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Polym er separations are performed routinely and reliably in
many laboratories and for many purposes. Size-exclusion
chromatography (SEC) iz by far the most common separation
technique for polymers, but interactive liquid chromatography
(i-LC) iz increasingly important. SEC iz the workhorse of
polymer separations [t yields a ssparation according to the size
of polymer molecules in solutlon, which after appropriate
calibration can be transformed into a molecular-weight
digribution (MWL), A number of methods are available for
such a calibration. Conwventionally, narrowly distribuated
standards of known molecular weight are wzed This is an
excellent way to calibrate, provided that the standards and the
analyte polymer are chemically identical In case ideal
standards  are not  awvailable, molecular-weight sensitive
detectors (light scattering, viscometry, or a combination of
both) can be used very elegantly. For molecules that are too
amall, mass spectrometry (M3 may be used in many cases for
off-line calibration and in gome cases thydrophilic polsmers) in
an on-line (“hyphenated™ combination with SEC. SEC offers
satizfactory solutlons, exeept for copolymers with warying
cornposition {composition driff), in which case all common
calibration methods — with the possible exception of M3 — are
flawed

et even in the most diffioult cazes there are imminent
aolutions. -LC can be used to separate polymers according to
chemical composition or functional {end) groups and thus
provides a different (Forthogonal™ way to  characterize
polymers. In  comprehensive two-dimensional  liguid
chromatography the entire sample iz first separated according to
one mechanizsm, affer which every fraction iz ssparated in a
second dimension bazed on a different principle. For polymers
that diszolve in organic solvents, the combination of i-LC and
ZEC (LCx2EC) appears to be most uzeful [1]The technique
may be slow, but it is not difficalt to implement or apply.
LOxSEC provides excellent impreszions of mutually dependent
size and compozition (or flrictionality) distributions of complex
polymers It also offers a way out of the maze of accurately
detertnining MWDa for copolymers. Although calibrating the
gecond-dimension SEC aystem for each point along the first-
dimension LC separation may be cumbersome and laborious,
the approach is rigorously correct.

Having described the field of polymer zeparations in the
two paragraphs above may create the impression that we little
left to be desired For this reason, polymer separations is often
zeen as amanire field This impression is deceptive. We have a
lot left to do.

SEC iz a low-resolation technique. The separation based on
molecular size i3 convolated with chromatographic band
broadening, both due to the separation process (column) and
from the msttument (sxtra-column). It iy hard to tale the three
effects apart [2]. If we subject the SEC effluent to a light-
acaftering or viscometry detector, the sample we measure iz still
polydisperse rather than monodisperse. The characteristic
molecular-welight averages (mamber-average molecular weight,
M, and weight-average molecular weight, M) may be
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reasonably repeatable (within one laboratory), but are poorly
reproducible (between laboratories) [ 3] If we search for a
compromize between speed and resolution, SEC isbehind other
forms of LC. If we aim for miniaturized separation methods
{e.g to reduce the amounts of solvents vsed) SEC lags far
behind. Higher resolation than in SEC may be achieved by i-
LC, with either solvent programming (gradient elution) or
temperafre programming (temperatire-gradient interaction
chromatography, TGIC) [4]. The latter technique, which has
bean pioneered by Talhyun Chang in Korsa, iz especially
promising for high-rezolution polymer separations By cooling
the effluent batween the column and the detector, TGIC allows
u3s of all SEC detectors

Polymer separations cannot be gerved by SEC alone. Cther
separation principles are needed for characterizing other
distributions. Some of these are relatively well developed, such
a3 gradient-elution LC for separating copolymers according to
chemical composition and — to a somewhat lesser extent —
isocratic (*eritical™ liquid chromatography for the separation
of fiunctional polymers according to the type and munber of
functional groups or end groups. Some other separation
meachanismes are still at the early stazes of development, such as
molecular-topology  fractionation (MTF) for separation
according to the degree of branching [ 3],

Comprehensive two-dimensional liquid chromatography of
polymers hay been developing rapidly in recent vears Apart
from the conventional LCx=3EC applications {chemical-
composition distribution and molecular-weizght distribution,
CCDxMWD, of copolymers; functionality-type distribution and
MWD, FTD«xMWD, of finctional polymers), we have been
exploring MTF=SEC for characterizing branched polymers and
comprehensive two-dimensional critical chromatography for
characterizing blocl copolymers.

The fleld of polymer separations is still growing. Thus, by
definitiory, it is not matare. There iz much room for growth,
because the state of the art leaves quite a lot to be desired
Polymer separations will be growing for a while.
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