
Tips & Tricks: GPC/SEC for 
Membrane Analysis 

Membranes play an important role in living species as well as in technical processes, including in human care (for 
example, in kidney treatment). This instalment of Tips & Tricks discusses gel permeation chromatography/
size-exclusion chromatography (GPC/SEC) for membrane analysis.

Daniela Held and Peter Kilz, PSS Polymer Standards Service GmbH, Mainz, Germany.

Gel permeation chromatography/

size-exclusion chromatography (GPC/SEC) 

is the standard technique to characterize 

soluble macromolecules in solution. It is 

an excellent method to separate molecules 

based on differences in size and can 

therefore be used to learn more about 

the filter capabilities of membranes. 

Membrane performance parameters, such 

as retention behaviour, pore size, and 

molar mass cut-off, can be determined 

using standard chromatography 

equipment. An advantage of this approach 

is that membranes are tested under field 

conditions. This is especially important if 

swelling or non-permanent porosity has to 

be considered for the membrane quality.

Sample Preparation 

This membrane characterization method 

is based on the filtration of a reference 

material of known size or molecular 

weight (1). If this material exhibits a 

broad molar mass or size distribution 

(large polydispersity index [PDI]), a single 

filtration experiment is sufficient to 

cover the complete pore size range of 

the membrane in the wet state. Using a 

material where the large PDI is a product 

of the synthesis process is preferred over 

mixing several samples with a narrow 

molar mass distribution because the broad 

molar mass distribution will be smooth 

and the materials are less expensive. The 

molar mass or size range of the reference 

material has to be selected so that 

some parts of it will be retained by the 

membrane, while others will pass through. 

The reference material is then dissolved 

in the desired solvent to obtain a stock 

solution. Depending on if an organic 

or an aqueous solvent is used for the 

filtration process, polystyrenes, dextrans, 

or pullulanes can be used. The stock 

solution is filtered through the membrane 

applying proper filtration conditions (cross 

flow, back pressure). Molecules smaller 

than the membrane pores will be able P
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to penetrate through the membrane into 

the filtrate, while larger molecules will 

remain on the feed side (retentate). The 

same stock solution can be used to test 

several membranes, which allows an easy 

quality control or comparison of different 

membrane types. 

Sample Analysis in GPC/SEC

Important membrane properties can be 

obtained by a specific comparison of 

the concentration profiles of the stock 

solution, filtrate, and retentate (optional, 

not required in some approaches). These 

collected samples have to be measured 

using standard GPC/SEC equipment, 

comprising of an isocratic pump, an 

injection system, and most preferably a 

refractive index detector (RI) to be able to 

detect pullulan or dextran. A conventional 

calibration of the system using standards 

of the same type as the reference material 

Figure 1: Overlay of the GPC/SEC chromatograms of a stock solution consisting of 3 
dextrans with different molar masses (red) and the fi ltrate (blue) showing that higher molar 
masses have been held back by the membrane.
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allows the molar masses to be determined. 

Sieve curves can now be directly 

determined based on the obtained 

chromatograms of stock solution and 

filtrate (Figure 1). For this example 

the stock solution consisted of three 

dextran standards with different molar 

masses. If a dextran with a broad molar 

mass distribution had been used the 

chromatogram would not show maxima 

and minima but a steady distribution.

By overlaying the data of stock 

solution and filtrate it is obvious that the 

membrane held back the majority of the 

higher molar masses, which elute in GPC/

SEC at lower elution volume. A part of 

the smaller molecules eluted (compare the 

peak at around 17 mL elution volume). 

As in all cases, where chromatograms 

are compared, a reproducible elution is 

of utmost importance. Using an internal 

standard or flow marker can help to 

Figure 2: Overlay of the sieve curves of 3 different plane membranes from regenerated 
celluloses. 

identify problems at an early stage. 

Correction using the flow marker increases 

the quality of data and results. 

Results and Membrane Parameters

The next step is to quantify and to obtain 

important membrane parameters such as: 

t� sieve curve and retention efficiency 

t� average pore size and pore size 

distribution

t� molar mass cut-off

t� size selectivity

t� pore accessibility

Sieve curves (S) are calculated from the 

stock solution (cS), the filtrate (cF), and (not 

required by all applications) the retentate 

(cR). An example equation can be: 

[1]S = 1 - (cF /cS)

However, other approaches have also 

been described in the literature and can 

be applied to these data (2–6). Several 

membranes can be characterized in a 

sequence and their sieve curves can be 

easily compared.

Sieve curve molar masses can be 

assigned using the data from typical 

GPC/SEC calibration curves created, for 

example, using reference materials with 

narrow molar mass distribution (7). An 

additional parameter is the molar mass 
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cut-off of the membrane. This molar mass 
value defines the retention of a given 
am ple. Typically, 90% is used as the 
molar mass cut-off. However, additional 
retention parameters can be useful to 
answer specific questions or for in-depth 
comparison of different membranes. From 
the molar masses, the pore sizes can also 
be calculated using the Rg-M relationship 
with parameters taken from the literature 
(8,9). 

Figure 2 shows the graphical results 
for three different regenerated cellulose 
membranes, including the 90% cut-off 
results and the average pore size. All 
three membranes show very different 
filtration characteristics and even small 
property differences can be visualized 
with the overlaid data. The selectivity of 
a membrane, D, can also be calculated. 
Typically, this is determined at 25% 
and 75% retention. In the case of ideal 
selectivity, D = 1, the membrane would 
only allow a single size to pass through 
the pore. If no selectivity is achieved and 
the selectivity parameter is infinite, all sizes 
could migrate through the membrane.

Summary
Standard GPC/SEC equipment can 
be used to characterize membranes. 
Stock solutions, filtrates, and retentates 

obtained by a filtration experiment are 
run as GPC/SEC samples. 
The use of a flow marker increases the 
data quality.
Sieve curves can be calculated from the 
corresponding chromatograms.
Molar masses can be taken for the 
calibration curve. Pore sizes can be 
calculated using the Rg-M relationship. 
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