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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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval crjteria needed for the
different types of ISO documents should be noted. This document was drafted i ance with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Any trade name used in this document is information given
constitute an endorsement.

Documents in the 80000 to
between ISO and IEC. §ﬂ>
ISO/TS 80004 consists o

— Part 1: Core terms

— Part 6: Nano-object characterization

— Part 7: Diagnostics and therapeutics for healthcare

— Part 8: Nanomanufacturing processes

The following parts are under preparation:

— Part 2: Nano-objects: Nanoparticle, nanofibre and nanoplate?
— Part 9: Nano-enabled electrotechnical products and systems
— Part 10: Nano-enabled photonic components and systems

— Part 11: Nanolayer, nanocoating, nanofilm, and related terms

1) Revision of ISO/TS 27687:2008, Nanotechnologies — Terminology and definitions for nano-objects —
Nanoparticle, nanofibre and nanoplate.
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— Part 12: Quantum phenomena in nanotechnology

Graphene and other two dimensional materials will form the subject of a future Part 13.
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Introduction

Measurement and instrumentation techniques have effectively opened the door to modern
nanotechnology. Characterization is key to understanding the properties and function of all nano-objects.

Nano-object characterization involves interactions between people with different backgrounds and
from different fields. Those interested in nano-object characterization might, for example, be materials
scientists, biologists, chemists or physicists and might have a background that is primarily experimental
or theoretical. Those making use of the data extend beyond this group to include regulators and
toxicologists. To avoid any misunderstandings, and to facilitate both comparability and the reliable
exchange of information, it is essential to clarify the concepts, to establish the terms for use and to
establish their definitions.

The terms are classified under the following broad headings:
— Clause 2: General terms
— Clause 3: Terms related to size and shape measurement

— Clause 4: Terms related to chemical analysis

— Clause 5: Terms related to measurement of other properyies

It should be noted that most techniques req
preparatlon for example placing the nano- ob] e

listed in this document
nano-objects. Table 1 lis

Table 1 — Alphab

Property
Size tomi ?\6 icroscopy (AFM), centrifugal liquid sedimentation (CLS), differential
biNfanalysing system (DMAS), dynamic light scattering (DLS), scanning electron
icrosgsopy(SEM), particle tracking analysis (PTA), transmission electron microscopy

Cre)

Shape atomic force microscopy (AFM), scanning electron microscopy (SEM), transmission
electron microscopy (TEM)

Surface area Brunauer-Emmett-Teller (BET) method

‘Surface’ chemistry secondary ion mass spectrometry (SIMS), X-ray photoelectron spectroscopy (XPS)

Chemistry of the inductively coupled plasma mass spectrometry (ICP-MS), nuclear magnetic resonance
‘bulk’ sample spectroscopy (NMR)

Charge in suspensions |zeta potential

Thisdocumentisintended to serveasastartingreference for the vocabulary thatunderpins measurement
and characterization efforts in the field of nanotechnologies.
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Nanotechnologies — Vocabulary —

Part 6:
Nano-object characterization

1 Scope

This Technical Specification lists terms and definitions relevant to the chars ation of nano-objects.

2 General terms

2.1
nanoscale
size range from approximately 1 nm to 100 nm

Note 1 to entry: Properties that are not extrapolations from aa ize bypically, but not exclusively, be
exhibited in this size range. For such properties the sizelimitsa s approximate.

Note 2 to entry: The lower limit in this definition {: i i§ introduced to avoid single and small
groups of atoms from being designated as\nanvo<ol g ents of nanostructures, which might be

Note 1 to entry: Generic

[SOURCE: ISO/TS 8004

by more than three , the terms nanofibre (2.6) or nanoplate (2.4) are intended to be used instead of the term
nanoparticle.

[SOURCE: ISO/TS 27687:2008, definition 4.1]

2.4

nanoplate

nano-object (2.2) with one external dimension in the nanoscale (2.1) and the two other external
dimensions significantly larger

Note 1 to entry: The smallest external dimension is the thickness of the nanoplate.

Note 2 to entry: The two significantly larger dimensions are considered to differ from the nanoscale dimension
by more than three times.

Note 3 to entry: The larger external dimensions are not necessarily in the nanoscale.

[SOURCE: ISO/TS 27687:2008, definition 4.2]

© IS0 2013 - All rights reserved 1


https://standards.iteh.ai/catalog/standards/iec/6a15c2cd-46b1-4f55-ac75-77c4da047281/iso-ts-80004-6-2013

ISO/TS 80004-6:2013(E)

2.5
nanorod
solid nanofibre (2.6)

[SOURCE: ISO/TS 27687:2008, definition 4.5]

2.6

nanofibre

nano-object (2.2) with two similar external dimensions in the nanoscale (2.1) and the third dimension
significantly larger

Note 1 to entry: A nanofibre can be flexible or rigid.

Note 2 to entry: The two similar external dimensions are considered to differ in size by leg§ thanthree times and
the significantly larger external dimension is considered to differ from the other two bymjore thaithree times.

Note 3 to entry: The largest external dimension is not necessarily in the nanoscale
[SOURCE: ISO/TS 27687:2008, definition 4.3]

2.7
nanotube
hollow nanofibre (2.6)

[SOURCE: ISO/TS 27687:2008, definition 4.4]

2.8

quantum dot
crystalline nanoparticle (2.3) that exhibits size
effects on the electronic states

dependex qperties due to quantum confinement

[SOURCE: ISO/TS 27687:2008, def

29
particle
minute piece of matter

[SOURCE: ISO 146

2.10
agglomerate
collection of weakly bound particles (2.9) or aggregates (2.11) or mixtures of the two where the resulting
external surface area is similar to the sum of the surface areas of the individual components

Note 1 to entry: The forces holding an agglomerate together are weak forces, for example van der Waals forces, or
simple physical entanglement.

Note 2 to entry: Agglomerates are also termed secondary particles and the original source particles are termed
primary particles.

[SOURCE: ISO/TS 27687:2008, definition 3.2]
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2.11

aggregate

particle (2.9) comprising strongly bonded or fused particles where the resulting external surface area
may be significantly smaller than the sum of calculated surface areas of the individual components

Note 1 to entry: The forces holding an aggregate together are strong forces, for example covalent bonds, or those
resulting from sintering or complex physical entanglement.

Note 2 to entry: Aggregates are also termed secondary particles and the original source particles are termed
primary particles.

[SOURCE: ISO/TS 27687:2008, definition 3.3]

2.12
aerosol
system of solid or liquid particles (2.9) suspended in gas

[SOURCE: ISO 15900:2009, definition 2.1]

2.13
suspension

heterogeneous mixture of materials comprising a liquid.an d’solid material

[SOURCE: ISO 4618:—, definition 2.243]

measurement con::tio 3
[SOURCE: ISO 26 1

[SOURCE: ISO 14644-1:1999, definition 2.2.4, modified]

Note 1 to entry: Particle size distribution may be expressed as cumulative distribution or a distribution density
(distribution of the fraction of material in a size class, divided by the width of that class).

3.1.3
particle shape
external geometric form of a particle (2.9)

[SOURCE: ISO 3252:1999]

3.1.4
aspectratio
ratio of length of a particle (2.9) to its width

[SOURCE: ISO 14966:2002, definition 2.8]

© IS0 2013 - All rights reserved 3


https://standards.iteh.ai/catalog/standards/iec/6a15c2cd-46b1-4f55-ac75-77c4da047281/iso-ts-80004-6-2013

ISO/TS 80004-6:2013(E)

3.1.5

equivalent diameter

diameter of a sphere that produces a response by a given particle-sizing method, thatis equivalent to the
response produced by the particle (2.9) being measured

Note 1 to entry: The physical property to which the equivalent diameter refers is indicated using a suitable
subscript (see ISO 9276-1:1998).

Note 2 to entry: For discrete-particle-counting, light-scattering instruments, an equivalent optical diameter is used.
Note 3 to entry: Other material constants like density of the particle are used for the calculation of the equivalent

diameter like Stokes diameter or sedimentation equivalent diameter. The material constants, used for the
calculation, should be reported additionally.

Note 4 to entry: For inertial instruments, the aerodynamic diameter is used. Aerodyhamic diameter is the
diameter of a sphere of density 1 000 kg m-3 that has the same settling velocity as theq{rregufarpardi

[SOURCE: ISO/TS 27687:2008, A.3.3, modified]

3.2 Terms related to scattering techniques

3.21

radius of gyration
measure of the distribution of mass about a chosen axi
inertia about that axis divided by the mass

quaretoot of the moment of

[SOURCE: ISO 14695:2003, definition 3.4]

Note 1 to entry: For nano-object (2.2) characterization, physica ods that measure radius of gyration to
determine particle size (3.1.1) include static light sc@ eutron scattering (3.2.2) and small angle
X-ray scattering (3.2.4).

3.2.2
small angle neutron scatter
SANS

method in which a bea
measured for small angle de

d from a sample and the scattered neutron intensity is

Note 1 to entry: The scattering a Ny between 0,5° and 10° in order to study the structure of a material
on the length scale of ¥ nis ethod provides information on the sizes of the particles (2.9) and to

3.2.3
neutron diffractio
application of elastic neut

aon seattering for the determination of the atomic or magnetic structure of matter

Note 1 to entry: The neutrons emerging from the experiment have approximately the same energy as the incident
neutrons. A diffraction pattern is formed that provides information on the structure of the material.

3.2.4

small angle X-ray scattering

SAXS

method in which the elastically scattered intensity of X-rays is measured for small-angle deflections

Note 1 to entry: The angular scattering is usually measured within the range 0,1° to 10°. This provides structural
information on macromolecules as well as periodicity on length scales typically larger than 5 nm and less than
200 nm for ordered or partially ordered systems.

[SOURCE: ISO 18115-1, definition 4.18]
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3.2.5
light scattering
change in propagation of light at the interface of two media having different optical properties

[SOURCE: ISO 13320:2009, definition 3.1.17]

3.2.6

hydrodynamic diameter

equivalent diameter (3.1.5) of a particle (2.9) in a liquid having the same diffusion coefficient as the real
particle in that liquid

3.2.7

dynamic light scattering

DLS

photon correlation spectroscopy
PCS

quasi-elastic light scattering
QELS

method in which particles (2.9) undergoing Brownian motion i Z13) areilluminated
by a laser and the change in intensity of the scattered light i§ used %o de ticle size (3.1.1)

I@Ot O

BrownRia

and sedimentation.

3.2.8
nanoparticle tracking analysis
NTA

PTA
method where particles

by alaser and th<:>a s
Note 1 to entry: Analygsis'e

yield the translationa

range 10
to limited

xet limit requires particles with high refractive index and the upper limit is due
and sedimentation.

3.3 Terms retated to aerosol characterization

3.3.1

condensation particle counter

CPC

instrument that measures the particle (2.9) number concentration of an aerosol (2.12)

Note 1 to entry: The sizes of particles detected are usually smaller than several hundred nanometres and larger
than a few nanometres.

Note 2 to entry: A CPC is one possible detector suitable for use with a differential electrical mobility classifier
(DEMC) (3.3.2).

Note 3 to entry: In some cases, a condensation particle counter may be called a condensation nucleus counter (CNC).

[SOURCE: ISO 15900:2009, definition 2.5]

© IS0 2013 - All rights reserved 5


https://standards.iteh.ai/catalog/standards/iec/6a15c2cd-46b1-4f55-ac75-77c4da047281/iso-ts-80004-6-2013

