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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[1d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see wy
foreword.html.
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5 document was prepared by Technical Committee ISO/TC 35, Paints and varnishes.
5t of all parts in the ISO 13885 series can’be found on the ISO website.

feedback or questions on this docuiment should be directed to the user’s national standa
plete listing of these bodies can'be found at www.iso.org/members.html.
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Gel permeation chromatography (GPC) —

Part 3:
Water as eluent

WARNING — This document can involve hazardous materials, operations or equipment. It

dods not purport to address all of the safety problems, if any, associated with its us

;

responsibility of the user to establish appropriate safety and health practices-and
compliance with any national regulatory conditions.
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Scope

5 document specifies the determination of the molar-mass distribution and the ave
s values M, (number average) and M,, (weight average) of polymeps'that are soluble in w
meation chromatography (GPC).

E Also known as size exclusion chromatography (SEC).

5 method is applicable to neutral polymers . and polyanions (e.g. polyca
Fsaccharides, fully hydrolyzed polyvinyl alcohols~and high-molecular polyethyler
is not applicable to polycations [e.g. polyyuinylpyrrolidone, polyvinylpyridine
F(diallyl-N,N-dimethyl-azacyclopentane), chitosanj

pite good solubility in the mobile phase and>even though the chromatograms obtained
patability, it is possible that this method-cannot be used with certain polymer types
Cific interactions (e.g. adsorption) withifvthe sample/eluent/column system (see also Cla]

n M, values greater than 10® g/thol and/or polymers with elution limits outside the
be (see 7.6 and Annex C).

5 document includes no correction methods (e.g. for the elimination of peak broadening).
ar mass values are required, an absolute method (e.g. membrane osmometry for ]
tering for M,,) candeused.

Normativereferences

following’documents, in whole or in part, are normatively referenced in this documsg

e. It is the
to ensure

fage molar
ater by gel

'boxylates,
e oxides).
salts of

show good
because of
1se 12).

conditions specified in this document are not applicable to the GPC analysis of polymler samples

calibration

If absolute
1, or light

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

wn

ISO
ISO
ISO

3

1513, Paints and varnishes — Examination and preparation of test samples
4618, Paints and varnishes — Terms and definitions

15528, Paints, varnishes and raw materials for paints and varnishes — Sampling

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4618 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

©IS

ISO Online browsing platform: available at https://www.iso.org/obp
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— IEC Electropedia: available at http://www.electropedia.org/

31

gel permeation chromatography

GPC

separation of molecules, mainly based on exclusion effects such as differences in size and/or shape of
molecules (size exclusion chromatography) or in charge (ion exclusion chromatography)

[SOURCE: ISO 13885-1:2020, 3.1]

3.2
system pepK
signal pecyliar to the gel permeation chromatography (3.1) using a refractive index detector

Note 1 to enftry: These signals appear at the total penetration limit of the columns and are not part.of the sanjple,
but of the oyerall system.

[SOURCE: ISO 13885-1:2020, 3.2]

3.3

polycatior
water-soluple polymer that carries permanent positive charges or forms temporary cationic structures
due to its gK value under the measurement conditions

3.4

polyanion
water-soluple polymer that carries permanent negative charges.ot forms temporary anionic structures
due to its gKg value under the measurement conditions

3.5
neutral pglymer
water-soluple polymer that carries no charges and forms o-charged groups or structures under|the
measuremgnt conditions

4 Pringiple

The dissolyed (molecularly disperse)) molecules of a polymer sample are fractionated on a poious
column m3terial, with separation taking place according to the size of the molecule (or, more precisely,
the polymgr coil size which forms in this eluent). Small molecules diffuse into the pores of the colymn
material more frequently and.are therefore retarded more than large molecules. Thus, large molecfples
are eluted [earlier, small melecules later. Under the test conditions given, the elution volume is soldly a

e a
The
vith
[ion
the
relative quantities M, and M,, and the heterogeneity or polydispersity M,,/M,, are calculated from the
chromatogram obtained.

5 Apparatus
The apparatus shall consist of the components shown in Figure 1, which are described below.

All components which come into contact with the eluent or the sample solution shall not exhibit any
adsorption and memory effects and shall not exhibit any expansion effects at the increased temperature.

The eluent described in Clause 6 can cause corrosion in the case of long-term use. For this reason, it is
necessary that high-quality steel, titanium, polyetherketones or polytetrafluoroethylene are used for

2 © IS0 2020 - All rights reserved
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all components and that the individual modules are connected to one another by means of capillary
tubes made of high-quality steel or titanium.
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Figure 1 — Block diagram of a GPC apparatus

Eluent supply

eluent reservoir shall adequately protect the eluent against extermal influences s
osphere, if necessary by means of a blanket of inert gas above the liquid level.

eluent reservoir shall contain a sufficient quantity of the ¢eluent to bring the ap

eluent shall be degassed, either before it is introduced igtothe reservoir or by use of a d
veen the reservoir and the pump, to prevent malfunctiens of the pump or the formation|
he detector. The method of degassing used (e.g. bubble’trap, online purging with helium
hssing) is open to choice.

Pump

pump shall ensure that the eluent flow(through the separation column is as smooth and
ossible. The flow rate shall be 1 ml/min (see Annex A). To fulfil these requirements, the
rate at optimum efficiency at this'flow rate.

flow rate of the pump used shall have a variation of max. 0,1 %.

1l be ensured that the specifications required in 5.6 for detector noise can be adhered t
appropriate pump structure or a downstream pulsation damper.

Injection syStem

rapid and'smooth fashion. This introduction can be carried out either manually or auton

e introduction is carried out manually, ensure that the sample loop is filled completely w

bef<|>re Joading with the sample.

ich as the

paratus to

bvice fitted
of bubbles
or vacuum

pulse-free
pump shall

b by means

injection syStem serves to introduce a given amount of the sample solution into the eluent stream

natically.

ith solvent

Memory effects from the previous sample solution in the injection system shall be avoided by design
measures or by adequate flushing.

5.4

Separation columns

The apparatus shall have one or more columns connected in series and packed with spherical porous
material, the diameter of the pores corresponding to the size of the polymer molecules being analysed.

The packing material typically consists of an acrylate copolymer, produced by a special polymerization
process, with OH functionality and without basic groups. The packing material shall swell only slightly
in the eluent and therefore cannot deform under the pressure developed at the set flow rate.

© IS0 2020 - All rights reserved
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To keep adsorptive interactions between the packing material surface and the polymer molecules
to be investigated as low as possible, silica phases and modified silica phases shall not be used.
Furthermore, the sample being analysed shall not be changed, either chemically or structurally, within
the chromatographic system.

Certain polymers interact with the surface of the packing material (e.g. by adsorption), and other
effects can sometimes interfere with the GPC separation mechanism. Details of such effects and notes
on possible remedies are discussed in Annex C. If it is intended to compare analyses of such polymers by
different laboratories, the laboratories shall agree on details of the test conditions that are not covered

by this doc

ument.
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NOTE

peatability of test results, it is necessary to adhere to the minimum requirements speci
regards to peak broadening (expressed in terms of a number of theoretical plates)
efficiency.

br of theoretical plates

hmber of theoretical plates, N, shall be determined, for the apparatus-used per m
mn used, from the peak width at half height (see Figure 2). Inject up to 20 pg of ethy
on to each column under the same test conditions as are used for analysing polymers;
bn volume shall not exceed 20 pl (see Annex A). Evaluate the chromatogram obtained u

'mula (1):
2
. ] y

%
4><( 100
W
s the elution volume measured at the peak miaximum;

L

1/2

s the peak width at half height (see Figure 2); the same units shall be used for V, and W;
s the length of the column (column:combination), in centimetres.

the result the number of theoretical plates per metre of column length. To conform to
hts of this document, a colimn combination shall have at least 10 000 theoretical pl

Jee Annex C for tailing-and fronting (asymmetry) of the peak used to calculate the plate count.

fied
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Key
X elution volume
Y peak intensity
1 injection
V, elution volume measured at the peak maximum
Wi peak width at half height of the peak
h maximum peak height
o standard deviation
Figure 2 — Determination of the number of theoretical plates by the half-height method
b) [Separation efficiency

To ensure adequate resolution, theflog,;, M versus elution volume, V,, calibration cufve for the

column combination used shall not-exceed a specified gradient. For the purposes of this|document,

the relation given in Formula (2) shall apply in the area of the peak maximum for the polymer
sample under investigation:

V.., -V

e,M e,(10xM

X ( X ) >6,0 (2)
AC
whére
Vo u is the elution volume for pullulan of molar mass, M,, in cubic centimetres;

77X

efabxm, ) is the elution volume for 10 times that molar mass, in cubic centimetres;
’ X

AC ib t}lC CIUSS DCLtiUllCl]l alTd Uf thc LU}ulllll, ill o\.iucu < LClltilllctl <SS,

M, is the molar mass of pullulan; it shall be selected such that the peak maximum for the
polymer sample under investigation lies approximately halfway between these two
elution volumes.

5.5 Column temperature control

Carry out the test at room temperature (15 °C to 35 °C) or at a higher temperature of max. 40 °C. The
temperature of the column shall not change by more than 1 °C during the analysis (see Annex C).

© IS0 2020 - All rights reserved
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5.6 Detector

Use a differential refractometer detector. The cell volume shall not exceed 0,010 ml (see Annex A).

NOTE

For the restriction to a single detector type, see Annex C.

The detector response obtained using the injection amounts specified in this document shall, at the
lowest setting for electronic damping, exhibit a noise level of less than 1 % of the maximum height of
the polymer peak.

The signals from the detector are recorded by means of an electronic data system (see Clause 11 for

details).

6 Reag

A solution
ISO 3696 (
as the elue
component

Discard th
eluent rese
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samples of]
samples of]

Calibrate t
distributio
methods. (
resultis a

samples. If]
with other

7.2 Speq

The molar
function of

ents

pf sodium chloride (analytical quality), c(NaCl) = 0,1 mol/], in water of grade’l accordin
fonductivity: <0,01 mS/m, extinction at 254 nm and 1 cm optical path length: 0,001) is y
ht. The pH value is adjusted to 7,5 to 8,5 using an aqueous sodium hydrexide solution. Of
s shall not be added.

e eluent used to condition the columns or to perform the analysés, and do not return it to
rvoir.

ration of the apparatus

bral

d is not an absolute one and requires calibration with commercially available unbrang
andards that have been characterized by independent absolute methods. The results|
polymers with different chemical struetures are therefore only comparable within groug
the same type.

I (see Annex C) and whose molar masses have been determined by independent, abso
lucose, maltose and maltotriose are used for calibration in the low-molar-mass range.

alibration curve for the eyaluation of GPC analyses of unbranched polymethyl methacryj
this calibration curvéisused to analyse samples of other compositions, containing molec
structures, the results shall be expressed as the “pullulan molar mass equivalents”.

ification fer-the calibration standard

tmass distribution of the standards shall be narrower than the limits given below :
the malar mass at the peak maximum, M;:

M /M <13
A0 W

Iz to
sed
her

the

hed
for
s of

he GPC apparatus with a series/of unbranched pullulan samples of narrow molar mass

jute
The
late
1les

LS

M <2 000 a/mol
P 57

2000 g/mol < M, <400 000 g/mol M, /M, <1,2

400 000 g/mol < M, M,/M, <15

The following minimum requirements shall be fulfilled in the characterization of each individual

pullulan st

a)
b) atleas
c) allthe
6

andard used for calibration:

t one method shall be used to determine the molar-mass distribution;

parameters involved in the method used shall be indicated;

at least one average molar mass value, M, M, or M,, shall be determined by an absolute method;
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d) theresults and data for each batch analyzed shall be presented in a comprehensible form for the user.
NOTE An example of a data sheet is given in Annex B.

If the calibration standards give a shoulder on either side of the peak, pre-peaks or a tailing peak, the
area represented by these anomalies shall be less than 2,0 % of the peak area, otherwise the calibration
standard shall be rejected.

7.3 Preparation of the calibration solutions for injection

Dissolve the calibration standards in the eluent at ambient temperature without shaking or stirring.
Thg minimum dissolving time is 12 h. Then homogenize the solutions carefully. Store the.Jolutions at
ambient temperature.

Theg soaking periods are relatively long during dissolving of the calibration standards. The solutions
sha|l not be shaken during the soaking phase so that the polymer chains do not téaf.

Filter the solutions manually through a 0,2 um to 0,45 pm membrane filter{If-the filter shops signs of
blog¢king, the solution is unsuitable for calibration purposes.

Thq solutions shall be used within 48 h.

Several calibration standards may be injected and analyzed atthe-same time, as long as al| the peaks
are|separated down to the baseline.

The concentration of the individual calibration standardsiin the injection solution, as a fun¢tion of the
mollar mass measured at the peak maximum, Mp, shall be

M, <400 000 g/mol 1,0 g/1
400 000 g/mol < M,, 0,5g/1

The quantities injected on to the column.shall be matched to the capacity of the column by adjusting the
injeiction volume and not the concentiation. The injection volumes determined in accordange with the
requirements of Clause 10 shall be uséd both in calibration runs and in sample analyses.

7.4 Conditions for calibration runs

The conditions for a calibration run, with the exception of the concentration of the injectiof solutions,
shall be identical to thoSe for the sample analyses.

7.5 Measurement of elution volume

The elutiomvelume, V,, shall be measured from the start of injection to the point on the paseline at
which the-peak reaches its maximum height. In determining this point, a baseline drift of|5 % of the
peakheight, measured from injection to after the system peaks, is ac greater or

The elution volume can be measured and checked against an internal standard or an undisturbed
system peak and, if necessary, a linear correction can be made.

NOTE Sulphur or a system peak can be used as an internal standard.

7.6 Plotting the calibration curve

The calibration curve shall be plotted with log;, M, as the ordinate and the elution volume, V,, as the
abscissa. At least two calibration points shall be measured per decade of molar mass and there shall be
at least five calibration points altogether. In the low-molar-mass range, the calibration curve shall be
extrapolated to the system peaks by using glucose, maltose and maltotriose.

© IS0 2020 - All rights reserved 7
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In the high-molar-mass range, the peak of the first calibration standard eluted shall lie before the
high-molar-mass limit of the sample to be analysed, and the position of the exclusion limit shall be
determined.

The results of the calibration runs can be fed into a computer or recorded in the form of a table or in the
form of one or more regression curves. They shall be available at all times in the form of hard copy for
direct checking. Since the evaluation of the chromatograms involves their conversion into differential
distribution curves in which the reciprocal of the first derivative of the calibration curve is required
(see 11.4), the functional relationship log;y M = f (V, or ty) shall be differentiable.

To check how well the calibration curve thus produced fits the measurements, the percentage deviation
for each calibration point, given by

M

p,caliprationvalue — M p,calculated

x100

M p,calibrationvalue

shall be plotted against V, or tz. From this graph, it is assessed whether the pdsitive or negafive

deviations
plot over p
using the 1
contain gre

The test fq

methods i which the measured points and those of the calibration curve automatically coincidg

is the case
these meth
physically
8 Samp

Take a rep

prepare each sample for testing, as specifiedin SO 1513.

9 Preparation for the test

9.1 Preparation of the injection solution

Weigh an :
of the chr
sample sol
hydrochlor

The conce
volume of 1

are random along the V, or ty axis. Calibration curve fits which exhibit trends in the devia
hrticular elution ranges are unsuitable. If such distributions of residdals cannot be impro
egression models (see Annex C) available in a laboratory, the resdlts shall be expecte
bater errors and this shall be stated in the test report.

r the distribution of residuals need not be carried out enycalibration curves obtained
with a connected series of straight lines and with unepmpensated spline algorithms.

mpossible areas, e.g. relative extreme values.

ling

resentative sample of the product.to be tested, as specified in ISO 15528. Examine

iliquot of the polymer sample and dissolve in the eluent (see Clause 6) from the reser
matograph jgwhich it is to be analysed. Store the solution at ambient temperature.
ition is adjusted to pH 7,5 to 8,5 using an aqueous NaOH (c = 0,1 mol/1) solution or aqug
ic acid (€5)0,1 mol/I).

tration of the injection solution is not an independent quantity. It depends on the t
he-¢olumn used, and the injection volume. See Clause 10 for details.

fion
ved
1 to

by
, ds
Vith

ods, other means shall be used to ensure that the calculated calibration curves contain no

and

Voir
The
ous

ptal

The use of ultrasound is not permitted because of the risk of degradation. The use of solution
temperatures higher than 80 °C should be avoided. Exceptions shall be justified in the test report.

As arule, polymer samples shall be weighed almost free of solvent. If the sample contains solvent and if
it is sensitive, the original solution can be used at its original concentration, or it shall be concentrated
carefully under vacuum at ambient temperature before weighing. The polymer content of the original
solution shall be determined separately; the method used shall be stated in the test report. If such
samples give overlapping system and polymer peaks, the evaluation shall be restricted to the unaffected
polymer area and the evaluation limit stated in the test report in terms of molar mass. When several
samples are analyzed and compared, the evaluation limit selected shall be identical in each case.

Remove insoluble foreign matter (e.g. pigments, extenders and high-impact components) from the
injection solution by suitable methods (e.g. ultracentrifugation, filtration or membrane filtration). Even
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if the solution appears clear to the eye, filtration through membrane filters with a pore size between
2 um and 0,2 pm is always recommended. These operations as well as any precautions taken to ensure
that the concentration of the injection solution is maintained shall be recorded in the test report.

If the sample contains insoluble polymer particles (e.g. microgel), the test report shall expressly point
out that the GPC results refer only to the soluble components. The observations made shall be described.

The

9.2

injection solutions shall be used within 48 h.

Preparation of the apparatus

Thd
ent
in §

analyses or, if necessary, the control analyses, can be carried out.

10
Thd

Thd
(30

Wit
the
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cald

Sev
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Wh
twa

In 3
are
con
incr
per
thid
the

NOT

conglition'‘is'described in more detail in Annex C.

apparatus shall be operated under the conditions given in Clause 10. First, pump eluent|
re apparatus until the detector sensitivity required for the analysis falls below the noise
.6 and the baseline condition specified in 7.5 can be expected to be maintained{ At thi

Analytical parameters
concentration of the injection solution shall be 0,5 mg/ml to 5,0 mg/m].

injection volume shall be matched to the set of columns used and shall be not more than
D x 7,8) mm column; a total value of 250 pl shall not be exceéded (see Annex A).

h narrow molar mass distributions and high molar masses, the elution volume is very ¢
quantity of polymer injected. If anomalous peak shapes‘are observed with a particular s

ulated M, value has been reduced to below 5 %.

bral injections shall be made for each sample. The number of injections made shall b
test report. The three last injections shall be evaluated individually and the results
vidually. Their position in the sequence’ef injections shall be evident.

bn comparing analyses carried out by different laboratories, injections shall be made fr
solutions that have been prepared separately.

ddition to the usual GPG-evaluation of the chromatograms as described in Clause 1]
hs shall be determined ahd; if necessary, shall be scaled to the same injection amount. T
secutive analyses shall not differ by more than +3 % for identical evaluation limits. If a
ease or decrease. in-the peak areas of consecutive analyses is observed, further analys

kind and othér observations that indicate adsorptive interactions between the injected

E TFhe'reason for adding, in comparison to the determination with THF described in ISO 1

hrough the
level given
point, the

100 pl per

ensitive to
ample, the

rentration of the injection solution shall be repeatedly halved until the effective varigtion in the

e stated in
presented

bm at least

[, the peak
he areas of
Continuous
es shall be

formed until a constant level is reached within the framework of these tolerances. Occlfirrences of

bample and

surface of thé column packing material as described in 5.4 shall be noted in the test repofrt.

3885-1, this

11

11.

Data acquisition and evaluation

1 General

The chromatogram shall be recorded by means of an electronic data acquisition system. Data shall be
stored starting at a point before the exclusion limit for the column system being used and continuing
until the curve returns to the baseline after elution of the last system peak.

The number of the measured points, which shall be equidistant, shall be atleast 20 per molar mass decade
of the calibration curve used, and a peak that is to be evaluated shall include at least 25 such points.

The dynamic range of the detector signal between the smallest detectable value and the highest peak in
the chromatogram after subtraction of the baseline shall be at least 1:500.
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The raw data obtained from the sample and calibration analyses shall be stored for at least one year to
permit re-evaluation, if necessary.

11.2 Calculation of the net chromatogram from the raw data

11.2.1 Determination of the baseline

The zero signal of the detector (baseline) shall be taken as a straight line between the zone preceding
the exclusion limit and that following the last system peak, i.e. zones in which no elution will take place
in an ideal GPC separation.

The baselillle shall coincide with the detector signal in these zones for at least 10 % of the total analysis
time, othefwise the results shall be discarded. If deviations from the baseline thus determiinéd [can
be seen in [this interval, the results shall also be rejected. The calculations themselves can ' h& made at
points alor]g the baseline that lie within this range on the baseline thus determined.

The plot of{the difference between the i-th original measured point and the interpolatéd baseline ppint
at the samg time between the low- and high-molar-mass cut-offs is referred to in‘the following as|the
net chromgtogram.

11.2.2 Cofrection of the measured values and of the net chromatogram

An adjustient or correction of the original measured values ,orof the net chromatogram [e.g.
elimination of peak broadening, correction for concentration shifts)‘is not covered by this documeni.

Only smodthing measures such as the averaging of not mose*than five adjacent points, or indifect
smoothing| measures, such as are carried out in the intérpolation of values for purposes of data
compressign or in matching points and calibration curve:matrices, shall be permissible. The necesgary
compensatory calculations for a point shall be restricted to an interval of less than 0,25 log;, M upits.
All such manipulations of data shall be recorded explicitly in the test report.

It is perm|ssible to take the average of several results from repeat analyses or to take the mean
distribution curves in addition to the datavin 13.3, g) (e.g. co-addition of the chromatograms§ or
averaging pf the molar mass averages). The“methods used shall be described in full and the standard
deviations|determined and stated.

11.2.3 Evaluation limits

Before starting the analysjs)détermine the start of the system- or solvent peaks by injection of|the
actually usged mobile phase, Evaluate the chromatogram at the low-molar-mass end without the sysgem
peaks. This elution volimeé is the low-molar-mass evaluation limit; its value shall be stated in the fest
report togéther with-the corresponding molar mass read-off the calibration curve.

NOTE If the results of a number of laboratories are compared with one another, the highest M value fqund
among all participants is the limit.

Chromatograms that exhibit tailing extending into the area of system peaks cannot be evaluated in the
way specified in this document and shall be rejected.

11.3 Calculation of the average values

With the measured points spaced at intervals as specified in 11.1, the integrations normally required can
be replaced by summations and the curve of the chromatogram can be represented as a series of slices.

It is decided that the individual measured points shall be situated in the middle of each slice and that
the molar mass determined from the calibration curve at the i-th measured point shall apply to the
whole width of the i-th interval.

10 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=39eaccffb48535d9fc620ff5f06f978d

ISO 13885-3:2020(E)

As the measured points are assumed to be equidistantly spaced, the interval width cancels out in all
the calculations shown below and the interval areas can be represented directly by the measured peak
heights h, for the i-th interval.

The average molecular masses shall be calculated using the following Formula (3) to Formula (6):

2111

Number average, M,: M, = (3)
21:1}11 /Mi
S et
Weight average, M,,: M, =$ (4)
Zi 1hi
2 h xM?
z-average, M,: M, &=l (5)
21 XM,
2 hxM3
(z+1)-average, M,,;: M, ==L~ (6)

21 1hl xM?

whegre

h.

1

M.

1

is the height of the middle of the i-th interval;
is the molar mass of the i-th interval.

Thq polydispersity factor, D, is defined as thegatio of M,, to M. As no correction is made for peak
bropdening, this value shall be designated by-the subscript GPC, to be able to distinguish it from values
calqulated from molar masses measured by.absolute methods.

M, }s defined as the molar mass, M, atithe slice at which the peak height, h, of the net chromjatogram is
the[greatest.

The repeatability of these average values is expressed either as the standard deviation$ of repeat
anallyses or in terms of values-ebtained in the past for the GPC apparatus used.

There is no point in caletlating the viscosity average, M,, using Formula (7)

1/a

21 BXM

M, = n (7)

2 i=1h"

unlessthe sample and calibration polymers are chemically and structurally identical or unlegs the same
Mark-Houwink exponent, «, applies to both in the eluent used.

11.4 Calculation of the distribution curves
The cumulative percentage mass fraction distribution curve, S(M), is obtained by summing the

normalized interval areas. S(M) shall be taken as the sum of all areas between the low-molar-mass
evaluation limit and the point of intersection of the distribution curve and the abscissa M; - see

Formula (8):
2’}1 1(h1 1+h] )/
Z;ﬂhi

where j = 1 at the low-molar-mass end of the curve and j = n at the high-molar-mass end of the curve.

S(Mi)=

%100 (8)
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The form of the differential distribution curve, W(M), depends on the abscissa chosen. This plot of
relative frequency of molecules, W, versus log;,; M requires the use Formula (9) or Formula (10) to
calculate, W, from the net chromatogram with the abscissa V, or ty:

W (log,,M; )=(-1) i e (9)
0810M; )=(—1)X X
2" n. | dlog M ;

j=1J
or

h, dt

W (loggyM—y=f=1)x n' v( R \ (10)
z ' k dlog,,M }I.

j=117
i.e. the nofmalized net chromatogram height is multiplied by the negative reciprocal off the first
derivative pf the calibration curve.
12 Precision
12.1 General
The precis]on of this method has been determined in several round-robin experiments (see Annex ( for
details).
If individual samples interact in a non-ideal manner with the surface of the column packing material -
as describgd in 5.4 - the standard deviations can increase to a multiple of the values given.
12.2 Repeatability
Repeatabiljty is, according to ISO 5725-1, the precision of a set of test results obtained by a standardjzed
method calrried out under conditions that are as-constant as possible, i.e. at short intervals in|the
same placq (in the same laboratory) by the same operator using the same equipment. The following
repeatability standard deviations, o,, were determined as a percentage of the measured values:
— for M Jor = 3 % (mass fraction);
— for M} or = 2 % (mass fraction);
— for M, )or = 3 % (mass fractien);
— for M YM,, or = 2 % (mass fraction);
— for MJor = 2 % (fass fraction).
12.3 Reproducibility
Reproduc1 [ s—according to ISO 5 C-1 the precision of g set of test results gbtained under
comparable conditions, i.e. on the same sample material in different laboratories by different operators

using different equipment but according to the same standardized method. The reproducibility
standard deviations, oy, for parameters such as M, M, referred to in 11.3 were on average 12 times
greater than the repeatability standard deviations o, given in 12.2.

NOTE Reproducibility is critical for anionic polymers as the history of the column affects the result
significantly.
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13 Test report

13.1 General

The test report shall contain the following data with a reference to this document; it shall be necessary
to give the data according to 13.2 only once per series of samples analyzed under the same conditions.

Those items marked with an asterisk (*) shall only be documented in the laboratory but need not
necessarily be stated in each test report.

13.

13.2

a)
b)
‘)
d)

e)
f)

d)

.2.2 Calibration

2 eneral data on the equipment and settings

.1 Data on the equipment used

eluent, inert gas and degassing of the eluent and, if applicable, additives to theeluent;
* pump;

* injection system;

separation columns (manufacturer, separation material, pore size type, separation rang
dimensions and sequence of columns used);

low-molar-mass exclusion limit specified in 11.2.3 together with the reason for the spec

* number of theoretical plates per metre of the column combination in the GPC appa
asymmetry of the plate-count peak, separation-gfficiency according to 5.4, b) in the
maxima of the samples analysed;

column temperature;
* means of maintaining this temperature;

* detector (measuring principlestype, cell size);

* full descriptionofthe method used for fitting the calibration curve to the measured v4

* typical precision data characteristic of this fitting method (e.g. sum of the squares of
correlationscoefficient, mean error in the individual measurements);

* any<assumptions made (e.g. extrapolation of the calibration curve, boundary cong
additional nodes in spline constructions, weighting of individual values);

Fe, number,

fication;

fatus used,
hrea of the

* data acquisition and evaluation hardware and software: manufacturer, type, version number.

lues;

the errors,

itions and

Xk =1 1 " . e Fa | 1.1 d 1. e h Fa— i | dl e - 4=l L1l
LIIC VAIUTS USCU LU LUIISLIULT LT LAIIDI ALIOIT CUl ve, TISLCU T d LdUIT UldU g1VES LT TUIL
for each calibration point:

— designation of the calibration standard;

— manufacturer of the calibration standard;

owing data

— characteristic values M, M, M,, and M,/M,, given by the manufacturer or determined

subsequently, with detalfs of the method of determination;
— concentration of the injected solution, in mg/m];
— injection volume, in pl;

— Mp value used for calibration;

© IS0 2020 - All rights reserved
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13.2.3 Evaluation

a)

b)

‘)
d)

13.3 Speg¢ial data on the sample

a)
b)

‘)
d)

e)

f)
g)

h)

j)
k)

14

— ki

nd of internal standard, if used;

— elution volume V,, in ml, measured at the peak maximum;

— M, value calculated for the peak maximum, in g/mol;

— percentage error, given by

M

p,calibrationvalue — M p,calculated

x100.

* for ey

for an

detailq of direct or indirect smoothing measures;

* detaills of co-addition of repeat analyses, if carried out.

description of the product tested;

type o

* results of the determination of non-volatile comp@nents, if carried out;

samplg¢ preparation (pretreatment, form in which weighed, dissolution procedure, purificatio

the inj
any in
analyt

testre

The mplar mass averages-M,, M, (M,,/M,)cpc and, optionally, M,, M,,;, M, or M, shall be g

M p,calibration value

ncompletely evaluated polymer peak: indication of evaluation limits;

F sample;

bction solution);
oluble polymer components observed in the sample;
cal parameters: injectionvolime, in pl, injection concentration, in mg/ml;

sults:

Faluation on the basis of time: description of the measures adopted to ensure the ¢onstancy
and rgpeatability of the flow rate between the calibration and sample analyses (e.g) metho
correcfion, standard);

 of

h of

ven

individually for each.chromatogram determined. If M, has also been calculated, the Mark-Houwink

coeffid
for the

All and
that th

ient, a, usedshall be stated. If known, the repeatability standard deviation shall be st{
GPC apparatus used to investigate the particular polymer class.

e values obtained are not absolute molar mass values but “pullulan molar mass equivale

lyses-conducted on samples in which the polymer is not 100 % pullulan shall include a $ote

ted

ts”.

Distribution curves: the distribution curves found (differential mass fraction against log;, M or
cumulative % mass fraction against log;, M) shall be enclosed as a table or a figure.

raw chromatogram with base line and evaluation limits;

any observations that indicate that the ideal GPC separation mechanism is overlaid by other effects;

test co

nditions that deviate from those given in this document;

date of the test.
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Annex A
(informative)

Conversion of experimental parameters for variant column sizes

The numerical values for the flow rate, injection volume, injection amount and cell volume given in this

dOC maantrafarto coliumne of 2 cio0 Af 20 1o
A +5H4e HH

7 i (raforrad o ~c rafaraneca colipyan) 1€
Hehtrerer—+e-cortHhisor O+-oo-+F

78-mm-{referred-to-asreference-cotmn)tthe column
sizqg differs from this value, the experimental parameters need to be adjusted (see Table A\1)

For|optimum separation efficiency, the linear flow speed shall be equal. The volume flow rate F;, in ml/
mir], can be calculated using Formula (A.1):

D, ¥
— 1
F; =F, x( J (A1)

2

whére

F, is the volume flow rate of the reference column, in ml/Anin; F, = 1 ml/min;

D, is the diameter of the column used, in mm;
D, is the diameter of the reference column, in mny, D, = 7,8 mm.

For|the conversion of the elution volume, injectienh amount and cell volume, the pore volune shall be
conkidered. The injection volume can be converted using Formula (A.2):

p, ¥ L,
F =FX| — | X— (A.2)
D, L,

whegre

L; isthe length of the(Column used, in cm;

L, isthelength of'the reference column, in cm; L, = 30 cm.

Table‘A.1 — Experimental parameters referring to the size of the column

Maximum injection | Maximum injection
Volume flow rate volume for the amount for the |Maximur injection
bize/of column determination determination volume fpr the test
F
of the number of of the number of | sample pler column
mm x mm ml/min ul ug ul
50 x 20 6,25 20 20 100
300 x 8,0 1,0 20 20 100
300x 78 1,0 20 20 100
150 x 7,8 1,0 10 10 50
250 x 4,6 0,35 10 10 50
250 x 42 0,25 5 5 25
250 x 32 0,15 3 3 15
250 x 22 0,05 1 1 5
a2 Toreduce peak-broadening effects, columns of this size require a micro-cell in the detector used.
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Annex B
(informative)

Example of a data sheet for a polymer standard

Quality certificate

Polymer tylpe: Pullulan
Lot No: p-50
Molar-mass distribution
Y

2,25

2 -

1,75 |

1,5

1,25

1 -

0,75 |-

05 |

0,25 |-

0’5 1 L L - 1 1 1 Ll 1 1 Il | 1 1 | Il

1€ 1e* 1e° 15 X

Key
X molar rhass
Y W(logM)
Parameters
Sample corcentratien 2,97 g/ml Injection volume 100 pl
Solvent 0,1 M NaNO4 Flow rate 1,00 ml/min
Columns Suprema 10 im 100 A/T0e3 A/TU0e4 A Temperature 75°C
Data acquisition PSS WINGPC 6.2 Operator Name of the
software operator
16 © IS0 2020 - All rights reserved
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Polymer characteristics
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Detector M, M, M, D(M,,/M,)
Da Da Da
Shodex RI-71 47 300 44600 45900 1,06

D: polydispersity
M, : number-average molar mass
M_: molar mass at peak maximum

M, mass-average molar mass

© IS0 2020 - All rights reserved
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Annex C
(informative)

Explanations

Information related to Clause 1 — GPC analysis of polymer samples with M,, values > 10 g/mol

The docunjent is not applicable to samples with M,, values greater than 10° g/mol. To avoid interfergnce
from viscops fingering when the injection solution is diluted in the first column, the injectionsolutjons
of high-molar-mass samples shall be diluted to a concentration of about 0,03 g/1. To obtain ah|adequate
detector signal in spite of this, the injection volume can be increased by a factor of 2 to 30Samples of
such high mnolar mass are expected to dissolve more slowly.

To avoid d¢gradation by shearing, the volume flow rate shall be reduced by a facter of 3 to 5 or coafser
separation|materials with particle sizes in the range of 20 pm to 36 um shall beused.

These measures demand improved temperature control over the separation"columns, the connecfing
capillaries|and the detector. As the detector still gives a relatively weak sighal, it may be necessarfy to
use both adetector and data acquisition equipment that are more sensitive than normal.

If it is intennded to compare the GPC results for samples of this type between different laboratories|the
measuring|conditions shall be agreed upon.

Informatipn related to Clause 4

The main fifferences between the GPC method described here and the analysis of low-molar-njass
compound} by liquid chromatography lie in the separation material used (see 5.4) and the calibration
and evaluaion (see Clauses 7 and 11).

The elutionp volume V, for a molecule of sizex.is-given by Formula (C.1):
V, =Vo|+ K XV, c.n

where

Vo is the volume of mebile’'phase in the column between the particles of separation material, ife.
the void or interstitial volume;

is the maximwm accessible internal volume, i.e. pore volume of the separation matrix;

K, 1is the preportion of the pore volume accessible to molecules of size x.

K, and thyisTV, are functions solely of the coil size of the molecules to be analyzed under|the
conditions given.

Information related to 5.4 — Occurrence of shoulders/minor peaks in the differential
distribution curve

If shoulders or minor peaks occur on the flanks of the differential molar mass distribution curve of
a sample, this particular form of curve is not necessarily a property of the sample. Such effects can
also be caused by the combination of separation columns with major differences in total pore volumes
or pore volume distributions. In theory, a change of this type should manifest itself as a kink in the
calibration curve: however, with the number of plotted points per M-decade specified in this document,
it can easily be overlooked. Further, the mathematical functions that exist to describe calibration
curves in current commercially available GPC evaluation software are usually not capable of adapting
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