theoretical M, and weight-averaze
molecular weight (M) M, reached a shightly high value (2.1) at the completion of the polymerization.

Thermal properties of hexadecane encapszulated in crozs-linked poly{divinylbenzene) capsule
particles, Preevaporn Charyasat, Toyveke Suzuki, Hidete Mmami, Masayeslu Okubo, J Appl Polym. Sci,
112 {63, 3257-3266 (2009)

8. Preparation of composite polymer particles by zeeded dizpersion polymerization in ionic liguids,

Hideto Minamm, KEazuhire Yeshidz, Mazavoshi Okubo, Macremel. Symp., 281 (1), 54-60 (2009

2 A novel estimation method for distribution of carboxyl groups within copolymer particles using
1zothermal titration calorimeter, Tovoko Suzuk:, Moruk: YVanagizawa, Masayesh: Okubo, Macromsl

Symp., 281 (1), 135-141 (2009)

1. Incorporation of nomiomic emulsifier inside carboxylated polymer particles during emulsion
copolymerization: influence of methacrylic acid conteme, Hiresh: Kobayashi, Amern Chatvasat,
Yoshitern Oshima, Tovoke Suzuk:, Mazavoshi Okubo, Langmuir, 25 (1), 101-106 (2009

11.  Preparation of multihollow polystyrene particles by :zeeded emulsion polymerization using seed
particles with incorporated moniomic emulsifier: effect of temperature, Hiroshi Eobavashi, Toyeko
Suzuki, Mineho Moeritaka, En MIvanaga, Masayesht Okube, Colloid Polym. Sci., 387, 251-257 (2009

12, Emulsifier-free, organotellurinvm-mediated living radical emulsion polvmerization of butyl acrvlate,
Masayosht Okube, Yusuke Sugihara, Tukiya Kiavama, Yasuwvuk: Kagawa, Hideto DMinam:,
Macremelecules, 42, 1979-1934 (2005

13, Network formation in nitroxide-mediated radical copelymerization of styrene and divinylbenzene in
miniemulsion: effect of macroinitiator hydrophilicity, Bd. Mur Alam, Fer B Zetterlund, Masayesh:
QOkubo, Polymer, 50 (7), 1632-1636 (2009

14, Compartmentalization in atom transfer radical polymerization of stvrene in dizpersed systems:
effects of target molecular weight and halide end group, Per B. Zetterlund, YVasuyuki Kazawa,
Masayoshi Okubo, Macromolecules, 42, 2488-2496 (2002

15 Compartmentalization in NAP in dispersed systems: relative contribution: of confined space effect
and segrezation effect depending on nitroxide type, Per B. Zeftarlund, Mazavoshi Okube, Macromal
Theory and Simul., 20, (2009)
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Controlled living hetersgeneous radical polymerization in supericritical carbon diocide, Per. B.
Zatterlund, Fawaz Aldabbagh, Mazavoslun Okubo, J Polym. Soi, Parr A: Polymer Chemizory, 47,
3T11-3728 (2009)

Preparation of onion-like multilayered pardeles comprising mainly  polyiise-butyl
methacrylate)-block-polystyrene by two-step AGET ATRP, Yukiya Eitavama, Mika Yorzane,
Yaswyuki Kagawa, Hideto Minami, Per B. Zetterlund, Masavozhi Okubo, Polymer, 50 (14), 3182-3187
(20097

Gelation and hollow particle formation in nmitroxide-mediated radical copolymerization of styrene
and divinvlbenzene in miniemulzion, Fer B. Zetterlund, Ywicht Saka, Mazavoslu Okube, Macromol.
Chemistry and Physics, 210, 140-149 {2005)

Preparation of polystyrene particles by dizsperzion polymerization in an ionic liguid, Hidste Minami
Kazuhire Yoshida, Masavoshi Okube, Macrem!, Rapid Commun., 29, 567-372 (2008)

TEMPO-mediated radical polymerization of ztyreme in aguesu: minlemulziion: macroinifiator
concentration effects on controllivingness, MMd. MNur Alam, Per B. Zetterlund, Masayeshi Okubo,
Polymer, 49, 3428-3435 (2008)

Preparation of microcapsules containing euring agent for epoxy resin by polyaddition reaction with
SaP5eP method in agueous dispersed system, Hideto Minam: Hirewvuk: EKanamon, YTuke Hata,
Masayosht Okubo, Langmuir, 24, 9254-9259 (2008)

Preparation of micrometer-sized, monodisperse "januz" composite polymer particles having
temperature-zenszitive polymer brushes at half of the surface by seeded atom transfer radical
polymerization, Hzazan Ahmad, Nackeke Sarto, Yaswyuki Kazawa, Mazaveshi Okubo, Langmuir, 14 (3),

688-691 (2008)

Effect of polymer polarity on the shape of "golf ball-like" particles prepared by zeeded dizpersion
polymerization, Teruhiza Fupibayashi, Yoshifum: Komatzu, MNatsouou Eomish:, Hizamitsu Yamon,
Masayesht Okubo, Ind. Eng. Chem. Res., 47 (17), 6445-6440 (2008)

Quantification of spontaneous initiation in radical polvmerization of styrene Im agueous
miniemulzion at high temperture, Md. Nur Alam, Per B. Zetterlund, Masayosht Okube, Polymer, 49 (4],
BE3-B92 (2008)

Preparation of hollow polyztyrene poly(ethylene glyveol dimethacrylate) particles with a single hole in
the shell, 1. Ito, ¥ Furukawa, H. Mmami, M. Okube, Colloid Polym. Sci, 286 (113, 1335-1341 (2008)

Preparation of hollow poly (divinyl benzene) particlez with multiple holes inm the shell by
microsuspension polymerization with the SaP%eP method, Tuke Hatz, Tovoke Suzuki, Hideto Minam:,
Masayosht Okubeo, Colloid Pelvm. Sci., 286 (13}, 1561-1567 (2008)

Improved control in nitroxide-mediated radical polymerization using supercritical carbon dioxide,
Fawaz Aldabbagh, Par B. Zetterlund, Masayosht Okube, Macromelecnles, 41, 2732-2734 (2008}

TUsze of fluorescence-labelled macroinitiator to investigate nucleation mechanizm in
nitroxide-mediated erozslinking polymerization in aguecu: miniemulsion, Per B. Zatterlund, Md. Mur

Alam, Masavosh: Okubo, Polym. J, 40 (4), 208-209 (2008)

Effect of molecular weight on the morphology of polystyrene/poly(methyl methacrylate) composite
particles prepared by the solvent evaporation method, Takuyz Tanaka, Fetko Nakatsumm, Yeshim
Kagan, Nacliko Satto, Maszavoshi Okubo, Langmuir, 24 (21), 1226-12271 (2008)

Influence of water domain formed in hexadecane core inside cross-linked capsule particle on
thermal properties for heat storage application, Presvaporn Charvazat, Tumike Ogine, Toveko Suzuki,
Masayosht Okubo, Colleid Pelvmn. Sci., 186, T33-75% (2008)

Controlled living radical polymerization in dizpersed systems, Per B. Zetterlund, Yasuyuk: Kazawa,

Masayesht Okubo, Chem. Rev., 108, 3747-3754 (2008)

Nitroxide-mediated precipitation polymerization of styrene in supercritical carbon dioxide: Effects
of monomer loading and nitroxide partitioning on control, Fawaz Aldabbagh, Per B. Zetterlund,
Masayosht Okubo, Ewr. Polym. J, 44, 4037-4046 (2008)

Incorporation of nonlonic emulsifiers inside styrenme-methacrylic acid copolymer particles during
emulzion copolymerization, Amorn Charyasat, Mazahiro Yamada, Hooshi Kobayashi, Tovoko Suzuki,
Masayosht Okubo, Polymer, 49, 3042-3047 (2008
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: ICO Prof. Dr Tsuneo Okubo

Institute for Colloidal Orgamzation, Hatoyama 3-1-112, Uji, Kyote 611-0012, Japan
Phone & Fax: =81-774-32-8270, E-mail: clubotsui vbb.as jp
E-miail: olubod colloadjapan.com  URL: http:www.colloiwdiapan. com

Guest Professor, Yamagata University, Graduate Scheol of Science and Technology,
Yonezawa, ¥amagata 902-8510, Japan, E-mail: okubo(@yz yvamazata-u.ac jp

and
Professor Emeritus, Gifo University, Japan, E-mail: clubotsuia gifu-n.ac jp

Main activity of our group is on the self-organization phenomena, especially on the (i)
convectional, sedimentation & dryving dissipative pattern formmation of colloidal dispersions
& polymer solutions, (i) dissipative polymer crysiallization and on the (i) collpidal
crystallization.

Publications (2009-)

(1) Dissipative Parterns during the Course of Dryness

{1)"Convectional and Sedimentation Dissipative Patterns of Miso-soup”, Tsuneo Okubo,
Collpid Polymer Sci., 287, 167-178 (2009).

2y*Convectional, Sedimentation and Drying Dissipative Patterns of Coffee in the
Presence of Cream and in Its Absence”, Tsuneo Okubo, Junichi Okamoto and Akira
Tsuchida, Colloid Polvimer Sci., 287, 351-365 (2009).

{37 Drying Dissipative Patterns of Aqueous Solutions of Simple Electrolvtes and Their
Binary Mixtures on a Cover Glass”, Tsuneo Okubo. Alara Tsuchida and Hiroshi Togawa,
Collpid Polymer Sci., 287, 443-454 (2009).

{(4)"Convectional, Sedimentation and Drving Dissipative Patterns of Black Tea in the
Presence of Cream and Absence of Cream”, Tsuneo Okubo, Junichi Okamoto and Alkira
Tsuchida, Colloid Polvimer Sci., 287, 643-G37 (2009).

{53y Drying Dissipative Structures of the Aqueous Suspensions of Palvgorskite and
Tungstic acid Particles”, Tsuneo Okubo, Atsushi Otake and Akira Tsucluda, Colloid
Polymer Sci., in press.
Absiract. Macroscopic and microscopic dissipative structural patterns during drvness of the
agquecus suspensions of palyvgorskite (PGE, needle-like shaped) and tungstic acid (TA,
plate-like) have been studied on a cover glass. The coexistence of the broad ring of the hill
accumulated with the particles and the round hills 15 observed around the outside edges of
the dried film and in the center. respectively. These patterns differ from those of the
suspensions of spherical particles. Furthermore, the spoke-like patterns. which have been
observed for the suspensions of the spherical particles so often, are not observed at all for
PGK and TA are quite similar to those of the fractionated and monodispersed bentonites
{plate-like) reported previously (Yamaguchi et al, Colloid Polvimer Sci., 283, 1123 (20057).
Wrinkled and/or branch-like fractal patterns are observed in the microscopic scale, which are
quite similar to those of bentonites. Shape informmation of the colloidal particles is clarified



IPCG

September 2009

to be fransferred to the drving patterns via the convectional and sedimentary patterns during
the course of dryness.

{6) Dissipative Structure in the Course of Drving Suspensions and Solutions”, Tsuneo
Olkubo, Macromol Symp., in press.

Abstract. Convectional, sedimentation and drying dissipative patterns during the course of
drvness of suspensions and solutions are reviewed. The whole processes of convection were
analysed in the six steps; irregular circulation accompamed with the upward heat transfer,
global convectional flow from the central area toward outside edge at the surface layers of
liguid, cooperative formation of distorted Benard cells, reversal of the global flow of
convection, growing of the spoke-lines from the outside edge toward central area at the
liguid surface lavers. cluster and further bundle formation of the spoke lines. The
sedimentary colloidal particles were suspended above the substrate by the electric double
lavers and moved by the balancing of the external force fields including convectional flow
and sedimentation. Principal macroscopic drving patterns are broad rings and spoke lines.
Microscopic patterns such as star, needle, street road, string and cross-like are formed. The
stratified structures form from micro to macro scales. Information on the size, shape,
conformation and/or flexibility of particles or polymers is fransferred cooperatively, and
further accompamed with the amplification and selection processes during the course of
dryness.

{7)"Crystallization and Self-organization during the Course of Dryness of Polymer
Solutions and Dispersions™ (JTapanese), Koubunshi Ronbunshu, in press.

(i) Dissipative Polymer Crystallizafion

{8)"Drying Dissipative Structures of Aqueous Solution of Poly (ethylene glycol) on a
cover glass, a watch glass and a glass dish”, Tsuneo Okubo, Junichi Okamoto and Akira
Tsuchida, Colloid Polymer Sci., 287, 933-942 (2009

(9 Dissipative Cryvstallization of Aqueous Solution of Sodium Polymethacrylate”,
Tsuneo Okubo, Aldra Hagiwara, Hirormm Kitano, Junichi Okamoto, Shinya Takahashi and
Alara Tsuchida, Colloid Polvimer Sci.. 287, 1155-1165 (20097,

(ii) Colloidal Crystals

(107" Phase Behaviour of Deionized Binary Mixtures of Charged Colloidal Spheres™,
Nina J. Lorenz, Hans Joachim Schope, Holger Reiber, Thomas Palberg, Patrick Wette, Ina
Klassen, Dieter Herlach and Tsuneo Okubo, J. Phys. Condens. Mattfer, in press.

Abstract. We review recent work on the phase behavior of binary charged sphere mixtures
as a fiunction of particle concentration and comyposition. Both size ratios I” and charge ratios
M are varied over a wide range. By confrast to hard spheres the long ranged Coulomb
interaction stabilizes the crystal phase at low particle concentrations and shifts the
occurrence of amorphous sohds to particle concentrations considerably larger than the
freezing concentrations. Depending on I' and A we observe upper azeotrope, spindle, lower
azeotrope and eutictric types of phase diagrams. all known well from metal systems. Most
solids are of body centred cubic structure. Occasionally compounds are formed at large
particle concentrations. For very low I entropic effects donunate and induce a fluid-flud
phase separation. As for charged spheres also the charge ratios A is decisive for the tvpe of
phase behavior, future experiments with charge vanable silica spheres are suggested.
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E-mail: gerard.riess@ubha.fr

V. Boscher’s PhD thesis, concerning “model systems» for the suspension polymerization of vinyl
chloride has been defended on July 9™ and the main results were published in Polymer International.
The paper is now available on-line.

This study concerned the on-line determination, by acoustic attenuation spectroscopy, of the droplet
size distribution of 1 chlorobutane/water emulsions stabilized by PVA-PVAc copolymers with
different molecular weights and compositions..

In connection with this work, we would like to recall that we have used on-line the “OPUS” ultrasonic
spectrometer commercialized by SYMPATEC, which only meets very partially the specifications and
possibilities claimed by the constructor!

The PhD thesis of L.Atanase, concerning the characterization by dynamic light scattering and
viscometry of PVA nanogels, is in its final stage. A publication, demonstrating the disaggregation of
these nanogels with anionic surfactants, will be submitted in the next few weeks.
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IPCG Report August, 2009
Published Papers:

Zargar, Amin and F. Joseph Schork, “Copolymer Sequence Distributions in Controlled Radical
Polymerization,” Macromolecular Reaction Engineering, 3 (3), 118-130 (2009).

Zargar, Amin and F. Joseph Schork, “Design of Copolymer Molecular Architecture via Design of
Continuous Reactor Systems for Controlled Radical Polymerization,” Industrial & Engineering
Chemistry Research, 48, 4245-4253 (2009).

Qi, Genggeng, Bennett Eleazer, Christopher W. Jones, and F. Joseph Schork, “Mechanistic Aspects of
Sterically Stabilized Controlled Radical Inverse Miniemulsion Polymerization,” Macromolecules, 42,
3906-3916 (2009).

Papers in Press:

Guo, Juchen, Kyu Yong Choi and F. Joseph Schork, “Miniemulsion Copolymerization of Ethylene and
Vinyl Acetate,” Macromolecular Reaction Engineering (in press, June 2009)

The copolymerizations of a gaseous monomer (ethylene) and a liquid monomer (vinyl acetate) via
emulsion and miniemulsion polymerizations are reported. Reactions are carried in which the vinyl
acetate was introduced in both batch and semibatch modes. (Ethylene introduction is always in a
semibatch model since the polymerization is carried out under a constant pressure of ethylene in the
reactor headspace.) The results are compared to draw the conclusion that miniemulsion
copolymerization has an advantage over conventional emulsion polymerization for monomers with
very low water solubility (including gaseous monomers) due to its nucleation in monomer droplets
without transport through the aqueous phase.

Schork, F. Joseph and Fujun Lu, “Relative Rates of Branching in Emulsion and Miniemulsion
Polymerization,” Macromolecular Reaction Engineering (in press, July, 2009).

This note describes the potential advantages of using a miniemulsion rather than an emulsion process
for the polymerization of synthetic rubbers in which the polymerization is ended (shortstopped)
considerably below full conversion in order to limit excessive branching brought on by a high polymer
to monomer ratio in the polymer particles. Because the polymer to monomer ratio in the particle at low
monomer conversion is much lower in a miniemulsion, a miniemulsion can be polymerized to a
significantly higher conversion than a conventional emulsion while maintaining an equivalent degree
of branching. Shortstopping at a higher monomer conversion will result in substantially reduced
processing costs associated with recovery and recycle of unpolymerized monomer.
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Papers submitted or in press

Functionalized biodegradable nano- and microspheres for medical applications

Stanislaw Slomkowski

Center of Melecular and Macromolecular Studies Polish Acadenyy of Sciences, Stenkiewicza 112, 90-
363 Lodz, Poland

To Macromolecular Symposia

Abstract

This minireview describes strategies for preparation of biodegradable (from polylactides, and
polv(e-caprolactone) and from their derivatives) nano- and microspheres for medical
applications, in particular for drug delivery. In addition to standard methods of particles’
formation by emulsification of polvmer solution in water-miscible organic solvent with
subsequent solvent evaporation or exiraction there are described methods of particles
formation by self assembly of polymer macromolecules, by dialysis of polymer solutions in
orgamic water-muiscible solvents carried on agamst water and by dispersion ring-opening
polymernization of heterocyclic monomers. Strategies for encapsulation of bioactive
compounds into nano- and microspheres are presented.
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Polvmer nano- and microparticle based svstems for medical diagnostics

Stanislaw Slomkowski, Teresa Basinska

Center of Molecular and Macromolecular Smidies Polish Acadeny of Sciences, Sienkiewicza 112,
00-363 Lodz, Poland

To Macromolecular Symposia

Summary

Synthesis, properties and medical diagnostic applications of hydroplulic nano- and
microspheres with catboxyl, aldehyde and hydroxyl groups on their surface are described.
The particles were obtained by emulsion copolymerization of styrene. acrolein, methyl
methacrylate, methacrylic acid, and 2-hydroxyethyl methacrylate carried on in water media
and mitiated with potassinm persulfate. Stabilization of particles’ suspensions was provided
by addition of sodivm dodecyl sulfate to polymerizing mixture or by formation of surfactants
in situ 1n copolvmerization involving acrolein or o-ferf-butoxy-o-vinylbenzyl-polyglyeidol
macromonomer (PGL). Eelations between interfacial properties of these particles and their
ability for covalent immobilization of proteins. with eliminated or at least reduced nonspecific
adsorption of these species were investigated. The particles with covalently attached proteins
{antigens or antibodies) were used for preparation of diagnostic tests based on visual or
turbidimetric observation of particles’ aggregation or by monitoring changes in their
electrophoretic mobility accompanyving specific antigen (or antibody) binding. The later test
was directed toward determunation of antibodies against Helicobacter pvlori. Principle of a
new type of diagnostic test based on photonic crystals of microspheres are described.

Recently published papers

1. Pawel Wozmak. Stanislaw Sosnowski, Stanislaw Slomkowski
Reinforced polvmer for scaffolds for bone tissue regeneration
Polish Journal of Applied Chenustry, 53, 195-201 (2009)

2. Teresa Basinska, Svlwia Krolik, Stanislaw Slombkowski
Hydrophilic microspheres containing a-tert-butoxve-vinylbenzyl-polveglycidol for
immunodiagnostics: synthesis, properties and biomedical applications
MMacromolecular Svmposia, 281, 96-105 (20093
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Polvurethane/ Acrylic Hybrid Latex Morphology Studies
Bo Jiang, John Tsavalas and Donald Sundberg

We have continued to investigate the commercially important class of dispersions
based on polyurethane (P1T) and acrylic composite latices. Cur objectives are to
determine the special features of water dispersible P17's as seed latices (particularly the
PU chemistry, balance between hard and soft segments, grafiing sites, etc.) on the
parameters that control the ultimate location of the acrylic second stage polymer in the
composite particles. We have chosen to work with a commercially available PU
dispersion, NeoRez R-967 that contains no organic solvent. Its particle size is in the
range of 60 nm and it has a clear Tg transition at around -60 C. To this dispersion we
have added a variety of vinyl monomers at various feed rates and produced second stage
acrylic based polvmer at 70 C. Of particular interest to us has been the tendency of these
composite particles to form phase separated structures that are stable upon storage at
room temperature.

Given that the PU seed latex has a significantly high carboxylic acid content, if is
quite polar compared to the second stage polvmers we have introduced to the particles.
The PU is also very soft. and one would perhaps anficipate that phase separation of the
fwo polymers would be rather complete and that the particle would assume an inverted
core-shell structure with the urethane in the shell. At the present. our studies show that
this is not necessarily the case and that phase separation is far from complete in many
cases in which the second stage monomers are fed in a “starved” manner as commonly
emploved in acrylic latex polymerizations. In Figure 1 we show the DSC traces for an
experiment in which we added MMA and n-BA in a 3:1 weight ratio (Tg =64 C) fed to
the reactor over a two hour period, and also for a simple blend of the PU dispersion and a
separate latex made from P(MMA-co-BA) at the 3:1 comonomer ratio. As can be seen.
the blended latex shows complete phase separation (as fully expected) while the hybrid
does not. In the latter there is no separate peak for the acrylic polvmer and, asa
consequence. there 15 a substantial amount of mixed. interfacial polymer. This suggests
that the dynamics of phase separation within the particle during polymerization are far
from complete. Sumilar results are obtained when the second stage MMA-BA ratio is
changed.



IPCG

September 2009

n.os

b ————  B.J1-35 blend PUD.OOT
| ————  B1-40 hybrid test 004

0.04 { -48.43°C
g
: I\ -
o [ &
P ¥ < | ld40%C I
= | o i 1
= { IIP’- '\ / |
5 | 1 | '|I

- o
-~ ,4‘/ V% el \\ \
> = = \ !
£ Pel A — '
RV S N \
| e
0.01 i' S
0.35510Mg°0)  0.33370N0g-"0)
0.00 - - ; ' ; ' ' ' ' : 1
00 -80 -0 40 -20 o] 20 40 2] a0 100 120 140
Tamparature (C3) Universal ¥4 54

Figure 1. DSC traces for a PUD and acrylic latex blend as compared to a PU/Ac hybrid latex with
the same composition. Incomplete phase separation is clearly evident in the hybrid latex.

For the sifuation in which we use pure MMA in the second stage, the phase
separation 15 even farther from complete and Figure 2 shows the DSC trace for this
experiment. Even with the large span of temperatures between the Tg signals for the two
individual polymers (~-50 and +120 C), the phase mixing between the PU and the
PMMA is clearly evident. In order to show this more convincingly we have subjected
this hybrid polymer to thermal annealing at 150 C, well above the Tg of the PMMA
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Figure 2. DSC traces for a PUD and PMMA latex blend as compared to a PU/Ac hybrid latex
with the same composition Incomplete phase separation is clearly evident in the hybrid latex.

Figure 3 shows the results for a mumber of consecutive heating cycles (30-130 C)
for the same sample. Here it is readily apparent that phase separation increasingly takes
place with more extensive annealing. After the 5* heating cycle the DSC curve indicates
nearly full phase separation. This does not mean, however, that the particle has achieved
its thermodynamic equilibrium morphology, thought to be an inverted core-shell particle.
We are now working on the TEM techniques required to show where the PMMA is

within the hybrd particle.
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Figure 3. DSC traces for the original and thermally annealed PUVAc hybrid polymer with PMMA
as the 2* stage. Successive thermal cycling to 150 C shows the progress of phase separation

An interesting contrast to the hybrid experiment (BJ1-40) shown m Figure 1 is
that for which we created soft, hydrophobic acrylic (PBA) latex particles with 2% acrylic
acid as a seed latex. In a 2™ stage polymerization we added MMA/BA comonomers at
the same ratio as in the hybrid and tested the resulting particles for phase separation at the
end of the polvmerization process (no annealing). These results are shown in Figure 4
and clearly show that compared to the hybrid. this latex had essentially full phase
separation. as is the simple latex blend. Why then did the polyurethane seed latex
prevent full phase separation under the same reaction conditions? We think that this must
be related to hydrogen bonding between the hard segment urethane groups creating some
sort of a “pseudo-crosslinked” environment that restricts the diffusion of the polymer
chains during reaction and limits the extent of the phase separation process.
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Figure 4. DSC traces for a P(BA-co-AA) seed latex with a 2 st;ge PMMA-co-BA) as
compared to a simple blend of the seed and separately prepared 2™ stage latex. as wellastoa
PU/Ac hybrid of the same g stage aciylic composition

Reconsideration of Oligomer Radical Entry and Diffusion within Composite Latex
Particles During and After Reaction
Brian Sperry. John Tsavalas, and Donald Sundberg

We have studied the morphology control of composite latex particles for a long
fime and in the process have analyzed the structure of hundreds of latex particles. What
becomes readily apparent from these analyses is that the location of the two polvmers
within the particles can be vared tremendously. In addition it is also clear that phase
separation (see above report on PU/Ac hybrids) can be prevented in certain instances and
fully mixed, non-equilibrinm, kinetically frozen structures can easily be produced. In the
latter case the second stage polvmer chains can be found throughout the entire particle in
a well mixed state. Upon subsequent annealing (solvent or thermal) of such particles, we
wifness nearly complete phase separation and the near attainment of the thermodynamic
equilibrivm morphology for the particles. This is shown in Figure 1 below where BuQOs
stained microtomed sections of the vnannealed and annealed particles are shown. The
clear implications from these data are that during the second stage latex polymerization
process the second stage polymer chains had to have entered the particles as oligomers,
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diffused throughout the particle volume during chain propagation, ceased their movement
prior to or affer termination, and subsequently remained fixed in space during the
remainder of the polymerization. Upon relaxation (e.g. by thermal annealing) these
chains. along with those of the seed polymer, gained sufficient mobility to diffuse, phase
separate and move to their equilibrinm posifions. This causes us to ask the question —
how is this possible if the 50; end groups on the polymer chains are anchored to the

Annealed overnight

" Annealed 1 hour

Figure 1. P(BA-St) seed, dry state Tg = 60C, PMDMA 2nd stage, starve-fed. KPS as initiator,
Beaction Temp_ = 70C, annealing done at 150 C.

particle surface? We think that the application of the anchoring concept needs to be done
with great caution. It is now clear that while some chain ends are at the surface, one
cammot expect all of them to be there. Otherwise we would create only core-shell
polymers and we know that such morphologies are more the exception than the rule. We
have just concluded a significant study of this subject and will be reporting our findings
in various formats i the near future.
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Lanthanide-Containing Polvmer Microspheres by Multiple-Stage
Dispersion Polymerization for Highly Multiplexed Bioassavs
Ahmed I Abdelrahman, Sheng Dai. Stuart C. Thickett, Olga Omatsky, Doutry Bandura,

Vladimr Baranov and Mitchell A, Winmk®

Department of Chemstry, University of Toronto, 80 5t George Street Toronto ON M353HE, Canada

E-mail: mwinnik/@chem utoronto ca

(S Am. Chem. Soc. in press)
ABSTRACT

We describe the synthesis and charactenization of metal-encoded polystyrene
microspheres by multiple-stage dispersion polvmerization with diameters on the order of
2 pm and a very narrow size distribution. Different lanthanides were loaded info these
microspheres through the addition of a mixture of LnCl; salts and excess acrvlic acid or
acetoacetvlethyl methacrvlate (AAFEM) dissolved in ethanol fo the reaction after about
10% conversion of styrene, 1., well after the particle nucleation stage was complete.
Individual microspheres contain ca. 10°- 10° chelated lanthanide ions. of either a single
element or a mixture of elements. These microspheres were characterized one-by-one
utilizing a novel mass cytometer with an inductively coupled plasma (ICP) iomization
source and time-of-flight (TOF) mass spectrometry detection. Microspheres containing a
range of different metals at different levels of concentration were synthesized to meet the
requirements of binary encoding and enumeration encoding protocols. With four different
metals at five levels of concentration, we could achieve a variability of 624, and the
strategy we report should allow one to obtain nmich larger variability. To demonstrate the
usefulness of element-encoded beads for highly nmltiplexed immunoassays, we carried
out a proof-of-principle model bicassay mvolving comjugation of mouse IgG to the
surface of La and Tm containing particles, and its detection by an anti-mouse IgG bearing
a metal-chelating polymer with Pr.



IPCG

September 2009

Effect of Hvdroplasticization on Polvmer Diffusion in Poly (butvl
acrvlate-co-methyvl methacrvlate) and Poly (2-ethyvlhexvl acrvlate -co-

tert-hutyl methacrvlate) Latex Filmms

Mohsen Soleimani *°, Jeffrey C. Haley *, Willie Lau © and Mitchell A. Winnik *""

a) Department of Chemical Engineening, University of Toronto, Toronto, Ontano, Canada, M55 3ES
b) Department of Chemisty, University of Toronte, Toronto, Ontane, Canada, M55 3HS

¢) Dow Advanced Materials, The Dow Chemucal Company, 727 Nomistown Foad, Spring House,
Pemnsylvania 19477

ABSTRACT

We compare the influence of humidity on the polymer diffusion rate in films formed
from two different polymer latex samples whose polymers have the same glass fransition
temperature (I, = 12 °C) but different hydrophilicity: polyibutyl acrylate-co-methyl
methacrylate) (P(BA-MWMA) and the more hydrophobic poly(2-ethvlhexyl acrylate-co-
fert-outyl methacrylate) (P(EHA-tBMA). The diffusion process was monitored by
fluorescence resonance energy transfer (FRET) at 25°C and at 0, 23. 54, 85 and 98%
relative humidities. The results show that the polymers diffused more rapidly in films
aged at higher mmidities, and thus were characterized by higher apparent diffusion
coefficients (Dypp). By performing a master curve analysis, we obtained humidity related
shift factors (ag). Not all the water taken up by these latex films contributes to enhance
diffinsion rates. Some of the water absorbed at high hunidities 1s present in the form of
water pools and microcavities (free water) and does not actively contribute to
plasticization. We used FTIR specira to obtain information about how water resides in the
copolymer films. Although water is poorly miscible with most polyvmers, our results show
that water molecules dispersed molecularly among the chains are highly efficient as a
plasticizer and a promoter of polyvmer diffusion in latex films.
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Recenty published papers

® Preparation of Onion-like Multilavered Particles Comprising Mainly Poly{iso-butyl
Methacrvlate)-block-Polystyrene by Seeded Enmlsion AGET ATEP. Y Kitayama, M. Yorizane,
Y Kagawa H. Minami P B. Zetterlund, M. Okubo, Polymer, 2009, 50, 3182-3187.

® Compartmentalization in Nitroxide-Mediated Polymerization in Dispersed Systems: FRelative
Contributions of Confined Space Effect and Segregation Effect Depending on Nitroxide Type, P.
B. Zetterlund. M. Okubo. Macromol. Theory Simul. 2009, 18, 277-286.

® Controlled/Living Heterogeneous Radical Polymerization in Supercritical Carbon Dioxide, P B.
Zetterlund, F. Aldabbagh. M. Okubo. J Polvm. S5ci; Part A: Polym. Chem. 2009, 47,
3711-3728.

® Compartmentalization in Atom Transfer Radical Polymernization of Styrene in Dispersed
Systems: Effects of Target Molecular Weight and Halide End Group, P. B. Zetterlund, Y.
Kagawa, M. Okubo, Macromolecules, 2009, 42, 2488-2406.

® DNetwork Formation in Nitroxide-Mediated Radical Copolvmerization of Styrene and

Divinylbenzene mn Mimenmlsion: Effect of Macroinitiator Hydrophilicity, Md. N. Alam. P. B.
Zetterlund, M. Okubo. Polymer 2009, 50, 1632-1636.

Unpublished papers

® Nitroxide-Mediated Fadical Polymerization in Dispersed Systems: Comparimentalization and
Nitroxide Partitioning, P. B. Zetterlund, Macromol. Theory Simul. in press.

ABSTRACT: Compartmentalization and nitroxide partitioning in NMP in dispersed systems
have been investigated by modelling and simulations. Compartmentalization comprises the
segregation effect on termination and the confined space effect on deactivation. Under certain
conditions, it is possible to obtain an improvement in both control and livingness. The
particle size threshold for compartmentalization decreases with any system change that leads to
a decrease in the mumber of propagating radicals and'or nitroxides per particle, and vice versa.
There is direct competition between the confined space effect on deactivation and nitroxide exit
— the more water soluble the nifroxide, the weaker the confined space effect. Nitroxide
partitioning leads to an increase in polymerization rate and loss in control/livingness.
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Nitroxide-Mediated Radical Polymerization of Styrene in Aqueous Microemulsion: Initiator
Efficiency, Compartmentalization and Nitroxide Phase Transfer, P B. Zetterlund, J. Wakamatsu,
M. Okubo. Macromolacules ASAP.

ABSTRACT: Nitrozide-mediated radical polymerization (NMP) of styrene at 100 °C using the
cationic enmlsifier tetradecyltrimethylammonim bromide (TTAB) have been camed out
emploving 22 -azoisobutyronitrile (ATBN) and two nitroxides of different water solubilities.
The polymerization rate was lower and the molecular weight distnbution more namrow in
microenmlsion than bulk at low conversion. The results can be rationalized based on the
lower inttiator efficiency in microenmilsion than bulk, presumably caused by the confined space
effect (compartmentalization) on geminate fermunation of AIBN radicals, and possibly also the
confined space effect causing an increase in deactivation rate. The extent of retardation
relative  to  bulk was more severe for the less  water  soluble
2.2 5-trimethyl-4-phenyl-3-azahexane-3-oxy  (TIPNO) than the more water soluble
N-tert-butyl-N-[1-diethylphosphono-(2, 2-dimethylpropyl)] mifroxide (SG1) as expected based
on more extensive nitroxide exit occurring in the case of SG1 than TIPNO. The resulis
illustrate how effects of heterogeneity can profoundly influence the course of NMP in dispersed
systems.

Effects of the oil-water interface on network formation in nanogel synthesis using
nitroxide-mediated radical copolymerization of styrene/divinylbenzene in miniemulsion, Per B
Zetterlund, Md. Nur Alam, Masayvoshi Okubo, Polymer, submitted.

ABSTRACT: Nitroxide-mediated radical copolymenzation of styrene (99 mol%)
divinvibenzene (1 mol%) emploving the nitroxide 2.2.6.6-tetramethvlpiperidinyl-1-oxy
(TEMPO) in aqueous minienmilsion using sodium dodecylbenzenesulfonate as surfactant has
been carried out at 125°C. At a given styrene conversion the degree of crosslinking increases
with decreasing polystvrene-TEMPO macromitiator concentration in excess of what is
predicted based on the increase in primary chain length asswming an ideal controlled/living
process. This discrepancy is mainly a result of the oil-water interface effect on the
deactivation reaction between propagating radicals and TEMPO. This interface effect causes
a marked increase in primary chain length, and therefore an accompanying increase in the
number of crosslinks per primary chain. Polymerizations in the presence of free TEMPO
minimizes the interface effect. and one then obtains molecular weight distributions and
well-defined networks conducive with a controlled/living process.



