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Foreword

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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex]
expression
World Tra

5 drawn to the possibility that some of the elements of this document may.be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence to
le Organization (WTQO) principles in the Technical Barriers to Trade (TBT) see www

.org/iso/foreword.html.

This docun
chemical pr

This third
technically

— public

hent was prepared by Technical Committee [§O/TC 61, Plastics, Subcommittee SC 5, Phys
operties.

edition cancels and replaces thessecond edition (ISO 16014-2:2012), which has b
revised. The main changes compared to the previous edition are as follows:

htion dates of references have been removed;

— molecylar mass has been change-to molecular weight according to [UPAC rule.

A list of all

Any feedba
complete i

parts in the ISO 16014)series can be found on the ISO website.

ck or questions-on’this document should be directed to the user’s national standards bod
sting of these)bodies can be found at www.iso.org/members.html.

are
the
the

t of
s of
| /or

not

And
the
.iso

cal-

een

y. A

© ISO 2019 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=b0027d706f6403f9f976d707266e58b3

INTERNATIONAL STANDARD

ISO 16014-2:2019(E)

Plastics — Determination of average molecular weight
and molecular weight distribution of polymers using size-
exclusion chromatography —

Part 2:
Ui teatit . thod -

For

Scope

if document specifies a method for determining the average molecular weight and the
ight distribution of polymers using size-exclusion chromatography (SEC). The average
ight and the molecular weight distribution are calculated using a uniyversal calibration cu

he conventional calibration curve.
E This test method is classified as a relative method as deséribed in ISO 16014-1, but

hbsolute values. For details, see the Annex A.

Normative references

following documents are referred to in theext in such a way that some or all of th
Ktitutes requirements of this document. Fgry dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

472, Plastics — Vocabulary

16014-1, Plastics — Determination of average molecular weight and molecular weight dis
rmers using size-exclusion chrematography — Part 1: General principles

16014-3, Plastics — Determination of average molecular weight and molecular weight dis
rmers using size-exclusion chromatography — Part 3: Low-temperature method

16014-4, Plastics.>"Determination of average molecular weight and molecular weight dis
rmers using sizé-exclusion chromatography — Part 4: High-temperature method
Terms.and definitions

thé purposes of this document, the terms and definitions given in ISO 472 and in ISO 160

molecular
molecular
"ve instead

the average

pcular weights and molecular weight distributions calculated by-thie method are equal to, or nealrly equal to,

Pir content
pplies. For
[s) applies

tribution of

tribution of

Fribution of

14-1 apply.

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

4

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

IEC Electropedia: available at http://www.electropedia.org/

Principle of universal calibration method

In ISO 16014-2, the experimental SEC procedures are the same as in ISO 16014-1, ISO 16014-3 and
ISO 16014-4, but the molecular weight M; at each elution time is calculated based on the universal
calibration method. According to the theory, this method provides values for the average molecular
weight and the molecular weight distribution that are equal to, or nearly equal to, the absolute values.

© IS0 2019 - All rights reserved
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According to theory, the size of a polymer in solution, the hydrodynamic volume, Vy, is proportional to
the product of the intrinsic viscosity [1] and the molecular weight M as given by Formula (1):

[n]e<Vh /M —[n]MeVy

M

In SEC, many random-coil polymers, regardless of their chemical structure, degree of branching,
composition or tacticity, follow the same relationship, in which the retention time is proportional to the
product of [n] and M under the specific experimental conditions, including the column system, solvent
and temperature. The relationship between the logarithm of [#]M and the elution time is called the
“universal calibration curve”, and the SEC technique for the determination of average molecular weights

and molecplar weight distributions using this calibration curve is called the "universal calibrafion
method”.
As a first step, the universal calibration curve, retention time t versus the logarithm of [n]M; is'prepqred
using polyrer standards with narrow molecular weight distributions and the Mark-Houwink-Sakurada
equation shown in Formula (2):

[n] =M ©)
where the pubscript “s” denotes “polymer standard”.
Direct measurement of [n]s is also possible.
In the next step, the molecular weight M; at each retention time.t; is calculated using the univefsal
calibration|curve shown in Formula (3) and the Mark-Houwink-Sakurada equation shown in Formulg (4)
for the polymer sample:

[n]=KMm" 3

a+l

[n],; Msi=[n]; M; =KM, (4)
Again, dirgct measurement of [n] is possible:
Lastly, the|average molecular weighityand the molecular weight distribution are calculated from|the
molecular weight M; and peak height H; at each retention time, using the formulae given in 9.2,(9.3
and 9.4.
For additignal informationfen‘the universal calibration curve and the use of a conventional calibration
curve baseld on universal'calibration theory, see 9.1 and A.2.1.
For additignal informgdtion on the intrinsic viscosity [n], see A.2.2.
The valueg of K’and a in the Mark-Houwink-Sakurada equation for several polymers are given in
Annex B.
5 Reagents

According to ISO 16014-1.

6 Apparatus

According to ISO 16014-1.

7 Procedure

According to ISO 16014-1.

2
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Data acquisition and processing

According to ISO 16014-1.

9

Expression of results

9.1 Preparation of universal calibration curve

The umversal callbratlon curve is prepared by plottlng the logarlthm of [17]SMS agalnst the elution time

for g

the

For

For
use

Formulae (5) and (6).

1g([n], My )=49+A4;t

Ig([n], My)=Ag +A4;t+ 4,67 + 45t

whgre
[mls is the intrinsic viscosity of the polymer standard eluting at time ¢;
M is the molecular weight of thé polymer standard eluting at time ¢;

An

Ag, A1, A2, A3 are the coefficients;

t is the elution time:

volume Ve (Ve =t - Q where Q isithe flow rate).

9.2
Cal

Calculation of average molecular weight

Mark-Houwmk-Sakurada equatlon or measured d1rect1y under the spec1flc elutlon cond'

ions.

information on the molecular weights of commercially available polymer standards) see [0 16014-1.

the expression of the universal calibration curve, polynomials containing ter’s up to t3|are widely
H. The addition of subsequent higher-power terms might improve the fit ofcthe calibratior] curve. See

(5)

(6)

pxample of a universal calibration curve is shown in Figure 1. Elution time can be replaced by elution

ulate the molectdar weight M;j of the polymer sample at elution time ¢; using [1]s iMs i at ejution time

ti and K and a inrthe' Mark-Houwink-Sakurada equation or [5] determined for the polymer sagmple from

For|

mula (9).
[n]=KM? (polymer sample)

(7)

(1], s =[], M; =KM;™"

:([n]S,i M, /K)l/(a+1) =([77:|S,l. Mg, )/[77],'

(8)

9

Calculate the signal intensity, Hj, at each elution time, t;, using the corrected test sample chromatogram
for which the baseline and the calculation range have been determined as specified in ISO 16014-1.

©IS

02019 - All rights reserved
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Figure 1 — Universal calibration curve

The average molecular weight and the polydispersity can bercalculated from the values of molec
weight, Mj and signal strength, Hj (see ISO 16014-1).
9.3 Differential molecular weight distributioi curve
According fo ISO 16014-1.
9.4 Cumulative molecular weight distribution curve
According fo ISO 16014-1.
10 Precision
As the slofje of the calibration curve for the sample polymer is almost equal to that of the calibra
curve for the polymer.standards, the precision of this test method is expected to be almost the sam
that given |n ISO 16014-3 and ISO 16014-4.

11 Test l[eport

ilar

[ion
ke as

11.1 General

According to ISO 16014-1.

11.2 Apparatus and measurement parameters

According to ISO 16014-1.

© ISO 2019 - All rights reserved
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11.3 Calibration of the system

11.3.1 Information on the molecular weight standards

According to ISO 16014-1.

11.3.2 Calibration curve

Include a copy of the universal calibration curve itself or, if a conventional calibration curve was
prepared based on the universal calibration curve, a copy of the conventional calibration curve.

11.4 Results
Accprding to ISO 16014-1.

© IS0 2019 - All rights reserved 5
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The unive
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measurem

and molecylar weight measurements on the fractions.
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A.2 Priq
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In the univ
and utilize
molecular

Instead of
against t

derived fro
weightis g

Annex A
(informative)

Supplementary information

sal calibration method was introduced into SEC by Benoit et al.[1] in 1967. The metho|
e concept that a universal calibration quantity [n]M is related to the hydrodynamic voly
kxperiment, when Ig([n]M) is plotted against the elution time t or elution volume V the res
hndom-coil polymers lie on the same curve, the universal calibration curve. THherefore, iff
alibration curve is prepared using polymer standards, such as polystyrenejxand poly(me
ite), with a narrow molecular weight distribution, the absolute equivalent molecular we
hlar weight distribution for a polymer sample can be calculated using the Mark-Houw
quation.

d will not provide correct results if there is any interaction between the polymer sample
packing material. Also, the method will be unreliable if there is long-chain branching
not constants throughout the molecular weight region ‘ef interest. Even in these situati

bility of the method, either directly using SEC combined with viscosity or light-scatte
ents or indirectly through SEC fractionation followed by intrinsic viscosity measureme

D14-1 for further explanations on the limitations of SEC.

iciple of universal calibratioivmethod (see Clause 4)

ibration curve

ersal calibration method, the universal calibration curve of lg([n]sMs) against t is prepd
d for the calculation of,molecular weight, where [n]s, Ms and ¢ are the intrinsic viscosity,
veight and the elutientime, respectively.

sing the universal calibration curve, a conventional calibration curve in which 1gM is plo
ay be prepared and used for calculations. In this case, M is calculated using Formula (

d is
me.
ults
the
thyl
ght
nk-

and
and
bNS,

ne method might show good reproducibility. It is the responsibility of the user to deternpine

[ing
ents

red
the

ted

h.4)

1lar

Polym¢

m Formula{A.1) to Formula (A.3). The relationship between intrinsic viscosity and molec
ven by-thé Mark-Houwink-Sakurada equation:
2 standard:[n]q =K M’ (

\.1)
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Polymer sample:[n|=KM“ (A.2)

At the same elution time:

[n], Mo =[n]m (1.3)
Therefore
Igl\/l— 1 Ig(£\+1+as lgM (A.4-)
1+a " K | 1+a >
where
Msand M are the molecular weights of the polymer standard and the palymer sample, re-

spectively;

[n]s and [n] are the intrinsic viscosities of the polymer standard and the polymer sample, re-
spectively;

Ksand K are the constants in the Mark-Houwink-Sakurada equation for the polynier stand-
ard and the polymer sample, respectively;

asand a are the exponents in Formulae (A.1) and (A.2).

In addition, Formula (A.6) may be used to prepare a more accurate calibration curve whicll includes a
correction for the effect on the intrinsic viscosity [p]‘0f the interaction between polymer and solvent.

Mg[n]. /f(es)=M[n]/f(e) (A.5)

whére

f(es)=1-2,63¢, +2,86¢,*
gs=(2a5-1)/3

as peing the exponentin Formula (A.1);

and|

f(e)=152,63¢ +2,86¢*

g=(2a-1)/3

a being the exponent in Formula (A.2).

lgM=—1 1g[K5f(8) ]+1+as lgM, (A.6)

1+a °| Kf(eg) | 1+a

© IS0 2019 - All rights reserved 7
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A.2.2 Intrinsic viscosity

As pointed out in Clause 4, the relationship between molecular weight M and intrinsic viscosity [n] is
essential in the application of the universal calibration method. The definition of intrinsic viscosity [1]
is given in Formulae (A.7) and (A.8):

I:n:lzcli_l;%(nsp /C)

or

(A7)

[n]=1
c
where

/ rel

/sp

C

(M7 7C)
0

s the relative viscosity, defined as (viscosity of solution)/(viscosity of solvent);
s the specific viscosity, defined as [re| - 1;

s the concentration of the polymer solution.

Experime
provides t

A.3 Prej

Instead of
universal
calculated

For the ex
expression
to t3 are
calibration

IgM = 4

1gM = 4

where

M

Ao, A1,

tally, the extrapolation of the /sp or [re| data for several concentrations to zero concentra
e value of [n].

paration of universal calibration curve (see9.1)

the universal calibration curve described in 9.%,\a conventional calibration curve based
alibration theory may be prepared. The molecular weight of the polymer sample is {
using Formula (A.4) or Formula (A.6).

shown in Formula (A.9) or Formula (A.10). Especially polynomials containing terms
Fidely used. The addition of subsequent higher-power terms might improve the fit of

curve.

Iy + At (
lo + At + At + AL Al
o +41 2 3 (

issthe molecular weight of the polymer sample eluting at time ¢;

Ao,-A3 are the coefficients;

\.8)

[ion

| on
hen

bression of a calibration curve based dn’universal calibration theory, use the approxinpate

up
the

\.9)

10)

is the elution time.

is the molecular weight of the polymer sample eluting at time ¢;
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