
Tips & Tricks GPC/SEC: Analysis 
and Calibration For Low Molar Mass 
Macromolecules

Macromolecules can range from several hundred daltons to several million daltons in molar mass. There are many 
applications where only products with a low molecular weight are used. Gel permeation chromatography/size 
exclusion chromatography (GPC/SEC) analysis can be easily optimized to yield improved results when analysing 
oligomers and low molar mass macromolecules. Column selection and system calibration are key to successful 
characterization. New detection techniques also allow an additional insight.

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

Column Selection

Oligomers and low molar mass macromolecules 

should be analysed on dedicated columns or 

column sets. Only small pores are required 

for the analysis of small molecules, therefore 

columns fi lled with a low porosity material are 

best for this kind of analysis. 

Shear degradation is not an issue that is 

encountered and so columns for this molar mass 

region often consist of stationary phase materials 

of smaller particle sizes. This, therefore, results in 

a better resolution so that often the resolution 

power of a dedicated column bank is high 

enough to resolve oligomeric samples into single 

peaks.

Figure 1 shows an overlay of an oligomeric 

polymethyl methacrylate (PMMA, Mw = 668, 

PDI = 1.21) on a dedicated column set for 

oligomers; and on a column set for medium 

molar masses with 5-µm and 10-µm particle 

sizes, respectively. It is clear that a low molar 

mass sample can look very different depending 

on the resolution of the column in this molar 

mass range. The combination for low molar 

masses clearly shows several single maxima, 

whereas the 5-µm medium molar mass 

combination shows only some shoulders, and 

the 10-µm medium molar mass combination 

shows only an unimodal peak.

Calibration and Peak Identifi cation

When a good separation is achieved with 

the low molar mass column set (as shown in 

Figure 1), it is possible to identify the single 

oligomers and add them as additional calibrants 

to the calibration curve. A true gel permeation 

chromatography/size exclusion chromatography 

(GPC/SEC) molar mass calibration standard 

should come with molar mass averages (Mn and 

Mw) at least, in addition to the molar mass at the 

peak maximum (Mp). The Mp is the value that 

should be entered into the calibration curve.1

In the case of the PMMA oligomer (as shown 

in Figures 1 and 2) the Mp is 602 Da. The PMMA 

has been synthesized using group transfer 

polymerization (GTP), resulting in a PMMA with 

two hydrogen end groups.

As the molar mass of the repetition unit 

MMA (methyl methacrylate) is 100 Da, the 

molar masses for the other peaks can be easily 

determined. They increase from the highest peak 

at 602 Da stepwise with 100 for every peak with 

lower elution volume; and decrease stepwise by 

100 for every peak with higher elution volume. 

Figure 2 illustrates the PMMA oligomer with the 

single peaks labelled. Table 1 summarizes the 

peak information and shows the molar mass that 
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can be entered into the calibration curve with the 

corresponding elution volume.

The resulting PMMA calibration curve is 

shown in Figure 3. It consists of several entries 

from higher molar masses (unimodal peaks, not 

shown) and several entries of the oligomeric 

PMMA, which will positively infl uence the 

results of the sample analysis. This is because 

with an increased number of calibration points, 

the precision of the calibration fi t function 

increases.

Additional results without even looking at the 

mass distribution are available for the analysis 

of unknown PMMA samples. This is shown 

in Figure 2, where the PMMA oligomer from 

above is overlaid with degree of polymerizations 

3 and 4, respectively. This overlay allows direct 

identifi cation of the degree of polymerization, 

as well as products from backbiting, a typical 

side reaction in anionic polymerization of MMA. 

Backbiting by-products elute between two 

degrees of polymerization. Both products, P3 

Figure 1: Overlay of the chromatograms of an oligomeric polymethyl methacrylate (PMMA) 
on a column set for low molar masses (green) and column sets for medium molar masses with 
5 µm particle size (blue) and 10 µm particle size (black).
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and P4, show backbiting peaks for P3 (compare 
peak B), and P4 respectively. In addition, P3, P5, 
and P6 can be identifi ed in sample P4 because 
they co-elute with the peaks C, E, and F of the 
reference material.

Absolute Molar Masses
Although the terms “absolute” or “true” 
molar masses are often associated with light 
scattering, viscometry, or triple detection, these 
are often not the best solutions for low molar 
mass samples. Especially for samples with a low 

refractive index increment (dn/dc), detection is 
impossible or only possible when extremely high 
(untypical) concentrations are injected. This often 
results in a loss of resolution and, even worse, of 
distribution information. 

If absolute molar masses are required and 
matching calibration standards are not available, 
two scenarios can be used.
Case Study 1: A separation with resolution into 
single peaks is possible. The resulting picture is 
similar to the green curve in Figure 1. If the molar 
masses of initiator, repetition unit, and end group 

Figure 2: Overlay of the oligomeric polymethyl methacrylate (PMMA) with peak labelling 
(compare Table 1) and two samples, P3 and P4.
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are available, a conventional calibration curve 

can be established as described above. With this 

calibration curve true molar mass averages of 

unknown samples can be determined.

Case Study 2: If separation into single peaks 

is not achievable, or if additional information 

is required, a hyphenation of GPC/SEC with 

mass spectrometry (MS) can help. MS has 

been proven to be a powerful method for 

macromolecules with lower molar masses. 

On-line hyphenation of MS with GPC/SEC 

allows calibration curves to be constructed 

that can yield true molar masses for oligomers 

(hompolymers and copolymers alike).2 For every 

elution volume the matching mass spectrum is 

available. If the molar mass of the repetition unit 

and the ionization agent are known, a direct 

and automatic determination of the molar mass 

at the elution volume is possible.3 Therefore a 

matching calibration curve can be constructed 

without using any calibration standards. This 

allows the determination of true molar masses. 

In addition, the MS detector can identify side 

products and end groups. 

Summary

The analysis of oligomeric samples with GPC/SEC 

has high optimization potential. The availability 

of new stationary phases with small particle 

sizes and hyphenation with modern detection 

Peak Identifier
Molar Mass

(Da)*

Degree of

Polymerization

Elution Volume

(mL)*
Area (%)

A 202 2 30.72 0.93

B ** Backbiting 3 30.16 1.40

C 302 3 29.72 4.40

D 402 4 28.99 8.74

E 502 5 28.41 12.63

F
Reference from
Certificate: 602

6 27.91 15.69

G 702 7 27.49 14.33

H 802 8 27.13 12.58

I 902 9 26.80 9.82

J 1002 10 26.52 10.16

K 1102 11 26.27 9.34

Table 1: Molar mass, elution volume, and area for the resolved peaks of the oligomeric 
polymethyl methacrylate (PMMA) sample.
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techniques offers new pathways for investigation 

and the determination of true molar masses.
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Figure 3: Resulting calibration curve with multiple entries from the calibration sample 
polymethyl methacrylate (PMMA)-Mp 602 and other molar mass reference materials.
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EVENT OVERVIEW:

“Just one more turn” – that has been the chromatographers’ answer to 
the age old question of “How tight should I seal my autosampler chroma-
tography vial closure?” Unfortunately, for a lot of chromatographers, this 
answer has resulted in a myriad of chromatographic problems. Truth be 
told, “just one more turn” is more than likely the absolute worst thing that 
one can do to seal an autosampler vial.

The Advance Vial Closure System (AVCS) allows bench chemists and sam-
ple prep technicians to remove the subjectiveness out of achieving the 
optimal compression when sealing a vial. The benefit of using a vial and 
closure designed as a complete system, allows the closure, septum, and 

vial to work together to prevent 
compression from exceeding the 
optimal range.

This web seminar will review the 
impact an innovative vial & clo-
sure design, like AVCS, can have on 
improving data quality by providing 
data that supports how an AVCS-
designed vial & closure eliminates 
under and over compression of vial 
seals while improving robotic autos-
ampler pick-up of vials, ensuring 
more centered vial closure position-
ing and greater optical recognition 
of vials placed in autosamplers.

Key Learning Objectives:

■ The impact of analyst subjectivity 
on vial sealing

■ Optimal vial/closure sealing and 
how it can be reliably achieved

■ The Advance Vial Closure System 
design

Who Should Attend:

■ Any chromatographer or mass 
spectroscopist concerned 
improving data quality & 
performance

■ QA/QC looking for ways to 
improve data quality

■ Laboratory managers focusing 
on sample throughput and data 
integrity

ON-DEMAND WEBCAST

Register Free at www.chromatographyonline.com/avcs

PRESENTER:

Dave Edwards
Sample Handling 
Product Manager
Thermo Fisher Scientific

Detlev Lennartz
Product Manager  
–Vials and Closures
Chromatography 
Consumables and 
Specialty Products
Thermo Fisher Scientific

MODERATOR:

Laura Bush
Editorial Director
LCGC
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Presented by

For questions, contact Kristen Farrell  at kfarrell@advanstar.com

Solving One of Chromatography’s Biggest Dilemmas— 
Proper Sealing of Chromatography Autosampler Vials 

—Using the Advanced Vial Closure System (AVCS)


