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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.
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Introduction

The molecular mass and molecular mass distribution of a synthetic polymer are fundamental
characteristics that result from the polymerization process. They may be used for a wide variety of
correlations for fundamental studies and for processing and product applications. Determination of
the molecular mass and molecular mass distribution is used for quality control of polymers and for
specification purposes in the commerce of polymers. The comparability of MALDI-TOF-MS results
obtained in different laboratories can be ensured by using standardized conditions of measurement,
identical samples and identical matrix preparation methods. The classification of MALDI-TOF-
MS as an equitable (standardized) method compared with other established methods of polymer
charficterization could result in a signiticant increase in the use of MALDI-TOF-MS:.
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INTERNATIONAL STANDARD ISO 10927:2018(E)

Plastics — Determination of the molecular mass and
molecular mass distribution of polymer species by matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF-MS)

1 $cope

This|document specifies a general method for determining the average molecular mass and molecular
masgq distribution of polymers (see Reference [1]) from 2 000 g - mol-1 to 20 000\g.* mol{l by matrix-
assistted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TQF-MS).

The pverage molecular masses and molecular mass distributions are calculated from g calibration
curvg constructed using synthetic-polymer and/or biopolymer standards. This method |[is therefore
clasgiified as a relative method.

The method is not applicable to polyolefins or to polymers with alpolydispersity >1,2.

2 Normative references

The following documents are referred to in the text-if¥ such a way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the refeyenced document (including any amendmepts) applies.

[SO 472, Plastics — Vocabulary

3 Terms and definitions
For the purposes of this document;'the terms and definitions given in ISO 472 and the folloywing apply.
ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:

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

— ISO Online browsing platform: available at https://www.iso.org/obp

3.1
matrix-assisted laser desorption/ionization time-of-flight-mass spectrometry
MALDI-TOF-MS

masg-spectrometric technique in which the separation is based on different flight times in a field free
fligh‘mwmmmmmmmmmjorption and

acceleration by high voltage

3.2
number-average molecular mass
My

y zi=1(Ni xM;)

n oo
Z itV

where Nj is the number of molecules of species i of molecular mass M;
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3.3
mass-average molecular mass
My
Z:I(N,-XMI-Z) (_x’lml-xM,-
MW = - = =
Zi:l(Ni xM;) Zizlmi
where

N; isthe number of molecules of species i of molecular mass M;;

m; is the mass of the ith species (i.e. m; = NiM;)

3.4

z-average molecular mass

M,

M, = z izl(Ni *Mi ) _ 241':1(mi M ) _ Zizlzi XM;
7z — =
(e} 2 oo oo
2 i=1(N" xM; ) ™ M 2

where

N; is tIe number of molecules of species i of molecular mass M;;

m; is the mass of the ith species (i.e. m; = N;M;);

zi =mM;/Em;

4 Principle

The MALDI|process involves the desorption and the ionization of an analyte dispersed in an organic
small-moledule matrix. The matrix shall be able to absorb the laser energy. A metal salt may be added to
cationize the analyte. A polymer is co-crystallized or co-mixed with the matrix molecule and depofsited
on the targgt. A short-duration UV laséxpulse is used to desorb the matrix and the analyte. The [laser
energy is transferred to the matrix molecules, causing them to vaporize. Analyte and matrix molefules
leave the tafget surface in a plume.Due to the very short desorption time, polymer molecules dp not
degrade. The polymer in the desorption plume gains a cation and is accelerated by a high voltage, drifts
down the fipld-free flight tubeand is detected at the end of the flight tube. The time of flight df the
species is a measure of itsinass. From the distribution of arrival times and the calibration of the arfrival
times with known mass standards, the mass distribution of the polymer is determined.

5 Reagents

5.1 Matrices

2,5-dihydroxybenzoic acid (gentisic acid, DHB), trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-
propenylidene]malononitrile (DCTB), and 1,8,9-trihydroxyanthracene (dithranol) are the recommended
matrices for this method. All of these materials shall be at least 97 % pure. They shall be stored in a
freezer and warmed to room temperature immediately before use.

5.2 Solvents

The recommended solvent is tetrahydrofuran (THF) with the purity more than 99 %. THF with
an antioxidant, such as 2,6-di-tert-butyl-4-methylphenol (dibutylated hydroxytoluene, BHT) at
a concentration of 0,025 % to 0,1 % (m/V), shall be stored in an amber container. If THF without an

2 © ISO 2018 - All rights reserved
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antioxidant is used, it shall be stored in an amber container under an inert gas. Otherwise, it will react

with

oxygen to form peroxides which are hazardous on evaporative concentration.

Depending on the solubility of the polymer being investigated, toluene, methanol and acetone may also
be used.

High-

5.3

purity solvents are recommended.

Salts

Lithium, sodium, potassium, cesium and silver trifluoroacetate are recommended since they are soluble

in TH

The
used
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6.1

A sch
a sar
regid
and 4

Both
used

6.2

A MA
as sd
the N
many
acced

Famd totuemne. AgNOz Wit etitanot a5 Sotvent may be used witir the potyTer amnd mat

balts shall be soluble in the solvent chosen for the polymer and the matrix. Whensily
relevant safety aspects should be borne in mind.

Molecular mass standards

calibration of the mass spectrometer shall be carried out using-biopolymers and/
mers with known repeating units and end groups. The molecular-masses of the staj
ithin the range of the molecular mass of the polymer being investigated. The softwarg
frometer shall be used for calibration. A list of recommended biopolymers and the
esis given in Annex A.

Apparatus

General

ematic diagram of a MALDI-TOF mass spectrometer is shown in Figure 1. The main comn
hple introduction chamber, a laser source, an ion source (target), a flight tube with an
n and an ion detector (linear detetor). The instruments may have additionally an i
| reflector detector.

commercially available TOF-mass spectrometers and systems assembled in the laborg
for this method, provided.they meet the required levels of performance.

Sample introduetion chamber/target

LLDI test sample)consists of a film, containing the analyte, the matrix and a salt mixtur
-called “spots™ on a metal plate. The entire plate, with the sample spots, is often re
(ALDI target. The MALDI target is introduced into the spectrometer vacuum chambe

sible'to the laser beam.

ix in THF.

er nitrate is

br synthetic
hdards shall
of the mass
r molecular

ponents are
acceleration
bn deflector

tory may be

e, deposited
ferred to as
[ by either a

hal or an“automatic operation. The target is moveable, so that all the sample spots on the target are
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Figure 1 — Schematic diagram of a MALDI-TOF mass spectrometer

source

’'stem comprises a pulsed laser, an attenuator which allows the adjustment of the

laser

h splitters to direct a fraction of the laser light to a photodiode to start the timing for the

ement, and a lens and mirror system to direct the laser beam onto the MALDI target.

igth of the laser shall'be in the absorption range of the matrix. Typically, UV-lasers are

t tube

5 at a high'woltage of several kilovolts and situated just behind the acceleration optics|

rix/saltmixture is deposited on this target and exposed to the pulsed laser beam. The
lyté 1ons are formed which are accelerated by the electric field, exit the source and

hsed.

The
reby,
pass

through int¢ the flight tube. The flight tube is a field-free drift region.

6.5 Detector

Ion detection in a TOF mass analyser is based on the fast measurement of the electrode voltage after an
ion impact. This is done in a detector in which the signal is proportional to the number of ions hitting
the detector.

6.6 Datarecording

A multichan

nel recorder based on the principle of “analogue-to-digital” conversion shall be used.
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6.7 Data handling

For data analysis, a computer which is able to read, store and analyse the data is needed. The software
shall be able to determine the baseline, convert the data from time to mass by means of a calibration
curve and calculate the average molecular masses. It is recommended that all isotopic peaks for each
species can be calculated automatically. If the software cannot integrate the peak area automatically, it
is acceptable to use the peak height of the most abundant isotopic peak instead of the peak area. If some
overlapping isotope patterns are observed, quit data analysis.

7 Procedure

7.1 | General

The procedure includes setting up the MALDI-TOF mass spectrometer, preparation-of the|test sample
and ¢alibration of the data acquisition and processing system.

Typi¢ally with a TOF-MS, the vacuum system, the high-voltage power supply and the cdmputer and
othef parts of the data collection system are left on at all times.

7.2 | Sample preparation

7.2.1 General

Preppre targets as described in 7.2.2 and 7.2.3. If possible, prepare, from each polymerfmatrix/salt
solutfion, three different sample spots and record onespectrum from each spot. If only ong spot can be
madg¢, record three spectra from different areas of\the spot. Record a minimum of 100 shots for each
specfrum.

Each|set of three sample spots shall be prepaped from the same solution of polymer, matrix and salt. In
addition, the parameters of the mass spectiometer (laser, acceleration voltage, etc.) shall not be changed
duripg the acquisition of the three spectra. Additional spots on the sample target may, howeyer, be made
to alTow instrument adjustments to be-made in order to obtain the optimum spectrometer dettings. The
adjugtment of the laser attenuation is described in 7.3.

7.2.1 Preparation of polymer/matrix/salt solutions

Solutions with the following composition have been found to work successfully in many Jnstruments
for various polymers:;

— % mg/ml of polymer dissolved in a suitable solvent (see 5.2);

— 10 mg/m}of matrix (see 5.1) dissolved in the same solvent;

— (i),l mol/] of salt (see 5.3) dissolved in the same solvent.

Mix these solutions in the ratios, by volume, of 10 : 10 : 1, 10 : 50 : 2 and 10 : 100 : 2 to give three
polymer/matrix/salt solutions containing different ratios of polymer, matrix and salt. Each of these
polymer/matrix/salt solutions is used to prepare a set of three spots, i.e. nine spots in all. The solutions
shall be used within 24 h. For sample preparation, one of the methods described in 7.2.3 may be used.

7.2.3 Deposition of the sample on the sample plate (target)

7.2.3.1 General
Sample preparation is critical to the quality of the MALDI-TOF-MS data obtained. Thus, a variety of

methods have been developed to deposit the sample solutions onto the sample plate surface to obtain
good dispersion of the polymer and salt in the matrix.

© IS0 2018 - All rights reserved 5
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7.2.3.2 Hand-spotting (air-dried droplet technique)

Spot 0,5 pl to 2 pl of the pre-mixed solution manually on to the target plate and allow the solvent to
evaporate.

7.2.3.3 Spray technique

Push the pre-mixed solution, together with an inert gas (e.g. air or nitrogen), through a heated needle
or capillary either manually by means of a syringe or using a syringe pump. The solvent is caused to
evaporate by virtue of the fact that it emerges from the needle/capillary as a fine spray. Ultrasonic
evaporation can also be used. Another alternative method is the so-called electrospray technique in

which the needle/capillary and syringe are held at a potential of between 3 kV and 7 kV relatije to
the sample farget. Depending on the temperature, gas stream and potential difference, the soélution is
deposited at 2 pl/min to 0,5 ml/min.

It is important to choose suitable conditions which ensure complete evaporation of the solvent dnd a
dry deposit.

7.2.3.4 Grinding (solvent-less preparation)

When this method is used, the mixture is not required to have the compgsition given in 7.2.2. ¢irind

30 mg of matrix, 3 mg to 5 mg of polymer and 2 mg to 3 mg of salt in a mertar with circular movenpents

of the pestl
again for ab
mixture (us
the spatula

A suitable m

7.2.4 Pre
Dissolve 1 1
acid (TFA) i
mixture of J

For polyme

e for about one minute. Then gather the powder in the/centre of the mortar and gri
out one minute. This procedure can be repeated if necessary. Place a small amount ¢
ually, a spatula tip of it is taken) and place it on the*MALDI target with a wiping moti
[ip. Remove the residual powder by blowing it off with dry air.

ill (e.g. a ball mill) can also be used to grind the powder.
paration and spotting of biopolymer/matrix solutions
mol/ml to 10 nmol/ml of the biopélymer in a 0,1 % (by mass) mixture of trifluorog

0/50 (by mass) acetonitrile/water, the water containing 0,1 % (by mass) of TFA.

's with molecular masses/of about 5 000 u, dissolve only 0,1 nmol to 1 nmol o

nd it
f the
on of

cetic

h water. Use as the matrix 10 mg of a-cyano-4-hydroxycinnamic acid dissolved in 1 mll of a

f the

biopolymer|in 0,1 % trifluoroaceticvacid/water mixture. Use as the matrix 10 mg of 3-(4-hydfoxy-
3,5-dimethdxyphenyl)acrylic aeid/(sinapinic acid) dissolved in 1 ml of a mixture of 50/50 (by rhass)
acetonitrilefwater, the water-Ceritaining 0,1 % (by mass) of TFA.

Prepare a 5{0/50 (by voluinre) mixture of the two solutions and deposit it on the target by the hand-
spotting mefthod described in 7.2.3.2.

7.3 Instrpmentsettings

Optlmlze the—mstrument }Jaraluctcro, CAbClJt the—taser CHETEY (occ secorrd—and—third yaraslaphs

here-after), for the expected molecular mass distribution, following the instrument manufacturer's
instructions.

The optimum laser energy for a particular polymer and matrix combination varies. Use the following
procedure, therefore, for setting the laser energy. Once all the other instrument settings have been
made, start pulsing the laser and move it across the surface of a sample spot, using the laser at the
highest attenuation (lowest laser energy). Slowly decrease the attenuation (raise the laser energy) until
the signal from the matrix alone appears. Continue to decrease the laser attenuation while watching for
the polymer signal in the mass region where it is expected. Adjust the laser attenuation so that a signal-
to-noise ratio of at least 20:1 is obtained for an accumulation of 100 laser shots at a peak at or near the
maximum of the distribution. This is shown schematically in Figure 2.
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For some polymers, the use of a higher laser energy than necessary to obtain a signal-to-noise ratio of
20:1 can lead to fragmentation of the polymer and should be avoided.

Y

Key

Is 9

Iy noise intensity

7.4

At th
proc
platd
been
spec
the 4|

X -Eass /charge
intensity, I

-

ignal intensity

Figure2\>— Determination of signal-to-noise ratio

Recording spectra

e attenuationsobtained in 7.3, accumulate signals from a total of 100 laser shots.
bdure three(tinies at three different spots. Select the spots at random over the er
region that has been spotted with the matrix/polymer/salt mixture. If only threg
preparedyrecord one spectrum from each spot. If only one spot has been prepared, 1
'ra fr'om different areas on that spot. Do not change the laser or other instrument set
cquisition of the three spectra.

Repeat this
tire sample
spots have
ecord three
tings during

8 Data acquisition and processing

8.1

General

Data acquisition can depend on the type of data acquisition system and computer software used. The
raw-data file generally consists of data pairs (signal intensity and the corresponding time of flight)
which, through the use of a calibration curve, enables a mass spectrum (signal intensity versus mass) to
be constructed.
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8.2 Calibration

8.2.1 General

For the calibration of the mass axis, use one of the two methods described in 8.2.2 and 8.2.3.

8.2.2 Cali

bration of mass axis using synthetic-polymer standards

8.2.2.1 Selection of standards

In this met
groups is u

within the molecular mass range of the polymer being investigated. Previous calibration of the

spectrometg
such a biopd
calibrant. T]

8.2.2.2 S4
Prepare solj
Synthetic pq
and same la

Prepare bio

8.2.3 Calibration of mass axis using biopolymer standards

Biopolymer
biopolymer
anticipated
and the mat

8.2.4 Selffcalibration method

The princip|
oligomer st
previously d
attributed t

The self-cal
the calibrat

8.3 Gene

o £ Ll 43 £l ot ] i o < S . | 43 14
IUU Ul CAdlluldtllivll, d DyllLllCLl\, lJUly ITICT  StdIlludIiu VVIULII [NITUVVII lClJCaLllls UIlitsS daill

sed. Use a well-characterized synthetic-polymer standard with a molecular mass

1 using a biopolymer can be used to assist in assigning oligomers to the corpect/masg
lymer is used, its molecular mass shall be in the mid-range of that of the synthetic-pol

mple preparation

itions of polymer standards used for calibration using one of the procedures given iJ
lymers used for the final calibration shall be run under the‘same conditions (same m|
ser fluence) as used for the test samples.

bolymer standards used for calibration using the precedure given in 7.2.4.

5 from Annex A shall be used for mass axis’calibration. Prepare a fresh solution of
used. Select polymers of at least four, different molecular masses which bracke
molecular mass range of the polymer being investigated. The molecular masses of th
rix can also be used for calibration,

‘ucture and the strueture of the end groups are known. However, it is essential to
arried out an exactealibration. Using this method, a single peak of the test sample c{
h its theoretical molecular mass.

on metheds described in 8.2.2 and 8.2.3.

ration of calibration curve

ne main peak obtained from the biopolymer is assigned to its mass as giventin Annex A.

end
lying
mass
es. If
ymer

N 7.2.
atrix

each
t the
b salt

le of self-calibration ugsing’the polymer which is being investigated can be used iff the

have
in be

bration method should only be used exceptionally and is to be regarded as a fine tuning of

Generally, a

mStrument witt frave software to derive a catibration curve for that inmsStrurmennt.

This

curve shall be calculated using at least four calibration points obtained by one of the methods described

in 8.2.2 and

8.2.3.

8.4 Signal intensity axis calibration

Calibration of the signal intensity axis is not necessary for polymers with a polydispersity of less

than 1,2.

Calibration with an internal standard, often used in biochemistry, cannot be done with synthetic

polymers.
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9 Expression of results

9.1

Calculation of molecular mass distribution

Once the MALDI spectrum of the polymer has been recorded, the intensity of the signal corresponding
to each species, i, in the distribution is determined. The limits of this calculation are defined by the
species with the lowest and highest molecular mass. A signal-to-noise ratio of at least 3 : 1 shall be used

asth

e threshold for the integration of the areas under the peaks.

Integration shall be performed over all the isotopes related to a peak. The molecular mass assigned to
the peak is taken as that corresponding to the apex, My, or the centroid, M, of the peak. The choice of

Mpo

Poly

" M. shall be consistent with the choice made when generating the calibration curve:

ethylene glycol) polymers with high molecular masses (>10 000 g - mol-1) aye-knd

fragments which impede the correct identification of peaks at low signal iritensities

nece
prefe

9.2

Thle ]
using
10 ]
Fori
and |
117
The {
a)
]

ssary for the calculation. In such cases, a DCTB matrix and potassium orleaesium
rably be used.

Calculation of the average molecular masses

number-average, mass-average and z-average molecular masses{My, My, and M;) can |
y formulae in 3.2, 3.3 and 3.4.

Precision

hformation on the precision of this test method as-obtained by interlaboratory testing,
Reference [2].

[est report

est report shall contain the following information, as applicable.

Test sample, apparatus and method:

) all details necessary for' complete identification of the polymer analysed;

exact amounts,of each ingredient;

3) details ofthe MALDI-TOF mass spectrometer used, including the model and the m

(if the-instrument was lab-built, give a description of the apparatus);

}) theinstrument settings used for the analysis;

wn to form
which are
salts should

e computed

see Annex B

) the method useéd-to prepare the test sample (hand-spotting, spraying or grinding) and the

anufacturer

lel and the

$)“details of the data-processing system used, including the software, the mo
manufacturer.
b) Results:

1) the average molecular masses obtained;

2)

mass distribution;

3) the mass spectrum obtained.

c) Calibration:

1) the calibrants used;

© ISO

2018 - All rights reserved

a table giving the number-average molecular mass distribution and mass-average molecular
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2) the calibration method used;
3) theinstrument settings used for calibration.

d) The date of the analysis and that of the calibration.

e) References, including to this document, i.e. ISO 10927.
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