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Welcome
Yeng Ming LAM
ISPAC 2016 Chair

On behalf of the organizing
committee, it is a great pleasure for
me to welcome you to the 29th
International Symposium on
Polymer Analysis and
Characterization (ISPAC). ISPAC
provides a unique platform for
polymer materials scientists from
both academia and industry to
come together to share information
on advancement in characterization.
This is the first time that the
conference is taking place in
Singapore and we hope this gives an
opportunity for the regional and
local materials characterization
community to get together with
international scientists for an
exchange of knowledge and to learn
about all the dynamic developments
in this vibrant field.
The programme this year reflects
the current interest in polymer
materials characterization and
addresses a wide range of polymers.
We are very fortunate this year to
have strong support from the

School of Materials Science and
Engineering, NTU, and the
instrument vendors in terms of both
sponsorship and bringing in their
experts to share their experience.
As in accordance with the ISPAC
tradition, the panel discussions in
the invited talk sessions will provide
an excellent opportunity to discuss
and interact with the speakers after
their presentations. There will also
be ample time between the sessions
for interactions between all the
conference participants. We urge
you to take advantage of all these
opportunities for fruitful exchange
with fellow participants. We are
delighted that you have joined us for
this exciting event. We warmly
welcome you to NTU, Singapore
and wish you a very stimulating and
successful conference. Lastly we
hope you will continue your support
for ISPAC in the years to come.
Yeng Ming LAM
Nanyang Technological University
5

about
I S PAC

stands for International
Symposium on Polymer Analysis and
Characterization. It is a non-profit scientific
organization formed to provide an
international forum for the presentation of
recent advances in the field of polymer
analysis & characterization
methodologies. This
unique Symposium brings
together analytical
chemists and polymers
scientists involved in the
analysis
and
characterization of
polymeric materials. Meetings are held
annually, rotating to venues in the USA,
Europe and Asia.
ISPAC sessions comprise a two and a half
day program with invited lectures,

ISPAC
submitted lectures, poster sessions,
discussions and information exchange on
polymer analysis and characterization
approaches, techniques and applications.
Invited talks include state-of-the art
developments. Each session features
lectures and a 30 to 45 minute open
discussion period. The
participants typically come
from academic, industrial,
and government settings
and work with different
aspects of polymer
analysis
and
characterization approaches, techniques and
applications. The conferences aim is to
promote networking with one another,
exchanging information and tips about
different techniques, and learning about the
latest developments.

ISPAC past , present & future
New Orleans,US
(2013)

Les Diablerets,CH
(2014)

Linz,AT
(2017)

Pohang,KR
(2010)

Kerkrade,NL
(2012)
Houston,US
(2015)
Torino,IT
(2011)

Singapore,SG
(2016)
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Committee Members
ISPAC 2016 Organizing Committee
Yeng Ming Lam (NTU, Singapore – Chair)
Huey Hoon Hng (NTU, Singapore)
Aravind Dasari (NTU, Singapore)
Lay Poh Tan (NTU, Singapore)
Alex M. Van Herk (Institute of Chemical Sciences and Engineering, Singapore)
Nikodem Tomczak (Institute of Materials Research and Engineering, Singapore)
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Anderson Kelly (Procter & Gamble, Singapore)
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ISPAC Governing Board
Wayne F. Reed (Tulane University, United States of America)
Gyula Julius Vancso (University of Twente, The Netherlands)
Oscar Chiantore (University of Torino, Italy)
Taihyun Chang (POSTECH, Republic of Korea)
H. N. Cheng (USDA, United States of America)
Alexander W. deGroot (Dow Chemical Co., United States of America)
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J. Janca (Institute of Scientific Instruments, Czech Republic)
Jimmy M. Mays (University of Tenessee, United States of America)
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Emeritus Members
H. G. Barth (DuPont Co., United States of America)
Guy C. Berry (Carnegie Mellon University, United States of America)
S. T. Balke (University of Toronto, Canada)
J. V. Dawkins (Loughborough University, United Kingdom)
Kratochvil (Institute of Macromolecular Chemistry, Czech Republic)
S. Mori (Mie University, Japan)
P. Munk (University of Texas at Austin, United States of America)
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General Information

Registration
Participants can register at the Main Lounge of NEC
during the following period:

The ISPAC 2016 will be held at Nanyang Executive
Centre (NEC).

◴
◵
◶
◷

Address:
60 Nanyang View
Singapore 639673
Tel: +65 6790-6699/ 6790-6697
Fax: +65 6794-7860
Website: www.ntu.edu.sg/nec/pages/default.aspx

The registration fees includes the conference
materials, the welcome reception, the river cruise and
conference banquet dinner, access to all scientific
sessions and exhibitions, coffee breaks, lunch meals
and a name badge. Late payment of conference fee can
be made during the conference.

Nanyang Executive Centre is located at the Yunnan
Garden Campus of NTU, offering a premier venue for
corporate trainings, retreats and private events. The
newly refurbished Campus Clubhouse, located beside
the NEC, houses 2 eateries that are open 07:00–23:00
daily. Fusion Spoon offers an interesting mix of local
and Western cuisine. The chill-out wine lounge and
bistro, the Attic, offers guests a wide selection of
beverages and snacks. There is also SPRUCE Bistro
Petit @ NTU that is open 17:00–21:00.

Lunch and Refreshments

Conference Venue

Sunday, June 12 (09:00 – 17:30)
Monday, June 13 (08:00 – 17:30)
Tuesday, June 14 (08:00 – 16:20)
Wednesday, June 15 (08:00 – 16:20)

A buffet lunch will be provided daily for all ISPAC
2016 participants, along with coffee breaks throughout
the conference. Catering stations will be situated in
the Food Area near the Main Lounge of NEC.

Welcome Reception
A welcome reception will be held on Sunday, June 12,
at the Attic Wine Lounge & Bistro from 17:30.

Nanyang NTU Staff Club Gym
Executive Centre

Nany

ang

View

SPRUCE Bistro Petit @ NTU
Fusion Spoon
The Attic Wine Lounge & Bistro

River Cruise and Banquet Dinner
The conference banquet dinner will take place at
Grand Shanghai (grandshanghai.com.sg). Participants
will enjoy Singapore River Cruise
(www.rivercruise.com.sg) prior to the dinner. Shuttle
buses are provided to transport participants to cruise
departure site. Participants and registered
accompanying family members are to gather at the
Main Lounge of NEC on Tuesday, June 13, 16:30.
Shuttle bus services back to NEC are also provided
after the dinner.

Accompanying Members
During the conference, daily shuttle bus service to
tourist attractions is provided for accompanying family
members. Please approach us for more information.
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General Information

Internet Connection

Oral Presentation

Free WiFi connection is accessible via eduroam or
NEC network. Please approach us at the registration
counter for username and password if you intend to
use NEC’s WiFi connection.

Oral sessions will take place in either Auditorium or
Lecture Room 1 of NEC (Please refer to the
conference programme).

Dos and Don’ts

‣ Invited talk: 30 min presentation
‣ Contributed talk: 15-min presentation + 5-min
discussion
‣ Special contributed talk: 15-min presentation +
5-min discussion
A 20-min or 30-min panel discussion will follow the
invited talk session. Presenters have to go to the
presentation room 20 min prior to the start of the
oral sessions to upload and preview their PowerPoint
presentations. For those who intend to use their own
laptops, there will be VGA connector to the projector.
If you require any assistance, please approach our AV
technical staff in the presentation room.

Poster Session
Posters will be pre-numbered and displayed
throughout the conference. Poster sessions will take
place during lunch break in the Poster Area (Please
refer to the NEC layout) according to the following
schedule:
‣ Monday, June 13 (12:40 – 14:10): odd-numbered
posters
‣ Tuesday, June 14 (12:10 – 13:40): even-numbered
posters
Presenting authors should attend their poster boards
during their respective sessions.

Participants are required to wear the name
badge any time during the entire conference
Mobile phones should be turned off or kept in
silent mode in all oral sessions
It is forbidden to publish pictures and/or films
taken during the sessions without prior approval
Poster presenters are not allowed to paint,
screw, drill, nail or staple the poster boards. We
only allow the use of Velcro® tape to mount
posters
Presenters are invited to submit full article
contributions to the International Journal of
Polymer Analysis and Characterization which will
be peer-reviewed for acceptance
It is forbidden to smoke in any part of the
conference room

Conference Enquiry
Please approach us directly at the registration counter
for clarifications or send your questions to
info@ispac-conferences.org

Posters should be put up between Sunday, June 12 and
morning of Monday, June 13. Mounting materials
(Velcro® tape) will be provided by the conference
team. Posters will have to be taken down after
Wednesday, June 15, 16:30. Any posters not removed
will be discarded.
Best poster prizes (sponsored by Xenocs, Anton Paar
and Agilent) will be awarded during the Banquet
Dinner on Tuesday, June 14.

NTU’s “Dim Sum Basket” Learning Hub Building
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General Information
About Singapore
Often referred to as “The Lion City”, “The Garden
City” or “The Red Dot”, Singapore is a vibrant
cosmopolitan city with a large number of high-rise
buildings and landscape gardens. The city is beautiful,
dynamic, colorful and embodies the finest of both East
and West. Strategically located at the tip of the Malay
Peninsula, Singapore has a land area of about 720
square kilometres, making her one of the smallest
countries in the world – it is, in fact, the world’s only
island city-state. Although small in size, Singapore is an
economic giant that also excels in trade and tourism.
Harmonious melding of Malay, Chinese, Indian and
Eurasian influences results in rich tapestry of culture,
cuisine, arts and architecture.Visitors will be able to
discover a wealth of historical treasures from the past,
in the beauty of older buildings, values and traditions
that have survived in the face of profound social and
geographical change.
For more information about Singapore and her
attractions, please visit www.stb.gov.sg or
www.yoursingapore.com

Getting around Singapore
Mass Rapid Transit (MRT) is a popular mode of travel
to get around Singapore. Public buses operate from
05:30 to midnight, with frequencies ranging from 5–20
min. The ez-link card, obtainable from TransitLink
Ticket Offices at MRT stations and 7-Eleven stores,
can be used for MRT and buses. You can hail a taxi
along the road or a taxi stand, or make a phone
booking. Taxi fares are charged by the taxi meter,
based on a flag down rate (S$ 3–5) and travel distance.
Phone booking hotlines:
!
Common: +65 6-3425-222
!
Comfort & CityCab: +65 6522-1111
!
SMRT: +65 6555-8888
!
Trans-Cab: +65 6778-0808
!
Prime: +65 6778-0808

About NTU
A research-intensive public university, Nanyang
Technological University (NTU) has 33,500
undergraduate and postgraduate students in the
colleges of Engineering, Business, Science, Humanities,
Arts, & Social Sciences, and its Interdisciplinary
Graduate School. It has a new medical school, the Lee
Kong Chian School of Medicine, set up jointly with
Imperial College London.
NTU Singapore is also home to world-class
autonomous institutes – the National Institute of
Education, S. Rajaratnam School of International
Studies, Earth Observatory of Singapore, and
Singapore Centre on Environmental Life Sciences
Engineering – and various leading research centres
such as the Nanyang Environment & Water Research
Institute (NEWRI), Energy Research Institute @ NTU
(ERI@N) and the Institute on Asian Consumer Insight
(ACI).
Ranked 13th in the world, NTU has also been ranked
the world’s top young university for the last two years
running. The University’s main campus has been named
one of the Top 15 Most Beautiful in the World. NTU
also has a campus in Novena, Singapore’s medical
district.

Chinese Paper Cutting of Singapore’s
Iconic Mascot “Merlion” (by Adam Lee)

For more information about NTU, please visit
10
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[PROFILES OF INVITED SPEAKERS]

Serge BOURBIGOT

École Nationale Supérieure de Chimie de Lille, France
Serge Bourbigot got his PhD in 1993 and he joined ENSCL as a lecturer in 1993.
He passed his French “Habilitation à Diriger des Recherches” in chemical
engineering at the University of Lille in 1998. He took the position of Professor in
chemical engineering at ENSAIT (Ecole Nationale Supérieure des Arts et
Industries Textiles) in 1999. In 2002, Prof. Bourbigot left his laboratory to go to
NIST (National Institute of Standard and Technology at Gaithersburg, MD, USA)
on sabbatical leave for a year. In 2003, ENSCL offered him the position of Full
Professor in flame retardancy. His research interests include development of new
flame retardant formulations for polymeric materials, textiles and coating, the
simulation of heat transfer in intumescent coatings, and NMR methods for
characterizing (nano)filled polymers and chars.
⌘ Monday, June 13 – 14:40, Session S3, Talk I5

Giovanni CAMINO

Polytechnic University of Turin, Italy
Giovanni Camino graduated in Chemistry in 1966 at the University of Torino. Since
2001 he was Full Professor in Industrial Chemistry at the Polythecnic of Torino
where he is now Senior Professor. He was President of the Italian Macromolecular
Society (1995-1997). His reasearch interests covered mechanisms and kinetics of
polymerisation initially and since 1975, the mechanisms of degradation, stabilisation
of polymers with particular reference to mechanisms of polymer combustion and
fire retardance. Since 1998 he has been active in the field of preparation and thermal
and combustion behaviour of polymer-based nanocomposites. Prof. Camino is
author/coauthor of about 300 papers published in international refereed journals
and of 8 chapters in books.
⌘ Monday, June 13 – 14:10, Session S3, Talk I4

Chi Ming CHAN

Hong Kong University of Science and Technology, Hong Kong
Chi Ming Chan received a B. S. degree with high distinction in Chemical Engineering from
University of Minnesota, Minneapolis, USA, M. S. and PhD degrees in Chemical Engineering
from California Institute of Technology. He worked in Raychem Corporation, Menlo Park,
California, USA for 13 years. Since 1993, he has been a faculty member of Department of
Chemical and Biomolecular Engineering at the Hong Kong University of Science and
Technology, Hong Kong. He is currently Chair Professor of Division of Environment and
Department of Chemical and Biomolecular Engineering. He is also Co-director of the Dual
Degree Program, Hong Kong University of Science and Technology and Associate Dean of
Fok Ying Tung Graduate School. His research interests include surface and interface science;
11
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polymer blends and alloys; nanocomposites and polymer crystallization. He wrote two
books -Low Energy Electron Diffraction: Theory and Experiment, with M. A.Van Hove and
W. H. Weinberg, published in 1986 by Springer-Verlag Publishing and Polymer Surface
Modification and Characterization publisher in 1994 by Hanser. He has published more
than 160 referred journal papers and holds twenty patents.

⌘ Monday, June 13 – 09:30, Session S1, Talk I2

Kok Ping CHAN

Institute of Chemical Engineering and Sciences, Singapore
Kok Ping Chan is a research scientist at the Organic Chemistry Division of the
Institute of Chemical and Engineering Sciences (ICES). He obtained his PhD from
the Nanyang Technology University and did his postdoctoral research at Harvard
University. His research interest is in the development of conjugation techniques
as tools for chemical biology applications and small molecules functionalization. He
also heads the cluster of Food and Nutrition under the Specialty Chemicals
programme in ICES. His primary role is to build and strengthen the food and
nutrition R&D capabilities within ICES, as well as to spearhead collaboration
projects with academic groups and the industry.
⌘ Wednesday, June 15 – 14:10, Session S11, Talk I16

H. N. CHENG

USDA Agricultural Research Service, USA
H. N. Cheng is currently a research chemist at Southern Regional Research Center of
the U.S. Department of Agriculture in New Orleans, where he works on projects
involving improved utilization of commodity agricultural materials, green chemistry, and
polymer reactions. Prior to 2009 he was with Hercules Incorporated where he was
involved (at various times) with new product development, team and project leadership,
new business evaluation, and analytical research. Over the years, his research interests
have included NMR spectroscopy, polymer characterization, biocatalysis, functional foods,
pulp and paper technology, and green polymer chemistry. He is a Fellow of the American
Chemical Society (ACS) and a Fellow of the ACS Polymer Chemistry Division. He has
authored 208 papers, 25 patent publications, co-edited 13 books, and co-organized 28
symposia at national ACS meetings since 2003. He is active in the ACS at local, division
and national levels and has served in numerous committees and task forces. For
example, he has just completed three years as the Chair of ACS International Activities
Committee. He is a member of the governing board of ISPAC and an associate editor of
IJPAC. He received his B.S. degree from UCLA and his Ph.D. from the University of
Illinois, Urbana-Champaign.
⌘ Sunday, June 12 – 11:00, Short Course Session SC2
⌘ Wednesday, June 15 – 10:50, Session 10a, Talk SO1.3
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[PROFILES OF INVITED SPEAKERS]

Paul DASTOOR

The University of Newcastle, Australia
Paul Dastoor is Professor of Physics at the University of Newcastle in Australia.
He received his B.A. degree in Natural Sciences and his PhD in Surface Physics
from the University of Cambridge. He has been Visiting Research Fellow at
Fitzwilliam College, Cambridge, UK, at the Daresbury Laboratory, Cheshire, UK
and at Nanyang Technological University. He is Director of the Centre for Organic
Electronics, which he established in 2007. His research interests encompass the
growth and properties of thin films, surface coatings and organic electronic
devices based on semi-conducting polymers. These exciting materials offer the
tantalising prospect of paints that generate electricity directly from sunlight and
sensors that can be printed as flexible arrays.
⌘ Tuesday, June 14 – 09:30, Session S5, Talk I9

Carsten DEIBEL

Technische Universität Chemnitz, Germany
Carsten Deibel obtained his Master of Philosophy (Physics) in 2000 from University
of Sussex, Brighton. His PhD research was done in the group of Prof. Jürgen Parisi at
the University of Oldenburg, Germany; it concerned the characterisation of defects
in inorganic thin film solar cells made of Cu(In,Ga)(S,Se)2 in cooperation with Shell
Solar (now Avancis). He obtained his PhD in natural sciences (Physics) in 2002. From
2003-2005, he had a postdoctoral position at the Interuniversity Microelectronics
Center, Leuven, Belgium, in the Polymer and Molecular Electronics Group of Prof.
Paul Heremans, working on polymer solar cells and discotic liquid crystalline devices.
From 2005-2014, he was group leader in Prof.Vladimir Dyakonov’s Chair of
Experimental Physics VI in Würzburg, where he was responsible for the fundamental
research of charge generation and transport in organic semiconductors and
optoelectronic devices. In 2010, he was selected to join the Junges Kolleg of the
Bavarian Academy of Sciences and Humanities. Early 2014, he became full professor
for optics & photonics of condensed matter at the Institute of Physics, Chemnitz
University of Technology.
⌘ Tuesday, June 14 – 08:30, Session S5, Talk I7

Robert GILBERT

The University of Queensland, Australia
Robert G. Gilbert is Research Professor at the University of Queensland and
Huazhong University of Science and Technology, China. He received his PhD (1970)
from the Australian National University and worked at the University of Sydney
before joining the University of Queensland in 2006. He was the President of the
13
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International Union of Pure and Applied Chemistry (IUPAC) Macromolecular
Division and Chair of the IUPAC Working Party on polymerization modeling and
mechanisms. Among the awards he has received are the Institute’s Polymer Medal
(1995), RACI Olle Price (1996), the RACI Physical Chemistry Medal (1998), the
RACI Applied Research Medal (2005), the RACI Leighton Memorial Medal (2007)
and the Australian Academy of Science Craig Prize (2010). In reaction dynamics, he
developed models and methods for predicting and fitting gas-phase rate
coefficients of unimolecular and recombination reactions, widely used for fitting
and predicting data for combustion and atmospheric chemistry. He also developed
a full understanding of all of the fundamental mechanisms in emulsion
polymerisation by developing novel quantitative mathematical and laboratory
tools. With these advances, it is now possible to polymerize simple systems and to
predict the molecular architecture that will be formed under chosen conditions,
while for more complex systems, trends can now be semiquantitatively predicted
and understood. He further extended this knowledge to branched natural
polymers (starch and glycogen), targeting the biosynthesis-structure-property
relations important for human health (control and mitigation of obesity and
diabetes) and industrial uses.
⌘ Wednesday, June 15 – 13:40, Session S11, Talk I15

Jamie GRUNLAN

Texas A&M University, USA
Jaime Grunlan joined Texas A&M University as an Assistant Professor of Mechanical
Engineering in July of 2004, after spending three years at the Avery Research Center
in Pasadena, CA as a Senior Research Engineer. He obtained a B.S. in Chemistry,
with a Polymers & Coatings emphasis, from North Dakota State University and a
Ph.D. from the University of Minnesota in Materials Science and Engineering. Prof.
Grunlan was promoted to Associate Professor in 2010 and then Professor in 2014,
becoming the Linda & Ralph Schmidt ’68 Professor in 2015. His research focuses on
thermal and transport properties of polymer nanocomposites, especially in the areas
of thermoelectric energy generation, gas barrier and fire prevention. He won the
NSF CAREER and 3M Untenured Faculty awards in 2007, the Dow 2009 Young
Faculty Award, the 2010 Carl A. Dahlquist Award, the 2012 L.E. Scriven Young
Investigator Award, sponsored by the ISCST, the 2013 E. D. Brockett Professorship,
2014 Texas A&M Engineering Experiment Station Fellowship, and 2015 Dean of
Engineering Excellence Award for his work in these areas. He has published over
100 journal papers, with more than 5000 citations, and filed several patents. Dr.
Grunlan also holds joint appointments in Chemistry and Materials Science and
Engineering.
⌘ Monday, June 13 – 15:10, Session S3, Talk I6
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Tohoku University, Japan
Hiroshi Jinnai is currently a Professor of the Institute of Multidisciplinary Research
for Advanced Materials (IMRAM), Tohoku University (since 2015). He studied
Polymer Chemistry at Kyoto University (Kyoto, Japan) and received his D. Eng. in
1993. During his thesis study at Kyoto University, he visited National Institute of
Standards and Technology (NIST), USA, twice as a guest scientist for small angle
neutron scattering experiments. In 1993, he joined the Japan Science & Technology
Agency (JST) ERATO (Exploratory Research for Advanced Technology) program,
Hashimoto Polymer Phasing Project, as a group leader. He was appointed Lecturer
at Kyoto Institute of Technology in 1998 and was promoted to Associate Professor
in 2002. In 2011, He moved to another ERATO program, Takahara Soft Interfaces
Project, as a research manager. He was concurrently a Research Professor at the
Institute of Materials Chemistry and Engineering (IMCE), Kyushu University. His
research field includes polymer physics, soft matter physics. He is also recognized
by his development of electron tomography. He has been studying the selfassembling morphologies and processes of polymer blends and block copolymers.
He has gotten a series of both domestic and international awards. He was awarded
the SPSJ (The Society of Polymer Science, Japan) Wiley Award in 2006. He is the first
Japanese to win the biannual Ernst-Ruska-Prize in 2007, which is given by the
Deutsche Gesellschaft fur Elektronenmikroskopie (German Society of Electron
Microscopy). He is also the recipient of the Japanese Society of Microscopy Society
Award, Setoh Prize (2012). He is a Fellow of American Physical Society (APS) since
2011. He is a member of the Editorial Board of "Microscopy" (formally, Journal of
Electron Microscopy), and serves as an editor of "Polymer".
⌘ Sunday, June 12 – 15:30, Short Course Session SC4
⌘ Monday, June 13 – 09:00, Session S1, Talk I1

Harm-Anton KLOK

Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland
Harm-Anton Klok is Full Professor at the Institutes of Materials and Chemical
Sciences and Engineering at the Ecole Polytechnique Fédérale de Lausanne (EPFL)
(Lausanne, Switzerland). His research interests include polymer nanomedicine as
well as polymer surface and interface science. He studied chemical technology at the
University of Twente (Enschede, The Netherlands) from 1989 to 1993 and received
his Ph.D. in 1997 from the University of Ulm (Germany) after working with Martin
Möller. After postdoctoral research with David N. Reinhoudt (University of Twente)
and Samuel I. Stupp (University of Illinois at Urbana–Champaign, USA), he joined the
Max Planck Institute for Polymer Research (Mainz, Germany) in early 1999 as a
project leader in the group of Klaus Müllen. In November 2002, he was appointed to
the faculty of EPFL. Since 2012 he is Director of the Institute of Materials and also
directs the Molecular and Hybrid Materials Characterization Center at EPFL. He is
15
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Hiroshi JINNAI

[PROFILES OF INVITED SPEAKERS]

recipient of the Arthur K. Doolittle Award of the American Chemical Society
(2007) and is Associate Editor of the ACS journal Biomacromolecules and serves
or has served on the editorial advisory board of Eur. Polym. J., J. Polym. Sci. A:
Polym. Chem., Macromolecules, ACS Macro Letters and Macromol. Rapid
Commun., Macromol. Bioscience and Chimia. He has been a Visiting Professor at
the University of Bordeaux (France) and the University of Massachusetts/Amherst
(USA), is a Chair Professor at the College of Chemistry, Chemical Engineering and
Materials Science, Soochow University (Suzhou, China), guest professor at the
Changchun Institute of Applied Chemistry, Chinese Academy of Sciences
(Changchun, China), at the Shanghai University (Shanghai, China) and at Nanyang
Technological University, Singapore and was awarded a Chinese Academy of
Sciences visiting professorship for senior international scientists (Institute of
Chemistry, Chinese Academy of Sciences, Beijing).
⌘ Monday, June 13 – 10:00, Session S1, Talk I3

Bo LIEDBERG

Nanyang Technological University, Singapore
Bo Liedberg is professor of Molecular Physics at Linköping University, Sweden and
professor of Materials Science at Nanyang Technological University, Singapore, where
he also is the director for an initiative on Biomimetic Sensing. He obtained his PhD
(1986) in Applied Physics, Linköping University. He was a visiting scientist at Penn
State University (1992–93) and University of Tubingen (1995-97). He has long
experience in surface vibrational spectroscopy, in particular for the characterization
of thin molecular films and monolayer architectures on solid supports. He was
heavily involved in the study of self-assembled monolayers on gold, and he has
published more than 100 papers on their characterization and application. His main
research interest is on soft matter materials science, self-assembly and molecular
thin films. At NTU he is developing strategies for studies enzymatic reactions in
vesicular confinement. He is also developing integrated sensor platforms and assays
for application in rapid field-testing of infectious diseases and for environmental
monitoring.
⌘ Tuesday, June 14 – 14:10, Session S7, Talk I11

Björn LINDMAN

Nanyang Technological University, Singapore
Björn Lindman was chair professor in physical chemistry at Lund University, Sweden
since 1978, now emeritus. He is visiting professor at Nanyang Technological
University, Singapore and guest professor at MidSweden University, Sundsvall,
Sweden. For several years he was professor at Coimbra University, Portugal. His
research interests are in the field of colloid science, including surfactant and polymer
self-assembly, polymer-surfactant systems, polymer adsorption, amphiphilic polymers
16
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and biopolymers like DNA and cellulose. He consults and gives training courses
for industry on formulations and is also a co-founder of spin-offs in this area. He is
a fellow of the Swedish Royal Academy of Sciences, the Swedish Royal Academy of
Engineering Sciences and science academies abroad (Romania and Portugal). He
has published over 600 papers in journals and books, with over 20000 citations
and an h-index of 81. He has received the Overbeek Gold Medal of the European
Colloid and Interface Society, and prestigious awards from US, China, Japan, India,
UK, Finland and Sweden. He is a cofounder of the European Colloid and Interface
Society and has been the president of this organization as well as the International
Association of Colloid and Interface Scientists (IACIS). In 2015 he received the
Life-time Achievement Award of IACIS. He is one of the authors of the textbook
Surfactants and Polymers in Aqueous Solutions and of Surface Chemistry of
Surfactants and Polymers (Wiley 2014).
⌘ Wednesday, June 15 – 08:30, Session S9, Talk I12

Eric ROBLES

Procter & Gamble, UK
Eric Robles (PhD) and Research Fellow, joined Procter & Gamble Philippines in
1994. He received his BS Chemistry from the University of the Philippines in 1985
and his PhD in Physical Chemistry from the Ohio State University in 1992. He did
his postdoctoral research in Physical Organic Chemistry at Harvard University in
1992 before joining P&G in 1994. He moved to P&G’s Kobe Technical Center in
1998 and has been at the Newcastle Innovation Centre in the UK since 2003.
Throughout his career in industry, he has been working on understanding the
colloidal behavior of P&G products across the different business units including
Household Care, Beauty Care and Oral Care and how this impacts the product’s
processability, stability and performance. He has built his expertise in the field of
colloid and interfacial characterization including synchrotron x-ray and neutron
techniques. He is an invited industrial lecturer at Imperial College London and Leeds
University and an industrial co-supervisor of several PhD students and postdoctoral
fellows at Birmingham University, Leeds University and Imperial College London.
⌘ Wednesday, June 15 – 09:30, Session S9, Talk I14

Manuel SALMERÓN-SÁNCHEZ
University of Glasgow, UK

Manuel Salmeron-Sanchez is Head of Biomedical Engineering Research Division in
the School of Engineering at the University of Glasgow. He is the holder of an active
ERC Consolidator grant (2013-2017) and has established a multidisciplinary group
working at the cell/material interface (Microenvironments for Medicine – Mime
www.mimeresearch.com). He was a PDRA at Charles University in Prague (2003)
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and the Katholieke Universiteit in Leuven (2004-2006). He was Associate
Professor (2008) and then Professor (2010) at the Technical University of Valencia
and Visiting Professor at the Georgia Tech (2010). In 2012 he was appointed to
set-up the materials research division in Abengoa (international company with
20000+ employees). His group has played a pioneering role in the development of
material surfaces to trigger the self-assembly of proteins. This work spans
fundamental mechanisms at the cell/material interface as well as translational
research that has led to a patents has been recognised with a recent ERC Proof of
Concept Award (2015). He is active as reviewer for a high number of journals in
different fields and has acted as an expert for a number of research agencies in
different countries.
⌘ Tuesday, June 14 – 13:40, Session S7, Talk I10

Patrick SPICER

The University of New South Wales, Australia
Patrick T. Spicer is an Associate Professor in the School of Chemical Engineering at
the University of New South Wales in Australia. His research interests include
complex fluids, microrheology, and novel emulsions. Before moving to academia, he
led the Procter & Gamble Company’s Microstructured Fluids Group for 15 years.
He earned a BS from the University of Delaware and a PhD from the University of
Cincinnati, both in chemical engineering.
⌘ Wednesday, June 15 – 09:00, Session S9, Talk I13

Mike TONEY

Stanford Synchrotron Radiation Lightsource, USA
Michael Toney is head of the Materials Sciences Division and a distinguished staff
scientist at the Stanford Synchrotron Radiation Lightsource (SSRL), part of the SLAC
National Accelerator Laboratory. He is a pioneer in the use of X-ray diffraction and
small angle scattering for the determination of molecular and mesoscale structure of
organic and polymeric thin films and for the determination of atomic structure of
electrode-electrolyte interfaces. Toney received his BS from Caltech in 1979 and his
PhD from the University of Washington in 1983, both in physics. He spend one year
as a postdoc at the Risoe National Lab (now DTU) in Denmark, where he
participated in some of the first surface X-ray diffraction experiments. He then
began working at IBM Almaden Research in materials sciences. He left IBM in 2003
to join SLAC National Accelerator Laboratory and Stanford, where he starting
programs in sustainable energy materials.
⌘ Sunday, June 12 – 13:30, Short Course Session SC3
⌘ Tuesday, June 14 – 09:00, Session S5, Talk I8
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Alex M. VAN HERK

Institute of Chemical Engineering and Sciences, Singapore
Alex van Herk (1956) is senior researcher at the Institute of Chemical and
Engineering Sciences in Singapore since 2012 and part-time professor in Polymer
Reaction Engineering at the Eindhoven University of Technology, the Netherlands
(where he worked full-time from 1986 till 2012). Since 2009 he is also teaching at
NUS and Singapore Polytechnic regularly. His field of research is nanotechnology,
water-based coatings and emulsion polymerization. He is editor of four books and
author of 190 papers. He is also leading a science show team that performs
chemistry and physics shows in Singapore.
⌘ Sunday, June 12 – 09:00, Short Course Session SC1
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ISPAC 2016 PROGRAMME
Sunday, June 12
08:00 – 09:00

Registration

09:00 – 17:00

Short Courses

09:00 – 10:30

SC1: “BASIC OVERVIEW OF MOLECULAR POLYMER ANALYTICS”

10:30 – 11:00

Break

11:00 – 12:30

SC2: “NMR CHARACTERIZATION OF POLYMERS: REVIEW AND UPDATE”

12:30 – 13:30

Break

13:30 – 15:00

SC3: “X-RAY CHARACTERIZATION OF SOFT MATERIALS”

15:00 – 15:30

Break

15:30 – 17:00

SC4: “ELECTRON MICROSCOPY OF SOFT MATERIALS”

17:00 – 17:30

Break/ Conference Registration

17:30 – end

Welcome Reception

Main Lounge, NEC
Auditorium, NEC
A.M. Van Herk, Institute of Chemical and Engineering Sciences, Singapore

H.N. Cheng, USDA Agricultural Research Service, USA

M. Toney, Stanford Synchrotron Radiation Lightsource, USA

H Jinnai, Tohoku University, Japan
Main Lounge, NEC

The Attic Wine Lounge & Bistro
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Monday, June 13
08:00 – 08:30

Registration

08:30 – 09:00

Opening Ceremony

09:00 – 11:00

Invited Talks – S1 – The Characterization Challenge for Polymeric and Hybrid Nano-Materials: AFM,
Polymer Brush and Microscopy

Main Lounge, NEC
Prof. Freddy Boey, Provost of Nanyang Technological University
Auditorium, NEC

Chair: G.J. Vancso, University of Twente, the Netherlands
Auditorium, NEC

09:00

I1: “DIRECT CHARACTERIZATION OF IN-PLANE PHASE SEPARATION IN A POLYMER BRUSH IN SOLVENT”

09:30

I2: “CHARACTERIZATION OF POLYMER CONFORMATIONS AT SURFACES AND INTERFACES BY TOF-SIMS”

10:00

I3: “POLYMER BRUSHES PREPARED VIA SURFACE-INITIATED CONTROLLED RADICAL POLYMERIZATION –
SYNTHETIC AND ANALYTICAL CHALLENGES”

H. Jinnai, Tohoku University, Japan

C.M. Chan, Hong Kong University of Science and Technology, Hong Kong

H.-A. Klok, Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

10:30

Panel Discussion

11:00 – 11:20

Break

11:20 – 12:40

Contributed Talks – S2a – The Characterization
Challenge for Polymeric and Hybrid Nanomaterials
Chair: H.-A. Klok, EPFL, Switzerland
Auditorium, NEC

11:20

Contributed Talks – S2b – Analysis of Combustion
and Thermal Behavior in Polymers and
Nanocomposites
Chair: G. Camino, Polytechnic University of Turin, Italy
Lecture Room 1, NEC

Special Contributed Talk – SO1.1: “PRECISE
O2.1: “SOLUTIONS AGAINST WEATHERING OF
CHARACTERIZATION OF POLYMERS PREPARED BY INTUMESCENT FIRE RESISTANT COATINGS?”
M. Jimenez, ENSCL, France
ANIONIC POLYMERIZATION”
T. Chang, POSTECH, Korea

11:40

O1.1: “PEEK AND POLYARYLETHERKETONE
POLYMERS ANALYSIS BY SIZE-EXCLUSION SEC
LIQUID ADSORPTION LAC CHROMATOGRAPHY”

O2.2: “RECENT ADVANCES ON THE AGEING OF
FLAME RETARDED POLYLACTIDE”

O1.2: “SEPARATION AND CHARACTERIZATION OF
LIVING AND DEAD CHAIN IN POLYSTYRENE
SYNTHESIZED BY ATRP”

O2.3: “ON THE OXIDATION RESISTANCE OF
STABILIZED AND UNSTABILIZED LOW DENSITY
POLYETHYLENE FILMS”

N. Longiéras, PEAKEXPERT, France

12:00

J. Oh, POSTECH, Korea

12:20

N. Lesaffre, ENSCL, France

A.I. Mourad, United Arab Emirate University, UAE

O1.3: “METAL-CHELATING POLYMERIC TAGS FOR
“CLICK”-BASED SINGLE CELL MASS CYTOMETRY”
R. Liu, IMRE, Singapore

12:40 – 14:10

Lunch, Poster Session & Company Talks
Main Lounge & Lecture Room 1, NEC
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14:10 – 16:10

Monday, June 13

Invited Talks S3 – Analysis of Combustion and Thermal Behavior in Polymers and Nanocomposites
Chair: A. Dasari, Nanyang Technological University, Singapore
Auditorium, NEC

14:10

I4: “POLYMER COMBUSTION TESTING FOR FIRE RISK OR FIRE PERFORMANCE?”

14:40

I5: “NEW TRENDS IN FLAME RETARDANCY OF POLYMERS: EVALUATION, CHARACTERIZATION AND
MECHANISM”

G. Camino, Polytechnic University of Turin, Italy

S. Bourbigot, École Nationale Supérieure de Chimie de Lille, France

15:10

I6: “WATER-BASED FLAME RETARDANT NANOCOATINGS FROM ENVIRONMENTALLY-BENIGN
INGREDIENTS”
J. Grunlan, Texas A&M University, USA

15:40

Panel Discussion

16:10 – 16:30

Break

16:30 – 17:30

Contributed Talks – S4a – The Characterization
Challenge for Polymeric and Hybrid Nanomaterials

Contributed Talks – S4b – Analysis of Combustion
and Thermal Behavior in Polymers and
Nanocomposites

Special Contributed Talk - SO1.2:
“MULTIDETECTOR THERMAL FIELD-FLOW
FRACTIONATION FOR MONITORING THE
STRUCTURE AND DYNAMICS OF BLOCK
COPOLYMER MICELLES”

O2.4: “ENHANCED THERMAL AND ELECTRICAL
PROPERTIES OF POLYMER BY INFUSION OF 3D
GRAPHENE FOAM”

O1.4: “SELF-ASSEMBLY OF POLY(N,NDIMETHYLACRYLAMIDE)-b-POLYSTYRENE: A
COMPREHENSIVE CHARACTERIZATION”

O2.5: “THE STUDY ON AN EFFICIENT FIRE TEST
METHOD DESIGN WITHOUT REAL SCALE FIRE TEST”

O1.5: “RHEOLOGY MODIFIERS – SHEAR
THICKENING COMPLEX FLUID FROM NOVEL
POLYBETAINES”

O2.6: “UNDERSTANDING THE ROLE OF CLAY
CATALYSIS IN COMBUSTION OF POLYMER/CLAY
NANOCOMPOSITES”

Chair: C.M. Chan, HKUST, Hong Kong
Auditorium, NEC

16:30

Chair: S. Bourbigot, ENSCL, France
Lecture Room 1, NEC

F.N. Leong, NTU, Singapore

H. Pasch, University of Stellenbosch, South Africa

16:50

R. Simonutti, University of Milan-Bicocca, Italy

17:10

V.A. Vasantha, ICES, Singapore

S.-H. Ryu, FESTEC Co., Ltd., Korea

I.S. Zope, NTU, Singapore
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Tuesday, June 14
08:00 – 08:30

Registration

08:30 – 10:30

Invited Talks – S5 – The Characterization Challenge for Polymeric and Hybrid Nano-Materials: Energy

Main Lounge, NEC
Chair: Y.M. Lam, Nanyang Technological University, Singapore
Auditorium, NEC

08:30

I7: “CHARACTERIZATION OF MATERIALS AND DEVICES FOR POLYMER AND HYBRID PHOTOVOLTAICS”

09:00

I8: “GRAZING INCIDENCE X-RAY SCATTERING FROM FUNCTIONAL ORGANIC THIN FILMS”

09:30

I9: “SCANNING TRANSMISSION X-RAY MICROSCOPY – MAPPING CHEMICAL COMPOSITION AT THE
NANOSCALE”

C. Deibel, Technische Universität Chemnitz, Germany

M. Toney, Stanford Synchrotron Radiation Lightsource, USA

P. Dastoor, The University of Newcastle, Australia

10:00

Panel Discussion

10:30 – 10:50

Break

10:50 – 12:10

Contributed Talks – S6a – The Characterization
Challenge for Polymeric and Hybrid Nanomaterials

Contributed Talks – S6b – Analysis and
Characterization of Interfaces and Interphases

Chair: C. Deibel, TU Chemnitz, Germany
Auditorium, NEC

Chair: N. Tomczak, IMRE, Singapore
Lecture Room 1, NEC

O1.6: “IN SITU TEM CHARACTERIZATION OF A
WORKING PEROVSKITE SOLAR CELL”

Special Contributed Talk – SO3.1: “POLYMER
BRUSHES AT SURFACES: THE CHARACTERIZATION
CHALLENGE”

10:50

M. Duchamp, Forschungszentrum Jülich, Germany

11:10

11:30

O1.7: “SIMULTANEOUS SAXS/WAXS
O3.1: “QUANTITATIVE AM-FM MODE FOR FAST AND
INVESTIGATION OF ELECTRO-ACTIVE FLUORINATED VERSATILE IMAGING OF NANOSCALE ELASTIC
COPOLYMERS”
MODULUS”
P. Høghøj, Xenocs, France

M. Kocun, Asylum, USA

O1.8: “IMPROVING THE PERFORMANCE OF
LITHIUM-SULFUR BATTERIES BY EMPLOYING
POLYIMIDE PARTICLES AS HOSTING MATRIXES”

O3.2: “NANOSCALE CHEMICAL
CHARACTERIZATION OF INTERPHASE REGIONS IN
POLYMERIC SYSTEMS USING AFM-IR
SPECTROSCOPY AND IMAGING”

P. Gu, NTU, Singapore

11:50

O1.9: “UNRAVELLING THE EFFECTS OF SINGLEWALLED CARBON NANOTUBES ON SELFASSEMBLY OF POLYMER BLENDS FOR ENERGYHARVESTING APPLICATIONS”
T. Salim, NTU, Singapore

12:10 – 13:40

G.J. Vancso, University of Twente, the Netherlands

C. Marcott, University of Delaware, USA

O3.3: “LASER INDUCED HIERARCHICALLY POROUS
STRUCTURES FROM BLOCK COPOLYMER SELFASSEMBLY”
K.W. Tan, Singapore-MIT Alliance for Research and
Technology, Singapore

Lunch, Poster Session & Company Talks
Main Lounge & Lecture Room 1, NEC
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13:40 – 15:00

Tuesday, June 14

Invited Talks – S7 – Analysis and Characterization of Interfaces and Interphases
Chair: L.P. Tan, Nanyang Technological University, Singapore
Auditorium, NEC

13:40

I10: “NOVEL BIOINTERFACES TO CONTROL STEM CELL FATE”

14:10

I11: “SPECTROSCOPIC CHARACTERIZATION OF OLIGOMERIC ARCHITECTURES ON SOLID SUPPORTS”

14:40

Panel Discussion

M. Salmerón-Sánchez, University of Glasgow, UK

B. Liedberg, Nanyang Technological University, Singapore

15:00 – 15:20

Break

15:20 – 16:20

Contributed Talks – S8a – The Characterization
Challenge for Polymeric and Hybrid Nanomaterials

Contributed Talks – S8b – Analysis and
Characterization of Interfaces and Interphases

Chair: Y.M. Lam, NTU, Singapore
Auditorium, NEC

Chair: L.P. Tan, NTU, Singapore
Lecture Room 1, NEC

O1.10: “RAPID REVERSE ENGINEERING OF
LAMINATED POLYMER COMPOSITES”

O3.4: “THE EFFECT OF BIOMOLECULAR
INTERACTION AND CHONDROCYTE ADHESION TO
SURFACE GRAFTED HYALURONAN LAYERS”

15:20

M. Garland, ICES, Singapore

15:40

O1.11: “VALORIZATION OF RECYCLED LDPE BY
ECO-FRIENDLY NANOCOMPOSITES”
D.S. Rosa, Federal University of ABC, Brazil

16:00

O3.5: “CHARACTERIZATION OF FERRITIN
NANOCAGE RELAXIVITY DISPLAYING DIFFERENT
LIGANDS”
A. Kumar, NTU, Singapore

O1.12: “ON THE DURABILITY PREDICTION OF FRP O3.6: “INFLUENCE OF SUBSTRATE TOPOGRAPHY
COMPOSITES”
ON CELL MIGRATION”
Z.H. Zakaria, United Arab Emirates University, UAE

16:20 – end

G. Ohlsson, Biolin Scientific, Sweden

H. Chen, NTU, Singapore

Departure for River Cruise & Banquet Dinner
Main Lounge, NEC
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Wednesday, June 15
08:00 – 08:30

Registration

08:30 – 10:30

Invited Talks – S9 – Characterization of Polymer Systems for Personal Care and Drug Delivery

Main Lounge, NEC
Chair: A. Kelly, Procter & Gamble, Singapore
Auditorium, NEC

08:30

I12: “POLYELECTROLYTE-SURFACTANT ASSOCIATION–FROM FUNDAMENTALS TO APPLICATIONS”

09:00

I13: “MICROSTRUCTURE AND YIELDING OF SPARSE MICROFIBER GELS”

09:30

I14: “CHARACTERISATION OF POLYMERS IN FORMULATED PRODUCTS IN PERSONAL CARE”

10:00

Panel Discussion

B. Lindman, Nanyang Technological University, Singapore
P. Spicer, The University of New South Wales, Australia
E. Robles, Procter & Gamble, UK

10:30 – 10:50

Break

10:50 – 12:10

Contributed Talks – S10a – The Characterization

Challenge for Polymeric and Hybrid Nanomaterials
Chair: R.G. Gilbert, UQ, Australia
Auditorium, NEC

10:50

Chair: B. Lindman, NTU, Singapore
Lecture Room 1, NEC

Special Contributed Talk – SO1.3: “NMR
CHARACTERIZATION OF POLYMERS FROM
TRIGLYCERIDES”

O4.1: “THE CHARACTERIZATION OF POLYMERS
USED IN PHARMACEUTICAL APPLICATIONS”

O1.13: “POLYMER NANOCOMPOSITES IN ACTIVE
FOOD PACKAGING: EFFECT OF SURFACE
CHARACTERISTICS OF ELECTROSPUN FIBERS ON
MICROBIAL GROWTH”

O4.2: “SYNTHESIS AND NMR ANALYSIS OF
DIAZIRINE-GRAFTED BIOADHESIVE POLYMERS”

O1.14: “CELLULOSE NANOWHISKERS FROM
PAPER INDUSTRY RESIDUES”

O4.3: “MODULATION OF PROTEIN RELEASE
BEHAVIOR OF PLGA MICROSPHERES USING IONIC
SALT”

H.N. Cheng, USDA Agricultural Research Service, USA

11:10

Contributed Talks – S10b – Characterization of
Polymer Systems for Personal Care and Drug
Delivery

G. Cleaver, Agilent Technologies, USA

I. Djordjevic, NTU, Singapore

L. Natarjan, NTU, Singapore

11:30

D.B. Rocha, Federal University of ABC, Brazil

11:50

H.S. Nanda, NTU, Singapore

O4.4: “CHARACTERIZATION OF RECOMBINANT
PROTEIN-co-PEG HYDROGELS”
W.W. Chen, NTU, Singapore

12:10 – 13:40

Lunch & Company Talks

Main Lounge & Lecture Room 1, NEC
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13:40 – 15:00

Wednesday, June 15

Invited Talks – S11 – The Characterization Challenge for Polymeric and Hybrid Nano-Materials:
Biopolymers
Chair: A.M. Van Herk, Institute of Chemical and Engineering Sciences, Singapore
Auditorium, NEC

13:40

I15: “USING BIOSYNTHESIS - STRUCTURE - PROPERTY RELATIONS TO DEVELOP TAILOR-MADE STARCHES
WITH IMPROVED FUNCTIONAL PROPERTIES”
R.G. Gilbert, The University of Queensland, Australia

14:10

I16: “MICROSTRUCTURAL ANALYSIS OF BIOPOLYMERS IN FOOD APPLICATIONS”

14:40

Panel Discussion

K.-P. Chan, Institute of Chemical Engineering and Sciences, Singapore

15:00 – 15:20

Break

15:20 – 16:20

Contributed Talks – S12a – The Characterization

Challenge for Polymeric and Hybrid Nanomaterials
Chair: A.C. Grimsdale, NTU, Singapore
Auditorium, NEC

15:20

O4.5: “GPC UNKNOWN PEAK IDENTIFICATION BY
MULTIPLE DETECTOR GPC-DRI/UV/MS SYSTEM”

O1.16: “UNDERSTANDING THE FLEXURAL
PERFORMANCE OF NANOCLAY EPOXY
COMPOSITES MANUFACTURED BY TWO STAGE
WET LAYUP METHOD”

O4.6: “ANALYSIS OF POLYMERS FOR DRUG
DELIVERY AND PERSONAL CARE USING LATEST
ADVANCED MULTI-DETECTOR GPC SYSTEMS”

O1.17: “CHARACTERIZATION OF LOW DENSITY
POLYETHYLENE FILMS SUBJECTED TO HARSH
ENVIRONMENTAL CONDITIONS”

O4.7: “RAPID, SIMPLIFIED ANALYSIS AND DATA
INTERPRETATION OF POLYMER MIXTURES USING
MALDI–ION MOBILITY MASS SPECTROMETRY”

N. Srinivasababu, VLITS, India

16:00

A. Dehbi, Université d’Ibn Khaldoun, Algeria

16:20 – 16:30

Chair: H. Pasch, University of Stellenbosch, South Africa
Lecture Room 1, NEC

O1.15: “ORIENTATION BASED MECHANICAL
BEHAVIOR ASSESSMENT OF LDPE GREENHOUSE
COVERING FILMS”
M.I. Babaghayou, Ammar Telidji University, Algeria

15:40

Contributed Talks – S12b – Characterization of
Polymer Systems for Personal Care and Drug
Delivery

W. Cao, SABIC Technology Center, Saudi Arabia

B. Postma, Malvern Instruments Ltd, UK

P.J. Lee, Waters Corporation, USA

Closing Remark

Y.M. Lam, ISPAC 2016 Conference Chair, NTU, Singapore
Auditorium, NEC
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POSTER PRESENTATIONS
Number Presenter

Poster

P1

Y. Abe, NTU, Singapore

REVERSIBLE PHASE TRANSITION BEHAVIOR OF FUSED DITHIOPHENETHIENO[3,2-B]THIOPHENE BASED MOLECULAR DONOR MATERIAL FOR
PHOTOVOLTAIC APPLICATION

P2

J. Ahn, POSTECH, Korea

RETENTION BEHAVIOR OF POLYMERS OF VARIOUS TYPE AT THE CRITICAL
ABSORPTION POINT OF CHROMATOGRAPHY

P3

J.M. Ang, NTU, Singapore

ONE-POT SYNTHESIS OF FE(III)-POLYDOPAMINE COMPLEX NANOSPHERES:
MORPHOLOGICAL EVOLUTION, MECHANISM AND APPLICATION IN CATALYSIS

P4

W. Cao, SABIC Technology
Center, Saudi Arabia

DE-FORMULATION OF SURFACTANTS-ADDITIVES IN POLYMERS BY LC-APCIMS

P5

R.A.G. Cardoso, NTU, Singapore

EFFECTS OF SMALL POLAR ADDITIVES ON THE LIQUID CRYSTALLINE
STRUCTURE OF A CATIONIC DOUBLE TAIL SURFACTANT

P6

I.G.A.G. Chandra Divta, ITS,
Indonesia

PREPARATION AND CHARACTERIZATION OF BIODEGRADABLE POLY(LLACTIDE) (PLLA) REINFORCED WITH CELLULOSE FROM RICE STRAW

P7

B. Chen, NTU, Singapore

ELECTRODE INTERFACIAL MODIFICATION FOR PLANAR HETEROJUNCTION
PEROVSKITE SOLAR CELLS

P8

O. Chiantore, University of
Torino, Italy

SPME-GC/MS FOR THE CHARACTERIZATION OF VOLATILE COMPOUNDS
EMITTED FROM POLYMER MATERIALS

P9

A. Dickescheid, NTU, Singapore

DEVELOPMENT AND IN VITRO EVALUATION OF ANTI-VEGF PROTEIN-LOADED
HYDROGELS BASED ON THIOLATED POLY ACRYLIC ACID FOR TREATING
RETINAL DISEASES

P10

R. Simonutti, University of
Milano-Bicocca, Italy

CHARACTERIZATION OF HOT MELT ADHESIVES THROUGH TIME DOMAIN
NUCLEAR MAGNETIC RESONANCE

P11

A. Foroozan, IPPI, Iran

ROLE OF TMPTMA IN LONG-CHAIN BRANCHING OF POLYPROPYLENE/
POLYBUTENE-1 BLENDS

P12

C. Hao, NTU, Singapore

ENGINEERING OF POLYMERIC-MATRIX COMPOSITE MATERIALS INSPIRED BY
DOSIDICUS GIGAS BEAK

P13

H. Hu, NTU, Singapore

SELF-ASSEMBLY OF ORGANIC-INORGANIC HYBRID PEROVSKITE INTO
LAYERED STRUCTURE

P14

K. Jeong, KCC, Korea

SYNTHESIS AND STRUCTURE DETERMINATION OF ORGANIC-INORGANIC
HYBRID RESIN

P15

B. Kaur, IIT Ropar, India

METAL NANOPARTICLES DECORATED POLYANILINE-NANOCRYSTALLINE
ZEOLITE NANOCOMPOSITE BASED ELECTROCHEMICAL SENSORS FOR THE
NANOMOLAR DETECTION OF ENVIRONMENTAL WATER POLLUTANTS
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Number Presenter

Poster

P16

W. Ke, HUST, China

FABRICATION OF POROUS SCAFFOLDS WITH VASCULAR NETWORK
STRUCTURE FOR LIVER TISSUE ENGINEERING

P17

R. Krishnan, ICES, Singapore

LADDER POLYMER ANALYSES BY MALDI-TOF MS SPECTROSCOPY

P18

P.J. Lee, Waters Corporation, USA ADVANCED POLYMER CHROMATOGRAPHY – METHOD DEVELOPMENT TOOLS

P19

S. Lee, POSTECH, Korea

P20

P.J. Lee, Waters Corporation, USA USE OF HIGH SPEED/HIGH RESOLUTION SIZE BASED CHROMATOGRAPHIC

P21

Z.-Q. Lin, NTU, Singapore

2D POROUS POLYMERIC NANOSHEETS AS HIGH-CAPACITY ANODE MATERIAL
FOR LITHIUM ION BATTERIES

P22

N. Longiéras, PEAKEXPERT,
France

SHAMPOO DEFORMULATION USING SPECTROSCOPIC AND ADVANCED
CHROMATOGRAPHIC TOOLS

P23

M.R. Moreno, NTU, Singapore

HOW RELIABLE IS THE QUANTIFICATION OF PROTEIN RELEASED FROM
POLYMER-BASED DRUG DELIVERY SYSTEMS? SEARCHING FOR THE BEST
OPTIONS

P24

Y. Nakamura, ASAHI GLASS Co.,
Ltd., Japan

COMPOSITIONAL ANALYSIS OF CYCLIC PERFLUOROPOLYMER BY MEANS OF
FT-IR

P25

Z.L. Ngoh, NTU, Singapore

DEVELOPMENT OF THREE-DIMENSIONAL GRAPHENE (3D-C) INFUSED SHAPE
MEMORY POLYMER (SMP) FOR THE APPLICATION IN SATELLITE RESEARCH

P26

A.B. Oh, ICES, Singapore

EFFECTIVENESS OF SUNSCREENS COATING AND FORMULATIONS: SUN
PROTECTION FACTOR (SPF) ANALYZER

P27

A.P M.U., NTU, Singapore

ELECTROCHEMICAL DETECTION OF NITROAROMATIC EXPLOSIVE USING
POLYANILINE NANOFIBERS

P29

I.G.A.G. Chandra Divta, ITS,
Indonesia

CHARACTERIZATION OF CRYSTALLIZATION BEHAVIOR OF POLY(L-LACTIDE)
(PLLA) AND ITS BLENDS: CRYSTALLINE MORPHOLOGY

P30

D.B. Rocha, Federal University of CHARACTERIZATION OF CELLULOSE NANOWHISKERS EXTRACTED FROM
ABC, Brazil
SOFTWOOD WASTES BY ENZYMATIC HYDROLYSIS

P31

W. Shi, NTU, Singapore

SELF-ASSEMBLY OF TWO DISTINCT PLASMONIC SUPERLATTICES FROM AG
OCTAHEDRA VIA A MOLECULAR DYNAMICS SIMULATION APPROACH

P32

N. Srinivasababu, VLITS, India

MECHANICAL BEHAVIOUR OF CORCHORUS/JUTE WOVEN FIBRE REINFORCED
EPOXY COMPOSITES MANUFACTURED BY ROLLING CUM HAND LAY-UP

FOR SEC ANALYSIS OF PEG

PRECISE CHARACTERIZATION OF A COMB-SHAPED POLYSTYRENE-gPOLYISOPRENE COPOLYMER
SEPARATION OF SURFACTANTS AND OLIGOMERIC MATERIALS WITH SINGLE
QUADRUPOLE MASS DETECTION
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Y.Y. Tay, NTU, Singapore

USING IN-COLUMN FILTER FOR CRYO-ELECTRON MICROCOPY APPLICATIONS
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A.K. Tiwari, NTU, Singapore

PHYSICO-CHEMICAL PROPERTIES AND PHASE BEHAVIOR STUDY OF CATIONIC
GEMINI SURFACTANTS-WATER SYSTEM

P35

D.S. Rosa, Federal University of
ABC, Brazil

CHARACTERIZATION OF LDPE/(CLAY/ESSENTIAL OIL) NANOCOMPOSITES
FILMS

P36

J. Jinschek, FEI Company, The
Netherlands

IMPROVING NANOSCALE POLYMER IMAGING WITH ADVANCES IN ELECTRON
MICROSCOPY

P37

L.Z. Wei, NTU, Singapore

BIOMIMETIC PEPTIDE COACERVATES FOR ORAL INSULIN DELIVERY

P38

H.F. Xu, Harbin Institute of
Technology, China

HEAT-RESISTANT PROPERTY OF ALUMINA-FILLED METHYLPHENYLSILICONE
RESIN

P39

R. Yusoff, NTU, Singapore

DETECTION AND CHARACTERIZATION OF ENGINEERED NANOPARTICLES IN
FOOD PRODUCTS

P40

J. Zhang, NTU, Singapore

FABRICATION AND PHYSICAL PROPERTIES OF SELF-ASSEMBLED ULTRALONG
POLYMER/SMALL MOLECULE HYBRID MICROSTRUCTURES
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials: AFM, Polymer Brush and Microscopy – I1

Invited Talk
Hiroshi Jinnai, Tohoku University, Japan

“DIRECT CHARACTERIZATION OF IN-PLANE PHASE
SEPARATION IN A POLYMER BRUSH IN SOLVENT”
Daiki Murakami1, Yuki Norizoe2, Yuji Higaki1, Atsushi Takahara1 and Hiroshi
Jinnai3
1 Institute

for Materials Chemistry and Engineering (IMCE), Kyushu University, CE41, 744
Motooka, Nishi-ku, Fukuoka 819-0395, Japan
2 National Institute of Advanced Industrial Science and Technology, 1-1-1 Higashi,
Tsukuba, Ibaraki, 305-8561, Japan
3 Institute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku
University, 2-1-1, Katahira, Aoba-ku, Sendai, Miyagi, 980-8577, Japan
hjinnai@tagen.tohoku.ac.jp

The phase behavior of polystyrene (PS) brushes in cyclohexane (CHX) were
investigated by environmental Atomic Force Microscopy as a function of the graft
density and temperature. The PS brushes of three different graft densities exhibited
island-, bicontinuous-, and hole-shape microdomains in the direction parallel to the
substrate (Fig. 1). The microdomain structure disappeared as the temperature
increased, and new structure with same morphological features re-appeared by
lowering temperature. This reversible temperature response corresponds to the inplane phase separation of the PS brush/CHX system. The UCST type binodal line
shifted toward slightly lower temperature in the PS brush/CHX system compared
to that of the corresponding non-grafted polymer solution, i.e., PS/CHX system, in
excellent agreement with our previous Monte Carlo simulation study [1].
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Figure 1: AFM images of the PS brushes in CHX at 10 °C at 3 different graft densities. The height
profiles were obtained along the white straight lines. The insets represent the in-plane density
distribution predicted in previous simulation study [1].
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[1] Y. Norizoe, H. Jinnai and A. Takahara, Europhysics Letters 101, 16006 (2013).
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials: AFM, Polymer Brush and Microscopy – I2

Invited Talk
Chi Ming Chan, Hong Kong University of Science and Technology, Hong Kong

“CHARACTERIZATION OF POLYMER CONFORMATIONS AT
SURFACES AND INTERFACES BY ToF-SIMS”
Chi Ming Chan1,2, Richard Y. T. Lau1, Xianwen Ren1, Lu-Tao Weng1,2 and Kai Mo
Ng1,4
1 Department

of Chemical and Biomolecular Engineering, Hong Kong University of
Science and Technology, Clear Water Bay, Kowloon, Hong Kong
2 Division of Environment, , Hong Kong University of Science and Technology, Clear
Water Bay, Kowloon, Hong Kong
3 Materials Characterization and Preparation Facility, Hong Kong University of Science
and Technology, Clear Water Bay, Kowloon, Hong Kong
4 Advanced Engineering Materials Facility, Hong Kong University of Science and
Technology, Clear Water Bay, Kowloon, Hong Kong
kecmchan@ust.hk

Our research group has been using ToF-SIMS to characterize polymer surface [1],
including surface mobility of polymer films [2,3], crystal surfaces of polymers [4-7] ,
and chain conformations of spin-coated thin films [8]. In this talk, we will present
two examples. In the first one, we investigated the effects of molecular weight and
of flexible-segment length on the polymer chain arrangement at the folding
surfaces of the lamellae. Poly(bisphenol-A-etheralkane) (Cn) contains both rigid
aromatic and flexible aliphatic CH2 segments. Principal component analysis (PCA)
of ToF-SIMS data revealed the chemical and structural variations of the folding
surfaces of these polymers and identified the ion peaks contributing to these
variations. We highlighted the discriminating power of PCA to distinguish the
structural conformations of the amorphous and flat-on lamellar surfaces of these
polymers. The second example concerned the determination of polymer chain
conformations in the thin film using ToF-SIMS depth profiling. Thin films of
bromine-terminated poly(bisphenol-A-octane ether) (BA-C10) were depth profiled
using C60 source. The polymer chain conformations in the films and at the
interfaces can be revealed from the depth distributions of the polymer fragments
and the end groups.
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[1] Lu-Tao Weng and Chi Ming Chan, “Characterization of Polymeric Materials” ToF-SIMS – Materials
Analysis by Mass Spectrometry – 2nd Edition, Edited by John Vickerman and David Briggs, p.
503-530, SurfaceSpectra Ltd/IM Publications LLP, 2013.
[2] Yi Fu, Yiu-Ting R. Lau, Lu-Tao Weng, Kai-Mo Ng, and Chi-Ming Chan, Analytical Chemistry 85,
10725-10732 (2013).
[3] Yi Fu, Yiu-Ting R. Lau, Lu-Tao Weng, Kai-Mo Ng, and Chi-Ming Chan, Journal of Colloid and
Interface Science, 431, 180–186 (2014).
[4] Yiu-Ting R. Lau, Lu-Tao Weng, Kai-Mo Ng, Chi-Ming Chan, Surface and Interface Analysis 43,
340-343 (2011).
[5] Chi-Ming Chan, Lu-Tao Weng and Yiu-Ting R. Lau, Reviews in Analytical Chemistry 33, 11-30
(2014).
[6] Yiu-Ting R. Lau, Jerold M. Schultz, Lu-Tao Weng, Kai-Mo Ng and Chi-Ming Chan, Langmuir, 25,
8263-8267 (2009).
[7] Yiu-Ting Richard Lau, Lu-Tao Weng, Kai-Mo Ng, Manuel Kempf, Volker Altstädt, Jerold M. Schultz
and Chi-Ming Chan, Macromolecular Rapid Comm. 31, 634-639 (2010).
[8] Xianwen Ren, Lu-Tao Weng, Yi Fu, Kai-Mo Ng and Chi-Ming Chan, Surface and Interface Analysis
47, 953-960 (2015).
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials: AFM, Polymer Brush and Microscopy – I3

Invited Talk
Harm-Anton Klok, Ecole Polytechnique Fédérale de Lausanne (EPFL),
Switzerland

”POLYMER BRUSHES PREPARED VIA SURFACE-INITIATED
CONTROLLED RADICAL POLYMERIZATION – SYNTHETIC
AND ANALYTICAL CHALLENGES”
Harm-Anton Klok
Ecole Polytechnique Fédérale de Lausanne (EPFL), Institut des Matériaux, Laboratoire
des Polymères, Station 12, CH-1015 Lausanne, Switzerland
Harm-Anton.Klok@epfl.ch

Thin polymer coatings are of great importance to control the interactions of
synthetic materials with other materials (lubrication, wear), the environment
(corrosion) as well as biology (marine antifouling). Modern polymer science offers
unprecedented opportunities to chemically engineer the properties of surfaces
and interfaces. This presentation will discuss three aspects. The first part of the
presentation will introduce modern controlled/”living” radical polymerization
techniques and “polymer brushes” (chain-end tethered monomolecular assemblies
of densely grafted polymer chains) and present the scope and possibilities of these
approaches to chemically modify surfaces and interfaces. The second part of the
presentation will address the need for accurate surface chemical characterization
and the challenges related to the precise determination of the localization and
distribution of functional groups in thin polymer films. The presentation will end
with several brief showcases that illustrate the use of modern polymer science
tools to develop ultrathin polymer films that possess sensory properties, which can
be used to control fluid flow, to template the controlled growth of metallic or nonmetallic inorganic films on complex, 3D structured substrates as well as to guide
and control cell adhesion.

Monday, June 13 – S1 – Auditorium, 10:00
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Analysis of Combustion/Thermal Behavior in Polymers and
Nanocomposites – I4
Invited Talk
Giovanni Camino, Polytechnic University of Turin, Italy

“POLYMER COMBUSTION TESTING FOR FIRE RISK OR FIRE
PERFORMANCE?”
G. Camino
Polytechnic University of Turin, Alessandria Campus, Viale Teresa Michel 5 - 15121
Alessandria, Italy
giovanni.camino@polito.it

Flammability is a major limitation to the use of polymer materials in many
applications such as construction, transportation, electrical engineering and
electronics, furniture and furnishing, which are regulated on the basis of standard
tests.
Polymer combustion testing is however a challenging task owing to dual
dependence of polymer combustion on intrinsic and extrinsic controlling factors.
Indeed, the polymer thermal decomposition which produces the flammable
volatiles, besides the polymer chemical structure (intrinsic factor) is affected by the
material physical characteristics such as size, shape and density as well as by
environmental factors such as heat flux (heating rate) and surrounding oxygen
concentration. Furthermore, the environment heavily affects the combustion
process of volatiles produced by polymer decomposition, in terms of air oxygen
concentration and ventilation.
Thus, for a given polymer material, the combustion behavior will depend on the socalled “fire scenario” of the testing method which is defined by a specific set of all
relevant extrinsic parameters. As a consequence, flammability, ignitability, fire
retardance or fire resistance rating and ranking do not have an absolute scientific
meaning in the case of polymers, because they are test-related, in contrast with
gases or liquids which flammability is characterized by the flammability limits.
The way out of these drawbacks is the modeling of combustion based on material
properties and on the fire scenario to which the plastics item or structure is likely
to be accidentally exposed. While this approach is under development but not yet
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available for general application, tests have been developed aimed at reproducing
the fire scenario expected for each specific application.
In particular, materials screening is carried out using laboratory scale tests intended
to evaluate the global fire risk including the relevant parameters such as
ignitability, flame propagation, dripping, etc., summarized within a single figure or
code. While these tests have shown their usefulness by the fire number and hazard
decrease in last decades fire statistics, they do not supply useful information for
material development.
Suggestions are made in the lecture on how to extract information on the polymer
combustion features which are necessary for a stepwise rational upgrading of fire
retardance in a specific test, just by a better exploitation of test itself results.
Examples will be shown for most popular tests such as UL94, LOI, Glow Wire Test,
Cone Calorimeter.

Monday, June 13 – S3 – Auditorium, 14:10
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Analysis of Combustion/Thermal Behavior in Polymers and
Nanocomposites – I5
Invited Talk
Serge Bourbigot, École Nationale Supérieure de Chimie de Lille, France

“NEW TRENDS IN FLAME RETARDANCY OF POLYMERS:
EVALUATION, CHARACTERIZATION AND MECHANISM”
S. Bourbigot
R2Fire group/UMET – UMR CNRS 8207, University of Lille / ENSCL, Avenue Dimitri
Mendeleïev –CS 90108, 59652 Villeneuve d’Ascq Cedex, France
serge.bourbigot@ensc-lille.fr

The development of science and technology provides the availability of
sophisticated products but concurrently, increases the use of combustible
materials, in particular organic materials. Those materials are easily flammable and
must be flame retarded to make them safer. It is the purpose of this paper to
review new trends and new concepts to design flame retarded polymers using
case studies. It includes the flame retardancy of ethylene-vinyl acetate copolymer
(EVA) and thermoplastic polyurethane (TPU) for cable sheathing, polylactide (PLA)
as bio-based polymer and engineering plastics such polyamide-66 (PA-66) for E&E
applications.
Aluminum trihydroxide (ATH) is a very well-known flame retardant (FR) which is
usually incorporated at content around 50–60 wt.% in the polymer (e.g. EVA) to
achieve a satisfactory degree of flame retardancy. The combination of melamine
phosphate (MP) or melamine borate (MB) and ATH provides high performance in
EVA. In the condensed phase, a physical barrier is formed during combustion
protecting the material against external heat (formation of alumina coming from
the dehydration of ATH). The presence of MP leads to the formation of aluminum
phosphate and with MB to BN and BNO structures in the condensed phase
improving stability and insulative properties of the char layer [1,2].
Melamine-poly(aluminum phosphate) (S200) was developed and along with
aluminum phosphinate (AlPi) it was found to act synergistically in the flame
retardancy of glass fiber reinforced polyamide-66 (PA-66/GF). UL94V, GWFI and CTI
are V-0 (0.8 mm), 960 °C and no tracking. The material meets E&E regulation and
exhibits superior FR properties compared to the other conventional solutions (e.g.,
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combination AlPi/MP). There is also a considerable reduction (80%) in the peak of
heat release rate (pHRR) measured by cone calorimetry with significant
intumescent behavior [3]. The superior FR performance of PA66/GF-AlPi-S200 is
explained by the synergistic effect of both additives. This includes an intumescent
behavior, the delay of ignition, the pHRR reduction, the higher thermal stability and
the formation of key chemical species in both gas and condensed phase (P radical
species acting in the gas phase and heterocyclic aromatic structures in the
condensed phase).
The two above case studies show different mechanisms can be involved to flame
retard polymers. It gives us the opportunity to design in different ways the FR
material to achieve the highest performance and to meet the regulation.
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[1] C. Hoffendahl, G. Fontaine, S. Duquesne, F. Taschner, M. Mezger and S. Bourbigot, RSC Adv. 4,
20185 (2014).
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Analysis of Combustion/Thermal Behavior in Polymers and
Nanocomposites – I6
Invited Talk
Jaime Grunlan, Texas A&M University, USA

“WATER-BASED FLAME RETARDANT NANOCOATINGS FROM
ENVIRONMENTALLY-BENIGN INGREDIENTS”
Jaime Grunlan
“Linda & Ralph Schmidt ‘68 Professor”
Department of Mechanical Eng., Materials Science & Eng. and Chemistry, Texas
A&M University, College Station, TX, USA
jgrunlan@tamu.edu

Layer-by-layer (LbL) assembly is a conformal coating “platform” technology capable
of imparting a multiplicity of functionalities on nearly any type of surface in a
relatively environmentally friendly way. At its core, LbL is a solution deposition
technique in which layers of cationic and anionic ingredients are built up via
electrostatic attractions in an alternating fashion. This presentation will highlight
LbL-based flame retardant nanocoatings for polyester-cotton fabric. Using chitosan
and an insoluble phosphorus source in alternating layers, less than 15 wt% coating
is necessary to impart self-extinguishing properties to the fabric. Immediate selfextinguishment in the vertical flame test and a significant reduction of peak heat
release of the fabric are the result of this coating. This commercially-feasible and
environmentally-benign technology imparts a flame retardant treatment to one of
the most commonly used fabric types. In an effort to impart flame retardant
behavior to fabric using fewer processing steps, a water-soluble polyelectrolyte
complex was devloped. This nanocoating is comprised of polyethylenimine and
poly(sodium phosphate) and imparts self-extinguishing behavior to cotton fabric
in just a single coating step. Adding a melamine solution to the coating procedure
renders nylon-cotton blends self-extinguishing. These blends are widely used for
apparel and equipment. Our flame retardant work has been highlighted in C&EN,
ScienceNews, Nature, Smithsonian Magazine, Chemistry World and various scientific
news outlets worldwide. For more information, please visit: http://
nanocomposites.tamu.edu.

Monday, June 13, S3 – Auditorium, 15:10
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials: Energy – I7
Invited Talk
Carsten Deibel, Technische Universität Chemnitz, Germany

“CHARACTERIZATION OF MATERIALS AND DEVICES FOR
POLYMER AND HYBRID PHOTOVOLTAICS”
C. Deibel
Institut für Physik, Technische Universität Chemnitz, 09126 Chemnitz, Germany
deibel@physik.tu-chemnitz.de

Organic and hybrid semiconductors offer interesting physical properties for a
range of optoelectronic applications, including photovoltaics. For the optimisation
of corresponding solar cells, a deeper understanding of the physical processes from
light absorption to charge extraction is required.
First, I will discuss the charge photogeneration in organic blend solar cells. As the
screening of charges in organic semiconductors is only weak, the exciton binding
energies are much higher than the thermal energy at room temperature, and also
photogenerated charge carriers are initially bound. I will discuss why their
separation is still very efficient in polymer-fullerene blends. The material system
under study is a polythiophene-fullerene blend combination which allows a
systematic tuning of the blend morphology by varying the acceptor type and
fraction, making it a well-suited structural model [1,2]. To analyze the charge carrier
photogeneration, time delayed collection field measurements and Fouriertransform photocurrent spectroscopy. The results demonstrate that the presence of
pure acceptor phases is the major driving force for an efficient, field independent
charge photogeneration in polymer-fullerene solar cells.
The dominant loss mechanism in state-of-the-art devices, however, is often the
recombination of free charge carriers. Radiative recombination is the only loss
mechanism in an ideal solar cell according to the Shockley-Queisser limit. The less
ideal it becomes, the lower the yield of radiative recombination as compared to
non-radiative loss processes, which implies that the overall recombination is
increased. I will report on a joint study [3], where we determined the radiative
efficiency for methylammonium lead iodide perovskite solar cells in comparison to
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an organic photovoltaic model device. The emission from the perovskite devices is
dominated by a sharp band-to-band transition that has a radiative efficiency much
higher than that of an average OPV device. Finally, I will discuss the charge carrier
dynamics in this type of hybrid solar cells as determined by temperature
dependent photoluminescence transients measured in a confocal microscope
setup.
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials: Energy – I8
Invited Talk
Michael F. Toney, Stanford Synchrotron Radiation Lightsource, USA

“GRAZING INCIDENCE X-RAY SCATTERING FROM
FUNCTIONAL ORGANIC THIN FILMS”
M. F. Toney
Stanford Synchrotron Radiation Lightsource, SLAC National Accelerator
Laboratory, Menlo Park, CA, USA
mftoney@slac.stanford.edu

Solution processed organic photovoltaics (OPV) are an attractive approach for lowcost, high-volume solar cell production. Currently, the state-of-the-art OPV solar
cells reach an efficiency of 13% [1]. In order to further increase the efficiency to the
required 18-20%, a better fundamental understanding of the solar cell materials is
needed. The photoactive part of an OPV device consists of an organic electron
donor such as a small molecule or polymer, and an electron acceptor, usually a
fullerene derivative. Most OPV active layers are bulk heterojunction (BHJ) blends,
which are a nano-phase separated mixture of donor and acceptor. Upon
absorption of a photon, an electron-hole pair (exciton) is created in the donor,
which can be charge-separated at a donor:acceptor interface. The diffusion length
of an exciton is limited to 5-10 nm [2], and thus the BHJ needs to be engineered
such that all excitons are created close to the donor:acceptor interface. Thus, the
efficiency of the OPV device depends critically on the morphology of the BHJ.
Specifically, the amount, size and distribution of these phases are of tremendous
importance. Here we will describe methods to quantify the amount and size of
these phases in the BHJ by means of X-ray methods.
As a model system, we look at the high-performance, small molecule X2:PCBM OPV
system, where PCBM is [6,6]-phenyl-C61-butyric acid methyl ester. Interestingly, the
X2:PCBM system is efficient in a broad range donor:acceptor blend ratio [3], while
the efficiency of most systems are sensitive to this ratio. We employ Grazing
Incidence Wide Angle X-ray Scattering (GIWAXS) and Resonant Soft X-ray
Scattering (R-SoXS) to characterize the X2:PCBM BHJ. By fitting the GIWAXS of the
blend to a combination of GIWAXS on the pure materials, we quantitatively
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determine the volume-% of pure X2, pure PCBM and mixed X2:PCBM in the BHJ.
We use R-SoXS to probe the size of the domains. We find that in the
donor:acceptor ratio range where the devices are efficient, the domain size
(~25nm) and total mixed phase vol-% (30-40 vol-%) are similar. Our results show
that a certain amount and size of mixed phase is required for this device to have a
high efficiency.
The detailed information about the morphology of both materials in the pure and
mixed phase domains contributes to a better understanding of optimal
morphologies.
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials: Energy – I9
Invited Talk
Paul C. Dastoor, The University of Newcastle, Australia

“SCANNING TRANSMISSION X-RAY MICROSCOPY –
MAPPING CHEMICAL COMPOSITION AT THE NANOSCALE”
Paul C. Dastoor
Centre for Organic Electronics, University of Newcastle, Callaghan, NSW 2308,
Australia
Paul.Dastoor@newcastle.edu.au

The use of synchrotron radiation offers unique capabilities for the characterization
of soft organic matter such as oligomers and polymers. In this talk I will discuss the
application of carbon edge near-edge X-ray absorption fine structure (NEXAFS)
spectroscopy to the study of organic materials systems. The talk will outline the
challenges of carbon edge NEXAFS spectroscopy, how it can be implemented as
the imaging technique of scanning transmission X-ray microscopy (STXM). The talk
will highlight our recent progress in STXM imaging of organic electronic materials
and the lessons gained over 20 years of synchrotron based research at a broad
range of synchrotron facilities in Tsukuba (Japan), Pohang (Korea), Hsinchu
(Taiwan), Berkeley (USA) and Melbourne (Australia).
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Analysis and Characterization of Interfaces and Interphases
– I10
Invited Talk
Manuel Salmeron-Sanchez, University of Glasgow, UK

”NOVEL BIOINTERFACES TO CONTROL STEM CELL FATE”
Manuel Salmeron-Sanchez
Division of Biomedical Engineering, School of Engineering, University of
Glasgow, Glasgow, UK
masalsan@fis.upv.es

The surfaces of synthetic biomaterials have been functionalized with a broad range
of proteins, peptides and growth factors seeking to control cell behaviour. We have
shown that selected material surfaces trigger the organization of ECM proteins to
promote integrin/growth factor receptor synergistic signalling which allows low
doses of growth factors to control stem cell behaviour, vascularisation and tissue
healing. However, as powerful as these strategies are, a limitation is that they are
static by nature and cannot provide the dynamic stimuli which are ideally required
to orchestrate cell responses at the material interface. Non-pathogenic bacteria can
colonise the surface of a broad range of synthetic materials and can be genetically
modified to express and secrete adhesive proteins, factors and biochemical cues to
a living cell population upon external demand – in a truly dynamic way. We show
that this living interface supports mammalian cell adhesion, signaling and
differentiation.
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Analysis and Characterization of Interfaces and Interphases
– I11
Invited Talk
Bo Liedberg, Nanyang Technological University, Singapore

”SPECTROSCOPIC CHARACTERIZATION OF OLIGOMERIC
ARCHITECTURES ON SOLID SUPPORTS”
Bo Liedberg
School of Materials Science and Engineering, Nanyang Technological University,
Singapore
bliedberg@ntu.edu.sg

This contribution discusses the characterization of thin molecular films on solid
supports using optical and photoelectron spectroscopies. Self-assembled
architectures containing oligo(ethylene glycols) tails are studied in detail using a
range of surface sensitive optical techniques as infrared reflection-absorption
spectroscopy, ellipsometry and surface plasmon resonance, as well as with X-ray
photoelectron spectroscopy. A significant part of the talk is devoted to studies of
temperature-driven phase transitions (20-90 °C) in the oligo(ethylene glycol)
segments as a function of chain length and in-plane stabilizing groups. It is found
that oligo(ethylene glycols) tails with an (ethylene glycol)n chain length of n≥ 6 and
with an amide (–CONH–) in-plane stabilizing group exhibited a helical to trans
transition whereas those having an other group (–O– and –COO–) exhibited a
typical helical to amorphous (melting) transition. The application of such 2D
architectures for fundamental adsorption studies and as models for the
development of novel sensing interphases also will be discussed. Issues related to
reduction of non-specific adsorption of proteins from complex biofluids are
addressed and correlated to the composition and phase behavior of the
oligo(ethylene glycol) films.
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Characterization of Polymer Systems for Personal Care and
Drug Delivery – I12
Invited Talk
Björn Lindman, Nanyang Technological University, Singapore

”POLYELECTROLYTE–SURFACTANT ASSOCIATION—FROM
FUNDAMENTALS TO APPLICATIONS”
Björn Lindman1,2, Tommy Nylander2, Filipe Antunes2 and Maria Miguel3
1 School of Materials Science & Engineering, Nanyang Technological University,
Singapore
2 Division of Physical Chemistry, Lund University, Sweden
3 Department of Chemistry, Coimbra University, Coimbra, Portugal
Bjorn.lindman@fkem1.lu.se

Mixed polymer-surfactant systems have broad applications, ranging from
detergents, paints, pharmaceutical, cosmetic to biotechnological. A review of the
underlying polymer-surfactant association in bulk is given. While ionic surfactants
bind broadly to polymers, nonionics only do so if the polymer has a lower polarity
and can interact by hydrophobic interactions. Water-soluble polymers, which have
hydrophobic groups, form physical cross-links, hence their important use as
thickeners. The rheological behaviour is strongly influenced by various cosolutes;
especially strong effects are due to surfactants and both a decrease and an
increase in viscosity can occur. When the polymer-surfactant interactions are
particularly strong, an associative phase separation can occur, like in the case
where there is electrostatic attraction, as well as hydrophobic; this and other types
of phase separation phenomena are described. Except for linear ionic and nonionic
polymers, the interactions between surfactants and cross-linked polymers,
microgel particles and covalent macroscopic gels are analyzed, as well as the
possibility of forming gel particles of interest for encapsulation purposes.
Furthermore, the behavior of these mixed systems on surfaces is discussed. In
particular, we consider the adsorption of mixtures of ionic polymers and oppositely
charged surfactants on polar and nonpolar surfaces. Depending on concentration,
an ionic surfactant can either induce additional polyion adsorption or induce
desorption. Kinetic control of adsorption and, in particular, desorption is typical.
Important consequences of this include an increased adsorption on rinsing and
path dependent adsorbed layers.
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Characterization of Polymer Systems for Personal Care and
Drug Delivery – I13

Invited Talk
Patrick T. Spicer, The University of New South Wales, Australia

”MICROSTRUCTURE AND YIELDING OF SPARSE MICROFIBER
GELS”
Jie Song1, Marco Caggioni2, Patrick T. Spicer1 and Todd M. Squires3
1 Department of Chemical Engineering, University of New South Wales, Sydney,
NSW 2052, Australia
2 Complex Fluid Microstructures, P&G, 8256 Union Centre Blvd., West Chester,
Ohio 45069
3 Department of Chemical Engineering, University of California, Santa Barbara,
California 93106-5080
p.spicer@unsw.edu.au

Complex fluids have been studied and developed throughout most sectors of
industry and medicine because of their unique rheological properties. Suspending
colloidal particles with attractive interactions to form a network is a common way
to impart a yield stress to a fluid. Large aspect ratio cellulose nanofibers are able to
a form poroelastic network at low volume fractions via aggregation and
entanglement, forming a gel without significantly modifying viscosity [1]. The gels
have a small but useful yield stress and a better ability to suspend particles than
non-interacting higher volume fraction glasses [2] because the sparse fiber
networks can significantly restructure at small strains. Yielding behavior can thus
strongly depend on the fluid microstructure [3].
In our study, a new active microrheology technique is developed and applied to
study deformation and yielding of aqueous cellulose fiber gels. Confocal imaging
shows how gel yield stress relates to structural deformation rate because of
localized network restructuring. Such response is advantageous to applications like
surface coatings, nasal sprays, cosmetics, and foods. Understanding the mechanism
of rate- and length-scale dependent yielding, and relating microstructure changes
to bulk rheology [4], will enhance our ability to formulate, model, and design
complex fluids with novel performance.
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[1] Solomon MJ, Spicer PT. Microstructural regimes of colloidal rod suspensions, gels, and glasses.
Soft Matter, 6, 1391 (2010).
[2] Emady H, Caggioni M, Spicer P. Colloidal microstructure effects on particle sedimentation in yield
stress fluids. J Rheol. 57, 1761 (2013).
[3] Joshi YM. Dynamics of colloidal glasses and gels. Annu Rev Chem Biomol Eng. 5, 181, (2014).
[4] Hsiao L, Newman RS, Glotzer SC, Solomon MJ. Role of isostaticity and load-bearing microstructure
in the elasticity of yielded colloidal gels. Proc Natl Acad Sci, 109, 16029, (2012).
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Characterization of Polymer Systems for Personal Care and
Drug Delivery – I14

Invited Talk
Eric Robles, Procter & Gamble Co., UK

”CHARACTERISATION OF POLYMERS IN FORMULATED
PRODUCTS IN PERSONAL CARE”
Eric Robles
Procter & Gamble Company, Newcastle Innovation Centre, Newcastle Upon Tyne,
United Kingdom
robles.es@pg.com

Polymer is ubiquitous in formulated consumer products including detergents,
shampoo, body wash, facial cream, hair conditioner/colourant and toothpaste. They
are used to deliver various benefits relevant to consumers including stain removal/
repellency/catalytic detergency, deposition or anti-redeposition agent, softness,
dye transfer inhibitor, anti-foam or foaming agent, wetting or drying agent. Their
unique rheological properties can also be used to improve product stability and
tribology when applied to surfaces like skin, hair, tooth, fabric. To deliver such
benefits, deep insights on the mechanism are critical to consumer goods industry.
In this talk, various characterisation techniques used in industry, both in solution
and on surfaces, will be covered from light/X-ray/neutron scattering, reflectometry,
NMR, microscopy, tensiometry, AFM, TOF-SIMS, XPS, etc. These techniques are
chosen to make the invisible visible. They cover a wide range of length and time
scales to provide a holistic overview of what is happening at the molecular level
(invisible to the eyes and typically fast processes (milliseconds)) to scale that the
eyes can see (macroscale) where processes can happen much slower (days to
years).
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials: Biopolymers – I15
Invited Talk
Robert G. Gilbert, The University of Queensland, Australia

“USING BIOSYNTHESIS - STRUCTURE - PROPERTY
RELATIONS TO DEVELOP TAILOR-MADE STARCHES WITH
IMPROVED FUNCTIONAL PROPERTIES”
Robert G. Gilbert
Hartley Teakle Building (Centre for Nutrition and Food Sciences), Queensland
Alliance for Agriculture & Food Innovations, University of Queensland, Brisbane
Qld 4072
b.gilbert@uq.edu.au

Starch is a complex branched polymer of glucose. We receive about half our food
energy from starch-containing foods, and starch is a renewable resource which is
reaching increasing attention for greater usage in “green” materials. Starch
structure can be categorized into 6 hierarchical levels, ranging from the individual
branches (chains, at the nm scale) to the whole grain or tuber (at the mm scale).
The two lowest of these levels, the molecular weight distributions of the chains
and the multiple-variable size distributions of the branched molecule, determine
many functional material and food properties. This talk will look at state-of-the art
techniques for the structural characterization of these complex branched polymers,
along with high-level theory developed to interpret the data. Examples of the
outcomes will be presented in the fields of degradation and mechanical properties
of starch-containing materials. Examples will also be given of improved methods
for structure-based understanding digestion of foods and the relevance of these
findings to major public health issues, specifically diabetes, obesity and colo-rectal
cancers.
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials: Biopolymers – I16
Invited Talk
Kok-Ping Chan, Institute of Chemical and Engineering Sciences, Singapore

”MICROSTRUCTURAL ANALYSIS OF BIOPOLYMERS IN FOOD
APPLICATIONS”
Kok-Ping Chan
Institute of Chemical and Engineering Sciences, Singapore
chan_kok_ping@ices.a-star.edu.sg

The interplay of biopolymers and ingredients can enable food systems to adopt
many structural forms. The intrinsic profile of the food matrix plays an important
role in governing a myriad of properties, ranging from processing and storage
parameters to nutritional and sensory benefits. The Food and Nutrition Cluster in
the Institute of Chemical and Engineering Sciences (ICES) has immense interest in
the correlation of food structures to functionalities, particularly in the realm of
ingredient processing. In this presentation, I will discuss some of the recent work
from our cluster that highlight the broad spectrum applications of microstructural
analysis to understand the fundamental aspects of food science.
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials – SO1.1
Special Contributed Talk
Taihyun Chang, Pohang University of Science and Technology, Republic of Korea

“PRECISE CHARACTERIZATION OF POLYMERS PREPARED BY
ANIONIC POLYMERIZATION"
Taihyun Chang
Division of Advanced Materials Science and Department of Chemistry, Pohang
University of Science and Technology (POSTECH), Pohang, 790-787, Republic of Korea
tc@postech.ac.kr

After Szwarc first demonstrated the mechanism of living anionic polymerization of
styrene in 1956, anionic polymerization has been used widely to prepare welldefined polymers in molecular weight and chain architectures [1]. The molecular
weight distribution of such living polymers was theoretically predicted by Flory
even earlier in 1940 [2]. The experimental verification had to wait for 60 years until
interaction chromatography (IC) and MALDI-MS became available due to the
limited resolution of size exclusion chromatography (SEC) that has been used
commonly for molecular characterization of synthetic polymers [3].
In particular, the precise characterization of branched polymers that are often
prepared by anionic polymerization and subsequent linking of macromers for
either backbone or branches is practically impossible by SEC. Let alone the intrinsic
low resolution due to the serious band broadening, SEC separates polymers
according to their hydrodynamic size and the size of branched polymers does not
change as much as linear polymers with respect to their molecular weights.
In this presentation, precise molecular characterization of anionic-polymerized
polymers will be discussed with a brief introduction of the principle IC relative to
SEC.
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Figure 1: IC and SEC separation of 9 polystyrene standards (Mw: 2.0k, 11.6k, 30.7k, 53.5k, 114k,
208k, 502k, 1090k, 2890k).

[1] M. Szwarc, Nature, 24, 1168 (1956).
[2] P.J. Flory, J. Am. Chem. Soc. 62, 1561 (1940).
[3] W. Lee et al. Macromolecules, 33, 5111 (2000).
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials – SO1.2
Special Contributed Talk
Harald Pasch, University of Stellenbosch, South Africa

“MULTIDETECTOR THERMAL FIELD-FLOW FRACTIONATION
FOR MONITORING THE STRUCTURE AND DYNAMICS OF
BLOCK COPOLYMER MICELLES”
H. Pasch and G. Greyling
Department of Chemistry and Polymer Science, University of Stellenbosch, 7602
Stellenbosch, South Africa
hpasch@sun.ac.za

Block copolymer micelles have attracted much attention as a versatile platform
that can readily be adapted to a wide range of applications including drug delivery
and the production of nanoscale patterns. However, current analytical techniques
are not suitable to provide comprehensive information regarding size, molar mass,
chemical composition and micelle stability in different environments. It is shown
by the analysis of block copolymer micelles with various corona compositions that,
in contrast to current techniques, multidetector thermal field-flow fractionation
(ThFFF) is capable of separating micelles according to corona composition and
providing comprehensive information on important micelle characteristics such as
size, molar mass, chemical composition as well as their respective distributions

Figure 1: Multidetector ThFFF fractionation of polystyrene-polybutadiene block copolymer micelles.
63

from a single analysis. Moreover, it is shown that ThFFF is a suitable technique to
monitor the dynamics of mixed micelle formation in terms of size, molar mass, and
chemical composition.

[1] G. Greyling, H. Pasch, Macromol. Rapid Commun. 35, 1846-51 (2014).
[2] G. Greyling, H. Pasch, Anal. Chem. 87, 3011-3018 (2015).
[3] G. Greyling, H. Pasch, J. Chromatogr. A 1414, 163-172 (2015).
[4] G. Greyling, H. Pasch. Macromol. Rapid Commun. 36, 2143-2148 (2015).
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials – SO1.3
Special Contributed Talk
H. N. Cheng, USDA Agricultural Research Service, USA

“NMR CHARACTERIZATION OF POLYMERS FROM
TRIGLYCERIDES”
H. N. Cheng1 and Atanu Biswas2
1 Southern

Regional Research Center, USDA Agricultural Research Service, 1100 Robert E.
Lee Blvd., New Orleans, LA 70124, USA
2 National Center for Agricultural Utilization Research, USDA Agricultural Research
Service, 1815 North University Street, Peoria, IL 61604, USA
hn.cheng@ars.usda.gov

Vegetable oils are valuable agricultural commodities and increasingly used as raw
materials for the preparation of specialty products. A large number of reactions
have been developed, and this is an area of active research and development at
this time. It is of interest that many reaction pathways have led to the formation of
polymers. For example, polymers can be produced directly from vegetable oils
through heat, oxidation, pericyclic reactions, or cationic polymerization. Vegetable
oils can also be epoxidized and subsequently polymerized. Moreover, vegetable
oils can be adducted with vinyl groups to form addition polymers or with
diisocyanates to form polyurethanes. In this talk, selected polymerization reactions
of vegetable oils will be discussed with a particular emphasis on the use of NMR
spectroscopy. NMR permits monitoring of reactions, quantification of products and
impurities, understanding of reaction mechanisms, and identification of new
structures. NMR is particularly useful with new reactions when the reaction
mechanism is not completely known and the products are complex. Appropriate
examples [1-4] of the use of NMR in new polymeric reactions will be given in this
talk.

[1] H.N. Cheng and A. Biswas, ACS Symp. Ser., 1192, 235-247 (2015).
[2] A. Biswas, Z. Liu, and H. N. Cheng, Int. J. Polym. Anal. Charact., 21, 85–93 (2016).
[3] A. Biswas, H. N. Cheng, K.T. Klasson, Z. Liu, J. Berfield, and F.O. Ayorinde, J. Am. Oil Chem. Soc., 91,
2111–2116 (2014).
[4] A. Biswas, H.N. Cheng, S. Kim, Z. Liu, J. Amer. Oil Chem. Soc., 91, 125-131 (2014).
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials – O1.1
Contributed Talk
Nicolas Longiéras, PEAKEXPERT, France

“PEEK AND POLYARYLETHERKETONE POLYMERS ANALYSIS
BY SIZE-EXCLUSION SEC AND LIQUID ADSORPTION LAC
CHROMATOGRAPHY”
Nicolas Longiéras
PEAKEXPERT, 8, rue Honoré de Balzac, 37000 Tours, France
longieras@peakexpert.com

PEEK and others polyaryletherketones (PAEK) are high performance polymers with
outstanding mechanical, chemical and thermal properties. Uses of PAEK cover
various markets of the electronic, aerospace, automotive and high performance
films industries. Monitoring chemical and physico-chemical evolutions of these
materials is important in critical applications. As PAEK polymers are not soluble in
common solvents, PAEK analysis in liquid state is difficult without the use of high
temperature and derivatization; both are sources of chemical degradation.
Our first research results evidenced a new route of low temperature size-exclusion
chromagraphy (SEC) [1]. This approach enables 1H NMR and FTIR couplings after a
SEC separation [2].
The present results evidence an improved SEC analysis allowing oligomers to be
separated. A liquid adsorption chromatography (LAC) separation has been set up
allowing separation of PAEK with varying ketone group content (PEEK, PEK, PEKEKK,
PEKK) and spectral database recognition. LAC separation can be applied to
polysulfone and polyimide (TPI) PAEK blends. Chromatography results are
compared to low temperature 1H and 13C NMR characterizations.

[1] ISPAC 25th Conference, June 2012, Rolduc Abbey, Holland
[2] SCM-6 Separation and Characterization of Macromolecules, February 2013, Dresden, Germany
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The Characterization Challenge for Polymeric and Hybrid
Nanomaterials – O1.2
Contributed Talk
Joongsuk Oh, Pohang University of Science and Technology, Republic of Korea

“SEPARATION AND CHARACTERIZATION OF LIVING AND
DEAD CHAIN IN POLYSTYRENE SYNTHESIZED BY ATRP”
Joongsuk Oh, Jiae Kuk and Taihyun Chang
Department of Chemistry and Division of Advanced Materials Science, Pohang
University of Science and Technology (POSTECH), Pohang, 790-784, Republic of Korea
jambbong@postech.ac.kr; tc@postech.ac.kr

Atom transfer radical polymerization (ATRP) is a very useful method to obtain
polymers with relatively narrow molecular weight distribution (MWD) and various
chain-end functionalities (CEF). However, dead chains are always formed by
suppressed but unavoidable termination reaction between free radicals while
chains are growing in ATRP that results imperfect CEF. Thus the dead chains are
inevitable by-product that affects the purity in the synthesis of block copolymer
and topological polymer by ATRP. Nonetheless, the true MWD and CEF of polymers
prepared by ATRP is yet to be addressed critically. Let alone the resolution
limitation of size exclusion chromatography (SEC), the predominantly used
technique for MWD analysis of synthetic polymers, their MWD is intrinsically an
overlapped distribution of both living and dead chains.
In this study, living and dead chains of polystyrenes synthesized by ATRP are
separated by HPLC after the chain-end substitution reaction. After the
polymerization, only living chains carry a bromine end group which can be easily
converted to another polar functional group such as hydroxyl group. Then, HPLC
can effectively separate the polymers according to the chain end functionality.
Living chains with polar chain end interact more strongly with polar stationary
phase such as bare silica than dead chains. MALDI-TOF MS is used to identify the
chain end in the separated fractions. Finally, dead chain fraction and true MWD of
living chain by ATRP are experimentally determined and compared with the
theoretical predictions.
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Figure 1: Dead and living chain peak separation in SEC chromatogram.

[1] K. Matyjaszewski, Macromolecules, 45, 4015 (2012).
[2] K. Matyjaszewski and coworkers, Macromolecules, 44, 2668 (2011).
[3] S. Zhu and coworkers, J. Polym. Sci. A Polym. Chem. 52, 639 (2014).
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Contributed Talk
Liu Rongrong, ICES, Singapore

“METAL-CHELATING POLYMERIC TAGS FOR “CLICK”-BASED
SINGLE CELL MASS CYTOMETRY”
Rongrong Liu1, Karima B. Larbi2, Michael Fehlings2, Karen Teng2, Xinwei
Chen1, Siok Wei Tay1, Evan W. Newell2 and Nikodem Tomczak1*
1 Institute

of Materials Research and Engineering, Agency for Science, Technology and
Research (A* STAR), 2 Fusionopolis Way. Innovis, Singapore 138634
2 Singapore Immunology Network, Agency for Science, Technology and Research (A*
STAR), 8A Biomedical Grove, Singapore 138648
tomczakn@imre.a-star.edu.sg; evan_newell@immunol.a-star.edu.sg

The unambiguous identification of rare cell types usually requires quantitative
determination of multiple biomarkers simultaneously on individual cells [1]. This
requirement has greatly driven the advances of multiplexed analytical technologies
with high sensitivity and specificity. Inductively coupled plasma-mass spectrometry
(ICP-MS) is a powerful real time single cell analysis technique, which has been
developed in recent years for multiplexed immunoassays [2]. It overcomes the
limitations of traditional flow cytometry such as fluorescent spectral overlapping,
autofluorescence and limited number of tags. In mass cytometry, cells tagged with
metal isotopes are quantified by time of flight mass spectrometry (CyTOF). In order
to increase the sensitivity of this technique, metal-chelating polymers (MCPs) have
been explored for immunoassays [3]. Polymeric tags amplify signals of CyTOF by
carrying multiple copies of individual metal isotopes. However, labelling strategies
and labelling efficiency of MCPs to antigens/protein on the cell surface remain
relatively unexplored. We demonstrate herein a copper-free “click” platform for
attaching metal chelating polymers to modified streptavidin (SAV). As a proof-ofconcept the polymer-streptavidin conjugate has been used as the amplification
platform for CyTOF ICP-MS to identify human peripheral blood mononuclear cells
(PBMC).
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Figure 1: MCPs-streptavidin conjugate and mass cytometry results for labelled cell populations in PBMC cell
sample. a) Structure of MCPs-streptavidin conjugate. b) Histogram of the lanthanide signal 159Tb of our
labelled MCPs-streptavidin (orange line) compared to commercial DN3 labelled cells (green line).

[1] M. Roederer, S. De Rosa, R. Gersten, M. Anderson, M. Bigos, T. Nozaki, D. Parks and L.
Herzenberg. Cytometry 29, 328 (1997).
[2] M. M. Davis, J.D. Altman and E. W. Newell. Nat. Rev. Immunol. 8, 551 (2011).
[3] X. Lou, G. Zhang, I. Herrera, R. Kinach, O. Ornatsky, V. Baranov, M. Nitz, and M. A. Winnik, Angew.
Chem. Int. Ed. 46, 6111 (2007).
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Roberto Simonutti, University of Milan – Bicocca, Italy

“SELF-ASSEMBLY OF POLY(N,N-DIMETHYLACRYLAMIDE)-bPOLYSTYRENE: A COMPREHENSIVE CHARACTERIZATION”
R. Simonutti, D. Bertani and M. Mauri
Department of Materials Science, University of Milan – Bicocca, via Roberto Cozzi 55,
20125 Milan, Italy
roberto.simonutti@unimib.it

Amphiphilic block copolymers have long been employed for the fabrication of
polymeric nanoparticles apt for multiple applications, from drug delivery [1] to
photonics. Extensive and systematic study carried out on PEO-b-PS, PAA-b-PS, PEOb-PB [2] systems allowed to map the accessible morphologies in varying assembling
conditions.
In this contribution, we add poly(N,N-dimethylacrylamide)-b-polystyrene (PDMA-bPS) to the picture. Its simplicity and non-responsiveness to stimuli often used to
trigger chain rearrangement – i.e. temperature or pH – have caused this system to
be mostly overlooked by literature. Nevertheless, simple copolymer
nanoprecipitation yields particles of a wide variety of morphologies and different
hierarchical levels of organization.
By exploring a total molecular weight range spanning an order of magnitude (11.3
– 99.5 kg/mol) and hydrophilic volume fractions (fPDMA) ranging from 0.75 (“starlike” regime) to 0.06 (“crew-cut” regime), it is possible to observe all the basic
micellar structures, from monodisperse “hairy” micelles [3] to rods and hollow
vesicles. Additionally, complex structures arise from second-order assembly: single
micelles coalesce in “pomegranate” particles [4] and small lamellae intertwine to
form large bicontinuous sponges.
In order to provide an all-round characterization of this wide array of manifold
structures, numerous techniques need to be used in combination: particle imaging
was performed by SEM, conventional and cryogenic TEM and cryogenic electron
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Figure 1: TEM and AFM micrographs of PDMA-b-PS assemblies. Top row: micelles, worms and
vesicles. Bottom row: “pomegranate” particles, large compound micelles and sponges. Scale bars:
200 nm.
tomography (CET). Mechanical properties and inner particle structure were studied
using AFM.

[1] M. Gregori, D. Bertani, E. Cazzaniga, A. Orlando, M. Mauri, A. Bianchi, F. Re, S. Sesana, S. Minniti,
M. Francolini, A. Cagnotto, M. Salmona, L. Nardo, D. Salerno, F. Mantegazza, M. Masserini, R.
Simonutti, Macromol. Biosci. 15, 1687 (2015).
[2] S. Jain, F. S. Bates, Science 300, 460 (2003).
[3] G. Vaccaro, A. Bianchi, M. Mauri, S. Bonetti, F. Meinardi, A. Sanguineti, R. Simonutti, L. Beverina,
Chem. Commun. 49, 8474 (2013).
[4] A. Bianchi, M. Mauri, S. Bonetti, K. Koynov, M. Kappl, I. Lieberwirth, H.-J. Butt, R. Simonutti,
Macromol. Rapid Commun. 35, 1994 (2014).
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Vivek Arjunan Vasantha, ICES, Singapore

“RHEOLOGY MODIFIERS – SHEAR THICKENING COMPLEX
FLUID FROM NOVEL POLYBETAINES”
Vivek Arjunan Vasantha and Anbanandam Parthiban
Institute of Chemical and Engineering Sciences, Agency for Science, Technology and
Research (A*STAR), 1, Pesek Road, Jurong Island, Singapore 627833
vivek_vasantha@ices.a-star.edu.sg

Polybetaines form an important class of macromolecules, endowing a range of
unique properties because of inter- and intramolecular interactions and find
applications from biomedical to oil industries [1-3]. Novel hydrophobic polybetaines
having unique phase behavior and rheological properties are recently reported [4].
Their unique solubility in salt solution (high brine) is ensured by zwitterionic
behavior, introduced to the monomer segment. The phase behavior is governed by
the strong inter- and intramolecular interaction between the charged group in
aqueous salt solution results salt and themo-responsive (UCST) characteristic [5].
From the rheological point of view, these polybetaines shows powerful shear
thickening behavior resulted in significant “anti-polyelectrolyte” or “salt-loving”
effect [6]. The apparent viscosity was measured in brine solution at 40 °C in the
phase transition region using a cylindrical spindle capable of shear rates up to
2000 s-1. The apparent viscosity is increased from 0.5 mPa.s to 4.5 mPa.s. The shear
induced thickening phenomenon [7] occurs due to chain expansion and
intermolecular association of hydrophobic groups, especially in brine media. These
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polymers have great prospect in high saline oil recovery applications. The possible
mechanism and the formation of network structures (self-assembly) for this
behavior will be discussed.

[1] A.B. Lowe, C.L. McCormick, Chem. Rev. 102, 4177 (2002).
[2] S. Jana, V.A. Vasantha, L.P. Stubbs, A. Parthiban, J.G. Vancso, J. Polym. Sci., Part A: Polym. Chem.
51, 3260 (2013).
[3] S.Y. Jiang, Z.Q. Cao, Adv. Mater. 22, 920 (2010).
[4] V.A. Vasantha, S. Jana, S.S.C. Lee, C.S. Lim, S.L.M. Teo, A. Parthiban, J.G. Vancso, Polym. Chem. 6,
599 (2015).
[5] V.A. Vasantha, S. Jana, A. Parthiban, J.G. Vancso., Chem. Commun. 50, 46 (2014).
[6] V.A. Vasantha, S. Jana, A. Parthiban, J.G. Vancso., RSC Advances. 4, 22596 (2014).
[7] J.W. van Egmond., Curr. Opin. Colloid Interface Sci. 3, 385 (1998).
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Martial Duchamp, Forschungszentrum Jülich, Germany

“IN SITU TEM CHARACTERIZATION OF A WORKING
PEROVSKITE SOLAR CELL”
M. Duchamp1, C. B. Boothroyd1,2, H. Hu2, Y. M. Lam2 and R. E. DuninBorkowski1
1 Ernst

Ruska-Centre for Microscopy and Spectroscopy with Electrons and Peter
Grünberg Institute, Forschungszentrum Jülich, 52428 Jülich, Germany
2 Nanyang Technological University, School of Materials Science and Engineering, 50
Nanyang Avenue, 639798, Singapore
martial.duchamp@gmail.com

The development of a full understanding of local variations in the electrical
performance of hybrid organic-inorganic perovskite solar cells is of critical
importance, as both the current stability and the ability to scale up solar cell
devices are highly dependent on film quality and homogeneity. In situ experiments
in a transmission electron microscope (TEM) allow the local electrical properties of
such solar cells to be probed at the nanoscale and correlated with their
microstructure and chemical composition.
Here, we report for the first time in situ TEM measurements of an electrically biased
perovskite solar cell in plan view geometry. Layer deposition onto the MEMS TEM
support and transfer to the TEM were made without exposing the perovskite layer
to air, in order to prevent degradation. The electrically biased solar cell (Fig. 1a) was
characterized using several different electron microscope (EM) techniques (Figs. 1
b-f ). We observed a strong correlation between an electron beam-induced current
(EBIC) signal recorded in the TEM and a secondary electron signal recorded in a
scanning EM (SEM). Cross-sectional X-ray maps and associated scanning TEM
(STEM) images of the same device are shown in Figs. 1 g-i. This unique combination
of techniques is expected to reveal correlations between the exceptional electrical
and structural properties and local variations in chemical composition in such solar
cells.
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Figure 1: (a) Diagram of the solar cell deposited onto a custom-made MEMS TEM support. The
blue rectangle shows the position of the bottom Al contact, PCBM, perovskite and PEDOT layers.
The yellow rectangle shows the position of the Ag layer. The region where they overlap contains all
of the layers, i.e., a perovskite solar cell. The black square is an electron transparent SiNx window
where EM observations were performed. (b-f) Images from the plan-view sample shown in (a)
acquired using different imaging modes. (g-i) Cross-sectional STEM images and X-ray maps of the
area shown in (b-f).
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France
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Among the Electro-Active Polymers with large electromechanical responses,
copolymers based on poly(vinylidene fluoride) are especially interesting because of
their relatively high electroactive response and thermal and chemical stability.
While copolymers with trifluoroethylene P(VDF-TrFE) are piezoelectric and
ferroelectric, copolymers with TrFE and chlorotrifluoroethylene P(VDF-TrFE-CTFE)
are relaxor-ferroelectric and electrostrictive. These copolymers, developed by
Piezotech, show promising potential in high-tech applications such as energy
harvesting, actuation in micropumps, artificial muscles, etc.
The incorporation of CTFE into the P(VDF-TrFE) copolymers enables the conversion
of the normal ferroelectric copolymer into the relaxor-ferroelectric copolymers
with high mechanical strain and narrow polarization hysteresis. This conversion is
associated with a structural conversion characterized with Differential Scanning
Calorimeter (DSC) and dielectric spectroscopy [1,2]. For P(VDF-TrFE-CTFE), upon
heating from room temperature to the melt, the Curie transition disappears and a
maximum of the constant dielectric is observed. This maximum becomes
frequency dependant for copolymers with CTFE.
The crystalline structure and the morphology are correlated with the electrical and
mechanical properties so structural knowledge is essential to understand and
improve these materials. Simultaneous SAXS-WAXS experiments are here of
particular interest since both scales will be probed during heating and correlated
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without ambiguity with the Curie transition and with the constant dielectric
evolution.
In this paper, we will present recent results on the thermal behavior of copolymers
with and without CTFE. Simultaneous SAXS and WAXS experiments are performed
using the Nano-inXider instrument from Xenocs allowing in-situ dynamic
investigation of the crystalline phase and the morphology and kinetic
interdependencies.
Upon heating at 1 °C/min, between –50 °C and +130 °C, evolution of the
morphology (SAXS) and of the structure (WAXS) are recorded. The structural
evolution observed is well correlated with the DSC and dielectric spectroscopy
measurements. These experiments are essential to understand the two behaviors
ferroelectric and relaxor-ferroelectric.

[1] Li Hengfeng, Tan Kaiyuan, Hao Zeming and He Guowen, J. Therm Anal Calorim 105 357-364
(2011).
[2] Yang Lianyun, Tyburski Brady A. Domingues Dos Santos Fabrice, Endoh Maya K., Koga Tadanori,
Huang Daniel, Wang Yijun and Zhu Lei, Macromolecules 47 8119-8125 (2014).
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Peiyang Gu1 and QiChun Zhang1,2
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of Materials Science and Engineering, Nanyang Technological University,
Singapore 639798
2 Division of Chemistry and Biological Chemistry, School of Physical and Mathematical
Sciences, Nanyang Technological University, Singapore, 637371
qczhang@ntu.edu.sg

The sulfur cathodes, using four polyimide (PI) compounds as the hosting matrixes,
were prepared by a simple one-step approach. These four PIs-S composites
exhibited higher sulfur utilization and better cycling stability than pure sulfur. The
initial discharge capacity of PI-1S, PI-2S, PI-3S, and BBLS reached 1120, 1100, 1150,
and 1040 mAh g-1, respectively at a current rate of 300 mA g-1. After the 30th cycle,
the PI-1S, PI-2S, PI-3S, BBLS and pristine sulfur powder remained discharge
capacities of 715, 673, 729, 643 and 550 mAh g-1, respectively. Especially, PI-1S and

Figure 1: The prolonged cycle performance and coulombic efficiency lithium/sulfur batteries for PI-1
and PI-3 at 300 mA g-1.
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PI-3S cathodes exhibit excellent cycling stability with the discharge capacity of 522
and 574 mAh g-1 at the 450th cycle, respectively.

[1] P.-Y Gu, Y. Zhao, J. Xie, N. B. Ali, L. Nie, Z. J. Xu, Q. Zhang, “Improving the Performance of LithiumSulfur Batteries by Employing Polyimide Particles as Hosting Matrixes” ACS Applied Materials and
Interfaces, accepted
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Highly pure semiconducting single-walled carbon nanotubes have been
incorporated as additives into polymer-fullerene blends. The presence of the
nanotubes facilitated the organization of the polymer phase in the blend, which is
evident from an increase in the crystallite size, leading to bathochromic shift in the
optical absorption. The organic photovoltaic devices prepared from the blends also
demonstrated an enhanced hole carrier mobility, which correlated well with the
larger crystallite size. We found out that complete removal of metallic nanotubes,
which could significantly contribute to electrical short-circuiting, was important for
highly efficient devices. The superior optical and electrical properties hence result
in an improvement in the power conversion efficiency of the photovoltaic devices.
Very interestingly, the incorporated nanotubes also acted as anchoring points
preventing excessive molecular diffusion and aggregation under long-term heat
exposure. We correlated this with the “templating effect” of the nanotubes in
controlling the phase separation of both polymer and fullerene. Therefore, the
incorporation of semiconducting single-walled carbon nanotubes could be a
salient approach to enhance the thermal stability of polymer-fullerene
photovoltaic devices.

[1] H.W. Lee, Y. Yoon, S. Park, J.H. Oh, S. Hong, L.S. Liyanage, H. Wang, S. Morishita, N. Patil, Y.J. Park,
J.J. Park, A. Spakowitz, G. Galli, F. Gygi, P.H.-S. Wong, J.B.-H. Tok, J.M. Kim and Z. Bao, Nat.
Commun. 2, 541 (2011).
[2] T. Salim, H.-W. Lee, L.H. Wong, J.H. Oh, Z. Bao and Y.M. Lam, Adv. Funct. Mater. 26, 51 (2016).
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Thin laminated polymer composites are found in numerous packaging
applications. The individual layers often play a particular role, i.e. protection from
moisture, protection from light etc. Accordingly, each layer has a different
composition and a different function, and these different layers may be composed
of a pure polymer film or a composite film.
In the present study, Raman spectroscopic microscopic mapping was performed
on the cross-section of a packaging film used to protect an optical lens.
Accordingly, the film was anticipated to be formed by a number of thin laminated
polymers and/or polymer composites.
Microscopic inspection in the visible spectrum showed that the film was circa 120
micron thick. Accordingly, a Raman spectroscopic microscopic mapping was
performed on an area of 120 micron by 120 micron. Circa 1600 Raman spectra were
acquired on the 120 x 120 micron grid. These spectra were then subjected to
analysis by the chemometrics software BTEMTM. Analysis revealed that there were 3
layers present (circa 60, 40 and 20 micron thick respectively) and that 7
constituents were involved in the laminated film.
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Figure 1: Left – visible microscope image, center – BTEMTM spectral estimates, right – component
distribution in central layer with thickness circa 40 micron.

[1] E. Widjaja and M. Garland, Materials Today. 14, 114, (2011).
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Federal University of ABC (UFABC), Avenida dos Estados, 5001, Santo André, 09210-971,
SP, Brazil
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By the time the increase in waste disposal and grew lagged the sustainable
extraction of resources which leads to the largest worldwide call today for clean,
renewable, and sustainable materials. In Brazil, nearly 40% of municipal solid waste
is divided into plastic, metal, paper and glass, and the plastic volume increases day
by day due to its increasing and only 1–2% of this is being recycled [1]. The recycled
LDPE has especially worked as a matrix of lamellar composites. The incorporation
of low levels of nanoclays is studied and implemented once, providing greater
mechanical, thermal resistance, a barrier to gases and low opacity films and
containers [2]. The present work aims to the valorization of recycled low density
polyethylene (LDPEr) by the inclusion of the 1 and 3 wt.% nanoclay
montmorillonite (MMT) prepared in a K-mixer homogenizer. These samples were
compared with the same compositions of virgin low density polyethylene (LDPEv).
The experiments performed were Fourier transform infrared spectroscopy (FTIR),
melt flow index (MFI), tensile and impact testing, thermal gravimetric analysis
(TGA), differential scanning calorimeter (DSC), contact angle (AC), sorption
coefficient (D) and an eco-efficiency analyze. The results showed that in both
matrixes that the MMT incorporation causes increased mechanical strength,
thermal stability, and sorption. However, the incorporation of MMT effect is most
efficient in the recycled matrix, and the effects of processing are predominant in
the virgin. Fig. 1 shows the eco-efficiency analyze with the authors propose a
weighted analysis of distinctive properties discussed. It is noteworthy that the
composites LDPEr matrix containing 3 wt.% of nanoclay were presented the
highest values of mechanical resistance, thermal stability, water absorption and
represent an advantage in biodegradation processes and carbon cycle [3]. The
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conclusion results show that considering the positive aspects of each of the
properties studied to the application of the material shows that the LDPEr is 15%
more viable and conclude that this composite is more eco-friendly and can be
applicable to new films and green packaging.

Figure 1: Environmental “fingerprint” by comparison of virgin and recycled LDPE composites, 3wt.
% MMT.

[1] Al-Maaded, M. et al., J. Polym. Environ. 20, (2012).
[2] De Jaeger, S. and Rogge, N., Resour. Conserv. Recy. 85, (2014).
[3] Moczo, J. and Pukanszky, B., J. Ind. Eng. Chem. 14, (2008).
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1

This paper presents experimental and theoretical work on the durability evaluation
and prediction of FRP composites exposed to room temperature and hot seewater. Two different composites are used in this investigation: Glass Fiber
Reinforced Epoxy (GFRE) and Glass Fibers Reinforced Polyurethane (GFRPU). The
samples were exposed to room temperature and hot sea-water for up to 57
months [1,2]. Tensile tests were conducted to evaluate the mechanical properties as
a function of exposure time. Results include tensile strength, percent elongation,
modulus of elasticity and water absorption for both composites. Durability
prediction models based on Arrhenius equations [3,4] were used to predict the
mechanical characteristics of both composites for long-term exposure based on
experimental short-term properties. Two different techniques have been used to
assess the durability: the first is strength-based-technique and the second is water
absorption-based-technique. The results revealed that the GFRPU lost 63% of its
strength after 57 months of exposure to 65 °C hot water, while the GPRE lost 48%
of its strength. Generally, there is good agreement between the analytical results
and the experimental measurements based on the strengths of the composites.

[1] A.-H.I.Mourad, Beckry Abdel-Magid, Tamer El-Maaddawy and Maryam Grami, J. of Applied
Composite Materials. 17, 557-573 (2010).
[2] Abdel-Hamid I. Mourad, Beckry Abdel-Magid, The Composites and Advanced Materials Expo
2015, October 26-29, 2015, Dallas, Texas, USA.
[3] Chen Y., Davalos J., Ray, I., J. of Composites for Construction. 10, 279-286 (2006).
[4] Manual A.G. Silva, B. Sena da Fonseca and Hugo Biscaia, J. of Composite Structures. 116,
377-387(2014).
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Microbial growth and presence of oxygen are the main sources of food spoilage
within food package thus reducing its shelf life. Various antimicrobial agents are
used along with food packaging materials, but these can be toxic and only show
short term activity. Also, the mechanisms by which they prevent microbial growth
and their effectiveness still remain questionable. This work focuses on the effect of
surface characteristics (porosity, hydrophilic versus hydrophobic and water activity)
of electrospun PLA fibers on the growth of microbes. Electrospun fibrous films
have higher surface areas as compared to their extruded/cast counterparts thus
providing higher gas/moisture sorption characteristics (presence of oxygen/
moisture can increase microbial growth) and better access to functionalized
nanoparticles incorporated within the polymer matrix. Surface morphology,
hydrophobicity and water activity are analyzed using scanning electron
microscopy (SEM), water contact angle and dynamic vapour sorption respectively.
The bactericidal activity (against gram positive and gram negative bacteria) of
these fibers with and without moisture scavenger (sepiolite) and antimicrobial
agent (ZnO) is evaluated.
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Recently, the search for environmentally environmental friendly products has been
increasing due to the need to reduce waste discarded. The paper industry has been
trying to reduce the environmental impacts caused by the large lignocellulosic raw
material and the improper disposal of waste from their activities. Among these, the
primary wastes of paper production cause problems because the necessity of
incineration to discard. The high concentration of cellulose in this material
highlighted, being possible to process it to obtain cellulose nanowhiskers. The
extraction process of nanocrystalline cellulose are well defined to natural fibers,
however, the use of some industrial wastes such as paper waste, still requires a
development of new methods. This work shows the results of some properties of
cellulose nanowhiskers obtained using two adapted methodologies modifying
different stages of the processes which are made up of three stages: mercerizing,
bleaching and acid hydrolysis. In method 1 the residues were mercerized in basic
medium, using NaOH, bleaching in alkaline with NaOH and H2O2 and acid
hydrolysis with H2SO4 at concentrations of 40% and 50% (v/v). In method 2, the
waste was mercerized in acidic medium, using H2SO4 and acetic acid, bleached
under alkaline conditions and acid hydrolysis, like the method 1. The nanowhiskers
obtained were characterized by Infrared Spectrophotometry Fourier Transform
(FTIR), Scanning Electron Microscopy (SEM), Thermogravimetry Analysis (TGA) and
Dynamic Light Scattering (DLS). The samples characterization in each extraction
process showed the high removal of lignin and hemicellulose, in comparison with
pure waste, in the first two steps, confirmed by FTIR and standard methods of
lignocellulose decomposition, achieving desired characteristics of high cellulose
purity for both methodologies, with the bests results to hydrolysed samples with
H2SO4 50%, associated with a reduction of thermal stability. The nanowhiskers
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showed particles of the 183 nm average size, with agglomerates formation up to
445 nm, which take the form of nanowhiskers, materials of high interest to use as
reinforcements in polymer matrix nanocomposites. SEM showed agglomerates
formed due to drying the samples, so these particles sizes are bigger than DLS,
characterization made from aqueous solution nanowhiskers. Fig. 1 shows
hydrolysis samples, with partial destruction of amorphous domains and exposure
of cellulose nanowhiskers.

Figure 1: Scanning electron microscopy of hydrolysed samples (1 and 2 are the methodologies).

[1] J. H. Lee, S.H. Park, S.H. Kim. Macromol. Res., 11, 1218 (2013).
[2] S. Shankar, J. Rhim. Carbohyd. Polym., 135, 18 (2016).
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This study investigates the influence of the natural weathering (e.g., solar light) on
the deterioration of tensile mechanical behavior of blown extruded LDPE film in
three different orientations: longitudinal/extrusion direction (LD), at 45° inclination
direction (ID) and transverse direction (TD). The samples were cut at three different
angles 0°, 45° and 90° with the respect of extrusion/longitudinal direction LD. They
are denoted LD and ID and TD, respectively.
Single layer films of 180 µm thick were exposed to natural weathering over 8 and
21 months for un-stabilized and stabilized films, respectively, prior conducting the
tensile tests along the three orientations. The obtained engineering stress-strain
curves in the three orientations were characterized by two main regions (the
elastic and plastic), each one of them can be subdivided into two sub regions. A
progressive decrease in the plastic deformation region was observed with ageing
time till its complete disappearance at the last stage of ageing. The determined
mechanical properties include modulus of elasticity, yield stress and strain and
rupture stress and strain. The tensile fracture toughness and the work done on the
sample to full separation were also discussed.
Generally, mechanical resistance of the films strongly affected differently in the
three directions with increased exposure time. Stabilized and unaged films show
outstanding properties compared with unstabilized films. Interestingly, the results
revealed that, there is a considerable performance variation of the films in the
three tested directions (LD, ID and TD). The 1st best tensile performance was in the
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transverse direction followed by that at 45° orientation as a 2nd best and the film
tested in the longitudinal direction showed relatively the lowest performance.
The elastic modulus in the three directions rises gradually with aging indicating a
progressive material stiffening. Also, the TD samples were observed to have values
greater than that of the ID and LD samples over the whole ageing protocol. Such
trend of variation is due to the two main structural modifications. In the first stage
of ageing, crosslinking reactions (reaction of the vinylidenes with alkyl radicals)
prior to the chain scission reactions that leads to increase of the crystallinity
through a chemocrystallisation process in the 2nd stage of ageing. Likewise, the
yield strength shows a similar trend of variation as for the elastic modulus. The
results demonstrated that the fracture stress and strain are higher for the LD
samples and both reduce with aging time with higher rate of reduction in the later
stages of aging. This could be interpreted based on the crosslinking in the earlier
stage of ageing may support and consolidate the apparent relatively good material
fracture behavior. This slow rate of degradation in the fracture behavior will be
followed with relatively greater rate of degradation where the chain scissions
reaction gradually predominates and affect adversely the tensile toughness of the
film in all directions. However the stabilized film shows more mechanical. The
presented data can be utilized to predict the orientation dependency mechanical
behavior of greenhouse polyethylene covers different exposure times under arid
conditions and the effect of anisotropy as well.
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In October 2013, European commission had given the definition of nanomaterial.
Nanomaterial means a natural, incidental or manufactured material containing
particles, in an unbound state or as an aggregate or as an agglomerate and where,
for 50% or more of the particles in the number size distribution, one or more
external dimensions is in the size range from 1–100 nm [1].
The first attempt to make particulate jute fibre reinforced polyester composites are
done by Nadendla Srinivasababu [2], using Two Stage Wet Layup method. By similar
lines an attempt is made in this work content when manufacturing composites by
using nanoclay as reinforcement with different resin amounts in order to
understand ability of manufacturing. Then the manufactured lamina is tested
under three-point bend load to assess its strength, modulus, bond between
particulate-reinforcement and epoxy matrix using SEM.

[1] Stephan Laske, Polymer Nanoclay Composites. Elsevier. 2015.
[2] Nadendla Srinivasababu, Devarakonda Avinash, J. App. Mech. and Mat. 787, 548 (2015).
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Figure 1: SEM image of as received nanoclay powder
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This work aims at studying the degradable effect of artificial ageing on stabilized
tri-layer lowdensity polyethylene LDPE films used as greenhouse cover in the North
Africa environment. The film was supplied by Agrofilm company, Algeria. The
infrared IR and ultraviolet UV stabilizers were used. In addition, colour additives
have been also included. Optical, thermal, surface analysis and mechanical
properties have been measured for samples exposed to sand wind and
temperature simulating Saharan environment. The study has been carried out over
a period of eight hours of artificial ageing “Sand and wind simulation at 40 °C”. The
findings show that the environmental factors have degradable effects on the
durability and all properties of the exposed polyethylene film. The study revealed
also that the degradation parameters measured are directly related to criteria for
evaluating the effectiveness of agricultural greenhouse [1-4]. The simultaneous
effect of temperature and sand wind induced the most significant degradation on
the film surface and consequently a reduction in the lifetime of the material.

[1] D. Briassoulis and A. Aristopoulou, Polym. Test., 20, 615 (2001).
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[2] A. Dehbi, A.-H.-I. Mourad, K. Djakhdane and A. Hilal-Anaqbi, Polymer Engineering and Science 55,
287-298 (2015).
[3] D. Briassoulis, D. Waaijenberg, J. Gratraud, B. Von Elsner, J. Agric. Eng. Res. 67, 171-17 (1997).
[4] A. Dehbi, A.-H.I. Mourad, and A. Bouaza, J. Appl. Polym. Sci., 124, 2702 (2012).
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R2Fire group/UMET – UMR CNRS 8207, Ecole Nationale Supérieure de Chimie de Lille
(ENSCL), Avenue Dimitri Mendeleïev – Bât. C7a, CS 90108, 59652 Villeneuve d’Ascq,
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Thick intumescent coatings are well known effective solutions for protecting steel
against fire. However, the durability of these coatings in accelerated ageing
conditions is rarely investigated even if it is of primary importance to design a
successful product. Previous work in our team showed that some of these coatings
do not resist to accelerated ageing conditions such as contact with salted water [1].
Potential solutions to overcome these issues will be discussed during this talk.
One solution consists in applying a specific topcoat. Various topcoats were applied
on a model intumescent coating containing ammonium polyphosphate (APP)
amongst other fire retardant fillers. Most topcoats however do not limit
penetration of salted water into the coating, favouring APP to turn into sodium
polyphosphate by ionic exchange, and thus affecting intumescent properties. Only
a silane based topcoat allows maintaining fire resistant properties (Fig. 1a). Cross
section X-ray mappings show that the silane topcoat traps the sodium ions (Fig.
1b), thus preventing APP modification.
Another potential solution consists in designing a weathering resistant selfstratifying fire retardant coating. Self-stratifying coatings are novel kinds of
coatings based on incompatible polymer blends which can produce polymer/
polymer composite. A complex multi-layer or gradient coating structure is formed
in one-step, providing an undercoat and a finishing coating at the same time. This
process could thus allow obtaining in a “one-pot” process both the fire resistant
properties (concentrated in the lower layer) and the weather resistant properties
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Figure 1: (a) Time versus temperature curves obtained by furnace tests of the reference coating
with various topcoats. (b) Cross section X-ray mapping of the coating + silane topcoat immersed
in salted water.
(concentrated in the upper layer). In this talk, the self-stratification process of
epoxy/silicon blends including a curing agent and fire retardant fillers will be
evidenced by different experimental techniques.

[1] M. Jimenez, S. Bellayer, B. Revel, S. Duquesne, S. Bourbigot, Ind. Eng. Chem. Res., 52,729
(2013).
“Acknowledgements to the French National Research Agency (ANR) for funding STIC project”
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Poly(lactic acid) (PLA) is a bio-based polymer exhibiting superior properties to
replace petrochemical-based thermoplastics in numerous application areas. To
meet the standards required, depending on the application (e.g. railway, E&E), PLA
has to be flame retarded and these flame retardant (FR) properties must be kept
for the product lifetime. Whereas ageing of neat PLA has already been investigated
[1-3], ageing of FR PLA as well as consequences in terms of morphological, FR and
thermomechanical properties have not been studied yet. It is the main objective of
this research work.
In this presentation, the FR behavior of an intumescent PLA containing ammonium
polyphosphate (APP), melamine and organoclay (FR-PLA-C30B) [4] will be compared

Figure 1: FR-PLA-C30B blend (a) before ageing and after 10 days at (b) 50°C, 75% RH and UV.
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to neat PLA and PLA containing only APP and melamine. Objectives consist in (i)
studying the ageing behavior of these formulations under temperature (T), relative
humidity (RH) and ultraviolet light (UV) (Fig. 1), (ii) identifying the impact of each
parameter on the degradation of the materials, (iii) comparing FR properties of
these formulations before and after ageing, (iv) elucidating ageing mechanisms
and correlating them with the FR properties. These mechanisms will be presented
and discussed during the talk.

[1] Copinet A, Bertrand C, Govindin S, Coma V, Couturier Y. Chemosphere. 2004;55:763-73.
[2] Tsuji H, Echizen Y, Nishimura Y. Polymer Degradation and Stability. 2006;91:1128-37.
[3] Rasselet D, Ruellan A, Guinault A, Miquelard-Garnier G, Sollogoub C, Fayolle B. European Polymer
Journal. 2014;50:109-16.
[4] Fontaine G, Bourbigot S. Journal of Applied Polymer Science. 2009;113:3860-5.
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“ON THE OXIDATION RESISTANCE OF STABILIZED AND
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M. I. Babaghayou1, A. I. Mourad2, A. Ochoa3, V. Lorenzo3, S. F. Chabira1 and M.
Sebaa1
1 Mechanical

laboratory, Ammar Telidji University, Laghouat PO Box 37 G 03000, Algeria
Engineering Department, United Arab Emirate University, Al Ain, UAE
3 G.I. ‘‘POLímeros: Caracterización y Aplicaciones’’, Universidad Politécnica de Madrid,
Spain
mi_babaghayou@yahoo.fr
2 Mechanical

Exposure of polymeric materials to different environmental conditions such as UV
radiation, temperature and atmospheric oxygen leads to a premature and rapid
aging of these materials. The low density polyethylene, LDPE, film used as
greenhouse covering is a typical material subjected to all this conditions. This
might essentially affect their usage characteristics and may lead to the failure of
the component and ultimately the system in which it is part of. Consequently, the
oxidation stability of polymers is considered to be one of the crucial criteria for
their applicability. As the LDPE oxidation is the most common reason of the
chemical aging, namely the chain degradation, the oxidation resistance of this
polymer should be evaluated. The determination of either Oxidation Induction Time,
OIT, or the Oxidation Onset Temperature, OOT, are experimental techniques that
allows one to obtain information about the resistance to the oxidation of LDPE.
The oxidation resistances of unstabilized, AX samples, and stabilized with a new
additive, BX samples, LDPE films used as greenhouse covering have been
investigated. The films were subjected to natural weathering in Laghouat, Algeria,
according to the standard NF T51–165. AX samples were aged for 8 months
whereas BX ones were subjected to aging during almost two years The thermal
analysis was carried out using a DSC 823e/500/612 METTLER-TOLEDO calorimeter.
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The oxidation resistances of AX samples with different aging times were
determined by measuring OIT at 180 °C. It has been found that the highest OIT
value was obtained for the unaged film and the values decline with aging time.
BX samples showed a very high stability under the conditions of OIT determination
experiments. So, the oxidation resistances of these specimens were evaluated by
measuring OOT. It has been found that the OOT's of the BX sample range from 219
°C to 236 °C.
A comparative study between the oxidative stability of both films was conducted.
The results revealed that stability of the AX sample diminishes as the aging time
rises and that the new stabilizer additive is highly efficient for increasing the
oxidation resistance of LDPE films.
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1 Temasek

Laboratories@NTU, 50 Nanyang Avenue, Singapore 639798, Singapore
of Electrical and Electronic Engineering, Nanyang Technological University,
Block S1, 50 Nanyang Avenue, Singapore 639798, Singapore
fnleong@ntu.edu.sg

2 School

Owing to its versatile, flexible, lightweight and yet highly tunable properties,
polymers makes an ideal material for a wide variety of material. However, when it
comes to electrical and thermal applications, polymers are on a losing end due to
its poor thermal and electrical conductivity.
To resolve the problem of poor thermal and electrical conductivities, polymer can
be infused with composites to tune the properties of the polymers. Some of the
typical composites used for such polymers are two-dimension (2D) graphene and
carbon nanotubes as the fillers of the polymers. However, the electrical properties
of the polymers could be further improved by using three-dimension graphene
foam (3D-C) as filler instead. 3D-C has a macroporous foam network structure that
has lower mass density and larger surface area than two-dimension graphene and
carbon nanotubes. It has outstanding mechanical stability and high electrical and
thermal conductivity. With high breathability, elasticity and adaptability, polyimide
(PI) is an attractive high performance polymer. Up to date, they are the standard
choice for many thermal and electrical application, due to their high UV stability,
toughness and could withstand high temperatures. Coupled with their ease of
spreading, PI can enhance the elasticity of 3D-C without changing the structure of
the 3D-C.
Therefore, here we present a composite 3D-C foam infused with PI to improve
thermal and electrical properties of polymers. This composite has showcased
extraordinary enhancement of thermal conductivity (one order of magnitude) and
electrical conductivity of 10 orders of magnitude. This makes this new composite
suitable for many thermal and electrical applications such as high power devices,
sensors and energy storage material.
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FESTEC International Co., Ltd. Seoul, Korea
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Fire accidents that have occurred recently are getting more and larger, causing a
lot of damage in terms of property loss and an increase in casualties. So there is a
need for technical fire safety development such as comprehensive prevention
solution in order to effectively prevent fires.
In this study, we present an efficient method for fire safety design through FDS
(Fire Dynamics Simulator) modelling techniques without real-scale fire testing. We
should develop optimization and test process to first obtain fire pyrolysis
properties for the FDS.
Therefore, in this paper we want to find out how to analyze and to predict the fire
risk. To fully understand the fire phenomenon, real-scale fire test should be
performed. Because of cost and reproducibility fire simulation usage has been
increasing, and fire properties of construction and living materials during pyrolysis
procedure are required to ensure the accuracy of fire simulation. However, it is
difficult to measure those fire properties, which are the necessary data for
reliability improvement of fire simulation and fire properties during pyrolysis.
Testing equipment for each properties incur a lot of cost and time.
In order to develop the existing testing method and to compute the advanced fire
properties, an efficient fire testing method should be assured to ensure cost
reduction and improve reliability.
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I. S. Zope and A. Dasari
School of Materials Science & Engineering, Nanyang Technological University,
Singapore
indranee001@e.ntu.edu.sg; aravind@ntu.edu.sg

The catalytic nature of montmorillonite (MMT) clay is a key parameter influencing
combustion properties as well as decomposition mechanism of polymer/clay
nanocomposites. To elucidate this, MMT was amplified with cations like Mg2+, Al3+
and Fe3+ by simple cation exchange process. This is to elaborate the effects of these
cations during the combustion of polyamide 6 (PA6). In addition, their performance
was compared to PA6 composites containing different natural clays (belonging to
smectite group as MMT). This is to distinguish the effect of metal ions present at
the surface (MMT and/or cation exchanged/amplified MMT) and within the clay
lattice structure (Mg-rich hectorite, Fe-rich nontronite).
Different analytical and physical techniques are used to evaluate the
decomposition of the above-mentioned nanocomposites. Cone calorimetry and
oxidative thermogravimetry have indicated that each metal ion irrespective of its
location, in general, showed similar effect on PA6 combustion properties. Gasphase and condensed-phase analysis provided an insight on the decomposition
mechanisms. Mg-rich clay nanocomposites predominantly displayed high char
yield; whereas, highest smoke generation was registered by Fe-rich clay
nanocomposites, which also displayed the generation of nitrogenous compounds
at comparatively lower temperatures. Al-MMT composite had quickest ignition
times along with generation of graphite-like carbonaceous matter in char.
Results of this work are extended in designing polymer/clay nanocomposite
systems that answered the question of early ignition.
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“POLYMER BRUSHES AT SURFACES: THE
CHARACTERIZATION CHALLENGE”
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Enschede, the Netherlands
2 Nanyang Technological University, School of Materials Science and Engineering,
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g.j.vancso@utwente.nl

Over the last decades the use of polymer brushes to engineer surfaces and alter
their properties in a well-controlled way has dramatically increased. While the
effects of brushes on surface properties can be assessed by various conventional
methods, the brush structure (length and length distribution of the grafts, grafting
density, mechanical properties, structural stratification, segment distribution in the
surface normal direction, molecular parameters in confinement, etc.) has been
notoriously difficult to characterize. In this presentation we provide a brief
overview of three techniques and their use for molecular and structural analysis of
brushes, including Atomic Force Microscopy (AFM) [1], ellipsometry [2], and neutron
reflectivity, using case studies obtained in the author’s laboratories.

[1] Sui, X., Zapotoczny, S., Benetti, E.M., Schön, P., Vancso, G.J. Characterization and molecular
engineering of surfacegrafted polymer brushes across the length scales by atomic force
microscopy (2010) Journal of Materials Chemistry, 20 (24), pp. 49814993.
[2] Chen, Q., Kooij, E.S., Sui, X., Padberg, C.J., Hempenius, M.A., Schön, P.M., Vancso, G.J. Collapse
from the top: Brushes of poly(Nisopropylacrylamide) in cononsolvent mixtures (2014) Soft Matter,
10 (17), pp. 31343142.
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”QUANTITATIVE AM-FM MODE FOR FAST AND VERSATILE
IMAGING OF NANOSCALE ELASTIC MODULUS”
Marta Kocun, Peng Cheng, JianJun Yao, Aleksander Labuda, Waiman
Meinhold, David Beck and Roger Proksch
Asylum Research, an Oxford Instruments Company, Santa Barbara, CA, United States
Marta.Kocun@oxinst.com

Tapping mode AFM imaging, also known as amplitude-modulated (AM) atomic
force microscopy (AFM), is fast, gentle, and provides the high spatial resolution
necessary for imaging nanoscale features. However, until recently, mechanical
characterization with tapping mode was limited to only qualitative results. In AMFM mode, a bimodal (dual-frequency) technique, the first resonant mode is
operated in AM, whereas a higher resonant mode is frequency modulated (FM).
AM-FM mode delivers high resolution topographical images, and additionally, it
provides quantitative contact stiffness data, from which elastic modulus can be
calculated with appropriate models for the tip/sample contact mechanics.
Experimental results on various samples such as metals, alloys and polymers will be
presented to demonstrate the applicability of AM-FM mode for materials with a
wide range of modulus (MPa-GPa). Furthermore, recent advances in AM-FM
imaging will be discussed, such as the use of photothermal excitation to achieve
molecular-level resolution on semi-crystalline polymers. In addition, results
showing block copolymer thermal annealing and identification of polymers in
multilayer films will be introduced. With the growing demand for mechanical
characterization of materials at the nanoscale, the AM-FM technique provides
quantitative nanomechanical information while simultaneously offering all the
familiar advantages of tapping mode.
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“NANOSCALE CHEMICAL CHARACTERIZATION OF
INTERPHASE REGIONS IN POLYMERIC SYSTEMS USING AFMIR SPECTROSCOPY AND IMAGING”
C. Marcott1, Q. Hu2, E. Dillon2 and K. Kjoller2
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USA
2 Anasys Instruments, Santa Barbara, CA, USA
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The performance of many materials depends on their surface properties,
composition, uniformity, and topography. The ultimate strength of materials such
as carbon fiber/epoxy composites and polymeric materials blended with
nanoparticle inclusions depends on the chemical characteristics of the interphase
region between the two domains. Thus, it is important to have analytical tools
capable of analyzing such materials and understanding their chemical makeup.
Infrared (IR) spectroscopy is a powerful tool for obtaining chemical information
related to a material. Unfortunately, the wavelength of light used to make the
measurement limits the size of structures that can be reliably identiﬁed by IR
spectroscopy. Diffraction typically limits the spatial resolution of IR
microspectroscopy to 3–10 µm, making this technique problematic for identifying
many nanocomposite material structures, which can be much smaller than this.
Atomic force microscopy (AFM), on the other hand, provides exquisite spatial
resolution (as small as one nanometer), but this technique does not provide
definitive information related to the interaction between nanocomposite
inclusions and the bulk polymer material.
Recently, AFM and IR spectroscopy have been combined in a single instrument
capable of chemical identiﬁcation of structures less than 50 nm in size [1]. In this
paper, we describe how such an instrument can provide more chemical
information about the interphase region between a carbon fiber and the
surrounding epoxy matrix, and between nanomaterial inclusions and the bulk
polymer matrix. Insights into the chemical nature of important tie layers in
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multilayer thin film samples are also demonstrated. It is also possible to obtain
complementary nanothermal and nanomechanical characterizations at similar
spatial scales using the same instrumentation platform.

[1] A. Dazzi, C.B. Prater, Q. Hu, D.B. Chase, J.R. Rabolt, and C. Marcott, Appl. Spectrosc. 66, 1365,
(2012).
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FROM BLOCK COPOLYMER SELF-ASSEMBLY”
Kwan Wee Tan1,2, Michael O. Thompson1 and Ulrich Wiesner1
Department of Materials Science and Engineering, Cornell University, Ithaca, New York 14853,
United States
2 Low Energy Electronic Systems IRG, Singapore-MIT Alliance for Research and Technology,
Singapore 138602, Singapore
1

kwanwee@smart.mit.edu

Hierarchically porous materials with structural features spanning multiple length
scales have potential applications in many areas such as energy conversion and
storage, catalysis and membrane engineering. We will describe the controlled
generation of hierarchically porous polymer structures and shapes coupling block
copolymer-directed self-assembly with transient laser heating. The combined
approach further provides pathways to electrically conducting carbon structures
and complex crystalline semiconductor nanostructures. A combination of scanning
electron microscopy (SEM), grazing incidence small-angle X-ray scattering (GISAXS)
and wide-angle X-ray diffraction (WXRD) was employed to characterize the
resulting block copolymer hierarchical structures.

[1] K.W. Tan, B. Jung, J.G. Werner, E.R. Rhoades, M.O. Thompson, U. Wiesner. Transient Laser Heating
Induced Hierarchical Porous Structures from Block Copolymer‒Directed Self-Assembly. Science
349, 54–58 (2015).

111

112

Analysis and Characterization of Interfaces and Interphases
– O3.4
Contributed Talk
Gabriel Ohlsson, Biolin Scientific, Sweden

“THE EFFECT OF BIOMOLECULAR INTERACTION AND
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Erik Nilebäck1, Gabriel Ohlsson1, Noomi Altgärde2, Angelika Kunze2, Lars
Enochson3, Laura de Battice2, Iva Pashkuleva4,5, Jana Becher6, Stephanie
Möller6, Matthias Schnabelrauch6, Rui L. Reis4,5, Anders Lindahl3 and Sofia
Svedhem2
Biolin Scientific, Sweden
Dept. Applied Physics, Chalmers University of Technology, Sweden
3 Dept. of Clinical Chemistry and Transfusion Medicine, Sahlgrenska Academy, Sweden
4 3Bs Research Group-Biomaterials, Biodegradables and Biomimetics, University of Minho,
Portugal
5 ICVS/3B’s—PT Government Associate Laboratory, Portugal
6 Biomaterials Dept., INNOVENT e.V., Jena, Germany
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2
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Hylauronan (HA) is an important component in the extracellular matrix of cartilage
and other tissues. It is widely used as a scaffold material and can be found in many
synthetically engineered forms. Here, model HA surfaces were developed for
biomolecular and cell interaction studies using surface sensitive techniques.
Biotinylated HA was immobilized to streptavidin-modified sensors compatible with
quartz crystal microbalance with dissipation monitoring (QCM-D) and surface
plasmon resonance (SPR) [1]. HA of different degree of biotinylation was tested for
enzymatic degradation by hyaluronidase with QCM-D (Fig. 1). QCM-D and
microscopy were combined using a dedicated measurement module to study cell
attachment of chondrocytes from human cartilage to the end-on biotinylated HA
[2].
Control of the degree of biotinylation is crucial for retaining the functionality of
surface grafted HA. End-on biotinylated HA was proven to have the most retained
biofunctionality with respect to enzymatic degradation by hylauronidase. Taking a
QCM-D based approach to study chondrocyte-HA interaction, it was shown that
the cells degrade HA in a similar way as for the hyaluronidase study.
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Figure 1: Hyaluronidase degradation of biotinylated HA bound in a side-on (dashed, solid) or endon (dotted) orientation; –1 to 0 in normalized Δf is equivalent to complete degradation [3].

[1] Nilebäck E. et al, Biosensors and Bioelectronics 28, 407-413 (2011).
[2] Nilebäck E. et al, Analyst, 21, 5350-5350 (2014).
[3] Altgärde N. et al, Acta Biomater., 9, 8158-8166 (2013).

114

Analysis and Characterization of Interfaces and Interphases
– O3.5
Contributed Talk
Ambrish Kumar, Nanyang Technological University, Singapore

“CHARACTERIZATION OF FERRITIN NANOCAGE RELAXIVITY
DISPLAYING DIFFERENT LIGANDS”
Ambrish Kumar1, Vinayak P. David2 and Sierin Lim1
1 School

of Chemical and Biomedical Engineering, Nanyang Technological University,
637459 Singapore
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Magnetic resonance imaging (MRI) is a non-invasive technique used to investigate
the detailed structures of human body parts. It uses water proton relaxation to
obtain images as water is abundant in human body. However, the resolution is not
very high, particularly for soft tissues with limited water content. Since we are
unable to change the proton density in tissues, to improve the resolution, MRI
contrast agents are often used. Commercially available MRI contrast agents are
associated with toxicity and low magnetic relaxivity, so they are not sensitive
enough to diagnose small lesions, and molecular or cellular activities. Therefore, it
is essential to search for bio-compatible as well as ultra-sensitive contrast agent.
Ferritin protein nanocages have been used as a potent MRI contrast agent owing
to the natural property of accumulating hydrous ferric oxide in its core. Ferritin
forms a cage like structure of 12 nm in diameter. It maintains intracellular iron level
by converting soluble ferrous to insoluble ferric form. Archaeoglobus
fulgidus ferritin is known to be unique as it has higher iron binding capacity
compare to other ferritin proteins. Our rational approach is to enhance the
relaxivity of ferritin nanocage by manipulating its protein shell which is
hypothesized as an important factor that affects water diffusion into the magnetic
core consequently resulting in increase of relaxivity. In this project we are changing
the shell thickness as well as the surface activities by decorating the exterior
surface of cage with various hydrophobic molecules (polyethylene glycol) and
peptides.

115

116

Analysis and Characterization of Interfaces and Interphases
– O3.6
Contributed Talk
Huizhi Chen, Nanyang Technological University, Singapore
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Natural extracellular matrix (ECM) contains fibrils ranging from tens of nanometers
to micrometers in scale. The organized architecture of these matrix fibrils provides
topographic cues to modulate cellular behaviours, including migration,
proliferation, and differentiation. Our aim is to fabricate a biodegradable fibrous
scaffold mimicking native ECM for tissue regeneration. In fundamental studies, the
topographic effect of scaffolds was studied on cell guidance. Electrospinning and
melt spinning were applied to fabricate nonwoven fibrous scaffolds in various
scales and orientations using poly (lactide-co-caprolactone) (PLCL). It was
demonstrated that electrospun fibrous scaffolds (fiber diameter ranging from 300
to 2000 nm) in native ECM fibrils scale could promote cell migration comparing
with fiber in tens of micrometers and flat film, and the orientation of fibers could
direct cell migration. In vivo models showed that chronic wounds treated with
fibrous scaffolds had a faster healing rate, and the presence of fibrous scaffolds
promoted neo-epidermis formation from histomorphometric analysis of wound
sections. These results indicate that the topography of fibers enhanced cell
migration and fibrous scaffolds may be a potential wound dressing for chronic
wound repair.
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Figure 1: Cell migration progression on substrates with diverse topographies. First line is
presenting the SEM characterization of different substrates (A-0.3: aligned fiber of 0.3 µm
diameter; A-0.8: aligned fiber of 0.8 µm diameter; A-2: aligned fiber of 0.3 µm diameter; R-1:
random fiber of 1 µm diameter; A-13: aligned fiber of 13 µm diameter; film: casting film). Second
to fourth lines are presenting the cell migration progression at different time point. Immortalized
fibroblasts (L-929) were stained with DiI (red) for visible tracking.
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“THE CHARACTERIZATION OF POLYMERS USED IN
PHARMACEUTICAL APPLICATIONS”
Graham Cleaver
Agilent Technologies, Inc., USA
graham.cleaver@agilent.com

Polymer excipients are widely used in the manufacture of pharmaceuticals because
of their recognized value as binders, colorants, processing agents, and
disintegrants, amongst others. Polymers can be used to ease the administration or
uptake of active ingredients, make them more palatable or add colour to aid
identification.
Although the main focus of the presentation is on GPC/SEC, other applications
include HPLC, gradient polymer elution chromatography and liquid
chromatography under critical conditions.
Traditional drug delivery systems have a major disadvantage - the release of the
active species is very nonlinear, with typically a high dosage at the time of
introduction followed by a steady decline as the drug is metabolized. Controlled
delivery can be provided by polymers. Introducing an active drug contained in a
matrix of polycaprolactam, for example into the body leads to the steady release of
drug as the polymer matrix degrades. The molecular weight distribution is
important in predicting behaviour and comparing any batch variation.
Polylactide and its copolymers with glycolide were originally designed for
biodegradable sutures. However, they found wider use as components of drug
delivery systems because of their ability to modify the pharmacokinetics of the
active ingredient and protect them from degradation in the body. The technique of
gradient polymer elution chromatography (GPEC) can separate and characterize
the polymers in terms of chemical composition.
Binders such as Polyvinylpyrrolidone (PVP) has several other applications and can
be successfully analysed in either polar solvents or water depending on the form.
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Liquid chromatography under critical conditions (LCCC) is useful for the analysis of
polyethylene glycol that had been modified with amine end groups.
For capsule coatings such as pectin and gelatin the determination of the molecular
weight distribution can help to predict rheological behaviour which can be critical
to performance. GPC/SEC can be used as a quality control tool for the
determination of Mw and molecular weight distribution of chitosan (a traditionally
difficult polymer to analyze).
Suspension and viscosity-increasing polymer excipients such as hydroxyethyl
cellulose are used to uniformly disperse other ingredients throughout a
formulation, and maintain their suspension so that actives do not precipitate or
settle under gravity. Three materials were analysed in this study illustrating quite
different molecular weights, indicating potential performance differences in enduse.
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BIOADHESIVE POLYMERS”
I. Djordjevic, O. Pokholenko and T. W. J. Steele
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Chemical conjugation or “grafting” of macromolecules via functional end-groups
opens many possibilities for fine tuning of materials properties. The physical
performance of polymeric materials is strongly dependent on macromolecular
structures, which in turn could be modified with careful choice of chemistry used
for polymer grafting. In that perspective, NMR analysis provides an accurate
information about chemical structures of grafted polymers and the exact
concentrations of grafted end-groups.
Since the grafted macromolecular end-groups have a strong impact on interfacial
properties, polymer grafting has found many applications in development of
biomaterials [1]. Polymer-tissue interface is of particular interest for tissue sealants,
or “bioadhesives” where the polymer should maintain intimate contact with
hydrated tissues. In our group we have produced several types of bioadhesive
photoelastomers by grafting 4-[3-(trifluoromethyl)-3H-diazirin-3-yl] benzyl groups
(referred to as “diazirine” further in text) onto polyalcohol backbone. Grafted
diazirine end-groups are carbene precursors that covalently attach to hydrated
tissues by low-power UV activation or by electrical curing [2,3]. This phenomenon
was used to create a powerful new bioadhesive system that aims to replace
existing methods for tissue sealing in surgical procedures [3]. As expected, the
concentration of grafted diazirine determines the most important material
properties of this particular bioadhesive: adhesion strength, mechanical modulus
and cell compatibility at the tissue interface [4]. From our results, NMR analysis has
proven to be the most effective method for determination of exact concentration
of grafted diazirine molecules.
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In this paper we present the method for NMR data analysis by peak assignment
and integration for multifunctional diazirine-grafted branched polyalcohol. We
have developed two different methods based on peak integration and both
methods provided consistent results within a reasonable margin of error. Through
our experiments we also found that the choice of NMR solvent has a strong impact
on data accuracy. Our results demonstrate an accurate NMR analysis of grafted
polymer system that should not be limited only to diazirine-grafted bioadhesive
polymers. This universal approach and methodology for NMR data analysis could
be utilized for other grafted macromolecules that have found many biomedical
applications, such as tissue engineering, surgical implants and drug delivery.

[1] S. Chen, L. Li, C. Zhao, J. Zheng, Polymer, 51 (2010) 5283-5293.
[2] V. Mogal, V. Papper, A. Chaurasia, G. Feng, R. Marks, T. Steele, Macromolecular Bioscience, 14
(2014) 478-484.
[3] J. Ping, G. Feng, J.L. Chen, R.D. Webster, T.W.J. Steele, Nat. Commun., 6 (2015).
[4] V. Morgal. G. Feng, R. O’Rorke, I. Djordjevic, and T.W.J. Steele, Macromolecular Bioscience, (2016)
Under revision.
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Poly(lactic-co-glycolic acid) (PLGA) microspheres have been widely used for
microencapsulation of large number of drugs for controlled delivery applications
[1]. Water-in-oil-in-water (w/o/w) or double emulsion method has been used as a
well established technique for microencapsulation of several protein drugs [1,2]. Due
to the high yield of porous and collapsed microspheres in the formulations
prepared from low PLGA concentration, the formulations show high initial burst
and quick release of the drugs in a short frame of time and greatly affects the
controlled release characteristics. Therefore, it is highly desirable to improve such
formulations for making its use in controlled drug delivery application. In this
study, double emulsion method was partially modified by using the ionic salt
sodium chloride (NaCl) in aqueous continuous phases of the emulsion process.
Insulin incorporated microspheres were prepared from wide range of PLGA
concentrations (5 wt%, 10 wt%, 25 wt% and 50 wt %) under the identical
preparation condition and the influence of varied concentration of NaCl (in
aqueous continuous phases) on microsphere characteristics such as morphology,
size as well as in vitro release were studied. The results demonstrated the degree of
solidification of PLGA was well controlled by using NaCl in continuous phases of
double emulsion process. The problems of porous and collapsed microsphere
formation were eliminated by use of such ionic salt (Fig. 1) and the formulations
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prepared using salt showed a positive modulation over release characteristics
compared to control. The modified preparation method should be used as a
suitable strategy to improve several microsphere formulations for drug delivery
application.

Figure 1: SEM micrographs of insulin loaded microspheres prepared using different concentrations of NaCl.

[1] C. Dai, B. Wang, and H. Zhao, Colloids and Surfaces B: Biointerfaces 41, 117 (2005).
[2] R.A. Jain, Biomaterials 21, 2475 (2000).
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Recombinant protein-based hydrogels often have low mechanical integrity,
thermal instability, high opacity, and the difficulty of control of gelation, all of
which limit their applications. In this study, we designed a novel protein/PEG
hydrogel via thiol-acrylate click chemistry and showed improvements on the
above-mentioned properties.
Chemical characterisations using FTIR and colorimetric analysis showed agreement
with theoretical predictions that the engineered cysteines allow the protein to be
simply cured. The conversion of thiol was approximately 40% and the overall gel
fraction was 78%. While a zero order release of proteins was detected over several
days, indicating a possibility of a delivery system for other cysteine-containing
biomolecules, such as fibrin and DNA.
Then, the physical properties were discussed in various formulations. Rheological
measurements showed the stiffness was increased with greater concentration of
polymers and shorter the chain length of polymers; in addition, the incorporation
of protein softened the hydrogel comparing to pure PEG gels. For all hydrogels, we
observed shear-thinning behaviours, which is an ideal characteristic for injecting
materials. The light transmittance measured by spectrophotometer is higher with
the incorporation with PEG while no significant contributions of greater
concentrations of PEGs.
Combining with the Equillibrium Swelling Theory of Flory and Rehner, and the
Theory of Rubber Elasticity, the crosslinking density and mesh sizes were calculated
and compared. Though the two theories have their assumptions and limitations for
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this protein-PEG blend system, the calculated values are not markedly different. A
greater variability over the PEG concentrations was obtained from the Theory of
Rubber Elasticity because it takes an additional empirical parameter, the shear
modulus, into consideration, possibly providing a better basis than accounting for
swelling ratio or modulus alone. However, random-coil chains and other nonelastically effective chains are neglected in its affined network model. On the other
hand, we suggest that the comparison of the two theoretically derived values
enables the verification of the temperature-sensitive Flory-Huggins interaction
parameter used for Equillibrium Swelling Theory, which may influence the result
dramatically.
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In most of the GPC chromatograms, there are some peaks after the polymer peaks
which could be stabilizers, additives, oligomers, surfactants, processing agents,
catalyst donors etc. But the commonly used GPC/SEC detectors like RI, UV, Lighter
Scattering, and Viscometer, do not have the capability for chemical identification.
In almost all the cases, these unknown peaks are just ignored in molecular weight
(MW) and molecular weight distribution (MWD) measurement by GPC. The
research effort and instrumentation advances to identify those small peaks are far
behind the characterization of volatile chemicals by GC-MS and polymer additives
by LC-UV or LC-MS.
The case is similar to xylene solubles of polypropylene and the hexane solubles of
polyethylene. Only the amount of the final dry residues is reported. But the
components of the residues are not identified, or not identified in details, in most
of the analysis.
This presentation will show how to setup the “hybrid” instrument of a GPC/SEC
system with a triple quadrupole mass spectrometer and a diode array detector, the
GPC-DAD/MS/MS system, and how to modify the post-column GPC mobile phase
to make it suitable to the MS/MS detector. The hyphenated GPC-MS/MS/DAD
instrument will separated the polymer samples by size exclusion, and detect the
peaks by both the MS and the DAD detectors.
Our results show the GPC-MS/MS/DAD system is a very powerful tool to identify
those GPC unknown peaks, the components of the PP xylene solubles and the
hexane solubles. The MS spectra of different ionization modes, negative and
positive, along with the UV spectra will narrow down the candidate list of the
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unknown peaks. With some MS interpretation and standard matching, many of
those unknown peaks can be identified.

Figure 1: GPC Unknown Peak Identification by GPC-DAD/MS/MS.
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Gel-permeation chromatography (GPC) is the most widely used tool for the
measurement of molecular weight and molecular weight distribution of natural
and synthetic polymers. The technique is used in an extremely wide range of
industries, however, each application brings its own challenges. Advanced
detectors such as light scattering are increasingly used to overcome the limitations
of conventional GPC measurements and offer absolute molecular weight. A
viscometer measures intrinsic viscosity, a key structure factor that can be used to
calculate branching levels and can be combined with molecular weight data to
calculate hydrodynamic radius. In combination these data allow detailed structural
information of a polymer to be generated in a single GPC measurement which can
be compared with other samples in Mark-Houwink plots. This can be used to study
substitution or branching levels.
Among the practical challenges when making light scattering measurements is
sensitivity to the light scattered by the sample. Sensitivity is limited by a polymer’s
molecular weight, concentration and dn/dc.
In the drug delivery market, an area of particular interest is the use of PLA and
PLGA as drug delivery polymers. These are used to control timed release and in the
manufacture of implants such as stents. PLA and PLGA represent particular
characterization concerns for light scattering due to their low dn/dc.
Polysaccharides used in the personal care market such as cellulose derivatives and
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hyaluronic acid are often very high in molecular weight meaning only minimal
amounts should be loaded onto the GPC column to prevent adverse effects from
poor separation.
In both of these cases, sensitivity to low light scattering signal is a key requirement
in order to make accurate and precise measurements of molecular weight using
advanced detectors.
In this paper, we will discuss how the class leading sensitivity of Malvern’s latest
GPC system, OMNISEC, can be used to overcome these challenges. Its light
scattering and RI sensitivity combine to extend the lower sensitivity limit for
polymer measurements. Using examples of PLA, PLGA, cellulose derivatives and
hyaluronic acid, we will show how advanced detection can now comfortably be
used in these difficult application areas widening its overall utility.
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Polymeric materials are abundant in our modern societies and the associated
applications are becoming increasingly diverse and sophisticated. Mixtures of
polymers are difficult to analyse due to the complexity of the sample. Many of the
more traditional techniques, such as size exclusion chromatography and nuclear
magnetic resonance spectroscopy, are averaging techniques which is not ideal for
polymer mixtures. Mass spectrometry allows polymer chemists to be able to make
measurements on a molecular level. With Ion Mobility Mass Spectrometry (IMMS)
complex mixtures can be separated and measured in more detail.
Polymers are complex materials, producing complex mass spectral data. When the
polymers are present as a mixture or as copolymers the complexity increases. For
these types of analyses MALDI-IMMS is a well placed technique as it generates
predominantly singly charged ions that are separated by their size and shape.
Related polymeric ions form lines within the mobility plot making confident
identification quicker and easier. Mixtures of biodegradable polymers and
copolymers were ionized by MALDI and separated by ion mobility. The results were
viewed in DriftScope and clearly separated series of ions were observed in the
mobility plots. DriftScope software was then used to interpret the mobility data.
Singly charged polymeric ions increase in molecular weight, size and shape in a
predictable manner and as a consequence form series across a mobility plot. The
ability to perform spectral clean-up within DriftScope simplifies data interpretation,
and as a consequence makes the process of characterisation that much quicker.
The software allows selected aspects of the data to be viewed in isolation from the
whole data set, and as a consequence the polymers can be interpreted as if they
had been analysed as a single polymer or copolymer.
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The molecular assembly structure is the center of functionality for a wide range of
application of organic materials, and thus, intense attempt has been conducted to
characterization and controlling the structure. For a range of conjugated aromatic
molecules, it governs the electronic properties and affects performance in organic
electronics such as the field effect transistor and the solar cell applications.
Novel molecular donor material has been synthesized for bulk heterojunction solar
cell (Fig. 1, left). Polymeric materials have been widely used for photovoltaic
application so far, but molecular materials have advantages for its defined structure
and purity, and therefore, we can have a clear investigation of their assembled
structure.
This molecule showed promising properties for solar cell such as a wide range of
the absorption spectrum up to 750 nm and the suitable HOMO/LUMO level of –5.0
and –3.3 eV, respectively. Distinctive character was obtained for the solid state
behavior. In thermodynamic measurement (DSC), second heating cycle showed
two endothermic peaks except for melting peak and it was confirmed that these
were originated from phase transitions. X-ray diffraction measurement was
conducted for both small angle and wide angle regions (Fig. 1 right) and a clear
evidence was obtained for this phenomena.
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Figure 1: Chemical structure of di(HTh2BT)DTCTT (left) and SWAXS patterns of the compound under
variable temperature.

In this presentation, the reversible phase transition behavior and its structural
insight with X-ray diffraction, associated with the molecular modelling calculation
and morphological observation results, will be reported.
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The critical absorption point (CAP) in chromatography separation of
homopolymers is defined as the condition in which the size exclusion effect is
precisely compensated by the interaction effect [1]. At the CAP, homopolymers of
different molar mass coelute independent of their molar mass. The liquid
chromatography at the critical condition (LCCC) has been successfully employed
for the separation of the individual components of polymer blends, polymers with
different functionality or polymers with different chain topology [2]. Nevertheless,
no critical examination of the retention behavior at the CAP has been performed
with respect to the type of polymers such as chain architecture.
In this study, we prepared various types of polymers, hydrogeneous (normal)
polystyrene (hPS), deuterated polystyrene (dPS), 2-arm hPS and 4-arm star-shaped
hPS. All polymers were synthesized by anionic polymerization, and 2-arm hPS and
4-arm star hPS have a chlorosilane linking group in the middle of the chain. For the
comparative analyses, we used three pairs of polymer series of different types: The
first pair has different chemical composition (hPS, dPS), the second pair has the
same chemical composition but different functional groups (hPS, 2-arm hPS) and
the third pair has the same chemical composition but different chain topology (2arm hPS, 4-arm star hPS). The critical condition was established by controlling
column temperature and we determined the CAP temperature (TCAP) and the
elution time at CAP (tE,CAP) of each polymer in both normal phase (NP) and reversed
phase (RP) liquid chromatography. The results showed interesting variations in TCAP
and tE,CAP that can be attributed to the effect of functionality and chain
architecture.
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Figure 1: Chromatogram of CAP of dPS, hPS, 2-arm hPS and 4-arm star hPS in RPLC.

[1] D. Berek, Prog. Polym. Sci. 25, 873 (2000).
[2] T. Chang and coworkers, Macromolecules 35, 529 (2002).
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In this article, we report one-pot synthesis of Fe(III)-polydopamine (PDA) complex
nanospheres, their structures, morphology evolution and underlying mechanism.
The complex nanospheres were synthesized by introducing ferric ions into the
reaction mixture used for polymerization of dopamine. The structures of the
nanospheres were characterized using various chemical analysis techniques,
including X-ray absorption fine-structure spectroscopy. It is verified via XAFS that
both the oxidative polymerization of dopamine and Fe(III)-PDA complexation
contribute to the “polymerization” process, in which the ferric ions form
coordination bonds with both oxygen and nitrogen at a ratio of roughly 4.3 to 1.0.
In the “polymerization” process, the complex nanostructures grow steadily, while its
morphology is gradually transformed from sheet-like to spherical at the feed Fe(III)/
dopamine molar ratio of 1/3. The final size of the complex spheres is significantly
smaller than the corresponding neat PDA spheres. At higher feed Fe(III)/dopamine
molar ratios, the final morphology of the “polymerization” products is sheet-like.
The results suggest that the formation of spherical morphology is likely to be
driven by covalent polymerization-induced decrease of hydrophilic functional
groups, which causes re-self-assembly of the stacked oligomers to reduce specific
surface area. We also demonstrate that this one-pot method allows the facile
construction of carbonized PDA nanospheres embedded with Fe3O4 nanoparticles.
Noble metal nanoparticles can be uniformly attached on such magnetic
nanospheres, making them good recyclable support for catalytic applications.
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For polymers to be used to make food and medicine packaging materials, FDA, or
others, regulated tests need to be performed. The first step for the regulated
testing will be the de-formulation or identification of all the small molecular weight
chemicals including surfactants, stabilizers, oligomers, and any other chemicals
which may leach or migrate from the polymer to the food, drink or the medicines.
This group of leachable chemicals is commonly called the “leachables”.
The LC-APCI-MS, Atmospheric Pressure Chemical Ionization Mass Spectrometry, is a
relatively new separation and characterization technology in the de-formulation
and identification of those polymer leachables, yet has some unique capabilities
over other conventional technologies like GC, GC-MS, LC-UV, FTIR, NMR etc.
This presentation will show briefly how the LC-APCI-MS works and how powerful
the APCI-MS is, for examples, in the separation, de-formulation and identification of
the leachables.
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Figure 1: De-formulation and Identification of Surfactants in Polymers by LC-APCI-MS.

[1] D.B. Robb, T.R. Covey, and A.P. Bruins, Anal. Chem., 72 (15), pp 3653-3659 (2000).
[2] A. Raffaelli and A. Saba, Mass Spectrometry Reviews, 22 (5), pp 318-331 (2003).
[3] W.C. Byrdwell and E.A. Emken, Lipids, 30 (2), pp 173-175 (1995).
[4] G.J. Van Berkel, S.P. Pasilis and O. Ovchinnikova, J. Mass Spectrometry, 43 (9), pp 1161-1180 (2008).
[5] C.N. McEwen, R.G. McKay and B.S. Larsen, Anal. Chem., 77 (23), pp 7826-7831 (2005).
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Surfactants can be used for many novel health-care and home-care applications
due to the possibility of modulating their solution phase behaviour in the presence
of some particular additives. Their polar-apolar duality makes them attractive for
in-depth study and results in their use in many other different fields of applications
[1,2]. In this work, the effect of small polar additives on the liquid crystalline
structure of a double C18 tail surfactant has been investigated.
Characteristic birefringence of the samples strongly indicates the presence of liquid
crystalline assembled structures. Thermal heat studies also suggest small
conformational changes; together with Small-Angle X-ray Scattering (SAXS) studies,
these changes can be correlated to changes in the interlayer spacing. Hence with
both optical microscopy involving polarized light (PLM) and Differential Scanning
Calorimetry (DSC) studies, the different behaviour of the surfactant bilayer in the
presence of distinct additives can be revealed, at different concentration ranges. A
molecular understanding of these changes, and, consequently, of the interactions
involved, is expected to allow us the control of the phase behaviour of this and
other novel surfactants and mixtures in solution.

[1] J.M.Raaijmakers, I.de Bruijn, O.Nybroe, M.Ongena, Fems Microbiol. Rev. 34, 1037-1062 (2010).
[2] J.B.Rosenholm, Adv. Colloid Interface Sci. 205, 9-47 (2014).
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Biodegradable composites comprised of poly(L-lactide) (PLLA) and cellulose from
rice straw biomass were prepared through solvent blending method. The cellulose
was incorporated in the PLLA matrix as reinforcement agent. The properties of the
biocomposite were then characterized by using Fourier Transform Infrared (FT-IR),
Polarized Optical Microscopy (POM), Differential Scanning Calorimetric (DSC),
Thermo Gravimetric Analysis (TGA), Dynamic Mechanical Analysis (DMA) and
Scanning Electron Microscopy (SEM). The rice straw biomass was treated to get
microcrystalline cellulose (MCC) by using acid hydrolysis [1]. The SEM images of the
composites fractured surface show that some of cellulose filler are aggregated in
PLLA matrix. The composite films transparency decrease with the MCC content. The
composites also show better thermal stability compared to the pristine PLLA since
cellulose has good thermal stability. The addition of filler in nano or micro size
could influence the crystallization behaviour of the polymer [2,3]. The MCC acts as
nucleating agent in the crystallization of PLLA. The mechanical and thermal
properties and molecular interaction of the synthesized composites were also
investigated and analyzed.

[1] A. Ilindra and J. D. Dhake, Ind. J. Chem. Tech. 15, 497 (2008).
[2] A. Auliawan and E. M. Woo, J. Appl. Polym. Sci. 125, E444 (2012).
[3] A. Auliawan and E. M. Woo, Polym. Compos. 32, 1916 (2011).
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Efficient hybrid organic-inorganic planar heterojunction (PHJ) perovskite solar cells
were fabricated by inserting an interlayer of polyelectrolyte between the PCBM
film and the aluminum electrode through a fully low-temperature solution process.
Our experimental results showed that this interlayer could result in interfacial
dipole in the same direction as the built-in electric field at the PCBM/Al interface,
enhancing the effective electric field in the devices. As a consequence, more
photo-generated charge carriers are transported to the electrode interface and
hence can be extracted. This led to a reduction in interfacial charge accumulation
and hence a lower series resistance. The polyelectrolyte interlayer gives rise to an
increase in PCEs from 9.91% to 14.35%. The improvement is mainly due to the
increased open-circuit voltage and fill factor.
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Figure 1: The current-voltage characteristics for perovskite solar cells with and without interfacial layer.
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The attention to Volatile Organic Compounds (VOCs) emitted from polymer
materials is increasing due to stringent requirements of air pollutants control and
safety concerns in relation both to human health and stability of objects [1,2]. Acidic
compounds, aldehydes and other harmful emissions from rubbers, plastics,
coatings and adhesives may cause oxidation, corrosion, color alteration or
embrittlement of materials.
A sensitive and rapid way for detection and analysis of volatiles emitted from
polymers is the head-space analysis performed by sampling the volatiles on
suitable adsorbents followed by their direct transfer at a GC-MS unit for
identification. Solid Phase Micro-Extraction (SPME) fibers are routinely used in
environment chemistry for sampling of volatiles, and they may be easily applied for
non-invasive detection of VOCs emitted from polymer samples in the form of solid
materials confined in head-space vials [3]. The VOCs are subsequently released from
the fiber in the GC/MS system and in a relatively short time (sampling time + GC
run, one to few hours in total) the information on the chemical nature of
compounds emitted from the tested materials is obtained.
In this presentation we discuss results obtained by SPME-GC-MS on different types
of polymeric materials. In some cases polymer emissions may be correlated with
the nature of the polymer matrix, whereas in other instances they show the
presence of additives, the occurring of curing processes or the effects of
degradation processes.
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[1] T. Salthammer, Uhde E. editors, Organic indoor air pollutants – occurrence, measurement, evaluation, 2nd
ed. Weinheim: Wiley-VCH; 2009.
[2] L.T. Gibson, A. Ewlad-Ahmed, B. Knight, C.V. Horie, G. Mitchell, C.J. Robertson, Measurements of volatile
organic compounds emitted from libraries and archives: an inferential indicator of paper decay? Chem.
Centr. J. 6 (2012).
[3] B. Thiébaut, A Lattuati-Derieux, M. Hocevar, L-B. Vilmont, Application of headspace SPME-GC-MS in
characterization of odorous volatile organic compounds emitted from magnetic tape coatings based on
poly(urethane-ester) after natural and artificial ageing, Polym. Test, 26, 243 (2007).
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According to worldwide statistics, more than 35 million cases with wet age-related
macular degeneration (AMD) and more than 72 million with diabetic retinopathy
(DR) have been reported, accounting for these two ocular diseases as the leading
causes of blindness in most developed countries [1,2]. These two retina-related
diseases are by bleeding and swelling of the macula due to growth of abnormal
blood vessels. This pathological neovascularization is a key component for the
treatment of the disease, where anti-angiogenesis strategies are effective for their
treatment. Vascular endothelial growth factor (VEGF) is one of the main inducers of
ocular neovascularization. In fact, several therapies currently approved or under
clinical development have shown benefits of neutralizing VEGF in patients. These
therapies are based on periodic monthly intravitreal (IVT) injections of VEGFbinding agents, such as ranibizumab (Lucentis®) and aflibercept (EyeLea®), to
maintain the therapeutic benefit.
Despite IVT injections of anti-VEGF provide the highest bioavailability of the drug
to the retina, retinal detachment, endophthalmitis, and cataracts are some
complications associated with these IVT injections. Therefore, there is a need in
clinical ophthalmology for reducing the number of intraocular injections, for
example, using long-time sustained drug delivery systems for delivering anti-VEGF
therapeutics. Several research groups are directed toward making up this kind of
devices for constant drug release and timely degradation. However, few groups
have investigated the enhancement of transporting anti-VEGF therapeutics from
outside the eye avoiding intravitreal injections. The proposed approach is to
enhance trans-scleral permeation of anti-VEGF through thiolated hydrogels.
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In the present study, cysteine and cysteamine were covalently attached along
several types of poly acrylic acid (PAA) with different molecular weights. The
resulting thiolated polymers were tested for their ability to form hydrogels when
crosslinked by oxidizing agents. These thiolated PAA based-hydrogels were
characterized regarding the degree of thiol conjugation, swelling, rheological
properties. Furthermore, protein release studies were performed to compare
release profiles of ranibizumab and aflibercept.

[1] T.A. Ciulla, A.G. Amador, B. Zinman. Diabetes care. 26, 2664 (2013).
[2] W.L Wong, X. Xu, X. Li, C. M. Cheung, R. Klein, C.Y. Cheng, T.Y. Wong. The Lancet. Global health. 2, e106
(2014).
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Low-field time-domain (TD) nuclear magnetic resonance (NMR) is an innovative
tool for polymer characterization [1,2]: a deep insight of microscopic properties and
morphology of the material can be acquired in a precise and fast way. Recently, it
has been validated as a powerful technique for both single and multicomponent
polymeric systems [3].
Here we report a comprehensive rigid fraction (fr) characterization [2] of a ternary
blend which is particularly promising as a hot melt adhesive with possible
applications in the conservation field. The blend is made by three components: a
base copolymer (ethylene butyl acrylate copolymer, EBA), a tackifier (urea-aldehyde
resin, UA) and a paraffin wax in a specific ratio. Adhesive properties strongly
depend on microscopic structure, miscibility and morphology of the three different
components in the resulting film.
In a polymer blend, TD-NMR measured rigid fraction may in general deviate from
the weighted average of the single components, indicating the presence of
interfacial effects. Particularly, the binary blend (EBA:UA=7:3; Fig. 1) shows some
discrepancies between experimental data and theoretical curves: some interactions
between components do not allow a perfect mixing, leading to significant
interface effects. Instead, the ternary formulation (EBA:UA:wax=6:3:1), with
optimized final properties, is the one where the weighted average corresponds
with the experimental data. Fig. 2 reports the fr behaviour for the ternary blend as
temperature is changed: both the tackifier and the paraffin wax add rigidity to the
copolymer. Particularly, this NMR curve shows two plateau in different temperature
ranges: the first one (270-310 K) is due to the presence of the urea-aldehyde resin,
whereas the second one (340-360 K) to the paraffin wax.
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Figure 1: Binary blend (EBA/UA) rigid fraction
temperature dependence (error=2%).

Figure 2: Ternary blend rigid fraction temperature
dependence (error=2%).

In our opinion, fr determination can be a valuable tool for screening new polymer
blends.

[1] M. Mauri, Y. Thomann, H. Schneider, K. Saalwächter. Solid State Nucl. Magn. Reson., 2008, 34, 125-141.
[2] A. Maus, C. Hertlein, K. Saalwächter. Macromol. Chem. Phys., 2006, 207, 1150-1158.
[3] S. Bonetti, M. Farina, M. Mauri, K. Koynov, H.-J. Butt, M. Kappl, R. Simonutti. Macromol. Rapid Commun.,
2016.
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Polypropylene is a commercially attractive plastic due to its good mechanical
properties, excellent chemical resistance, and good process ability with reasonable
price. However, linear PP usually has relatively low melt strength which limits their
use in applications such as thermoforming, foaming, and blow molding.
Polybutene-1 can improve the impact strength, tear strength, puncture resistance,
optical properties, flow characteristics, creep, and ultimate elongation of PP with
excellent heat seal ability, and enhanced weld line strength [1], also inducing long
chain branches could improve the melt strength. Much effort in producing
branched PP has been made in the polymer industry and several commercial
grades of high melt strength PP are available. These are mostly produced by
grafting long chain branches on the PP linear backbone, either by electron beam
(EB) irradiation or in the melt by using peroxides and a multifunctional monomer
via reactive extrusion [2].
In this study, a gel free long-chain branched polypropylene (LCB PP) was prepared
by reactive extrusion in the presence of polybutene-1 (PB-1), dicumyl peroxide
(DCP) and a trifunctional monomer, trimethylolpropane trimethacrylate (TMPTMA).
The effect of TMPTMA on branching is evaluated by measuring the viscoelastic
behavior in shear. Long-chain branched structure showed prominent higher zeroshear viscosity (η0). It is found that 1.5 wt% of TMPTMA increase the efficiency of
branching process which indicating the TMPTMA as a grafting promoter. At higher
percentages, due to the high tendency of TMPTMA to homopolymerization or
crosslinking reactions the efficiency of monomer decreases in branching process.
(See Fig. 1).
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Figure 1: Complex viscosity vs. angle frequency for the neat PP and modified 90PP/10PB-1 blend at 180 °C
in different TMPTMA loadings.

[1] F. Ardakani and Y. Jahani, C Radiation Physics and Chemistry. 87, 64-70 (2013).
[2] Borsig and Eberhard, et al., European Polymer Journal. 44, 200-212 (2008).
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This project pertains to the engineering of fully organic-based composite materials
inspired by Humboldt squid beak. The beak of the Humboldt squid Dosidicus gigas
is one of the stiffest wholly organic materials known [1]. Mainly composed of highly
sclerotized chitinous composite, it has a gradient of stiffness correlated with an
incremental hydration from the tip to the base. It has been previously reported
that the beak consists of chitin, water and His-rich proteins that contain 3,4dihydroxyphenyl-L-alanine (dopa) and undergo extensive stabilization by histidyldopa-cross-link formation [2]. We hope to establish a route of synthesizing bioinspired composites composed of functionalized chitosan, histidine-rich proteins
and water with a gradient of stiffness similar to that of squid beak.
The project consists of three parts. First, the recently sequenced protein family
Dosidicus gigas His-rich Beak Proteins: (DgHBPs) are produced and purified in E. coli
recombinant expression followed by purification by chromatographic methods
(Size-Exclusion EC-FPLC and reverse phase HPLC). Then DgHBPs are being
assembled in a fashion mimicking the natural bioprocess pathway, namely “selfcoacervation” [3]. Second, the DgHBP protein family is characterized by various of
biological, chemical and physical methods, including Matrix-Assisted Laser
Desorption/Ionization-Time of Flight Mass Spectrometry (MALDI-ToF), Circular
Dichroism Spectrophotometry (CD), Rheometry, ATR-FTIR, Amino Acid Analysis
(AAA), Dynamic light scattering, nano- Isothermal Titration Calorimeter (nano-ITC),
nuclear magnetic resonance (NMR) and so on, to investigate their properties,
structures, and structure-property relationships. Finally, chitin network or, more
specifically, modified chitosan scaffolds are prepared to construct porous structural
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scaffolds, which allow for the subsequent permeation of proteins. This process is
done by organic functionalization reactions. Finally, protein permeation and crosslinking within the chitinous network is being explored with the goal to control
gradients. The long-term goal is to produce stiffness gradients that mimic the
biomolecular and mechanical gradients of the beak.

[1] A. Miserez, T. Schneberk, C. Sun, F.W. Zok and J.H. Waite, Science 319, 5871 (2008).
[2] A. Miserez, D. Rubin, and J. H. Waite. Journal of Biological Chemistry 285, 49 (2010).
[3] Y.P. Tan, S. Hoon, P. A. Guerette, W. Wei, A. Ghadban, C. Hao, A. Miserez, and J. H. Waite. Nature chemical
biology 11, 7 (2015).
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Organic-inorganic hybrid perovskites are rising to the forefront of photovoltaic and
light-emitting device research. Current studies have mainly focused on 3D hybrid
perovskites such as CH3NH3PbI3 and CH3NH3PbBr3 where organic cations are fitted
into the holes of inorganic 3D connection [1,2]. In these perovskites, the role of
organic molecules is limited to support the crystal structure by neutralizing the
negative charge. Here we show that by incorporating large size organic molecules
in hybrid perovskites, the crystallization of such materials is induced by selfassembly of both organic and inorganic parts. The self-assembled hybrid
perovskite shows an oriented layered structure paralleling to the substrate. The
optical properties of self-assembled hybrid perovskites were examined by optical
spectroscopy which shows the unique feature of photon-exciton interaction.
The organic-inorganic hybrid perovskite thin film was spin-coated from precursor
solution containing PbI2 and C4H9NH3I. The perovskite crystal film was formed
immediately after spin-coating induced by the self-assembly of both organic
molecules and inorganic octahedral. The layered perovskite structure is confirmed
by X-ray diffraction (XRD) spectra as shown in Fig. 1a. Furthermore, the thin film
shows an extremely strong absorption peak at 510 nm originated from the photonexciton oscillation in inorganic layers confined by organic layers (Fig. 1b). The stable
excitons generate bright photoluminescence around 518 nm at room temperature
which reveals the promising potential of such layered perovskites in light emitting
devices.
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Figure 1: (a) XRD pattern of the layered hybrid perovskite and (b) optical absorption and
photoluminescence spectrum of the as-prepared hybrid perovskite. The inset shows the photoluminescence
picture of thin film under UV light.

[1] G.C. Xing, N. Mathews, S.Y. Sun, S.S. Lim, Y.M. Lam, M. Gratzel, S. Mhaisalkar, T.C. Sum, Science 2013, 342,
344.
[2] H.C. Cho, S.H. Jeong, M.H. Park, Y.H. Kim, C. Wolf, C.L. Lee, J.H. Heo, A. Sadhanala, N. Myoung, S. Yoo, S.H.
Im, R.H. Friend, T.W. Lee, Science 2015, 350, 1222.
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The acryl resin was prepared with metal-organic acid copolymer for synthesis of
acryl resin-metal-organic acid coordination complex. Metal-carboxyl type (RCOO)X-(OOCR'), where R represents a hydrolytically stable backbone carboxyl group of
acryl resin, and R' is a soluble functional organic acid and X is a metal linking resin
and organic acid, are interesting precursor for the preparation of novel resin of
paint composed of both inorganic and organic entities. Three main products are
separated on the Prep-LC system and these complexes were qualitative analyzed
by FT-IR spectroscopy. To determine the structure of each product, we used two
dimensional NMR techniques. We successfully identified these main products (acryl
resin-metal-acryl resin, acryl resin-metal-organic acid, and organic acid free form),
and this study will be aid for analysis of hybrid polymers having both inorganic and
organic moieties.

Figure 1: Main products and its structures in synthetic organic-inorganic hybrid resin.
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Metal nanoparticles decorated polyaniline-nanocrystalline zeolite nanocomposite
materials were synthesized and investigated in the electrochemical detection of
environmental water pollutants (lindane, hydrazine, and phenylhydrazine).
Among the nanoporous materials, zeolites are currently being used in the wide
range of sustainable industrial processes [1]. In this presentation, synthesis, physicochemical characterization of metal nanoparticles decorated polyanilinenanocrystalline zeolite nanocomposite (M-PANI-Nano-ZSM-5; M = silver or copper)
and their application in electrochemical detection of environmental water
pollutants will be discussed. Nanocrystalline zeolite was hydrothermally
synthesized by our own reported procedure [2]. PANI-Nano-ZSM-5 hybrid material
was synthesized by the oxidative polymerization of aniline with ammonium
peroxydisulfate (APS) in an aqueous zeolite suspension by the in-situ surface
polymerization method. Highly dispersed metal nanoparticles were then
supported on the nanocomposite material. The results demonstrate that silver
nanoparticles decorated PANI-Nano-ZSM-5 exhibited high electrocatalytic activity
for the electrochemical detection of lindane, whereas, copper nanoparticles
decorated PANI-Nano-ZSM-5 exhibited high electrocatalytic activity for the
determination of hydrazine and phenylhydrazine (Fig. 1). The proposed
methodology is simple, rapid and provides a potentially new analytical platform for
the detection of environmental water pollutants.
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Figure 1: Comparison of (a) DPVs towards lindane reduction and (b) sensitivity towards electrochemical
oxidation of phenylhydrazine (PhZ) and hydrazine (HZ) at various modified electrodes investigated in this
study.

[1] K. Li, J. Valla, J.G. Martinez, ChemCatChem 2014, 6, 46.
[2] B. Kaur, R. Srivastava, B. Satpati, ChemElectroChem 2015, 2, 1164.
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For the research of liver tissue engineering, new scaffolds were fabricated using
vessel modelling technique together with conventional tissue fabrication
techniques. The scaffolds, examined with 3D microscopic imaging, show formation
of desirable vascular network structures and thus suggest a potential application in
liver tissue engineering.
Firstly, vessel models of rat livers were fabricated with medical vascular casting
techniques, using biological material polylactic acid (PLA) as mold agent. Secondly,
composite scaffolds were fabricated, containing the vessel models and lactosemodified chitosan (Lact-CTS) matrix, by conventional techniques including flowforming, lyophilization and leaching [1]. The composite scaffolds were then
dissolved in different solvents. Methylene chloride was found to be a good solvent
for the vessel model while causing least deformation of the scaffold matrix.
Microscopic imaging experiments were carried out on the scaffold samples before
and after the dissolution treatment. See figure below for comparison of two
images taken before (Fig. 1a) and after (Fig. 1b) dissolution for the same sample
location. At the location where a PLA branch disappeared, a channel was formed.
Cross-section view reveals that some channels in a sample were connected to each
other and formed an overall structure that resembles intrahepatic vascular network
structure.
In this study we reported fabrication of scaffolds with intrahepatic vascular
biomimetic structures for potential application in liver tissue engineering.
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Figure 1: Microscopic image of the scaffold samples (a) before and (b) after PLA dissolution, with the
dashed lines being guide to the eye; (c) cross-section view of the scaffold after PLA dissolution, with the
green arrow indicating a vascular channel.

[1] B. Wang, Q. Hu, T. Wan, F. Yang, L. Cui, S. Hu, B. Gong, M. Li and Q.C. Zheng, Int. J. Polym. Sci. 2016, 8
(2016).
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Mass spectroscopy is a vital tool to determine the molecular weight of organic
compounds to correlate with the structure in conjunction with other analytical
tools. Mass spectroscopy predominantly focused on small organic compounds due
to ease of ionization (molecular weights <500 g/mole). The matrix assisted laser
desorption/ionization time-of-flight mass spectroscopy (MALDI-TOF MS) was
introduced in 1985 to determine the molecular weights of large molecules such as
peptides and proteins [1,2]. Recently the MALDI-TOF MS was used in the analysis of
polymers to derive useful information on chain end-functionalities and structural
information such as linear, cyclic, ladder, etc., of low dispersity polymers.
We have synthesized several linear and ladder polymers by reacting
octafluorocyclopentene (OFCP) and several bisphenols moieties at room
temperature and above [3]. The MALDI-TOF MS analysis of polymers confirmed the
presence of one OFCP and two bisphenols moieties in every repeating unit
pointing to the prevalence of ladder structure in the polymer backbone.
Additionally MALDI-TOF MS analyses showed that the ladder polymer chains were
terminated with three different end groups, (i) OFCP at both ends, (ii) OFCP and
bisphenol, and (iii) OFCP and two bisphenols. The mass difference between two
major peaks of 632.4 Da corresponds to one OFCP and two bisphenol moieties,
which is the repeating unit of ladder polymer (Fig. 1, inset).
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Figure 1: MALDI-TOF MS spectrum of ladder polymer.

[1] M. Karas, D. Bachmann, and F. Hillenkamp, Analytical Chemistry 57, 2935-2939 (1985).
[2] K. Tanaka, H. Waki, Y. Ido, S. Akita, Y. Yoshida, T. Yoshida, T. Matsuo, Rapid Communications in Mass
Spectrometry 2, 151–153 (1988).
[3] R. Krishnan and A. Parthiban, Polymer Chemistry 6, 4560-4565 (2015).
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Traditionally, size exclusion or gel permeation chromatography (SEC/GPC) is used
for the characterization of polymeric material, specifically their molecular weight
distribution. In order to resolve polymeric species, long column lengths and
banked column configurations are commonly used, resulting in lengthy analytical
test cycle times as well as the associated consumption of costly and often
hazardous solvents. Additionally, many test sets suffer from minimal replicate data
points due to the typical analysis time resulting data with limited statistical
weighting.
In this paper the benefits of a comprehensive systematic approach for polymer
molecular weight characterization will be presented. Waters® ACQUITY® Advanced
Polymer Chromatography® (APC™) System, with its innovative and robust ACQUITY
APC™ column technology, allows for improved resolution of polymer distributions
with significantly shorter chromatographic total analysis cycle times. Additionally,
we will describe some of the tools that are available to develop stable and
impactful test methods that result in richer data sets based on more stable
operating conditions, and replicate analyses that are easily obtained within
minutes and not hours.
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Figure 1: A simple sample set used to examine various eluent conditions is shown (left) with resulting
chromatographic results from 2 sets of conditions (pure water upper right and water plus ACN lower right).
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Graft copolymer is a polymer type having branch chains grafted to a backbone
chain. If branch chains are different from the main backbone chain, they are called
graft block copolymers. Such graft block copolymers exhibit phase behaviors
different from linear block copolymers [1]. Those graft copolymers are often
prepared by anionic polymerization and subsequent grafting reactions, however,
imperfect stoichiometry and side reactions in the grafting process results various
inhomogeneity in the graft copolymers [2]. Nevertheless, no critical evaluation of
the purity of such graft copolymers has been performed since size exclusion
chromatography (SEC) analysis, which is usually adopted for such analyses, is not
good enough.
In this study, we precisely characterized a polystyrene-g-polyisoprene (PS-g-PI)
synthesized by anionic polymerization and graft-reaction using diphenyl ethylene
functional groups. The PS-g-PI appears reasonably homogeneous by SEC analysis
but the temperature gradient interaction chromatography (TGIC) separation
depending on the PI branch number showed a significantly large distribution in
the number of PI grafts. The resolved peaks by TGIC were fractionated and the
molecular weight of each fraction was estimated by LCCC analysis at the CAP of
opposite block. The chemical composition of the fractionated samples was
determined by 1H NMR to reach a reasonably self-consistent results. Through this
study, we demonstrated that SEC is absolutely not good enough to characterize
this type of branched copolymers.
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Figure 1: SEC & TGIC analysis of SEC fractionated PS-g-PI with supposedly 4 PI branches.

[1] L. Zhang, J. Lin and S. Lin, J. Phys. Chem. B. 112, 9720–9728 (2008).
[2] A. Hirao, T. Watanabe and R. Kurokawa, Macromolecules, 42, 3973-3981 (2009).
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Recent developments in polymerization processes have utilized a wide array of
strategies. The development has evolved from simple polymer chains to complex
polymers capable of performing multiple functions within a single molecular chain.
As these new materials evolve their control and understanding has come under
intense scrutiny utilizing a wide range of analytical technology ranging from
chromatographic separation to advanced mass spectrometry.
Addressing the challenges of material characterization has often been focused on
hyphenated detection techniques coupled with separation. This approach utilizes a
concentration detector such as a refractive index (RI) detector as well as a viscosity
detector and a multi angle light scattering detector and more recently the use of
Mass Spectrometry (MS) detectors.
With the introduction of high speed-high resolution size based separation
techniques, a novel approach to the design of the separation equipment including
the separation column as well as the entire flow path are used to yield a high
speed/ resolution separation maintained from injection to detection with
traditional detector options such as RI and UV detection. However, the use of this
high speed high resolution separation technique has seen limited pairing with MS
detection due to the need to control material ionization and solvent matrix effects.
In this study the expansion of the APC approach to the size based separation is
presented. A single system control platform is evaluated to pair the
chromatographic system to the MS detector system allowing for a high through
put/ high resolution evaluation of size based separation of polymeric material
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while allowing for controlled MS ionization without interfering with the
chromatographic separation.

Figure 1: 3D Contour plot (upper left) of high speed size based separation of Tergitol 15S5 using single
quad MS detector. Extracted chromatograms (lower left) based on extracted mass. Extracted MS profiles
(right) for maximum response of various chromatographic components.
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In state-of-the-art energy technologies, high-density lithium ion batteries (LIBs) are
one of the most promising candidates for energy storage system with clean and
renewable energy. The graphene based 2D materials as novel intercalation anode
has enhanced the storage capacity up to ~730 mAh g-1 from traditional graphite [1].
However, further improvement of power density is limited by its theoretical
capacity according to the Li2C6 intercalation mechanism. An attractive Li6C6
mechanism was proposed just recently in organic/polymer based electrode [2,3],
and demonstrated that each carbon in an aromatic ring can accept a Li ion to form
a Li6/C6. All these considerations inspires us to design a high conductive 2D porous
conjugated polymer [4] with graphene-like structure for the electrode material in
rechargeable electrical energy storage devices, where the micro-porous are
beneficial to rapid surface Li+ absorption and ultrafast Li+ diffusion and electron
transport.

Figure 1: Scheme of 2D porous polymeric nanosheets for the lithium ion batteries.
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Herein, we propose a highly nitrogen doped 2D porous polymeric framework (2DPPF) in free-standing nanosheets as anode material for rechargeable LIBs. The 2DPPF can be facilitated through wet-chemical reaction and confirmed with element
analysis, XPS, Raman spectra and BET analysis. The free-standing 2D-PPF single
layer takes a thickness of ~0.85 nm, as well as a pore size of 1.15 nm. The 2D-PPF
nanosheets shows a high reversible capacity of 975 mAh g-1 at a low rate 100 mA
g-1 and a good cycle performance (no degeneration observed at first 30 cycles and
still in measure). Its high electrochemical performance, resource sustainability,
environmental friendliness, structure diversity, flexibility makes it an promising
candidate superior to those of inorganic materials.

[1] E. Yoo et al., Nano Lett. 8, 2277 (2008).
[2] J. Wu et al., Angew. Chem. Inter. Ed. 54, 7354 (2015).
[3] X. Han, G. Qing, J. Sun, T. Sun, Angew. Chem. Inter. Ed. 51, 5147 (2012)
[4] K. Sakaushi et al., Nat. Commun. 4, 1485 (2013).
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Shampoos are complex formulation with multiple components and various
chemical elements. Competitive benchmark from the analytical point of view is
very demanding.
In the past last years, we developed approaches for shampoo products
deformulation. Bulk characterization using NMR, vibrational spectroscopy, X-ray
fluorescence are followed by chromatography. Different separation modes (liquid,
gas, ions) allow most of the identification. Unknowns are characterized using liquid
chromatography and intelligent detectors (FTIR, High Resolution MS, NMR). Mixture
of polymer are separated by adsorption chromatography (LAC) and size-exclusion
chromatography (SEC) to obtain information on composition and molar mass
distribution.
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New pharmaceutical formulations have recently appeared to improve both the
administration and the pharmacokinetics proteins. These include drug delivery
systems (DDS), which are based on entrapment of these macromolecules in
polymer matrices or nano- and micro-particles that ensure their controlled release
[1].
Accurate quantification of released protein in vitro experiments is crucial to design
and improve properties of DDS. However, a significant number of protein-loaded
DDS are made of biocompatible polymers, which leak at the same time as proteins
are released. This fact makes difficult the quantification of released protein using
general procedures. The total protein content is generally determined by Lowry,
bicinchoninic acid (BCA), or Bradford assays, using protein standard curves [2].
Furthermore, the molar extinction coefficient (Ɛ), due mainly to the intrinsic
absorbance of Trp and Tyr, can be used to determine a small range of protein
concentrations. Other techniques, such as amino acid analysis (AAA) and elemental
analysis (CHNS assay) also can be applied. However, all the aforementioned
techniques are effective only if the protein is pure and no interfering substances
are present in the protein solution, such as polymers.
In the present study, the quantification of a therapeutic protein, ranibizumab,
released from polymeric-based hydrogels was determined using different
protocols to compare efficacy and reproducibility. At least two main drawbacks
should be considered to get an accurate and correct assessment of released
protein: a) the interference of polymers in the protein solution, and b) loss of
protein because of its attachment on the wall of glass or plastic vials used for
storage. In order to overcome the first problem, some methodologies were used to
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quantify released protein with very clean signal, such as intrinsic protein
fluorescence, high performance liquid chromatography (HPLC) and enzyme-linked
immunosorbent assay (ELISA). To prevent non-specific protein attachment to the
vial, 0.01% tween-20 or 1% BSA-coated micro vials were used.

[1] A. Patel, M. Patel, X. Yang and A.K. Mitra. Protein Pept. Lett. 21, 1102 (2014).
[2] G.A. Eberlein. J Pharm. Biomed Anal. 13, 1263 (1995).
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Fluoropolymers have been used in a wide range of applications because of their
unique properties. Their properties correlate closely with their composition, hence
compositional analysis is essential for their manufacture. Conventional methods of
compositional analysis include NMR and FT-IR. Since FT-IR is especially versatile and
can be effectively used for the quantitative analysis on the basis of Lambert-Beer
Law, the composition of the polymers is often determined conveniently by FT-IR
[1,2]. In this work, FT-IR was applied to composition analysis of perfluoro(2,2dimethyl-1,3-dioxole) / perfluoro(3-butenyl vinyl ether) (PDD/BVE) polymer.
As the first experiment, we confirmed the composition of the copolymer using FTIR with the copolymer thin film (~1 μm). The composition has been evaluated by
extinction coefficient predetermined using IR spectrum of PDD homopolymer, and
the accuracy of the method was confirmed with NMR. However the foregoing FT-IR
method requires complicated sample preparation such as forming thin films and
measurement of film thickness.
We have established a compositional analysis method using FT-IR with thick film
(100–200 µm). Fig. 1 shows IR spectra of a thick film for the PDD/BVE copolymer.
The calibration curve was prepared in Fig. 2 by plotting the content ratio of PDD
determined by 19F NMR and the peak ratio on C-F overtone region of IR spectra of
the copolymers. A good linear correlation was confirmed between the content
ratio and the peak area ratio. Consequently, this method enables to evaluate the
composition of the copolymer quickly and contributes to expedite quality control
of the fluoropolymers.
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Figure 1: IR spectra of a thick film of the PDD/BVE copolymer.

Figure 2: The calibration curve prepared by copolymers with various compositions

[1] Albert L. Moore, Fluoroelastomers Handbook: The Definitive User's Guide, 2008.
[2] T. Suzuki, Y. Amino, K. Yamamoto, 15th Symposium on Polymer Analysis in Japan, 2006, p.81.
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It has been forecasted that over 1000 satellites will be launched in the next decade.
As such, research in ultra-compact, light-weight satellites have always been the
main drive in the satellite industries. Movement driven components of the satellite,
such as solar arrays, will require miniaturization and compacting (to conform to the
satellite body) pre-launch but deployed (unfolded) once in orbit. Current
mechanical solutions are prone to failure due to fatigue and physical stresses
during the launch process as well as during operations. As such, alternatives that
avoid multiple mechanical components and light-weight are needed. One
approach is to replace mechanical movements with shape memory polymers
(SMP).
SMP is a polymeric smart material that could register temporary shapes and
transformed to one another through external stimulus, such as heat. It is easy to
shape and light-weight that is ideal as a shape transformable support in use for
satellites. However, the thermal conductivity of SMP is often poor, resulting in poor
distribution of heat, non-uniform transformation of shapes and sometimes cracks.
Here, we present 3D graphene (3D-C), an integrated foam-like material that made
of graphene, as a new type of filler for the infusion with SMP to enhance its
thermal performance and hence the shape transformation ability. With our new
fillers, the overall thermal conductivity of SMP has improved approximately 7 times,
and successfully sped up the shape transformation of SMP by 3 times without any
cracking occurs and hence, demonstrated its potential in the new generation
satellite development.
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The effect of solar radiation can be detrimental to human skin. Short term
exposure can lead to sunburns while long term exposure will damage skin cells,
modifying their DNA, increasing the chances of skin cancer or premature skin
ageing [1]. Nowadays sunscreen coating and formulations comprising of organic
and inorganic UV blockers are routinely incorporated into everyday cosmetic and
personal care products such as lotions, creams, oil, moisturizer and gels [2,3]. The
effectiveness of sunscreen provide with adequate protection from the sun is
measured by sun protection factors (SPF) values [4]. The sunscreen products are
appropriately tested and labeled with specific SPF values. In most cases, the real
SPF did not resemble to the labeled SPF. In this study, we utilized SPF
transmittance analyzer to test the sunscreen activity of commercial formulations
using universal method with new regulations [5]. The in vitro SPF measurement
reflected less activity than that mentioned in the labels of these samples.

[1] M. Ichihashi, M. Ueda, A. Budiyanto, T. Bito, M. Oka, M. Fukunaga, K. Tsuru, T. Horikawa, Toxicology 189
(2003) 21-39.
[2] C.S. Cockell, J. Knowland, Biological Reviews 74 (1999) 311-345.
[3] K. Morabito, N.C. Shapley, K.G. Steeley, A. Tripathi, International Journal of Cosmetic Science 33 (2011)
385-390.
[4] A. Springsteen, R. Yurek, M. Frazier, K.F. Carr, Analytica Chimica Acta 380 (1999) 155-164.
[5] COLIPA UV-A guideline: Method for the in vitro determination of UVA protection, 2011.
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A sensitive electrochemical sensor has been fabricated to detect nitroaromatic
explosive (2,4-dinitrotoluene (DNT)) using ordered polyaniline nanofibers. Among
the nanoporous materials [1], polyaniline are currently being used in the wide range
of sustainable industrial processes [1]. In this presentation, synthesis, physicochemical characterization of polyaniline nanofibers and their application in
electrochemical detection of nitroaromatic explosive will be discussed. Polyaniline
nanofibers were synthesized by the interfacial polymerization of aniline in hexane
with ammonium peroxydisulfate (APS). The morphology of PANI was investigated
by SEM analyses. Uniform interwoven nanofibers morphology with average
diameters of about ∼90 nm was obtained for PANI nanofibers (Fig. 1a). The
electrochemical results demonstrate that polyaniline nanofibers exhibited high
electrocatalytic activity for the electrochemical reduction of 2,4-dinitrotoluene (Fig.
1b–d). The proposed methodology is simple, rapid and provides a potentially new
analytical platform for the detection of nitroaromatic (2,4-dinitrotoluene (DNT))
explosive using ordered polyaniline nanofibers.
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Figure 1: (a) SEM image of PANI. (b) DPVs of 2,4-DNT at varying concentrations at PANI modified electrode
in 0.1 M PBS (pH 7.0). (c) CVs of 2,4-DNT (100 μM) at various scan rates (20-600 mVs-1) at PANI
modified electrode. (d) Pulsed amperometric response (n = 3) of the PANI modified electrode to increasing
concentration of 2,4-DNT.

[1] M.U. Anu Prathap, Shengnan Sun, Chao Wei and Zhichuan J. Xu, Chemical Communications, 2015, 51, 4376.
[2] M.U. Anu Prathap, B. Satpati, Rajendra Srivastava, Electrochimica Acta, 2013, 114, 285.
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The crystalline morphology of poly(L-lactide) (PLLA) and its blends with
amorphous polymer: atactic poly(methyl methacrylate) (aPMMA), semicrystalline
polymer: poly(D-lactide) (PDLA), and small molecule ionic liquid were analyzed by
using Polarized Optical Microscopy (POM), Atomic-force Microscopy (AFM),
Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM).
The crystalline morphology is influenced by many factors such as crystallization
temperature (Tc), sample thickness, blending or copolymer with other materials,
molecular weight, etc. The dilution effect of amorphous aPMMA addition results in
the formation of three types of crystal morphology. One of the types is Janus-faced
morphology which has special characteristic. The stereocomplexed crystals are
obtained in the blend of PLLA and its enantiomer PDLA. The stereocomplexed
crystals have many differences with the crystals of homopolymer PLLA or PDLA [1].
The addition of glycine based ionic liquid into PLLA matrix shows the formation of
novel crystal morphology which never been seen before in neat PLLA. The other
factors such as crystallization temperature and sample thickness also result in the
formation of the diversified crystal pattern [2]. The lamellae arrangement
determines the crystal pattern selection. The mechanism leading to such
diversified patterns of PLLA blends was also observed.
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Figure 1: The crystals morphology of PLLA/aPMMA (80/20) at Tc=115 °C with different aPMMA molecular
weight: (a)13K and (b) 100K.

[1] H. Ni’mah, E.M. Woo and S.M. Chang, RSC Adv. 4, 56294, (2014).
[2] H. Ni’mah and E.M. Woo, Cryst. Growth & Des. 14, 576 (2014).
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The wood exploring is a routine activity for some industrial sector due to this
material high availability, mostly reforested wood, like pine and eucalyptus [1],
avoiding the harvesting of native species. The main problem of these materials is
the disposal after usage; even being a biodegradable material that could be easily
degraded in the environment, a huge part of waste are applied as biomass and
being incinerated to generate energy with low efficiency [2]. This action releases
greenhouse gases that, even being captured in the process of reforestation and
new plants growing, does not help to stop the process of global warming [2]. As an
alternative to the unsustainable disposal, the lignocellulosic materials can be
reutilized to avoiding the incineration, among these alternatives the production of
cellulose nanocrystals has been highlighted in last years due to the unique
properties obtained from the nanometric phase, making possible the production
of nanocomposites with great mechanical, thermal and electronic properties [3].
In this work, it was proposed a methodology to extract and obtain cellulose
nanowhiskers from softwood industrial residues through an enzymatic hydrolysis
process. The methodology consist of three phases, a mercerization with aqueous
solution of acetic acid (CH3COOH) and calcium perchlorate (CaClO2) during 1 hour
at 50 °C, a delignification process (bleaching) with a basic solution with 4% of
sodium hydroxide (NaOH) and 24% hydrogen peroxide (H2O2) with a 1:1 (v/v) at 50
°C for 2 hours, and a enzymatic hydrolysis using the endo-β-1-4-glucanase to break
the microcrystalline cellulose in a buffer of sodium citrate (pH 4,5–5) at 50 °C for
three different times: 30 min, 1 and 2 hrs. The solution was them heated until
boiling for 30 min, to stop the enzymatic process. In the end, the samples are
washed, centrifuged and dialyzed until the neutral pH.
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The obtained nanocrystals were characterized by chemical composition, Fourier
transform infrared spectroscopy (FTIR), scanning electronic microscopy (SEM),
dynamic light scattering (DLS) and thermogravimetric analysis (TGA). The samples
are analyzed in each phase showing a high removal of hemicellulose and lignin
confirmed by the FTIR and a standard method of lignocellulosic decomposition,
forming cellulose with a high degree of purity. The enzymatic hydrolysis produces
dispersed cellulose nanofibers, due to the great effect of the enzyme and also
showing the formation of agglomerate, called nanowhiskers, are the focus of
interest for the production of polymeric nanocomposites, SEM and DLS allow
evaluating the particle and fiber sizes of each case.

[1] Nechyporchuk, O.; Pignon, F.; Belgacem, M.; J. Mater. Sci., 50, 531 (2015).
[2] Kuo, P.C.; Wu, W.; Chem. Eng. Sci., 142, 201 (2016).
[3] Xiang, Z.; Gao, W.; Chen, L.; Lan, W.; Zhu, J. Y.; Runge, T.; Cellulose, 23, 493 (2016).
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A major challenge in nanoparticle self-assembly is to program the organization of a
single type of anisotropic nanoparticle from one crystal structure to another with
tunable packing efficiencies over large areas. The ability to control the selfassembly of Ag octahedra into distinct 2D plasmonic superlattices with different
packing densities and geometries at a liquid/liquid interface was demonstrate [1].
This continuous structural evolution is achieved by systematically tuning the
surface hydrophobicity of Ag octahedra, which in turn changes the interaction
potential of the particles with both phases. Increasing the hydrophobicity of Ag
octahedra leads to progressively non-close-packed superlattices, with a simple
cubic lattice of Ag octahedra standing on vertices observed using hydrophobic
particles. As shown in Fig. 1, the different chain length of the ligand lead the
different position and orientation of Ag octahedral nanoparticles, which can also
determine the final superlattices structures. This continuous structural evolution is
achieved by systematically tuning the surface hydrophobicity of Ag octahedra.
Increasing the hydrophobicity of Ag octahedra leads to the translocation from oil
phase to water phase with different orientation change. Combined the theoretical
equation, we can predict the position and orientation of the Nps in the vicinity of
water/oil interface, and then predict the final structures of the assemblies.
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Figure 1: The snapshots for side view of 1 C3SH-capped (a) and C16SH-capped (b) Ag Particles at the
water/hexane interface.

[1] Y.H. Lee, W. Shi, H.K. Lee, R. Jiang, I.Y. Phang, Y. Cui, L. Isa, Y. Yang, J. Wang, S. Li, X.Y. Ling, Nat. Commun. 6
(2015).
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A high strength envelop in terms of variability of fibre structure is created by the
nature to different plants. Natural binding agents bound bunches of fibre which
may be connected to roots, leaves, stems, bark etc. Bast/stem fibres form the fibre
bundles in the inner bark, i.e. phloem/bast of the stems. The most important factor
to asses the fibre value is its length. Most of natural fibres have limited length, i.e
few millimetres to centimetres. When single fibre is considered, the strength of the
fibre is commonly expressed by tenacity. Two fibres of identical tenacities may have
different tensile strengths if their densities are different [1].
An original Indian fibre is Jute and its name is derived from Oriya/Bengali for braid
of hair. Jute is traditionally grown in West Bengal from ancient times. Jute belongs
to the Tilicae family comprising the two species Corchorus Capasularis or Corchorus
Olitorius [2]. Usually jute is used for ropes, threads and bags for grains packing.
In this work an attempt is made to reinforce jute woven fibre collected from bags
into epoxy resin by rolling with 25 mm diameter roller followed by hand layup.
Then the lamina is cut into tensile, flexural, impact test specimens as per ASTM
procedures to understand the performance of the composites with respect to
number of layers of reinforcement. Further, jute fibre composites are analysed for
its morphology to understand their interfacial adhesion characteristics (Fig. 1).
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Figure 1: SEM image of four layered jute FRE composite impact test specimen.

[1] J. Gordon Cook, Hand Book of Textile Fibres Vol 1-Natural Fibres, Wood Head Publishing Limited.
Cambridge. UK. 1959.
[2] Chhabilendra Roul, The International Jute Commodity System. Northern Book Centre, New Delhi. 2009.
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In recent years, cyro-electron microscopy has been gaining popularity in imaging
soft-materials as well biological samples such as cells, virus, protein assemblies at
molecular resolution to study their structural aspect. The cyro-electron microscopy
technique provides the opportunity to image these samples nearly artefacts free
without any staining and the embedment of the samples with vitreous ice
prevents itself from structural collapse upon dehydration. However, the poor
contrast of the images due to the intrinsic light elemental interaction with the
electron beam that produce little scattering remains as one of the challenges for
cryo-electron microscopy and this is exacerbated with samples embedded in
thicker vitreous ice. The introduction of the in-column energy filter offers a solution
in improving the contrast of the image. This can be achieved by eliminating the inelastic scattering and allows only the elastic scattering to reach the imaging
detector [1]. The improved contrast in soft-materials and biological samples makes
analysis much easier and interpretable.

[1] R.F. Egerton, Electron Energy-Loss Spectroscopy in the Electron Microscope, 3rd Edition, pp 315 (2011).
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Gemini surfactants have better interfacial properties compared to their single
chain counterparts. Thus, their behavior in water is of great relevance to various
industrial applications. In the present work, we have synthesized gemini
surfactants, α,ω-bis(N-hexadecyl-N,N-dimethyl ammonium bromide)-alkane (i.e.,
16-(CH2)s-16) and α,ω-bis(N-octadecyl-N,N-dimethyl ammonium bromide)-alkane
(i.e., 18-(CH2)s-18) with varying spacer length (s = 3 and 4) and their aggregation
behaviour were investigated. The critical micellar concentration (cmc) decreases
with increasing the number of carbon atom in the hydrophobic tail, due to an
increase in the hydrophobicity of the environment. The phase behaviour of these
gemini surfactants-water systems was studied using differential scanning
calorimetry, polarized optical microscope and small angle X-ray scattering. The
decrease in transition temperature was observed with increasing the spacer length.
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Nanocomposite films obtained from the low-density polyethylene (LDPE)
polymeric matrix with the hybrid system nanoclay/essential oil are promising for
the development of packaging with antibacterial properties due to the
antibacterial activity of essential oils used [1,2]. Although some recent studies report
the use of essential oils (EOs), with organic antimicrobial agent characteristics, as
additives for the development of antimicrobial activity packaging [2], efforts still
need to be made to extend and control the time of bacterial action, besides to
improve thermal stability such that the antibacterial active principle is not lost
during processing by extrusion. In this work LDPE nanocomposite was obtained
with the hybrid nanoclay montmorillonite Closite 20 (MMT) and carvacrol (CEO)
and eugenol (EOE) essential oils at different amount. The effective intercalation of
CEO and EOE essential oils in MMT galleries was evaluated, while the thermal and
physical stabilities of the LDPE/MMT/EOs nanocomposite were characterized. The
degree of EOs intercalation into the MMT galleries evaluated by X-ray diffraction
data by polycrystalline (XRDP). The XRDP data showed that the MMT/EOs hybrid
system increased the interlayer distance, d-spacing of MMT, this indicates the
effective intercalation of EOs molecules between the MMT galleries, where the
MMT serves as a potential carrier for EOs molecules. The thermal stability data,
obtained by thermogravimetric analysis (TGA), of LDPE/MMT/EOs systems showed
the MMT role as a carrier agent in the release of EOs. The TGA results showed that
there was an increase of approximately 200 °C in the EOs degradation
temperatures when incorporated into MMT to form the MMT/EOs hybrid system.
The increase in degradation temperature from the MMT/EOs hybrid system
reported in the literature is much lower than that found in this work, approximately
95 ºC [3], it is probably due to the incorporation method of EOs in MMT.
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Morphological analyses by SEM showed variation for pure LDPE front LDPE/MMT/
EOs samples. LDPE presented rectilinear organized morphology, attributed to the
LDPE crystalline nature; when incorporated into the hybrid system MMT/EOs the
morphology changed for more waveforms, but with homogeneous distribution,
which indicates a good dispersion of the hybrid MMT/EOs in the LDPE polymer
matrix.

[1] Hosseini, S.F., et al., Bio-based composite edible films containing Origanum vulgare L. essential oil.
Industrial Crops and Products, 2015. 67(0): p. 403-413.
[2] Efrati, R., et al., The Effect of Polyethylene Crystallinity and Polarity on Thermal Stability and Controlled
Release of Essential Oils in Antimicrobial Films. Journal of Applied Polymer Science, 2014. 131(11).
[3] Shemesh, R., et al., LDPE/Clay/Carvacrol Nanocomposites with Prolonged Antimicrobial Activity. Journal of
Applied Polymer Science, 2015. 132(2).
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Polymers are often electrically insulating as well as sensitive to electron beams,
which makes it challenging to image them with a scanning electron microscope
(SEM) or in a focused ion beam (FIB) instrument. However, there are several
strategies to mitigate these issues. Here we show that using a combination of
charge filtering, low beam current capabilities, and milling strategies, electron
microscopy not only provides nanoscale surface information but also structural
and morphological information from below the surface.
Several strategies are available in SEM that prevent charge build-up on uncoated
polymer samples, such as such as low kV and low current operation, smart
scanning (line integration, interlaced scanning), and low vacuum. However, even in
situations where charge is not entirely eliminated, charge-free imaging is possible.
We present a new charge filtering technique and demonstrate how it enables
charge-free imaging of Ag nanoparticles on a polymer film (Fig. 1).

Figure 1: Charge filter action on Ag nanoparticles on polymer film (2kV, 25 pA).
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The issue of sample damage is addressed using lower beam currents, requiring
sensitive detection in SEM. With FIB milling, in addition to a reduced current we
also need to better control the beam. We present a 3D study on rubber that uses
special milling strategies to produce clean cross sections that allows for accurate
3D reconstruction (Fig. 2).

Figure 2: Traditionally seen soft material damage (left) is eliminated using special milling strategies (right).

In conclusion, we present advances in SEM and FIB that further extend the study of
polymers beyond what was previously possible.
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Diabetes mellitus (DM) is a chronic metabolic disease that results in increased
levels of blood glucose. In 2015, 415 million people in the world suffered from DM
and these figures are estimated to increase every year [1]. There are two main types
of DM. Type 1 diabetes (TID) is caused by insufficient insulin production, commonly
due to autoimmune destruction of β cells [2]. Type 2 diabetes (TIID) is often due to
insulin resistance, where the body can produce insulin but not effectively using
them [3]. Currently, there is no cure for DM and the only effective treatment
available for TID and late TIID is the subcutaneous injection of insulin. However,
these daily subcutaneous injections often result in complications such as tissue
necrosis, infection and nerve damage. Therefore, alternative administration
methods that are long term and non-invasive are needed [4].
We are developing a biomimetic peptide derived from mussel adhesive proteins to
prepare glucose and pH dual-responsive coacervates, to function as an insulin
delivery vehicle. The biomimetic peptide is functionalised with catechol and is
cross-linked using phenylboronic acid to form stable coacervates. The insulin
encapsulated within the coacervates is protected from enzymatic and hydrolytic
degradation. A drop in pH (inside endosome) or an increase in blood glucose level
(after meal) causes the coacervates to dissociate, allowing insulin to diffuse out. The
dual responsive properties of our insulin delivery vehicle enables the rapid release
of insulin in response to hyperglycaemia. In addition, when the blood glucose level
drops, the coacervates stop dissociating, thus terminating insulin release. Our goal
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is also to control the rate of coacervate dissociation as well as insulin release by
manipulating the degree of cross-linking.
Despite recent advances on the development of new insulin delivery mechanism,
the use of peptide-based coacervates is still in its infancy. While the idea of
coacervation is getting popular in the recent years, the use of biomimetic peptides
coacervates for insulin delivery have previously never been described. This dual
responsive delivery system may provide a new approach for effective management
of DM.

[1] International Diabetes Federation Western Pacific. Available from: http://www.idf.org/membership/wp/
singapore.
[2] Kuraeva, T.L., [Immunopathogenesis and immunotherapy of type I diabetes mellitus]. Probl Endokrinol
(Mosk), 1991. 37(1): p. 63-7.
[3] Olokoba, A.B., O.A. Obateru, and L.B. Olokoba, Type 2 diabetes mellitus: a review of current trends. Oman
Med J, 2012. 27(4): p. 269-73.
[4] Elsayed, A.M., Recent Advances in Novel Drug Carrier Systems. Chapter 10: Oral Delivery of Insulin: Novel
Approaches. InTech. 512.

198

Poster Presentation – P38
Huifang Xu, Harbin Institute of Technology, PRC

“HEAT-RESISTANT PROPERTY OF ALUMINA-FILLED
METHYLPHENYLSILICONE RESIN”
H. F. Xu, F. Song, Z. X. Zhong, Q. Wen and S. Wang
School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin 150001, China

xuhf@hit.edu.cn

Silicone resins with excellent heat resistance and manufacturability have been
widely used in the field of high-temperature thermal protection [1,2]. In this work,
heat-resistant properties of methylphenylsilicone resin (MPSR) and alumina filledMPSR were analyzed when samples were cured by heating or curing agent of
tetraethylenepentamine (TEPA), respectively. The analyses by Fourier transform
infrared (FTIR) showed that heating and tetraethylenepentamine promoted
gelation reaction of MPSR oligomer. Thermogravimetric analysis (TGA) results in
Fig. 1 showed two-step degradation of all samples. The slower weight loss was
continued till about 550 °C. The fast degradation step occurred from 550 to 660 °C.
The weight losses of MPSR were decreased after filling alumina, especially at hightemperature degradation step. The weight losses of silicone when excluding the
additional mass of alumina, were calculated by TGA results for assessing the effect
of alumina on thermal stability of MPSR. For TEPA-cured samples, the curves of
blank MPSR and alumina-filled MPSR displayed similar degradation processes but
the quality retention of silicone was increased from 51.2 wt.% of blank MPSR to
58.6 wt.% of 15 wt.% alumina-filled MPSR at 1000 °C. For thermal curing samples, it
indicated that the onset degradation temperatures of heat-cured samples were
enhanced from 240 °C for blank MPSR to 300 °C for 15 wt.% alumina-filled MPSR.
The quality retention of silicone was increased from 35.5 wt.% of blank MPSR to
52.7 wt.% of 15 wt.% alumina-filled MPSR at 1000 °C.
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Figure 1: TGA results of MPSR and alumina-filled MPSR cured by heating or TEPA. (a) 2 wt% TEPA-cured
MPSR, (b) 2 wt% TEPA-cured MPSR filled with 15 wt.% alumina, (c) heat-cured MPSR, (d) heat-cured MPSR
filled with 15 wt.% alumina.

[1] G.S. Wu, L.C. Ma, Y.W. Wang, L. Liu, Y.D. Huang, J. Adhes. Sci. Technol. 30 (2016) 117-130.
[2] A.M. Mikhailova, M. Tamboura, M.Q. Jia, Silicone 4 (2012) 197-208.
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Nanotechnologies are opening up new horizons in almost all scientific and
technological fields. Among these, applications of nanotechnologies in the food
industry have grown over the years and it is expected that increasingly more food
products will contain some level of engineered nanomaterials (ENMs). For example,
food grade titanium dioxide (TiO2; E171) nanoparticles are widely used as a
pigment, while food grade silicon dioxide (SiO2; E551) nanoparticles are used as
anticaking agents to maintain flow properties in powdered products. Silver (Ag)
nanoparticles are incorporated into food packaging materials as an antibacterial
agent. Despite the projected benefits, this exciting technological frontier is pushing
regulatory boundaries and raising concerns regarding potential undesirable health
and environmental effects. Herein, we report a facile and systematic approach to
analyse the behaviour of ENMs in food matrices and products. Properties
characterized include size, shape, surface properties, chemical structure and
solubility of the ENMs in various food matrices and conditions. Results show that
different ENMs will behave differently in the range of food matrix ingredients and
conditions tested. Such fundamental knowledge will form the basis for developing
reliable and consistent procedures to detect, quantify and characterize ENMs in
food products. Furthermore, this knowledge will serve as prerequisites for risk
assessment of ingesting ENMs through the consumption of “nanofood” products.
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One-dimensional organic semiconducting structures are promising candidates to
be used as active components in a wide range of research fields including gas
sensors, organic light-emitting diodes (OLEDs), organic field effect transistors
(OFETs), optical waveguide fibers, photodetectors, memory devices, and solar cells.
Among the current numerous methods to prepare one-dimensional organic micro/
nano structures, self-assembly is one of the most efficient strategies.
Attributed to the emerged charge transfer and π-π interaction, long hybrid P3HT/
TCNQ microwires have been fabricated through simple solution-evaporation
method. The FET performance of these as-prepared microstructures displayed ptype (10:1 and 5:1), ambipolar (1:1) or charge carrier transport behaviours (1:10).
Our research makes us believe that if the appropriate materials (polymer and small
molecule) and their ratios were judiciously selected, hybrid architectures with
excellent ferroelectrics, photoconductivity, and charge transport properties could
be achieved. This research direction is still on the way.

203

Figure 1: Optical images of P3HT/TCNQ hybrid microstructures obtained by the drop-casting method with
different mass ratios: 10:1 (a), 5:1 (b), 1:1 (c), 1:10 (d).

[1] Zhang, J.; Wang, C.; Chen, W.; Wu, J.; Zhang, Q., Fabrication and physical properties of self-assembled
ultralong polymer/small molecule hybrid microstructures. RSC Advances 2015, 5 (32), 25550-25554.
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