
Something‘s happening  
in the GPC/SEC world!
Maybe you have noticed that GPC/SEC is in-
creasingly in the spotlight. New products and 
applications are being developed, introduced 
and presented. This is due to developments in 
the pharmaceutical industry. Here high hopes 
are on the NBEs (New Biological Entities), 
macromolecules such as proteins, peptides 
or antibodies, that have already replaced the 
low molecular weight NCEs (New Chemical 
Entities) in many pharmaceutical companies.

But even for classical synthetic polymers 
new opportunities are arising. As in the case 
of HPLC, which has been boosted by the de-
velopment of UHPLC, we are now seeing a 
similar trend for GPC/SEC, with high sam-
ple throughput and high resolution by using 
small particle sizes - how far this concept can 
be expanded with respect to molar mass and 
polymer type is currently under investigation.

For the analysis of complex polymers new 
user-friendly technological developments in 
the field of multidimensional chromatogra-
phy are being introduced. And for ultra-high 
molecular samples new approaches with 
standard GPC/SEC equipment are being  
evaluated.

Especially for us at PSS, who have long been 
dedicated to the characterization of macro-
molecules, these developments and the re-
newed interest in truly appropriate character-
ization are extremely gratifying. 

For about 30 years, we have been active-
ly promoting the potential offered by liquid 
chromatography combined with intelligent 
detection. The current resurgence of interest 
opens up opportunities to break new ground. 
As usual we are doing this in close cooperation 
with our customers to ensure secure quality 
control as well as efficient R&D analysis. 

It is of course an advantage that we at PSS not 
only manufacture all products for GPC/SEC 
but also work with the technique every day. 
We use macromolecular liquid chromatogra-
phy on a daily basis in our contract analysis 
department, where we develop new appli-
cations and methods for customers or when 
implementing new detection techniques, 
new hardware and software solutions. 

This makes us the ideal partner and ensures 
not only excellent products but also compe-
tent and fast support.  
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Sincerely

GPC/SEC theory or practice?  

If there is one thing we can do, 

it‘s both!

Dr. Daniela Held

 +49 6131 9623933 

 DHeld@pss-polymer.com
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length is selectable in the range 300 to 600 
nm. This has the distinct advantage that 
for each sample, the optimum wavelength 
with respect to sensitivity or other sample  
characteristics (e.g. Fluorescence) can be se-
lected. 

Figure 1 shows an aggregate analysis for 
BSA at different wavelengths, with red, 
green and blue light. Here it can be clearly 
seen, how the signal intensity increases for 
a shorter wavelength (and hence higher dn/
dc). This detector is also suitable for samples 
which show fluorescence at an excitation 
wavelength of 635 nm. Fluorescence results 
in high signal intensities and in erroneous-
ly high molar masses for such samples. By 
simply changing the wavelength, the molar 
masses of these samples can be determined 
correctly.

For fluorescent samples where a 90° angle 
light scattering detector is not sufficient due 
to the molecular size (anisotropic scattering) 
the SLD7000 is the detector of choice. This 
MALLS detector can be equipped with a fluo-
rescence filter.
 
Often, especially in protein analysis, not only 
molar masses are required, but also the size 
of the proteins, e.g their hydrodynamic radi-
us. In this case static light scattering alone 
is not sufficient and an addition of dynamic 
light scattering is recommended. The MDS390 
provides this option. It is a 2-angle light scat-
tering detector, which can be equipped with 
a correlator, so that hydrodynamic radii can 
be measured. Molar masses and radii are ob-
tained within a single measurement result-
ing in a comprehensive protein characteriza-
tion with high precision.

as a stand-alone unit. Different but known 
concentrations of the sample are measured 
consecutively.

These detectors for light scattering in solu-
tion should not be confused with evaporative 
light scattering detectors, ELSDs. ELSDs are 
only concentration dependent detectors and 
do not belong to the class of molar mass sen-
sitive detectors.

A useful addition to a light scattering detector 
is a dn/dc device that operates at the same 
wavelength. Here the PSS dndc1260 devices 
are available, which can be delivered with 
red, green or blue laser.
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Dynamic and static light scattering – 
one technique – many choices

Static light scattering is an excellent method 
for the determination of molecular weights 
of proteins and macromolecules with chem-
ically uniform composition (homopolymers).

In dynamic light scattering, the time-depen-
dent fluctuation of the scattering intensity is 
measured at a specific angle. Dynamic light 
scattering is used mainly in the characteriza-
tion of proteins for measuring hydrodynamic 
radii.

Both methods can be used on-line or off-line 
(batch mode). In the first case, the light scat-
tering detector is connected as an additional 
detector to a GPC/SEC system. In the second 
case, the light scattering instrument is used 

Light scattering is an established and theoret-
ically well-founded technique for the charac-
terization of synthetic and natural macromol-
ecules such as classical polymers, proteins or 
polysaccharides. Depending on the required 
results and the application  different models 
and methods are used.

For light scattering detectors, distinction is 
generally made between dynamic and static  
light scattering, as well as the position and 
number of the detection angles (LALLS, 
RALLS, TALLS, MALLS). In addition, other fac-
tors must be considered for daily laboratory 
use. 

These include for example:
  Integration into the laboratory environ-
ment (stand-alone or network, (M)CDS)

  Size and type of cell
  The robustness of the detector with re-
spect to the chromatographic conditions 
(e.g. high salt load, extreme pH values, 
solvent resistance )

PSS offers exactly the right light scattering 
solution for all kinds of applications.

New models released in 2014 are the 
SLD1000 and the MDS with dynamic light 
scattering option. Also new is that all PSS 
light scattering detectors are available as a 
bio-inert version for operation under chro-
matographically difficult conditions.

The special feature of the PSS SLD1000 light 
scattering detector is that it is not restricted 
to a fixed wavelength but that the wave-

Light scattering is an absolute method and 
it is still important for the characterization of 
macromolecules. Beginners must first learn 
that there is not only just one form of light 
scattering and that all these methods are nei-
ther parameter free nor suitable to answer 
all questions.

First, it is important to understand the dif-
ference between static and dynamic light 
scattering.

In static light scattering the time-averaged 
scattering intensity is measured. Depend-
ing on the size of the molecule (isotropic or 
anisotropic scatterers) one, two or more dif-
ferent scattering angles are required. 

Background Information for Beginners
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Investigation of protein aggregates at different wavelengths for the PSS SLD1000.
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SECcurity SLD7000

Type:   Static 7- angle light scattering detector (MALLS)  
angle range 35° -145°

Unique features:  batch/off-line mode operation without cell modification 

Options:  SLD7000B: bio-inert cell and tubing 
         heated cell 
  fluorescence filter 

Application examples:  

 Macromolecules and anisotropic scatterers
 Branched polymers (branching index based on radius of gyration)
 Proteins

Peter Kilz

 +49 6131 9623940 

  PKilz@pss-polymer.com

PSS light scattering detectors  
and their unique features:

MDS390

Type:  Static 15 ° and 90 ° angle light scattering detector (TALLS) 
  Optional:  
  Dynamic light scattering    NEW
Unique features:  integrated system with RI detector using a matching wavelength  
  and viscometer (both optional)

Options:  bio-inert version available

Application examples:  

  Macromolecules and anisotropic scatterers 
  Proteins

We are happy to assist you in the selection  
of an ideal light scattering detector suitable  
for your applications. 

Please contact us!

All PSS light scattering detectors are seam-
lessly integrated in the PSS WinGPC UniChrom 
software and can be used in a stand-alone 
setup or in a client/server network envi-
ronment. A WinGPC software wizard allows 
both, a simple, secure and fast detector setup 
including inter detector delay determination 

and detector calibration, as well as a regular 
verification. The wizard automatically adjusts 
to the type of detector (LALLS, RALLS, TALLS, 
MALLS). Comfortable sequence and WinGPC 
end actions for the detectors protect invest-
ments, save resources and extend the life-
time of lasers and laser diodes.

Your contact:

SECcurity SLD1000

Type:  Static 90 ° - angle light scattering detector (RALLS)

Unique features:  Selectable wavelength between 300-600 nm,

Options: SLD1000B: bio-inert cell 
  SLD1000μ: for UGPC and isocratic UHPLC systems    NEW
Application examples:

  Proteins (globular up to 1,000,000 Da, and fluorescent proteins)
  Isotropic scatterers (linear macromolecules up to 200,000 Da, branched higher)
  Colored Solutions



In order to analyze two simultaneous distri-
butions a single separation technique is not 
enough, even when advanced detection or 
absolute methods are used. 

The use of molar mass sensitive detectors 
such as on-line light scattering detectors or 
on-line viscometers does not help here, since 
these detectors do not provide information 
on the chemistry of the samples and rely on 
a successful separation into monodisperse 
fractions. For complex polymers however, the 
intelligent combination of two (if possible 
orthogonal) separation techniques provides 
answers.

Figure 1 shows why in such cases an on-
line hyphenation is required. If two separa-
tion techniques are applied independently 
from each other with the unfractionated 
sample, many different samples can pro-
duce the same chromatogram for dimension  
1 and 2. Only on-line 2D analysis provides a 
clear picture. This approach is the only one 
that is successful in the comprehensive anal-
ysis without superimposition of co-eluting 
species of the same size or composition.

Widely used for the characterization of co-
polymers is, for example, the combination 
of Polymer-HPLC (LAC) with GPC/SEC. After a 
separation in the first dimension with regard 
to the chemistry/composition (HPLC), the 
individual HPLC fractions are injected to the 
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Molar mass and composition  
– Analysis of complex polymers with the Polymer 2D Analyzer
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Independently obtained HPLC chromatograms (left) and GPC/SEC chromatograms (top)  
and 4 examples for products, a-d, that would result in these chromatograms.

In addition to the MMD, copolymers will also  
chains of different compositions (chemical 
composition distribution, CCD). Other distri-
butions resulting from different end groups, 
topologies, microstructures , etc. may also be 
present in these complex polymers. 

As all of these heterogeneities influence the 
macroscopic properties of the products, they 
need to be fully characterized.

An intrinsic special feature of polymers is 
their dispersity. While a unique structure can 
be assigned to low molecular weight mole-
cules, polymers are always mixtures of many 
very similar molecules. Even the simplest 
linear homopolymers differ in the number of 
linked monomer units, so that a molar mass 
distribution (MMD) is present.



5

Dr. Wolfgang Radke

 +49 6131 9623937 

 WRadke@pss-polymer.com
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2-dimensional separation of a copolymer with narrow MMD but a wider CCD  
(chains with different PS content).

second dimension (GPC/SEC) and separated 
according to hydrodynamic volume/molar 
mass.
 
By using a software-controlled transfer valve 
installed between the two dimensions, all of 
the individual fractions can be automatically 
collected, transferred and processed elim-
inating the vast amount of work a manual 
setup would require. 

The new PSS 2D Polymer Analyzer consists 
of an HPLC part
  a binary HPLC pump
  an autosampler
  an HPLC column compartment 
  a transfer valve (installed in the column 
compartment or separate) 

  and an (optional) UV/VIS detector 

a GPC/SEC part
  an isocratic GPC/SEC pump 
  and an ELSD (evaporative light  
scattering detector)

Other detectors and parts are optional.

This powerful 2D system allows not only gra-
dient separations but also separations under 
critical conditions (e.g. separation according 
to end groups), TGIC or GPEC.

Also included is PSS WinGPC UniChrom MCDS 
for instrument control and data acquisition. 
The WinGPC UniChrom 2D software module 
allows not only to present the data in color-
ful 2D/3D plots, but is also the only software 
package in the world that provides quantita-
tive data evaluation. Peaks can be assigned 
to determine the results of each dimension. 
After calibration e.g. the molar mass averag-
es, the skew and width of the composition 
distribution and the amounts can be calculat-
ed for every single peak. 

To get quickly started with 2D, we are 
pleased to offer consultancy services for the 
development of methods for the first and/
or second dimension. We also offer dedicated 
in-house training.

Further reading: 

W. Radke, Polymer separations by liquid interaction  
chromatography - principles 1 - prospects - limitations,  
J. Chrom. A, 2014, 212.

H. Pasch, B. Trathnigg, Multidimensional HPLC of  
Polymers, Springer Laboratory, 2013.

W. Radke, J. Falkenhagen, Liquid InteractionChroma- 
tography of Polymers, in S. Fanali, P. R. Haddad,  
C. Poole, P. Schoenmakers and D. K. Lloyd (Eds.) Liquid  
Chromatography: Applications, Elsevier 2013, 94.

Request out PSS 2D primer!
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2D transfer valve installed in the 1st dimension column compartment.

Your contact:
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Figure 2 shows the comparison of a chro-
matogram of a low molar mass polystyrene 
measured on 2 micro columns and detected 
with an RI detector for analytical GPC/SEC 
(blue) and with the SECcurity μRI detector 
(green). Here it is obvious that the right 
equipment is essential for successful μ-GPC.

Rapid high-resolution  
separation with µSECcurity and micro columns

Comparison of column dimensions for preparative, analytical and micro analysis and the 
PSS SECcurity µRI (seamless integration in SECcurity and Agilent 12x0 systems).
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Comparison oligomeric Polystyrene separated on 2 µ columns and detected with an RI 
with standard flow-cell (blue) and the SECcurity µRI detector (green).
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As in UHPLC before there is now a trend in 
GPC/SEC to separate low molar mass poly-
mers and oligomers on columns filled with 
smaller particles.

Smaller particles generally have the advan-
tage that higher resolution is achieved. If 
these materials are used in columns with 
smaller dimensions at flow rates in the range 
of 0.5 -1 ml/min, an efficient separation can 
be achieved in a short time. Typical column 
dimensions for such micro columns are 150 
to 250 mm length and 4.6 mm internal di-
ameter. The limitations of this method with 
respect to molar mass and polymer type are 
being evaluated at the moment.

PSS micro columns are supplied in the dimen-
sions of 4.6x250 mm and are available in 
various porosities for the following materials:
  PSS SDV 3 μm
  PSS PROTEEMA 3 μm
  PSS SUPREMA 5 μm
  PSS PFG 5 μm

Other materials can be supplied in micro col-
umns hardware on request.

Figure 1 shows a comparison of different col-
umn hardware for preparative, analytical and 
micro GPC/SEC applications. 

Unlike in UHPLC in GPC/SEC it is not the  
extremely high pressures, that are the chal-
lenge but the cell volumes of the typical 
GPC/SEC detectors and the dead volumes, 
especially when working with multi-detec-
tion. If the cell volume is too large, backmix-
ing of the previously separated oligomers 
can occur in the detector cell and the advan-
tages of small particle sizes and customized 
micro columns are lost.

Cells with small volumes are already avail-
able for many UV/DAD detectors. However 
for the most common GPC/SEC detector, the 
refractive index RI, only very few models are 
suited. With the PSS SECcurity μRI now a RI 
with smallest cell volume (2 μl) specifically 
designed for the use with PSS micro columns 
is available. PSS SECcurity GPC systems (as 
well as Agilent 1260/1290-Systems) can be 
seamlessly retrofitted at any time.

Friedhelm Gores

 +49 6131 9623951 

  FGores@pss-polymer.com

Your contact:
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Already on January 1st 2013 Dr. Derek Lohmann joined our PSS Team in Amherst, USA.  
He is responsible for GPC/SEC training, for GPC/SEC system consultancy, for installations  
and for WinGPC and application support.  

Dr. Lohmann studied chemistry at the University of Hamburg and completed his PhD Thesis  
at the Department of Technical and Macromolecular Chemistry with the title: „Determination 
of the particle size and molar mass distributions of highly viscous water-soluble polymers  
and polyelectrolytes“.

Dr. Lohmann is an expert in the field polymer characterization with GPC/SEC and FFF and  
our local support specialist for all clients in North and South America. Dr. Lohmann is also the 
organizer of the PSS Educational Webinar Series and welcomes any questions and requests.

Dr. Derek Lohmann

 +1-413-835-0265 

  DLohmann@pss-polymer.com

Since November 2012 Dr. Jasmin Preis has been supporting our polymer synthesis team in 
Mainz, Germany. She is responsible for the synthesis and characterization of polymer reference 
materials and specialty polymers as well as for the documentation. 

Dr. Preis studied chemistry at the University of Mainz and completed her PhD thesis  
on „Synthesis of sulfur-containing polymers“ in 2012. 

Dr. Preis is an expert in the field of controlled („living“) polymerization and responsible  
for custom synthesis of specialty polymers as well as the synthesis and characterization of 
GPC/SEC standards and validation standards. 

Dr. Preis will answer all questions with respect to reference materials and will provide  
consultancy for custom syntheses of specialty polymers.

Dr. Jasmin Preis

 +49 6131 9623964 

  JPreis@pss-polymer.com

We are pleased to welcome three new colleagues:

We look forward to working with you!

Dr. Wolfgang Radke joined the PSS team in Mainz, Germany on February 1st 2014.  
He is responsible for the PSS application laboratory and for the development of new methods. 

Dr. Radke studied chemistry at the University of Mainz and received his PhD for his thesis on 
„ Synthesis of comb-shaped polymers and their characterization by GPC with light scattering 
and viscosity detection“. He then worked at PSS in the software development department be-
fore joining the German Institute For Polymers (DKI) in Darmstadt, Germany in 1999. Initially 
he held the position of deputy and finally of head of the department of chemical analysis. 
Since 2012, Dr. Radke worked as a group leader for polymer analysis at the Fraunhofer  
Institute for Structural Durability and System Reliability LBF.
 
Dr. Radke is an acknowledged expert in the field of polymer analysis, particular polymer  
chromatography, with emphasis on Polymer-HPLC and multidimensional chromatography.  
He will support PSS customers with development of new methods and in advise on  
appropriate methods of analysis. 

Dr. Wolfgang Radke

 +49 6131 9623937 

 WRadke@pss-polymer.com



Finally back: International GPC Symposium

Up until the middle of the 2000s, the Waters GPC Symposium was the forum for all 
GPC/SEC-users. Together with PSS Waters brings this successful format back!

Waters Corporation and PSS Polymer Standards Service GmbH are delighted  
to announce the return of the International GPC/SEC Symposium to be held in 
Frankfurt Germany, September 30 - October 2, 2014. 
This highly interactive event brings together some of the world‘s foremost  
research and applications scientists to provide a forum for the exchange of  
information related to polymer and additive analysis.

More information and registration, please visit:  
http://www.gpcevent.com/
You are welcome to sign up online  
and/or to submit a poster or a presentation.

Your local contacts: 

Europe/Asia: Dr. Daniela Held,  
DHeld@pss-polymer.com,  
+49-6131-9623-933
US: John McConville,  
JMcConville@pss-polymer.com,  
+1-413-835-0265

PSS has representatives in the following contries:

Austria, Czech Republic, China, Estonia, Finland, France, Greece, Great Britain, India, Ireland, Israel, Italy, Japan, Latvia, Lithuania, Malaysia, Mexico,  

New Zealand, Norway, Poland, Portugal, Russia, Singapore, Slovak Republic, Slovenia, Spain, South Africa, South Korea, Sweden, Taiwan, Thailand, Turkey

PSS Events 2014*

Face-to-face training Web-based Training Conferences/Trade Shows

GPCSEC Theory and Practice

  October 16. - 17. 2014 

 Mainz, Germany

  April 15. - 16. 2014 

 September tba 

 Amherst, MA, USA

  April 09. - 11. 2014 (fully booked) 

 November 19. - 21. 2014 

 Geleen, The Netherlands

Hands-on Visco/LS/Triple

  June 26. - 27. 2014  

 Mainz, Germany

Usermeetings

European GPC/SEC Column Meeting

  November 04. 2014  

 Mainz, Germany

WinGPC Usermeeting

   November 05. 2014 (free-of-charge)

SECcurity Usermeeting

    November 06. 2014 (free-of-charge) 

Mainz, Germany

April 01. - 04. 2014 
Analytica, Munich, Germany 

Hall A1, Booth 424

April 07. - 11. 2014 
POLYCHAR 22, Stellenbosch,  

South Africa

July 06. - 11. 2014 
MACRO 2014, Chiang Mai Province,  

Thailand

August 10.- 14. 2014 
248th ACS National Meeting & Exposition,  

San Francisco, CA, USA

September 21.-24. 2014 
5th Internat. Conference on Polyolefin  

Characterization, Valencia, Spain

September 30. – October 02. 2014 
International Symposium  

on GPC/SEC and related  

techniques, Frankfurt, Germany

(all 

 USA: 11:00 AM - 12:00 PM EST 

 Europe: 17:00-18:00 CET)

Copolymer Analysis

  April 30. 2014

WinGPC UniChrom 8.2: What‘s New

  May 21. 2014

GPC/SEC Troubleshooting

  June 04. 2014

GPC/SEC Basics

  September 03. 2014

It‘s magic: PSS GPC/SEC Column Concept

  October 22. 2014

GPC/SEC Multi-detection

  November 12. 2014

WinGPC Refresher

  September 16. - 18. 2014

Dr. Daniela Held

 +49 6131 9623933 

 DHeld@pss-polymer.com

Contact
PSS Polymer Standards Service GmbH
In der Dalheimer Wiese 5
55120 Mainz | Germany
Tel. +49 6131 96239-0
Fax +49 6131 96239-11
E-mail Info@pss-polymer.com

BeNeLux: 
Postbox 6
6300 AA Valkenburg | The Netherlands
Phone +31 43 4591717 
E-mail Benelux@pss-polymer.com 

Americas:
Polymer Standards Service-USA, Inc.
Amherst Fields Research Park 
160 Old Farm Rd, Suite A 
Amherst | MA 01002 | USA
Phone +1 413 835-0265
Fax +1 413 835-0354
E-mail usa@pss-polymer.com

www.pss-polymer.com

* official language: English


