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Goal :

This method aims characterizing the primary particles and aggregates of a NM by describing their physical properties
based on TEM micrographs. It provides a step-by-step guide for the descriptive characterisation of nanomaterials.

Scope:

The scope of this SOP is to provide a description of specific physical properties of a nanomaterial that determine,
among others, its interaction with biological and environmental systems [1].

This qualitative analysis allows to evaluate
e Under which physical form the NM is exposed to in vivo and in vitro test systems

o Whether a subsequent quantitative TEM analysis of the NM is feasible
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1 Goal

This method aims characterizing the primary particles and aggregates of a NM by describing their physical properties
based on TEM micrographs. It provides a step-by-step guide for the descriptive characterisation of nanomaterials.

2 Domain of application

The scope of this SOP is to provide a description of specific physical properties of a nanomaterial that determine,
among others, its interaction with biological and environmental systems [1].

This qualitative analysis allows evaluating
e Under which physical form the NM is exposed to in vivo and in vitro test systems
o Whether a subsequent quantitative TEM analysis of the NM is feasible

In principle this method allows to describe the characteristics of any kind of nanoparticles. This method was successfully
applied for NM consisting of Ag, Au, SiO2, TiO2, Fe203, Fe304, ....
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3 Definition, abbreviations, references and norms

3.1 Agglomerate

An agglomerate is defined as a collection of weakly bound particles or aggregates or mixtures of the two where the
resulting external surface area is similar to the sum of the surface areas of the individual components [2].

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

NOTE 2 Agglomerates are also termed secondary particles and the original source particles are termed primary particles.

3.2 Aggregate

An aggregate is defined as a particle comprising strongly bonded or fused particles where the resulting external
surface area may be significantly smaller than the sum of calculated surface areas of the individual components[2].
NOTE 1 The forces holding an aggregate together are strong forces, for example covalent bonds, or those resulting from sintering or
complex physical entanglement.

NOTE 2 Aggregates are also termed secondary particles and the original source particles are termed primary particles.

3.3 Nanoparticle

A nanoparticle is defined as a nano-object with all three external dimensions in the nanoscale [2].
NOTE If the lengths of the longest to the shortest axes of the nano-object differ significantly (typically by more than three times), the
terms nanofibre or nanoplate are intended to be used instead of the term nanoparticle.

3.4 Nanoplate

nano-object with one external dimension in the nanoscale and the two other external dimensions significantly larger
[2].

NOTE 1 The smallest external dimension is the thickness of the nanoplate.

NOTE 2 The two significantly larger dimensions are considered to differ from the nanoscale dimension by more than three times.
NOTE 3 The larger external dimensions are not necessarily in the nanoscale.

3.5 Nanofibre

nano-object with two similar external dimensions in the nanoscale and the third dimension significantly larger [2].
NOTE 1 A nanofibre can be flexible or rigid.

NOTE 2 The two similar external dimensions are considered to differ in size by less than three times and the significantly larger
external dimension is considered to differ from the other two by more than three times.

NOTE 3 The largest external dimension is not necessarily in the nanoscale.

3.6 Nanotube [2]

hollow nanofibre
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4 Principle of the method

This method describes specific physical properties of a nanomaterial that can be assessed based on calibrated, bright-
field TEM micrographs taken at intermediate magnification. Sample preparation and imaging conditions are chosen
such that the micrographs are representative for the NM. To report abnormal or rare features, selected micrographs
should be foreseen.

Estimated properties include
e the presence of visible impurities,
e the aggregation/agglomeration state,
e arough estimation of the size and the size polydispersity of primary particles, aggregates and agglomerates,
o the shape,
e the surface topology,
e and the structure, including crystal structure and any crystal defects.
In this procedure, guidelines to describe these properties are presented. To foresee in a step-by-step guidance, the

form-tool [3] of MS word is applied. This tool allows tabulating the information in a structured manner. Choices are
suggested in drop-lists to assure uniformity in responses. From the table a continuous text can be generated.

4.1 Small laboratory material

4.2 Specific Reagents

5 Equipment
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6 Instruction

6.1 Characterisation of the particles in the specimen

6.1.1

6.1.3

(Optional) Describe the observed impurities on the TEM grid

The sample is pure, no impurities are found

Occasionally an impurity is observed

nanoparticles are embedded in a matrix or connected to each other

Grid is covered with impurities, between the impurities the NP are visible

Micrographs only contain impurities, no nanoparticles are observed

Distribution of the particles (multiple choices possible)

The particles cannot be described (go to Error! Reference source not found.)

Individual particles (go to 6.1.4)

Agglomerated (from X to Y particles per agglomerate and on average x particles)

Aggregates (from X to Y particles per aggregate and on average x particles)

Descriptive characteristics aggregates/agglomerates

6.1.3.1 Describe the size of the aggregates/agglomerates

Approximately XX nm

Smaller then XX nm

Ranging from XX nm to XX nm
XX £ XX nm for N = XX

6.1.3.2 Describe the shape of the aggregates/agglomerates (Figure 3)

6.1.4

Spheroidal
Ellipsoidal
Linear

Branched/Dendritic

Descriptive characteristics primary particles

6.1.4.1 Polydispersity of the NM

Monomodal
Bimodal

Trimodal



http://health.belgium.be/eportal/Aboutus/relatedinstitutions/VeterinaryandAgrochemicalResea/722806?ie2Term=scientific&ie2section=9130&fodnlang=en

CODPDA-CERVA
©

Veterunary and Agrochemical Researciv Centre

SOPI***I** */** Nr *% Date **/**/**
Titel/Titre :  Qualitative description of a NM based on TEM micrographs

Pg 7/11

e Polymodal

6.1.4.2 Size
e  Approximately XX nm
e Smaller then XX nm
e Ranging from XX nm to XX nm
o XXz XXnmforN=XX

6.1.4.3 Crystallinity
e Amorphous
e Crystalline (diffraction contrast)

o TEM Electron diffractogram

6.1.4.4 Shape (Figure 1)
e Equiaxed
o Elongated
e Needle like

6.1.4.5 Surface topology (Figure 1 and Figure 2)
e Well rounded
e Rounded
e Angular

e Very angular

6.1.4.6 Suggested 3D structure
e Spherical
e Rod-shaped
e Tubular
e Pyramidal
e Cubic
e  Orthorhombic
e Polyhedral
e Star shaped

6.2 Evaluation whether a quantitative TEM-analysis is feasible

e Fillin form (Attachment)

e Suggest whether quantitative analysis is possible
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7 Specific safety measures

8 References

1. The Nanomaterial Registry's Minimal Information About Nanomaterials (MIAN)
[https://www.nanomaterialregistry.org/about/MinimallnformationStandards.aspx]

2. ISO/TS 27687: Nanotechnologies -. In: Terminology and definitions for nano-objects - Nanoparticle, nanofibre
and nanoplate. Geneva: International Organization for Standardization; 2008.

3. Tools for document assembly and document automation in MS Word! [http://www.theformtool.com/]
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9 Comments and Background information

9.1 Figures
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Figure 1 Barret (2009) Sedimentology

ROUNDNESS

Figure 1 Description of the size, shape and surface topology of primary particles
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Figure 2 Krumbein and Sloss (1963) Stratigraphy and Sedimentation

Figure 2 Description of the surface topology of primary particles
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Figure 3: Lopez-de-Uralde (2010) Springer

Figure 3 Description of the structure of aggregates/agglomerates
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9.2 Step-by-step guidance, TheFormTool

TheFormTool (c) 2011-2013

Label ‘ Question Answer
Experiment

Exp ref Experiment reference

date date

title Title of the report

goal Goal of the experiment

Contact info

Contact corr

Contact info correspondent(s)

Cc contact corr

Contact info correspondent(s) in Cc

Sample info

NM chem comp full

Chemical composition of the NM, fully written

NM chem comp

Chemical composition of the NM, in chemical symbols

NM nr The nanomaterial number

ID nr The sample identification number
State The state of matter

Sample preparation

Sample ref Reference of the sample

Medium Medium used to disperse the sample

Prep medium

Info about the preparation or origin of the medium used
to disperse the subsample

Conc concentration of the sample before sonication
Dil Dilution of the sample

tsonic Sonication time

Esonic Sonication energy added to the subsample
Grid charge Charging of grid

Grid prep

Application of sample on grid
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Imaging conditions

Mag Magnification

Fov Field of view

Nr Micro Number of micrographs

Surface The total analyzed grid surface

Px size The pixel size on the image

Image processing

filter The type of filter(s) used to process the images

Fill holes Is the fill holes option on

Adj bord Is the adjacent borders (4) option on

Part size Below which amount of pixels are particles excluded

from analysis

Qualitative analysis

stability What is the stability of the dispersion after sonication

Suit quant Is the sample suitable for quantitative analysis

distribution Distribution of particles on the grid

Conc part Concentration of particles on the grid

Agg state Main aggregation/agglomeration state of the subsample

Phase The phase of the NM

Size PP The manually measured size of the PP

Size agg The manually measured size of the
aggregates/agglomerates

2D shape PP The 2D shape of the PP

3D shape PP The suggested 3D shape of the PP

2D shape agg

The 2D shape of the aggregates/agglomerates

3D shape agg

The suggested 3D shape of the aggregates/agglomerates

surf PP

The surface structure of the primary particles

surf agg

The surface structure of the aggregates/agglomerates
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