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• No formal definition or description

• SUNSHINE working definition: “These advanced hybrid materials are formed by two or more 
functional components (e.g. nanoparticles, nanocrystals, organic molecules) conjugated by 
strong molecular bonds, or by a nanomaterial (NM) with a unique chemical origin modified by 
hard or soft coatings”

• Literal understanding

– Multicomponent: In REACH a component refers to the substances that make up a mixture.

– Nanomaterial: Recommended definition of nanomaterial refers to “material” so presumably can 

apply to substances and mixtures

– Specifically, does not apply to “large solid products or components, even when they have an internal 

structure or a surface structure at the nanoscale”

– No reference to engineered, intentional, incidental

What is a MCNM?
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• Does MCNM have a clear meaning from a regulatory context?

• Consensus for a description within the project unsuccessful!

• Examined any structure that we identified that someone might identify as a MCNM

– No personal opinion on whether a structure should or should not be a MCNM was made.

– It is the regulators decision and responsibility whether to use the term and how to define it!

• Our rules for structures to be considered.

– Contains more than one component/constituent.

– Either the structure meets the EC recommended definition of a nanomaterial or contained at least 

one component that does.

What is a MCNM?
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Types of MCNM considered in assessment
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Basic REACH definitions

Term Definition

Substance

“A chemical element and its compounds in the natural state or obtained by any 

manufacturing process, including any additive necessary to preserve its stability and any 

impurity deriving from the process used, but excluding any solvent which may be separated 

without affecting the stability of the substance or changing its composition.”

(A simple way to understand this that applies in most situations is that if a chemical bond is 

formed or broken, another substance is created. 

A substance may be mono-constituent (containing more than 80% (w/w) of one chemical 

structure), multi-constituent (each main constituent ≥10% but <80% (w/w) or  an UVCB 

substance (unknown or variable composition, complex reaction products or of biological 

materials)

Mixture

“A mixture or solution composed of two or more substances”

(A simple way to understand this is if two substances are intentionally mixed and a new 

chemical bond is NOT formed or broken then this is a mixture).

Article
“An object which during production is given a special shape, surface or design which 

determines its function to a greater degree than does its chemical composition.”

Term Definition

Nanoform

“a nanoform is a form of a natural or manufactured substance containing particles, in an unbound state or 

as an aggregate or as an agglomerate and where, for 50 % or more of the particles in the number size 

distribution, one or more external dimensions is in the size range 1 nm-100 nm, including also by derogation 

fullerenes, graphene flakes and single wall carbon nanotubes with one or more external dimensions below 1 

nm.

For this purpose, ‘particle’ means a minute piece of matter with defined physical boundaries; ‘agglomerate’ 

means a collection of weakly bound particles or aggregates where the resulting external surface area is 

similar to the sum of the surface areas of the individual components and ‘aggregate’ means a particle 

comprising of strongly bound or fused particles.

A substance may have one or more different nanoforms, based on differences in the parameters in points 

2.4.2 to 2.4.5. ”

“2.4.2. Number based particle size distribution with indication of the number fraction of constituent particles 

in the size range within 1 nm – 100 nm

2.4.3. Description of surface functionalisation or treatment and identification of each agent including IUPAC 

name and CAS or EC number

2.4.4. Shape, aspect ratio and other morphological characterisation: crystallinity, information on assembly 

structure including e.g. shell like structures or hollow structures, if appropriate

2.4.5. Surface area (specific surface area by volume, specific surface area by mass or both)…"

Set of similar 

nanoforms

“A ‘set of similar nanoforms’ is a group of nanoforms characterised in accordance with section 2.4 where the 

clearly defined boundaries in the parameters in the points 2.4.2 to 2.4.5 of the individual nanoforms within 

the set still allow to conclude that the hazard assessment, exposure assessment and risk assessment of these 

nanoforms can be performed jointly. A justification shall be provided to demonstrate that a variation within 

these boundaries does not affect the hazard assessment, exposure assessment and risk assessment of the 

similar nanoforms in the set. A nanoform can only belong to one set of similar nanoforms”



This project has received funding from the European Union’s

Horizon 2020 research and innovation programme under 

grant agreement No 952924.

• What is registered? (Assuming tonnages require registration and waivers/exemptions do not apply)

– Only substances require registration.

– Component substances in a mixture require registration.

– Substances in an article do NOT require registration UNLESS they are intentionally released and waivers do 
not apply.

– Mixtures and articles do NOT require registration.

– All nanoforms must be included in a registration dossier and require their own hazard assessment (and risk 
assessment if tonnage and hazard require it).

– The nanoform placed on the market is the one that is registered.

Understanding whether you have substance, a mixture or an article is essential to identify 
obligations.

Understanding whether a substance is a nanoform and if it is different to other nanoforms is 
essential to identify obligations.

Impact of definitions on REACH obligations
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• What testing is required?

– Annexes VII to X outline the endpoints that need to be satisfied in a registration dossier.

– Nanoforms can transform

– If a Chemical Safety Report with risk assessment is needed it should cover the lifecycle of the 

substance.  Hazard and exposure information on the transformation product nanoform would be 

needed.

• What might be missed in REACH

– Transformation nanoforms

• Should be identified and assessed if a Chemical Safety Report with Exposure Scenarios is required

– Mixture effects (where a MCNM is described as a mixture)

Other indirect impacts
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• Almost all types of MCNM have some aspect of surface functionalisation

Where MCNM and REACH do not align completely: Surface 
Functionalisation
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• What is surface functionalisation or modification?

– No formal definition in legislation.  REACH Guidance documents provides some support.

– Surface functionalisation or treatment can be defined as a reaction between the functional groups on the 

surface of a particle and a substance called surface treating substance. 

– Particles can be extensively modified with the addition of various agents to their surfaces (e.g. inorganic 

treatment, organic treatment) or modification of their surface functionalities (e.g. oxidative treatment, 

reductive treatment). 

• When in a medium, molecules in the medium will always adsorb to the surface of the 
particle (e.g. Stern layer, diffuse layer).

• Types of adsorption

– Chemisorption

– Physisorption

Where MCNM and REACH do not align completely: Surface 
Functionalisation
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Where MCNM and REACH do not align completely: Surface 
Functionalisation

Physisorption Chemisorption

Type of bonding force
Van der Waals Chemical bond (covalent or 

ionic)

Adsorption heat Low, 10 – 40 kJ mol High, 20 – 400 kJ mol

Chemical change of adsorptive No Yes

Reversibility Yes No

Activation energy Low High

Effect of temperature increase Reduction Increase (in most cases)

Specificity of interaction Low High

Formation of multilayers Yes No

Types of MCNM that show this 

type of adsorption

Probably not a new 

nanoform

Not sure!! Probably a new nanoform

Does the guidance 
mean only 
chemisorption 
result in surface 
functionalisation 
and hence a new 
nanoform?

Can these parameters be 
used to distinguish types of 
adsorption for regulatory 
purposes?

How easy is it to measure 
these parameters?
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• What substance is registered if a structure containing nanoparticles of different 
substances?

– If this is regarded as surface functionalisation and hence a new nanoform, which substance is it a 

nanoform of?

– Does it matter how the particles are connected?

Where MCNM and REACH do not align completely: More than 
one nanoparticle in a structure

• Particles directly attached, could be regarded as an 
agglomerate (physisorption?) or an aggregate 
(chemisorption)

• If so, do size of particles of A and B define structure as a 
nanomaterial?

• Would the strength of association matter?

• Particle linked by a linking functionality (e.g. alkyl chain). 
No direct interaction of the two nanoparticles within the 
same structure.

• If this is not a new substance, is it a nanoform of A or B (is 
it the registrant’s choice)?
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• Nanoalloys
– REACH is very clear that alloys are “special mixtures”. Care needed to distinguish alloys (mixtures) 

from intermetallics (new substance).

– Component metals are registered
• How can properties related to the particle be included?

• Do each component need to be registered as a nanoform, even if that nanoform is never placed on the market?

• Doped nanoparticles
– If the quantity of dopant exceeds 20 %, does this become a multi-constituent substance and hence 

a nanoform of a new substance?

– Does the option to register the separate constituents as seen for other multi-constituent 
substances still apply?  
• If so, do both registrations need to include nanoforms (probably not applicable to the dopant)?

• How can mixture effects be reported?

Where MCNM and REACH do not align completely: Chemical 
composition and distribution



This project has received funding from the European Union’s

Horizon 2020 research and innovation programme under 

grant agreement No 952924.

• Where functionalisation results in a structure with no dimension < 100 nm, is it no longer 
a nanoform and therefore a new substance?

• Were a graphene oxide sheet (thickness 30 nm)  to be functionalised on both faces with 
gold particles (diameter 35 nm), the resulting structure would have thickness of 110 nm.

– It does not meet the definition of nanomaterial, so do all considerations around nanoforms become 

irrelevant?  E.g. if a chemical bond is formed it is a new substance?

– Should it be regarded as an agglomerate or aggregate, and hence the size of the individual 

components define if a nanomaterial?

Where MCNM and REACH do not align completely: Definition 
of nanomaterial not met
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• Information requirements for surface functionalisation in a REACH dossier for a set of 
similar nanoforms

– agents used for surface treatment

– description of the common type of reaction/treatment applied and of the functionalities introduced 

by the chemical treatment(s)

– description of the functionalities introduced by the treatment(s)

– Indication of the upper and lower percentage of coverage of the particle’s surface

– representative analytical data for determining the overall composition of the nanoform

• Might be relatively easy when only one substance is adsorbed to the surface….what 
about when a UVCB is used as the functionalising agent?

Where MCNM and REACH do not align completely: 
Functionalisation with a UVCB



This project has received funding from the European Union’s

Horizon 2020 research and innovation programme under 

grant agreement No 952924.

• Complexity added when using a UVCB
– Do all the constituents of the UVCB functionalise the surface?

– Are they all bound with the same strength? Are some chemisorbed and some physisorbed?

– For lifecycle analysis, are some constituents release more easily than others? Does this change in different 
media?

– Is it possible to analyse to identify and quantify surface modification?

• Example: Bentonite clay functionalised with an essential oil.  Added to a plastic to act as a 
biocide in a food contact material.
– At least four regulations triggered (REACH, CLP, FCM, BPR)!

– Is it a functionalised nanoform of bentonite clay or a mixture? Is it chemically modified or can waivers for 
the substance being naturally occurring be used?

– What is the active substance? If the EO constituent are released, they will almost certainly not be the same 
composition and relative proportion as the EO used to treat the surface.

– What needs to be measured when investigating leaching from FCM?

Where MCNM and REACH do not align completely: 
Functionalisation with a UVCB
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• MCNM are chemicals or are made up of chemicals, so REACH does apply to them.

– The principle that it the registrant's responsibility to identify their substance would apply, but the 

inquiry process might have some lengthy discussions

• Some REACH concepts could be refined or clarified to avoid confusion. For some MCNMs

– Substance vs mixture; new nanoform vs new substance.

– Surface functionalisation.

– Testing of particulates that do not quite meet the definition of a nanomaterial.

• Some regulations are slightly contradictory which would need small amendments if “one 
substance, one assessment” is to apply to nanoforms also.

Conclusions
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