Tips & Tricks GPC/SEC:
An Alternative to Calibration With Narrow Standards
Daniela Held and Peter Kilz, PSS Polymer Standards Service GmbH, Mainz, Germany.

When narrow molar mass standards are unavailable, or molar masses of calibration standards are too low to calibrate the complete molar
mass range of samples to be characterized, integral calibration with a broad standard is a fast, cost-effective, and easy-to-use calibration
technique for quality control.
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The most common column calibration
technique in gel permeation
chromatography/size-exclusion
chromatography (GPC/SEC) is calibration
using molar mass reference standards
with a narrow molar mass distribution.1
However, it has two key limitations:
Firstly, molar masses for samples are only
accurate if they have the same chemistry
as the calibration standards; and secondly,
molar masses for samples can only be
precise when within the calibrated region
— uncertainty exists in the extrapolated
region.
Figure 1 shows the molar masses found
for a broad polymethyl methacrylate
(PMMA) after calibration with polystyrene
(PS) (indicated by the blue line); and after
a calibration with PMMA standards (red
curve). The red curve shows the true
molar mass distribution.
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Figures 2(a) and 2(b) show that the
result uncertainty increases when
more sample components elute in the
uncalibrated region (both molar mass
distributions based on PMMA calibration).
The calibrated region lies between the
two red dots and is smaller for the sample
in Figure 2(b). To the left and right of
the two red dots the calibration curve
is extrapolated to allow measurement
of complete molar mass distribution
even when calibration standards are
unavailable. This is often the case for
aqueous GPC/SEC where calibration
standards with very high molar masses
are not available for samples with very
high molar masses.
On-line light scattering (LS) can help
overcome these limitations; however, LS
detection also has several restrictions:
GPC/SEC–LS or triple detection has more
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Figure 1: Comparison of the molar mass distribution and the molar mass averages of a
broad polymethyl methacrylate (PMMA) sample obtained with polystyrene (blue) and PMMA
calibration (red).
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experimental prerequisites; for example,
sample concentration should be known
precisely and accurately; operation
requires more time and caution; data
evaluation and troubleshooting requires
more time and knowledge; and expensive
light scattering detection has to be added
to a GPC/SEC system.
These limitations are especially important
in quality control (QC) laboratories where
fast and easy-to-use calibration methods
are required An alternative is to calibrate
with one or more broad standards that
have been fully characterized to give a
cumulative molar mass table.
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Only 2 clicks from data to results!

Malvern introduce the latest member
of the Viscotek GPC/SEC family, the
new SEC-MALS 20 detector.

How Does It Work?
GPC/SEC is an easy method that can
measure and obtain the molar mass
averages and both the differential and
integral (cumulative) distribution for
macromolecules. Figure 3 shows a typical
differential and cumulative distribution with
the corresponding partial cumulative molar
mass table of molar mass and integral (I)%
of eluted molar mass.
Cumulative distribution information
can then be used to calibrate a GPC/SEC
system. Figure 4 shows how a calibration
curve can be constructed from a cumulative
molar mass table. The sample is first run on
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VISCOTEK GPC/SEC: SETTING THE STANDARD
www.malvern.com/secmals
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Figure 2: Comparison of result uncertainty for different calibrated regions. The calibrated
region is within the red dots, to the left and right of the dots is the uncalibrated region.

Take Gas Analysis Mobile — Without Sacriﬁcing Results
ON-DEMAND WEBCAST
Register free at www.chromatographyonline.com/gasanalysis
Event Overview:

Key Learning Objectives:

The natural gas (NG) market is broken into four discrete segments: exploration, liquefaction, transportation, and regasification. All four of these
segments require diligent and accurate characterization of the NG to
ensure maximum efficiency in investment and operational expenditures.

■ Learn how to determine
composition and calorific
value of natural gas

Come learn about and discuss the most critical characterizations of NG
characterization utilizing a gas chromatograph (GC). Since the two key
aspects of characterization are diligence and accuracy, the benefits taking the analysis onsite with micro GC analysis can offer unprecedented
performance in both of the two critical aspects mentioned.
The following applications will be discussed in detail and supported by
real-world data:
■ Exploration: mud logging characterization; up to C12 qualification and
quantification

■ Learn how to take typical
laboratory analysis mobile
and get reproducible results
■ Learn how to configure
analysis in accordance with
ASTM, GPA, and ISO methods

Presenters:
Coen Duvekot
Product Manager
Micro GC
Thomas Szakas
Mobile Measurement
Business Development
& Commercialization Manager

■ Liquefaction: calorific value determination
■ Transportation: gas composition during loading
■ Regasification: calorific value validation and odorant addition monitoring

Moderator

Who Should Attend:

Meg Evans
Managing Editor
LCGC

■ (lab) technicians in (petro)chem and natural gas performing gas
chromatographic analysis and in particular gas analysis

Presented by

■ (lab) managers in (petro)chem and natural gas in charge of (contract) labs
performing gas chromatographic analysis and in particular gas analysis
■ R&D personnel developing solutions where they have a need to analyze
gases
■ Academics developing solutions in alternative fuels, fuel cells etc having the
need to analyze gases

Sponsored by

For questions contact Kristen Farrell at kfarrell@advanstar.com

13

2
16

Barden et al.
Kailasam

8
2
21

News
CHROMacademy

10
0
22

Market Trends & Analysis
Training & Events

11
24

Tips & Tricks: GPC/SEC
Staff

The Column

www.chromatographyonline.com

Tips & Tricks: GPC/SEC

Figure 3: Differential and integral (cumulative) distribution for a macromolecule with (partial)
cumulative molar mass table (column 1: molar mass; column 2: RI signal intensity [not required
for the calibration procedure described], column 3: I%[log(M)]).

the GPC/SEC system equipped with at least
one concentration detector, for example,
refractive index (RI) or ultraviolet (UV). The
corresponding cumulative concentration
distribution is then (automatically) available
from the chromatogram (software). Input
of molar mass and integral distribution
I(M) values (manual or automatic) to the
measured elution volume of the broad
standard allow the single data points to be
entered for the calibration curve.
Figure 4 shows a typical GPC/SEC
calibration curve of imported data points
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for the sample used in Figure 2. To increase
the accuracy of the calibration, many data
points (at least 50, if not more) can be
used. After entering or importing the data,
the curve is fitted and can be used as a
“conventional” calibration curve to evaluate
unknown samples.

How To Get A Broad Standard
A limited number of broad standards
with a variety of different chemistries
are available from suppliers. A similar
approach has been described for low
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Figure 4: Creation of a calibration curve using one broad molar mass standard with a
cumulative molar mass table.

easy-to-use method for QC laboratories
that eliminates the need for expensive
advanced detection. Non-commercial
standards can also be produced that
allow the measurement of precise and
accurate molar masses worldwide.
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molar mass heparins.2 However, if a
standard of a specific chemistry is required
that is not available it can be produced
using GPC/SEC-light scattering detection.
A pre-requisite is that the potential
standard is stable and can be stored for
several years. The potential standard
is then characterized using GPC/SEC–
MALLS (multi-angle laser light scattering)
detection to overcome the limitations of
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GPC/SEC alone. The standard is then given
to the QC departments together with the
cumulative molar mass table. It can then
be used to calibrate an existing QC–GPC/
SEC-instrument equipped with only one
concentration detector.

Summary
Integral or cumulative calibration using
one or more broad standards is a fast and
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Daniela Held studied polymer chemistry
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