
CCoommpplleettee  GGuuiiddee  ffoorr  
GGPPCC  //  SSEECC  //  GGFFCC

IInnssttrruummeennttaattiioonn  aanndd
DDeetteeccttiioonn

TTeecchhnnoollooggiieess

TThhee  RRiigghhtt  IInnssttrruummeenntt
ffoorr  yyoouurr  AApppplliiccaattiioonn

TM

Setting the Standard for GPC



2

VViscotek is the global leader in Gel Permeation / Size Exclusion / Gel Filtration
Chromatography (GPC/SEC/GFC) systems, detectors and software for the 
characterization of natural and synthetic polymers, copolymers, proteins,
nanoparticles and other macromolecules. Known for our commitment to 
quality and innovation, Viscotek continuously works toward better solutions
by improving current instrumentation and developing new products and novel
applications. The FFoouurr--CCaappiillllaarryy  DDiiffffeerreennttiiaall  VViissccoommeetteerr  DDeetteeccttoorr, the only true
commercial LLooww  AAnnggllee  LLiigghhtt  SSccaatttteerriinngg  ((LLAALLSS))  DDeetteeccttoorr, the integrated TTrriippllee
and TTeettrraa  DDeetteeccttoorr  AArrrraayyss  ((TTDDAA’’ss)), the revolutionary TTrriippllee  DDeetteeccttoorr  HHiigghh
TTeemmppeerraattuurree  GGPPCC  ((HHTT--GGPPCC)), and OOmmnniiSSEECC™™, the most powerful, comprehensive
and user-friendly GPC software available are only a few examples of our product
innovations. At Viscotek, our goal is to provide the appropriate analytical
instruments, techniques and approaches for macromolecular characterization.
Whether in the QA/QC environment, academia, research institutes or petro-
chemical and pharmaceutical R&D centers, Viscotek offers a complete solution
for virtually all GPC/SEC/GFC applications. This guide is intended to provide
the latest information on Viscotek’s GPC products and technologies and assist
users in choosing the right system and configuration for their needs.

OOuuttlliinnee

•  Introduction to Gel Permeation Chromatography (GPC)

•  Conventional GPC

•  Conventional GPC Systems

•  Advanced Detector GPC Technology

•  Advanced Detector GPC Systems

Viscotek World Headquarters in Houston, TX



3

IInnttrroodduuccttiioonn  ttoo  GGeell  PPeerrmmeeaattiioonn  CChhrroommaattooggrraapphhyy

Gel Permeation Chromatography (GPC), also known as Size Exclusion
Chromatography (SEC) or Gel Filtration Chromatography (GFC)*, is one of the
most widely used analytical techniques for the determination of molecular
weight and molecular weight distributions of natural and synthetic polymers,
copolymers, nanoparticles and proteins. This technique is attractive, relative
to others such as ultra-centrifugation, fractional precipitation and alternative
fractionation methods, because it is easy to obtain a qualitative chromatogram
that relates directly to the molecular weight distribution of the macromolecules.
When GPC is coupled with advanced detectors such as light scattering detectors
and viscometers, determination of additional molecular parameters such as
intrinsic viscosity (inverse molecular density), molecular size (hydrodynamic
radius and radius of gyration) and long chain branching is possible. GPC
along with advanced detectors, for example, is employed in protein 
characterization to not only determine absolute molecular weight, but also
identify sample purity, segregate and quantify aggregation, and perform 
conformational analysis.

The principle of GPC operation is the separation of molecules based on their
hydrodynamic radius (Rh) or volume (Vh), not molecular weight. The separation
process takes place in GPC columns which are packed with porous material
such as polystyrene gels, glass beads, silica gel etc. Because of their size, the
larger molecules cannot fit into as many pores and elute faster through the
porous packing materials than the smaller molecules. 

The figure below illustrates the mechanism of GPC separation. 

• For purposes of this guide we will refer to Gel Permeation Chromatography, Size
Exclusion Chromatography and Gel Filtration Chromatography collectively as GPC.
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The gel permeation chromatography process starts with continuous flow of
the mobile phase through the system by means of a solvent delivery device,
most commonly an isocratic pump. An in-line solvent degasser is employed to
eliminate any vapor or gases in the line so that signal instability and noise
are reduced. The sample is injected into the system either manually or by an
autosampler. The sample solution is then carried through the GPC column(s)
where the size separation process takes place. When the sample elutes from
the column(s) it passes through a detector or series of detectors and the 
output is analyzed by a data processing system (computer). 

The extent of the GPC analysis depends on the type and number of detectors
used in the experiment. Depending on the choice of detectors, various types
of calibrations and/or calculations are employed to compute parameters like
molecular weight (MW), molecular weight distribution (MWD), intrinsic 
viscosity (IV) or inverse molecular density, hydrodynamic radius (Rh), and
radius of gyration (Rg). It is also possible to obtain additional information on
macromolecular structure, conformation, aggregation, branching and copolymer
composition. To assist in the characterization process and obtain the desired
information, Viscotek offers a variety of GPC systems with different detection
capabilities that cover virtually all natural and synthetic polymer, nanoparticle
and protein applications.
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CCoonnvveennttiioonnaall  GGPPCC

The simplest form of GPC is Conventional Calibration using a concentration
detector, typically a DDiiffffeerreennttiiaall  RReeffrraaccttiivvee  IInnddeexx  ((RRII))  DDeetteeccttoorr, which is also
referred to as a DDiiffffeerreennttiiaall  RReeffrraaccttoommeetteerr. However, in certain applications
such as protein characterization or copolymer analysis, a UUVV//VVIISS  DDeetteeccttoorr is
also used in conjunction with the RI to provide more information on the
material properties and/or composition. Conventional Calibration is the most
widely practiced form of GPC, especially in quality control (QC) laboratories and
teaching facilities due to its simplicity, ease-of-use and low cost.

The Conventional Calibration procedure requires injection of polymer 
standards of known molecular weight and generation of a Conventional
Calibration Curve based on the elution time or volume. The samples are then
introduced and the molecular weights of the samples are calculated rreellaattiivvee
to the standards which have been employed.
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CCoonnvveennttiioonnaall  CCaalliibbrraattiioonn  DDaattaa  OOuuttppuutt  aanndd  AAnnaallyyssiiss::
(1) Relative molecular weight values: Mn, Mw, Mz and Mp
(2) Molecular weight distribution: MWD 
(3) Polydispersity: Mw/Mn

DDiissaaddvvaannttaaggeess  ooff  CCoonnvveennttiioonnaall  CCaalliibbrraattiioonn::
(1) Relative molecular weight information as opposed to true values.
(2) Procedure involves lengthy and tedious column calibration.
(3) Ignores structural differences such as branching, aggregation and 

conformation.
(4) Provides limited information.

AAddvvaannttaaggeess  ooff  CCoonnvveennttiioonnaall  CCaalliibbrraattiioonn::
(1) Well-known and well-accepted experimental technique.
(2) Simple setup therefore simple data interpretation. 
(3) Good precision and repeatability. 
(4) Cost-effective.

WWhhyy  VViissccootteekk’’ss  CCoonnvveennttiioonnaall  GGPPCC  SSyysstteemmss??
(1) Complete turn-key systems including columns and standards. 
(2) User-friendly Conventional Calibration software module.
(3) Seamless upgradeability to Viscotek’s advanced detectors at anytime   

while employing the same software package.
(4) Competitive Pricing.
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Manual Injector + Pump + Degasser + RI & UV Detectors 
+ Column Oven

RImax™ featuring the GPCmax™ (Integrated Autosampler / Pump /  
Degasser Module) + RI & UV Detectors + Column Oven

VViissccootteekk’’ss  TTuurrnn--kkeeyy  CCoonnvveennttiioonnaall  GGPPCC  SSyysstteemmss

(1) Conventional GPC Systems for AAmmbbiieenntt  OOppeerraattiioonn:

Manual Injector + Pump + Degasser + RI Detector + Column Oven
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(2) Conventional GPC System for HHiigghh  TTeemmppeerraattuurree  OOppeerraattiioonn:

HT-GPC Model 350 Oven (Integrates Columns and RI Detector) 
+ Degasser + Pump + Vortex™ (Automated Sample Preparation 
and Autosampling Module) + In-line self-cleaning sample filter

Vortex Autopreparation / Autosampler Module + Balance + Syringe Pump

SSAASSPP™™ Option for HT-GPC Model 350

SSeemmii--AAuuttoommaatteedd  SSaammppllee  PPrreeppaarraattiioonn  oorr  SSAASSPP™™ is a valuable add-on
option for the HHTT--GGPPCC  335500 providing fast, accurate and precise
preparation of sample solutions at higher temperatures with minimal
operator involvement. SASP is comprised of a balance and a
syringe pump which interface with the SASP software and mate
seamlessly with the VVoorrtteexx™™  AAuuttoopprreeppaarraattiioonn  //  AAuuttoossaammpplleerr
MMoodduullee. SASP controls the sample weighing and solvent dispensing
process and automatically compensates for impurities as well as
temperature and density variations. It allows the Vortex to dispense
the correct amount of solvent to reach the desired concentration
which is followed by simultaneous heating and stirring to dissolve
the sample. Since all the operator has to do is to weigh the sample
on the balance and place it in the Vortex, one can prepare exact
solution concentrations every time by eliminating operator error. In
addition, this add-on package significantly enhances the safety
aspect of solution handling and preparation at high temperatures.
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VViissccootteekk’’ss  AAddvvaanncceedd  DDeetteeccttoorr  GGPPCC  TTeecchhnnoollooggyy

OOnnlliinnee  FFoouurr--CCaappiillllaarryy  DDiiffffeerreennttiiaall  VViissccoommeetteerr  DDeetteeccttoorr

Since its commercialization by Dr. Max Haney in the early
1980’s, on-line GPC viscometry has become one of the
most appealing and widely practiced detection techniques
for the determination of molecular weight, intrinsic 
viscosity (inverse molecular density), hydrodynamic
radius (Rh) and Mark-Houwink parameters. With over 20
years of experience, the viscometers manufactured by
Viscotek today possess outstanding precision and 
sensitivity and set the standard for the GPC market.

The principle of the on-line GPC viscometer is based 
on measuring the differential pressure created by the 
movement of a sample solution through a series of four
capillary tubes:

This technique provides a very precise value for intrinsic viscosity, or inverse
of molecular density, in comparison with the absolute value:

ηsp =               =
η−ηο 4∆Ρ

Ρi −2∆Ρηο

Dr. Max Haney holding a
Four-Capillary Viscometer

= ≅
ηsp IV

[1] 1
mg Molecular Density
mL

c
units

c→0
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Additionally, on-line viscometers provide essential information on the hydro-
dynamic size or Rh of macromolecules in solution by employing Einstein’s 
viscosity equation:

Using Viscotek’s FFoouurr--ccaappiillllaarryy  DDiiffffeerreennttiiaall  VViissccoommeetteerr  DDeetteeccttoorr, the hydro-
dynamic size of polymers, proteins and nanoparticles can be accurately 
determined over a wide range (250nm to less than 1nm). This is especially
important when characterizing smaller molecules, generally less than 10-15 nm,
where laser light scattering techniques fail to provide any size information: 

As opposed to radius of gyration (Rg), the hydrodynamic radius (Rh) is 
measured across the distribution. Therefore, molecular size information is
available at both the high and low molecular weight region of the 
chromatogram.

OOnnlliinnee  VViissccoommeetteerr  DDaattaa  OOuuttppuutt  aanndd  AAnnaallyyssiiss::

(1) Intrinsic viscosity (IV) or inverse molecular density
(2) Hydrodynamic radius (Rh)
(3) Structural determination by Mark-Houwink parameters (a and K)
(4) Molecular conformation (chain folding and unfolding)
(5) Branching analysis

= 
10 
3[η]

π.R3

N  .M

h

A w
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DDiilluuttee  SSoolluuttiioonn  LLiigghhtt  SSccaatttteerriinngg

Light scattering from dilute solutions is the primary method used for 
determining the aabbssoolluuttee molecular weight of polymers while operating in a
chromatographic mode. When a beam of light interacts with a molecule, it
induces a temporary dipole moment and will scatter in different directions.
This phenomenon of light scattering is called Rayleigh scattering.

In 1948, Zimm described the relationship between the solution concentration
and the intensity of scattered light:

Rθ is the Rayleigh factor (function of scattered light intensity), c is the concentration
of the sample in the solvent, θ is the scattering angle, Mw is the weight average
molecular weight of the sample, dn/dc is the refractive index increment of the polymer
solution, and A2 is the second virial coefficient which corrects for interaction of poly-
mer molecules with each other and can be calculated from the concentration depend-
ence of the light scattering signal, P(θ) is the particle scattering function which is a
measure of the angular dissymmetry of the scattered light and is related to the size
and the angle at which the scattering is determined.

= =+ where
K'c K'1 1 + cos2 θ x Const

2

2Α2 c +Λ ,
Μw Ρ(θ)Rθ

dn
dc( () )
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From the equation on the previous page, Zimm generated a network of plots
at various concentrations and scattering angles. The Zimm plot is the relation
between K’c/Rθ and Sin2(θ/2) which creates a resulting network projected over 
θ = θi → 0 and c = ci → 0: 

The absolute molecular weight is obtained by assuming infinite dilution and
measuring the intensity of scattered light when the angle θ approaches 0.
Therefore, the Zimm equation simplifies to:

It is of course impossible to measure the scattered light at 0° due to the 
incident beam. Therefore this measurement should be made at some other
angle(s). Unfortunately, this introduces a complication into the process as the
amount of scattered light varies considerably with both the scattering angle
(dissymmetric scattering result) and the size of the molecules being measured.
Larger molecules (>10nm) scatter light with higher intensity towards the direction
of the incident beam and lower intensity in the reverse direction. This  
phenomenon is known as “dissymmetric scattering”. Smaller molecules,
however, scatter light with equal intensity at all angles, having “iso-scattering”
properties: 

=K'c 1
Μw Rθ
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Therefore, only in the case of iso-scattering by small molecules (<10nm) can
the effects of angular dependence be ignored.

RRiigghhtt  AAnnggllee  LLiigghhtt  SSccaatttteerriinngg  ((RRAALLSS)) employs a photodiode to measure the
scattered light at the 90° angle. This measurement is ideal for smaller 
molecules (<10nm), such as the majority of proteins, where the angular
dependency can be ignored. The signal collected at the 90° angle is the
cleanest and has the best signal-to-noise ratio.

Isotropic Scattering
(Molecular Size <10nm)
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The importance of the direct measurement by LALS becomes most apparent
when the analysis involves large molecules such as polysaccharides, hyaluronic
acids and viruses. These molecules display a very high angular dependence,
which can cause significant error when employing other light scattering 
methods. This can easily be seen by plotting the Particle Scattering Function,
P(θ), versus the molecular weight of the macromolecule: 

It is clearly observed that the 7° angle measurement remains extremely close
to unity across the entire range of molecular weight. This eliminates the
rather lengthy and complicated process of multi-angle extrapolation in order
to correct for angular dissymmetry.

LLooww  AAnnggllee  LLiigghhtt  SSccaatttteerriinngg  ((LLAALLSS)) is the most theoretically correct and direct
method of determining aabbssoolluuttee molecular weight. It measures the intensity of
light scattered at the lowest possible angle in order to comply with Zimm’s
universal light scattering equation. BByy  mmeeaassuurriinngg  tthhee  ssccaatttteerreedd  lliigghhtt  aass  cclloossee  aass
ppoossssiibbllee  ttoo  tthhee  ddeessiirreedd  zzeerroo  aannggllee,,  tthhee  LLAALLSS  aapppprrooaacchh  aavvooiiddss  tthhee  eexxttrraappoollaattiioonnss,,
ddaattaa  ffiittttiinngg  aanndd  ccoorrrreeccttiioonnss  eemmppllooyyeedd  bbyy  ootthheerr  mmeetthhooddss  ttoo  ccoommppeennssaattee  ffoorr
aanngguullaarr  ddeeppeennddeennccee..  
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OOnnlliinnee  LLiigghhtt  SSccaatttteerriinngg  DDaattaa  OOuuttppuutt  aanndd  AAnnaallyyssiiss::
(1) Absolute molecular weight
(2)  Radius of gyration (Rg) 
(3)  Second virial coefficient
(4) Aggregate analysis

The Dual Angle LALS/RALS Detector employs the Right Angle where the 
molecules are small [P(θ) > 0.99 and MW<50KD] to obtain the best signal-to-
noise ratio. It utilizes the Low Angle where the molecules are relatively larger
[P(θ) < 0.99 and MW>50KD] to obtain the most accurate values. By utilizing
both angles for purposes of multi-angle extrapolation in larger molecular
weight applications, the Dual Angle LAL/RALS Detector will accurately measure
radius of gyration (Rg). 

As the leading GPC light scattering manufacturer, Viscotek has recently 
introduced a revolutionary DDuuaall  AAnnggllee  ((LLooww  AAnnggllee//RRiigghhtt  AAnnggllee))  LLiigghhtt
SSccaatttteerriinngg  DDeetteeccttoorr which represents a superior technology for obtaining
absolute molecular weight and radius of gyration. The combination of the 
two angles provides the most direct method for determination of accurate,
absolute molecular weight across the entire molecular weight distribution
without extrapolation, data fitting and correction.
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VViissccootteekk’’ss  TTuurrnn--kkeeyy  AAddvvaanncceedd  DDeetteeccttoorr  GGPPCC  SSyysstteemmss

((11))  Advanced Detector GPC Systems for AAmmbbiieenntt  OOppeerraattiioonn::

Manual Injector + Pump + Degasser + RI Detector + Column Oven 
+ Model 270 Dual Detector (Light Scattering & Viscometry)

Manual Injector + Pump + Degasser + RI & UV Detectors + 
Column Oven + Model 270 Dual Detector 
(Light Scattering & Viscometry)

270max™ featuring the GPCmax™ (Integrated Autosampler / Pump / 
Degasser Module) + RI & UV Detectors + Column Oven 
+ Model 270 Dual Detector (Light Scattering & Viscometry)
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((22))  Advanced Detector GPC Systems for EElleevvaatteedd  TTeemmppeerraattuurree  OOppeerraattiioonn::

Manual Injector + Pump + Degasser 
+ Tetra Detector Array (RI, UV, Viscometer and Light Scattering)

TDAmax™ featuring the GPCmax™ (Integrated Autosampler / 
Pump / Degasser Module) 
+ Tetra Detector Array (RI, UV, Viscometer and Light Scattering)

((33))  Advanced Detector GPC System for HHiigghh  TTeemmppeerraattuurree  OOppeerraattiioonn::

HT-GPC Model 350 Oven (Integrates Columns, RI, Viscometer and 
Light Scattering) + Degasser + Pump + Vortex™ (Automated 
Sample Preparation and  Autosampling Module) 
+ In-line self-cleaning sample filter

SASP Option may be used with HT-GPC Model 350 System. See page 8 for SASP
option details.
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SSoollvveenntt  SSaavveerr,,  aa  GGPPCC  SSyysstteemm  AAcccceessssoorryy  

A continuous flow of solvent is always recommended when the GPC
system is in idle mode. The constant flow prolongs the life of pump
pistons, seals, and check valves by keeping them clean and free of
precipitation and oxidation buildup caused by static conditions. GPC
columns also benefit from constant flow since the column packing 
material remains stable, giving more reproducible results. Viscotek is
pleased to introduce the Solvent Saver, designed to automatically
switch your solvent waste line from recycle mode (mobile phase
returns to the solvent supply) to waste. While recycling solvent is not
recommended in all GPC systems, it is beneficial for most organic 

solvents. Recycling saves money on
solvent expenses, and also benefits
the entire GPC system. 

WWhhyy  VViissccootteekk’’ss  AAddvvaanncceedd  DDeetteeccttoorr  GGPPCC  SSyysstteemmss??

(1)  State-of-the-art true LLooww  AAnnggllee  LLiigghhtt  SSccaatttteerriinngg  ((LLAALLSS))  DDeetteeccttoorr that
directly determines absolute molecular weight by measuring the scattered light
at the 7° angle using no extrapolation, no correction and no data fitting.

(2)  The original, proven and still the most advanced FFoouurr--CCaappiillllaarryy
DDiiffffeerreennttiiaall  VViissccoommeetteerr  DDeetteeccttoorr with superior design and proprietary high 
performance transducers for maximum detector sensitivity. 

(3)  The most comprehensive advanced detector software package available
with calculations that provide analysis of branching, conformation, structure and
copolymer composition and features like multiple point dn/dc determination,
trend views, etc.

(4)  The oonnllyy vendor that manufactures comprehensive
advanced detector GPC systems operating under

a single software platform that includes 
complete system control, data acquisition
and analysis.



19

WWhhyy  VViissccootteekk  ffoorr  yyoouurr  mmaaccrroommoolleeccuullaarr  cchhaarraacctteerriizzaattiioonn  rreeqquuiirreemmeennttss??

•  The eexxppeerrttss in GPC who combine superior technical service and analytical
support with a single vendor, one-stop-shop solution for all GPC applications.

•  Ambient, elevated and high temperature GPC systems (from conventional to
advanced detection) operating on a single software platform with the necessary
accessories such as columns and standards.

•  Seamless path for upgrading all conventional GPC systems to advanced
detector systems while maintaining the same software package.

•  The revolutionary LLooww  AAnnggllee  LLiigghhtt  SSccaatttteerriinngg  ((LLAALLSS))  DDeetteeccttoorr designed
to determine absolute molecular weight across the entire molecular weight 
distribution with no extrapolation, data fitting or correction.

•  Inventor of the widely used and highly acclaimed FFoouurr--CCaappiillllaarryy  DDiiffffeerreennttiiaall
VViissccoommeetteerr  DDeetteeccttoorr for the determination of molecular weight, molecular size
(Rh), intrinsic viscosity, structure, conformation, aggregation and branching.

•  Inventor of the unique TTrriippllee (RI + VISC + LS) and TTeettrraa  (RI + UV + VISC + LS)
DDeetteeccttoorr  AArrrraayyss, the instruments that set the standard for GPC technology. 

•  The all new HHiigghh  TTeemmppeerraattuurree  GGPPCC  ((HHTT--GGPPCC))
system with a unique modular design and

innovative features including automated
sample preparation and in-line filtration. 

•  OOmmnniiSSEECC, the most powerful, 
comprehensive and user-friendly
GPC software on the market.

•  The always popular VViissccootteekk
GGPPCC  SScchhooooll held three times annually
to further educate users, ensure their
productivity and provide them with the
latest developments in the field.

•  And last but not least, a stable and
customer-oriented company with over 20

years of experience and research in the
field of macromolecular characterization.

Viscotek’s team
of inventors
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