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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.

The| main task of technical committees is to prepare International Standards. Draft InternationaL Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attgntion is drawn to the possibility that some of the elements of this document may, bé the subjgct of patent
righs. ISO shall not be held responsible for identifying any or all such patent rights.

ISO[ 16014-5 was prepared by Technical Committee ISO/TC 61, Plastics,Subcommittee SC $, Physical-
chemical properties.

ISO| 16014 consists of the following parts, under the general title Plastics=— Determination of average molecular
mags and molecular mass distribution of polymers using size-exclusion chromatography:

— | Part 1: General principles

— | Part 2: Universal calibration method
— | Part 3: Low-temperature method

— |Part 4: High-temperature method

— | Part 5: Method using light-scattering detection

© 1SO 2012 — All rights reserved \%


https://standardsiso.com/api/?name=d7cbdec7ff5b2ca2e836f21405738aa6



https://standardsiso.com/api/?name=d7cbdec7ff5b2ca2e836f21405738aa6

INT

ERNATIONAL STANDARD ISO 16014-5:2012(E)

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

Part 5:

Mothod using liaht-scattoring detecti
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Scope

part of ISO 16014 specifies a general method for determining the average mo6lecular ma
bcular mass distribution of polymers using SEC-LS, i.e. size-exclusion chromategraphy couple
tering detection. The average molecular mass and the molecular mass_distribution are cald

ach elution time is determined absolutely by combining a light-scattering detector with a co
bitive detector. Therefore, SEC-LS is classified as an absolute methad.

the applicability of the method, see ISO 16014-1:2012, Clausg A\1.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undatedireferences, the latest edition of the reference
uding any amendments) applies.

472, Plastics — Viocabulary

16014-1:2012, Plastics — Deternjination of average molecular mass and molecular mass di
mers using size-exclusion chromatography — Part 1: General principles

16014-2, Plastics — Determination of average molecular mass and molecular mass distribution
g size-exclusion chromataegraphy — Part 2: Universal calibration method

16014-3:2012, Plastics — Determination of average molecular mass and molecular mass di
mers using size-eXxclusion chromatography — Part 3: Low-temperature method

16014-4:2042, Plastics — Determination of average molecular mass and molecular mass di
mers usifg)Size-exclusion chromatography — Part 4: High-temperature method

ss and the
d with light-
ulated from

bcular mass data and mass concentrations determined continuously with'elution time. The molg¢cular mass

ncentration-

For dated

d document

stribution of

of polymers

stribution of

stribution of

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 472 and ISO 16014-1 and the
following apply.

341

light-scattering detection
LS detection

a technique for determining the mass or size of polymer molecules in solution by measuring the light scattered
by the polymer molecules

© 1SO 2012 — All rights reserved
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3.2
refractive i
dn/dc

ndex increment

rate of change of the refractive index »n of a polymer solution as a function of the mass concentration ¢

NOTE 1
NOTE 2

3.3

L-point
measured g
for justificat

NOTE I
measuremer
range of mol
a similar che]

It is also called the “specific refractive index increment” in the literature.

The limiting value of dn/dc at zero concentration is commonly used in light scattering.

on of the polyn

ominal fit of the calibration curve and/or construction of the calibration curve.
h the lower molecular mass region, the LS signal is too low to calculate molecular mass., Therefore
t of the L-point is needed for justification or construction of the molecular mass calibration curve)for the w
pcular mass. The L-point is determined by measuring an oligomer of the polymer or an organie.compound
mical structure to the oligomer.

sed

the
hole
with

atic
nce
the

4 Symbpls

Ry r[;ius of gyration of a polymer molecule in solution nm

Ao second virial coefficient for a polymer molecule in solution cm3-mol-g—2

¢ ass concentration of polymer in solution g-cm=3

dn/dc :lfractive index increment cm-g™!

H; ekcess signal intensity of a concentration detectoriat the ith elution time

Is, ekcess signal intensity of scattered light at theith elution time

Ve vplume eluted during data acquisition time- (interval) cm3

5 Principle

51 SEC

For a discugsion of size-exclusion’ chromatography in general, see ISO 16014-1:2012, Clause 4.

5.2 Light-scattering"SEC

In SEC-LS] polymer.molecules eluted from the SEC columns are irradiated by a beam of monochron
visible light] The light scattered by the molecules is continuously detected by a light-scattering detector. S
the eluate i @ dilute polymer solution, the intensity of the scattered light is approximately proportional tg
product of the—melecularmass—and—the—mass—concentration-ofthe—polumermelecules—he-scattered

ight

intensity divided by the concentration therefore gives the molecular mass at a particular elution time. The
values of the molecular mass and the mass concentration or mass fraction at each elution time are used to
calculate the molecular mass distribution and the average molecular mass of the polymer.

6 Reagents

6.1

Eluent

For a general discussion of eluents, see ISO 16014-1:2012, 5.1.

For examples of eluents used for SEC measurements at temperatures below and above 60 °C, see Annex B of

ISO 16014-

2

3:2012 and Annex B of ISO 16014-4:2012, respectively.

© 1SO 2012 — All rights reserved
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6.2

ISO 16014

Reagent for column evaluation

-5:2012(E)

For examples of low molecular mass compounds used for column evaluation, see ISO 16014-3:2012, 5.2, for
measurements at temperatures below 60 °C and ISO 16014-4:2012, 5.2, for those above 60 °C.

6.3

Calibration standards

Since the Rayleigh ratios of toluene and benzene are well-known, these solvents are recommended for
determining the calibration constant of the light-scattering detector (see Annex B, Clause B.2).

Aqueous solutions of potassium chloride (KCI) or sodium chloride (NaCl) are used for determining the calibration

con

solytions is used to calculate the constant.

A Iqw molecular mass, monodisperse polymer is used to determine the delay volumie, betwesg

sca
dep
the
of g

Polymer reference materials are used for molecular mass calibration ranges’from 20 000 to 50 00

Low molecular mass organic compounds or oligomers of the polymer in the sample under inves

use

6.4

Sed ISO 16014-1:2012, 5.4.

For
at tg

6.5

See

Some examples of additives.'are given in ISO 16014-3:2012, 5.5, for measurements below

ISO

7

71

Aty
I1ISO
the

stant of a refractive index detector. The concentration dependence of the differential refractive

tering and concentration-sensitive detectors. This polymer may also be used to.calibrate
endence of the detector sensitivity of a multiple-angle light-scattering detector. he radius of gy
bolymer molecule used to calibrate the detector sensitivity, should preferably‘tbeless than 10 n
yration less than 5 nm is desirable. Other compounds with a well-known Rg value may also be

1 for determining the “L-point”.
Reagent for flow rate marker
bxamples of compounds suitable for use as a flowrate marker, see ISO 16014-3:2012, 5.4, for me
mperatures below 60 °C and ISO 16014-4:2012, 5.4, for those above 60 °C.
Additives
ISO 16014-1:2012, 5.5.

16014-4:2012, 5.5, for these above 60 °C.

Apparatus

General

pical\sehematic diagram of an SEC-LS system is shown in Figure 1, which is similar to th
16014-1:2012, Figure 1. The main difference is that a light-scattering detector is connected in

ndex of the

n the light-
the angular
ration Rg of
m. A radius
used.

0.

tigation are

psurements

60 °C and

bt shown in
series with

oncantration_cancitiva _datactar Tha liaht coattarina datactar and caoncantratinn _caoncitinvig A
OHEEe o —SeHStHY e Gt e etOr—He-grit-SEattermg—aet tO—H oG ator —Se oty e—&

Btector may

also be connected in parallel. Any component that meets the performance requirements specified for this

met

hod may be used.

Either commercially available SEC-LS systems or SEC-LS systems assembled in the laboratory may be used
for this method, provided they meet the levels of performance required.

© 1SO 2012 — All rights reserved
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1 eluent rgservoir 5 columns 9 computer
2  pump 6 light-scattering detector 10 printer
3 in-line filfer 7 concentration-sensitive detector 11 to waste
4  injector 8 display

Figure 1 — Schematic diagram of a typical SEC-LS system

7.2 Eluent reservoir

See ISO 16014-1:2012, 6.2, and ISO 16014-3:2012, 6.2.

7.3 Pumping system
See ISO 16014-1:2012, 6.3, and ISO 16014-3:2012,6.3.

7.4 Injector

See ISO 16014-1:2012, 6.4, and ISO16014-3:2012, 6.4.
7.5 Columns

7.5.1 General

See ISO 16014-1:2012, 6.5.1, ISO 16014-3:2012, 6.5, and ISO 16014-4:2012, 6.5.

7.5.2 DetTrmination of theoretical plate number

See I1SO 16014-1:2012, 6.5.2.

7.5.3 Determination of resolution factor

See ISO 16014-1:2012, 6.5.3.

7.5.4 Determination of asymmetry factor

See ISO 16014-1:2012, 6.5.4.

4 © 1S0 2012 — All rights reserved
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Detector

7.6.1 Concentration-sensitive detector

See ISO 16014-1:2012, 6.6.

7.6.2 Light-scattering detector

This detector shall continuously monitor the intensity of the light scattered by the eluent coming off the columns.
Commercially available light-scattering detectors that may be used include single detectors set at a very low

ang

To 4

1.7

See

7.8

See

7.9

See

71

See

7.1
See
An
ligh
8

8.1

Pre
The

ot % biak. I 4 £ L 1
C AU UutTliTLiuro winorroart oo oTU Up at twuU U TTTUTT diTyItTo.

Tubing
ISO 16014-1:2012, 6.7.

Temperature control

ISO 16014-1:2012, 6.8.

Recorder and plotter

ISO 16014-1:2012, 6.9.

D) Data-processing system

ISO 16014-1:2012, 6.10.

Other components
ISO 16014-1:2012, 6.11.
n-line filter is necessary to/remove any particulates which might cause noise (spikes) in the g

-scattering detector.

Procedure

Preparation of calibration solutions

pbare solutions of a monodisperse polymer for determining the delay volume between the tw
concentration of the solutions shall be such that the light-scattering detector and concentrati

detd

void band-broadening of the chromatogram, the volume of the flow cell shall be as smalf-as-pgssible.

utput of the

D detectors.
bn-sensitive

ctor provide a signal intensity sufficient for data handling. A typical concentration of the polyme

ris 5 mg/mi

to 10 mg/ml for low molecular mass polymers.

These polymer solutions may also be used for correcting or normalizing the sensitivity of the light-scattering detector.

8.2

Preparation of a solution for determining the L-point

A solution for determining the L-point may be prepared, if required, by dissolving appropriate oligomers or other low
molecular mass compounds in a suitable solvent. Typically, the concentration of this solution is 1 mg/ml to 5 mg/ml.

8.3

Preparation of sample solutions

See ISO 16014-3:2012, 7.2, for measurements below 60 °C and ISO 16014-4:2012, 7.2, for those above 60 °C.

© 1SO 2012 — All rights reserved
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8.4 Preparation of solutions for column performance evaluation

See ISO 16014-3:2012, 7.3.

8.5 Setti

ng up the apparatus

See ISO 16014-3:2012, 7.4.

8.6 Operating parameters

8.6.1

See ISO 16

8.6.2 Inje

See ISO 16

8.6.3 Column temperature

See ISO 16

8.6.4 Detéctor sensitivity

The signal i
for a refrac

average mqg

obtain a str

The linear

sensitivity g
refractive in

8.7 Num

See ISO 16

9 Calibnation

9.1

9.1.1
Since SEC

Floy rate

Calik

General

014-3:2012, 7.5.1.

Ction masses and injection volumes

014-3:2012, 7.5.2.

014-3:2012, 7.5.3.

htensity depends on the amount of sample injected, on the’specific refractive index increment d
ive index detector, on the absorbance per unit mass.€oncentration for a UV detector, and on

bng peak signal for the sample, in order to ensure accurate data handling.

relationship between solute concentration~and peak height shall be maintained by keeping
t the same setting. Recommended sengitivities are 1 x 10~° to 9 x 10~4 Rl units at full scale f
dex detector and around 0,1 to 0,9 absérbance units at full scale for a UV detector.

ber of determinations

014-3:2012, 7.6.

ration of concentration-sensitive detector and light-scattering detector

n/dc
the

lecular mass of the sample for a light-scattering detector. The detector sensitivity shall be s¢t to

the
or a

1S i an aheaoluta maethod tha concentration-sensitiva and Iighf er\aHnring datactors shal
= o—aH—aBSOHHeRsoe— HEeHHaHGH HsHe—aRa—gHt: SHESHIG—G8I86ioH Ha

be

properly calibrated so as to give the correct Rayleigh ratio and mass concentration, respectively, at each
elution time. When using a refractive index detector as the concentration-sensitive detector, the calibration
constants of the refractive index detector and the light-scattering detector shall be determined by one of the
three calibration methods given in 9.1.2, 9.1.3 and 9.1.4. If another type of concentration-sensitive detector
is being used, such as an ultraviolet/visible detector or an infrared detector, the calibration constants of the
concentration-sensitive detector and the light-scattering detector shall be determined by the method given in
9.1.3 or that given in 9.1.4.1t should be noted that the relative uncertainty of the calibration constant is directly
proportional to that of the molecular mass at each elution time and to that of the average molecular mass.

© 1SO 2012 — All rights reserved
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9.1.2 Calibration method A

In this method, the calibration constant kR, of a refractive index detector is determined by measuring the output
IR of the detector for standard solution(s), such as an aqueous solution of NaCl with known dr/dc and known
concentration ¢, and calculating the constant from the following equation:

kRl =%X(C/IRI) (1)

The calibration constant for the light-scattering detector is determined from the ratio of the detector output
produced by a calibration sample to the Rayleigh ratio of the calibration sample. Pure filtered toluene is often
usefl as the calibration sample, and is recommended because its Rayleigh ratio is well-known and because it
proyides a strong scattered-light signal.

Onde the constant kr| has been determined, the mass concentration ¢; at the ith elution titde'can bg¢ calculated
from the following equation:

__kri
i = (dn/dc) i @)

whgre H; is the intensity of the signal from the refractive index detector.
9.1.8 Calibration method B
In this method, the calibration constant for the concentration=sensitive detector is determined frgm the SEC

chrgmatogram produced by a total injected mass mtot of a polymer sample of known dn/dc, such gs a solution
of pplystyrene in THF, using the following equation:

le = mTOt (dn/dc) 1

Ve ZH,- ©)

i
whdre

H; s the intensity of the signal ffon the concentration-sensitive detector;
Ve is the volume eluted.

Carg shall be taken to ensure_that the flow rate remains constant throughout the calibration and [subsequent
san|ple measurements. Inthis'method, the mass of polymer injected shall be completely eluted from the columns.

Thel calibration constant for the light-scattering detector is determined by the method descrihed in 9.1.2
(calfpration method"A).

9.1.4 Calibration method C
In this“method, both light-scattering and concentration SEC chromatograms are produced for|a standard

polynter solution of known My, and dr/dc. A combined calibration constant k¢ is then calculat¢d from the
following equation:

e

dn ~
ko =| -2 My, <— 4
¢ (dc} WZILS,i ()

where /| s ; is the intensity of the signal produced from the scattered light observed by the light-scattering detector.

© 1S0O 2012 — All rights reserved 7
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The mass-average molecular mass M; at the ith elution time can be calculated directly from this constant using
the following equation:

ke  Iisi

i~

(dn/dc) H

i

(®)

In the case of a two-angle light-scattering detector, it is possible to correct for the angular dependence of the
signal when determining the molecular mass. In such cases, the calibration constant k¢ of the concentration-
sensitive detector can be calculated from the following equation:

AV e
c (_d1/ldc)cV
where
Ap is the total peak area;
c is the mass concentration of the sample solution injected:;
14 is the volume injected;
Ve is the volume eluted.
9.2 Determination of delay volume

Determine fhe interdetector delay volume by aligning the apex of the peak in the light-scattering chromatog

with that in
determine t

9.3 Normalization of detector sensitivity

For a multi
from the ou
given for ide
6.3 andrec
with respec

9.4 Dete

In SEC-LS
increment (g
dn/dc can b

the concentration chromatogram. If the volume of thetubing forming the delay volume is chan
he delay volume again.

ble-angle light-scattering detector, the.detector sensitivity at different angles shall be determ
tput signal produced at each angle.in‘order to ensure that the same value of the Rayleigh rat
ntical scattered-light intensities. This is done by injecting a polymer solution of the kind describg
brding the output signal from each detector. The output signal from each detector is then normal
t to a standard detector. A detector set at 90° is often chosen for this.

'rmination of refractive index increment

measurements using' light-scattering and refractive index detectors, the value of the refractive ir
nldc is required.to determine the absolute molecular mass of the polymer sample. The valu
e obtained by-measurement or from the literature (see Annex B, Clause B.3).

The experi
wavelength
be reported
value of dn

entalsparameters such as the value of dn/dc, the type of refractive index detector used,
used xthe eluent used, the temperature of the eluate and the method used to calculate dn/dc s

(6)

ram
jed,

ned
ois
din
zed

li-the vaIue of dn/dc is determmed for a polymer sample by usmg a reference materlal with a kn
b . : .

10 Data acquisition and processing

10.1 Data
See ISO 16

acquisition

014-1:2012, 8.1.

10.2 Evaluation of data and correction of chromatograms

See ISO 16

014-1:2012, 8.2.

© 1SO 2012 — All rights reserved
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10.3 Data processing

10.3.1 Baseline determination

For the concentration chromatogram, see ISO 16014-1:2012, 8.3.1. The baseline of the LS chromatogram shall
be assumed to be a straight line from just before the beginning of the peak to just after the end of the peak.

10.3.2 Determination of calculation range

For the concentration chromatogram, see ISO 16014-1:2012, 8.3.2. The calculation range for the LS

h " ol ba th ot oo AN N4 L
cnreomategram-—snamoeme-same-asmarspeciteai—To o T anove:

10.3.3 Calculation of signal intensity

Follpwing determination of the baseline and the calculation range (see 10.3.1 and 10.3.2);"calculate the signal
intepsity H; from the concentration chromatogram and the signal intensity /s ; from"the LS chromatogram at
the jth polymer sample elution time.

10.3.4 Calculation of molecular mass

Calgulate the molecular mass M; at the ith elution time using H;, I.s;, the sample concentration, {he injection
volyme, the flow rate, the instrument calibration constant, the refragtive index increment dn/dc, the refractive
indgx of the eluent, etc.

If cglibration method A or B was used (see 9.1.2 and 9.1.3),(M;may be calculated from the followinlg equation:

M, = KcAR, (7)

whdre

ARy is the excess Rayleigh ratio (see Annéx B), which is calculated from /s ; and the calibration
constant for the light-scattering detector;

K is an optical constant defined as follows:

4n2n? (dn/dc)?
c - A (dnfde)” ®)
Ag"Na

whdre

n s the refractive index of the eluent;

Ao is_theavavelength of the incident light in a vacuum;

Nx\is the Avogadro constant.

In the case of high-temperature determinations, all values, such as the sample concentration, the injection
volume, the flow rate, the detector calibration constant, the refractive index increment dn/dc and the refractive
index of the eluent, shall be corrected or determined at the experimental temperature because of the change
in density or volume of the eluent.

10.3.5 Second virial coefficient 4>

To determine the molecular mass of the sample polymer at each elution time, the second virial coefficient 42
should preferably be taken into account (see Annex B, Clause B.1). However, since the correction for A7 is often
negligible, the calculation using 42 is not required. If 42 is used to calculate the molecular mass, however, the
value of 45 shall be reported.

© 1S0O 2012 — All rights reserved 9
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11 Expression of results
11.1 Calibration curve

11.1.1 General

Choose one of the following two methods for constructing the calibration curve or the molecular mass vs.

elution time relationship for calculating the average molecular mass and the molecular mass distribution.

The

first is a simple calculation method and the second is a more detailed and more accurate calculation method.

11.1.2 Method A

molecularmass M; atthe ith elution time from the concentration and light-scattering chromatogra
If desirable|or required, construct a calibration curve for molecular mass as a function of elution time u
a least-squares calculation (see ISO 16014-1:2012, 9.1). Using the calibration curve ang<concentrg
chromatogram, calculate the number-average molecular mass M, and the mass-average molecular masg
as describgd in ISO 16014-1:2012, 9.2. If the polydispersity index My/M, is less than onequal to 1,2, calcy
and report the mass-average molecular mass M,y only. If My/My is larger than 1,2, calculate and report ave

molecular
used and t

11.1.3 Met

Calculatet
Construct
If the polydi
mass My o

If MMy is
the L-point i
molecular
in the test i

NOTE )
similar chem

If the L-poir
molecular n
calibration

distance s¢
curve used

If the L-poin
which does
the molecu

asses and the molecular mass distribution and also include in the testfeport the calibration ¢
e concentration and LS chromatograms.

od B

molecularmass M; at the ith elution time from the concentration and light-scattering chromatogra
calibration curve for molecular mass as a function of elution time using a least-squares calcula
persity index M\,/My is less than or equal to 1,2, calculate and report the mass-average moleg

ly.

arger than 1,2, check whether the L-point is.in\the range covered by the calibration curve or n

in the range covered by the calibration cufve, calculate and report average molecular masses
ass distribution and the distance separating the L-point from the calibration curve and also inc
bport the calibration curve used and.the concentration and LS chromatograms.

'he L-point is determined by measuring oligomers of the polymer sample or an organic compound wj|
cal structure.

tis not in the range covered by the calibration curve, construct a universal calibration curve u
nass standards as described in ISO 16014-2. If the L-point is in the range covered by the unive
curve, calculate and-report average molecular masses, the molecular mass distribution and
parating the L-pejnt from the calibration curve and also include in the test report the calibrg
and the congéehtration and LS chromatograms.

t is not inthe range covered by the universal calibration curve, construct another calibration ¢
includesthe L-point. Using this calibration curve, calculate and report average molecular mas
ar‘mass distribution and the distance separating the L-point from the calibration curve and

ms.
5ing
tion

My
late
age
Irve

ms.
ion.
ular

pt. If
the
ude

th a

5ing
rsal
the
tion

irve
5es,
Blso

include in th

e test report the calibration curve used and the concentration and LS chromatograms.

NOTE

In this case, the universal calibration curve can be constructed without using the Mark-Houwink-Sakurada

equation because the molecular masses of the sample polymer and the molecular mass standards at the same elution
time are known.

These two options are described as a flow chart in Figures 2 and 3, respectively.

10
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Results of SEC-LS

Calculate molecular mass vs. elution
time or calibration curve

Calculate M, /M

ISO 16014-5:2012(E)

Polydisperse?
M, M >1,27?)

Calculate
and report
M, only

Calculate:

1. Average molecular mass

2. Molecular mass distribution

3. Calibration curve

4. Chromatograms (concentration and L'S)

Report

Figure 2 — Flow chart for method A
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Results of SEC-LS and for L-point
'

Calculate molecular mass vs.
elution time or calibration curve

Polydisperse?
(M, /M >1,27?)

No Calculate and report M, only

Yes

1. Construct calibration curve
2. Determine L-point

Molecular mass standards

!

Universal calibration curve

L-point is
on calibration
curve?

L-point is Calibration curve
on calibration coupled with
curve? L-point
Yes

Calculate:

1. Average molecular mass

2. Moleculaf mass distribution

3. Calibratjon curve

4. Deviation of L-point from calibration

Curve
5Chromatograms (concentration and LS)
!
Report

Figure 3 — Flow chart for method B

11.2 Calculation of average molecular mass

See ISO 16014-1:2012, 9.2.

11.3 Differential molecular mass distribution curve

See ISO 16014-1:2012, 9.3.

11.4 Cumulative molecular mass distribution curve

See ISO 16014-1:2012, 9.4.
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12 Precision

The precision of this method was determined in a round-robin test using polystyrene samples. Details of the
round-robin are given in Annex A.

13 Test report

13.1 General

See ISO 16014-1:2012, 111

13.2 Apparatus and measurement parameters

Include the following information:

a) |the type of SEC-LS apparatus, the model and the manufacturer;
b) |the type of column packing, its particle size and the manufacturer;
c) |the column temperature;

d) |the theoretical plate number, resolution factor and asymmetry factor of the set of columns uged, and the
low molecular mass standard and narrow molecular mass distribution standard used to determine them;

e) |the eluent, details of any additives, and the value of each-flow rate used;

f) |the type of concentration detector, the model and the‘manufacturer and, if a refractive index detector was
used, the wavelength of the light.

g) [the temperature of the concentration detector cell;

h) |the type of light-scattering detector, the model and the manufacturer;
i) [the wavelength of the incident light beam;

j) |the scattering angle(s) used for.calculation purposes;

k) |the temperature of the light-Scattering cell;

[) |the concentration andvolume of the injected polymer sample solution;
m) |the type of data-processing system, the model and the manufacturer;

n) |the version\iumber of the software used.

13.3 Calibration of the system

InCI dE& tha fallavain o tnfa ot

COCT T CTOTOWITTg T O T o troTTs

a) the calibration method used, i.e. method A, method B, or method C;

b) the delay volume;

c) the concentration and injected volume of the calibration solution;

d) the properties, such as average molecular mass, of the calibration standards used;
e) the Rayleigh ratio of the solvent used for calibrating the light-scattering detector;

f) if used, the value of the second virial coefficient 42;

g) the value of dn/dc and its source;
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h) the radius of gyration Rg used for normalization of the light-scattering detector.

13.4 Calibration curve
Include the following information:
a) details of the method used to fit the curve to the data, including the equation;

b) a copy of the calibration curve itself.

13.5 Resuylis

Include the|following:
a) the chgracteristic points on the chromatogram (¢, b, tc, td, 11 000, @s applicable);

b) the calculated average molecular masses Mp, My, Mz, and the polydispersity My/dfy, indicating| the
calculation range used (see 10.3.2);

c) the corlcentration chromatogram and the LS chromatogram and, in tabular or graphical form, the differehtial
molecylar mass distribution and cumulative molecular mass distribution.
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Annex A
(informative)

Round-robin test

A.1 General

The] precision of this method was determined in a round-robin test carried out in 2004 in_aecofdance with
ISO[5725-1 [27] and 5725-2 [28],

A.24 Experimental conditions

Test samples, which included polydisperse polystyrene PS-1 and monodisperse polystyrene PSt2, and one
monodisperse polystyrene for calibration, were distributed to the participating laboratories. The mgasurement
resylts were then analysed statistically. The details of the round-robin were-as follows:

Polymer samples Polystyrene PS-1 (polydisperse)
Polystyrene PS-1 (monodisperse)

Coléimn size 7,8 mm or 8,0 mm I.D. x 80 cm (in most cases, two columns with a linear
calibration curve)

Colimn packing material Polystyrene gel

Mobile phase Tetrahydrofuran

Flow rate 1 ml/min

Coliimn temperature 40 °C

Sarrple size Ifimost cases, 1 mg/ml x 0,1 mi
Number of laboratories 20

Types of LS detector used Multi-angle (15 laboratories)
Two angles (2 laboratories)

Low angle (3 laboratories)

A.3 ~Results of round-robin test

The results, expressed as repeatability and reproducibility, are summarized in Table A.1.

© 1S0O 2012 — All rights reserved 15
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Table A.1 — Results of round-robin test for SEC-LS

Average values of | Repeatability, s, | Reproducibility, sz 2
Polymer
Mn and MW a 0/0 %
PSA My =179 000 (0/20) b 2,9 13,2
My =455 000 (0/20) 0,8 4,6
Mpn =420 000 (1/20) 0,6 5,7
PS-2
My =427 000 (1/20) 0,5 4.6
a  Qutliers were eliminated by Grubbs’ and Cochran’s methods [261.[28],
b Numbers in brackets indicate (outliers)/(total number of laboratories) [28].
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Annex B
(informative)

Information on light scattering

Principle of light scattering [

5:2012(E)

thLn a beam of monochromatic visible light passes through polymer solution, the light is scaltered in all

dire
call
of th
7, it

ctions by solvent and polymer molecules in the solution. For most polymer solutions, thelight
bd Rayleigh scattering. Since the intensity of the light scattered by the solution is propaftienal to
e primary beam /o, the scattering volume ¥, and the reciprocal of the square of the sample/detec
s convenient to introduce a reduced intensity, which is classified as the Rayleigh ratio Rg as fd

_[61"2

N

scattering is
he intensity
tor distance
llows:

(B.1)

b determine
used as the

(B.2)

(B.3)

(B.4)

1. For most
ecause the

s the Berry

where Iy is the detected scattered-light intensity at the scattering angle-6. Since it is too difficult t
Ro ffom the geometry of the light-scattering detector, the value of Rpfor pure toluene is frequently
reference quantity.
The|excess Rayleigh ratio ARy of a dilute polymer solution is’eften expressed by the Debye equati
£=;+2A20+...
ARO wa(e)
whdre 6 is the scattering angle and K is an optieal constant which is defined as follows (see 10.3.4
B 4n°n? (dn/dc)2
ASNa
P(0)is a particle-scattering factor describing the angular dependence of the scattered light. For small angles,
P(0)is given by the following(power series:
2 2
L =1+ 16m"n Rgzsin2 Q + e
P(6) 374 2
It should be noted-that Equation (B.2) assumes vertically polarized incident light and unpolarized scattered light.
Extfapolating Kc/AR g obtained at different angles and concentrations to 6 =0 and ¢ = 0 gives My
light-scattering detectors used in SEC-LS measurement, the extrapolation to ¢ = 0 is not applied &
solytion eluted from SEC columns is assumed to be sufficiently dilute. Other types of plot, such 3
plot, are often used, depending on the nature of the polymer.

It should be noted that the extrapolation to =0 must be done at the small angle region called the Guinier region, i.e.

Ao
4TmRg

8-

B.2 Rayleigh ratio of solvents

(B.5)

The Rayleigh ratio of a pure solvent such as toluene is used for calibrating light-scattering detectors. Table B.1
shows literature values of the Rayleigh ratio for some solvents frequently used. The Rayleigh ratios in the table
are for the unpolarized scattered light from vertically polarized incident light of wavelength 632,8 nm.
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Table B.1 — Rayleigh ratio of some important solvents (1o = 632,8 nm)

It should bg
difference d

B.3 Ref

Since the in

results reqy
one of the f
1) ml
2) m
of

3) m
reTe

4) qu

The refract
solution as
literature. T

There are fwo equations forccalculating dr/dc experimentally. In the first, the value of dr/dc is given as|

limiting vald

dn/dc 5

Rayleigh ratio Temperature
Solvent Reference
cm™! °C
Benzene 12,63 x 106 23 2]
11,84 x 10-6 22 [3]
Toluene 14,06 x 106 23 [2]
13,59 x 106 22 [3]
Methanol 2,85 x 1076 23 [2]
2,71 x 107 22 [3]
Water 0,90 x 106 23 [2]
0,92 x 106 22 [3]

noted that the values at the different temperatures are somewhat different from each other.
irectly affects the results of average molecular masses.

fractive index increment dn/dc

tensity of the scattered light is proportional to the square of dufdg, it should be noted that accu
ire an accurate dn/dc value. The drn/dc value used in SEC-LS measurements can be obtaine
pllowing ways:

asurement of dn/dc using a refractive index detector.iaithe batch mode;

asurement and calculation of dn/dc using a known injected mass and known calibration cong
the refractive index detector connected to an SEC-LS or ordinary SEC apparatus;

asurement and calculation of dr/dc tsing a known injected mass and known drn/dc
rence material;

ptation from the literature.

ve index increment dn/dc is~defined as the differential coefficient of refractive index of a poly
a function of mass concentration c. It is also called the “specific refractive index increment” in
he limiting value of dn/deyat zero concentration is commonly used in light-scattering measureme

e of An at zero‘concentration:

. An
lim —
c—0 ¢

dn/dc =

The values

18

&mass concentration of a polymer solution and An is the difference in refractive index betweer

The

rate
] by

tant

bf a

mer

the
nts.

the

B.6)

the

the slope of An as a function of c.

of dn/dc for some important polymers are shown in Table B.2.
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Table B.2 — dn/dc values for some polymers (19 = 632,8 nm)

Temperature dn/dc
Polymer Solvent?@ Reference
°C mil/g
Polyethylene 1-Chloronaphthalene 135 -0,183 [5], [10]
Polyethylene (PE-HD) ODCB 145 -0,056 [4], [11]
Polyethylene (PE-HD) TCB 135 -0,104 [4], [10]
Polypropylene 1-Chloronaphthalene 135 -0,177 [5], [16]
Polypropylene TCB 135 -0,105 [5], [16]
Polybutadiene THF 26 01295 [4], [6]
Polyisoprene THF 20 0,124 [5], [13]
Polystyrene DMF 20 0,165 [5], [17]
Polystyrene THF 25 0,186 [4], 18]
Polystyrene Chloroform 0,155 [4], [19]
Poly(vinyl chloride) THF 23 0,101 [4], [6]
Polly(vinyl acetate) THF 25 0,051 7 [4], [21]
Poly(methyl methacrylate) THF 25 0,086 [5], [14]
Polly(methyl methacrylate) HFIP 25 0,19 [4], [15]
Nylon 6 HFIP 25 0,237 5 [4], [7]
Nylon 66 HFIP 25 0,241 [4], [8]
Bisphenol A polycarbonate THF 23 0177 [4], [6]
Poly(butylene terephthalate) HFIP 25 0,236 [5], [9]
Poly(ethylene terephthalate) HFIP 25 0,243 [5], [9]
Polyurethane THF 25 0,086 3 [4], [20]
Ep¢xy resin THE 23 0,187 [4], [6]
Poly(ethylene oxide) Methanol 25 0,142 [5], [12]
Polly(acrylic acid) THF 23 0,099 4 [4], [6]

a

b

Value uncertain. Reference [10] gives —0,078.

THF: tetrahydrofuran, HFIP: 1,1,1,3,3,3-hexafluoroisopropanol, DMF: N,N-dimethylformamide, ODCB: 1,2-dichjorobenzene,
TCB: 1,2,4-trichlorobenzene.

B.4

The|
of R

RG =2,45x1072 1 054

Relation between radius of gyration Ry and molecular mass M/

radius of gyration of a polystyrene molecule is often used for normalizing a light-scattering detectqr. The value
) for palystyrene in tetrahydrofuran can be calculated from the following experimentally determingd equation:

(B.7)

B.5 Refractive index of solvents

The values of the refractive indices of some important solvents are shown in Table B.3.

© 1SO 2012 — All rights reserved

19


https://standardsiso.com/api/?name=d7cbdec7ff5b2ca2e836f21405738aa6

	CVP_Secretariat_Loca
	Foreword
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Symbols
	5	Principle
	5.1	SEC
	5.2	Light-scattering SEC
	6	Reagents
	6.1	Eluent
	6.2	Reagent for column evaluation
	6.3	Calibration standards
	6.4	Reagent for flow rate marker
	6.5	Additives
	7	Apparatus
	7.1	General
	7.2	Eluent reservoir
	7.3	Pumping system
	7.4	Injector
	7.5	Columns
	7.6	Detector
	7.7	Tubing
	7.8	Temperature control
	7.9	Recorder and plotter
	7.10	Data-processing system
	7.11	Other components
	8	Procedure
	8.1	Preparation of calibration solutions
	8.2	Preparation of a solution for determining the L‑point
	8.3	Preparation of sample solutions
	8.4	Preparation of solutions for column performance evaluation
	8.5	Setting up the apparatus
	8.6	Operating parameters
	8.7	Number of determinations
	9	Calibration
	9.1	Calibration of concentration-sensitive detector and light-scattering detector
	9.2	Determination of delay volume
	9.3	Normalization of detector sensitivity
	9.4	Determination of refractive index increment
	10	Data acquisition and processing
	10.1	Data acquisition
	10.2	Evaluation of data and correction of chromatograms
	10.3	Data processing
	11	Expression of results
	11.1	Calibration curve
	11.2	Calculation of average molecular mass
	11.3	Differential molecular mass distribution curve
	11.4	Cumulative molecular mass distribution curve
	12	Precision
	13	Test report
	13.1	General
	13.2	Apparatus and measurement parameters
	13.3	Calibration of the system
	13.4	Calibration curve
	13.5	Results
	Annex A
(informative)

Round-robin test
	Annex B
(informative)

Information on light scattering
	Annex C
(informative)

Calibration curve in low molecular mass range
	Bibliography

