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RIP-oN 1 ADVISORY REPORT

PREFACE
The Commission Services initiated a number of REACH Implementation Projects on
Nanomaterials (RIP-oNs) to evaluate the applicability of the existing REACH guidance to
nanomaterials, and if needed, to develop specific advice on how the guidance could be updated to
better reflect nanomaterials. RIP-oN 1 on Substance Identification of Nanomaterials was
coordinated by the European Commission's Joint Research Centre (Institute for Health and
Consumer Protection (IHCP), Nanobiosciences unit), and carried out in cooperation with an expert
group comprising members from Member State Competent Authorities, industry, NGO and ECHA.
The experts were nominated by the Competent Authorities for REACH and Classification and
Labelling (CARACAL) and the observers of this committee. A joint JRC, ECHA, DG ENV and
DG ENTR steering group was established to guide and steer the implementation of the project.
Progress and (draft) results were reported to the Competent Authorities subgroup on Nanomaterials
(CASG Nano), which deals with implementation issues concerning REACH and nanomaterials.
CASG Nano was invited to provide written comments to various deliverables throughout the
project.
This advisory report was drafted by JRC based on the results of the project. The report has been
reviewed by the RIP-oN 1 experts. Furthermore, CASG Nano was consulted on the draft report.
Finally, it should be noted that only the European Chemicals Agency (ECHA) has the authority to
issue or update the REACH Guidance.
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The term ‘nanomaterial’ is frequently used for a variety of materials. It usually refers to
materials with external dimensions, or an internal structure, in the nanometre scale range that
may exhibit additional or different properties and behaviour as compared to macroscopic
materials with the same chemical composition.

1.1

APPLICABILITY OF REACH TO NANOMATERIALS

The Commission Services established the Competent Authorities subgroup on Nanomaterials
(CASG Nano) under the Competent Authorities for REACH and Classification and Labelling
(CARACAL), which deals with implementation issues concerning REACH and nanomaterials.
The document CA-59-2008 rev.11 from the REACH Competent Authorities concerning
’Nanomaterials in REACH’ describes the state of discussion on how REACH applies to
nanomaterials and gives initial conclusions of the work of the REACH Competent Authorities
subgroup on nanomaterials on the interpretation of REACH with respect to nanomaterials, and
can be used by companies as a starting point in preparing their registration dossiers for
substances at the nanoscale.
The above document states: "There are no provisions in REACH referring specifically to
nanomaterials. However, REACH deals with substances, in whatever size, shape or physical
state. Substances at the nanoscale are therefore covered by REACH and its provisions apply. It
thus follows that under REACH, manufacturers, importers and downstream users have to ensure
that their nanomaterials do not adversely affect human health or the environment."

1.2

REACH IMPLEMENTATION PROJECTS ON NANOMATERIALS

REACH applies in principle to nanomaterials. Thus, REACH guidance documents2 apply also to
substances at the nano scale, even though they do not give specific guidance on nanomaterials.
Therefore, the Commission Services initiated REACH Implementation Projects on
Nanomaterials (RIP-oNs) to evaluate the applicability of the existing guidance to nanomaterials,
and if needed, to develop advice on:
•

Substance Identification (RIP-oN 1),

•

Information Requirements, incl. testing strategies (RIP-oN 2), and

•

Chemical Safety Assessment (RIP-oN 3).

The projects were coordinated by the Joint Research Centre (Institute for Health and Consumer
Protection (IHCP), Nanobiosciences unit). While the RIP-oN 1 was carried out in cooperation
1
2

http://ec.europa.eu/environment/chemicals/nanotech/index.htm, or
http://ec.europa.eu/enterprise/sectors/chemicals/files/reach/nanomaterials_en.pdf
http://guidance.echa.europa.eu/guidance_en.htm

7

INTRODUCTION

with an expert group comprised of Member State Competent Authorities, industry, NGO and
ECHA experts. Work concerning RIP-oN 2 and 3 was contracted out to a consortium led by
IOM with CEFIC, NIA and S-IN as partners.
A joint JRC, ECHA, DG ENV and DG ENTR steering group was established to oversee the day
to day advancement and steering of the work of all three projects. Progress and (draft) results of
all projects were reported to the CASG Nano, which acted as the stakeholder consultation group
for the projects.
The timing of the work was based on the balance to be struck between, on the one hand the
needs of the implementation of REACH to have an evaluation of the existing guidance and, if
needed, advice concerning nanomaterials to be available as soon as possible, and on the other
hand the knowledge that needs still to be developed on the specific relevant aspects on
nanomaterials.

1.3

RIP-ON 1 ON SUBSTANCE IDENTIFICATION OF NANOMATERIALS

1.3.1

Objectives

The objective of the project 'Substance identification of nanomaterials' (RIP-oN 1) was to
evaluate the applicability of existing guidance and, if needed, to develop specific advice on how
to establish the substance identity of nanomaterials. The current REACH guidance on substance
identification, relevant experience in ECHA, the Manual of Decisions3 (67/548/EEC) and the
application of the EINECS reporting rules should be used as a basis for development of this
specific advice on the substance identification of nanomaterials. Additionally, other evidence
from the literature and on-going international activities should be included where relevant.
A key feature of the project was that it builds on four case studies. Each case study should
identify the relevant characteristics that determine the identity of the specific nanomaterial by
assessing the adequacy of current substance identification parameters laid down in Annex VI,
item 2 of REACH and the 'Guidance for identification and naming of substances under REACH'
(ECHA 2007)4. Where appropriate, additional parameters potentially relevant for the type of
nanomaterial should be identified and advice on where to find or how to produce information on
these additional parameters should be provided. In addition, advice on how to report and record
the relevant information on additional parameters in IUCLID 5 should be provided.
On the basis of the experience from the case studies, this report was developed and provides an
evaluation of the applicability of the existing guidance for substance identification for
nanomaterials. This report gives an overview of additional parameters potentially relevant for the
identification of nanomaterials. Where consensus amongst the experts could not be reached, this
3
4
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http://ecb.jrc.ec.europa.eu/esis/doc/Manual_of_decisions.pdf
http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
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report includes descriptions of various options for substance identification of nanomaterials in
REACH as well as their pros and cons rather than one set of recommendations.

1.3.2

Scope

The project dealt with the substance identification of nanomaterials under REACH. However,
there is not yet a widely accepted or an EU definition of the term 'nanomaterial'. It was clarified
in the beginning of the project that the development of a definition was outside the scope of the
project.
In the absence of an agreed EU/REACH definition of 'nanomaterial', the RIP-oN 1 project
considered particles (such as nano-silver, nano-TiO2 or nano-CaCO3) and tubes (such as CNT)
with at least one dimension < 100 nm as nanomaterials. Once the term nanomaterial has been
agreed within the EU the report might be edited accordingly.
The project covered a new field where relatively little work has been done at EU level. Therefore
the scope of the work was continuously discussed, especially with regard to participants opinion
of what is exclusively or predominantly nanomaterial specific matters and what is general
matters applicable for all chemicals. The latter obviously did not require the further attention of
this project. However, these discussions were important to establish the boundaries of the
project.
An example of an issue discussed initially, but excluded from further work because of its general
nature and applicability to all chemicals, was the crystalline form as an identifier.
Nanomaterials are often surface treated. It was discussed, whether or not surface treatment was a
general matter applicable to all substances. The implications of surface treatment may be
different for nanomaterials due to larger specific surface or interface area, i.e. a larger area to
mass ratio, than macroscopic materials. Thus, surface treatment – although also relevant for
macroscopic particles – might be of particular relevance for nanoparticles due to their higher
specific surface areas. Therefore, this issue was further discussed within the project.
It was not within the RIP-oN 1 scope to specify when changes in the substance identity
would/should/could require new information to be generated and/or when/how separate
Chemical Safety Assessments should be prepared. This will consequently not be discussed in
any detail in this report.
The aim of the project was to develop scientific/technical advice on the substance identification
of nanomaterials. Consequences such as how this would affect the number of registration
dossiers or how this would impact the tonnage band were out of the scope of the RIP-oN 1
project and need to be discussed in a different forum.

9

INTRODUCTION

1.3.3

Use of the results

The project dealt with the interface between legislation and scientific and technical aspects of the
implementation of REACH for nanomaterials. The foundation for the discussions was the legal
text of REACH which is the raison d'être of the project, and the 'Guidance for identification and
naming of substances under REACH' (ECHA 2007).
While it was the clear ambition to aim for consensus, it turned out that the opinions diverged and
it was not possible to reconcile the views and arrive at consensus amongst the experts. Therefore
this report includes descriptions of various options for substance identification of nanomaterials
in REACH as well as their pros and cons rather than one set of recommendations.
Some of the options may not be implementable under the REACH regulation. DGs ENTR and
ENV will therefore assess all the recommendations vs. the REACH regulation. Those that are
inconsistent with REACH may, nevertheless, provide valuable technical input to other on-going
RIP-oNs on information requirements and chemical safety assessment as well as to the
Commission’s review of relevant legislation and implementing instruments concerning
nanomaterials in 20115.
For other recommendations or options it is noted that only ECHA has the authority to issue or
update the official Guidance. More information on the consultation procedure on Guidance is
available on the ECHA website6. However, before these results of the RIP-oN 1 reach ECHA,
they will be subject to thorough discussions, i.e. in CARACAL.
The discussions have revealed that certain aspects cannot be solved on the basis of
technical/scientific arguments alone, but will involve policy decisions such as previous decisions
concerning polymers or alloys.

1.3.4

Organisation

Following a request for nominations of experts via the Competent Authorities for REACH and
CLP (CARACAL), the Commission Services in cooperation with ECHA set up an expert group
to address substance identification of nanomaterials. The group was comprised of experts from
Member State Competent Authorities (Austria, Germany, France, Ireland, Lithuania,
Netherlands and Sweden (direct participation in expert meetings) and Belgium, Finland and
Poland (written consultation), industry (Cefic, FECC and EPMF), NGOs (EEB and ETUC), and
ECHA. JRC chaired the expert group, and DG ENV and DG ENTR followed the work as
observers.
The expert group undertook a number of tasks:

5
6

10

Commission Response to the European Parliament Resolution of 24 April 2009, November 2009
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•

Task 1: Collate and review relevant information;

•

Task 2: Develop four
nanomaterials;

•

Task 3: Analyse the 'Guidance for substance identification and naming of substances
under REACH';

•

Task 4: On the basis of relevant available information, the experience from the case
studies and the analysis of the guidance, draft an advisory report.

case

studies

of

substance

identification for

different

The drafting work was done via dedicated sub-groups, e.g. four case study groups and groups
dealing with tasks 1 and 3. The sub-groups worked via e-mail and with tele/web conferences.
Results of the sub-groups were commented on and discussed with the entire RIP-oN 1 expert
group. The expert group had four face-to-face meetings at the JRC in Ispra (Italy). Documents
were shared via a dedicated web-place. This advisory report (task 4) was drafted by JRC based
on the results of the other tasks, and has been reviewed by the RIP-oN 1 experts. Furthermore,
CASG Nano was invited to provide written comments to various deliverables throughout the
project and was consulted on a draft of this report.

1.4

STRUCTURE OF THE RIP-ON 1 ADVISORY REPORT

Some information concerning the applicability of REACH to nanomaterials, general background
information on the REACH Implementation Projects on Nanomaterials, and objectives and scope
of RIP-oN 1 are given in Chapter 1 of this report. Abbreviations and terminology used can be
found in Chapter 2. Relevant information on the framework for substance identification in
REACH is summarised in Chapter 3.
Chapter 4 gives an overview about the main issues discussed concerning the substance
identification of nanomaterials, such as size as an identifier or characteriser and surface
treatment. It also includes a short summary of analytical methods to measure potential identifiers
or characterisers identified within the project.
An analysis of the current 'Guidance for identification and naming of substances under REACH'
(ECHA 2007)7 is provided in Chapter 5, which also includes specific guidance on carbon
nanotubes (CNT) and advice on how nanomaterials can be reported in IUCLID 5.
Finally, Chapter 6 includes conclusions and recommendations for further process.
Appendices 1 and 2 respectively summarise the arguments provided by the various RIP-oN 1
experts on whether size and surface treatment could or should be considered as identifiers. A
review of relevant information (task 1 report) is provided in Annex 1. Annex 2 includes the full
case study reports on CNT, nano-silver, nano-CaCO3 and nano-TiO2.
7

http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
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2

In the case studies and the reports of the RIP-oN 1 project the definitions from the 'Guidance for
identification and naming of substances under REACH' (ECHA 2007)8 were used. Conventions
concerning other terms are described in Table 2.
Table 1

Abbreviations

Abbreviation

Description

AAS

Atomic Absorption Spectroscopy

AES

Auger Electron Spectroscopy

BET

Brunauer, Emmett and Teller method

CARACAL

Competence Authority for REACH and CLP

CAS

Chemical Abstract Number

CASG Nano

Competent Authorities Subgroup on Nanomaterials

CEFIC

European Chemical Industry Council

CLP

Classification, Labelling and Packaging (Regulation (EC) No 1272/2008)

GHS

Globally Harmonised System of Classification and Labelling of Chemicals

CNT

Carbon Nano Tubes

CVD

Chemical Vapour Deposition

DG ENTR

Directorate General for Enterprise

DG ENV

Directorate General Responsible for Environment

DLS

Dynamic Light Scattering

DWCNT

Double Walled Carbon Nanotubes

EC

European Commission

ECHA

European Chemical Agency

EEB

European Environmental Bureau

EINECS

European Inventory of Existing Commercial chemical Substances

EM

Electronic Microscopy

EPMF

European Progress Microfinance Facility

ETUC

European Trade Union Confederation

EU

European Union

FAQ

Frequently Asked Question

FECC

European Association of Chemical Distributors

FFF

Field Flow Fractionation

ICP-MS

Inductively Coupled Plasma Mass Spectroscopy

8
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IHCP

Institute or Health and Consumer Protection

ISO

International Organisation for Standardization

IUCLID

International Uniform Chemical Information Database

JRC

Joint Research Centre (of the European Commission)

MS

Mass Spectrometry

MWCNT

Multi Walled Carbon Nanotubes

NGO

Non-Governmental Organisation

NONS

Notification of New Substances (Directive 67/548/EEC)

OECD

Organisation for Economic Co-operation and Development

REACH

Registration, Evaluation, Authorisation and Restriction of Chemical substances
(Regulation (EC) No 1907/2006)

RIP-oN

REACH Implementation Project on Nanomaterials

SAXS

Small Angle X-ray Scattering

SEM

Scanning Electron Microscope

SIMS

Secondary Ion Mass Spectrometry

SSA

Specific Surface Area

SWCNT

Single Walled Carbon Nanotube

TEM

Transmission Electron Microscopy

TGA

Thermo Gravimetric Analysis

UVCB

(Substances of) Unknown or Variable composition, Complex reaction products
or Biological materials

XPS

X-ray Photoelectron Spectroscopy

XRF

X-ray Fluorescence

Table 2

Conventions concerning terminology used in this report

Convention

Description

Bulk form

Form of a REACH substance with all dimensions > 100 nm
(subject to adaptation as noted under 'nanomaterial')

Bulk substance

Substance with particles, where all dimensions > 100 nm
(subject to adaptation as noted under 'nanomaterial').

Characterisation/characteriser

The wording 'characterisation/characteriser' is used to
distinguish forms of the same REACH substance which are
included within one REACH registration dossier, e.g. nanoform and bulk form. NOTE: In the RIP-oN 1 project,
'characterisation/characteriser' is not used for a full description
of the physico-chemical properties of a substance or a form.

Coating

Synonym for surface treatment.
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Conventional substance

Sometimes used as synonym for bulk substance

Form of a substance

Form of a REACH substance; can be distinguished from other
forms of the same REACH substance by characterisers.

Identification/identifier

The wording 'identification/identifier' is used to distinguish a
REACH substance from another REACH substance.

Nano-form

Form of a REACH substance with at least one dimension
< 100 nm (subject to adaptation as noted under 'nanomaterial').

Nanomaterial

In the absence of an agreed EU/REACH definition of
'nanomaterial', the RIP-oN 1 project considered particles (such
as nano-silver, nano-TiO2 or nano-CaCO3) and tubes (such as
CNT) with at least one dimension < 100 nm as nanomaterials.
However, it is outside the scope of the project to define the
term 'nanomaterial'. Once this term has been agreed within the
EU / for the REACH regulation the text must be edited
accordingly.

Primary particles

Individual particles, smallest units, which may form
aggregates and agglomerates.

REACH substance

Substance according Article 3 of the REACH Regulation; can
be distinguished from other REACH substances by identifiers.

Substance in its own right in
REACH

Synonym for REACH substance.

Surface functionalization

Synonym for surface treatment.

Surface modification

Synonym for surface treatment.

Surface treatment

Terms such as 'surface treatment', 'surface modification',
'coating' and 'functionalization' are used as synonyms in
scientific literature. This is consistent with ISO
(ISO/TC 27687 (2008). In the RIP-oN 1 project the term
'surface treatment' is the preferred term. It is recommended to
specify the nature/type of the surface treatment. Following this
approach, the use of the synonyms can be avoided.

Note: There was no consensus on whether nanomaterials can be regarded as the same as their bulk substance or
whether different forms of a nanomaterial can be regarded as the same substance. In these cases the RIP-oN 1
project uses the wording 'identification or characterisation' and 'identifier or characteriser'.
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3

SUBSTANCE IDENTIFICATION AND NAMING IN REACH

This chapter summarises approaches for substance identification in REACH with a special focus
on identification routes discussed within the execution of the RIP-oN 1.

3.1

INTRODUCTION TO SUBSTANCE IDENTIFICATION IN REACH

In line with REACH Article 10 'Information to be submitted for general registration purposes' a
registration shall contain a technical dossier including the identity of the substance as specified
in Section 2 of Annex VI. The 'Guidance for identification and naming of substances under
REACH' (ECHA 2007)9 is focused on appropriate identification of substances that fall under the
legal definition of a substance in REACH and provides guidance on the substance identification
parameters of Section 2 of Annex VI.
The guidance states that substance identification should use at least the substance identification
parameters listed in REACH Annex IV, item 2. A substance is usually identified by its chemical
composition, the chemical identity and the content of each constituent in the substance. While
such straight-forward identification is possible for most of the substances, it is recognised that
this is not feasible or not adequate for certain substances. In those cases, other or additional
substance identification information is required.
In the guidance, substances are divided into two main groups; substances of well defined
composition and substances of Unknown or Variable Composition, Complex reaction products
or Biological materials, so-called UVCB substances. It is recognised that there will be borderline
cases between well-defined substances (reaction products with many constituents, each within a
broad range) and UVCB substances (reaction products with variable and poorly predictable
composition).
Well-defined substances: Well-defined substances can be mono or multi-constituent substances
depending on the constituent concentration ranges. A substance that has a single constituent
present at greater than 80% is for practical reasons considered to be a mono-constituent
substance and is named based on the identity of this constituent. A substance that has no single
constituent present at greater that 80% and has one or more constituents present at greater than
10% is considered to be a multi-constituent substance and is named as a reaction mass of each
constituent present at a concentration greater than 10%. The concentration ranges are considered
to be rules of thumb and deviation is possible with justification.
Some well-defined substances are not fully defined by chemical composition alone and other
identifiers are necessary. This kind of substances is described in the guidance as 'substances of
defined chemical composition and other identifiers'. Graphite and diamond are given as
examples. The chemical composition is the same for both (i.e. carbon) and thus another identifier

9

http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
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is necessary to uniquely identify graphite and diamond. The additional identifier is in this case
the crystal morphology.
UVCB substances: Substances that are not fully defined by chemical composition and other
identifiers are considered to be UVCB substances. According to the guidance, a UVCB
substance has a relatively large number of constituents and/or its composition is to a significant
extent unknown and/or is very variable or poorly predicable. The guidance gives examples of
different types of UVCB substances. For example, for substances where the chemical
composition is not fully known, the substance may be identified based on manufacturing process
used and the reactants (e.g. [reaction] products of [reactant 1] and [reactant 2] and etc..
Substances with variation in alkyl chain length are a special type of UVCB substance described
in the guidance. Such substances include paraffin and olefin substances and the identity of the
substance is based on the alkyl descriptor (number of carbon atoms of the alkyl group, e.g.
C12-C14), the functionality descriptor (the functional group of the substance e.g. amine) and the
salt descriptor (the cation or anion of any salt).

Figure 1 Key for various types of substances according to the 'Guidance for identification
and naming of substances under REACH (ECHA 2007) 10

10 http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
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The criteria for deciding if a substance should be identified according to the above routes are
summarised in Table 4.1 and 4.2 of the guidance. Figure 4.1 of the guidance (included in this
report as Figure 1) illustrates this schematically.
The guidance does not include any advice for the identification and naming of nanomaterials
under REACH. Within the chapter concerning 'Substances of defined chemical composition and
other main identifiers' (Section 4.2.3 of the guidance, page 28) it is stated that “the current
developments in nano-technology and insights in related hazard effects may cause the need for
additional information on size of substances in the future. The current state of development is not
mature enough to include guidance on the identification of substances in the nanoforms in the
TGD.”.

3.2

MANUAL OF DECISIONS

The 'Guidance for identification and naming of substances under REACH' (ECHA 2007) is
based on experience with substance identification under the previous chemicals legislation, in
particular the Dangerous Substances Directive (Directive 67/548/EEC). Decisions, explanations
and interpretations concerning this Directive, and in particular the notification scheme, were
recorded in a so-called 'Manual of Decisions'11. Some decisions may still be relevant under
REACH, for instance concerning the phase-in status of a substance. One entry in the nonconfidential Manual of Decisions concerns 'substances in the nanoform' (Section 5.1.3, page 64).
It is stated that "substances in nanoform which are in EINECS (e.g. titanium dioxide) shall be
regarded as existing substances, and substances in nanoform which are not in EINECS (e.g.
carbon allotropes other than those listed in EINECS) shall be regarded as new substances".
Under REACH 'existing substances' are regarded as phase-in substances.
The above mentioned entry in the Manual of Decisions was used in the TiO2 case study as a
supportive argument to consider nano-TiO2 as the same substance as bulk TiO2. However,
according to the 'Guidance for identification and naming of substances under REACH' (Section
3.2.2 on 'The REACH inventory after entry into force of REACH') a potential registrant may
describe a substance more precisely than in EINECS without losing the phase-in status. This
latter approach was applied in the CNT case study. The expert group agreed that historically
CNTs were considered to be the same allotrope as graphite but that this analogy has been
superseded due to recent advances in scientific and regulatory knowledge on CNTs. CNTs
should be considered as substances in their own right but retain phase-in status due to historical
analogy with graphite.

11 http://ecb.jrc.ec.europa.eu/esis/doc/Manual_of_decisions.pdf
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3.3

APPLICATION OF THE GUIDANCE TO THE CASE STUDIES

As there is no specific guidance available for nanoforms/nanomaterials, the case studies applied
the existing guidance with some interpretation.
A route discussed in the expert group was the 'well-defined substance' route, in particular the
mono-constituent substance route, where the identification is based solely on chemical
composition; i.e. no other identifiers are necessary. This route was applied by industry experts to
examples in the CaCO3, Ag and TiO2 case studies. The 'well-defined substance plus additional
identifiers' was considered by Member State, NGO and ECHA experts as a route in these studies.
There was no consensus in the group if, and in the case of yes, what additional identifiers would
be relevant.
There was consensus that CNT could not be identified by chemical composition alone. CNT
were either considered as substances of defined chemical composition and other main identifiers
or as UVCB substances. It was concluded that in principle, there is no significant difference in
these two identification routes for CNTs though the UVCB route may offer more flexibility in
the naming depending on what identifiers would be deemed relevant for their identification. For
example, the approach given for the identification of substances with variable alkyl chain length
was taken to be a useful starting point for the possible identification of CNT as UVCB
substances (i.e. variable length or variable number of tubes). The UVCB route was also
considered by some of the group for the TiO2 case study.
It could be seen from the case study reports that the key disagreements in the expert group
stemmed from what identifiers were considered relevant for the examples examined. The
existing guidance does not include any information that could be used to determine what
identifiers are relevant for nanomaterials.
The existing guidance could be applied for the identification and naming of the examples in the
four case study reports once the relevant identifiers had been determined. However, there was no
agreement on what identifiers are relevant in most cases. This had the result that the same
example in a given case study was identified using different routes depending on the identifiers
deemed relevant by different members of the group (e.g. well defined substance identified based
solely on chemical composition vs. well defined substance that requires additional identifiers
such as size etc.).
Details concerning the different views with respect to potential additional identifiers are
presented in Chapter 4 of this report.
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MAIN ISSUES CONCERNING SUBSTANCE IDENTIFICATION OF
NANOMATERIALS

4

Chapter 4 summarises the main issues addressed in RIP-oN 1 concerning substance
identification of nanomaterials, i.e. size and surface treatment as potential identifiers (Chapter
4.1 and 4.2) and other potential identifiers (Chapter 4.3). As consensus could not be reached,
various approaches/options are outlined. Chapter 4.4 provides analytical methods to measure
potential identifiers or characterisers.

4.1

SIZE AS IDENTIFIER OR CHARACTERISER

As 'nano' is a size indicator, the most debated issue in RIP-oN 1 has not surprisingly been
whether 'size' should be seen as an identifier.
It is agreed among the RIP-oN 1 experts that size does affect the physico-chemical and other
properties of materials and that information requirements, safety measures and Chemical Safety
Assessments (where needed) should appropriately address when properties change with size. It
was not within the RIP-oN 1 scope to further specify when and how differing properties
would/should/could require new information to be generated and/or when/how separate
Chemical Safety Assessments should be prepared. This will consequently not be discussed
further here.
No agreement was reached among the experts as to whether size should be considered an
identifier and/or trigger new identifier(s) in relation to substance identity under REACH.
Thus two overall approaches will be outlined and discussed in this chapter:
1. Size is not an identifier, but a characteriser,
2. Size is an identifier, or may trigger new identifier(s).
This chapter aims to capture the arguments in favour of each of these approaches, including
those put forward in the case studies (see Annex 2) and by individual experts (summarised in
Appendix 1). Further considerations in relation to possibly implementing each of these options
are also outlined.

4.1.1

Approach 1: Size is not an identifier, but a characteriser

This approach was supported by the industry experts in RIP-oN 1 and by Eurometaux (via
EPMF).
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4.1.1.1 Arguments in support of approach 1

Industry experts judge that size, as a physical form of a substance, should not be regarded as an
identifier for nanomaterials in the context of substance identity under REACH. With reference to
the substance definition in REACH, the industry experts argue that substance identity is based on
molecular identity, and not on physical properties, an approach supported by US EPA (please see
below box 1 in relation to the US EPA position). Therefore, size as characteriser shall be used to
determine appropriate classification under the CLP Regulation and needs to be considered in any
chemical safety assessment. (See the full industry expert text contribution on the size issue in
Appendix 1 – these arguments were also put forward in several of the case studies with slightly
different wording).
Industry also noted that EINECS reporting rules and decisions made under the new Substances
notifications scheme (NONS)12 on what would be considered a new substance support the
identification of substances based solely on the chemical identity; e.g. a decision reported in the
Manual of Decisions13 states: "Thus, substances in nanoform which are in EINECS (e.g. titanium
dioxide) shall be regarded as existing substances" (non-confidential Manual of Decisions,
section 5.1.3, page 64; see also Chapter 3.2 of this report).
The nano-TiO2 case study points out that the physicochemical properties discussed in that case
study change as a result of particle size also for bulk forms but still this has not been considered
to alter the chemical identity.
Box 1:

US EPA position

In its report 'TSCA Inventory Status of Nanoscale Substances - General Approach'
(http://www.epa.gov/oppt/nano/nmsp-inventorypaper.pdf) published in 2008, the US EPA outlines how the US
EPA currently determines whether a nanoscale substance is a 'new' chemical for the purpose of the Toxic Substances
Control Act (TSCA) inventory.
According to this report, a nanomaterial will be deemed a new chemical only if the molecular identity of the
nanoscale substance differs from the molecular identity of any of the substances already listed in the Inventory. The
report outlines the approach the EPA has historically taken under TSCA in evaluating whether chemical substances
are new, and further informs the public of EPA’s intention to follow this approach for nanomaterials that are
chemical substances.
However,
it
should
be
noted
that
the
Toxic
Chemicals
Safety
Act
of
2010
(http://www.govtrack.us/congress/bill.xpd?bill=h111-5820) is currently under discussion in the US House of
Representatives and there are proposals in this bill that could lead to a revision of the above report if passed into
law; for example Section 3 of the latest draft of the bill states that: "(1) The Administrator may determine different
forms of a chemical substance with a particular molecular identity to be different chemical substances for purposes
of this Act, based on variations in the substance characteristics. New forms of existing chemical substances so
determined shall be considered new chemical substances for purposes of this Act.”

12 Directive 67/548/EEC and its amendments
13 http://ecb.jrc.ec.europa.eu/esis/doc/Manual_of_decisions.pdf
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4.1.1.2 Issues to consider if implementing approach 1

Given the discussions between experts from industry, Member States and other stakeholders in
RIP-oN 1, it seems appropriate to clarify in relevant places of the 'Guidance for identification
and naming of substances under REACH' that size should not be considered an identifier for
nanomaterials. It should also be clarified that the different nanoforms should be well described in
the registration dossier for the bulk form. Simultaneously, it should be emphasised that changes
in physico-chemical properties should be addressed via the 'Guidance on Information
Requirements and Chemical Safety Assessment' and possibly other relevant REACH guidance
(e.g. Guidance on Data Sharing). Information on when differences in properties would trigger
new information requirements and/or new Chemical Safety Assessments should also be
included.

4.1.2

Approach 2: Size is an identifier, or may trigger new identifier(s)

Member State, NGO and ECHA experts support careful consideration of this approach, which
may be implemented in different ways. It could either be implemented as 'size in combination
with significant changes in properties' (approach 2a) or 'size alone' as the identifier (approach
2b).
As should be evident from the discussion above (Approach 1), the industry experts were against
approach 2, including any consideration of size or physico-chemical parameters as identifier(s)
for the purpose of substance identity under REACH.
It seems appropriate to first summarise how properties change with size in the nanoscale range.

4.1.2.1 Property changes in the nanoscale

Nanomaterials are manufactured for their specific properties providing possibilities for new uses
and products and often behave differently compared to materials with a macroscopic structure,
even when the elemental or molecular composition is the same. Nanomaterials can, thus, have
different physical or chemical properties compared to bulk materials. Some of these properties
can be extrapolated from the macroscale, whereas others change drastically or are only seen
below a certain size.
Nanomaterials have a much larger specific surface or interface area, i.e. a larger area to volume
(or mass) ratio, than macroscopic materials. For spherically shaped nanoparticles, the specific
surface area increases with the inverse of the diameter. From purely geometrical considerations,
as an example, 10 g of silver in the form of spherical nanoparticles with a diameter of 10 nm
exhibits a total surface area of about 570 m2. This should be compared to a single solid silver
sphere with the same mass which has a surface area of about 4.7 cm2, giving an increase in total
surface area for the nanomaterial form of more than a factor of 1,200,000. Since chemical
reactions often take place at the surface of materials, one expects nanomaterials to be more
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reactive than the same mass of material made up of macroscopic structures. According to the
German expert (see Appendix 1), reactivity is further increased due to surface atoms being less
stable and the ability to form bonds increases with decreasing size, due to the higher free surface
energy. The altered thermodynamics (the higher free energy), is also pointed out by the Irish
expert (see Appendix 1), mentioning that this may affect different properties such as reducing
melting point and altering crystallographic structure. If the nanomaterial is soluble, solubility
will also change. This is e.g. illustrated in the CaCO3 case study. Other properties such as
photocatalytic activity and optical properties (see e.g. nano-silver case) may also change
significantly within the nanosize range.
Common for the above properties is that they change with size, some in a more
gradual/continuous manner as e.g. the geometrical properties, whereas other properties may
change more abruptly.
Furthermore, there are intrinsic nanoscale properties which result from quantum confinement of
atoms and electrons. These effects are most dominant at sizes below a few tens of nanometres
(less than about 30 nm). They can considerably change fundamental physico-chemical properties
like the catalytic, optical, electrical, and magnetic properties of the nanomaterials, properties that
are not seen in the bulk equivalent. These properties are sometimes referred to as 'true' nanoproperties.
Comprehensive summaries of material properties at the nanoscale also compared to bulk can be
found in the literature (see e.g. Roduner 200614, Guisbiers 201015, Zhang et al. 199916, Burda et
al. 200517, Powers et al. 200618, Sayes et al. 200919).

4.1.2.2 Arguments in support of approach 2

As can be seen from most of the Member State Competent Authority and the NGO expert
comments (Appendix 1) and as stated by the same experts in several of the case studies, these
experts find it justified to consider whether size could be an identifier given that certain
properties may change significantly at the nano-scale.

14 Roduner E. (2006): Size matters: why nanomaterials are different. - Chem. Soc. Rev. 35: 583–592
15 Guisbiers G. (2010): Size-dependent Materials Properties Towards a Universal Equation.- Nanoscale Res
Letters 5: 1132-1136
16 Zhang H., Lee Penn R., Hamers R.J., Banfield J.F. (1999): Enhanced Adsorption of Molecules on Surfaces of
Nanocrystalline Particles. - The Journal of Physical Chemistry B 103(22): 4656-4662
17 Burda C., Chen X., Narayanan R., El-Sayed M.A. (2005): Chemistry and Properties of Nanocrystals of
Different Shapes. - Chem. Rev. 105: 1025-1102
18 Powers K.W., Brown S.C., Krishna V.B., Wasdo S.C., Moudgil B.M., Roberts S.M. (2006): Research Strategies
for Safety Evaluation of Nanomaterials. Part VI. Characterization of Nanoscale Particles for Toxicological
Evaluation. - Toxicol. Sci. 90(2): 296-303
19 Sayes C.M., Warheit D.B. (2009): Characterization of nanomaterials for toxicity assessment. - WIREs
Nanomed Nanobiotechnol 1: 660–670
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Other arguments in favour include that the 'Guidance for identification and naming of substances
under REACH' (ECHA 2007)20 recognises that some substances (e.g. inorganic minerals) which
can be identified by their composition need to be further specified by additional identifiers to get
their own substance identification.
Furthermore, the EC inventory (and as well the CAS inventory) include examples of substances
with the same chemical composition but different EC and CAS numbers, e.g.
(1)

diamond, graphite and carbon have the same chemical composition, but different
crystalline structure;

(2)

various forms of charcoal and carbon black, all have the same chemical composition,
(amorphous) carbon, but have different EC entries;

(3)

rutile (TiO2) and anatase (TiO2) have different EC entries;

(4)

various forms of silicon dioxide (such as cristobalite, silica vitreous, trimite and quartz)
have different EC entries although the chemical formula is SiO2;

(5)

stereo-isomers have the same chemical composition, but are not regarded as the same;

It can be assumed that this is based on the different properties of the substances (see comments
from the Swedish expert in Appendix 1).
In relation to the Manual of Decision statement "Thus, substances in nanoform which are in
EINECS (e.g. titanium dioxide) shall be regarded as existing substances" (non-confidential
Manual of Decisions21, section 5.1.3, page 64), it should be noted that the legal status (existing
substance) does not block the introduction of additional identifiers if deemed necessary.

4.1.2.3 Issues to consider if implementing approach 2

Approach 2a 'size in combination with significant change in properties' approach
What property/properties to consider?
So far, no specific property independent of the chemical composition has been identified that
changes significantly at the nano-scale for all materials. The nature and degree of a property
change depends on the chemical composition of the substance. A size-related identifier could
therefore not be related to one specific property, but potentially to different properties. Thus, a
case-by case decision would be needed, and several properties might have to be considered for
this approach. No criteria have been developed to date for determining which properties would
be relevant.

20 http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
21 http://ecb.jrc.ec.europa.eu/esis/doc/Manual_of_decisions.pdf
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What is a 'significant' change in properties?
If a size-related identifier should be linked to a significant property change, 'significant' should
be defined. As discussed in the CaCO3 case study, there is currently no accepted scientific
approach for establishing what is a 'significant' property change. On the other hand, a policy or
management decision could of course be made in relation to what is considered 'significant', e.g.
by defining a confidence level for a specified statistical method, which could be used to test for
significance. It seems however difficult to establish one level of significance, in particular across
different properties.
Analytical methods
If a size-related identifier is linked to significant property changes, it should be carefully
considered which analytical methods could be put in place to measures these properties for
nanomaterials. Analytical methods are discussed in Chapter 4.4.
Optical properties / Spectral data – a special case?
The only specific property mentioned in Annex VI, Item 2 is optical properties as measured by
UV spectroscopy (REACH Annex VI (2.3.5.)). There is often a marked difference in the optical
properties of macro- and nano-sized metal particles due to the Surface Plasmon Resonance effect
when metal nanoparticles are dispersed in solution. This effect is responsible for the highly
coloured solutions that results when for example gold or silver nanoparticles are dispersed. For
other types of substances, e.g. semi-conductors such as CdSe the optical properties differ for
macro- and nano- sized particles when the nanoparticles are sufficiently small that they display
quantum confinement effects (i.e. the band structure has changed due to the confinement of
electrons). However, the size at which materials display quantum confinement effects is highly
material dependent. It can be less than 1 nm for gold nanoparticles and ca. 30 nm for CdSe
particles. There is also strong shape dependence in the optical properties of nanoparticles. It was
noted in the Ag case study that the optical properties of nano-silver vary significantly from one
nano-size to the next. Nano-silver displays Surface Resonance Effects (SREs) and has a UV
absorbance peak in the UV spectrum. Bulk silver does not display these SREs and therefore does
not have a UV absorbance peak in the UV spectrum. Silver ions (Ag+) in solution display an
absorbance in the UV spectrum that is unrelated to the SPR effect displayed by Ag nanoparticles.
Thus for this property it could be specifically considered if and when changes would be
significant enough to prompt a new substance identity. However it was also noted that the
changes in optical properties are directly correlated with size and shape and could in principle be
captured by having size and shape as identifiers.
It should be noted that while the UV spectrum is a requirement of REACH Annex VI (2),
differences in spectra between substances would not necessarily trigger different substances as
the differences can be driven by the impurities present, e.g. ethanol with/without aromatic carbon
impurities. Impurities do not contribute to the identity of a substance.
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Approach 2b 'size alone'
As some properties may change significantly as a result of the smaller size for nanomaterials,
several experts have suggested to simply use 'size alone' as identifier. This would circumvent
most of the challenges outlined above for the 'size in combination with significant change in
properties' approach. However, this approach also raises a number of considerations.
Cut-off point?
There seems to be no clear cut-off point across nanomaterials below which 'significant' changes
in properties would materialise. Thus either the size cut-off (under which size would become an
identifier) would differ between nanomaterials or a default cut-off point below which size
becomes an identifier for all materials is defined. The former seems more scientific and relies on
a case-by-case approach, whereas the latter seems more clear and enforceable.
Should the latter approach be preferred, it would seem logical to establish the cut-off point in
line with a cut-off point given in a definition of the term nanomaterial.
Size distribution
Particulate materials have a size distribution. This issue has, for example, been raised in the
CaCO3 case study. In particular, when part of the distribution would be above an established cutoff value, rules would have to be developed on what percentage of the form should be below the
cut-off to trigger the size identifier. This should consider the applicability of current rules such as
the '80/20 rule' and if applicable, whether the percentage should be based on mass, number, or
surface area. Again, if the size cut-off is linked to a 'nanodefinition', this definition might define
a cut-off value and rules concerning the percentage below the cut-off.
One size identifier or ranges?
Let us hypothetically assume the above cut-off is set to 100 nm. It could be considered whether
ranges should be used, e.g. 1-10 nm, 10-30 nm and 30-100 nm. It could also be considered, as
e.g. one suggestion by the German expert (see Appendix 1), that nanomaterials should not be
further discriminated based on size below the cut-off point.
Agglomeration and aggregation
Closely linked to size and size distribution is the issue of agglomeration and aggregation.
Agglomeration/aggregation have been discussed in e.g. the CNT and nano-TiO2 case studies. It
was pointed out that agglomerates/aggregates would be nanostructured materials and thus
nanomaterials according to the ISO definitions. These case studies also argued that agglomerates
would be forms of the respective nano-substances and thus relevant for characterisation.
Following this logic, primary particle size should be applied as an identifier. Furthermore, the
size of primary particles – in contrast to the size of agglomerates and aggregates – does not
depend on matrix effects.
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Need for specifying analytical method for measuring size
This approach would naturally also have to specify which analytical method(s) to use and how to
use these in relation to substance identity. See Chapter 4.4.
Size and shape
Finally, it should be noted that the discussions in this chapter have implicitly assumed spherical
or low aspect ratio nanomaterials. Additional or different identifier(s) might be needed for high
aspect ratio nanomaterials as e.g. discussed in the CNT and TiO2 case studies. This is further
discussed in Chapter 4.3.

4.1.2.4 Conclusions on Approach 2

Generally, this approach is supported by the wish to address the fact that physico-chemical and
other properties may change significantly at the nanoscale and that these changes may not be
predictable based solely on the chemical composition. However, the types of properties changing
significantly and the size at which such significant changes would occur depend on the property
and on the nanomaterial. Further, linking a size identifier to properties would require appropriate
analytical methods to be established for those properties addressed. Considering size in
combination with properties necessarily means that identification would be on a case-by-case
basis. A more clear and enforceable approach seems to be to relate an identifier directly to a
default size cut-off. This could logically be the size cut-off in a 'nanodefinition'.
Following such an approach would still require consideration on:
•

Whether further discrimination below the cut-off should be established (i.e. 1. Should
materials below the cut-off be further discriminated based on size ranges? or 2. Should
there be no further discrimination below the cut-off based on the size identifier?);

•

How to address size distributions (percentages and what metric to use mass, number or
surface area based?);

•

How to address agglomeration/aggregation; and

•

What analytical method(s) to use for measuring size?

It should be noted that several of these questions are interlinked and that if the approach is linked
to a 'nanodefinition', such a definition may address some of them.
Furthermore, it is noted that the 'Guidance for identification and naming of substances under
REACH' (ECHA 2007)22 in general leaves some flexibility; it does not, for example, give precise
cut-offs for substances with variation in the carbon-chain length.

22 http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
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4.2

SURFACE TREATMENT

Nanomaterials are often surface treated. Surface treatment may significantly change the
properties/behaviour in comparison to the untreated nanomaterial. Surface treatment was
recognized as a cross-cutting issue as it was applicable to all four cases. In literature there seems
to be no clear distinction between different terms used such as 'surface treatment', 'surface
modification', 'coating' and 'functionalization', they are often used as synonyms. In this report,
the term 'surface treatment' is used, and refers to any modification of the surface.
It was discussed, whether or not surface treatment was a general matter applicable to all
substances, and thus out of the scope of the RIP-oN 1. It was the industry view that this was the
case. Others in the group concluded that nanomaterials have a much larger specific surface or
interface area, i.e. a larger area to mass ratio, than macroscopic materials. Thus, surface
treatment – although also relevant for macroscopic particles – might be of particular relevance
for nanoparticles due to their higher specific surface areas. Therefore, this issue was further
discussed within the project.
The issues addressed in the case study discussions were: the applicability of a REACH FAQ for
surface treated substances to nanomaterials; the extent of surface treatment; differences between
physical and chemical surface treatment; possible role of the surface treating agent as a
stabilizer; applicability of REACH Annex V exemptions and the 80/20% w/w rule for reporting
the substance composition. From these discussions, it was agreed that argumentation based on
the relevance of surface treatment for the identification of nanomaterials should be presented to
support particular views. The issues and argumentation are briefly outlined in the following
chapters. A consensus view was not reached on any of the issues raised. The views on the issues
considered were based on two diverging opinions regarding surface treatment:
1. Surface treatment is not relevant for the identification of substances including
nanomaterials; and
2. Due to the high specific surface area of nanomaterials, surface treatment has a
disproportionally higher impact on nanomaterial properties compared with bulk
materials. The changes in properties cannot be predicted without knowledge of the
surface treating agent and therefore surface treatment may be relevant for the
identification of nanomaterials.
This chapter provides an overview of the argumentation presented concerning the applicability
of the FAQ and other key issues derived from the case studies. There was also some discussion
in the group concerning the consequences of using surface treatment as an identifier. However,
as this was out of the scope of the project it was not discussed in detail and is not presented in
this report.
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4.2.1

Applicability of the REACH FAQ for surface treated substances

The applicability of the 'REACH FAQ: 6.3.8 Do I have to register chemically surface treated
substances?'23 to nanomaterials was the key issue in the discussions. It was industry view that the
text of the FAQ was unambiguous and that nanomaterials were covered by the exemption.
Others in the group concluded that the text of the FAQ was unclear on this point, while others
concluded that the FAQ was clearly not applicable. Therefore, arguments were developed for
and against its applicability. As with all REACH FAQs, the content was agreed in a written
REACH Helpdesk Correspondents’ Network (REHCORN) consultation procedure with member
states and industry stakeholders. The FAQ details how surface treated substances should be
considered under REACH. The text does not state that the FAQ is applicable to all substances
but details the scenarios and types of substances for whom the FAQ is applicable. ECHA
clarified that the published FAQ as written does not apply to nanomaterials as the text referred
explicitly limits the applicability of the FAQ to 'macroscopic particles'.
Industry members reiterated that since nanomaterials (Carbon Black and SiO2 agglomerates)
were used to develop the first draft of the FAQ proposed by the German CA, it can be concluded
that the FAQ is applicable for all nanomaterials that are 'macroscopic particles' (due to
agglomeration). However, it should be noted that there is no instance of 'nanomaterial' in any of
the REHCORN correspondence relating to the development of the FAQ. From this, it can be
concluded that Member State Competent Authorities were not made aware that the FAQ would
have any relevance to nanomaterials. It was also noted that the text of the FAQ came from
previous reporting rules under EINCES that were carried forward to NONS and detailed in the
Manual of Decisions24. It was argued that surface treated nanomaterials were not notifiable under
EINECS or reportable under NONS. Cefic has reported that the German Competent Authority
applied for the retraction of EINECS notifications for some surface treated chemicals due to
erroneous reporting. However, the Member State, NGO and ECHA experts noted that there are
many examples of surface treated substances listed on EINECS and that these EINECS entries
are still used today (e.g. 296-747-7: Silane, butylchlorodimethyl-, hydrolysis products with
silica; 309-319-2: Silane, trimethoxyoctyl-, reaction products with titanium oxide (TiO2)). This
indicates that there was uncertainty on this issue already in EINECS. However, the industry
experts view is that the FAQ is applicable to nanomaterials. It was concluded that argumentation
should be developed on the relevance of surface treatment for the identification of nanomaterials
rather than focusing on the interpretation of the FAQ. Argumentation was presented by different
experts. An overview is given in Appendix 2 and is outlined here.
It was the industry view that surface treatment is a very general term used for a wide range of
applications where the biggest sector is the pigments industry. By modifying the very outer layer
of a particle one can alter or add specific properties to the overall material performance.
Although the substance which is applied on the surface interacts with the first layer of the
23 http://echa.europa.eu/doc/reach/reach_faq.pdf
24 http://ecb.jrc.ec.europa.eu/esis/doc/Manual_of_decisions.pdf
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particle, the surface treatment does not change the chemical composition of a substance, i.e. its
identity.
Industry experts also concluded that in the EU there has been an understanding of the technique
of surface treatment and the lack of its effect in changing the identity of the substance. Industry
concluded that this is evident in the exemption made by ECHA in their FAQ 6.3.8 to register
surface treated chemicals separately under REACH. However, during the discussions, the other
members of the group questioned whether it is scientifically justifiable to say that this exemption
is also applicable for nanomaterials. In addition to other reasoning presented by the Member
State, NGO and ECHA experts, the surface to mass ratio for nanomaterials makes it questionable
whether one can still argue that only a 'minor' part of the particle has been modified.
Industry noted that as explained in the FAQ 6.3.8, “… surface treatment of a substance is a ‘two
dimensional’ modification of macroscopic particles. A ‘two dimensional’ modification means a
chemical reaction between the functional groups only on the surface of a macroscopic particle
with a substance which is called a surface treating substance. …” Surface treatment results in
only a minor part of the particle being modified by a chemical reaction. In other words, it
describes a reaction between functional groups on the surface of the substrate (i.e. the particle,
e.g. synthetic amorphous silica) and the treating or modifying agent (e.g. organosilane like
methyl(trimethoxy)silane).
It is the industry view that the surface treatment of nanomaterials is identical to the surface
treatment of bulk particles and, in the past, typical nanomaterials like synthetic amorphous silica
(where no macro or bulk material exists) were modified in the above mentioned way. Industry
noted that it is known that with decreasing particle size the surface of the particle increases,
nevertheless, as long as the reaction (treatment) is non-stoichiometric the monolayer remains a
minor part of the particle. In other words, also for the nano form, surface treatment can be
handled by the registration of the individual substances, which is covered by the FAQ 6.3.8.
It is the industry view that surface treatment must be considered as part of the information
requirements and when performing a hazard and risk assessment of a substance under REACH,
and determining the appropriate classification under CLP/GHS for the surface treated substance.
As mentioned before Member State, NGO and ECHA experts noted that there are many
examples of surface treated substances listed on EINECS and that these EINECS entries are still
in used today (e.g. 296-747 7: Silane, butylchlorodimethyl-, hydrolysis products with silica)
indicating that there was uncertainty on this issue already in EINECS. Cefic has reported that the
German Competent Authority applied for the retraction of EINECS notifications for some
surface treated chemicals due to erroneous reporting.
Others of the group presented argumentation based on the available scientific literature which
demonstrates that surface treatment of nanomaterials can result in significant changes in
properties compared with their non-surface treated counterparts. For example, surface treatment
is often used to control specific properties of a given nanomaterial, e.g. TiO2 nanoparticles are
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coated with SiO2 to suppress the photocatalytic activity of TiO2, or alternatively can be coated
with other materials such as Ag to enhance the catalytic activity in daylight, CdS particles are
often coated with ZnS to optimize the optical emission of CdS etc. The surface treated layer and
the core can both contribute to the observed properties of the nanomaterial. Based on an
assessment of the scientific literature, non-industry members of the group concluded that as the
surface of a given nanomaterial can determine its observed properties, it seems counter-intuitive
to base its identification solely on the core material. They concluded that observed properties of
the surface treated nanomaterial may not be predictable based solely on the chemical
composition of its core.
During the stakeholder consultation for this advisory report, the Dutch Competent Authority
noted that several surface treated and doped materials were notified under NONS as substances.

4.2.2

Extent of surface treatment - How much of the surface is covered by the treating
agent?

It was argued that the w/w% contribution of the surface treating agent to the substance
composition could generally be regarded as insignificant, i.e. the weight% of the surface treating
agent would be minor in comparison to the weight% of the substance. Equally it was argued that
the w/w% was not a good measure for the extent of surface treatment as it is overly dependent on
the molecular weight of the surface treating agent (i.e. surface treatment of a sphere with
different agents would result in different w/w% as this would be based on different molecular
weights of the treating agents). The w/w% surface treatment (e.g. 1% w/w silane treatment of
silica) will not give any information on the surface coverage of the substance as it does not take
the specific surface area of the substance into account.
It was also argued that for a given w/w% surface treatment of a substance, the surface coverage
by the treating agent would be significantly less for nanomaterials than for bulk substances. For
example, a 1% w/w surface treatment of 1 g of substance will result in a significantly higher
surface coverage per entity for a 1 cm diameter sphere versus the case where the sphere is
divided into ca. 1012 * 10 nm diameter nanospheres. As the w/w% percentage of treating agent
does not change, the number of surface treating molecules available per sphere is much less for
the individual 10 nm spheres versus the 1 cm sphere. It was argued that it would not make sense
that the exemption detailed in the FAQ would be applicable to the surface treated 1 cm sphere
and not the 10 nm surface treated sphere as the extent of surface coverage by the treating agent
per sphere is higher for the 1 cm case. As a counter-argument, it was noted that the surface
treatment of nanospheres has a more pronounced effect on the properties of the nanosphere as
the volume of the nanosphere is significantly less than the 1 cm sphere.
It was argued that the dispersability of surface-treated particles is dependent on their size. Due to
the increase curvature of smaller particles, less surfactant molecules are necessary to coat the
surface sufficiently. For example, for a sufficiently small sphere, one surfactant molecule
attached to surface may be sufficient to result in its dispersion in a liquid. It was argued that
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although the surface coverage by the treating agent may be less for nanomaterials, surface
treatment induces more dramatic effects (e.g. dispersability) on nanomaterials versus bulk
materials.
It was also noted that surface treatment is applied for purposes other than dispersion (e.g.
modification of the surface properties of the particle) and the effects of surface treatment can
result in significant changes in nanomaterial properties even at very low surface coverage, and
that looking solely at the w/w% surface modification will not give any information on the impact
surface treatment has on the properties of nanomaterials.
Industry disagreed with the above argumentation and concluded, since the surface coverage is in
fact lower for nanomaterials compared with macroscopic material for a given w/w%, the
exemption detailed in the FAQ should be as equally applicable to nanomaterials as it is for bulk
materials.
A consensus opinion was not reached on this issue.

4.2.3

Physical versus chemical surface treatment

There was a lot of discussion on whether there should be a differentiation between chemical
versus physical treatment of the substance.
According to the guidance document a 'mixture' means a mixture or solution of two or more
substances which do not react (Guidance for identification and naming of substances under
REACH (ECHA 2007)25, footnote on page 13). Thus the outcome of mixing two entities can
only be considered to result in the formation of a substance when there is a chemical reaction
between the entities. In the absence of a chemical interaction, the outcome is a mixture
(preparation) under REACH. Physical treatment of a nanomaterial where there is not a chemical
reaction between the substance and the treating agent and where the treating agent can be easily
removed from the surface would be considered to result in a mixture rather than a substance. In
such a case, the nanomaterial and the surface treating agent would be substances in their own
right under REACH.
Chemical interaction (e.g. covalent or ionic bonding) of the substance is considered to result in a
new substance (e.g. chlorinating benzene triggers new substance(s) e.g. chlorobenzene). For a
bulk substance where the chemical modification results in a 2-D modification of the surface of
the substance, the exemption detailed in REACH FAQ is applicable and chemical surface
treatment is not considered to trigger a new substance identity. The rationale for this exemption
is that the surface is a minor part of the substance. The FAQ does not explicitly state that it is
applicable for nanomaterials and it remains to be assessed if the chemical treatment of a
nanomaterial would result in a new substance or not.

25 http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
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A consensus opinion was not reached on this issue.

4.2.4

Role of the surface treatment as a stabilizer

There was much discussion on whether surface treatment could be considered as a stabilizer
under the definition of substance according to Art 3(1) REACH. According to Art 3(1), a
substance may include any additive that is necessary to preserve its stability. According to the
guidance document (page 22), additives26 contribute to the substance composition but not to the
naming.
It has been argued that in some cases the surface treating agent could be regarded as an additive
that is essential to preserve the stability of the substance. The stabilizing role of the surface
treating agent could be interpreted for example to preserve the size of the nanomaterial by
preventing its aggregation to larger sized entities or to preserve the crystalline phase of the
material. However, surface treatment can also have roles that would not be considered to be
essential for the stability of the substance, e.g. modification of the surface chemistry.
Industry members noted that if surface treatment is considered to be a stabilizer under REACH,
the identification of the substance would not be based on the stabilizer; e.g. when a stabiliser is
added to a monomer, the identification is also not based on the stabiliser. Industry concluded that
the surface treatment of nanomaterials is analogous to the above example and should be handled
in a consistent manner.
Some members of the group noted that the interpretation that surface treatment is essential to
maintain the size of the nanomaterial could be taken to imply that size was an identifier. Industry
experts could not follow this interpretation.
According to Article (3) 1 of REACH (substance definition), a substance is the outcome of a
manufacturing process and can include any additive that is essential for the stability of the
substance. Therefore, for the surface treating agent to be considered a stabilizer under REACH,
some members of the group concluded that surface treatment would be required to occur during
the manufacture of a substance. This would mean that the substance would be the surface treated
entity and not the non-treated entity as assumed by others in the group. Indeed, some members of
the group concluded that chemical surface treatment could be considered to be a manufacturing
process leading to the generation of a substance (the surface treated entity). However, in this
case, the chemical surface treating agent cannot be considered to be a stabilizer as it is itself
transformed in the process of surface treatment. This view was not supported by industry
experts.
Physical surface treatment is not considered to result in a substance and in this case, the physical
surface treating agent cannot be considered to be a stabilizer under REACH. Both the
nanomaterial and the stabilising additive would be substances in their own right.
26 A substance that has been intentionally added to stabilise the substance
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A consensus opinion was not reached on this issue.

4.2.5

Exemptions detailed in Annex V (3) and (4) of the REACH regulation27

Industry experts argued that surface treatment could be covered by the exemptions detailed in
articles 3 and 4 of Annex V of REACH based on their analogy with EINECS reporting rules and
decisions made under NONS. These exemptions cover chemical reactions that occur during end
use of a substance and cover substances that are not themselves manufactured, imported or
placed on the market.
According to Art 3 and 4 of Annex V for these exemptions to be applicable surface treatment
would have to be considered to occur during end use of that substance and the outcome of the
process is not imported or placed on the market.
There was discussion on the previous decision made on surface treatment under NONS and
detailed in the Manual of Decision28 (Chapter 2.11, page 28). The decision was based on the
example of a substance which is made of a metal oxide powder with a surface treatment
designed to hydrophobe the powder. “It was concluded that the substance would not have been
declarable for EINECS as it was the product of an unintentional reaction (Article 8 of the
reporting rules for EINECS). At their 42nd meeting Competent Authorities came to the decision
that the substance should not be notified.”
However, some members of the group noted that the surface treatment is not considered to be an
'unintentional reaction' and this decision would not be generally applicable to most deliberate
surface treatment processes. It was also noted that there is uncertainty in terms of what was
reportable under EINECS as there are surface treated silicas listed on EINECS.
A consensus opinion was not reached on this issue.

4.2.6

Substance composition and the 80/20% (w/w) rule in the current 'Guidance for
identification and naming of substances under REACH'

There was also much discussion on whether the 80/20 w/w% rule for substance purity could be
applied to cover surface treatment. It was argued that for regular substances, the constituent
w/w% determines whether it is considered to be a main constituent or an impurity. A monoconstituent is defined as a substance that has one constituent present greater than 80% w/w and
contains up to 20% (w/w) of impurities. The identity of the substance is based on the identity of
the main constituent. A multi-constituent substance is defined as a substance that has one or
more constituents present at > 10 but < 80% (w/w). Constituents in this range contribute to the
substance name while constituents present at < 10% are considered as impurities.

27 http://guidance.echa.europa.eu/docs/guidance_document/annex_v_en.pdf
28 http://ecb.jrc.ec.europa.eu/esis/doc/Manual_of_decisions.pdf
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It was discussed if this rule could be applied to surface treated nanomaterials whereby when the
contribution of the surface treating agent is less than 20% or 10% for the cases where the
substance is a mono or multi-constituent substance respectively, the surface treating agent would
be considered to be an impurity and would not contribute to the name of the substance.
There was much discussion on whether the w/w% was meaningful for surface treated
nanomaterials. It was also argued that the surface treating agent cannot be regarded as an
impurity in the substance composition as its identity changes in the treating process.
Some members of the group noted that it remains to be assessed whether the surface treating
agent fulfils the definition of impurity given in the guidance. In the guidance, an impurity is
defined as “An unintended constituent present in a substance, as produced. It may originate from
the starting materials or be the result of secondary or incomplete reactions during the
production process. While impurities are present in the final substance, they were not
intentionally added”.
Furthermore, some members argued that the hierarchical ordering of the surface treating agent
on the surface of the nanomaterial would make it challenging to consider the surface treated
entity as a multi-constituent substance.
A consensus opinion was not reached on this issue.
During the Stakeholder consultation for this Advisory report, the Dutch Competent Authority
stated that it is of opinion that surface treatment cannot be considered as unintended and can thus
not be considered as impurity.

4.2.7

Argumentation presented on the relevance of surface treatment as an identifier
under REACH

There was consensus that surface treatment modifies the surface chemistry of a substance.
Industry experts argued that surface treatment would not change the chemical identity of the
substance and therefore could not be an identifier. It was argued that the rationale for why
surface treatment is not an identifier for bulk substances should be equally applicable to nano
substances. The argumentation was based on the assumption that the FAQ on surface treatment
would be generally applicable to all materials. All arguments submitted by the industry experts
are included in Appendix 2.
Member State, NGO and ECHA experts considered that the surface treatment may result in
changes to properties to such an extent that it may be an identifier. Argumentation to
demonstrate the impact of surface treatment on the properties of nanomaterials was developed
based on reviews of the scientific literature. These arguments are also included in Appendix 2.
Briefly it was argued that surface treatment intrinsically modifies the surface chemistry of the
substance and this has a profound influence on how the substance will interact with its
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environment. Due to the enormous specific surface area, the number of surface functional groups
increases dramatically as the size of a material is reduced. Properties that are dependent on
surface chemistry such as reactivity, catalytic activity, solubility, dispersability, lipophilicity may
be changed and these changes would not be predictable without knowledge of the surface
treating agent.
An argument based on the thermodynamics was also presented where it was noted that the bulk
and surface phases of a material are different. For nanomaterials, the surface phase dominates
and determines the thermodynamic properties of the nanomaterial. Any modification of the
surface phase for nanomaterials will have a profound influence on the nanomaterial properties.
Based on the assessment of the scientific literature, it was concluded that observed properties of
the surface treated nanomaterial may not be predictable based solely on the chemical
composition of its core and therefore surface treatment may be relevant for the identification of
nanomaterials.
Industry noted that property changes will be taken into account in the risk assessment, but should
not be considered for the identification of the substance.
During the stakeholder consultation for this advisory report, the Dutch Competent Authority
noted that in the situation where property changes should be considered in the risk assessment, it
is essential that industry does indicate how and when this should/will be done. In this case this
would also apply to the issue of surface treatment, resulting in two questions: (1) via which
mechanism will the safe use be demonstrated, and (2) based on what kind of information will the
impact of this surface treatment on (hazardous) properties be demonstrated.

4.3

OTHER POTENTIAL IDENTIFIERS

This chapter aims to capture the potential identifiers that were discussed in the case studies, and
summarise the arguments around these. Parameters specific to CNTs will not be discussed as
these are discussed in Chapter 5.2. Size and size distribution, as well as surface treatment will
also not be discussed further as these were addressed in Chapter 4.1 and 4.2. Several other
potential parameters also closely relate to size and were discussed in Chapter 4.1 and thus
frequent references to this chapter will be made. With these above exceptions, Table 3 gives an
overview of other potential identifiers discussed in the case studies. These potential identifiers
are for the purpose of this chapter grouped as 'physico-chemical properties' and as 'geometrical
parameters'. For completeness, the table also includes other potential identifiers discussed, but
considered outside the scope of this project. It should be noted that this chapter only addresses
those parameters included in the four case studies. Other cases might have considered other
parameters, e.g. some of those addressed by international organisations (see Annex 1).
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Table 3

Other potential identifiers included in the case studies

Potential identifier

Case study addressing a given
property/parameter
TiO2

CaC03

Ag

CNT

Solubility/dispersability

X

X

X

X

Photo-catalytic and optical properties

X

Physico-chemical properties

X
X

Surface energy / Redox radical formation
X

Density

X

Geometrical parameters
Agglomeration/aggregation:

X

Specific surface area (SSA):
Shape

(X)

X

X

X

X

X

X

X

X

Other potential identifiers discussed, but considered
outside the scope of this project
Purity

X

Crystal phase

X

Lattice doping

X

4.3.1

X
X

Physico-chemical properties

Physico-chemical properties discussed as potential identifiers in the in the case studies include
solubility / dispersability, photocatalytic / optical properties, surface energy / redox radical
formation, and density.

4.3.1.1 Solubility/dispersability

Solubility was addressed in all case studies, in three cases as a potential identifier, and in the
nano-silver case study in relation to the optical activity. The CNT and TiO2 case studies
concluded that solubility/dispersability would not provide any specific information that would
enable the substance to be identified. Solubility/dispersability are properties that are determined
mainly by the surface treatment and would be captured under the 'surface treatment' identifier (if
surface treatment is an identifier). The discussion of solubility in the CaCO3 case is addressed in
Chapter 4.1.
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4.3.1.2 Photocatalytic / optical properties

Photocatalytic / optical properties were discussed in some detail in the silver case study and have
been addressed in Chapter 4.1.2.3. Photocatalytic activity was also discussed in the TiO2 case as
the driving force for considering that size may be an identifier for nano-TiO2.

4.3.1.3 Surface energy / redox radical formation

Surface energy / redox radical formation were discussed in the nano-silver case study where it is
noted that these parameters provide an indication of both chemical stability and the tendency to
physically or chemically interact with external agents (inherent property), but also noted that it is
often not reported. This parameter is discussed in more detail in Chapter 4.3.1.3 as it has also
been raised by some experts outside the case studies. It is not clear how this property could be
included in the name for a substance.

4.3.1.4 Density

Density was discussed as a potential identifier in the nano-TiO2 and CNT case studies. It is
concluded that the density would not provide any specific information that would enable the
substance to be identified.

4.3.1.5 Summary

Compared to the discussion in Chapter 4.1, no further arguments for considering physicochemical properties as identifiers or not, have been identified.

4.3.2

Geometrical parameters

Geometrical parameters discussed as potential identifiers in the in the case studies include
Agglomeration/aggregation, Specific Surface Area (SSA), and shape, including aspect ratio.

4.3.2.1 Agglomeration/aggregation

Agglomeration/aggregation was addressed in the nano-TiO2, nano-silver and CNT case studies,
and also mentioned in the CaCO3 case. The arguments have been already been summarised in
Chapter 4.1 and will therefore not be repeated here.

4.3.2.2 Specific Surface Area (SSA)

Specific Surface Area (SSA) was addressed in the nano-TiO2, nano-silver and CNT case studies.
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The nano-silver case study notes that SSA provides an indication of how much surface could
interact with a specific agent, however that it is not as useful for substance identification as for
'toxicological and ecotoxicological behaviour'. It is also noted that it links back to the size and
other similar parameters. The CNT case study discusses SSA in relation to CNT diameter and
length, but this is not relevant for this Chapter. In the nano-TiO2 case study, it was noted that the
SSA can be easily measured by standard methods such as the BET method. For nanomaterials
that exist in agglomerated or aggregated form, it is easier to measure the SSA than to determine
the primary particle size. A high value for the SSA could be used as an indicator that a substance
is a nanomaterial/nanoform, but on its own would not provide information on the size or shape of
the primary particles. The TiO2 case study as prepared by Member State, NGO and ECHA
experts considered SSA to be a potential identifier.

4.3.2.3 Shape, including aspect ratio

Shape was addressed in the nano-TiO2, nano-silver and CNT case studies. The arguments
specific for CNT are summarised in Chapter 5.2.1. In the nano-TiO2 case study, it is noted that
there is scientific evidence that a nanoform that is spherical in shape may have properties that are
different from one that is more fibre-like (e.g. rods, wires and tubes). Therefore aspect ratio may
be a potential identifier (this was not supported by the industry experts). How different values for
the aspect ratio would be taken into account in substance identification was not discussed further.
This should be discussed further, if aspect ratio is considered relevant as an identifier. The nanosilver case study notes that shape (and surface curvature and porosity) provides an indication on
the tendency to physically interact with external agents (inherent property), but as a
counterargument that it can vary from sample to sample and batch to batch and is often not
reported.

4.3.2.4 Summary

Chapter 4.1 already addressed the issue of agglomeration/aggregation. The case studies
addressing Specific Surface Area (SSA) also note the close link to size and size parameters. The
case studies give no strong arguments for considering SSA as an identifier. However, it should
be noted that if it is decided to consider size as an identifier, and if it is decided to link such a
parameter to a 'nanodefinition' (as discussed in Chapter 4.1.2), SSA may be considered an
identifier if included in such a definition. In relation to shape, two case studies note that shape
may change the properties of a nanomaterial. Only the nano-TiO2 case study and only the nonindustry experts conclude that aspect ratio may be an identifier, but goes in no further detailed
discussion as to how this could be implemented29. For the CNT case, the shape was intrinsically
taken into account through 'type of tube' as the inclusion of 'tube' in the name includes the shape.
29 If it would be decided that one or more 'geometric parameters' should be identifiers, the ETUC RIP-oN 1 expert
notes that ETUC has made a proposal on how this could be implemented. For details see:
http://www.etuc.org/IMG/pdf/REACH_nanosubstance_definition_ETUC_concept.pdf
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Thus if aspect ratio is considered relevant for non-CNT materials, the applicability of the CNT
implementation should be considered.

4.3.3

Other potential identifiers discussed, but considered outside the scope of this project

Purity was discussed in the nano-TiO2 and CNT case studies. In the nano-TiO2 case study it is
discussed that purity is an intrinsic identifier for substances according to REACH as substances
are differentiated into substances of well-defined composition, such as mono-constituent and
multi-constituent substances, and UVCB substances depending on the constituent mass
percentages and their respective variability. In principle, the purity is captured in the
identification route chosen for the substance and would not be explicitly given in the substance
name. It was considered that the same argument was applicable for nano-TiO2. In the CNT case
study it is discussed that residual catalysts (e.g. Ni, Fe) can be as high as 30% and it is noted that
constituents > 10% are normally considered as main constituents and would contribute to the
name of the substance. Deviation from this rule is possible when the constituent does not
contribute to the desired technical effect of the substance. The impact of surface treatment on
how substance purity should be assessed is discussed in the surface treatment chapter
(Chapter 4.2).
As can be seen from Table 3, also purity, crystal phase and lattice doping were addressed in
some of the case studies. As these parameters are not nano-specific they were excluded from
further discussion within this project. They are potentially relevant for the identification of
nanomaterials as for any other substance.

4.3.4

Conclusions on possible other identifiers

Several potential identifiers in addition to those discussed in Chapter 4.1 (size) and Chapter 4.2
(surface treatment) have been addressed in the case studies. This chapter has summarised these
and the associated arguments. Parameters only relevant for CNTs have not been included as
these will be discussed in Chapter 5.2.1. Most of the potential identifiers are closely linked to
size and have thus already been discussed/addressed in Chapter 4.1.
Two possible additional identifiers have emerged from this chapter.
Specific Surface Area (SSA) was proposed as a potential identifier. It should be noted that the
case studies did not strongly advocate for this as an identifier. SSA should rather be considered if
it is decided to include size or size related parameters in the substance identification for
nanomaterials and if it is decided to link such an identifier to a 'nanodefinition', which may
contain SSA as a parameter.
Furthermore, the aspect ratio was suggested as a potential identifier with the argument that
properties may change when deviating from the more spherical shape. It is noted that it is
included as an identifier in the CNT case through the inclusion of 'tube' in the proposed name. It
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is not further discussed how such a parameter could/should be implemented as an identifier,
including when it should be triggered and what ranges should be considered within the same
substance identity. Shape/aspect ratio for CNTs will be discussed specifically in Chapter 5.2.1.

4.4

ANALYTICAL METHODS TO MEASURE POTENTIAL IDENTIFIERS OR
CHARACTERISERS

Chapter 4.1 to 4.3 of this report identify potential identifiers or characterisers for nanomaterials.
This chapter summarises advice on where to find or how to produce information on these
additional parameters.
For some of these identifiers or characterisers, one or more measurement methods were listed in
the case studies, without covering the full possibility of available techniques. It has to be
considered that measurement of the same parameter can give a different results if different
techniques are used (e.g. hydrodynamic diameter vs. dry diameter), because the measurand is
different. Therefore, the method/methods chosen to measure an identifier or characteriser should
take into account the applicability and reliability, and a standardised protocol should be
developed, possibly requiring more than one technique to be used.
This chapter builds up from the experience in RIP-oN 1 case studies, and lists and describes a
limited set of measurement methods for the identifiers or characterisers deemed relevant for
nanomaterials. It should be noted that the goal of this chapter is not to provide a comprehensive
discussion of measurement methods, since more data and literature references will be available
in the RIP-oN 2 report 30 (Task B3).
In the following Chapters, for most identifiers or characterisers noted in Chapter 4.1 to 4.3
suggested methodologies will be described and discussed briefly. More detailed descriptions of
the methods can be found in the RIP-oN 2 report (Task B4).
In REACH guidance, both chemical composition (Annex VI point 2.3) and optical properties
(Annex VI 2.3.5) are requested for all substances, and thus also for nanomaterials. Methods
applicable to bulk substances (e.g. Atomic Absorption Spectroscopy (AAS), Mass Spectrometry
(MS), X-ray Fluorescence (XRF), Inductively Coupled Plasma Mass Spectroscopy (ICP-MS),
Auger Electron Spectroscopy (AES)) are also applicable to nanomaterials.
Moreover, during the discussions, lattice doping and crystalline phase were considered out of the
scope of RIP-oN 1, as not nano-specific issues. Therefore, these two potential identifiers or
characterisers will not be considered in this chapter.

30
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4.4.1

Size (including primary particle, size distribution)

Two methodologies were suggested to measure primary particle size and particle size
distribution: Electron Microscopy (both TEM and SEM) and Dynamic Light Scattering (DLS).
Electron Microscopy (EM) is a very powerful technique with a high spatial resolution. The
Scanning Electron Microscope (SEM) uses an electron beam to scan the surface of the material,
revealing details down to 1-5 nm (using Secondary Electron Imaging technique). The
Transmission Electron Microscopy (TEM) can have even better resolution, down to atomic size.
The TEM principle is based on the interaction of a focussed electron beam passing through an
ultra thin sample of the material under investigation. TEM and SEM can thus be used to measure
size, including primary particle size and size distribution. For example, TEM and SEM can be
used to analyse average primary particle size, particle size distribution, as well as to identify the
position of nanoparticles in cells, or in some cases to visualize the core-shell structure or the
inorganic coating of nanomaterials. However, characterisation of 'soft' matter like liposomes,
proteins, polymers (usually used as a organic coating of nanomaterials) or even metal colloids by
means of EM methods is limited, because materials consisting of carbon and other light elements
are relatively weak electron scatterers, thus other complementary methods should be applied (for
details see RIP-oN 2 report31, Task 4, table 4.13).
There are some other drawbacks about the routine use of these techniques to characterise batches
of manufactured nanomaterials. The sample is often small, increasing the risk that the sample is
not representative of the whole batch. Moreover, the high resolution means that only few nanoparticles (or nano-tubes) of the whole sample are detected in every image, reducing the statistical
power of the method. To increase the representativeness of the measure, multiple sampling of the
batch and thus multiple measurements should be performed, followed by processing of the
results with images analysis software. This, on the other hand, increases the analysis cost and
time.
Another issue concerns the sample preparation, which is particularly relevant for nanomaterials
in dispersion. Since for a precise TEM and SEM measurements of size and size distribution at
the nanoscale dry samples are necessary (despite new developments in environmental SEM and
TEM), the passage from dispersion to dry state may change the sample size distribution due to
agglomeration processes, thus making the measurement even less representative.
The other suggested method is Dynamic Light Scattering (DLS), which is based on measurement
of light backscattered from particles under Brownian motion. DLS in effect measures the
hydrodynamic diameter of the particle including all molecules that diffuse together with the
particle. DLS can measure particle size from 1 nm to several micrometers, and it is preferentially
used to measure the average size of an ensemble of colloidal particles. The size distribution can

31 Specific Advice on Fulfilling Information Requirements for Nanomaterials under REACH (RIP-oN 2), Final
Project Report - Draft for Consultation (28 January 2011). – RNC/RIP-oN2/FPR/1/v1
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be extracted only under strong assumptions (e.g., if the particles are nearly monodisperse). DLS
is easy to perform, and it requires a small sample.
As a drawback, the sample should be strongly diluted, and in the dilution process
agglomeration/aggregation processes can never be totally excluded (see RIP-oN2, Task B1
deliverable for more data), and even small traces of agglomerates in a sample can bias a DLS
measurement. The size distribution of an unknown sample cannot be determined from DLS
measurements alone. Moreover, the dispersion must be stable at least for the measuring time.
The result of the DLS is also dependent on the viscosity of the dispersing agent and on the type
and concentration of ions in the medium. Furthermore, even if the shape of nanoparticles is nonspherical, the result of a DLS measurement is given as an equivalent spherical diameter. Thus,
the applicability of DLS to size measurements of non-spherical particles is limited.
A highly promising technique for the size separation of nanoparticles is field flow fractionation
(FFF). In this technique a field (i. e. gravitation, centrifugal, magnetic, thermal) is applied to a
mixture perpendicular to the mixtures flow direction in order to cause separation due to differing
mobilities of the various components in the field. Separation is based on the diffusion coefficient
in an open flow channel.
The main disadvantages of the method are: potential swelling of the membranes used in FFF,
interaction of the membrane with the analyte, the need for pre-concentration, additional
concentration of sample during equilibration, and increasing possibility of aggregation in the
channel. The other weakness of the method is a narrow usable measuring range (ca 20-900 nm or
2-200 nm), thus it should be used with caution. A more detailed description of this method can
be found in RIP-oN 2 report, Task 4, table 4.13.
To have a reliable and representative size measurement, it is therefore useful to use more than
one measurement technique, increasing the possibility of obtaining the correct primary particle
size and particles size distribution of the analyzed sample. The requirement of more than one
technique to measure particle size and size distribution may be established in a standardised
protocol.
CNT type, length and diameter
The CNT case is special, because of the specific form of this nanomaterial. EM can be used to
measure the type (i.e. single-walled, multi-walled), length and diameter of CNT. Measurement of
diameter is always possible by using EM methods. However, the measurement of length is
complicated by the fact that commercially available CNT are normally produced as bundles of
tubes with different lengths. In order to measure the length of nanotubes, bundles should be first
dispersed in liquid media. Generally, dispersion is achieved using sonication, and the length of
the resulting tubes depends on the energy applied to disperse the CNT. Therefore, to measure
CNT length with EM, standardized dispersion protocols (part of the sample preparation) must be
developed.
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4.4.2

Shape (including aspect ratio)

Particle shape is normally characterised by SEM and TEM. Compared to size measurement,
smaller numbers of samples and images are generally sufficient to identify the particle shape(s),
because they usually do not vary as much as the particles size. The statistical power decreases if
particles have many different shapes.

4.4.3

Specific Surface Area (SSA)

The method generally used to measure specific surface area is the Brunauer, Emmett and Teller
(BET) method, which is based on absorption of gases (e.g. N2, He, Ar) by dry samples.
However, there are both general and nano-related issues to be considered.
In general, the sample preparation (e.g. placing nanomaterials in the analysis vessel) is the
critical step of the BET measurement. Since it not possible to use BET to measure the surface
area of nanomaterials in dispersion, a drying step is necessary, which has the risk to introduce
artefacts (e.g. particle aggregation) in the measurement process. In addition, for nanomaterials,
porosity and micro-porosity, as well as non equivalence of adsorption sites, need to be
considered. In fact, with BET one could measure the external surface area, but also the surface
area of the internal porous structure of a porous nanomaterial, or of agglomerates/aggregates
present in the sample. The influence of the nanoparticles' coating on the measured results should
also be taken into consideration (more detail information can be found in the RIP-oN 2 report32,
task B4).
Another analytical method which can be used to determine SSA is Small Angle X-ray Scattering
(SAXS) technique where the elastic scattering of X-rays (wavelength 0.1-0.2 nm) by a sample
which has inhomogeneities in the nm-range, is recorded at very small angles (typically 0.1-10°).
This angular range contains information about the size and size distribution of macromolecules,
characteristic distances of partially ordered materials, pore sizes, and other data. SAXS is
capable of delivering structural information of particles between 5 and 150 nm. This technique
allows estimating the SSA value from the primary particle size of a nanomaterial. The biggest
disadvantage of this method is the assumption that particles are isotropic and spherically shaped,
thus its usefulness for powders containing particles whose morphology is different is
questionable. It is also possible to extrapolate the surface area from the primary particle size of
the nanomaterial from the EM measurements; however in all such cases the uncertainty related
to the measurement of size has to be considered.
At the time being, to better report the surface area, both BET (using different gases) and sizeextrapolated surface area measurements are considered useful. The requirement of more than one
technique to measure SSA may be established in a standardised protocol.

32 Specific Advice on Fulfilling Information Requirements for Nanomaterials under REACH (RIP-oN 2), Final
Project Report - Draft for Consultation (28 January 2011). – RNC/RIP-oN2/FPR/1/v1
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4.4.4

Surface treatment

Methods suggested to characterise the surface treatment are Elemental Analysis (EA) methods
suitable for the analysis of the chemical composition as well as X-ray photoelectron
spectroscopy (XPS), Secondary Ion Mass Spectrometry (SIMS) and Thermo Gravimetric
Analysis (TGA).
XPS is a quantitative spectroscopic technique that measures the elemental composition,
empirical formula, chemical state and electronic state of the elements that exist within a material,
analysing the top 1 to 10 nm. This method is mostly used for flat films in the dry state. A more
detailed description of this method can be found in the RIP-oN 2 report, task B4, table 4.22. One
limitation is the fact that XPS can detect all elements with an atomic number (Z) of 3 (Li) and
above. Another issue is that the quantitative analysis of XPS data should be adapted to particle
and tubes, taking into account X-ray shadowing and the interaction of emitted photoelectrons
with other particles. There is also the issue of sample preparation of nanomaterials in dispersion.
TGA is a type of testing that is performed on samples to determine changes in weight in relation
to change in temperature. This method does not provide detailed information about surface
treatment. It can only determine some of the characteristics of the surface but not the chemical
composition. This method can, however, be used as a complementary method to chemical
composition analysis.
Among the chemical surface analysis methods, SIMS shows one of the highest surface
sensitivities, with an information depth of less than 1 nm. It is normally applied to flat surfaces in
a dry form. The type of analysis may be different, using quadrupole or time of flight detectors.
Different settings can provide different information about organic and inorganic coatings and
functionalization. However, as for XPS, the technique should be adapted to the application to
nanoparticles and nanotubes, performing an appropriate sample preparation and analysis, which
includes the drying process of nanomaterials in dispersion.

44

Table 4

Summary of analytical methods to measure identifiers or characterisers

Identifier or
Characteriser

Method

Commentary

Particle Size

TEM

An extremely small area of the sample is analysed, which may not be representative enough.
High vacuum is needed to analyse the sample, thus the problem of sample preparation for colloids, slurries and
solution has to be considered.
The problem of not always visible 'soft' matter should be resolved for the nanoparticles coated with organic ligands.

SEM

An extremely small area of the sample is analysed, which may not be representative enough.
High vacuum is needed to analyse the sample, thus the problem of sample preparation for colloids, slurries and
solution has to be considered.
The problem of not always visible 'soft' matter should be resolved for the nanoparticles coated with organic ligands.
Lower local resolution compared with TEM.
SEM requires electrically conductive samples. Non–conductive materials have to be coated with an ultrathin coating
of electrically-conducting material (Au, Ag), this process however may modify the evaluated nanomaterial
characteristics.

DLS

Sample in solution is required thus the possible creation of agglomerates and aggregates which can lead to false
results has to be considered.
Cannot discriminate between agglomerates of nanoparticles and individual, larger particles.
May be of limited use when particles are difficult to maintain in a dispersed state.
Temperature-sensitive.
Equivalent spherical diameter obtained for non-spherical particles
Not suitable for particles with different optical properties.
It is likely that DLS would need to be used in combination with other techniques.
This method can be used as a complementary method for TEM analysis of nanoparticles coated with organic ligand,
but it needs an uncoated nanoparticle as a reference.

Identifier or
Characteriser

Method
SAXS

Particle Size
Distribution

Commentary
In the data analysis for this method, it is assumed that particles are isotropic and spherically shaped and it is stated
that this technical specification does not apply to powders containing particles whose morphology is far from
spherical. This method would therefore not be considered relevant for non-spherical nano-objects, such as CNT.
Method cannot be used for powders consisting of porous particles, which may also limit its applicability to the
measurement of certain nanomaterials.

FFF

Can be used only for water-based samples.
Aggregation in the flow channel may occur.
This method has a narrow usable measuring range (ca 20-900 nm or 2-200 nm).

TEM

Highly work-intensive method.
As above mentioned for Particle Size points 1-2.

SEM

Highly work-intensive method
As above mention for Particle Size points 1-5.

FFF

As mentioned for Particle Size, underling points 2 and 3.

DLS

As above mentioned for Particle size 1-7, underlining points 1-3.

Diameter

TEM/SEM

As mentioned above for Particle Size.

Length

TEM/SEM

As mentioned above for Particle Size.

Type

TEM/SEM

As mentioned above for Particle Size.

Shape

TEM/SEM

As mentioned above for Particle Size.

Specific Surface
Area

BET

Method requires dry powder sample thus for suspensions and slurries, a drying step which may introduce possible
artefacts (e.g. particle aggregation, loss of material) is necessary.

Identifier or
Characteriser

Method
TEM/SEM

SAXS

Surface Treatment

Optical Properties

Commentary
As mentioned above for Particle Size and Particle size distribution.
The surface area can be extrapolated from the particle size of the nanomaterial, yet the uncertainty related to the
measurement of size and lack of information about porosity of the nanomaterial has to be considered.
As mentioned above for particle size points 1-2
SAXS analysis can be used to approximate the specific surface area of a powder sample from the measured particle
size distribution and the mass density of the powder particle. Thus all the uncertainty factors have to be considered.

EA

The appropriate method from the Elemental Analysis group should be chosen in accordance with the specific
nanomaterial properties. Nevertheless these methods give the chemical composition of the surface treated
nanomaterial, thus the non-surface treated sample analysis is required as reference.

XPS

Requires vacuum conditions to maintain the surface free from contamination, so it cannot be directly applied to
liquid samples.
XPS detects all elements with an atomic number (Z) of 3 (Li) and above. It cannot detect hydrogen and helium.
Can be also very time consuming.

SIMS

High vacuum is needed to analyse the sample, thus the problem of sample preparation for colloids, slurries and
solution has to be considered.

Optical
The appropriate method from the optical spectroscopy methods should be chosen in accordance with the specific
Spectroscopy nanomaterial properties.
methods
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GUIDANCE FOR IDENTIFICATION
SUBSTANCES UNDER REACH

AND

NAMING

OF

This Chapter provides an analysis of the 'Guidance for identification and naming of substances
under REACH' (ECHA 2007)33, i.e. what part(s) of the guidance may need to be updated
according to one or more RIP-oN 1 experts (Chapter 5.1). For issues on which consensus could
be reached suggestions for an update of the guidance are given (Chapter 5.2).

5.1

SECTION-BY-SECTION
ANALYSIS
OF
THE
'GUIDANCE
IDENTIFICATION AND NAMING OF SUBSTANCES UNDER REACH'

FOR

Box 2 provides a section-by-section analysis of the 'Guidance for identification and naming of
substances under REACH' (ECHA 2007). It identifies what part of the guidance may need to be
updated with respect to nanomaterials. The text in the box was developed in Task 3 of the project
(section-by-section analysis of the guidance). It is based on a draft developed by an industry and
a non-industry expert and takes into account comments from all RIP-oN 1 experts. Due to the
outstanding issues concerning substance identification needing further decision, presented in
Chapter 4, it should be noted that any potential guidance update depends on the decisions made
with respect to those issues. In line with this, it should be noted that the NGO experts34 have
provided a proposal for concrete guidance updates based on their preferred decision on those
issues. This work is appreciated and will be made available in the further process and can be
used for the concrete guidance updates should decisions go in that direction.

5.2

ADVICE
CONCERNING
NANOMATERIALS

IDENTIFICATION

AND

NAMING

OF

This Chapter provides specific advice concerning the identification and naming of carbon
nanotubes (Chapter 5.2.1), and describes how information on the identity of nanomaterials can
be included in IUCLID 5 (Chapter 5.2.2). These Chapters could be used for an eventual update
of the 'Guidance for identification and naming of substances under REACH' (ECHA 2007).

5.2.1

Specific advice on carbon nanotubes (CNT)

This Chapter provides specific advice on Carbon Nanotubes. Such advice could be integrated in
Chapter 4.2.3 (Substances of defined chemical composition and other main identifiers) and/or
Chapter 4.3 (UVCB Substances) of the 'Guidance for identification and naming of substances
under REACH' (ECHA 2007). Alternatively, this advice could go into a separate Chapter on
nanomaterials. Further advice on other nanomaterials should also be developed as soon as
decisions on identification issues as discussed in Chapter 4 of this report are taken.

33 http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
34 ftp://ftp-ihcp.jrc.it/RIP-oN/RIP-oN1/Task3_Analysis_of_Guidance_document/:
RIP-oN1_Task3_NGO-proposal
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Box 2

Section-by-section analysis of the 'Guidance for identification and naming of
substances under REACH' (numbering such as numbering of chapters and tables
refer to the guidance document). Note: Any potential guidance update depends on
decisions with respect to issues concerning substance identification as discussed in Chapter 4
of this report.

1 GENERAL: no change needed
2 DEFINITIONS AND ABBREVIATIONS
Table 2.2 Once an EU definition for nanomaterial has been agreed it should be added to the list of
existing definitions. In the meantime, an EU working definition or the recently accepted ISO
definition could be added to aid registrants.
'form of a substance' could be useful to define generically e.g. metal powder;
'surface treatment' some text could be added to clarify what this implies as this is not in the current
Guidance;
'aggregate', 'agglomerate' and 'primary particle' could also be useful to include.
Further abbreviations and definitions may need to be added when there are agreed approach(es) for
naming and identifying nanomaterials.
3 FRAMEWORK FOR SUBSTANCE IDENTIFICATION IN REACH
3.1 SUBSTANCE DEFINITION
It could be noted that nanomaterials are also covered by the 'substance definition'. This could refer
to e.g. CA/59/2008 rev.1
3.2 EC INVENTORY
In principle, no change as this is a policy area. Some text may be useful to add clarifying when
nanoforms of a substance are covered by the same EC entry as the bulk form.
3.3 REQUIREMENTS FOR SUBSTANCE IDENTIFICATION IN REACH
No change to Table 3.1 as it is verbatim from the REACH legal text.
Note: The legal text cannot be changed without a review of the REACH legislation.
4 GUIDANCE FOR SUBSTANCE IDENTIFICATION AND NAMING IN REACH
4.1 INTRODUCTION
(1) A paragraph could be added outlining the situation if a nanomaterial is a physical form of a
substance or a substance in its own right. If it is a form of a substance, it has the same chemical
identification and name as the 'bulk' substance and if it is a substance in its own right, the Guidance
should be applied to determine the type of substance and the appropriate name.
(2) A paragraph on surface treated substances could be added. The differences between chemical
and physical treatment from a REACH perspective could also be included.
(3) Examples of a 'well-defined' and UVCB nanomaterials could be added to Table 4.2 with
appropriate main identifiers as appropriate
4.2 SUBSTANCE OF WELL DEFINED COMPOSITION
(1) It could also be added that a 'nanoform' of a well-defined substance would have the same
identity as the bulk counterpart if such exists.
(2) A paragraph could be added outlining that for a nanomaterial to be a well-defined substance as
described in 4.2.1 and 4.2.2, it is required to be uniquely identifiable based solely on its chemical
composition together with its quantitative composition.
(3) The first paragraph of 4.2 could be expanded to explain in more detail when additional
identifiers may be necessary for well-defined substances.
(4) A paragraph on surface treatment could be added; when the FAQ on surface treatment is
applicable and when it is not. The implications for when the exemption is not applicable should be
added.
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(5) The issue with distribution in identifiers could be added as a separate paragraph; e.g. if size
were to be considered as an identifier, how to take the size distribution into account in the naming
of the substance?
4.2.1 Mono-constituent substances
4.2.1.1 Naming convention: Add a line about what to do when there is no IUPAC name
available
4.2.1.2 Identifiers: A line could be added about the 80/20% rule applicability to nanomaterials.
A line could be added about whether the w/w% or number% is applicable for nanomaterials.
4.2.1.3 Analytical information: It could be added that the analytical information should be
sufficient for the substance to be identified and that if the listed methods in Annex VI (2) are
not sufficient, the registrant may use any method that is sufficient.
4.2.2 Multi-constituent substance:
4.2.2.1 Naming convention: Add a line about what to do when there is no IUPAC name
available.
4.2.2.2 Identifiers: A line could be added about the 80/20% rule applicability to nanomaterials.
A line could be added about whether the w/w% or number% or surface% is applicable for
nanomaterials.
4.2.2.3 Analytical information: It could be added that the analytical information should be
sufficient the substance to be identified and that if the listed methods in Annex VI (2) are not
sufficient, the registrant may use any method that is sufficient.
4.2.2.4 Registration of individual constituents of a multi-constituent substance: A
paragraph could be added outlining if this can also be done for nanomaterials and under what
circumstances.
4.2.3 Substance of well-defined chemical composition and other main identifiers
A paragraph could be added specifically for nanomaterials. It should be clarified that a 'nanoform'
of a substance that is identified following this approach will have the same identity and name. It
may be useful to add a separate section on specific types of well defined substances with other
main identifiers.
4.2.3.1 Naming conventions: Examples of nanomaterials that are identified using this route
could be given.
4.2.3.2 Identifiers: Examples of generic identifiers for nanomaterials could be given here.
4.2.3.4 Analytical information: A line could be added that the methods used should be
appropriate for the determination of the identifiers (e.g. crystal phase: XRD, size if an
identifier: TEM/DLS/etc.).
4.3 UVCB SUBSTANCES
A paragraph outlining the situations when a nanomaterial could be identified as a UVCB substance
could be added here.
4.3.1. General guidance on UVCB substances
4.3.3.1 Information on chemical composition: A line specific to nanomaterials could be
added here.
4.3.1.2 Main identification parameters – name, source, process: Examples of nanomaterials
that can be named following these conventions could be added here under (1) Name
convention, (2) Source, (3) Process, and (4) Other substance identification parameters.
4.3.1.3 Analytical information: A line could be added that the methods used should be
appropriate for the determination of the identifiers (e.g. crystal phase: XRD, size if an
identifier: TEM/DLS/etc.).
4.3.2 Specific types of UVCB substances
Nanomaterials could be added as a specific type of UVCB. Examples could be given outlining how
they can be identified and named. A paragraph could also be added clarifying on the
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differences/similarities between the UVCB and well-defined substance plus additional identifier
routes for nanomaterial identification.
5. CRITERIA FOR CHECKING IF SUBSTANCES ARE THE SAME
(1) A paragraph could be added outlining how to decide when a nanomaterial should be considered as a
nanoform of a bulk substance or as a substance in its own right.
(2) A paragraph could also be added on the criteria if agreed when nanomaterials with differing
numerical values for a given identifier are the same substance.
(3) A line could be added to make it clear that when a nanomaterial is a nanoform of a substance, they
are considered to be the same substance
(4) Examples could be given for each of the substance types in this section.
Note: Section 5 gives many examples when or when not substances should be regarded as the same. It
would be an advantage to add more general rules.
6. SUBSTANCE IDENTIFICATION WITHIN PRE-REGISTRATION AND INQUIRY
6.1 PRE-REGISTRATION
As period has passed, not relevant.
6.2 INQUIRY:
No change as applicable to nanomaterials
7 EXAMPLES
Examples for nanomaterials.
8 DESCRIPTION OF SUBSTANCES IN IUCLID 5
Nanomaterial examples could be integrated as appropriate into this section.
9 REFERENCES
To be updated in line with previous changes.

Carbon nanotubes (CNT) can be defined as 1) any graphitic carbon material of nanometric size
having a tubular shape (cylinder with a tubular cavity) or 2) a nested coaxial array of single wall
nanotubes, with each nanotube being formed by a graphene sheet rolled into a cylinder of
nanometre size diameter. CNT may vary in the number of layers, length, diameter, shape,
straightness and their properties are dependent on the production process. CNT can be
manufactured by different processes such as arc discharge, laser ablation and chemical vapour
deposition (CVD).
An identification of CNT based on their chemical composition (carbon) solely would not allow
them to be distinguished from graphite or diamond and therefore other approaches are
recommended. The identification of CNTs can take place either as 'well defined substance plus
additional identifiers' or as 'UVCB substance'.

5.2.1.1 Naming convention

For the identification of CNT under the UVCB approach or as well-defined substance plus
additional identifiers it is recommended that the name includes the type of tube, possibly
diameter range and possibly length range. Additional information on the purity, process and
straightness can be given. Surface treatment, if considered as relevant for identification would be
included in the name.
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5.2.1.2 Identifiers

CNTs can mainly be identified by the type of tube, possibly CNT diameter and possibly CNT
length. SWCNT, DWCNT and MWCNT are distinct types of tubes that can be manufactured and
are considered to be the main identifiers. The diameter range, like the number of walls, is fixed
during synthesis. The diameter range is less sensitive to defects (than wall numbers) and can
easily be determined. CNT length can vary by several orders of magnitude and may therefore be
an important identifier of CNT. However the length is challenging to measure and may change
due to individualisation for measuring, due to the methods used to disperse them prior to
measuring the length by e.g. TEM.
It is clear that length and diameter are important for the characterization of CNTs. However, it is
not yet established based on current knowledge whether length and diameter should be
considered as parameters that trigger different forms of a substance or identifiers that trigger
different substances. As identifiers, there is also an absence of criteria on how the numerical
values should be included in the name, i.e. precise values versus ranges.
Examples
Descriptors

Name

Wall number descriptor
Diameter descriptor
Length descriptor
Impurity descriptor

1
Single wall carbon nanotubes
(0.8-1.7 nm x < 1 •m)
0.8-1.7 nm
< 1 •m
2% Fe, traces of Co, Ni, Mn, PAH

Wall number descriptor
Diameter descriptor
Length descriptor
Functionalization
descriptor
Impurity descriptor

2
3.5 nm
1-10 •m
COOH-functionalised

Wall number descriptor
Diameter descriptor
Length descriptor

5-15
10-15 nm
1 - > 10 •m

Double wall carbon nanotubes
(3.5 nm x 1-10 •m), COOHfunctionalised or
Multiple wall carbon
nanotubes (3.5 nm x 1-10 •m),
COOH-functionalised

< 10% metal oxide
Multiple wall carbon
nanotubes (10-15 nm x 1-10
•m)

As length may vary with each production process or processing step (milling, sonication) or may
change during down-stream use, it is logical that this numerical value should be given in
ranges/distribution. In addition, currently a rationale on how to set a particular limit or range that
would allow different substances to be distinguished is lacking.
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5.2.1.3 Further characterisation

Surface treatment could be considered as an identifier as it can significantly change the CNT
properties. In this case it would be included in the name.
The following parameters can be part of the characterisation of CNT but are not considered
essential identifiers: straightness, specific surface area (SSA), chirality, solubility/dispersability
(determined mainly by surface treatment) and extent of agglomeration (CNT particle diameter).

5.2.1.4 Analytical information

Sufficient analytical information is needed to measure the relevant identifiers. Electron
Microscopy (EM) can be suitable to measure type of tube and tube diameter. For measuring the
length CNT need to be dispersed. X-ray Photoelectron Spectroscopy (XPS) and Thermo
Gravimetric Analysis (TGA) can be used to determine surface treatment.
Analytical and spectroscopic methods are subject to continuous change. Therefore it is the
responsibility of the registrant to present appropriate spectral and analytical data.

5.2.2

Description of nanomaterials in IUCLID 5

This chapter illustrates how nanomaterials can be described in IUCLID 5.2.335.
This chapter builds on the advise given in Section 8 of the 'Guidance for identification and
naming of substances under REACH’ (ECHA 2007)36 and the IUCLID user manual
'Nanomaterials in IUCLID 5.2' (ECHA 2010)37. The example given here is for illustrative
purpose to indicate how information could be included in IUCLID. It does not present any
precedent regarding duties concerning REACH.
As an example for a nanomaterial, a Single Wall Carbon Nanotube (SWCNT) was chosen. It was
assumed that the SWCNT would be identified as 'substance defined by its chemical composition
plus other identifiers'. The example follows the order of IUCLID 5.2 sections, indicating where
and how to report information on the identity of the nanomaterial. It could be considered as an
additional example in the guidance, Section 8.2 (Examples to fill in IUCLID 5).

35 ECHA released a new version of IUCLID (v. 5.3), which will be obligatory for registrants from April 2011
onwards. However, the new features of IUCLID 5.3 are not changing how nanomaterials could be described.
36 http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
37 http://iuclid.eu/index.php?fuseaction=home.documentation#reachmanual
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Example: Single wall carbon nanotubes (< 1 •m)
Wall number descriptor
Diameter descriptor
Length descriptor
Impurity descriptor

1
0.8-1.7 nm
< 1 •m
2% Fe, traces of Co, Ni, Mn

In Section 1.1 of IUCLID the chemical name of the substance is specified. The example here is
given the chemical name 'single wall carbon nanotubes (< 1 µm)'. Furthermore, the public name
should be given.

The substance should be linked to a Reference Substance (see Section 8.1 of the 'Guidance for
identification and naming of substances in REACH). The reference substance should include
sufficient information to enable the substance to be uniquely indentified. When as in this case, no
reference substance can be found in the read-only EC inventory (including build-in information
such as the EC or CAS number), a new reference substance has to be defined. A screenshot of
the reference substance created for our example is given below. In our example, the reference
substance was created and given the label as that specified in the chemical name in Section 1.1.
Relevant identifiers (CAS and EC entries, IUPAC name, structural formula, molecular weight,
SMILES notation etc.) should be specified in the Reference substance when available and/or
appropriate. If as in this example no CAS or EC information is available, a name is required to
be specified in the IUPAC field. When IUPAC nomenclature rules are not available for the
substance in question, a name which is sufficient to uniquely identify the substance has to be
provided. Here, the name specified in the IUPAC field was 'single wall carbon nanotubes (< 1
µm)', assuming that length is an identifier for SWNTs. When the name is sufficient to uniquely
identify the substance, it is not necessary to include a description of the substance in the
Description field. Furthermore, synonyms should be given.
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Concerning the molecular and structural information, for our chosen example 'hollow tubular
carbon, 1-dimensional nano structures with a hexagonal arrangement of carbon atoms' was
included in the molecular formula field. For the structural formula, a schematic representation of
the SWNT could be provided in the appropriate field (as attachment).

In Section 1.1, the type of substance can be specified as in the screenshot below. Here the
composition is specified as 'other' and in the remarks field the text 'substance defined by its
chemical composition plus other identifiers' was included. The origin of the substance is
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specified as 'other' and in the remarks field 'allotropic form of carbon' was included.
Furthermore, trade names should be reported.

In Section 1.2 of IUCLID, the composition of the substance is reported, and Composition blocks
are created for each composition of the substance. For the example chosen here, 1 composition
block was created and the specified degree of purity was equivalent to that for the main
constituent (single wall carbon nanotubes); ca. 98% (w/w). A repeatable block was then created
in the Constituent Section of 1.2 and the same Reference substance as in Section 1.1 of the
dossier was included. The concentration of the constituent was specified as a range. According to
the 'Guidance for identification and naming of substances under REACH' (page 22) “Normally,
impurities present in a concentration • 1% should be specified. However, impurities that are
relevant for the classification and/or for PBT assessment shall always be specified.”. Repeatable
blocks should be created in the Impurity Section of 1.2 for each relevant impurity. Here the
relevant impurity is Iron which in our example is present at 2% (w/w). A Reference substance
for Iron was created and then included in the Impurity block and the concentration range
specified in the appropriate fields. The remaining impurities were listed in a separate impurity
block labelled 'other metallic impurities' and their identity and number indicated in the remarks
field of the reference substance.
Any additive which cannot be removed without affecting the stability of the substance has to be
reported as well. A repeatable block for the stabilizer should be included in the Additive Section
of the composition and the appropriate reference substance identifying the stabilizer included.
Stabilizer should be selected from the picklist under Function and the concentration range
specified.
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Section 1.3 of IUCILD needs to be completed when identifiers such as a REACH registration
number, REACH pre-registration number, notification number (NCD), REACH inquiry number
etc. are available.
Section 1.4 of IUCLID should include analytical information that is sufficient to enable the
substance to be identified. In this section information about analytical methods, protocols
followed (normally as attachment), and results of the measurement (as attachment) are included.

In this example, the type and length of tube could be reported based on TEM, and the chemical
composition by elemental analysis.

In addition, in the IUCLID dossier it is also possible to indicate 'nanomaterial' in two fields
concerning the 'form of the substance'
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Section 2.1 in IUCLID concerns 'General information' on 'Classification and Labelling
according to GHS'. Information on the 'state / form of the substance' should be given, and
'nanomaterial' can be selected from the picklist.

Within the section on 'Physical and chemical properties', Section 4.1 in IUCLID on
'Appearance / physical state / Name of the substance' information on the 'form' of the substance
should be provided. Beside forms such as 'powder' or 'dispersion' also 'nanomaterial' can be
selected.
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The provisions of REACH apply to nanomaterials, and therefore REACH guidance documents
apply also to substances at the nano scale, even though current guidance does not give specific
advice on nanomaterials. The Commission Services initiated the REACH Implementation
Project on Substance Identification (RIP-oN 1) in order to evaluate the applicability of the
existing 'Guidance on identification and naming of substances REACH' (ECHA 2007)38, and if
needed, to develop specific advice on how to establish the substance identity of nanomaterials. A
key feature of the project was that it built on four case studies, CNT, nano-silver, nano-CaCO3
and nano-TiO2 (attached as Annex 2 to this report).
JRC drafted this report based on work carried out by an expert group comprised by participants
from Member State Competent Authorities, industry, NGOs and ECHA. It turned out that the
opinions diverged on several key issues for which it was not possible to reconcile the views and
arrive at consensus amongst the experts. It should be noted that the scope of the RIP-oN 1
project was mainly to consider technical/scientific arguments. The solution of the issues for
which consensus could not be reached will require decisions beyond the scientific arguments.
Therefore, large parts of this report describe various options/approaches and related
recommendations for substance identification of nanomaterials in REACH. Issues for which
consensus was reached in the expert group are also outlined in the report.
Chapter 3 of this report summarises the discussion about the approaches for substance
identification included in the 'Guidance for identification and naming of substances in REACH'
(ECHA 2007). Generally, a substance is identified by its chemical composition, the chemical
identity and the content of each constituent in the substance. However, in some cases other or
additional substance identification information is required. The guidance does not include any
specific advice for the identification and naming of nanomaterials.
Chapter 4 summarises the main issues addressed in RIP-oN 1 concerning substance
identification of nanomaterials for which consensus could not be reached and consequently
outlines various approaches/options. Chapter 5 provides an analysis of the 'Guidance for
identification and naming of substances under REACH' (ECHA 2007), and gives an overview of
where the guidance could be updated once there is agreement on key issues. It also includes
specific advice on the identification and naming of carbon nanotubes for which consensus could
be reached on some issues.
Issues for which consensus could not be reached
In the RIP-oN 1 group, there was no agreement concerning the identification of nano-silver,
nano-CaCO3 and nano-TiO2. For these three cases, industry experts suggested following the
'mono-constituent substance' route. This implies that these nanomaterials share the identity with
their bulk counter parts. Member State, NGO and ECHA experts favoured the 'well-defined
substance plus additional identifiers' as a route in these cases and these nanomaterials should
38 http://guidance.echa.europa.eu/docs/guidance_document/substance_id_en.pdf
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thus be considered 'substances of their own right'. There was no consensus in the group if, and in
case of yes which additional identifiers would be relevant.
Chapters 4.1 to 4.3 summarise the positions concerning potential additional identifiers, i.e. size,
surface treatment, and other potential identifiers. As consensus could not be reached, various
approaches/options are outlined. The following attempts to briefly summarise the positions and,
in particular, which decisions are needed to make progress on these issues. The reader is referred
to the specific chapters of the report for detailed arguments and considerations in support of one
approach or the other.
Size as identifier or characteriser
As 'nano' is a size indicator, the most debated issue has been whether 'size' should be seen as an
identifier for nanomaterials. It is agreed among the experts that size does affect the physicochemical and other properties of materials. No agreement was reached among the experts as to
whether size should be considered an identifier and/or be a trigger for (a) new identifier(s) in
relation to substance identity under REACH (see Chapter 4.1 of this report).
Industry experts judged that size, as a physical form of a substance, should not be regarded as an
identifier for nanomaterials in the context of substance identity under REACH. Size should be
regarded as characteriser. With reference to the substance definition in REACH, the industry
experts argued that substance identity is based on molecular identity, and not on physical
properties. Following this approach, nano-silver, nano-CaCO3 and nanoTiO2 would be regarded
as a form (nanoform) of the bulk substance, and identified as well-defined substance, in
particular as a mono-constituent substance. Thus, the identification would be solely based on
chemical composition; i.e. no other identifiers are necessary.
As physico-chemical and other properties may change significantly in the nanoscale, Member
State, NGO and ECHA experts supported careful consideration of whether size should be an
identifier, or may trigger new identifier(s). Chapter 4.1.2.1 of this report summarises how
properties change with size in the nanoscale range due to e.g. a much larger specific surface or
interface area, and quantum confinement effects.
This approach may be implemented in different ways. It could either be implemented as 'size in
combination with significant changes in properties' or 'size alone' as the identifier(s).
Concerning the approach 'size in combination with significant changes in properties', it has to be
noted that so far, no specific property has been identified that changes significantly at the nanoscale for all materials. The nature and degree of a property change depends on the chemical
composition of the substance. A size-related identifier could therefore not be related to one
specific property, but potentially to different properties. Thus, a case-by case decision would be
needed, and several properties might have to be considered for this approach. Additionally,
criteria would need to be developed to decide on what the relevant properties would be, and what
would constitute a significant change in such properties.
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As properties change as a result of the smaller size for nanomaterials, several experts have
suggested to simply use 'size alone' as identifier. This would circumvent most of the challenges
outlined above for the 'size in combination with significant change in properties' approach.
However, this approach also triggers a number of considerations, such as a cut-off point below
which size would become an identifier, or how to deal with size distribution, and agglomeration
and aggregation. See further details in Chapter 4.1.1.2. Overall, using size alone as identifier
seems a simpler approach as compared to 'size in combination with significant change in
properties'. This approach could logically link to an EU definition of the term nanomaterial.
During the project, it was often argued that a decision on 'size as possible identifier' should take
into consideration the practical, political and economic consequences such as the impact on the
number of registration dossiers and issues related to whether tonnage triggers would be exceeded
or not. However, at an early stage in the project it was decided that RIP oN 1 should not make
such analyses as it was not part of the remit of the project.
Decision needed based on RIP-oN 1 discussions (the above and Chapter 4.1) and possible
further practical, political and economic assessment of consequences:
1. Should size affect how to identify nanomaterials under REACH?
2. How to implement?
If 'yes' to question 1: How should this be implemented? The analysis in this report points to a
pragmatic and enforceable approach linked to an EU definition of the term 'nanomaterial'.
If 'no' to question 1: Given the discussions between experts from industry, Member States and
other stakeholders in RIP-oN 1, it seems appropriate to clarify in relevant places of the
'Guidance for identification and naming of substances under REACH' that size should not be
considered an identifier for nanomaterials. It should also be clarified that the nanoforms should
be well described in the registration dossier for the bulk form. Furthermore, it should be
clarified in other relevant guidance documents how the risks of the nanoforms should be
controlled and what kind of information forms the basis for demonstrating the impact of size on
(hazardous) properties.
Surface treatment as potential identifier
Nanomaterials are often surface treated, and surface treatment may significantly change the
properties/behaviour in comparison to the untreated nanomaterial. It was discussed, whether or
not surface treatment was a general matter applicable to all substances, and thus out of the scope
of the RIP-oN 1. This view was supported by Industry. Others in the group concluded that
nanomaterials have a much larger specific surface or interface area, i.e. a larger area to mass
ratio, than macroscopic materials. Thus, surface treatment – although also relevant for
macroscopic particles – might be of particular relevance for nanoparticles due to their higher
specific surface areas. Therefore, this issue was further discussed within the project.
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Member State, NGO and ECHA experts concluded that observed properties of the surface
treated nanomaterial may not be predictable based solely on the chemical composition of its core
and therefore surface treatment may be relevant for the identification of nanomaterials. Industry
experts noted that property changes will be taken into account in the risk/safety assessment, but
should not be considered for the identification of the substance.
The applicability of the REACH FAQ 6.3.8 (Do I have to register chemically surface treated
substances?) to nanomaterials was the key issue in the discussions. The European Chemicals
Agency (ECHA) clarified that the FAQ as written does not apply to nanomaterials as the text
referred explicitly limits the applicability of the FAQ to 'macroscopic particles'. If it had been the
intention to include nanomaterials within the scope of the FAQ, text to this effect would have
been explicitly included. However, it was industry's view that nanomaterials were covered by the
exemption. Other matters discussed included issues such as the extent of surface treatment,
physical versus chemical surface treatment, and the concept of the surface treatment as a
stabilizer under REACH. However, a consensus opinion could not be reached on these issues.
Decision needed based on RIP-oN 1 discussions (the above and Chapter 4.2) and possible
further practical, political and economic assessment of consequences:
1. Should surface treatment affect how to identify nanomaterials under REACH?
2. How to implement?
If 'yes' to question 1: How should this be implemented?
If 'no' to question 1: Given the discussions between experts from industry, Member States and
other stakeholders in RIP-oN 1, it seems appropriate to clarify in relevant places of the
'Guidance for identification and naming of substances under REACH' that surface treatment
should not be considered an identifier for nanomaterials. It should also be clarified that the
surface treated forms should be well described in the registration dossier. Furthermore, it should
be clarified in other relevant guidance documents how the risks of the surface treated
nanomaterial should be controlled and what kind of information will form the basis for
demonstrating the impact of surface treatment on (hazardous) properties.
Other potential identifiers
Other potential identifiers that were included in the case studies and the arguments around these
are summarised in Chapter 4.3. Two possible additional identifiers have emerged from this
chapter, specific surface area (SSA) and aspect ratio (also as a proxy for shape).
Concerning SSA, it should be noted that the case studies did not strongly advocate for this as an
identifier. SSA should rather be considered if it is decided to include size or size related
parameters in the substance identification for nanomaterials and if it is decided to link such an
identifier to an EU definition of nanomaterial, which may contain SSA as a parameter.
Recommendation: Include SSA as an identifier only if 'size' is considered an identifier and if
linked to an EU definition of nanomaterial containing SSA as a parameter.
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With respect to the aspect ratio as a potential identifier, the argument is that physico-chemical or
other properties may change when deviating from the more spherical shape. It is noted that
aspect ratio/shape is included as an identifier in the CNT case through the inclusion of 'tube' in
the proposed name. It is not further discussed how such a parameter could/should be
implemented as an identifier, including when it should be triggered and what ranges should be
considered within the same substance identity.
Decision needed based on RIP-oN 1 discussions (the above and Chapter 4.3) and possible
further practical, political and economic assessment of consequences:
1. Should aspect ratio (also as a proxy for shape) be an identifier?
Note: If it is decided that 'size' (or property changes triggered by size) should not be an
identifier, it seems logical that neither aspect ratio nor shape should be an identifier.
It should be noted that the NGO experts have provided a suggestion for implementation of 'size'
and 'surface treatment' as identifiers within their proposal for concrete guidance updates39.
Issues for which consensus was reached
As summarised above, there were key disagreements in the expert group concerning the
relevance of identifiers for nanomaterials. However, for all potential identifiers suitable
measurement methods were recognised (see Chapter 4.4).
Consensus could be reached concerning the identification and naming of Carbon Nano Tubes
under REACH (see Chapter 5.2.1). Chapter 5.2.2 shows how information on the identification of
nanomaterials can be reported in IUCLID 5.2.
Identification and naming of carbon nanotubes
Carbon nanotubes (CNT) can be defined as 1) any graphitic carbon material of nanometric size
having a tubular shape (cylinder with a tubular cavity) or 2) a nested coaxial array of single wall
nanotubes, with each nanotube being formed by a graphene sheet rolled into a cylinder of
nanometre size diameter. CNT may vary in the number of layers, length, diameter, shape,
straightness and their properties are dependent on the production process. An identification of
CNT based on their chemical composition (carbon) solely would not allow them to be
distinguished from graphite or diamond and therefore other approaches are recommended. The
identification of CNTs can take place either as 'well defined substance plus additional identifiers'
or as 'UVCB substance'.
CNTs can mainly be identified by the type of tube, potentially CNT diameter and potentially
CNT length. SWCNT, DWCNT and MWCNT are distinct types of tubes that can be
manufactured and are considered to be the main identifiers. Length and diameter are important
for the characterization of CNTs. However, it is not yet established based on current knowledge
39 ftp://ftp-ihcp.jrc.it/RIP-oN/RIP-oN1/Task3_Analysis_of_Guidance_document/:
RIP-oN1_Task3_NGO-proposal
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whether length and diameter should be considered as parameters that trigger different forms of a
substance or identifiers that trigger different substances. As identifiers, there is the need to
develop criteria how the numerical values should be included in the name; precise values versus
ranges.
Status and next steps
The aim of the RIP-oN 1 was to develop scientific/technical advice on the substance
identification of nanomaterials. However, the discussions have revealed that certain aspects
cannot be solved alone on the basis of technical/scientific arguments, but will involve policy
decisions such as previous decisions concerning polymers or alloys. Therefore, it is
recommended to continue the discussion in CASG Nano and CARACAL. This could be done
based on the different options outlined in this report, and in particular by addressing the
questions raised in the above conclusions. It is recommended that the discussions in CASG Nano
and CARACAL would also consider consequences such as number of registration dossiers or the
impact on the tonnage bands.
Some of the results of the project such as the advice concerning the identification and naming of
carbon nanotubes could rather easily be integrated in the existing 'Guidance for identification and
naming of substances in REACH' (2007). Further policy advice and decisions are needed on the
open issues before developing specific guidance.
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APPENDIX 1 Summary of arguments whether size could or should be considered as identifier
provided by various RIP-oN 1 experts.
APPENDIX 2 Summary of arguments whether surface treatment could or should be
considered as identifier provided by various RIP-oN 1 experts.
ANNEX 1

Task 1 report: Collation and review of available information (Note: separate
document)

ANNEX 2

Case study reports (Note: separate document)
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APPENDIX 1: Summary of arguments whether size could or should be considered as identifier provided by various
RIP-oN 1 experts
In the following Table arguments and conclusions whether size could or should be considered as identifier provided by various RIP-oN 1
experts are listed. The views are those of the experts and do not necessarily present the view of their organisations.
Stakeholder

Could or should size be considered as identifier?

Cefic, EPMF
and FECC
experts

Size should not be regarded as an identifier.
The term 'substance' in REACH is defined as any chemical element and its compounds in the natural state or obtained by any
manufacturing process. This means that the definition is not dependent on any particular physical form of a substance but rather on its
molecular identity. Naturally, the molecules themselves can be arranged in different physical forms such as particles with different sizes,
shapes and forms without influencing the molecular identity.
Size is not an intrinsic but a physical property which can be engineered and modified without affecting the chemical composition of a
substance, i.e. its identity. However, the CLP regulation does recognise that different physical forms of a substance could influence the
hazard properties. For that reason, there are substances with different classifications depending on length of its fibre or the size of the
particle. However, the identity of the substance is not questioned and remains the same.
Size must be considered as part of the information requirements and when performing a safety assessment, and determining the
appropriate classification under CLP/GHS.

Swedish
expert

As a point of departure, size should be regarded as an identifier.
Since nanomaterials are normally manufactured to have unique properties different from the properties of the bulk materials,
nanomaterials - as a point of departure - should be considered as substances on their own rights in REACH and not as the same substances
as the bulk material. A registrant might in a later stage be given the possibility to show that a particular nanomaterial and a bulk material
have the same properties, based on agreed criteria. If there are no differences in properties the nano-form may be considered to be the
same as the bulk substance.
Even though size as a trigger for a new REACH substance might be considered as new way to look upon the concept of a substance, we
would like to point out that there are examples of different substances with the same chemical composition even before nanomaterials
made their entrance. It has only been a question of whether the properties differ enough to notify a new substance. For example TiO2
does have different CAS- and EC-numbers for rutile and anatase because there are significant differences in their properties. SCCP,
MCCP and LCCP are considered three different substances based on properties although the chemical compositions to some extent
overlap. Petroleum products are grouped and identified according to their properties.

1

In the case of nanomaterials size is a factor that, in most cases, changes the properties to such a degree that the nanomaterial should be
considered as a different substance from its bulk counterpart.
Irish expert

Size is the key determinant for the manifestation of novel properties at the nano-scale, therefore size could be considered as an identifier
for nanomaterials.
The changes observed at the nano-scale can affect either physical or chemical properties, or both. Two key factors controlling the
properties of nanomaterials are the size and surface characteristics of nanoparticles (Burda et al., 2005) 40. These two factors are
interrelated because the S/V ratio increases as the size decreases. The surface atoms are more active chemically, compared to the bulk
atoms because they usually have fewer adjacent coordinate atoms and unsaturated sites or more dangling bonds (Burda et al., 2005). As
the size of the materials decreases, the surface-to-volume ratio increases and the surface effects become more apparent.
There are differences in the thermodynamics properties of bulk materials and nanoparticles. ∆G, the free energy of the system, is
dependant of ∆Gs (the materials surface energy) and ∆Gv (the materials volume). Because ∆Gs is large and ∆Gv is small, the free energy
of the system is much higher for a nanoparticle than for the bulk material of identical chemical composition. This corresponds to different
physical properties as compared to bulk materials, such as reduced melting points and altered crystallographic structure (Sayes et al.,
2009)41.
The composition of the nanomaterial also defines its function. Surface chemistry consists of a wide variety of properties that govern the
way in which particles interact with their environment. Surface chemistry includes elements of solubility equilibrium, catalytic properties,
surface charge, surface adsorption and desorption of molecules from solution, etc. Most of these properties are functions of the atomic or
molecular composition of the surface and the physical surface structure (Powers et al., 2006)42.
The concentration of surface modified functional groups on a nanomaterial increases as particle size decreases. Surface chemistry is a
function of the particle’s molecular composition and structure of the surface. Much like how the functionality of a nanomaterial is
governed by its chemical composition, the surface chemistry governs a material’s affinity, i.e., initial interactions it’s environment. By
changing the surface chemistry, a variety of physicochemical properties are changed, as well. These properties include solubility,
catalysis, charge, and adsorption/desorption (Sayes et al., 2009).
The changes observed in the properties of nanomaterials are significant when compared to the properties of the bulk substance. This
means that size is the primary identifier for nano-scale effects, and the change in properties is the supporting evidence. These changes in
properties may result in new REACH substances.

40 Burda C., Chen X., Narayanan R., El-Sayed M.A. (2005): Chemistry and Properties of Nanocrystals of Different Shapes. - Chem. Rev. 105: 1025-1102
41 Sayes C.M., Warheit D.B. (2009): Characterization of nanomaterials for toxicity assessment. - WIREs Nanomed Nanobiotechnol 1: 660–670
42 Powers K.W., Brown S.C., Krishna V.B., Wasdo S.C., Moudgil B.M., Roberts S.M. (2006): Research Strategies for Safety Evaluation of Nanomaterials. Part VI.
Characterization of Nanoscale Particles for Toxicological Evaluation. - Toxicol. Sci. 90(2): 296-303
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German
expert

From the scientific point of view size could be regarded as identifier. Arguments for this approach are stated below. Nevertheless, in
consideration of a reasonable implementation of nanomaterials into REACH in combination with information requirements, exposure
assessment, and risk characterization this approach should be reconsidered. For this purpose, size should be seen a differentiator between
dissimilar risks rather than for substance identification (approach as characteriser).
There a basically two types of size-dependent effects: continuously scalable ones which are related to the surface and quantum effects
which show discontinuous behaviour.
Surface effects: Since the surface of a sphere scales with the square of its radius r but the volume scales with r3 it is clear that the fraction
of atoms at the surface increases with decreasing the size (same relation holds for cylinders and thin plates). Atoms at a surface have
fewer neighbours than atoms in the centre. Therefore the mean coordination number decreases with decreasing size (tantamount to
increasing fraction of surface atoms). Following the same principle also the cohesive energy is depending on the fraction on surface
atoms. Thus for smaller objects surface atoms are less stable and the affinity to form bonds increases with decreasing size, due to the
much higher free surface energy. As consequences materials can for example more easily absorb other molecules and react with them or
the overall melting point and other phase transition temperatures changes in comparison to bulk.
Quantum confinement effects: The electronic structure of metals and semiconductors critically depends on its size. For small particle, the
electronic energy levels are not continuous as in bulk materials, but becoming more and more discrete, due to the confinement of the
electron wave function because of the physical dimension of the particles.
The surface effects and quantum confinement effects lead to different properties of the nanomaterial in comparison of the bulk material.
Some of the properties change continuously and smoothly with size in comparison to bulk and therefore it is debatable whether or when
the changes are great enough to indentify a new substance. On the other hand there are scalable properties that show distinct changes
below a certain size and non-scalable properties which exhibit unique properties, respectively. However, this size differs depending on the
chemical substance.

ETUC expert

‘Size alone’ or ‘size significantly changing properties’ could be regarded as identifier(s).
An analysis of the relationship between size and several properties shows that size will change all properties of the material in the nanoform compared to its bulk form, as
•
•
•
•

The thermodynamic properties form the surface phase are different from the bulk phase;
The size is the key parameter that governs this change;
The difference of these properties is caused by the increasing fraction of the surface phase and simultaneously the decreasing
fraction of the bulk phase;
The bulk phase and the surface phase needs to be dealt with independently. However it depends on the type of material at what
size and shape the surface phase will change the behaviour of the bulk phase;
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•

EEB expert

Changing the surface phase has a large influence on at least thermodynamic properties when the surfaced phase determines the
thermodynamics of the system contrary to when the bulk phase determines the thermodynamics of the system.

There is no doubt that size is an identifier from a scientific point of view and it is well known that the properties of one size of NM (e.g.
3 nm) vary fundamentally from the bulk form of the same material (> 100 nm) as well other sizes of nanomaterials (e.g. 6 and 10 nm). A
good example is Au which is known to be inert and yellowish in the bulk form, whereas 6 nm Au nanoparticles are reactive and blue and
3 nm Au nanoparticles are catalytic and red. Besides the fact that size is the key parameter that governs these changes, it should also be
noted that industry as well as academic scientists use the size of their nanomaterials along with chemical composition and surface
treatment to describes which materials they commercialize or develop.
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Summary of arguments whether surface treatment could or should be considered as identifier provided
by various RIP-oN 1 experts

In the following Table arguments and conclusions whether surface treatment could or should be considered as identifier provided by various
RIP-oN 1 experts are listed. The views are those of the experts and do not necessarily present the view of their organisations.

Stakeholder

Could or should surface treatment be considered as identifier?

Cefic, EPMF
and FECC
experts

Surface treatment should not be regarded as an identifier
Surface treatment is a very general term used for a wide range of applications where the biggest sector is the pigments industry. By
modifying the very outer layer of a particle you can alter or add specific properties to the overall material performance. Although the
substance which is applied on the surface interacts with the first layer of the particle, the surface treatment does not change the chemical
composition of a substance, i.e. its identity.
In the EU there has been an understanding of the technique of surface treatment and the lack of its effect in changing the identity of the
substance. This is evident in the exemption made by ECHA in their FAQ 6.3.8 to register surface treated chemicals separately under
REACH. However, during the discussions a question has been raised as to whether it is scientifically justifiable to say that this exemption
is also applicable for nanomaterials. The reason is because the surface to mass ratio for nanomaterials makes it questionable whether you
can still argue that only a 'minor' part of the particle has been modified.
As explained in the FAQ 6.3.8, “…surface treatment of a substance is a ‘two dimensional’ modification of macroscopic particles. A ‘two
dimensional’ modification means a chemical reaction between the functional groups only on the surface of a macroscopic particle with a
substance which is called a surface treating substance. …” Surface treatment results in only a minor part of the particle being modified
by a chemical reaction. In other words, it describes a reaction between functional groups on the surface of the substrate (i.e. the particle,
e.g. synthetic amorphous silica) and the treating or modifying agent (e.g. Organosilane like Methyl(trimethoxy)silane).
The surface treatment of nanomaterials is identical to the surface treatment of bulk particles and in the past typical nanomaterials like
synthetic amorphous silica (where no macro or bulk material exists) were modified in the a.m. way. Also here, the result is a 2
dimensional monolayer on top of the particle. It is known that with decreasing particle size the surface of the particle increases,
nevertheless, as long as the reaction (treatment) is non-stoichiometric the monolayer remains a minor part of the particle. In other words,
also for the nano form, surface treatment can be handled by the registration of the individual substances, which is covered by the FAQ
6.3.8.
Surface treatment must be considered as part of the information requirements and when performing a hazard and risk
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assessment of a substance under REACH, and determining the appropriate classification under CLP/GHS for the surface treated
substance
Just as for size, the influence of surface treatment on the behaviour of the substance must be addressed in the assessment and the safe use
ensured, recorded and reported according to the requirements in REACH as requested under REACH.
* The appropriate references can be fun in original letter on
ftp://ftp-ihcp.jrc.it/RIP-oN/RIP-oN1/Meetings/4_Meeting_22-23_JUNE_2010_ISPRA/Follow-up_Actions_and_Documents/
ECHA expert

Surface treatment could be regarded as an identifier
Nanoscale surfaces: In an influential review on self-assembled monolayers (cited ca. 1500 times to date), Love et al. (2005)43 proposed
that that surfaces represent a fourth state of matter as at surfaces the gradients in properties are greatest. In contrast, in bulk phases of
matter (gas, liquid, solid), the gradients are usually zero. It was noted that atoms or molecules at the surface of a material experience a
different environment from those in the bulk and thus have different free energies, electronic states, reactivities, mobilities, and structures.
It was stated that the structure and chemical composition within macroscopic objects determines many physical properties, e.g., thermal
and electrical conductivity, hardness, and plasticity. In contrast, the physical properties of nanostructures depend to a much greater extent
on their surface and interfacial environment than do bulk materials.
The review also notes that nanoparticles differ from Bulk materials in terms of the percentage of the total number of atoms in the
nanoparticle that are interfacial. To illustrate this, gold nanoparticles were taken as an example; assuming spherical gold nanoparticles, a
1.3 nm diameter particle has 88% of its atoms on the surface; a 2.0 nm particle has 58% surface atoms; a 5 nm particles has 23% surface
atoms; a 10 nm particle has 11.5% surface atoms; a 50 nm particle has 2.3% surface atoms; a 100 nm particle has 1.2% surface atoms;
and a 1000 nm particle has 0.2% surface atoms. It was stated that the electronic states of the interfacial atoms of nanoparticles influence
their chemical, electronic, and optical properties.
What is implied by surface treatment of nanomaterials: Surface treatment is a generic term of the modification of the outer surface of a
nanomaterial. The surface treating agent can be organic, inorganic or both. For example, a metal oxide nanoparticle can be coated with a
thin layer of different metal oxide (inorganic surface treatment) and this layer can be further treated with an alkylsilane (organic surface
treatment). These form so-called 'core-shell' type nanomaterials where the shell represents the treated surface layer and a given core can
have multiple shells.
One of the most typical reasons for surface treatment of nanosized objects is to prevent their aggregation/agglomeration. In this case, the
surface treating agent is typically organic, e.g., a surfactant, an alkanethiol. For example, metal nanoparticles can be readily synthesized,
however when the particles collide with each other, they experience strong attractive forces and aggregate to form larger particles.

43 Love J.C., Estroff L.A., Kriebel J.K., Nuzzo R.G., Whitesides G.M. (2005): Self-Assembled Monolayers of Thiolates on Metals as a Form of Nanotechnology. Chem. Rev. 105 (4): 1103–1170
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However, if the nanoparticle is surface treated with an organic agent, the organic layer or shell acts as a physical spacer to prevent the
metal cores approaching each other so closely and the interaction between the cores is repulsive. If the modified surface bears a charge,
then the electrostatic repulsion between the particles also prevents the metal cores from contacting each other.
In many cases, the surface treatment is an integral part of the synthesis of nanoparticles and controls the size of the cores formed. For
example, this is typical for the wet chemical synthesis of semi-conductor quantum dots. In other cases, the coating is used to
deagglomerate nanomaterials post-synthesis. Carbon nanotubes are a good example of the latter. The as-synthesized carbon nanotubes
immediately agglomerate into larger micrometer sized bundles due to the strong attractive forces between the nanotube surfaces.
Dispersing the nanotube agglomerates in the presence of a surface treating agent (e.g. a surfactant) effectively breaks up the agglomerates
and can ultimately yield individual coated nanotubes suspended in solution.
Surface treatment can be physical or chemical. Physical surface treatment implies that the treating agent can be readily removed from the
surface of the nanomaterial (e.g. surfactant wrapping of carbon nanotubes) whereas chemical treatment means that there is typically
covalent bonding between the nanomaterial and the treating agent. The outer surface layer of a given nanomaterial can determine its
stability against degradation or aggregation in a given medium. The choice of surface treating agent is usually application driven.
Surface treatment is also a means of introducing specific functional groups (e.g. COOH, OH, NH2, SH, etc) to the surface of a
nanomaterial. For example, the peripheral functional groups can determine the dispersability of the nanomaterial in a given solvent. The
surface functional groups can be further reacted and in principle, there is no limit to what can be attached to the surface of a nanomaterial
using simple coupling chemistry. The practical limits are usually set by the agglomeration or aggregation of the particles. The
nanomaterial can be considered as a huge surface area scaffold onto which molecules can be grafted or adsorbed. This offers the
possibility to engineer or tailor the surface properties of the nanomaterial Examples where this scaffold effect has been used include
biosensing applications and targeted drug delivery (quantum dots, nanotubes). For example, tailored organic surfaces on nanoparticles are
useful for applications in nanotechnology that depend on chemical composition of the surface; one example is immunoassays.
It is important to realize the enormous variety of surface modification possible. Nanoparticles can have identical surface layers but
completely different cores or vice versa. There can also be multiple coatings on a given surface.
The surface treated layer and the core can both contribute to the observed properties of the nanomaterial. For example, surface treatment
is often used to control specific properties of a given nanomaterial, e.g. TiO2 nanoparticles are coated with SiO2 to suppress the
photocatalytic activity of TiO2, or alternatively can be coated with other materials such as Ag to enhance the catalytic activity in daylight,
CdS particles are often coated with ZnS to optimize the optical emission of CdS etc.
Nanomaterial identity: As the surface of a given nanomaterial can determine its observed properties, it seems counter-intuitive to base its
identification solely on the core material. The observed properties of the surface treated nanomaterial may not be predictable based solely
on the chemical composition of its core.*
* The appropriate references can be found in original letter on
ftp://ftp-ihcp.jrc.it/RIP-oN/RIP-oN1/Meetings/4_Meeting_22-23_JUNE_2010_ISPRA/Follow-up_Actions_and_Documents/
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EEB expert

Surface treatment is an identifier.
The chemical composition of the surface treatment is a fundamental identifier of any surface treated nanoparticle and there is no doubt in
the scientific literature that the chemical composition of the surface treatment fundamentally changes the properties of nanoparticles. For
instance insoluble C60 can be made soluble via surface treatment. Coating of nanosilver with e.g. Dextran, PVP, oleic acid can change the
properties of nanosilver in regard to oxidation, solubility and biocompatibility and e.g. carboxy-functionalization can influence the
physico-chemical properties of nanosilver particles such as solubility/dispersion in matrices.
Besides the fact that surface treatment is the key parameter that governs these changes, it should also be noted that industry as well as
scientists use surface treatment of their nanomaterials (along with chemical composition and size) to describes which materials they
commercialize or develop.
Industry experts have argued that the FAQ 6.3.8 applies to nanomaterials which is incorrect as this FAQ specifically mentions
macroscopic materials only and it ignores that the FAQ is invalid for nanoparticles as nanoparticles are all about what happens on the
surface.
Surface modifications, surface functionalization, surface coating are often used as synonyms for surface treatment of nanoparticles and
although some industry experts argue that coatings via physical bonding between the core and the shell or coating should be considered
preparations under REACH, we do not believe that a distinction should and can be made between various surface treated nanoparticles
based on the type of bonds (e.g. ionic, covalent, van der Waals). We note that this interpretation is in correspondence with the ISO’s
definition of surface functionalization. According to ISO Surface functionalization means the shell, or the surfaced groups attached to the
core or shell of a nano-object regardless of the type of bonding to the core or shell (i.e. covalent, ionic, sorption).

Swedish
expert

Surface treatment is done in order to change the properties of nanomaterials. Surface treatment creates new chemical bonds, i.e. a new
chemical composition. Therefore surface treatment is an identifier for nanomaterials.
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