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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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Gel permeation chromatography (GPC) —

Pa

rt 2:

N,N-Dimenthylacetamide (DMAC) 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.

1

Thip document specifies the determination of the molar-mass distribution and the ave
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s values M, (number average) and M,, (weight average) of polymeps'that are soluble in [
ethylacetamide) by gel permeation chromatography (GPC).

E Also known as size exclusion chromatography (SEC).

e. It is the
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Evepn though the chromatograms obtained show good repéatability, it is possible that this method

canpot be used with certain polymer types because of spegific interactions (e.g. adsorption)
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ple/eluent/column system.

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

5 document includes no correction method (e.g. for the elimination of peak broadening).
ar mass values are required, ansabsolute method (e.g. membrane osmometry for
tering for M,,) can be used.

Normative references
following documents; in whole or in part, are normatively referenced in this docume
spensable for its application. For dated references, only the edition cited applies. Fq
1513, Pajnts and varnishes — Examination and preparation of test samples

4618;-Paints and varnishes — Terms and definitions

rences, the latéstedition of the referenced document (including any amendments) appligs.

within the

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

If absolute

1, or light

nt and are
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wn

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

3

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

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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31
gel permeation chromatography
GPC

separation of molecules, mainly based on exclusion effects such as differences in the 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 peak
signal peculiar to the gel permeation chromatography (3.1) using a refractive index detector

but of the oyerall system.

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

4 Pringiple

The dissolped (molecularly disperse) molecules of a polymer sample are fractionated on a por
column m4terial, with separation taking place according to the size of the molecule (or, more precis
the polymgr coil size which forms in this eluent). Small molecules diffuse‘into the pores of the coly
material more frequently and are therefore retarded more than largemolecules. Thus, large molec
are eluted farlier, small molecules later. Under the test conditions‘given, the elution volume is sold
function off the coil size of the molecule.

The polynler content of a sample is determined, the sample is then diluted with eluent to giy
concentratjon of less than 5 g/1 and an aliquot of the diluted-sample is injected into the GPC system.
concentratjion of the molecules eluted from the columnissmeasured in order of decreasing coil size {
a concentration-sensitive detector (typically a differential refractometer). With the aid of a calibra
curve that has been determined for the particular.GPC system, the relative molar-mass distribution
relative quantities M, and M, and the heterogeheity or polydispersity M,,/M, are calculated from
chromatogjram obtained.

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

All the compponents which edme into contact with the eluent or the sample solution shall be resis
and shall npt exhibit adserption or memory effects in any form.

The eluent|described in-Clause 6 can cause corrosion in the case of long-term use. For this reason,
necessary that high>quality steel or titanium is used for all components and that the individual mod
are connedted t@:0one another by means of capillary tubes made of high-quality steel or titanium.

ry: These signals appear at the total penetration limit of the columns and are not part of the sanlple,
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Figure 1 — Block diagram of a GPC apparatus
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5.1 Eluent supply

The eluent reservoir shall adequately protect the eluent against external influences such as the
atmosphere and light, if necessary by means of a blanket of inert gas above the liquid level.

The eluent reservoir shall contain a sufficient quantity of the eluent to bring the apparatus to
equilibrium and to carry out several repeat analyses.

The eluent shall be degassed either before it is introduced into the reservoir, or by use of a device fitted
between the reservoir and the pump, to prevent malfunctions of the pump or the formation of bubbles
in the detector. The method of degassing used (e.g. bubble trap, online purging with helium or vacuum
deghssing] is open to choice.

5.2| Pump

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

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

5.3| Injection system

Thq injection system serves to introduce a given amount ofth& sample solution into the eluent stream
in alrapid and smooth fashion. This introduction may be catried out either manually or automatically.

If the introduction is carried out manually, ensure thatthe sample loop is filled completely with solvent
bef:[lre loading with the sample.

Memnory effects from previous sample solutions in the injection system shall be avoided by design
megsures or by adequate flushing.

5.4| Separation columns

The apparatus shall have one orumore columns connected in series and packed with spherjcal porous
material, the diameter of the peres corresponding to the size of the polymer molecules being analysed.

Theg packing material typically consists of a styrene/divinylbenzene copolymer (S/DVB), produced by
a special polymerizationprocess, which swells only slightly in the eluent and therefore canhot deform
under the pressure deyeloped at the flow rate of 1 ml/min that is usually set.

In addition to thes€ macroporous spherical S/DVB particles, packing materials based on other organic
moa]mmers or-ofn silicon dioxide (silica) are also used. The criterion for their use is that no[adsorptive
intdraction-shall occur between their surface and the polymer molecules in the sample. Fufthermore,
the| sample being analysed shall not be changed, either chemically or structurally, within the
chrpmatographic 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 document.

© IS0 2020 - All rights reserved 3
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For good repeatability of test results, it is necessary to adhere to the minimum requirements specified
below with regard to peak broadening (expressed in terms of a number of theoretical plates) and

separation

efficiency.

a) Number of theoretical plates

The number of theoretical plates, N, shall be determined, for the apparatus used per metre of
column used, from the peak width at half height (see Figure 2). Inject up to 20 pl of a solution
of methyl benzoate (concentration min. 5 g/1) on to the column (see Annex A) and evaluate the
chromatogram obtained under the same conditions as are used for analysing polymers, using

Formu

la (1):

Wi
L

Express as
requireme
per metre.

NOTE N

|74
4% = ><m
W1/2 L

s the elution volume at the peak maximum;

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

the result the number of theoretical plates per metre 6f column length. To conform to

hts of this document, a column combination shall have at least 15 000 theoretical pl

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

Y v

€

1/2

—_
h/2

X elutid

n volume

M

the
htes

Y peak intensity

1 injection

elution volume measured at the peak maximum

W/, 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
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document,
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b) Separation efficiency

To ensure adequate resolution, the log;, M versus elution volume, V,, calibration curve for the

column combination used shall not exceed a specified gradient. For the purposes of this

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

sample under investigation.

V.., -V

eM e,(10xM
X (10<M, ) >6,0
AC
where
Ve, M, is the elution volume for polymethyl methacrylate of molar mass M,, in ¢hibic c
Ve(leM ) is the elution volume for 10 times that molar mass, in cubic centimetr€s;
’ X

A. is the cross-sectional area of the column, in square centimetres;

M, is the molar mass for polymethyl methacrylate; it shall bé Selected in such a v
the peak maximum for the polymer sample under investigation lies approxim
way between these two elution volumes.

5.5| Column temperature control
Carfy out the test at 80 °C. The temperature of the columnshall not change by more than 1 °G
anallysis (see Annex C). The calibration and sample tests shall be carried out at the same tem
NOTE This specification of 80 °C is described in mare detail in Annex C.
5.6 Detector
Use|a differential refractometer detecter, The cell volume shall not exceed 0,010 ml.
NOTE For the restriction to a single-detector type, see Annex C.
If cppolymer samples or polymer blends are analysed, ensure that all the components giv
response factor (ratio of detector signal to concentration of analyte in the eluate or, in
the|differential refractometer, specific refractive index increment dn/dc), i.e. the relation
response factors k; orkfor components i or j respectively is as follows:

k;

0,2<-1<5
ki

If the ratiovof the response factors does not fall within this range in the analysis of a set

ad

the

fferent detector or suitable combination of detectors may be used. If it is intended t

bf samples,
0 compare

results obtained by different laboratories for such a set of samples, the type of detec

or shall be

agreed upon. If a different detector is used, the reasons for using it shall be stated in the test report. 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. As the noise level is influenced by variations in pressure, temperature and flow rate,
particularly in the differential refractometer, suitable measures are to be taken to maintain a constant
temperature and to damp out pulses.

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

© IS0 2020 - All rights reserved
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6 Reagents

A solution of 5 g/l water-free lithium bromide LiBr in N,N-Dimethylacetamide (DMAC) [analytical
quality, water content < 0,3 % (mass fraction)] is used as the eluent. DMAC is hygroscopic; the elution
volume can depend on the water content of the eluent for individual polymers for conditions that are
otherwise the same. The water content of the eluent shall not differ by more than 0,1 % for all analyses
with an apparatus that are to be compared with one another — including calibration analyses.

Discard the eluent used to condition the columns or to perform the analyses, and do not return it to the

eluent reservoir.

7 Calibration of the apparatus

7.1 General

The methdd is not an absolute one and requires calibration with commercially avdilable unbrandhed
polymethyl methacrylate standards that have been characterized by independent-absolute methpds.
The results for samples of polymers with different chemical structures are therefore only comparable
within grofips of samples of the same type.

Calibrate the GPC apparatus with a series of unbranched polymethyl methacrylate sample$ of

narrow meolar mass distribution (see Annex C) and whose molar masses have been determined

independe
unbranche

t, absolute methods. The result is a calibration curve fér the evaluation of GPC analyséd
d polymethyl methacrylate samples. If this calibrationcurve is used to analyse samplé

other compositions, containing molecules with other structureés; the results shall be expressed as

by
s of
s of
the

“polymethyl methacrylate molar mass equivalent”.

7.2 Spegification for the calibration standards

NOTE The requirements for polymethyl methaerylate calibration standards are identical with|the
characteristics required in ISO 13885-1 for polystyrene standards.

The molarfmass distribution of the standards shall be narrower than the limits given below gs a

function of

the molar mass at the peak maximum, Mp:

M, <1000 g/mol M, /M, <1,3

1000 g/mol < M52 000 g/mol M, /M, <1,2
2000 g/mol <-M,)< 400 000 g/mol M,/M, <11
400000 g/mol < M, M, /M, <1,2

The empi

i
at halfhei4

hthefore and after the perpendicular through the peak maximum, shall lie in the range

cal peak-asymmetry factor for each chromatogram, calculated from the peak widths A afd B

é=1,00J_r0,15
B

(4)

The widths A and B shall be determined from electronically acquired data on peaks defined by at least
60 measuring points.

The following minimum requirements shall be fulfilled in the characterization of each individual
polymethyl methacrylate standard used for calibration:

a) atleast one average molar mass value, M, M, or M,, shall be determined by an absolute method;

b) atleast one method shall be used to determine the molar-mass distribution;

© IS0 2020 - All rights rese
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c) all the parameters involved in the method used shall be indicated;
d) theresults and data for each batch analysed 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.

To the extent that they are available, the calibration standards shall only contain H atoms as end groups

hrati-eneds: re—eatibration—standardsinthedow-melar-ms ange—are-Separated—surh that the
peaks of the individual oligomers can be recognized, their actual molar mass, including\.tle terminal
grolips, shall be included in the calibration curve.

7.3| Preparation of the calibration solutions for injection

Shake the calibration standards in the eluent at ambient temperature as‘specified in 9.1 Store the
solytions at ambient temperature.

Filter the solutions manually through a 0,2 um to 0,5 um membrane filter. If the filter shows signs of
blo¢king, the solution is unsuitable for calibration purposes.

Thq solutions shall be used within 48 h.

Sevpral calibration standards may be injected and analysed at the same time, as long as al| the peaks
arelseparated down to the baseline.

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

M, <50 000 g/mgl 1,0 g/1
50 000 g/mol < M, < 106:g7/mol 0,5g/1
108 g/mol < M, 0,1g/1

Theg quantities injected in the-¢olumn shall be matched to the capacity of the column by adjusting the
injection volume and not-the’concentration. The injection volumes determined in accordange with the
reqpirements of Clause-10’shall be used both in calibration runs and in sample analyses.

7.4] Conditionsfor calibration runs

The conditiens'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 elution volume, V,, shall be measured from the start of injection to the point on the baseline at
which the peak reaches its maximum height. In determining this point, a baseline drift of 5 % of the
peak height, measured from injection to after the system peaks, is acceptable. If the drift is greater or
the baseline is unsteady in the area of the peak, the analysis shall be repeated.

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.

© IS0 2020 - All rights reserved 7
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The column combination shall be put together in such a way that the system peak at an elution volume
for M = 600 g/mol of the polymethyl methacrylate as calibration polymers has dropped below the limit
defined in 11.2.3 and the polymer peak up to this elution volume can be evaluated in a true manner.

NOTE See Annex C for details.

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 may be fed into a computer or recorded in the form of a table or in the
form of onf Or MoOTE regression cUrves. 1 Ney shatt be available at all times in the form of nard copy for
direct chedking. Since the evaluation of the chromatograms involves their conversion into differeijtial
distributiopn curves in which the reciprocal of the first derivative of the calibration curve js\requjred
(see 11.4), the functional relationship log;y M = f (V, or tg) shall be differentiable.

—n

To check hpw well the calibration curve thus produced fits the measurements, the percéntage deviag
for each calibration point, given by

on

p,caliprationvalue ~ M p,calculated

M

x100

p,calibrationvalue

shall be plptted against V, or tp. Assess from this graph whether the positive or negative deviatjons
are random along the V, or ty axis. Calibration curve fits which exhibittrends in the deviation plot ¢ver
particular [elution ranges are unsuitable. If such distributions of\residuals cannot be improved ufing
the regression models (see Annex C) available in a laboratory,‘the results shall be expected to contain
greater erifors and this shall be stated in the test report.

The test fqr the distribution of residuals need not be ¢arried out on calibration curves obtained by
methods i which the measured points and those of\the calibration curve automatically coincidd, as
is the caselwith a connected series of straight lines and with uncompensated spline algorithms. With
these metHods, other means shall be used to ensure that the calculated calibration curves contaif no
physically l[mpossible areas, e.g. relative extrefme values.

8 Sampling
Take a regresentative sample of the product to be tested, as specified in ISO 15528. Examine pnd

prepare each sample for testing,.as specified in ISO 1513.

9 Preparation forthe test

9.1 Preparation'of the injection solution

Weigh an dliquot of the polymer sample and dissolve in the eluent (see Clause 6) from the reservoir of

the Chrom tagranh in wwhich iticta hao analucad CStora tha colution Af arahiant toamnaratirg
ate g p W E St pBedhHaySea—otoretHe-Sorbdtohdtaiuientremperattte-

The concentration of the injection solution is not an independent quantity. It depends on the total
volume of the column used, and the injection volume. See Clause 10 for details.

Shake the solution at ambient temperature to accelerate complete dissolution and homogenization; in
the case of samples with a mean molar mass of less than 700 000 g/mol, a magnetic stirrer may be used.
The use of ultrasound is not permitted because of the risk of polymer degradation. The use of solution
temperatures >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 may 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

8 © IS0 2020 - All rights reserved
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samples give overlapping solvent 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 analysed 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
if the solution appears clear to the eye, filtration through membrane filters with a pore size between
2 pm 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

outfthat the GPC results refer only to the soluble components. The observations made shallbg described.
The injection solutions shall be used within 48 h.

9.2 Preparation of the apparatus

The apparatus shall be operated under the conditions given in Clause 10. First)pump eluent through the
entjre apparatus until the detector sensitivity required for the analysis falls below the noisellevel given
in 3.6 and the baseline condition specified in 7.5 can be expected to e maintained. At this point, the
anallyses or, if necessary, the control analyses, can be carried out.

10(Analytical parameters

The concentration of the injection solution shall be 0,1 mg/ml to 5,0 mg/ml.

The injection volume shall be matched to the set of ¢olumns used and shall be not more than 100 pl per
(30pP x 7,8) mm column; a total value of 250 pl shall not be exceeded (see Annex A).

With narrow molar mass distributions and high molar masses, the elution volume is very gensitive to
the|quantity of polymer injected. If anomalous peak shapes are observed with a particular $gample, the
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ulated M,, value has been reduced\to below 5 %.

reater injection amounts aretnecessary for a particular polymer because of an unsuitab
ponse factor, this shall be mentioned in the test report.

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 pesition in the sequence of injections shall be evident.

en comparing analyses carried out by different laboratories, injections shall be made fr
solutionsthat have been prepared separately.

ddition to the usual GPC evaluation of the chromatograms as described in Clause 1]
hsshall be determined and, if necessary, shall be scaled to the same injection amount. T
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continuous

increase or decrease in the peak areas of consecutive analyses is observed, further analyses shall be
performed until a constant level is reached within the framework of these tolerances. Occurrences of
this kind and other observations that indicate adsorptive interactions between the injected sample and
the surface of the column packing material as described in 5.4 shall be noted in the test report.

NOTE The reason for adding, in comparison to the determination with THF described in ISO 13885-1, this
condition, is described in more detail in Annex C.
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11 Data acquisition and evaluation

11.1 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 at least 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 dynanjic range of the detector signal between the smallest detectable value and the highest pealk in
the chromgtogram after subtraction of the baseline shall be at least 1:500.

The raw ddta obtained from the sample and calibration analyses shall be stored for at least one yedr to
permit re-¢valuation, 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 straightline between the zone preceding
the exclusipn limit and that following the last system peak, i.e. zones'in which no elution takes plage in
an ideal GHC separation.

The baseline shall coincide with the detector signal in these zones for at least 10 % of the total analfsis
time, otherwise the results shall be discarded. If deviatiohs from the baseline thus determined |can
be seen in [this interval, the results shall also be rejectedyThe calculations themselves can be madle at
points alorlg the baseline that lie within this range on;the baseline thus determined.

The plot of{the difference between the i-th originalmeasured point and the interpolated baseline ppint
at the samg time between the low- and the high=molar-mass cut-offs is referred to in the following as
the net chrpmatogram.

11.2.2 Cofrection of the measured values and of the net chromatogram

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

Only smoofthing measures,Such as the averaging of not more than five adjacent points or smoothing
measures, [such as arearried out in the interpolation of values for purposes of data compression or
in matchinlg points and-calibration curve matrices, shall be permissible. The necessary compensatory
calculations for a‘point shall be restricted to an interval of less than 0,25 log;, M units. All quch
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 data in 13.3, g) (e.g. co-addition of the chromatograms or
averaging of the molar mass averages). The methods used shall be described in full and the standard
deviations determined and stated.

11.2.3 Evaluation limits

The separation columns and the calibration points are to be selected in such a way that the net
chromatograms of all samples only begin after the first calibration point eluted and that the exclusion
limit is not reached.

The chromatogram is to be evaluated at the low-molar-mass end up to and including the monomer
peaks. Deviations from this are allowed if the low-molar-mass components are only eluated in the area
of system peaks. Before starting the analyses, the start of the system peaks is to be determined by
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means of an injection of the currently used mobile phase. This elution volume is the low-molar-mass
evaluation limit; its value shall be stated in the test report together 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 found
among all participants is the limit.

In an analogous manner, low-molar-mass components are not evaluated if they are only eluated after
the peaks of low-molecular additives (e.g. plasticizers, stabilizers or similar). The justification and
evaluation limits are also to be stated in the test report.

Chrpmmatogramns thatexhibit taiting extending imto the area of systenmr peaks orsotvent 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 integratiennSnormally r¢quired can
be 1leplaced by summations and the curve of the chromatogram can be represernted as a seriep of slices.

It i decided that the individual measured points shall be situated in the/middle of each slife 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.

As the measured points are assumed to be equidistantly spdced, the interval width cancels out in all
thelcalculations shown below and the interval areas can be represented directly by the meapured peak
heights, hi’ for the i-th interval.

The average molar masses shall be calculated using:Fermula (5) to Formula (8):

2111

Number average, M,: M = (5)
>0
z, hl.xMI
Weight average, M,,: M, = 1=1n (6)
Sk
i=11
2 h xM?
z-average, M,: M, - A L (7)

2 h; xM;
=11

h,xM3
(z+1)-average, M,,;: M, , = 2’ =1 (8)

2 i xM?

wheérne

h.

1

is the height of the middle of the i-th interval;

M.

;. 1s the molar mass of the i-th interval.

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

M, is defined as the molar mass, M, at the slice at which the peak height, h, of the net chromatogram is
the greatest.

The repeatability of these average values is expressed either as the standard deviations of repeat
analyses or in terms of values obtained in the past for the GPC apparatus used.
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There is no point in calculating the viscosity average, M, using Formula (9) unless the sample and
calibration polymers are chemically and structurally identical or unless the same Mark-Houwink
exponent, «, applies to both in the eluent used.

1/a
Zl 1h1 XM, a
M, = - 9)

z i:lhi

11.4 Calculation of the distribution curves

The cumu(,latlve 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 (110):

2?:1(hj—1 thy )/2

S(M; )= Z" . %100 10)
j=1]

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

The form pf the differential distribution curve W(M) depends on thé abscissa chosen. This plgt of
relative frdquency of molecules W versus log;, M requires the use of the following equation to calcuflate
W from th¢ net chromatogram with the abscissa V, or ty:

W (log M, )=(-1) d e 11)
oghoM; )=(-1)x [
10" | n h dloglo
j=1J
or
h; dt
W (logloM; )=(~1)x—1—x = R 12)
Sty (o)
]:

i.e. the nofmalized net chromatograi® height is multiplied by the negative reciprocal of the first
derivative pf the calibration curve,

12 Precikion

12.1 General

The precisjon of this'method has been determined in several round-robin experiments (see Annex ( for
details).

Ifd d N aaaaIs iata £ 3 o a0 oo idaal on oo il 1 wfa £ | FEETCETY 1= naat 1_
ln lVl u I oulu}u\.o lll\,\'l CI\,L 1T A 1TITUIT lu\/al lllallll\'l VV lLll CIIcC ouu Idacce Ul Lll\' CUIUIITIT l_l(l\,l\llls lllab\'l a

as described in 5.4 - the standard deviations can increase to a multiple of the values given.

12.2 Repeatability

Repeatability is, according to ISO 5725-1, the precision of a set of test results obtained by a standardized
method carried out under conditions that are as constant as possible, i.e. at short intervals in the
same place (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, 0.=2 % (mass fraction);

— for M,,, 0.=2 % (mass fraction);
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for M,, 0.=3 % (mass fraction);
for M,,/M,,, 0,.= 3 % (mass fraction);
for M, 0, = 4 % (mass fraction);

for the area for Mpy;a <1000, 0,.=14 % (mass fraction).

12.3 Reproducibility

Reproducibility is, according to ISO 5725-1, the precision of a set of test results obtained under

co
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13.

The
tog

Tha

r&parable conditions, 1.e. on the same sample material in different laboratories by differen

dard deviations, oy, for the parameters M, M, referred to in 11.3 were on average-8 tin
h the repeatability standard deviations, o,, given above.

following values were obtained for the reproducibility standard deviationSo} of the fr3
pared with an averaged integral distribution curve divided into 5 % fractions (see A
hils):

in the low-molar-mass range from 0 % to 5 %, oy = 50 %;

in the low-molar-mass range from over 5 % to 20 %, oy = 20'%;

in the range from over 20 % to 80 %, o = 12 %;

in the high-molar-mass range from over 80 % to 95%; o = 20 %;

in the high-molar-mass range from over 95 % te:100 %, og = 50 %.

E The great difference between the repeatdbility standard deviation o, and the reproducibil
ation oy shows that it would be possible to improve the comparability between different lab

eing to standardize additional details currently not covered by this document.

erious source of differences between the individual laboratories proved to be thei
bssment of the high- and low-molar-mass components in chromatograms with a ta
cial attention shall thereforetbe given to 11.2.1 and 11.2.3, particularly in plotting the b
ermining the evaluation limits on a computer, either manually or automatically.

Test report

1 General

test report shall contain the following data with a reference to this document; it shall bg
ive the data according to 13.2 only once per series of samples analysed under the same c

se’items marked with an asterisk (*) shall only be documented in the laboratory by

[ operators
oducibility
les greater

ction sizes
nnex C for

ty standard
ratories by

different
ling peak.
hseline and

necessary
bnditions.

t need not

necessarily be stated in each test report.

13.

2 General data on the equipment and settings

13.2.1 Data on the equipment used

a)
b)

c)

©IS

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

*injection system;
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d) separation columns (manufacturer, separation material, pore size type, separation range, number,
dimensions and sequence of columns used);

e) low-molar-mass exclusion limit specified in 11.2.3 together with the reason for the specification;

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

g) column temperature;

h) * mear ) Uf ula;uta;u;us th;o tbllll.lbl Cltul <,
i) * detegqtor (measuring principle, type, cell size);

j) *datapcquisition and evaluation hardware and software: manufacturer, type, version humber.

13.2.2 Calibration
a) *full description of the method used for fitting the calibration curve to thefmeasured values;

b) * typidal precision data characteristic of this fitting method (e.g. sumf'the squares of the errors,
correlgtion coefficient, mean error in the individual measurements);

c) * any pssumptions made (e.g. extrapolation of the calibration“eurve, boundary conditions pnd
additignal nodes in spline constructions, weighting of individual values);

d) * the values used to construct the calibration curve, listed in a table that gives the following data
for eadh calibration point:

— depignation of the calibration standard;
— manufacturer of the calibration standard;

— chpracteristic values M,, M, M,,-and M,/M,, given by the manufacturer or determined
supsequently, with detaifs of the method of determination;

— cohcentration of the injected-Solution, in mg/ml;
— injection volume, in pl;
— M} value used for calibration;

— kind of internakstandard, if used;

et

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

— M} valug’calculated for the peak maximum, in g/mol;

JE— coantacga arrar aivan hy
vvvvv o e-er ooy ey

M p,calibrationvalue — M p,calculated

M

x100.

p,calibration value
13.2.3 Evaluation

a) *for evaluation on the basis of time: description of the measures adopted to ensure the constancy
and repeatability of the flow rate between the calibration and sample analyses (e.g. method of
correction, standards);

b) for an incompletely evaluated polymer peak: indication of evaluation limits;
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details of direct or indirect smoothing measures;

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

13.3 Special data on the sample

a)
b)
‘)
d)

e)
f)
g)

h)

j)
k)

description of the product tested;
type of sample;

* results of the determination of non-volatile components, if carried out;

sample preparation (pre-treatment, form in which weighed, dissolution procedure,pur
the injection solution);

any insoluble polymer components observed in the sample;
analytical parameters: injection volume, in pl, injection concentration, in‘mg/ml;

test results:

ification of

The molar mass averages M,, M,,, (M,,/M,)¢pc and, optionally, M;; M, ,;, M, or M, sh

Il be given

individually for each chromatogram determined. If M, has alsabeen calculated, the Mark-Houwink
coefficient, @, used shall be stated. If known, the repeatability standard deviation shall be stated

for the GPC apparatus used to investigate the particularpolymer class.

All analyses conducted on samples in which the polymier is not 100 % polystyrene shall include a

note that the values obtained are not absolute mplar mass values but “polymethyl m¢
molar mass equivalents”.

Distribution curves: the distribution curvés found (differential mass fraction against
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 ot
test conditions that deviate'from those given in this document;

date of the test.

bthacrylate

log;q M or

her effects;
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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

document referteo-columns-ofasizeof300-mm

7QQ i (rafarrad o ~c vrafaranecas colyyn) If+ha ~oly
756

size differq from this value, the experimental parameters need to be adjusted (see Table A.1).

T (T CreTr rotrtoT™oT

creromrce-coroTITIT

mn

TT—cIre-coTy

For optimym separation efficiency, the linear flow speed shall be the same. The volume flow rate F}, in

ml/min, cajn be calculated using Formula (A.1):

he diameter of the column used, in mm;

For the

che volume flow rate of the reference column; F, = 1 ml/min;

rhe diameter of the reference column; D, = 7,8 mm;

considered. The injection volume can be converted usiffg Formula (A.2):

the length of the columi used, in cm;

the length of the reference column; L, = 30 cm.

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

(h.1)

comversion of the elution volume, injection amount and cell volume, the pore volume shall be

(h.2)

Maximum injection Maximum injection . S
Volume flow Maximum injecti¢n
. volume for the mass for the [
Size of column rate Lo L volume for the tept
determination of the | determination of the
F sample per column
number of plates number of plates
mm x mm ml/min ul ug ul
50 x 20 6,25 20 20 100
300 % 8,0 1,0 20 20 100
300 % 7,8 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.

16
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Annex B
(informative)

Example of a data sheet for a polymer standard

Quality certificate

Polymer type: Poly(methyl-methacrylate)
Lot[No: mmg22111
Molar-mass distribution

Y

45

4_ -

35 |-

3 .

2,5

2 .

1,5

1 .

0,5 -

0 1 1 IIIIII| 1 L IIIIII L L IIIIII|

1€’ 1e* 1" X

Key
X |molar mass D
Y |W(logM)
Parjfameters
Sanpple concentration 1,00 g/ml Injection volume 20 pl
Solyent THF Flow rate 1,00 ml/min
Collumnis PSS SDV 5 ym 10e3 A/10e5 A/10e6 A Temperature 25 °C
Data acquisition PSS WINGPC 6.2 Operator Name of the
software operator

© IS0 2020 - All rights reserved
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Polymer characteristics

18

Detector M, M, M, DM, /M,)
Da Da Da
Shodex RI-71 8200 7910 8350 1,05
D: polydispersity
M, : number-average molar mass
M_: molar mass at peak maximum
M, : mass-average molar mass
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Annex C
(informative)

Explanations

Information related to Clause 1 — GPC analysis of polymer samples with M,, values > 106 g/mol

Thg document is not applicable to samples with M,, values greater than 10° g/mol. To avoid ilt;cerference
from viscous fingering when the injection solution is diluted in the first column, the injedtion solutions
of }Igh-molar-mass samples shall be diluted to a concentration of about 0,03 g/1. To obtain aph adequate
detector signal in spite of this, the injection volume can be increased by a factor of2 to 3.[Samples of
such high molar mass are expected to dissolve more slowly.

To gvoid degradation by shearing, the volume flow rate shall be reduced by afactor of 3 to § or coarser
seppration materials with particle sizes in the range of 20 pm to 36 pm ghall be used.

These measures demand improved temperature control over the separation columns, the fronnecting
capjllaries and the detector. As the detector still gives a relativelytweak signal, it may be n¢cessary to
use|both a detector and data acquisition equipment that are mete sensitive than normal.

If it|is intended to compare the GPC results for samples ofthis type between different laborftories, the
megsuring conditions shall be agreed upon.

Inf¢rmation related to Clause 4

Theg main differences between the GPC method;described in this document and the analysis of low-
molar-mass compounds by liquid chromatography lie in the separation material used (see 3.4) and the
calipration and evaluation (see Clauses 7 and 11).

Thd elution volume V, for a molecule.ofsize x is given by Formula (C.1):
V, =V, +K XV, (C.1)

where

Vy is the volumeof' mobile phase in the column between the particles of separation material, i.e.
the void efinterstitial volume;

V; is the.nfaximum accessible internal volume, i.e. pore volume of the separation matrif;

K, ,isthe proportion of the pore volume accessible to molecules of size x.

K, pnd thus V, are functions solely of the coil size of the molecules to be analysed|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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