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Size exclusion chromatography

Basic principles 

 
Size exclusion chromatography (SEC) is a liquid chroma-
tographic separation method which permits the analysis of
molecules in the oligomer and polymer range. This method is
also known as gel permeation chromatography (GPC).
The main difference between SEC or GPC and other chro-
matographic methods is that a separation is not achieved
through any kind of interaction but quite simply by classifying
the molecules by size.
Separation mechanism. The chromatographic column is
packed with particles of the same size (in the case of NU-
CLEOGEL® columns particles are spherical with diameters
of 5, 8 or 10 µm). For the classification of molecules accord-
ing to size it is a prerequisite that the particles are totally po-
rous and that the pores have a defined diameter. In the figure
above the pores are illustrated in a conical shape for demon-
stration purposes.

Let us assume, that the polymers to be analysed consist of
molecules size A, B and C. In the example illustrated, the
largest molecules A cannot enter the pores, while molecule
B can only half enter and the smallest molecules C can com-
pletely enter the pore system. Since adsorptive interactions
with the stationary phase can be excluded in GPC by correct
choice of the mobile phase, elution of the components is in
the order A, B and C, i. e. the largest molecules are eluted
first and the smallest last.
In order to achieve an optimum separation of oligomers or
polymers, packing materials with different pore diameters are
available. These are characterised by pore size or exclusion
limit. The exclusion limit corresponds to the molecular weight
of the polystyrene or dextran fraction which can just enter the
gel and is thereby a measure for the pore size distribution of
the gel.

Based on the previous explanations the following conclu-
sions can be drawn:

All injected molecules are eluted again.
The chromatogram is complete when the dead time is
reached, thus it is known in advance how long the sepa-
ration will take.
The elution volume or elution time only depends on the
size of the molecule, and thereby indirectly on its molar
mass. SEC (GPC) can be used to determined molecular
weights.
Since the separation is complete after a volumetric flow
corresponding to just the pore volume of the column, the
peak capacity (i.e. the number of peaks which can be
separated with a definite resolution) is limited.
In order to separate two sizes of molecules, there should
be a difference in their molecular mass of at least 10 %.
Since the retention of the molecules in the stagnant mo-
bile phase is not only desirable but encouraged (as op-
posed to other chromatographic methods), the resultant
theoretical plate numbers are generally not as high as
otherwise in normal HPLC.
Since the elution volumes are small, minimising the
dead volume in the complete chromatographic system is
very important.

The following figure again illustrates the separation mecha-
nism.

Test molecules which are too large to enter the pores can on-
ly be dispersed through the volume between individual
beads of the packing material: they are excluded and must
find their way through the column in the space between the
spherical particles. Since there are no interactions between
the sample and the stationary phase, these molecules are
carried through the column by the mobile phase and eluted
as fast as possible.
On the other hand, if small molecules are present which can
completely enter the pores, the total volume of the mobile
phase is at their disposal. Since the mobile phase is stag-
nant in the pores, the molecules in the pores are moved only
by diffusion and are retained longer than the excluded mole-
cules. They appear in the detector as the last peak, and in
fact exactly at the dead time known from other column chro-
matographic methods. 

A

B B

C

C

A B C

column packingmobile
phase

pores

retention time

injection

Illustration of the separation mechanism in GPC

Schematic illustration of GPC in three steps
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Size exclusion chromatography

Molecules of medium size cannot enter the narrowest pores
and only partially permeate the stationary phase. At their dis-
posal is a volume between the total permeation and the dead
volume. They are eluted after the excluded molecules, but
before the dead time.
Calibration chromatogram. If one wants to know which elu-
tion volume VE corresponds to a definite molecular size, the
column is first calibrated with a test mixture composed of
components with exactly known molecular weights. The size
of the calibration molecules (polymer standards) must be
chosen such that 

one component is excluded, 
several components partially enter the pores,
one component totally permeates the stationary
phase.

Calibration standards for organic GPC systems are mainly
defined polystyrenes, and for aqueous separation systems
dextran standards with different, but defined molecular
weights are used. For our programme of polymer standards
please see pages 130 and following.

The figure shows a chromatogram of styrene oligomers with
n = 1 to 14. The peak on the extreme right originates from
monomeric styrene. This is the smallest molecule (next to
the molecules of the mobile phase) and is eluted last. Its elu-
tion volume is the dead volume V0. The first small peak to the
extreme left originates from excluded molecules. The corre-
sponding volume is the interstitial volume Vz (volume of liquid
between the particles of the stationary phase). Between Vz
and V0 the molecules with a degree of polymerisation n from

14 to 1 are eluted. The volume V0 – Vz corresponds to the
pore volume Vp of the stationary phase (liquid which is actu-
ally in the pores). Vp is the only volume useful for a separa-
tion and should therefore be as large as possible. The peak
capacity depends on Vp. As can be seen, the smaller the dif-
ference in molecular size (mass), the nearer the peaks are to
each other. If one plots the logarithm of the molecular weight
as a function of the elution volume, the resultant graph which
characterises the column is in the ideal case a straight line.
The calibration graph can however also be curved (see e.g.
page 125).
If one wants to characterise an unknown fraction or deter-
mine the molecular weight distribution of a polymer com-
pound, the chromatogram of the sample is compared with
the calibration curves. Since the elution volume corresponds
to the size of a molecule and not directly to its weight (mass),
this comparison is only correct for molecules of the same
type (e. g. for homologues or – as in the above-mentioned
case – polystyrenes) in the same solvent.

Molecules of other types (e. g. polyamide instead of pol-
ystyrene) can, for a definite elution volume (i.e. same
size) have a different density than the calibration mole-
cules. There are conversion factors from the mostly used
polystyrene standards to other substances, however, it is
preferable to calibrate the column with a standard with
characteristics as similar to the test sample as possible,
when molecular weights are to be determined.
One and the same molecule can have different sizes in
different solvents (whether real or apparent) and is
thereby eluted at different volumes. A coiled molecule
can swell or shrink. Also a molecule can solvatise in one
solvent, and thus appear larger than it really is, while it
does not solvatise in another solvent.

Gel chromatographic determinations of molecular weights
and molecular weight distributions are simple and fast. Since
they depend entirely on the elution volume, this parameter
must be measured with great accuracy. The elution volume is
related to the logarithm of the molar mass, and therefore
even small mistakes in the determination of VE have a con-
siderable impact on the result. One needs then

a very precise and reproducibly working pump and a
thermostatically controlled system or
a continuous volume measurement system.

Columns in series. When a separation of test samples is in-
sufficient, it can be improved by connecting two or more col-
umns of the same type in series. Due to this a larger pore
volume can be used. When two columns are in series, how-
ever, you have not only doubled the elution volumes, but also
doubled the analysis times. Should the sample contain mole-
cules with a weight distribution exceeding the separation
range of the column to be used, then two or more columns
with different exclusion limits can be connected in series. In
this way it is possible to separate a wide range of molecular
weights in one operation. If the number of components is not
too large, but still with a wide range of molecular weights, we
recommend a mixed gel column with resins of different ex-
clusion limits which enables separation of a wide range of
molecular weights from 103 to 107.
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Columns for gel permeation chromatography (GPC)

Phase systems. Mobile and stationary phases for SEC must
meet three requirements:

The mobile phase must be a good solvent for the sam-
ple, however, it should not chemically alter the sample. 
The sample should not show any interactions with the
stationary phase.
The mobile phase must not damage the stationary
phase.

If these three requirements are met, size exclusion chroma-
tography is a relatively uncomplicated, convenient, versatile
and fast separation technique.

The solvent selected as mobile phase has to be a good sol-
vent for the sample, however, it also has to be compatible
with the stationary phase. If you are in doubt, ask our techni-
cal support for information about this point.
If the sample is only partially soluble in the mobile phase, this
can result in undesirable interactions between sample and
stationary phase. Interactions can cause tailing, and more so
delayed elution. Should a component appear after V0, it has
been somehow retained in the stationary phase.

NUCLEOGEL® columns for GPC 
The NUCLEOGEL® column family comprises HPLC poly-
mer-based columns for organic and aqueous gel permeation
chromatography (GPC), gel filtration, reversed phase chro-
matography and ion chromatography. This chapter describes
the NUCLEOGEL® columns for GPC; for a detailed descrip-

tion of our NUCLEOGEL® columns for gel filtration, reversed
phase and ion chromatography please see the chapters
”Columns for the separation of inorganic anions“ (p. 80),
”Columns for biochemical separations“ (from p. 95), and
”Columns for food analysis“ (from p. 118).

NUCLEOGEL® GPC columns for non-aqueous eluents 
NUCLEOGEL® GPC columns are packed with a highly
cross-linked macroporous, spherical polystyrene – divinyl-
benzene polymers matrix (PS/DVB). This material offers sev-
eral advantages for size exclusion chromatography:

very stable polymer with good pressure stability
minimum expansion or shrinking with changing eluent
polarity
well suited for operation at elevated temperatures

Column type Exclusion 
limit [kdalton]

Application Column 300 x 7.7 mm

5 µm particles 10 µm particles

NUCLEOGEL® GPC for the separation of water-insoluble substances
gel matrix polystyrene – divinylbenzene, eluent in column toluene

Valco type analytical columns
NUCLEOGEL GPC 50 2 low molecular weight organics 719402 719410
NUCLEOGEL GPC 100 4 oligomers, oils 719403 719411
NUCLEOGEL GPC 500 25 low molecular weight polymers 719404 719412
NUCLEOGEL GPC 103 60 low molecular weight polymers 719405 719413
NUCLEOGEL GPC 104 500 polymers up to 500 kDalton 719406 719414
NUCLEOGEL GPC 105 4000 } molecular weight distribution of polymers

719407 719415
NUCLEOGEL GPC 106 10000 719416
Mixed gel columns:
NUCLEOGEL GPC LM-5 500 719483
NUCLEOGEL GPC M-5 4000 719408
NUCLEOGEL GPC M-10 10000 719417

guard column 50 x 7.7 mm 719409 719418

Columns with 600 mm length and columns for preparative separations are available on request.
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Columns for gel permeation chromatography (GPC)

Due to optimisation of the cross-linking chemistry the poly-
mer shows an outstanding mechanical stability for every
available pore size, combining very good pressure stability
with pore volume as large as possible.
The rigid structure of the PS/DVB polymer guarantees mini-
mum expansion or shrinking of the particles when changing
from polar to nonpolar organic eluents or vice versa. Thus,
rapid changes of solvent polarity or temperature are possible
without loss of efficiency. Mixed eluents can be used without
any problems. For this reason it is no longer necessary to of-
fer columns packed with different eluents. However, the
flushing conditions recommended for certain eluent changes
should be observed (s. below).

Procedures for changing the eluent in a NUCLEOGEL® GPC column

NUCLEOGEL® GPC columns are packed and tested with THF, but supplied with toluene as in-column eluent.

Plate height as a function of flow rate
column: NUCLEOGEL® GPC M-10

1/N · 105

60

50

40

30

20

10

1 2 3 ml/min

Polystyrene
1 180 000 Dalton

Polystyrene
180 000 Dalton

Polystyrene
9 000 Dalton

Phenylhexane

Eluent in column is toluene

Change for: Change for: Change for: Change for:

Hexane
Perfluoroalkanes
Dichloromethane
Methyl ethyl ketone
Ethyl acetate
Chloroform

Dichloroethane
Cyclohexane

Dimethylacetamide
Pyridine
Dimethylformamide
Dimethylsulphoxide
N-Methylpyrrolidone

o-Dichlorobenzene
Trichlorobenzene
o-Chlorophenol
m-Cresol

flush column with 
2 column volumes acetone 
at 0.5 ml/min

flush column with 
2 column volumes acetone 
at 0.5 ml/min

flush column with 
2 column volumes acetone 
at 0.5 ml/min

increase column tempera-
ture to 50 °C 

flush column with 2 column 
volumes of the required 
eluent at 0.5 ml/min

flush column with 2 column 
volumes of the required 
eluent at 0.2 ml/min and 
ambient temperature

flush column with 2 column 
volumes of the required 
eluent at 0.2 ml/min and 
ambient temperature

flush column with 2 column 
volumes of the required 
eluent at 0.1 ml/min

increase column tempera-
ture to 60 °C with 1 °C/min 

increase column tempera-
ture to 80 °C with 1 °C/min 

increase column tempera-
ture with 1 °C/min to 110 – 
150 °C depending on re-
quirements

Now the column can be op-
erated with the new eluent 
at the required flow.

Now the column can be op-
erated with the new eluent 
at a maximum of 60 °C and 
the required flow.

Now the column can be op-
erated with the new eluent 
at a maximum of 80 °C and 
the required flow.

Now the column can be op-
erated with the new eluent 
at the required flow.
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Columns for gel permeation chromatography (GPC)

GPC often requires separation at elevated temperatures. In-
creasing the temperature results in an acceleration of the
molecular diffusion and hence an improved GPC separation.
This is especially true for viscous eluents such as dimethyl-
formamide (DMF) or N-methylpyrrolidone (NMP) and for high
molecular weight samples. Furthermore, semi-crystalline
polymers, e.g. polyolefins, require elevated temperatures for
dissolution and for avoiding precipitation during the separa-
tion. NUCLEOGEL® GPC columns are well suited for use at
elevated temperatures, because the rigid polymer matrix will
tolerate numerous heating and cooling cycles without losing
its separation efficiency. 
NUCLEOGEL® GPC columns are available with 5 and 10 µm
polymer beads and in many pore sizes. The diagram on the
left shows calibration curves for polystyrene standards on
NUCLEOGEL® GPC columns with different pore sizes.

Application of NUCLEOGEL® GPC columns

For typical fields of application the column combinations
shown in the diagram above have proven useful.

For ordering information of NUCLEOGEL® GPC columns
please see page 123.

For molecular weight distributions of polymers up to 5 million
dalton we recommend the mixed gel columns NUCLEO-
GEL® GPC M-5, for higher molecular weights mixed gel col-
umns with 10 µm particle size or – even better – a combina-
tion of 10 µm columns NUCLEOGEL® GPC 106, 104 and
500 should be preferred. Condensation polymers and resins
up to 500 000 dalton can be analysed using a combination of
the 5 µm NUCLEOGEL® GPC columns with 104 Å and 500 Å
pore sizes. For increased resolution, two columns each of
both pore sizes can be connected in series. Low molecular
weight resins, prepolymers, oils and additives require a high
resolution. NUCLEOGEL® GPC columns with 103 Å, 500 Å
and 100 Å meet these requirements with their typical effi-
ciency of 70 000 theoretical plates per meter. 
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NUCLEOGEL® GPC

NUCLEOGEL® GPC column selection for typical 
fields of application

separation recommended NUCLEOGEL® GPC 
column

polymers with very 
high molecular 
weights (MW)

polymers with high 
MW

polymers, resins 
MW < 500 000 

polymers with low 
MW

oils, oligomers

org. compounds, 
MW < 1 000 

GPC 500-10

GPC 104-10

GPC 106-10

2 x GPC M-10 / 3 x GPC M-10

2 x GPC M-5

GPC 500-5

GPC 104-5

2 x GPC 103-5

2 x GPC 500-5

GPC 100-5 2 or 3 columns

GPC
50-5 2 columns

103 104 105 106 107

polystyrene molecular weight (dalton)

NUCLEOGEL® GPC

50

100

500

103

104

105

106

Mix

102 103 104 105 106 107

Working ranges for polystyrene

[MW in dalton]
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Columns for gel permeation chromatography (GPC)

Application of NUCLEOGEL® GPC columns

GPC of dialkyl phthalates
Column: 300 x 7.7 mm NUCLEOGEL® GPC 50-5
Eluent: tetrahydrofuran
Flow rate: 1 ml/min
Detection: RI
Peaks (150 µg each,
injection volume 20 µl):
1. Dioctyl phthalate
2. Di-n-butyl phthalate
3. Diethyl phthalate
4. Dimethyl phthalate
5. Toluene

1

2 3

4

5

2 4 6 8 10 min

10
05

90

Analysis of plasticisers
Column: 2 times 300 x 7.7 mm NUCLEOGEL® GPC 100-5
Eluent: tetrahydrofuran
Flow rate: 1 ml/min
Detection: RI
Peaks:
1. Toluene
2. Dimethyl phthalate
3. Diethyl phthalate
4. Dibutyl phthalate
5. Dioctyl phthalate
6. excluded polymer

1

2
34

5

6

10 20min10
06

00

Analysis of a melamine resin
Columns: 2 times 300 x 7.7 mm NUCLEOGEL® GPC 100-5
Eluent: N,N-dimethylformamide
Flow rate: 1 ml/min
Temperature: 80°C
Detection: RI

0 18min

10
90

40

GPC analysis of a polyester polyol
Columns: 2 times 300 x 7.7 mm NUCLEOGEL® GPC 500-5
Eluent: tetrahydrofuran
Flow rate: 1 ml/min
Detection: RI

0 18
min

10
91

10
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Columns for gel permeation chromatography (GPC)

Application of NUCLEOGEL® GPC columns

GPC separation of polystyrene standards
Column: 300 x 7.7 mm NUCLEOGEL® GPC 104-5
Eluent: tetrahydrofuran
Flow rate: 0.5 ml/min
Detection: RI
Polystyrene standards
[dalton]
1. 860 000
2. 190 000
3. 87 000
4. 34 500
5. 7 600
6. 1 350
7. Phenylhexane (162)
8. o-Dichlorobenzene
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Separation of polystyrene standards on a 
mixed gel column

Column: 300 x 7.7 mm NUCLEOGEL® GPC M-5
Eluent: tetrahydrofuran
Flow rate: 0.5 ml/min
Detection: RI
Polystyrene standards
[dalton]

1. 3 600 000
2.  860 000
3.  410 000
4.  194 000
5.  87 000
6.  34 500
7.  19 600
8.  10 200
9.  5 100

10.  2 500
11.   480
12. Phenylhexane (162)

Analysis of polystyrene 500
Columns: 4 times 300 x 7.7 mm NUCLEOGEL® GPC 100-5
Eluent: tetrahydrofuran
Detection: RI

15 30
min1

0
8
9
6
0

GPC analysis of polymethylmethacrylate standards 
(PMMA)

On NUCLEOGEL® columns, PMMA is easily analysed in methyl 
ethyl ketone (MEK), which has a lower refractive index than tet-
rahydrofuran and is thus especially suited for RI detection.
Columns: 2 times 300 x 7.7 mm NUCLEOGEL® GPC M-10
Eluent: MEK
Flow rate: 1 ml/min
Detection: RI
PMMA standards 
[dalton]
1. 1 400 000
2.  330 000
3.  60 000
4.  10 550
5.  1 950

1
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10 20min

10
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Columns for gel permeation chromatography (GPC)

Application of NUCLEOGEL® GPC columns

For ordering information of NUCLEOGEL® GPC columns please see page 123.

Analysis of pullulan polysaccharides in DMSO
Due to the high viscosity of the dimethylsulphoxide elevated tem-
peratures are required for the separation.
Columns: 2 times 300 x 7.7mm NUCLEOGEL® GPC 106-10 

+ 300 x 7.7 mm GPC 103-10
Eluent: DMSO
Temperature: 70 °C
Flow rate: 1 ml/min
Detection: RI
Pullulan polysaccharide standards
[dalton]
1. 853 000
2. 100 000
3. 5 800

1

2

3

12 30min1
0
2
5
6
0

Analysis of stearins
GPC can be used for the identification of stable intermediates 
produced during degradation of natural oils by microorganisms.
Column: 300 x 7.7 mm NUCLEOGEL® GPC 50-5
Eluent: tetrahydrofuran
Flow rate: 0.5 ml/min
Detection: RI
Peaks:
1. Stearic acid
2. Glyceryl monostearate
3. Glyceryl distearate
4. Glyceryl tristearate

1

2 3

4

16 8min1
0
0
2
6
0

Separation of linear hydrocarbon standards
Columns: 2 times 300 x 7.7 mm NUCLEOGEL® GPC 50-5
Eluent: tetrahydrofuran
Flow rate: 1 ml/min
Detection: RI
Linear hydrocarbons (0.5% each)
1. C32H66 MW = 450 dalton 2. C22H46 MW = 310 dalton
3. C16H34 MW = 226 dalton 4. C12H26 MW = 170 dalton
Different peak heights are due to decreasing refractive indices of 

the samples (nd = 1,4550 for C32H66 to nd = 1,4216 for C12H26).

1

2

3

4

10 15min

10
89

10

Analysis of silicone
Columns: 2 times 300 x 7.7 mm NUCLEOGEL® GPC 500-5
Eluent: toluene
Flow rate: 1 ml/min
Detection: RI

9 18
min

10
91

70
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Columns for gel permeation chromatography (GPC)

NUCLEOGEL® aqua-OH columns for GPC of water-soluble compounds 

NUCLEOGEL® aqua-OH columns for the GPC of water sol-
uble samples are packed with a rigid, macroporous polymer
with hydrophilic surface. The different available pore sizes al-
low separations of substances up to very high molecular
weights.

Applications:

Column type Pore size [Å] Exclusion limit 
[kDalton]

Cat. No.
Column 300 x 7.7 mm Guard column 50 x 7.7 mm

NUCLEOGEL® aqua-OH for aqueous eluents 
hydrophilic gel matrix, particle size 8 µm; eluent in column H2O + 0.02% NaN3

Valco type analytical columns
NUCLEOGEL aqua-OH 40-8 300 100 719440 719443
NUCLEOGEL aqua-OH 50-8 1000 1000 719441 719443
NUCLEOGEL aqua-OH 60-8 4000 20000 719442 719443
Preparative NUCLEOGEL® aqua-OH columns are available on request.

Technical data
working range [dalton] for polyethylene oxide/polyethylene
glycol 
NUCLEOGEL® aqua-OH 40     500 – 100 000 
NUCLEOGEL® aqua-OH 50  20 000 – 1 000 000 
NUCLEOGEL® aqua-OH 60 100 000 – 20 000 000 
pH working range       2 – 12

Separation of polyethylene oxide and polyethylene 
glycol standards

Column: 300 x 7.7 mm NUCLEOGEL® aqua-OH 50-8
Eluent: H2O
Flow rate: 1 ml/min
Temperature: RT
Detection: RI

1. PEO 280 000
2. PEG 23 000
3. PEG  440

4. PEO 280 000
5. PEG 12 600
6. PEG  106

1

2
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3 10min
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Analysis of polystyrene sulphonate standards
Columns: 2 times 300 x 7.7 mm NUCLEOGEL® aqua-OH 40-8
Eluent: 0.01 M NaH2PO4,

0.2 M NaCl, pH 9
Flow rate: 1 ml/min
Detection: UV, 254 nm
Polystyrene sulphonate
standards 
[dalton]:
1. 74 000
2. 18 000
3. 4 600

1

2
3

8 20min10
90

00
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Polymer standards for GPC

Size exclusion chromatography (SEC) or gel permeation
chromatography (GPC) separates molecules according to
size. If one wants to know, which elution volume VE corre-
sponds to a given molecular size, the column has to be cali-

brated with a test mixture of known molecular weight distribu-
tion. Such test mixtures, called polymer standards, consist of
defined fractions of specially prepared polymers.  

Polymer standards for organic eluents Ordering information

Designation Pack of Mw/Mn Cat. No.

Polystyrene Polystyrene (PS)

Polystyrene (PS) is prepared by anionic polymerisation. It is
a very stable polymer with long shelf life.

Calibration kits
Polymers are chosen to give approximately equal logarithmic
molecular weight intervals.

Single standards
PS 162 1 g phenyl-

hexane
722018

PS 500 1 g 1.16 722001
PS 1000 1 g 1.15 722002
PS 1300 1 g 1.10 722019
PS 2000 1 g 1.08 722110
PS 3000 1 g 1.05 722003
PS 5000 1 g 1.05 722111
PS 7000 1 g 1.04 722004

PS 10000 1 g 1.04 722005
PS 13000 1 g 1.04 722112
PS 20000 1 g 1.05 722113
PS 30000 1 g 1.05 722006
PS 50000 1 g 1.05 722114
PS 70000 1 g 1.05 722007

PS 100000 1 g 1.05 722008
PS 130000 1 g 1.05 722115
PS 200000 1 g 1.05 722116
PS 300000 1 g 1.05 722009
PS 500000 1 g 1.06 722117
PS 700000 1 g 1.06 722010

PS 1000000 1 g 1.06 722011
PS 1500000 1 g 1.06 722118
PS 2000000 1 g 1.06 722119

Polystyrene calibration kits
0.5 g PS each with low molecular mass: 500 – 1000 – 1300 – 1800 – 
2500 – 3500 – 5000 – 7000 – 13000 – 20000 dalton

PS kit S-L-10 10 x 0.5 g – 722015

0.5 g PS each with medium molecular mass: 1 – 3 – 10 – 30 – 70 – 
200 – 500 – 1000 – 2000 – 3000 kdalton

PS kit S-M-10 10 x 0.5 g – 722016

0.5 g PS each with high molecular mass: 300 – 500 – 700 – 1000 – 
2000 – 3000 – 4000 – 7000 – 10000 – 15000 kdalton

PS kit S-H-10 10 x 0.5 g – 722017

Polymethylmethacrylate Polymethylmethacrylate (PMMA) 

PMMA is prepared by anionic polymerisation at low tempera-
ture in polar solvent.

Polymethylmethacrylate calibration kits
PMMA kit M-L-10 
0.5 g PMMA each of 
1 – 1.7 – 2,5 – 3,5 – 5 
– 7 – 10 – 13 – 20 – 
30 kdalton

10 x 0.5 g – 722181

PMMA kit M-M-10 
0.5 g PMMA each of
3 – 10 – 30 – 70 – 
100 – 200 – 300 – 
500 – 700 – 1500 
kdalton

10 x 0.5 g – 722059

C4H9 CH2 CH H CH2 CH

n

Phenylhexane Polystyrene

CH2 C

n

CH3

CH3

C O

O
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Polymer standards for GPC
  

Conditions for the use of polymer standards

Stability
Polymers such as polystyrene or polymethylmethacrylate are
very stable under normal operating conditions. Polystyrene
at very high temperatures (> 140 °C) is more susceptible to
degradation leading to incorrect molecular weights or broad
molecular weight distributions.

Molecular weight
Polymers of high molecular weight (> 1 000 000) are more
likely to suffer from mechanical degradation during dissolu-
tion. Sample should be subjected to gently shaking or swirl-
ing by hand, and left overnight to swell and dissolve slowly.

Concentration
This should be kept as low as possible consistent with the
available detection limits. A recommended value is 0.2 %
(w/v) for low and medium molecular weights when a refrac-
tive index is used, but for molecular weights above 1 000 000
the concentration should be reduced to 0.05%, and even to
0.02% for molecular weights above 5 000 000. If a UV detec-
tor is used, the concentration may be reduced by a further
factor of 10.

Overloading
If the concentration is too high, or if the injection volume too
large, then overloading may occur, particularly with high mo-
lecular weights. The effect on the molecular weight distribu-
tion may be seen as severe broadening, tailing, bimodality or
lowering of the observed molecular weights. Lowering the
concentration or the injection volume or both will correct the
problem. Injection volumes of 20 to 50 µl are recommended.
Polymers other than polystyrene should be stored at or un-
der +5 °C under nitrogen.

Polymer standards for aqueous eluents Ordering information

Designation Pack of Mw/Mn Cat. No.

Polyethylene oxide Polyethylene oxide (PEO) 
Water / DMF soluble polymers, recommended for calibra-
tions in DMF.

Calibration kit PEO-10 
consists of 0.2 g each of PEO 20 – 30 – 50 – 70 – 100 – 200
– 300 – 500 – 700 – 1000 kdalton

Polyethylene oxide calibration kit
Kit PEO-10 10 x 0.2 g – 722105

Polyethylene glycol Polyethylene glycol (PEG) 

Water / DMF soluble polymers, like PEO recommended for
calibrations in DMF.

Single standards
Di-EG 106 1 g Dimer 722070

Tetra-EG 194 1 g Tetramer 722072
PEG 440 1 g 1.10 722074
PEG 600 1 g 1.07 722075
PEG 960 1 g 1.07 722076

PEG 1470 1 g 1.05 722077
PEG 4250 1 g 1.03 722078
PEG 7100 1 g 1.03 722082
PEG 8650 1 g 1.03 722079

Calibration kit PEG-10 
consists of 10 x 0.5 g PEG as follows
106 – 194 – 440 – 600 – 960 – 1470 – 7100 – 12600 –
22000 dalton

PEG 12600 1 g 1.04 722080
PEG 22000 1 g 1.06 722166

Polyethylene glycol calibration kit
Kit PEG-10 10 x 0.5 g – 722103
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