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Technical Note

Introduction

Gel Permeation Chromatography (GPC), also referred to as Size Exclu-
sion Chromatography (SEC) is an important tool to characterize poly-
mers. GPC-SEC can be applied to oligomers with a molecular weight of
less than 2000D but also to polymers with molecular weights of several
millions. The main results are molecular weight averages and molecu-
lar weight distribution curves which characterize a polymer’s proper-
ties. 

The GPC data analysis software for the Agilent ChemStation is part of
the Agilent 1100 Series GPC system which provides a complete solu-
tion for convenient, cost-effective and precise routine GPC-SEC analy-
sis. 

The GPC-SEC software is an add-on package for the proven Agilent
ChemStation for LC systems and designed to operate with concentra-
tion-sensitive detectors such as refractive index and UV-visible detec-
tors. Signals of other detectors, for example, evaporative light scatter-
ing detector, can be processed using the Agilent 35900E analog to digi-
tal converters. Special detectors that provide absolute molecular
weights, for example, viscosimetric or laser light scattering detectors
need to be operated with the software that comes with these detectors.



General Description

The Agilent 1100 Series and 
HP 1050 Series instrument con-
trol, data acquisition and conven-
tional peak analysis (for example,
percent area reports) is per-
formed by the standard HPLC
ChemStation, whereas dedicated
GPC-SEC evaluation and report-
ing is done by the GPC data analy-
sis software. The chromatograph-
ic raw data can be evaluated
interactively or unattended and
automatically. The software sim-
plifies retrieval of GPC data and
reconstitutes results, including
average molecular weights, Mn,
Mw, Mz, Mp, Mv, polydispersity D,
differential and integral molecular
weight distribution. The software
allows internal standard and
detector delay corrections for
multi-detector configurations. A
separate software window pro-
vides access to the tasks in nar-
row standard and universal cali-
bration. Wizards guide you
through universal and integral cal-
ibration. The quality of the cali-
bration curve can be checked by
reviewing the percentage devia-
tion for each calibration point
individually or by quickly check-
ing the polynomial coefficients
and the least square fit chi square. 

The software comes with valida-
tion and automated instrument
verification procedures, and is
fully compliant with ISO/EN
13885, DIN55672 and ASTM D
5296-97 GPC standard proce-
dures.

All features of the GPC data analy-
sis software are set up in logical
units which prevents the user
from ‘getting lost between the
many windows and options’. This
is achieved by displaying the fol-
lowing items simultaneously on a
single screen 
• raw chromatogram with 

sample name and the detector 
in use, 

• flow-rate-corrected chromato 
gram, called elugram, 

• molar mass distribution, and 
molecular weight data. 

Consequently, the user will notice
and overcome evaluation mistakes
quickly and easily. With a single
keystroke switching between dif-
ferent views or returning to a stan-
dard screen configuration is possi-
ble.

The Agilent GPC data analysis
software offers three different
modes of GPC data processing:
• manual reprocessing of 

individual data files from the
standard ChemStation data
analysis screen,

• interactive reprocessing of GPC
runs for fine-tuning demanding 
samples in the GPC data 
analy sis screen, and

• automatic GPC data processing
for single runs and sequences 
(on-line and off-line) from the 
ChemStation run control 
screen.

For data review the samples can
be searched via a selection of cri-
teria, for example, date, operator,
solvent. The software is capable of
multitasking. While one sequence
of samples is analyzed and new
data are acquired and reported,
stored data files can be loaded and
reprocessed starting from the
standard Agilent ChemStation data
analysis or from the interactive
GPC data analysis screen using
different calibration files.



Key Software Features

Method setup
The GPC data analysis software is
seamlessly integrated into the Agi-
lent HPLC ChemStation. There-
fore, the software is easy to learn,
especially for users already famil-
iar with the Agilent ChemStation.
Figure 1 shows how it directly
uses the ChemStation for Agilent
1100 Series instrumentation con-
trol and its data acquisition
engine. 

The chromatographic raw data are
automatically transferred to the
GPC data analysis software run-
by-run for state-of-the art GPC
data evaluation. Therefore, in
addition to the GPC report a nor-
mal HPLC report can be obtained
simultaneously for each analysis.
This is an advantage when both
polymer characterization and
quantitative determination of
monomers and oligomers is
required.

The software retrieves all neces-
sary analysis parameters, for
example, the flow rate from the
Agilent 1100 Series or 1050 Series
pumps. Flow rates from third
party or Agilent 1090 Series sol-

vent delivery systems can be
entered manually to calculate elu-
tion volumes. The operator con-
trols the data evaluation primarily
via the GPC Settings window 
(figure 2). Here the user specifies
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Figure 1
Seamless integration of GPC data analysis software into the Agilent ChemStation
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The GPC settings and the More GPC Settings window display the necessary information and references for the GPC data evaluation.



among other parameters, the cali-
bration file, the report settings and
the integration/data evaluation
range. These parameters are saved
securely with the ChemStation
method and loaded automatically
for unattended operation.

With the GPC settings parameters
specified, one more mouse click
allows for the interactive evalua-
tion of a polymer chromatogram
or the start of a sequence for fully
automatic analyses of samples, to
be run overnight or over the week-
end, for example.

The calibration data are stored in
a calibration file. If more than one
detector is in use, for example,
refractive index and UV detection,
it is not necessary to create sepa-
rate calibration curves for each
detector, since the chromato-
graphic delay between the detec-
tors is corrected on-line. The oper-
ator simply specifies the delay
time in Detector Configuration of
the GPC settings. Nothing else is
required.

The ChemStation GPC data analy-
sis software not only calculates
the molecular weight averages and
the molecular weight distributions
but also provides additional rapid
numeric data in up to five user-
defined report subsets. These are
recommended, for example, in
quality control laboratories to eas-
ily determine the contribution of
certain polymer fractions, such as
low and high molecular weight
fractions 

Figure 3 shows a typical report for
a polymer sample. The report is
user-configurable and contains,
for example, information on the
method and the sample, a graphi-
cal representation of molecular
weight distribution and the numer-
ic molecular weight results. Three
subsets of molecular weight frac-
tions at the user-defined molecular
weights 10000, 280000 and 780000
are reported:

• Subset 1: for molecular weights
up to 10000 D: 0.16 % contribu-
tion to the polymer composition

• Subset 2: for molecular weights
up to 280000 D: 80.76% contri-
bution to the polymer composi-
tion

• Subset 3: for molecular weights
up to 780000 D: 100% contribu-
tion to the polymer composition

Report subsets can be also speci-
fied for the determination of
molar masses at given values of
the cumulative distribution.

Sample :
Calibration file :
Integration from: Integration to  :
MHK - A (Cal.): MHK - K (Cal.):
Eluent : Flowrate :
Concentration : Inject volume :
Detector 1 : Delay volume :
Operator : Acquisition interval :

PSS Dextr. broad
I:\Backuphpchem\2\DATA\2AQM01\2AqOHmixPLautoV31-34Poly7.CAL
 11.705 ml  16.811 ml
 1.000E+0  0.000E+0 ml/g

  1.000 ml/min
  1.000 g/l  50.000 ul
RID A, Refractive Index Signal   0.000 ml
HG   0.210 sec
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Figure 3
Typical report for a polymer sample
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Calibration
Calibration in GPC-SEC requires
the injection of narrow distributed
polymer standards of known mol-
ecular weight. The calibration
curve is then obtained by calculat-
ing a graph of the standards’ elu-
tion volumes versus the logarithm
of the molecular weights. In the
past it was necessary to enter the
elution volumes manually into the
calibration table. This process was
tedious and error prone. With the
Agilent ChemStation GPC data
analysis software the calibration
data are transferred conveniently
and error-free directly from the
baseline-corrected chromatogram,
the elugram, and imported data
sheets by mouse-clicks into the
calibration table. 

Figure 4 shows the elugram of a
mixture of four polystyrene stan-
dards. By clicking at the x-axis the
Add to calibration window is
inserted. 

This box contains
• the elution volume of the 

corresponding standard peak 
(as automatically obtained by 
the software),

• the molecular weight of the 
four standards (as user-
specified in the sample editor), 
and

• the sample name (as user-speci
fied in the sample table).

This is all the information needed
which is automatically inserted
into the calibration table by sim-
ply clicking Add to calibration.

The software offers a wide variety
of curve fit functions – linear, 
2nd up to 7th order and three 
proprietary ones – PSS 3, PSS 5
and PSS 7. 

International GPC-SEC standard
procedures require thorough
checking on how well the calculat-
ed calibration curve fits the exper-
imental data. (Refer to the chapter
on compliance with international
GPC-SEC standards later in this
note). Therefore, the relative devi-
ation is listed in the calibration
table for each calibration point.
The percentage of deviation for
each calibration point or the dif-
ferentiation can also be displayed.

Besides the most frequently used
narrow standard calibration the
user can also select: 
• broad standard calibration 

based on papers of Mahadi1, 
Weiss 2 and Mori3,

• integral calibration, and
• universal calibration developed 

by Benoit4.

Figure 4
Fast and error-free calibration per mouse click

Automatically adds data to calibration table



Optimization of evaluation
parameters
For maximum flexibility the GPC
data analysis software offers three
possibilities to set baseline and
integration (evaluation) range:

• Interactively in the top level of
the GPC data analysis software
(figure 5) by moving the red
arrows with the mouse in the
raw data and in the elugram
window to the desired position,
or with fixed molecular weight
based settings for the distribu-
tion range. The operator simply
enters the upper and lower limit
of the molecular weight range.

• Interactively and automatically
with the ChemStation
Enhanced Integrator. The user
simply specifies the integration
events. The correctness of the
integration events settings is
user-controlled with the integra-
tion start and end marks.

• With fixed, time-based settings
for baseline and integration
range. In the More Settings win-
dow the operator specifies (fig-
ure 2) the start and end times of
the baseline and the integration
range. 

Automated and unattended
analysis
When calibration is performed the
samples can be analyzed either
interactively or completely auto-
matically. Automation not only
means acquiring the chromato-
graphic raw data., but also obtain-
ing GPC data analysis, reporting
and recalibration. The information
on recalibration standards and the
unknown samples is entered into
a standard ChemStation sequence

table. Figure 6 shows a sequence
table which provides for one injec-
tion each from three calibration
mixtures (vials 1-3), replaces the
original elution volumes in the cal-
ibration table with the new ones
and performs the analysis 
including GPC data evaluation and
reporting for the unknown poly-
mer samples (vials 49).

Figure 6
Sequence table for easy and complete automation including recalibration of the GPC calibration
curve

Figure 5
GPC add-on top level window showing all important information on one screen
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Simultaneous HPLC and GPC
report of a single analysis
Besides the molecular weight
data, polymer chemists often need
to know the concentration of
monomers and oligomers. The
Agilent ChemStation with the GPC
data analysis software obtains
both data automatically. The user
receives a standard HPLC report
with the information about the
concentrations and at the same
time a GPC report with all molec-
ular weight averages and the mol-
ecular weight distribution (refer to
figure 3). Simultaneous reporting
saves time, sample and often
expensive mobile phase.

Search Sample 
Polymer laboratories typically
have to analyze a large number of
samples with different chemistry
and from different customers.
With the Agilent ChemStation GPC
data analysis software it is no
longer necessary to remember
which sample came from which
customer and was measured with
which eluent. A query window
allows to easily retrieve raw data
and reconstruct results. All you
have to do is to set up the Search

Samples window as shown in fig-
ure 7 and all possible files are dis-
played.

Compliance with international
GPC Standards: ASTM D 5296-
97, ISO/EN 13885 and DIN55672
GPC standards 
The Agilent ChemStation GPC
data analysis software enables
compliance with national and
international GPC standards such
as ASTM D 5296-97, ISO/EN 13885
and DIN55672. They describe con-
ditions for the determination of
the molecular weight averages and
the molecular-mass distributions
of polymers by GPC-SEC. The goal
of the standardization is to obtain
comparable, precise and accurate
molecular weight data determined
in different labs. The important
chapters on software deal with 
A. Calibration
B. Data acquisition and evaluation
C. Reporting

The ISO/EN and DIN standards
are generally more specific than
the ASTM standard although they
are in close relationship with each
other. 

A. International standards con-

cerning Calibration 

Least square fits are frequently
used to quickly check the quality
of calibration curves, such as the
chi square value. This is possible
with the Agilent GPC data analysis
software (figure 8). Since this
yields only an average value for
the whole curve there is a risk
that parts of the calibration with
bad fit may be overseen. 

Figure 7
Search Samples window for fast and convenient data file search 

Data files fulfilling 
search criteria



To check how well the calibration
curve fits the experimental data
the ISO and the DIN standards
require the relative deviation for
each calibration point (figure 8).
This is given by 

and shall be plotted against the
elution volume. From this graph it
should be possible to assess
whether the positive or negative
deviations are random along the
elution volume axis. Calibration-
curve fits, which exhibit trends in
the deviation plot over particular
elution ranges, are unsuitable. 
Figure 9 shows an example. If
such distributions of residuals
cannot be improved with the
regression models available in a
laboratory, it can be expected that
the results contain greater errors
and shall be stated in the test
report.

Figure 10 shows the calibration
curve and the deviation points for
a 7th order fit. The random distrib-
ution of the black points indicates
the superiority of that fit.
The test for the distribution of
residuals is not suited for calibra-
tion curves obtained by methods
in which the measured points and
those on the calibration curve
automatically coincide, as is the
case with a connected series of
straight lines and with uncompen-
sated spline algorithms 6,9.

Figure 9
Calibration curve (grey balls) for polystyrene standards obtained with an insufficient 3rd order
fit deviation points (black balls) not randomly distributed

Figure 10 
Good calibration curve (grey balls) for polystyrene standards obtained with a 7th order fit (devia-
tion points (black balls) randomly distributed

Figure 8
Important information displayed about calibration curve

 Mp, calibration value  -  Mp, calculated

 Mp, calibration value

× 100

least square fit (chi2)
user selected fit type

all coefficients



The ISO and the DIN standards
specify that the software should
allow differentiating the equation
describing the calibration curve.
This is explained with the evalua-
tion of the chromatograms, which
involves their conversion into dif-
ferential distribution curves and
the reciprocal of the first deriva-
tive 1,2. 

Differentiation is possible with lin-
ear and 2nd to xth order curve fits
but not with a point-to-point cali-
bration curve fit which should
therefore be avoided.

Although not a requirement of
international GPC standards state-
of-the-art software packages
should not only contain fit func-
tions as linear and 2nd to 7th
order ones but also more sophisti-
cated functions with proven
advantages. The Agilent ChemSta-
tion GPC data analysis software
therefore offers in addition the
functions PSS 3, PSS 5 and PSS 7.
These special calibration func-
tions can drastically increase the
accuracy of molecular weight data
as tested with polymer standards
of known molecular weight 5. 

Molar mass deviations of up to
100 % are possible using widely
applied 3rd order polynomial func-
tions to represent calibration data.
Using the PSS calibration function
differences in molecular weights
are less than 5 % for weight aver-
age molecular weights. The error
of the GPC method in a whole is
generally estimated to be 5 % for
weight average and about 10 % for
number average molecular
weights.

Table 1 shows the differences in
calculated molar masses for poly-
styrene standards with narrow
molecular weight distribution in
relation to different calibration
functions.

B. International standards

concerning data acquisition

and evaluation 

Here the standards specify condi-
tions for 
• determination of the baseline,
• correction of the measured 

values and of the net chro-
matogram,

• evaluation limit,
• equations for the calculation 

of the molecular weight aver-
ages, and 

• equations for the determination
the distribution curves.

These requirements are typically
fulfilled by commercially avail-
able GPC-SEC software with the
possible exception of the correct
calculation of the differential mol-
ecular weight distribution curve.

This plot of relative frequency of
molecules W versus log10M
requires the use of the following
equation to calculate W from the
net chromatogram with the abscis-
sa Ve(elution volume) 6,7,8.

The normalized net chromatogram
height is multiplied by the nega-
tive reciprocal of the first deriva-
tive of the calibration curve. If this
multiplication is not done the mol-
ecular weight distribution will not
be corrected for the performance
of the GPC apparatus and the col-
umn(s). The result is an incorrect
molecular weight distribution. The
molecular weight distributions for
the same polymer obtained with
different systems will be different! 

Polystyrene Results calculated with 
Standard PSS Calibration Fit 3rd order polynomial

MMww MMww MMww//MMnn ��MMww MMww MMww//MMnn ��MMww

985,000 1,006,000 1.05 +2% 1,507,000 1.06 +53%
325,000 316,000 1.02 -3% 393,000 1.04 +21%
98,000 96,300 1.05 -2% 84,500 1.07 -16%
34,000 31,500 1.05 +3% 26,400 1.05 -29%
10,000 9,830 1.09 -2% 7,800 1.06 -28%
8,100 8,080 1.08 0% 6,650 1.04 -22%

Table 1
Comparison of molecular weights calculated by PSS calibration function and 3rd order polyno-
mial function



C. International standards

regarding reporting  

Round robin tests of an European
study resulted in lab to lab differ-
ences for Mn of ± 16 % and for Mw
of ± 9 % 9. Similar data were
reported from a Japanese round
robin test 10. 

If details of the measuring condi-
tions are known the chance to
predict and explain such big diver-
gences is better. Therefore, the
ISO/EN and the DIN standards
demand a very detailed report. 
The full list of requirements is
about three pages long6 and can-
not be discussed in detail here.

The benefit of the Agilent Chem-
Station GPC data analysis soft-
ware is that the user can fully
specify the report according to his
needs. For example, he may
obtain a comprehensive 1-page
report with the most important
analysis and sample parameters,
the molecular weight distribution
and the molecular weight data
(figure 3) but also a very detailed
report, consisting of several pages.
Such a detailed report may
include the 1-page GPC report,
and in addition a self-configured
header, sample information,
instrument conditions, logbook,
chromato-gram and quantitative
results (for example, of
monomers).

Another possibility is Area Slice

reporting which shows tabular
information for each acquired
slice on slice number, retention

time, molecular weight, logarithm
of molecular weight, and its area
derived from elugram, differential
and cumulative molar mass distri-
bution (figure 11). This report
type is recommended for users
who want to implement cus-
tomized calculations, for example
with spreadsheet applications.

The extensive reporting capabili-
ties are obtained by taking full
advantage of the standard Chem-
Station’s and the GPC data analy-
sis’ reporting capabilities. The dif-
ferent report types can be printed
on paper, displayed on screen and
saved as an electronic file. 

Figure 11
Area slice report printed with molecular weight results and calibration curve data

Molecular weight results

Information on calibration curve

Detailed information on each slice, e.g. for import in
spreadsheet applications and further calculations



Qualification procedures dedi-
cated to GPC-SEC Analysis—
Installation Verification, Sys-
tem Verification, System Test,
Operational Qualification/Per-
formance Verification (OQ/PV)
An increasing number of analyti-
cal polymer laboratories have to
work under GLP/ISO 9000 regulat-
ed conditions. For these laborato-
ries it is imperative to prove that
the software is factory-validated
and that the instrumentation pass-
es regular qualification tests. 

Most instrument manufacturers
nowadays provide either manual
or automated procedures, which
show that hard- and software
operates according to specifica-
tions. These tests are developed
for typical HPLC analyses and are
often not suited for the qualifica-
tion of GPC-SEC systems. 

The Agilent 1100 Series GPC-SEC
system comprises the following
qualification features dedicated to
GPC-SEC:
• factory validated software,
• installation verification
• GPC system verification
• GPC system performance 

test
• GPC operational qualification/

performance verification

These qualification procedures are
in addition to a most complete
offering of qualification solutions
developed for general HPLC. For
an overview on the available solu-
tions for general HPLC refer to the
brochure Five steps to fast, cost-

effective and successful valida-

tion Agilent publication number
5968-9104E.

A. Installation verification

Regulated laboratories periodical-
ly have to provide evidence that
the software is installed correctly.
Agilent ChemStation data analysis
software features installation veri-
fication as a separate function,
executable with one mouse click.

To verify correct installation of the
core components the Instveri.exe

utility is performed. Figure 12
shows the output if the installa-
tion is correct.

Figure 12
InstVeri-window proofing correct installation of the GPC-SEC software



B. System verification

To prove that the software calcu-
lates correctly a data and calibra-
tion file obtainded from an exactly
known Flory-Schultz distribution-
(both provided as a protected part
of the program) will be processed
and a report will be automatically
generated as a print-out. Figure 13
shows a report for a system verifi-
cation test passsed successfully.
The GPC-SEC raw data from the
known sample are processed in
exactly the same way as data,
which will be acquired by the Agi-
lent ChemStation. This ensures
that not only the final calculations
are verified but also the complete
processing path. 

Figure 13
Report for a successfully passed system verification test 

Theoretical Flory-
Schultz molar 
mass distribution

Test resiults within 0.5 % of 
expected data



C. GPC system performance 

The most important property of a
GPC equipment is the quality of
the column or column combina-
tion. With a mouse click the Agi-
lent 1100 Series GPC data analysis
software calculates the parame-
ters listed on the right. The report
shown in figure 14 is displayed.
This enables a fast and comfort-
able control of the column(s) per-
formance according to interna-
tional GPC standards ASTMD5296,
ISO 13885, DIN 55672). 

The parameters calculated by the
system test utility are:

• Plate count

• Asymmetry 

where w is peak width on left 
or right side, measured at 10 % 
of full peak height

• Resolution

with D of slope of the calibration
curve

Rsp specifies the quality of two
peaks, whose molecular weight
differs by a factor of 10, limit =>
1.7 (ASTM D5296)

• Efficiency

ISO 13885 and DIN 55672 specify
> 6 cm, that is, the separation dis-
tance between both peaks must be
a minimum of 6 cm. 

Figure 14
Example for a system performance report

Rsp  
        Rs

 lg (M1/M2) 

0.579
 
σ × D

= =
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Rs = =
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2 ×  D × (σ1 + σ2)

   Ve (M) - Ve (10 × M)

area of column cross section
Efficieny =

   w1 

   wr

A =



D. GPC Operational Qualifica-

tion/Performance verification

(OQ/PV) 

Operational qualification is the
process of demonstrating that an
instrument will function according
to the operational specification in
the selected environment. The
tests have to be performed by the
user on a regular basis. In general,
users should select time intervals
so the probability is high that all
parameters still are within the
operational specifications.

The 1100 Series GPC system con-
cept includes:
• automated OQ/PV of the GPC

data analysis software which is
performed by running the sys-
tem verification test (refer to 
B. System Verification), and

• OQ/PV of equipment hardware
and software. This includes rig-
orous performance testing of
the instrument using the certi-
fied broad test samples and the
step-by-step procedure
described in the instruction
manual of the start-up kits “Get-

ting Ready for GPC-SEC

Analysis” (Agilent part number
5064-8451 for organic eluents,
5064-8252 for aqueous eluents).
The factory recommended
acceptance criteria can be mod-
ified by the operator. 

Summary

The Agilent GPC data analysis
software for the HPLC ChemSta-
tion adds tremendous value to the
Agilent 1100 Series GPC system. It
is built on the well-proven stan-
dard Agilent ChemStation with a
flexible data acquisition engine.
The ability to use various calibra-
tion procedures to set up a data
evaluation method, and the choice
of various automated and interac-
tive procedures for data process-
ing is of great convenience to the
user. Data integrity is ensured by
following the automated proce-
dures for software and instrument
qualification built into the soft-
ware. This is a truly easy and cost-
effective tool for precise GPC-SEC
analysis in routine polymer labora-
tories.
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