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FOREWORD

The ADVANCES IN CHEMISTRY SERIES was founded in 1949 by the Amer-
ican Chemical Society as an outlet for symposia and collections of data
in special areas of topical interest that could not be accommodated in
the Society’s journals. It provides a medium for symposia that would
otherwise be fragmented because their papers would be distributed
among several journals or not published at all.

Papers are reviewed critically according to ACS editorial standards
and receive the careful attention and processing characteristic of ACS
publications. Volumes in the ADVANCES IN CHEMISTRY SERIES maintain
the integrity of the symposia on which they are based; however, verbatim
reproductions of previously published papers are not accepted. Papers
may include reports of research as well as reviews, because symposia
may embrace both types of presentation.
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PREFACE

THE GLOBAL, OPERATIVE BUSINESS AND SOCIETAL DRIVING FORCES of the
mid-1990s are causing polymer-related industries to focus strongly on
their core businesses and technological competencies. This focusing has
produced a more directed approach to product development and a sig-
nificant change in corporate R&D culture. The product development
process is no longer a sequential process from R&D to product intro-
duction into the marketplace. Instead, the process is highly nonlinear,
nonsequential, and iterative in order to speed up product innovation,
product development, and market introduction. Improving the effec-
tiveness of the R&D process must be done in conjunction with strong
regard for safety, health, and environmental values; waste reduction;
energy conservation; product quality; improved product—process—cus-
tomer economics; the need to satisfy and delight the customer; and the
need to improve shareholder value.

The polymer science and technology required to meet product and
market needs in the context of improving the effectiveness of the R&D
process are generating highly complex polymeric systems that may be
blends or composites of a variety of materials. As a result, measurement
of average properties is no longer adequate to characterize and elucidate
the nature of such complex polymeric materials. A combination of poly-
mer analytical and characterization techniques or multidimensional an-
alytical approaches is required to provide a synergism of analytical and
characterization information to establish structure, property, and mor-
phology processing relationships that can form a knowledge bridge be-
tween polymerization mechanisms and end-use performance. Advances
in instrumentation technology and the need for analytical and charac-
terization information synergism have led to an increase in the devel-
opment of hyphenated characterization techniques and their application
to polymeric materials characterization.

This book covers some of the significant advances in hyphenated
chromatographic separation methods for polymer characterization.
Chromatographic separation techniques in this volume include size-ex-
clusion chromatography, liquid chromatography, and field flow frac-
tionation methods that are used in conjunction with information-rich
detectors such as molecular size-sensitive or compositional-sensitive de-
tectors or coupled in cross-fractionation modes.

The first section of this book focuses on general considerations con-
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cerning hyphenated polymer chromatographic separation methods. The
second section focuses on the use of light scattering and viscometry
molecular size sensitive detectors, the issue of multidetection calibration,
and some unique applications of these detectors. The third section fo-
cuses on the analysis and elucidation of compositional heterogeneity in
copolymers and blends by using cross-fractionation approaches with
compositional and molecular size sensitive detectors.

We hope this book will encourage and catalyze additional activity
and method development in hyphenated chromatographic separation
methods for polymer characterization.
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Hyphenated Polymer Separation
Techniques

Present and Future Role

Howard G. Barth

DuPont, Experimental Station, Wilmington, DE 19880-0228

An overview is presented on recent developments in the use of hy-
phenated multidimensional separation and detection techniques for
the characterization of polymeric materials. Emphasis has been
placed on the use of on-line molecular-weight-sensitive detectors
Sor size-exclusion chromatography (SEC). These detection systems
are based on measuring Rayleigh light-scattering or intrinsic vis-
cosity of the eluting polymer. With these types of detectors, one
can determine absolute molecular weights as well as branching,
molecular size, and polymer conformation as a function of molec-
ular weight, without the use of column calibration. The determi-
nation of compositional heterogeneity using SEC with on-line se-
lective detectors, such as UV, Fourier transform infrared, mass
spectrometry, NMR, and even Raman spectrometry, is now being
investigated. Multidimensional hyphenated techniques, such as or-
thogonal chromatography, temperature-rising elution fraction-
ation-SEC, and SEC-high-performance liquid chromatography, are
briefly discussed.

P()LYMERS ARE TYPICALLY COMPLEX MIXTURES in which the composition
depends on polymerization kinetics and mechanism and process con-
ditions. As we enter the twenty-first century, polymeric materials are
becoming even more complex, consisting of polymer blends, composites,
and branched and grafted structures of unusual architecture. To obtain
polymeric materials of desired characteristics, polymer processing must
be carefully controlled and monitored. Furthermore, we need to un-
derstand the influence of molecular parameters on polymer properties
and end-use performance. As aresult, we are faced with unprecedented
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