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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Method using light-scattéring detection

hrds
an

tent

cal-

edition cancels and replaces the first edition (ISO 16014 2:2003)., The ' main changes are as follpws:

ular

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=8c7df0be62830d224542d66034584ed5

INTERNATIONAL STANDARD

ISO 16014-2:2012(E)

Plastics — Determination of average molecular mass and
molecular mass distribution of polymers using size-exclu
chromatography —

Part 2:
Uni

sion

mags distribution of polymers using size-exclusion chromatography (SEC). The average molecul3
the molecular mass distribution are calculated using a universal calibration curve instead of the g
calipration curve.

A ligt of documents related to this part of ISO 16014 is given in the Biblijagraphy.

NOTE The concept of the universal calibration method is based on &relationship by which the retentior]
dep¢nds on the size of the polymer molecule (the hydrodynamic volumg) of on the product of the intrinsic vis
the molecular mass M. Many polymers classified as random-coil polymers (regardless of their chemical stru
of bfanching, composition or tacticity) have been experimentally*¢onfirmed as following this relationship. T
caliration curve is prepared by plotting the logarithm of []M against the elution time ¢ or elution volume 7'u
standards such as polystyrene with narrow molecular mass ‘distributions. The molecular mass M; of an unkn|
sample can then be calculated from the value of [n]M at eagh retention time using the universal calibration cu
K arld a in the Mark-Houwink-Sakurada equation ([17] =&¥“ — [n]M = KM“*1), where K is a constant and « is
depe¢nding on the experimental conditions. Therefore-this test method is classified as a relative method as
ISO|16014-1, but the average molecular masses and molecular mass distributions calculated by the method
or ng¢arly equal to, the absolute values.

e molecular
r mass and
onventional

time in SEC
osity [n] and
ture, degree
he universal
5ing polymer
pown polymer
ve and [n] or
an exponent
described in
are equal to,

2 |Normative references

The]| following referenced deocuments are indispensable for the application of this document| For dated
references, only the editiop-cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO|472, Plastics < Vocabulary

ISO| 16014-1:20%2, Plastics — Determination of average molecular mass and molecular mass distribution of
polymers using size-exclusion chromatography — Part 1: General principles

ISO] 16044-3:2012, Plastics — Determination of average molecular mass and molecular mass distribution of
polyniers using size-exclusion chromatography — Part 3: Low-temperature method

ISO 16014-4:2012, Plastics — Determination of average molecular mass and molecular mass distribution of

polymers using size-exclusion chromatography — Part 4: High-temperature method
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 472 and in ISO 16014-1 apply. The
definitions of the various types of average molecular mass are reproduced here for convenience.

Four types of average molecular mass are defined by the following equations, where N; is the number of
molecules of species i of molecular mass M; and «a is the exponent of the Mark-Houwink-Sakurada equation.

NOTE Although the definitions are the same as in ISO 16014-1, the values of M; in the equations are calculated by
using a universal calibration curve as described in Clause 4.

341
number-avierage molecular mass
Mn
}_,(Ni xXM;)
M, = (1)
2N
i=1
3.2
mass-averpge molecular mass
Mw
— 2
‘>_‘(N,-><Ml- )
MW = _=°1 (2)
Z(Ni xM;)
i=1
3.3
z-average molecular mass
Mz
C: 3
j_,(Ni xXM;”)
My = 3)
[~ 2
Y (VX%
i+1
3.4
viscosity-gverage molecular mass
My
- 1/a
Y(Ni XMiaH)-I
M= (4)

i(NiXMi)
i=1

4 Principle of universal calibration method

In this part of ISO 16014, the experimental SEC procedures are the same as in ISO 16014-1, ISO 16014-3 and
ISO 16014-4, but the molecular mass 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 mass and the molecular
mass distribution that are equal to, or nearly equal to, the absolute values.

2 © 1S0 2012 — All rights reserved
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According to theory, the size of a polymer in solution, the hydrodynamic volume V4, is proportional to the
product of the intrinsic viscosity [17] and the molecular mass M as given by Equation (5):

Me< VI M — [NIM =<V,

()

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 [] and
M under the specific experimental conditions, including the column system, solvent and temperature. The
relationship between the logarithm of [n]M and the elution time is called the “universal calibration curve”, and
the SEC technique for the determination of average molecular masses and molecular mass distributions using

this

As a first step, the universal calibration curve, retention time ¢ versus the logarithm of [7]M, is,pre

poly

whe

Dirg

In the next step, the molecular mass M; at each retention time ¢; istealculated using the universa

cur

Aga
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mas

For
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5

See

TH) b H Il (A I H 1 Ll o Ll 12
valioratvulrt CUrve 15 LAdlliCU U1 ulnvelrsal Lallorauult riciriou .

mer standards with narrow molecular mass distributions and the Mark-Houwink-Sakurada equ

[n]s :Ks]\/[sas

re the subscript “s” denotes “polymer standard”.

ct measurement of [7]s is also possible.

e and the Mark-Houwink-Sakurada equation for the polymer-sample:

[n]=KM*
[n]siMs; =INl; M; = KMia+1

in, direct measurement of [#] is possible.

ly, the average molecular mass and(the molecular mass distribution are calculated from th
s M; and peak height H; at each rétention time, using the equations given in 9.2, 9.3 and 9.4.

additional information on thewuniversal calibration curve and the use of a conventional calib
bd on universal calibration-theory, see 9.1 and A.2.1.

additional information‘on the intrinsic viscosity [7], see A.2.2.

values of K and.zin the Mark-Houwink-Sakurada equation for several polymers are given in A

Reagents

IS@ 16014-1:2012, Clause 5.

bared using
ation:

(6)

calibration

(7)

(8)

e molecular

ation curve

nnex B.

6

Apparatus

See ISO 16014-1:2012, Clause 6.

7

Procedure

See ISO 16014-1:2012, Clause 7.

8

Data acquisition and processing

See I1SO 16014-1:2012, Clause 8.

© 1SO 2012 — All rights reserved
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9 Expression of results

9.1 Prep

aration of universal calibration curve

The universal calibration curve is prepared by plotting the logarithm of [n]sMs against the elution time for a
number of polymer standards. The value of [r]s for each polymer standard may be calculated using the Mark-
Houwink-Sakurada equation or measured directly under the specific elution conditions.

For information on the molecular masses of commercially available polymer standards,
ISO 16014-1:2012, Annex B.

For the exp
The additio

l9([n]s A

19([n]s 4

where
[7ls
Ms
Ao, A1,

t

see

ression of the universal calibration curve, polynomials containing terms up to 3 are widelyu
n of subsequent higher-power terms might improve the fit of the calibration curve.

48):A0+A1l‘

1S)=A0+A1I+A2t2+A3f3

is the intrinsic viscosity of the polymer standard eluting at'time ¢
is the molecular mass of the polymer standard eldting at time ¢
4o, A3 are coefficients;

is the elution time.

An exampl¢ of a universal calibration curve is shown in¢Figure 1. Elution time can be replaced by ell

volume V5 (|

For the use

9.2 Calc

Calculate th
Kandaint

[n] = KA

[n]s,iM

e =t x Q where Q is the flow rate).

hlation of average molecular mass

e molecular mass M; of the polymer sample at elution time ¢; using [#]s ;Ms ; at elution time ¢;
ne Mark-Houwink-Sakurada equation or [77] determined for the polymer sample from Equation

/¢ (polymer sample)

ki =[Ml;M; ZKMia+1

M; = (s, M 1K) = (Il M) ),

(10)

tion

of a conventional calibration curve based on universal calibration theory, see A.2.1 and Figur¢ 2.

and
13).

(1)

(12)

(13)

Calculate the signal intensity H; at each elution time ¢; using the corrected test sample chromatogram for which
the baseline and the calculation range have been determined as specified in ISO 16014-1:2012, 8.3.1 and 8.3.2.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=8c7df0be62830d224542d66034584ed5

ISO 16014-2:2012(E)

g([n7]-M)
10 -

12 14 16 18 20 22 24 t

Key
t  Elution time (min)

Figure 1 — Universal calibratiofi-.curve

lgM

12 14 16 18 20 22 24 t

Key

t elutien.time (min)
lgM natural logarithm of the molecular mass

Figure 2 — Conventional calibration curve for a polymer sample
[molecular mass M of polymer calculated from Equation (26) or (28)]

The average molecular mass and the polydispersity can be calculated from the values of M; and H; using

Equations (14) to (18):

My=—E— (14)
D(H; M)
i=1

1

© 1S0O 2012 — Al rights reserved 5
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Z(Hi xM;)
_ =
My, == (15)
24
i=1
S 2
Z(Hi xXM;*)
_ i=1
M, = o (16)
D (11; X M;)
=1
1a
n
Z(Hi xM;“)
_| J=t1
My = F— (17)
24,
i=1
Polydispersity (in terms of M\, and Mp) = My, My, (18)
9.3 Differential molecular mass distribution curve
The differeptial molecular mass distribution curve is preparedby plotting dw;/d(IgM;) against IgM;. W; is
calculated from the following equations:
H.
Ay = (19)
DA
=1
1
w; = AW, X — (20)
1
aw; | _ X dr; 21)
d(lgM; d(lgM;)
where [ is the data acquisition interval, in minutes.
If the sample contains,'‘components of molecular mass < 1 000, draw a vertical boundary line at the goint
correspond|ng to_ M1900.
9.4 Cumplative molecular mass distribution curve

The cumulative molecular mass distribution curve is prepared by plotting the mass fraction C; against IgM;,C;

being calcu

i
=

lated from the following equation:

10 Precision

(22)

As the slope of the calibration curve for the sample polymer is almost equal to that of the calibration curve for
the polymer standards, the precision of this test method is expected to be almost the same as that given in
Clause 10 of ISO 16014-3:2012 and ISO 16014-4:2012.

© 1SO 2012 — All rights reserved
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Test report

11.1 General

See

ISO 16014-1:2012, 11.1.

11.2 Apparatus and measurement parameters

See

ISO 16014-1:2012, 11.2.

11.1

11.3

See

11.3

Incl
on i

11.4

See

3 Calibration of the system

.1 Information on the molecular mass standards

ISO 16014-1:2012, 11.3.1.

.2 Calibration curve

Ide a copy of the universal calibration curve itself or, if a conventional calibration curve was pref
he universal calibration curve, a copy of the conventional calibratiopieurve.

I Results

ISO 16014-1:2012, 11.4.

© 1SO 2012 — All rights reserved

ared based


https://standardsiso.com/api/?name=8c7df0be62830d224542d66034584ed5

ISO 16014-2:2012(E)

A1 Ap

Annex A
(informative)

Supplementary information

plicability of method (see Clause 1)

The univergal calibration method was introduced into SEC by Benoit et all!l in 1967. The method_is. bgsed
on the congept that a universal calibration quantity [n]M is related to the hydrodynamic volume.cin-an
experiment| when Ig([17]M) is plotted against the elution time ¢ or elution volume 7, the results for many ran
coil polymdrs lie on the same curve, the universal calibration curve. Therefore, if the unjversal calibrdtion
curve is prepared using polymer standards, such as polystyrene and poly(methyl methacrylate), with a nafrow

molecular

ass distribution, the absolute equivalent molecular mass and molecular mass distribution

polymer sample can be calculated using the Mark-Houwink-Sakurada equation.

The metho

EC
m_

ra

will not provide correct results if there is any interaction between the’polymer sample and| the

column padking material. Also, the method will be unreliable if there is long-chiain branching and K and 4 are
not constants throughout the molecular mass region of interest. Even in thesé¢ situations, however, the method
might show|good reproducibility. It is the responsibility of the user to detefmine the applicability of the method,
either direcfly using SEC combined with viscosity or light-scattering measurements or indirectly through $EC
fractionatiop followed by intrinsic viscosity measurements and molecular mass measurements on the fractipns.
See ISO 16014-1:2012, Annex A, for further explanations on the.limitations of SEC.
A.2 Principle of universal calibration method (see Clause 4)
A.21 Caplibration curve
In the universal calibration method, the universal calibration curve of Ig([n]sMs) against ¢ is prepared |and
utilized for fhe calculation of molecular mass, where [1]s, Ms and ¢ are the intrinsic viscosity, the moleqular
mass and the elution time, respectively.
Instead of using the universal calibration curve, a conventional calibration curve in which IgM is plotted against
t may be prépared and used for calculations. In this case, M is calculated using Equation (26). The relationghip
between infrinsic viscosity and’molecular mass is given by the Mark-Houwink-Sakurada equation:

Polymer standard: In]y = K M ‘s (23)

Polymer sample: [n] = KM ¢ (24)
At the same elution time:

MlsMg =M (25)
Therefore

1 K 1+a

igM = Ig| == |+ SigM 26

g 1+ag[K] 1+ag s (26)
where

Ms and M are the molecular masses of the polymer standard and the polymer sample, respectively;

© 1SO 2012 — All rights reserved
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[nlsand [n]  are the intrinsic viscosities of the polymer standard and the polymer sample, respectively;

Ksand K are the constants in the Mark-Houwink-Sakurada equation for the polymer standard and

the polymer sample, respectively;

as and a are the exponents in Equations 23 and 24.

In addition, Equation (28) may be used to prepare a more accurate calibration curve which includes a correction

for the effect on the intrinsic viscosity [#] of the interaction between polymer and solvent.

Msnls/ f(es)=Mnl/ f(e)

whe

and

A.2

As |
the

or

re

f(€s) =1-2,63¢ +2,86¢2
e = (2a5 —1)/3

as being the exponent in Equation (23);

f(e) =1-2,63¢ +2,86¢ 2

e =(2a-1)/3
a being the exponent in Equation (24).
lg M = 1 g K¢ f(e) +1+aslng
1+a 7| Kf(eg) 1+a

2 Intrinsic viscosity

0] = lim (ngp, /<)

[n] = Iirrb (N / €)

wh

re

ointed out in Clause 4, the relationship between molecular mass M and intrinsic viscosity [7] is
ppplication of the universalcalibration method. The definition of intrinsic viscosity [#] is as follg

(27)

(28)
essential in
(WS

(29)

(30)

nrel is the relative viscosity, defined as (viscosity of solution)/(viscosity of solvent);

nsp is the specific viscosity, defined as nrel — 1;

¢ is the concentration of the polymer solution.

Experimentally, the extrapolation of the nsp or el data for several concentrations to zero concentration provides
the value of [7].

© 1SO 2012 — All rights reserved
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A.3 Preparation of universal calibration curve (see 9.1)

Instead of the universal calibration curve described in 9.1, a conventional calibration curve based on universal
calibration theory may be prepared. The molecular mass of the polymer sample is then calculated using
Equation (26) or Equation (28).

For the expression of a calibration curve based on universal calibration theory, polynomials containing terms up to
13 are widely used. The addition of subsequent higher-power terms might improve the fit of the calibration curve.

IgM = Ay + Aqt (31)
_ 2 3
IgM = Hg + Aqt+ Axt© + A3t (32)
where
M is the molecular mass of the polymer sample eluting at time ¢

Ao, A1, 42, A3 are coefficients;
t is the elution time.

An examplg of a conventional calibration curve based on universal calibration theory is shown in Figure 2

10 © 1S0 2012 — All rights reserved
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