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Preface

Recognition of macromolecules as a distinct state of matter owes much to the
availability of various techniques for molar mass characterisation. In recent years,
significant progress has been made into refining and developing these techniques
so as to provide the experimentalist with both a more precise and more detailed
picture of the products of their synthetic efforts. Traditionally, the effect of molar
mass has been identified through changes in properties such as melting point,
boiling point, vapour pressure and related phenomena.

Much of the early characterisation of polymeric materials relied on such
techniques as viscosity, light scattering and the application of centrifugation to
achieve molar mass data. These techniques provided an indication of the average
molar mass of the polymer rather than precise information on the detailed distri-
bution of chain lengths within a particular sample. Progress was made towards
obtaining more detailed information with the appearance of gel permeation chro-
matography/size exclusion chromatography (GPC/SEC). This technique opened
up measurement of molar mass distributions in a relatively easy manner to a
wide group of polymer scientists. Its subsequent acceptance and exploitation is
a credit to the fact that the technique has proved itself to be both relatively easy
to apply to analysis, and is also relevant to the understanding of many phys-
ical properties. These techniques continue to undergo development, as evidenced
by the significant number of publications on this subject. The original GPC/SEC
studies were carried out using organic solvents. More recently, the use of aqueous
SEC has broadened the field allowing a range of water soluble polymeric mate-
rials to be characterised. SEC is not only used for the examination of synthetic
polymers, but also for a wide range of biopolymers. Over 300 papers have been
published since 1995 on SEC and it has also been the subject of reviews. This
book attempts to bring together some of the new emerging techniques which can
assist and complement SEC and developments in some of the more conventional
measurements based on fractionation and colligative property measurements.

The search for fractionation methodologies, considered to be complemen-
tary to and/or additional to GPC/SEC, continues. For complex polymers with
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heterogeneities in composition/branching/tacticity, advantage can be taken of the
capability of crystallisation/solubility in temperature rising elution fractionation
(TREF). Field-flow fractionation is a class of separation techniques for applica-
tion to a very wide range of polymeric species, avoiding potential problems which
arise with some column packings in chromatographic methods. Chapters on the
foundations of static scattering methods involving light and neutrons are included.
These techniques have made important contributions to advances in polymer
science for many years, but still have potential for development with the appear-
ance of new polymer problems associated with new architectures. Copolymers,
dendritic materials, hyperbranch co-materials and similar polymer structures are
becoming more common, and hence present a challenge to those concerned
with the development of techniques for polymer characterisation. Reviews of
dynamic light scattering and neutron scattering studies of polymer dynamics are
also included. Whereas in the past mass spectrometry (MS) has only found appli-
cation to relatively low molar mass materials, the appearance of the techniques of
electrospray ionisation (ES) and matrix assisted laser desorption ionisation—time
of flight (MALDI-TOF) has allowed characterisation of macromolecular species.
ES/MS has been largely directed to studies of biopolymers. The MALDI-TOF
technique appears to provide significant potential for the future in particular for
the individual mass distribution at single polymer resolution even at high molar
masses. This technique opens up the possibility of obtaining detailed informa-
tion on polymer structure which can be used to understand variations in physical
properties or explore the subtleties of kinetic control during polymerisation. The
MALDI-TOF technique is still in its development phase; however, it will surely
become competitive with GPC/SEC for certain problems. More conventional
techniques such as membrane osmometry, viscosity measurements, vapour phase
osmometry and gel electrophoresis (for biopolymers) still have an important role
to play in terms of characterisation of polymeric materials and are worthy of
mention. Additionally, ultracentrifugation with new instrumentation has seen a
resurgence of interest, and this chapter considers recent sedimentation data not
only for determinations of molar masses and diffusion coefficients but also for
binary gels.

The final chapter deals with colligative properties and amplifies the theme
which is initially introduced in Chapter 11. Unfortunately, the authors had been
delayed in submitting their manuscript and as a consequence it has been included
out of sequence.

It was originally intended to encourage the authors to give their own experience
with particular techniques and hence there is an apparent duplication in the area
of TREF. The chapters deal with the subject in different ways and give the reader
a deeper appreciation of the nature of the experiment. It is hoped that the reader
may find these experimentally orientated review chapters of use as a source for
information on the application of these techniques to polymeric problems.
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Chapter 1

Temperature Rising
Elution Fractionation

CLAUDIA A. FONSECA AND IAN R. HARRISON
Pennsylvania State University, USA

1.1 INTRODUCTION

Temperature rising elution fractionation (TREF) is a technique developed to sepa-
rate semicrystalline polymers according to differences in molecular structure or
composition. These molecular level differences lead to changes in crystallinity
and solubility. TREF has been mainly applied to the characterization of poly-
alkenes, especially polyethylene (PE) and its various copolymers, and more
recently to polypropylene (PP) materials. In PE copolymers with a-alkenes,
differences in crystallinities are caused by different amounts and distributions
of primarily short chain branches (SCB). Stereoisomerism in polypropylene is
the controlling factor for crystallizability. TREF makes use of differences in
molecular structure to fractionate polymer chains. Extensive and comprehensive
reviews on the method have been published.! 3

TREF can be divided into crystallization and elution stages. In the crystal-
lization stage, polymer is dissolved in a good solvent, and then allowed to
crystallize under controlled conditions by slowly decreasing the temperature.
Crystallization may take place on an inert support or the support may be added
later. In the elution step, solvent is pumped through a column packed with the
polymer—support mixture while the temperature is increased. Polymer elutes in
the reverse order that it was crystallized, with less crystalline material eluting at
lower temperatures followed by more crystalline polymer at higher temperatures.

The purpose of the present review is to provide detailed experimental proce-
dures and indicate problems that can be anticipated using the TREF technique.
In this regard an overview of the experimental conditions of various TREF
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