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 Thermal field-flow fractionation (FFF) is used to reduce complex polymer mixtures into the more 
homogeneous fractions essential for accurate characterization by multiangle light scattering (MALS) and MALDI TOF 
mass spectrometry.  Thermal FFF retention times are sensitive to polymer molecular weight, composition, and 
microstructure and the open channel design makes this technique ideal for analyzing microgels-containing polymer 
systems.  Studies are underway to gain a deeper understanding of the thermal FFF separation mechanism which will 
then allow prediction of analysis conditions from a more fundamental perspective.  This presentation will focus on 
studies that provide further insight into the thermal FFF separation mechanism; the use of thermal FFF to separate high 
molecular weight polymers, microgels, and polymers of different chemical compositions and microstructures; and the 
coupling of thermal FFF and MALDI-TOF mass spectrometry.  

 
Introduction 
 Analytical techniques are continuously 
challenged by the advent of new materials designed to 
achieve enhanced properties and performance.  In the 
field of polymer separations, size exclusion 
chromatography (SEC) is the most commonly used 
method with capabilities of separating by size and 
yielding molecular weight (MW) information.  
However, SEC’s range of applicability is limited by the 
pore size of the packing material and to a certain 
extent, the existence of the packing material itself.  
Each SEC column has an optimum MW range and 
samples are often prefiltered to remove large 
components that may block the column. 
 Field-flow fractionation (FFF) is a family of 
separation and characterization techniques with 
complementary capabilities to SEC.1,2  The separation 
process occurs in open channels devoid of packing 
materials, thus making FFF suitable for separations of 
macromolecules, nanoparticles, and micron-sized 
particles.3-6  In practice, this translates to a very wide 
size range (nanometers to micrometers) that can be 
injected into a single FFF channel and the ability to 
analyze an entire sample without the need to prefilter.  
Depending on the type of FFF that is used, separations 
can be performed on the basis of size, mass, chemical 
composition, and microstructure.1,4,7  In many cases, 
established theory can be used to relate retention times 
to physicochemical properties of the sample. 
 Thermal FFF was initially developed as  
method to separate polymers and subsequently applied 
to nanoparticles.1,8  A temperature gradient is applied 
across the separation axis to induce thermal diffusion 
of sample components towards the cold wall.  The ratio 
of thermal diffusion to normal diffusion coefficient 
(also known as the Soret coefficient) determines the 
extent of retention for each sample componnet. 
 The objectives of our on-going research are to 
better understand the thermal diffusion process with 
respect to the effect of polymer and solvent properties, 
further development of thermal FFF for analysis of 
high- and ultrahigh-molecular weight polymers and  

 
comlex polymer mixtures, and coupling thermal FFF to 
complementary techniques such as MALDI TOF mass 
spectrometry. 
 
Experimental 

The ThFFF channel was built in-lab and is 
similar to the T100 offered by PostNova Analytics 
(Landsberg, Germany).  The channel was 2 cm in 
breadth, 27.4 cm tip-to-tip in length, 127 μm in 
thickness, and had a void volume of 0.62 mL.  The hot 
wall was heated using fourteen equally spaced 250W 
heating rods inserted perpendicular to the channel 
length.  This design has led to a more uniform 
temperature along the length of the channel.  
Computer-controlled temperature drops of 80-110 K  
were maintained between the hot and cold walls to 
within ±1 K.  Heat flux was removed from the cold 
wall using a refrigerated recirculator (Model CFT-75, 
Neslab, Portsmouth, NH).  The temperature of the cold 
wall was maintained in the range of 295-302 K.  
Sample injections were 10-30 μL containing 2 - 10 μg.  
An HPLC pump supplied the carrier liquid at a typical 
flow rate of 0.1 mL/min.   

Detectors used included a multiangle light 
scattering-differential refractometer (MALS-dRI) 
detector combination (Wyatt Technology, Santa 
Barbara, California) and a Voyager DE STR+ (Applied 
Biosystems, Framingham, Massachussetts) equipped 
with N2 and Nd:YAG lasers.  Polymerix software 
(Sierra Analytics, Modesto, California) was used to 
analyze the MALDI-TOF data. 
 
Results and Discussion 

Thermal FFF can differentiate polymers by 
molecular weight (MW), composition, and 
microstructure.  A mixture of 100 kDa polystyrene and 
100 kDa polyvinylpyridine can be almost baseline 
resolved as shown in Figure 1a.  A mixture of random, 
diblock, and triblock copolymers is shown to have 
different retention times in Figure 1b.  The 
polystyrene:polybutadiene copolymers had similar 
compositions (30:70) and molecular weights (100 
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kDa).9  The carrier liquid or solvent used in the 
separation plays an important role as retention times 
and elution orders can be significantly altered.  Our 
experiments have shown that solvent viscosity has a 
large effect on thermal diffusion and hence retention 
time of different composition polymers. 
 
Figure 1  

Separation of a mixture of a.) 100 kDa PS and PVP and b.) random, 
diblock, and triblock  100 kDa polystyrene:polybutadiene (30:70) 
copolymers.9 

 
 The open channel geometry makes thermal 
FFF ideally suited for separations of polymers that are 
prone to shear degradation, e.g., high MW, and 
polymer-particle mixtures.  Figure 2 shows the results 
of a microgel-containing polymer sample that was 
analyzed with and without prefiltering through a 0.5 
μm pore size filter.10 A MALS-dRI detector 
combination was used.  The filtered sample exhibits a 
monotonic increase in MW as a function of retention 
volume and an upper MW of several million Daltons.  
The unfiltered sample shows the elution of sample 
components with two distinctively different MWs; the 
larger component having a MW extending up to ~2 x 
109 Da.  It is interesting to note that filtering the sample 
not only removes the microgels but also some of the 
lower MW soluble polymers.  A plot of root mean 
square radius versus retention volume reveals two 
distinct size populations.  Thermal FFF’s ability to 
separate the entire sample provides a means for 
studying microgels and assessing their impact on 
product performance. 
 

Figure 2 
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Light scattering (90o) and MW versus retention volume plots 
representing the separation of a microgel containing polymer sample.  
The solid and dashed lines are for unfiltered and 0.50 μm filtered 
samples, respectively.10 

 
 Thermal FFF’s separation capabilities 
complement the MW measurement abilities of MALDI 
TOF mass spectrometry.  By using the latter, it is not 
necessary to have MW standards for establishing 
calibration curves for thermal FFF.  By using thermal 
FFF to produce fractions that are more homogeneous 
with respect to MW, chemical composition, and 
microstructure, different optimized MALDI conditions 
can be used depending on the polymer characteristics 
in each collected fraction.  Ultimately, this leads to 
improved accuracy of MALDI TOF MS of complex 
polymer mixtures as the chance for selective 
ionization/desorption is reduced. 
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