
Tips & Tricks GPC/SEC: Polydispersity — 
How Broad is Broad for Macromolecules? 

The vast majority of macromolecules exhibit a molar mass distribution that is often described by 
the polydispersity index (PDI). This Tips & Tricks instalment offers practical advice to consider when 
analyzing macromolecules using liquid chromatography (LC).

Daniela Held and Wolfgang Radke, PSS Polymer Standards Service GmbH, Mainz, Germany 

All technical polymerizations are statistical 

processes where monomer units react 

with each other to form polymer chains 

of different lengths. The number of 

monomer units, i, of a chain is defined as 

the degree of polymerization. The molar 

mass, Mi, of such a chain is the product 

of the degree of polymerization and the 

molar mass of the repetition unit, Mm, 

plus the molar masses of the initiator and 

the termination agent.

Even the simplest macromolecules 

(homopolymers comprising repetition 

units of the same chemical structure) are 

heterogeneous mixtures of molecules of 

different degrees of polymerization and 

hence molar masses. As a consequence, 

there is no distinct molar mass for a 

macromolecule, but different statistical 

averages are used to describe the molar 

mass of the sample. Common statistical 

averages are the number average molar 

mass, Mn, and the weight average molar 

mass, Mw. The ratio of Mw to Mn is the 

polydispersity index (PDI), which is a 

measure of the width of the molar mass 

distribution. Typical values for the PDI 

based on the polymerization technique 

are given in Table 1. 

Figure 1 (a) and (b) compare two 

polymers with the same narrow molar 

mass distribution (same PDI of 1.05) 

but different degrees of polymerization, 

100 and 1000, respectively. It becomes 

obvious here that the number of different 

chain lengths increases with the degree 

of polymerization, despite the same PDI. 

The number of different chain lengths 

that are present is much higher for the 

higher degree of polymerization, 1000 

(880 different chain lengths for 95% 

coverage), than for the lower degree of 

polymerization (88 different chain lengths 

with 95% coverage).P
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Figure 2 compares the molar mass 
distributions obtained for two polymers 

with similar weight average molar mass, 
but different polydispersities. For a 
PDI of 2 a very wide molar mass range 
is covered. As a consequence of the 
width of the molar mass distribution 
the common approach of showing a 
logarithmic (instead of a linear) molar 
mass axis is applied here. 

While many gel permeation 
chromatography/size-exclusion 
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Figure 1: (a and b): Degrees of polymerization present in samples of maximum i = 100 and 
i = 1000 with a very low polydispersity index (PDI) of 1.05. Within the 95% limit there are 
88 and 880, respectively, different degrees of polymerization even for such a narrow molar 
mass distribution.

Table 1: Typical values for PDI 

Polymerization technique Typical PDI

Free radical polymerization 1.5–2 

Controlled or living polymerization 1.01–1.3

Step growth polymerization 2

Polymerization with several active species >>2
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chromatography (GPC/SEC) users are very 
familiar with the numbers and definitions 
above, the impact of the width of the 
distribution on practical considerations, 
such as column selection, detector 
selection, or sample preparation, are 
often underestimated and therefore 
discussed in the following three sections. 

Column Selection
GPC/SEC is the method of choice to measure 
the molar mass distribution, MMD. When 

setting up a GPC/SEC method it is essential 
to select columns with a suffi cient separation 
range to cover the complete molar mass 
range of the samples to be analyzed. It is of 
the utmost importance that large pores are 
available to also separate the high molar mass 
fractions that might be present — even for 
samples with a “low” average molar mass. If 
this is not the case an artifi cial shoulder might 
appear in the chromatograms at the exclusion 
limit. This artifact cannot be eliminated by 
result calculation (1). 

Figure 3 was created to help support 
GPC/SEC users to identify the upper molar 
mass separation range of the column for 
their samples based on the expected molar 
mass at the centre of the distribution and 
on the expected polydispersity. 

The graph was generated based 
on a log normal distribution and was 
calculated so that the ratio between the 
molar mass at 99.5%, M (99.5%), and 
the centre of the distribution, Mcentre, 
is plotted versus the polydispersity. It 

therefore provides for a given PDI a 
factor to be multiplied with the expected 
molar mass so that the minimum upper 
molar mass limit of the column is 
obtained.

An example calculation for the sample 
with the blue trace in Figure 2 yields the 
following results: the molar mass at the 
centre is 107,000 Da, the PDI is 2.17. 
From Figure 3, a factor of approximately 
9.5 for a PDI of 2.17 is obtained. The 
highest molar mass for this sample should 
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Figure 3: Which factor to be multiplied with the molar mass at the centre (y-axis) is required 
for samples with a given PDI (x-axis) to determine the maximum molar mass for proper 
column selection?
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Figure 2: Comparison of the molar mass distributions for two samples of comparable 
weight average molar mass, Mw, but different PDIs of 1.04 (green line) and 2.17 (blue line). 
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therefore be in the range of 1,020,000 Da. 

A comparison with Figure 2 shows that 

the molar mass distribution indeed ends at 

approximately 1 million Da. In other words, 

a suitable column combination for these 

samples should have an exclusion limit of 

more than 1 million Da.

Experienced GPC/SEC users will note 

that the results in Figure 3 also show 

good agreement with the well-known 

rule of thumb that for a PDI of 2 the 

weight average molar mass should be 

multiplied by a factor of 10 to determine 

the required upper exclusion limit of the 

column. 

GPC/SEC-Light Scattering 

Static light scattering in solution is a 

well-established technique to measure 

the weight average molar mass of 

macromolecules. When hyphenated with 

GPC/SEC, light scattering can allow the 

molar mass distribution to be determined 

and some of the limitations of GPC/SEC 

to be overcome. Light scattering detectors 

are therefore an important addition for 

many R&D laboratories. 

Commercially available detector types 

include right-angle (RALLS), low-angle 

(LALLS), and multi-angle (MALLS) 

laser light scattering detectors. RALLS 

detectors have many advantages 

with respect to detector design and 

construction, but they only yield correct 

molar masses for isotropic scatterers. 

For anisotropic scatterers, RALLS 

detectors underestimate the molar 

masses. 

The size of the molecule in solution, 

d, compared to the laser wavelength, 

λ, decides if a molecule is an isotropic 

scatterer (d< λ /20) or not. While many 

globular proteins exhibit a small size 

(and a narrow distribution) and RALLS 

is fully sufficient for them, many synthetic 

macromolecules exhibit larger sizes 

and a broad molar mass distribution 

so techniques such as MALLS are 

required (2). 

The rule-of-thumb states that 

random coil-like, linear polymers, such 

as polystyrene or pullulane, below 

200,000 Da, are isotropic scatterers. 

However, the polydispersity of the 

samples has to be taken into account. 

Figure 2 shows that for the sample 

with the broad PDI of 2.17 a significant 

part of the sample is in the anisotropic 

region, while for the sample with the 

narrow molar mass distribution this is 

less pronounced. Users of GPC/SEC light 

scattering detection should therefore also 

keep the PDI of the sample in mind when 

deciding which technique to apply. 

E-mail: DHeld@pss-polymer.com
Website: www.pss-polymer.com

Sample Preparation

Every chromatographer aims to 

generate results as quickly as possible; 

however, speed is not appropriate 

when analyzing polymers. Procedures 

speeding up the dissolution of small 

molecules often cannot be used and 

may even degrade the macromolecules. 

This is particularly true for exposure to 

ultrasonification. 

In general macromolecules need time 

to dissolve and the dissolution time 

increases with molar mass. Preparing a 

sample solution for a GPC/SEC analysis 

therefore often needs from a few hours, 

to overnight, or up to several days. 

In order to avoid selective or 

incomplete dissolution, both the molar 

mass and the polydispersity should 

be taken into account when trying to 

dissolve a sample.

Summary

t� &WFO�UIF�TJNQMFTU�IPNPQPMZNFST�

exhibit a molar mass distribution and 

are mixtures of different molar masses.

t� 5IF�QPMZEJTQFSTJUZ�JOEFY�JT�B�NFBTVSF�

of the width of the molar mass 

distribution. PDI is 1 for uniform 

monodisperse substances; it is larger 

than 1 for the vast majority of all 

macromolecules. In praxis, the PDI can 

be very large — up to values of 100 

and above. 

t� 5IF�1%*�OFFET�UP�CF�UBLFO�JOUP�BDDPVOU�

when selecting the upper molar 

mass separation range of GPC/SEC 

columns and the most appropriate light 

scattering technique. 

t� 5IF�1%*�JT�BMTP�JNQPSUBOU�JO�TBNQMF�

preparation to allow for enough 

dissolution time.

References

1. D. Held, The Column 9(22), 21–25 (2013).

2. D. Held and P. Kilz, The Column 5(4), 28–32

(2009).

Daniela Held studied polymer chemistry 

in Mainz, Germany, and works in the PSS 

software and instrument department. 

She is also responsible for education and 

customer training.

Wolfgang Radke studied polymer 

chemistry in Mainz, Germany, and 

Amherst, Massachusetts, USA, and is 

head of the PSS application development 

department. He is also responsible for 

instrument evaluation and for customized 

trainings.

Tips and Tricks

22

Instrumental Innovations2 News13 Q&A: Bischoff16 Tips and Tricks19133 166 Some and Kenrick23
Marcello27 Pothecary31 SCM Event Preview34 Training and Events36313 3343 Staff38




