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WELCOME TO ISPAC 2015 

 

Dear ISPAC Participants: 

Welcome to the 28
th
 annual ISPAC Conference.  This conference is unique in that it brings 

together experts in polymer characterization with experts in polymer materials science in an 

attempt to advance the participantôs understanding of polymer characterization.  This year, as is 

the case for every ISPAC conference, the focus areas were chosen based on the venue.  The 

Houston area is known for having two of the largest polyolefins companies in the world along 

with a large medical center.  These lead the organizing committee to choose polyolefins and 

biopolymers as the first two sessions of the conference.  The last three sessions covering 

microscopy, spectroscopy and scattering were selected because they have historically been topics 

that ISPAC has covered. 

We are very fortunate this year to have very strong support from the polymer industry and 

instrument vendors.  This strong financial support allows the conference to do a few additional 

things to hopefully make the conference environment more conducive to networking and 

learning.  First, we were able to have two separate short courses.  This hopefully made the 

conference more attractive to people wanting to expand their knowledge into other fields.  In 

addition, it brought in more world class experts to participate in the conference.  Next, the 

additional funding allows the conference to offer all meals on site at no extra charge.  This 

hopefully will increase everyoneôs opportunity to network and expand their knowledge.  Finally, 

the strong vendor participation complements everyoneôs conference experience by bringing in 

some of the worldôs best polymer characterization vendors and their experts. 

On behalf of this yearôs ISPAC Organizing Committee I want to encourage everyone to take full 

advantage of all this yearôs conference has to offer.  I hope you enjoy your stay at Hotel ZaZa 

and the Houston area and that you leave the conference with a better knowledge of polymer 

characterization.   Please donôt hesitate to contact any of us should you have any questions or 

concerns. 

Regards;  

ISPAC 2015 Planning Committee 

Willem deGroot, The Dow Chemical Company - ISPAC 2015 Conference Chair 

Jimmy Mays, University of Tennessee 

Pat Brant, ExxonMobil 

Rafael Verduzco, Rice University 

H.N. Cheng, USDA Southern Regional Research Center 

Debbie Mercer, The Dow Chemical Company 

Chanda Klinker, The Dow Chemical Company 
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What is ISPAC? 

 

ISPAC 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 and 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, 

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. 

Lecturers are urged to include introductory material in their presentation to bring 

participants "up to speed", and are allotted the time to accomplish this. The 

discussion periods allow for extended interaction among the lecturers and the 

conference participants. 

If your work involves any aspect of polymer characterization, physical testing, 

materials analysis, or polymers in general, please consider attending this 

conference. You are welcome to submit a contributed oral paper or a poster.  

Full papers of invited talks and poster presentations are published in the 

International Journal of Polymer Analysis and Characterization, an ISPAC 

affiliated journal published by Taylor & Francis. Instructions for authors will be 

available at the conference. 
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H.N. Cheng - USDA Southern Regional Research 
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J. W. Mays, University of Tennessee, jimmymays@utk.edu 
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Sunday, June 7, 2015  

ISPAC Short Course: 
Polymer Analysis and Characterization   
      

 7:45 AM BREAKFAST ς Phantom Ballroom B & C 
  
 8:00 AM REGISTRATION, ALL DAY ς Phantom Pre-Function Lounge 
  

 SESSION 1  
HEMINGWAY ROOM 

SESSION 2  
DÉJÀ VU ROOM 

   
 8:30 AM Basics of Gel Permeation Chromatography, Including 

Multi -Detectors 
-Dr. John McConville 

Introduction to Polymer Electron Microscopy 
-Professor Matthew Libera 

   
10:00AM Break ς Phantom Pre-Function Room Break ς Phantom Pre-Function Room 
   
10:15 AM Mass Spectrometry Methods for the Characterization of 

Synthetic Polymers and Materials   -Professor Chrys 
Wesdemiotis 

Travels in Reciprocal Space: A Tutorial on Images, 
Microstructures, Scattering and Fourier Transforms - Dr. 
Jeff Butler 

   
11:45 AM LUNCH ς Fountain Room  LUNCH ς Fountain Room 
   
12:45 AM Advanced Liquid Chromatography, including 2D-LC and 

Hyphenated Methods (LC-NMR, LC-FTIR, LC-MS) ς
Professor Harald Pasch 

Small Angle Neutron Scattering: A Tool to Explore 
Structure in Complex Fluids and Polymers under 
Manufacturing-Related Conditions 
-Dr. Ronald Jones 

   
 2:15 PM Break ς Phantom Pre-Function Room Break ς Phantom Pre-Function Room 
   
 2:30PM Characterization and Applications of Some Biopolymers: 

from Sol to Gel States 
-Professor Marguerite Rinaudo 

Watching the Molecules: a Tutorial on Light Scattering 
and Dielectric Spectroscopy  
- Professor Alexei Sokolov 

   
 4:00 PM Break ς Phantom Pre-Function Room Break ς Phantom Pre-Function Room 
   
 4:15 PM Introduction to Scattering-Based Polymer 

Characterization Methods 
- Professor Paul S. Russo 

Scanning Probe Microscopy for Discrimination and 
Quantitative Differentiation of Polymer Materials  Dr. 
Dalia Yablon 

   
 5:00 PM Registration- Phantom Pre-Function Lounge  
   
 6:00 PM Welcome Reception ς Fountain/Ultimate Ransom Room 

IŜŀǾȅ ƘƻǊǎ ŘΩƻǳŜǾǊŜǎ ŀƴŘ ƻǇŜƴ ōŀǊ 
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Monday, June 8, 2015 ς PHANTOM  BALLROOM 

Morning Session Theme: Characterization of Polyolefins 
  
 7:00 AM REGISTRATION, ALL DAY ς Phantom Pre-Function Lounge 
  
 7:00 AM BREAKFAST ς Phantom Ballroom B & C 
  
 8:00 AM ISPAC Chair Opening Remarks ς Phantom Ballroom B & C 

-Willem deGroot & Wayne Reed 
 Invited Lectures: 

 Phantom Ballroom B & C 
Characterization of Polyolefins ς Moderator: Jimmy Mays 

  
 8:15 AM L1 - Contributions of Polyolefin Characterization Techniques to Polymer Catalysis Development and Reaction 

Engineering  
The Dow Chemical Invited Lecture: Joao Soares, University of Alberta 

  
 8:45 AM L2 - Characterization of Complex Polyolefins by Cross-Fractionation Techniques        

- Benjamin Monrabal, Polymer Char Spain 
  
 9:15 AM L3 - Flow-induced Crystallization and Nucleation in Isotactic Polypropylenes 

-Scott Milner, Penn State University 
  
  9:45 AM DISCUSSION 
  
10:15 AM REFRESHMENT PAUSE ς Phantom Ballroom A 

  
 Contributed Lectures:̀ 

 Phantom Ballroom B - Characterization of 
Polyolefins ς Moderator: Harald Pasch  

Phantom Ballroom C  Characterization of 
Biopolymers ς Moderator: Petra Mischnick 

   
10:45 AM O1 - Size Exclusion Chromatography of Polyoxymethylene 

and its Polyolefin Blends- Possibilities and Limitations     
-Gadgoli Umesh,SABIC 

O5 - Conversion and Characterization of Agri-based 
Materials  
-H.N. Cheng, USDA 

   
11:05 AM O2 - Spectroscopic Characterization of Plasma 

Nitrogenation of Polymer Surfaces at Atmospheric 
Pressure -Zohreh Khosravi, Technische Universitat 
Braunschweig 

O6 - DNA-Chitosan Electrostatic Complex Formation: 
Stoichiometry and Conformation 
-Marguerite Rinaudo, CERMAV-CNRS 

   
11:25 AM O3 - Dissolution and Scattering Behavior of Polyethylenes 

in Dilute solutions and Relations between Molecular 
parameters 
 -Jacques Tacx, Sabic 

O7 - New Approaches in Analysis of Drug Delivery 
Formulations: Measuring Domain Sizes in Multi-
Component Celluloses Using NMR  
-Staffan Schantz, AstraZeneca R&D 

   
11:45 AM O4 - Multidimensional High Temperature Liquid 

Chromatography  
- Robert Brüll, Fraunhofer Institute 

O8 - Preparation and Characterization of 
Microporous Hydrogels of Cellulose Ether Cross-
Linked with di- or poly Functional Glycidyl Ether 
Made for the Delivery of Bioactive Substances 
- Olayide Samuel Lawal, Olabisi Onabanjo University 

   
12:05 PM - LUNCH ς Phantom Ballroom B & C - VENDOR TALKS ς Fountain Room 
 Poster Setup in άRoom with a Viewέ 11

th
 Floor  

12:20 PM  Vendor Talk 1 
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/ƻƴǘΩŘ - Monday, June 8, 2015 ς  PHANTOM BALLROOM 
   

12:40 PM  Vendor Talk 2 
   

 1:00 PM /ƻƴǘΩŘ [ǳƴŎƘ ƛƴ tƘŀƴǘƻƳ .ŀƭƭǊƻƻƳ . ϧ /Τ  
 tƻǎǘŜǊ {ŜǘǳǇ ƛƴ άwƻƻƳ ǿƛǘƘ ŀ ±ƛŜǿέ ммth Floor 

Vendor Talk 3 ς Fountain Room 

   
 Invited Lectures:  
 Phantom Ballroom B & C 

Characterization of Biopolymers ς Moderator: H.N. Cheng 
   
 1:35 PM L4 - A New Frontier in Proteomics: Identifying Proteoforms and Elucidating Proteoform Families from 

Measurements of Intact Mass and Lysine Count 
-Lloyd Smith, Wisconsin 

   

 2:05 PM L5 - Self-assembly and Responsiveness of Polypeptide-based Star and Triblock Copolymers: Design, 
Characterization and Function 
-Dan Savin, University of Florida 

 

  

 2:35 PM L6 - Analysis of the Substituent Distribution in Cellulose Ethers 
-Petra Mischnick, TU Braunschweig 

   
3:05 PM DISCUSSION 
   
 4:30 PM REFRESHMENT PAUSE ς Phantom Ballroom A  
   
 4:40 PM  Vendor Talk 4 ς Fountain Room 
   
 5:00 PM  Vendor Talk 5 ς Fountain Room 
   
   
 Contributed Lectures:̀ 
 Phantom Ballroom B  Characterization of 

Polyolefins ς Moderator: Benjamin Monrabal 
Phantom Ballroom C  Characterization of 
Biopolymers ς Moderator: Marguerite 
Rinaudo 

  
 5:30 PM O9 - The Recent Advances and Challenges in Polyolefin 

Comonomer Distribution Analysis  
-Rongjuan Cong, Dow Chemical 

O12 - Study of Complex Coacervation of Gelatin A 
and Pectin for Microencapsulation of Theophylline 
 -Nirmala Devi, Gauhati University 

   
 5:50 PM O10 - New NMR Techniques Developed Recently for 

Studying Polyolefin Microstructures 
-Zhe Zhou, Dow Chemical 

O13 - Thermoplastic Elastomer as Toughening Agent 
for Polylactic Acid (PLA): Effect of Blending Ratio on 
Morphology and Performance  
-Vidhya Nagarajan, University of Guelph 

   
 6:10 PM O11 - Characterization of Polypropylene in 

Dibutoxymethane by High Temperature Gel Permeation 
Chromatography with Triple Detection  
-Steve O'Donohue, Agilent Technologies 

O14 - New Insights on Cellulosic Ether Hydrogels  
-Bob Sammler, Dow Chemical 

   
6:30 PM Poster Exhibits in Room with a View 11th Floor 

Heavy hors d`ouevres and Open Bar 
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Tuesday, June 9, 2015 ς PHANTOM BALLROOM 
7:00 AM REGISTRATION, ALL DAY ς Phantom Pre-Function Lounge 
   
7:00 AM BREAKFAST ς Phantom Ballroom B & C  
   
 Invited Lectures: 

 Phantom Ballroom B & C   Characterization of Polymers Using Scattering Techniques ς 
Moderator: Moderator: Rafael Verduzco  

 
 8:00 AM L7 - Probing Semi-crystalline and Amorphous Structure in Polymer Systems using Neutron Scattering, Neutron 

Imaging, and Neutron Spectroscopy 
-Chevron Phillips Invited Lecture: Ron Jones, NIST 

   
 8:30 AM L8 - In situ Thin Film Processing Characterization Using X-rays 

-Alexander Hexemer, Lawrence Berkeley National Laboratory 
   
 9:00 AM L9 - Characterizing Block Copolymer Thin Films with Grazing-Incidence Small Angle X-ray Scattering 

-Gila Stein, University of Houston 
   
 9:30 AM DISCUSSION  
   
10:00 AM REFRESHMENT PAUSE ς Phantom Ballroom A  
   
 Contributed Lectures:  

 Phantom Ballroom B    Characterization of 
Polymers Using Scattering Techniques ς 
Moderator: Ron Jones 

Phantom Ballroom C   General Polymer 
Characterization ς Moderator: Oscar 
Chiantore 

   
10:30 AM O15 - In Situ SANS Studies of Semi-Crystalline Polymers 

Under Tensile Deformation  
-Jamie Stull, Los Alamos National Laboratory 

O19 - Full Molecular Characterization of Complex 
Polymers: Mission Impossible? 
- Harald Pasch University of Stellenbosch 

   
10:50 AM O16 - Quantifying Tie-Chain Content in Semicrystalline 

Polyolefins with Vapor-Flow Small-Angle Neutron 
Scattering 
- Amanda McDermott, NIST 

O20 - Monitoring the Onset and Evolution of 
Polymer Stimuli Responsive Behavior During 
Synthesis 
-Wayne Reed, Tulane University 

   
11:10 AM O17 - Heterogeneous Deuterium Distribution in 

Commercial Polyolefins: Measurement and SANS Model  
-Brian Habersberger, Dow Chemical Company 

O21 - Synthesis and Characterization of Neem 
(Azadirachta Indica A.Zuss.) Seed Oil-based Alkyd 
Resin  
Nirmala Devi, Gauhati University - 

   
11:40 AM O18 - Hydrophobically Modified Ethylene Oxide Urethane 

(HEUR) Based Coatings: Mesoscale Structure Under Shear 
and Viscosity  
-Tirtha Chatterjee, Dow Chemical 

O22 - Characterization of a New High Temperature 
Thermoplastic Elastomer Synthesized by Living 
Anionic Polymerization in Hydrocarbon Solvent at 
Room Temperature  
-Weiyu Wang, University of Tennessee 

   
12:00 PM Phantom Ballroom B & C 

- LUNCH 
Fountain Room 
-LUNCH & VENDOR TALKS 

   
12:15 PM  Vendor Talk 6 
   
12:35 PM  Vendor Talk 7 
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/ƻƴǘΩŘ -Tuesday, June 9, 2015  

 Invited Lectures:  
 Phantom Ballroom B & C  - Characterization of Polymers using Spectroscopy and Microscopy ς 

Moderator: Julius Vancso  

  
 1:15 PM L10 - Understanding the Inner Morphology of Polymeric Nanoparticles: Expect the Unexpected 

-Roberto Simonutti, University of Milan Bicocca 
  
 1:45 PM L11 - Nanoscale Molecular Imaging in Polymer Systems 

-Greg Meyers, The Dow Chemical Company 
 

   
 2:15 PM L12 - FT-IR Imaging Advances in Polymer Characterization 

-Rigoberto Advincula, Case Western Reserve University 
 

   
 2:45 PM L13 - An Interfacial Layer ς The Key to Properties of 

Polymer Nanocomposites 
-Alexei Sokolov, University of Tennessee 

 

   
 3:15 PM DISCUSSION  
   
 4:00 PM REFRESHMENT PAUSE ς Phantom Ballroom A  
   
 4:10 PM  Vendor Talk 8 ς Fountain Room 
   
 4:30 PM  Vendor Talk 9 ς Fountain Room 
   
 Contributed Lectures:  
 Phantom Ballroom B 

Characterization of Polymers Using Spectroscopy 
and Microscopy ς Moderator: Greg Meyers 

Phantom Ballroom C  General Polymer 
Characterization Session II ς Moderator: 
Wayne Reed 

   
 5:00 PM O23 - Characterization of a Polyethylene ς Polyamide 

Multilayer Film Using Nanoscale Infrared Spectroscopy 
and Imaging  
-Curtis Marcott, Anasys Instruments, Inc. 

O26 - Field-Flow Fractionation: Solving the 
Challenges where Size Exclusion Chromatography 
meets its Limitations and Now Complementing Size 
Exclusion in Applications that Were not Expected 
 -Trevor Havard, Postnova Analytics 

   
 5:20 PM O24 - Solid-State NMR in Industrial Polymer Research  

-Victor Litvinov, DSM Resolve 
O27 - Unique Three-Phase Self-Assembly and Order-
Disorder Transition of Poly(cyclohexadiene)-Based 
Copolymers 
- Konstantinos Misichronis, University of Tennessee 

   
 5:40 PM O25 - Conformational, Crystallinity and Orientation 

Changes in Poly (Trimethylene Terephthalate) (PTT) During 
Crystallization Studied by FTIR Spectroscopy 
 -Nadarajah Vasanthan, Long Island University 

O28 - Use of ACOMP to Monitor Residual Monomer 
Concentration and Polymer Intrinsic Viscosity 
Throughout Industrial Scale Polymerization 
Reactions  
-Michael F. Drenski, Advanced Polymer Monitoring 
Technologies, Inc. 

   
    

7:00 PM CONFERENCE BANQUET ς ROOM WITH A VIEW 11TH FLOOR 
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Wednesday, June 10, 2015 ς PHANTOM BALLROOM 

  

7:00 AM REGISTRATION, ALL DAY ς Phantom Pre-Function Lounge 
   
7:00 AM BREAKFAST ς Phantom Ballroom B & C  
   
 Invited Lectures:  
 Phantom Ballroom B & C   Polymer Surface and Interface Characterization ς Pat Brant 
 
   
 8:00 AM L14 - Block Copolymer Bottlebrushes: New Routes to Ever 

Smaller Microdomain Sizes 
-ExxonMobil Invited Lecture: Mahesh Mahanthappa, 
University of Wisconsin 

 

   
 8:30 AM L15 - Microstructured Polymers 

-Ned Thomas, Rice University 
 

   
 9:00 AM L16 - Manipulating Polymers with Light Activated 

Interfacial Chemistries 
-Chris Ellison, University of Texas 

 

   
 9:30 AM DISCUSSION  
   
10:00 AM REFRESHMENT PAUSE ς Phantom Ballroom A  
   
 Contributed Lectures`:  
 Phantom Ballroom B 

Mixed Topics ς Moderator: Rafael Verduzco 
Phantom Ballroom C 
Mixed Topics ς Moderator: Gila Stein 

   
10:30 AM O29 - High temperature AFM Imaging and 

bŀƴƻƛƴŘŜƴǘŀǘƛƻƴ 5ǳǊƛƴƎ ǘƘŜ ʲҦʰ ¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ 
Isotactic poly(Propylene) 
- Davide Tranchida Borealis 

O32 - Characterization of Polyelectrolyte Multilayers 
by Temperature-Controlled Quartz Crystal 
Microbalance with Dissipation  
-Jodie Lutkenhaus, Texas A&M University 

   
10:50 AM O30 - Design of Interpenetrating Networks for the 

Formation of Tough Epoxy Resins  
-Megan Robertson, University of Houston 

O33 - EIS in Characterization of Polymer based 
Hydrogel Support for Biomimetic Membrane 
Applications  
-Agnieszka Mech-Dorosz, Technical University of 
Denmark 

   
11:10 AM O31 - Sample Preparation in Polymer Mass Spectrometry 

-Clemens Schwarzinger, Johannes Kepler University Linz 
O34 - Strain-Induced Phenomena in Multi-Phase 
Polymers 
 -Victor Litvinov, DSM Resolve 

   
   
11:45 PM Phantom Ballroom B & C 

-LUNCH 
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Contributions of polyolefin characterization techniques to polymer catalysis 

development and reaction engineering 

 

João B. P. Soares 

Department of Chemical and Materials Engineering, University of Alberta 

Edmonton, AB, Canada 

jsoares@ualberta.ca 
 

Abstract 

Polyolefins are made with comonomers that contain only carbon and hydrogen atoms. Despite of 

their apparent simplicity, polyolefins find applications ranging from domestic appliances, 

automotive and aeronautical parts, and biomedical devices, among others. The key to their 

versatility lies in the variety of ways that their simple monomers can be combined to form 

different polymer microstructures.  

The many existing polyolefin characterization techniques reflect the importance polymer 

microstructure has on polyolefin applications. Polyolefins are routinely analyzed not only with 

general techniques such as NMR, FTIR, DSC, and G PC, but also by other methods that were 

specifically developed to investigate their microstructures, such as TREF, CRYSTAF, CEF, 

TREF-SEC, and more recently HT-TGIC. These microstructural analyses help understand how 

polyolefin microstructure affects their mechanical, rheological and thermal properties. Equally 

importantly, they also allowed many developments in polyolefin catalysis and polymer reaction 

engineering. 

This talk will review how advances in polyolefin characterization techniques were paralleled by 

advances in olefin polymerization catalysis and polyolefin reaction engineering. 
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Characterization of complex Polyolefins by Cross-Fractionation techniques 

 

B. Monrabal 

 

Polymer Char, Spain benjamin.monrabal@polymerchar.com 

 
The introduction of single-site catalysts and multiple reactor/zone production technologies in the 

polyolefins industry has allowed the design of new resins with improved performance for 

specific applications. 

Given the microstructure complexity of these resins (in terms of size, comonomer content, 

tacticity and their overall interdependence), the characterization of these polymers is, very often, 

a challenging task that requires multiple separation methods [1].  

A good understanding of the existing separation processes is essential, especially in the relatively 

new adsorption and crystallization based techniques, where mixed and equivocal separation 

mechanisms may take place when dealing with polypropylene-polyethylene copolymers [2].  

The use of combined separation process (Cross-Fractionation) like TREF and TGIC 

(composition) followed by SEC/GPC (molar mass) provides an improved understanding of the 

polymer microstructure which can be further extended to an additional dimension by the use of 

infrared detection to measure the number of branches in the chain [3].  

 

References 

[1] - B. Monrabal in Polyolefins : 50 years after Ziegler and Natta I., W. Kaminsky Ed., 

Advances in Polymer Science 257, Springer-Verlag 2013. 

[2] - B.Monrabal and L. Romero, Macromolecular Chemistry and Physics, 215, 1818-1828, 

2014. 

[3] - B. Monrabal in ñCharacterization of complex Ethylene-Propylene copolymers. A journey 

inside the analytical techniquesò presented at ICPC 2014, Valencia.  

 

 

 

 

 

 

 

 

 

 

 



  L3 

23 
 

Flow-induced crystallization and nucleation in isotactic polypropylenes 
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Flow-induced crystallization (FIC) occurs when a brief interval of strong flow precedes a 

temperature quench; many more nuclei form, resulting in a much more fine-grained solid 

morphology and better material properties.  Common industrial polymer processing (injection 

molding) depends on FIC, which has been the subject of many experimental studies, most 

commonly on isotactic polypropylene (iPP).  The prevailing hypothesis is that FIC results from 

flow aligning chains in the melt, increasing the melt free energy with respect to the crystal, hence 

acting like undercooling.  Here, I combine new experimental results for FIC and homogeneous 

nucleation with new theoretical estimates for critical nuclei, to assess the prevailing 

hypothesis.  Current best information supports the view that chain stretching (not just alignment) 

is necessary and sufficient to explain the observed increase in nucleation rate.  Post-shear optical 

and atomic force microscopy suggests a change in crystallization mechanism above a threshold 

value of applied work.  Important puzzles remain:  1) shear applied at temperatures well above 

the equilibrium melting temperature Tm=187C is effective for FIC; 2) a sheared sample may be 

held for hours above Tm, and still crystallize faster when quenched; 3) a sheared sample, 

remelted, crystallizes at a higher temperature (130C vs. 115C) than an unsheared sample, a 

phenomenon that anneals away only very slowly.  
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The dominant paradigm of modern proteomics today is the "bottom-up" strategy, in which a 

mixture of proteins of interest is cleaved into peptides and analyzed by liquid 

chromatography/mass spectrometry (LC-MS).  While the bottom-up strategy is powerful and 

widely practiced, the digestion of the proteins into peptides means that information as to the 

protein context within which that peptide is found is lost.  Proteins produced from the same gene 

can vary substantially in their molecular structure:  genetic variations, splice variants, RNA 

editing, and post-translation modifications (PTMs), all give rise to different forms of the 

proteins:  these are referred to as "proteoforms".  Knowledge of the proteoforms that are present 

in a system under study is absolutely essential to understanding that system, as the different 

proteoforms often have dramatically different functional behaviour, and regulation of their 

production is a central aspect of pathway control.  

 

We are developing a new strategy for proteoform analysis, in which the determination of just two 

pieces of information for each proteoform, namely the accurate mass and the number of lysine 

residues contained, suffices to identify it. The accurate mass is determined by standard LC-MS 

analysis of the undigested protein mixture in an orbitrap mass spectrometer, and the lysine count 

is determined using a recently developed isotopic tagging method.  A key enabling concept is a 

search strategy that reveals post-translationally modified protein variants.  The strategy is 

demonstrated by elucidating hundreds of proteoform families present in yeast cell lysate.    This 

simple and readily implemented new proteomic strategy provides an unprecedented view of the 

proteoforms present in biological systems, and will thereby make possible critical new insights 

into the functioning of biological systems and pathways.   
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This study involves the bottom-up design and tunability of responsive, peptide-based block 

copolymers. The self-assembly of amphiphilic block copolymers is dictated primarily by the 

balance between the hydrophobic core volume and the hydrophilic corona.  In these studies, 

amphiphilic diblock, triblock and star copolymers containing poly(lysine) (PK) and 

poly(glutamic acid) (PE) were synthesized and their solution properties studied using dynamic 

light scattering, circular dichroism spectroscopy and transmission electron microscopy.[1]  These 

materials exhibit hydrodynamic size that is responsive to pH, due in part to the helix-coil 

transition in the peptide chain, but also due to changes in curvature of the assembly at the 

interface.  This talk will present some recent studies in solution morphology transitions that 

occur in these materials as a result of the helix-coil transition and associated charge-charge 

interactions.[2,3]  We exploit the responsiveness of these materials to encapsulate and release 

therapeutics such as doxorubicin and demonstrate the potential to achieve triggered release as a 

function of pH due to morphology transitions.  

 

 
 

Figure 1: Morphology transitions in ABA triblock copolymers.[2] 
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Cellulose is a very interesting, abundant and renewable biopolymer provided by nature. By 

chemical modification, mainly esterification or etherification, a wide range of semisynthetic 

polymers with new properties are obtained. These properties like water solubility, viscosity, 

thermoreversible gelation or film formation depend on molecular weight distribution, type of 

substituent(s), degree of substitution (DS) and distribution over the polymer chains as well [1].  

This lecture will focus on the analysis of various cellulose ethers [2-10]. Beside monomer 

analysis [3,11], substituent profiles in oligomeric domains have been studied by (LC)-ESI-IT- or 

MALDI -ToF mass spectrometry [4-10] (Figure 1). 

 
Figure 1: MS profiles of obtained from labeled oligomer derivatives of HPMC [10] 

The concept comprises quantitative analysis of the molar composition of glucoses with various 

numbers and location of substituents, preparation of oligosaccharide mixtures for quantitative 

MS analysis and comparison of the experimentally obtained profiles with a calculated random 

distribution. For a deeper insight in heterogeneities in the bulk material, fractionation has been 

performed prior to further structure analysis [5]. 
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Neutron scattering has been applied to the study of semi-crystalline and amorphous polymer 

solutions and melts for nearly 50 years. The large contrast between hydrogen and deuterium 

provides and opportunity to probe some of the largest issues in polymer science related to 

macromolecular topology such as short and long chain branching, structure at hard/soft 

interfaces, segregation of polydisperse samples, and others. I will briefly introduce the field of 

neutron scattering and related techniques in imaging and spectroscopy. The presentation will 

then focus on recent data from our group that highlight our efforts to advance the measurement 

of structure in the inter-lamellar amorphous region of semicrystalline polymers, and the 

characterization of macromolecules with increasing complexity in chemistry and topology in the 

plastics and pharmaceutical industries 
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Grazing Incidence Small-Angle Scattering (GISAXS) is a valuable experimental technique in 

probing nano structures of thin polymer science. Most of the GISAXS work on thin polymer films so far 

has been performed on statics samples. However, understanding the morphology evolution during the 

actual polymer processing is extremely crucial. Understanding what happends during e.g. slot die printing 

allows to tune the processing parameters to better determine the final properties of thin films. To address 

this challenge, we have constructed a miniature slot-die coating system that mimics commercial coaters 

and that can be installed directly into the  GISAXS beamline 7.3.3 at the ALS, where in situ x-ray 

scattering and diffraction can be performed as organic photovoltaics films are being coated onto either 

rigid or flexible electrode surfaces. Importantly, this mini-slot-die coater uses very small amounts of 

material, allowing the rapid and inexpensive screening of a large number of different materials. With the 

mini-slot-die coater in the x-ray beamline, we can watch the development of structures at size scales 

ranging from angstroms to thousands of angstroms under different drying conditions, and then can tune 

and balance the rate of solvent evaporation, phase separation, and crystallization to optimize performance 

on exactly the same devices for which they have the structural data. This represents a tremendous advance 

because, using only small amounts of material, we can discover exactly the chemical structure and 

processing conditions that will yield the best OPV device. 
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Abstract: Grazing incidence small-angle X-ray scattering (GISAXS) is a powerful method for 

quantitative characterization of nanostructured polymer films. This reflection-mode technique 

illuminates the sample with a shallow incidence angle and records the off-specular scattering 

with an area detector. Analyzing these data is non-trivial, as models must include refraction 

corrections and account for multiple scattering events. In this talk, I will provide an overview of 

the GISAXS experiment, and then discuss qualitative and quantitative approaches for 

interpreting the data. I will present two case studies that illustrate how GISAXS measurements 

can detect confinement-induced behavior in block copolymer thin films: First, I will show that 

GISAXS detects complex symmetry transitions in thin films of spherical-domain block 

copolymers. These transitions (from hexagonal to face-centered orthorhombic to body-centered 

cubic) are driven by packing frustration in the confined geometry, and the equilibrium symmetry 

depends on the thickness of the film. Second, I will discuss domain orientations in thin films of 

lamellar copolymers on ñnearly-neutralò substrates. Through detailed analysis of GISAXS data, 

we show that lamellae can bend near the bottom of the film. The extent of these deformations is 

controlled by film thickness and preferential interactions with the underlying substrate, and such 

defects have important implications for microelectronics patterning based on block copolymer 

lithography. 
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Understanding the inner morphology of polymeric nanoparticles: expect the 
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Roberto Simonutti 
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Nowadays polymer nanoparticles are extensively studied due to their potential applications in 

many areas: from drug delivery to cosmetics, from self healing materials to photonics. In order to 

completely dominate their properties a detailed characterization of the inner morphology is 

necessary. In this contribution I report our multi-technique approach that relies not only on 

Transmission Electron Microscopy, but also on solid state NMR, force measurements with 

atomic force microscope and time resolved fluorescent spectroscopy of molecular rotors.
1
 We 

applied this approach in the characterization of nanoparticles formed by amphiphilic block 

copolymers, poly(N,N -dimethylacrylamide)-blockïpolystyrene, with different molecular 

weights and ratio between the two blocks. In the case of very short hydrophilic block (PDMA10-

b-PS62) we demonstrated an unexpected granular structure of the nanoparticles (Figure 1).
2
  

 
Figure 1:TEM image of granular PDMA10-b-PS62 nanoparticle with a cartoon describing the 

inner morphology. 

 

In the case of core shell poly(n-butylacrylate)/polystyrene nanoparticles (PBA/PS NPs) prepared 

via semi-continuous miniemulsion polymerization, the morphology is studied via SEM and 

AFM. Composition and local mobility of the system are probed with Solid state NMR (TD-
1
H-

NMR, CP-MAS and SPE 
13

C-NMR). All the data fit a morphological core-shell sharp interface 

model, demonstrating the sequestration of the PBA core into the PS shell and probing that the 

peculiar mobility of each phase is preserved. Single particle nanomechanics is performed with 

AFM force spectroscopy providing clear evidence that the collapse of the NPs is governed by the 

baroplastic mixing of the two phases.  
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Scanned probe microscopy (SPM) has had a long history at The Dow Chemical Company, 

beginning in the late 1980s when commercial scanning tunneling microscopes were just hitting 

the market.   Since that time Dow has invested in internal and external collaborative efforts to 

drive and develop atomic force microscopy (AFM) based technologies for property 

measurements of polymeric materials at nanometer length scales. These capabilities continue to 

provide both mechanical spectroscopy and mapping. What these techniques lack, however, is 

chemical specificity.   

 

From 2008-2010 Dow worked with Anasys Instruments on the development of an AFM-infrared 

(IR) capability (commercialized as the NanoIR in 2010).  More recently a top-down version of 

the system was commercialized (NanoIR2 in 2013). The AFM-IR method relies on detection of 

IR absorption under the AFM tip by rapid photothermal expansion [1].   Such an approach 

breaks the diffraction limit enabling IR mapping at <50 nm spatial resolution exceeding that of 

confocal Raman by 10X and FTIR by 100X [2].   

 

We will demonstrate the utility and potential of AFM-IR to provide spatially resolved chemical 

information in polymer multilayers, phase separated blends, membranes, functionalized resins, 

and composites.  The method now allows us to óseeô where the chemistry goes in the 

morphology (Figure 1).   

 

 
 

Figure 1: PC\PMMA co-extruded multilayer cross-section showing a) AFM topography; b) 

AFM-IR map of carbonate functionality; and c) AFM-IR map of acrylate functionality. 
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FT-IR Ima ging Advances in Polymer Characterization 
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FT-IR Imaging takes advantage of focal plane array (FPA) detectors for investigating multiple 

parameters including spatio-temporal events while enabling resolutions even close to diffraction 

limit of optical microscopy. While a number of innovative experiments have been used for 

biological and biomedical applications, very few have been applied yet to interesting polymer 

characterization problems. In this talk, we will describe the efforts done by our research group in 

utilizing FT-IR imaging in investigating degradation of polymers, polymer film composition, 

DNA-dendrimer film formation, microfiber differentiation for cell growth, 2-D patterning and 

selective polymerization, and other interesting uses that complements AFM, XPS, SEM via 

chemical mapping and differentiation. The combination of multiple parameters, high 

pixelization, X-Y movement, with the possibility of in-situ measurements renders this chemical 

mapping method a powerful addition for any polymer characterization approach and 

experimental design. 
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Polymer nanocomposites (PNC) are widely used in different applications. Combination of 

nanofillers with polymer matrix provide materials with unique mechanical, optical, electrical and 

other properties. However, our understanding of these intrinsically heterogeneous materials 

remains limited. This talk focuses on importance of interfacial layer between nanofillers and a 

polymer matrix. Extremely high area of the interface is the unique property of PNC. Polymer-

nanoparticle interactions lead to significant change in structure and dynamics of polymers close 

to the nanofillers surface. The thickness of this interfacial layer is usually estimated to be several 

nm. Thus the interfacial layer occupies significant fraction of the nanocomposite materials and 

controls many properties. In this talk we overview recent studies on structure and dynamics of 

the interfacial layer in various polymer nanocomposite materials using X-ray and dielectric 

relaxation spectroscopy [1], combined with MD-simulations. We discuss the role of polymer 

rigidity and molecular weight in structure and dynamics of the interfacial layer. As a conclusion, 

we emphasize that fundamental understanding of PNC properties requires explicit account of the 

intrinsic heterogeneity in these materials. 
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Block copolymer self-assembly at the nanoscale presents tremendous opportunities for the 

development of new nanotemplates for advanced lithography applications, wherein the 

homopolymer-rich microdomain sizes (~ 10ï100 nm) are governed by the total copolymer 

degree of polymerization, N. However, this methodology is limited in its smallest achievable 

length scale, since AB diblock copolymers selfïassemble only above a critical N that depends 

inversely on the magnitude of the interaction parameter ɢAB, which quantifies the energetic 

repulsions between the dissimilar homopolymer segments. Numerous recent reports have 

focused on developing ñhigh ɢABò AB diblocks that selfïassemble at low values of N. In this talk 

we explore the ability of non-linear polymer architectures to induce block copolymer ordering at 

reduced length scales. Thus, we describe the melt and thin film self-assembly behavior of block 

copolymer bottlebrushes derived from linking the block junctions of low molecular weight AB 

diblocks. We quantitatively demonstrate that increasing the bottlebrush backbone degree of 

polymerization (Nbackbone) results in as much as a 75% reduction in the critical copolymer arm 

degree of polymerization (Narm) required for self-assembly, thus reducing the length scales at 

which these materials self-assemble. 
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Periodic structures of polymers can be made by self assembly, directed self assembly and by 

photolithography.   Such materials provide a versatile platform for 1, 2 and 3D periodic nano-

micro scale composites with either dielectric or impedance contrast or both, and these can serve 

for example, as photonic and or phononic crystals for electromagnetic and elastic waves as well 

as novel metamechanical materials.  Compared to electromagnetic waves, elastic waves are both 

less complex (longitudinal modes in fluids) and more complex (longitudinal, transverse in-plane 

and transverse out-of-plane modes in solids). Current interest is in our group focuses using 

design - modeling, fabrication, characterization and property measurement of polymer-based 

periodic materials for various applications.  Several examples will be described including the 

design of structures for multispectral band gaps for elastic waves, the creation of block polymer 

and bicontinuous metal-carbon nanoframes for structures that are robust against ballistic 

projectiles and quasi-crystalline solid/fluid structures that can steer shock waves.   

 

Reference: 
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Manipulating Polymers with Light Activated Interfacial Chemistries 

Christopher J. Ellison 
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Small variations in temperature or composition at a fluid interface, often spontaneously 

generated, can cause local changes in surface tension and promote convective motion of fluids 

by the Marangoni effect. Given this phenomenon is typically experienced in everyday life as a 

macroscopic and seemingly stochastic phenomenon, one might imagine harnessing or directing it 

to reproducibly form microscale and nanoscale patterns. The magnitude of surface tension 

variations needed to promote Marangoni flow are exceedingly small, which is why it occurs 

spontaneously as the ñtears of wineò phenomena and can promote development of spin coating 

striation defects. In this presentation, we report a photochemical strategy to direct Marangoni 

convection as a versatile thin film patterning method.  Patterned light exposure on a glassy solid 

state polymer film leads to a chemical pattern with associated spatially varying surface energies. 

Once this solid film is heated to a melt (liquid) state, Marangoni-flow occurs spontaneously with 

polymer migrating from low-to-high surface tension regions. As a consequence, film thickness 

variations develop which can be monitored in situ by optical microscopy or on cooled, vitrified 

films by atomic force microscopy (AFM) and profilometry. A theoretical model, based on 

numerical solutions of equations governing thin film dynamics with Marangoni and capillary 

stresses, will also be presented along with comparisons between theoretical predictions and 

experimental observations. The model accurately predicts the formation, growth, and eventual 

dissipation of topographical features with no adjustable parameters. The quality of agreement 

between the model predictions and experimental observations suggests this combined 

theory/experimental methodology could be used as a measurement method for subtle surface 

energy changes and/or diffusion coefficients of any thin film polymer, using only inexpensive 

benchtop equipment and materials. 
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Polymer blends has always been one of the primary research area in the polymer science and 

technology. In the recent past, one of such polymer considered for blends studies by academia 

and industry is Polyoxymethylene (POM). POM is a highly crystalline polymer that is most 

noted for its high stiffness, mechanical strength, abrasion resistance and good resistance to 

chemicals and solvents. Therefore, POM has always been subject of interest for blending with 

other polymers to explore new properties. The interest to explore new unique properties has 

augmented the pressure on development of analytical methods to evaluate its molecular weight 

distribution. Whilst size exclusion chromatography (SEC) has been considered for POM 

analysis, however its development and effectiveness for POM polyolefin (PO) blend has been 

impaired because of, firstly, the difference in solubility parameter, and secondly, a suitable 

solvent that can dissolve both these polymer. Therefore, no significant literatures are available on 

POM-PO blends characterization by high temperature SEC (HT-SEC). Hence, we present here 

the HT-SEC method for estimating molecular weight averages of POM and its PO blends in an 

approach where the mobile phase differed from the solvent in which the polymer dissolved. Use 

of a mixed solvent creates a challenging condition for the analysis due to preferential solvation 

of macromolecules dispersed in mixed solvents. Therefore, in this work we present, along with a 

survey of the existing information, our efforts in optimizing the suitable composition of solvent 

mixture of a solubility parameter several Hildebrand units (Mpa1/2) different with respect to 

polymer at increasing temperature, that enabled  dissolution of the POM and its PO blend. This 

article presents practical challenges, our effort to develop a high temperature SEC method, 

possibilities, limitations and recommendations to overcome these early difficulties by discussing 

the results obtained on the samples analyzed with a commercially available SEC instrument. 
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Polymer surfaces, modified by nitrogen plasmas at atmospheric pressure, have been increasingly 

used in numerous applications due to their promising properties [1,2]. Plasma-induced chemical 

modifications take place only in the topmost atomic layer of the surface. Hence, a high surface 

sensitivity is needed to study the effects of plasma treatment. To achieve the required surface 

sensitivity, very thin polyethylene layers with thicknesses of around 80 nm were spun-coated on 

ZnS internal reflection elements and surface treated in the flowing-post-discharge region of 

dielectric barrier discharges (DBDs) in nitrogen-containing gases. Chemical changes on the 

polymer surfaces during plasma exposure were analyzed by in situ attenuated total reflection 

(ATR) infrared spectroscopy. FTIR-ATR investigations of treated PE surfaces, derivatized in 

situ with vapors of 4-(trifluoromethyl)-benzaldehyde (TFBA), were also performed. In the recent 

decades TFBA had been used several times for the derivatization of N-plasma-treated surfaces 

because it was thought that it reacts selectively with primary amino groups [3]. However, this 

assumption is not justified [4]. Our results show that in spite of the virtual absence of primary 

amino groups (< 0.3 nm
-2 

according to hydrogen-deuterium isotope exchange experiments), a 

considerable amount of TFBA reacts with the plasma-treated PE surfaces. Also, ex situ FTIR and 

XPS investigations of N-plasma treated PE surfaces, derivatized with vapors of nucleophilic 

reagents 4-(trifluoromethyl)phenylhydrazine (TFMPH), 2-mercaptoethanol, 4-

(trifluoromethyl)benzylamine were performed. It was shown that a noticeable amount of these 

reagents are able to react with the treated surfaces. Evidently the N-treated surfaces show 

nucleophilic as well as electrophilic character. This can be attributed, possibly among other 

reasons, to the dual reactivity of imines and other groups with N=C moieties [5]. Interestingly 

even more of nucleophilic reagent like TFMPH is bonded to the surface than electrophilic 

TFBA. This could be seen not only on the surfaces that were treated using a flowing DBD post 

discharge but it is also valid for direct plasma treatment [6]. NEXAFS has been applied to detect 

the chemical structural variation of plasma treated LDPE thin films after varying plasma 

exposure time in DBD afterglow of N2 + x % H2 (x = 0, 1 and 4) mixtures. Nitrogen and carbon 

K-edge spectra confirmed the formation of some chemical functionalities containing remarkable 

amounts of nitrogen in N=C or NſC bonds and carbon in C=C bonds. Because there was a lack 

of suitable reference NEXAFS data, some saturated and unsaturated ultra-thin imine films were 

investigated too [7]. 
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It is very difficult to obtain molecularly dispersed and stable solutions of polyethylene (PE). In this 

investigation the dissolution and the scattering behavior of PE in various solvents were studied for molar 

ƳŀǎǎŜǎ ǊŀƴƎƛƴƎ ŦǊƻƳ рл ƪƎκƳƻƭ ǘƻ отрл ƪƎκƳƻƭΦ 5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ʹsp/c of polyethylene as a function of 

dissolution time using an Ubbelohde viscometer is an excellent method to determine the rate of 

dissolution and the stability of the solution obtained. 

There are two categories of polyethylenes. The first one dissolves easy. In Ubbelohde 

viscometry, there is steep rise in specific viscosity as a function of time. The maximum value 

reached remains constant as function of time. In Zimm plots an almost straight angular 

dependence is observed. This angular dependency is well described with a non-linear scattering 

function of Ptytsin. Based on the scattering functions, the value for the non-linear expansion 

coefficient (Ů) was 0 for diphenylether (theta solvent) and 0.06 for 1-CN. The same value was 

obtained from the relationship between molar mass and radius of gyration, indicating that the 

state of dissolution for this kind of polymer is good. The expansion coefficient was constant for 

the entire range 50-3750 kg/mol. The expansion coefficient calculated from viscometric 

measurements seems to be too large. The relations between molar mass and second virial 

coefficient show exponents of -0.18 and -0.21 for 1-CN and TCB respectively. Moreover, 

experimental data points were in agreement with the Mark-Houwink for polyethylenes. This all 

indicates the very good state of dissolution of these kind of materials. 

The other category is the difficult dissolving polyethylenes. In this case the rise in specific 

viscosity is less and a maximum appears in the specific viscosity with a subsequent decrease 

which seems to approach a limiting value. The Zimm-plots and scattering functions show curved 

angular dependencies much more than expected on polydispersity. The second virial coefficient 

is generally low. These data points often show up below the Mark-Houwink relation. This is 

explained by the bad state of dissolution of these materials leading to too low second virial 

coefficients, too high radius of gyration and too high molar masses determined from the Zimm-

plot.   

 

It is proposed that the dissolution characteristics are dependent on the morphology of the 

material and specific molecular structures hampering proper dissolution. Using preparative 

fractionation according to molar mass, these structures were obtained and characterized in detail 

using dynamic mechanical spectroscopy.  
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Recently, it has been discovered that polyolefins can be reversibly adsorbed from dilute solution 

on graphite, and then selectively be desorbed by using gradients of either solvent or temperature. 

This paved the way to separate polyolefins and olefin copolymers according to composition or 

microstructure by liquid chromatography [1,2]. Subsequently, corresponding multidimensional 

chromatographic techniques were developed to further enhance the molecular information which 

can be retrieved from a fractionation based approach [3,4].  

Liquid chromatography at critical conditions (LCCC) is a key chromatographic technique which 

enables, for example, to separate homopolymers according to different end groups. In LCCC the 

elution of the chains occurs independent of their molar mass for a given monomer unit 

(Fig. 1a) [5].  

   
 

Fig. 1: a) correlation between elution volume at peak maximum and the average molar 

mass (Mp) of PE in ortho dichlorobenzene (ODCB)/1-decanol and b) concentration of PE in 

solution in the system graphite/ODCB as monitored by 
1
H-NMR 

The dynamic development of chromatographic techniques for polyolefins also created the need 

to understand the mechanism underlying the interaction between polyolefins and graphitic 

surfaces in solution. In particular, Nuclear Magnetic Resonance using carefully optimized 

experimental parameters has been proven to be a powerful technique to monitor the adsorption of 

polyolefin chains of the surface of graphite (Fig. 1b).      

The recent progress in HT HPLC of polyolefins will be reviewed, giving particular emphasis to 

the development and applications of LCCC for polyolefins. Evidence about the mechanism of 

interaction between the graphite and polyolefins will be described.   
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