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Most real-world applications require the
absolute determination of size without refer-

ence to standards or assumptions about the confor-
mation of the particles themselves. However, most
separation techniques predict the hydrodynamic size
of eluting species as a function of elution time. Such
techniques are used daily in the pharmaceutical
manufacturing process.

Absolute macromolecular characterization is
required to control the quality of biopolymers, such
as chitosan, during production in the pharmaceutical
industry. The characteristics of importance include
molecular weight distribution, conformation, as well
as percentage of aggregate particles present in the
polymer solution.

Recent developments in field-flow fractionation
(FFF) systems now enable the characterization of
absolute molecular (and macromolecular) weights

by interfacing the systems with a multiangle light
scattering (MALS) detector.

Field-Flow Fractionation
Macromolecular characterization using asymmet-
rical-flow field-flow fractionation (AF-FFF) is a non-
destructive, one-phase separation mechanism to
determine molecular and macromolecular weights
and particles in solution. As with classic chromatog-
raphy, sample components elute at given retention
times, which are related to a range of physicochem-
ical properties of the retained species. However, in
contrast to chromatography, FFF can predict reten-
tion for a given component and extract chemical
properties straight from retention parameters.

Separation is achieved by a differential flow of a
solvent in a channel, consisting of two plates sepa-
rated by a spacer foil; the plates are bolted together.

Absolute macromolecular characterization is a separation technique that combines
asymmetrical-flow field-flow fractionation (AF-FFF) with multiangle light scattering
(MALS) instruments. This article presents the case for the AF-FFF-MALS absolute
macromolecular characterization technique as a viable — and in some cases preferable 
— alternative to size exclusion chromatography (SEC) or gel permeation chromatography
(GPC) in the quality control of a biopolymer postproduction process.
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The upper channel plate is imper-
meable, while the bottom plate is
permeable and made of a porous frit
material. An ultrafiltration mem-
brane with a typical size barrier of
10 kD, covers the bottom plate to
prevent the sample from penetrating
the channel.

The solvent is introduced into a
solvent stream, which is injected into
the channel. A force field, as
opposed to a stationary phase, is
applied perpendicular to the flow to
drive components into different lam-
inar flows. As the process is rapid
and nondestructive, the sample
remains unaltered by any stationary
phase. Within the flow channel a par-
abolic flow profile is created because
of the laminar flow of the liquid. As
the gradient is applied, the sample is
driven towards the channel
boundary (‘accumulation wall’)
adopting a different velocity from
that at the centre of the channel.

Diffusion associated with
Brownian motion creates a counter-
acting motion, with smaller particles,
which have higher diffusion rates,
reaching an equilibrium position fur-

thest away from the accumulation
wall. Thus, the velocity gradient
flowing inside the channel separates
different-sized particles. The smaller
particles move quicker than larger
particles, because of their higher
coefficients, which results in the
smaller particles eluting before the
larger ones. This is exactly the oppo-
site of a size exclusion chromatog-
raphy (SEC) or gel permeation
chromatography (GPC) where the
large molecules elute first.

The first three steps of separation
occur simultaneously, followed by
elution. As part of the sample sepa-
ration procedure, it is first focussed
in the channel region near the injec-
tion port. This is achieved by splitting
the channel flow into two compo-
nents, each of which enters the
channel from opposite ends. The
flows are then adjusted so that the
net flow becomes zero at their inter-
section close to the injection port.

In comparison to SEC, AF-FFF
displays higher selectivity through a
much broader application range.

Because of its versatility, FFF
devices play a significant role in a
wide range of research and develop-
ment and quality control (QC) appli-
cations, including molecular biology,
nanotechnology and environmental
analysis. They produce particle and
molecular separation for samples in
the sub-micrometer range. However,
recent developments in light scat-
tering instruments have enabled sci-
entists to use FFF instruments
coupled with a new MALS detector
to determine absolute particle sizes.

Multiangle Light Scattering
The new MALS instruments are the
only absolute detectors of its type
available. This means that they mea-
sure molar mass directly from the
scattered light intensity without 
reference to a standard of ‘known’
molar mass.

The size of a molecule affects the
angular variation of the scattered
light intensity. If a light scattering
instrument makes measurements at a
single angle only, the angular depen-
dence of scattered light cannot be
determined. Only multiangle light
scattering instruments can be used to
determine molecular sizes directly.

The importance of the number of
angles is critical because it determines
the precision (reproducibility or
absence of fluctuations) of the mea-
surement, as well as the accuracy of
the molar mass and size determina-
tion. More angles mean more data are
collected; more data equals greater
accuracy.At least two angles are nec-
essary to perceive variance of scat-
tering intensity; yet, in the presence of
noise, a weighted linear fit of the data
requires a minimum of three angles.

The MALS detector is absolute
because it is calibrated by measuring
the scattered light from a pure sol-
vent, such as toluene. Uniquely, once
calibrated, the solvents can be
changed without the need for recali-
bration. Pseudo-light scattering
instruments require recalibration for
every solvent and then ‘compare’ the
light scattering to the scattering
from reference standards in each
solvent used. Results are then

The AF-FFF-MALS technique can
measure absolute molar mass and
molar mass distribution of a wide
range of particles, including polymers,
biopolymers and proteins, without the
need for channel calibration with
arbitrary standards. 
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‘adjusted’ to agree with the standard
— with no direct proof that the 
standard is correct! 

Absolute Macromolecular
Characterization in QC
Applications
The AF-FFF-MALS technique can
measure absolute molar mass and
molar mass distribution of a wide
range of particles, including poly-
mers, biopolymers and proteins,
without the need for channel calibra-
tion with arbitrary standards. By
combining the separating powers of
FFF with the measuring powers of
MALS, the resolution is dramatically
increased to match that of ultra-
centrifugation.

Another benefit of absolute
macromolecular characterization lies
with an AF-FFF-MALS separation
not being limited by a maximum size
that can be resolved. In SEC, the
higher molar masses elute in the
exclusion limit of the column, over-
sized sample constituents need to be
removed requiring an extra prepara-
tion stage, for example, filtration or
centrifugation to reduce the noise of
the measurements and protect the
column. This additional stage is not
required with AF-FFF-MALS. This is
clearly demonstrated in the analysis
of Chitosan (a deacetylated
biopolymer — chitin, which is used
for wound healing, cosmetics and
dietary supplements).

Four different chitosans were
analysed using the Eclipse F system
in tandem with a DAWN EOS and
an Optilab RI-Detector (all from

Wyatt Technology). The samples
were dissolved in 1% acetic acid with
0.15 M NaNO3, pH�3. The channel
flow was reduced from 1 mL/min to
0.1 mL/min within 10 min.

Figure 1 demonstrates that mea-
surements with AF-FFF-MALS
obtain high molar mass characteriza-
tion without the need for any further
preparation steps as is necessary with
both SEC and GPC. The molar mass
distribution and the mean square
radius distribution of the samples
were determined without any filtra-
tion or centifrugation.

Another benefit of AF-FFF-
MALS is the lack of interactions that
can occur on a compound. Because
Chitosan is a charged molecule, the
chromatograms resulting from a
SEC separation may become dis-
torted because of interactions with
the column matrix (although it is

possible to add modifiers to reduce
these interactions). Because there is
no stationary phase in AF-FFF-
MALS and a lower ionic strength
can be used without the need to add
modifiers, the method is capable of
producing higher resolution 
chromatograms and better product
differentiation.

Conclusion
By combining AF-FFF with MALS
capabilities, it is possible to produce
a separation solution that is a viable
alternative to SEC and GPC in QC
in the postproduction environment.
The DAWN MALS detector can be
connected to any chromatography
system to determine the absolute
molar mass and size distributions of
a particle directly, without resorting
to calibration or making assumptions
about the particle’s conformation. ■

1.2

0.8

D
iff

er
en

t w
ei

gh
t f

ra
ct

io
n

Molar mass (g/mol)

0.4

0.0
1.0x103 1.0x104 1.0x105 1.0x106 1.0x107 1.0x108 1.0x109

Sample 1
Sample 2
Sample 3
Sample 4

Figure 1 Overlay of the differential molar mass distribution of four 
Chitosan samples.
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