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Directorate F — Health, Consumers and Reference Materials

CERTIFICATE OF ANALYSIS
ERM®-FD101b

SILICA NANOPARTICLES IN AQUEOUS SOLUTION

Certified

Size distribution parameter: 2) | Uncertainty 3
Weighting / Averaging value [nm]
[nm]
Hydrodynamic diameter _— . . .
from DLS Scattered light mtenns]lé)ngelghted / harmonic 89.5 23
(cumulants method) ¥
Hydrodynamic diameter
from DLS Scattered light intensity-weighted / mean 93 4
(distribution calculation (arithmetic, harmonic, geometric) and modal
algorithms)
o Number-weighted / modal 82 4
Hydro?r)(/)nrslrgllc_: : |1:;1meter Number-weighted / arithmetic mean 87 4
Number-weighted / median 82 4

Stokes diameter
from CLS ¥ Light extinction-weighted / modal 87 8
(turbidimetry)

Area-equivalent diameter Number-weighted / modal 83.7 2.2
from EM . .

Number-weighted / median 83.5 2.2

Mean particle diameter Scattered X-ray intensity-weighted / modal 825 1.8

from SAXS ) Volume-weighted / modal 81.7 1.8

(model fitting) Number-weighted / modal 80.9 1.7

Y As obtained with the methods described overleaf, including, where applicable, the valid temperature range.

2 Unweighted mean value of the means of accepted sets of data; each set being obtained in a different laboratory
and/or with a different method of determination. The certified value and its uncertainty are traceable to the
International System of Units (SI).

¥ The uncertainty of the certified value is the expanded uncertainty with a coverage factor k = 2 corresponding to a
level of confidence of about 95 % estimated in accordance with ISO/IEC Guide 98-3, Guide to the Expression of
Uncertainty in Measurement (GUM:1995), 1SO, 2008.

This certificate is valid for one year after purchase.

Sales date:

Yy
Accepted as an ERM®, Geel, October 2017 Signed: * \j@k

Dr Doris Florian

European Commission, Joint Research Centre

Directorate F — Health, Consumers and Reference Materials
Retieseweg 111

B-2440 Geel, Belgium

0 . . All following pages are an integral part of the certificate.
= Registration No. 268-RM

ISO Guide 34 for the erMC-ED101b
production of reference materials
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NOTE

European Reference Material ERM®-FD101b was produced and certified under the responsibility of the
Directorate F — Health, Consumers and Reference Materials of the European Commission's Joint Research
Centre according to the principles laid down in the technical guidelines of the European Reference Materials® co-
operation agreement between BAM-JRC-LGC. Information on these guidelines is available on the internet
(http://www.erm-crm.org).

DESCRIPTION OF THE MATERIAL

ERM-FD101b consists of silica nanoparticles suspended in an aqueous solution. The material is available in
10 mL pre-scored glass ampoules containing approximately 9 mL of suspension.

DETAILS OF THE ANALYTICAL METHODS USED FOR CERTIFICATION

Centrifugal liquid sedimentation (CLS): data obtained according to 1SO 13318-1:2001 at gradient or
suspension temperatures between 25 °C and 36 °C, using an effective particle density of 2.0 g/lcm®.

Dynamic light scattering (DLS) - cumulants method: data obtained according to ISO 22412:2008 applying the
cumulants method described in ISO 13321:1996 at a sample temperature of 25 °C.

Dynamic light scattering (DLS) — distribution calculation algorithms: data obtained applying distribution
calculation algorithms such as non-negative least square (NNLS) and CONTIN for data analysis, using
various averaging approaches and a sample temperature of 25 °C.

Electron microscopy (EM): data obtained with transmission and scanning electron microscopy, counting only
particles with an equivalent diameter larger than 60 nm.

Particle tracking analysis (PTA): data obtained according to ISO 19430:2016 at a sample temperature of
25 °C.

Small-angle X-ray scattering (SAXS): data obtained according to ISO 17867:2015 at sample temperatures
between 23 °C and 25 °C using 'model fitting' assuming homogeneous spheres and a Gaussian size
distribution.

INDICATIVE VALUE

Size distribution parameter: | Indicative value ? Uncertainty ¥
Weighting / Averaging [nm] [nm]

Mean patrticle diameter
from SAXS ((Volume)z)—weighted / mean 87 6
(Guinier approximation) )
Y As obtained with small-angle X-ray scattering according to 1ISO 17867:2015 at sample temperatures between
23 °C and 25 °C using the Guinier approximation in different ranges of q varying between 0.025 nm™ and 0.070 nm™.
2 Unweighted mean value of the means of five accepted sets of data; each set being obtained in a different laboratory.

The value is indicative and not certified because the measurements were made near the edge of the validity range of
the Guinier approximation. The indicative value is valid in the temperature range of [20 °C, 30 °C].

¥ The uncertainty of the indicative value is the expanded uncertainty, with a coverage factor t = 2.78, corresponding to
a level of confidence of about 95 %, estimated in accordance with ISO/IEC Guide 98-3, Guide to the Expression of
Uncertainty in Measurement (GUM:1995), 1SO, 2008.
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Additional Material Information

Size distribution parameter: Value
Weighting / Averaging
. 1)
Stokes diameter from CLS Mass-weighted / modal 84 nm
(refractometry)
. . o . 2)
Hydrodynamic diameter Scattered light intensity-weighted / modal 86 nm
from AF4 Scattered light intensity-weighted / modal 2 83 nm
Properties other than size Value ”
Zeta potential X -49 mV
pH * 8.7
Electrolytic conductivity ® 0.03 mS/cm

Y obtained with centrifugal qu3uid sedimentation (CLS) according to ISO 13318-1:2001, at 25 °C + 1 °C, using an effective
particle density of 2.0 g/cm”.

2 obtained with asymmetrical flow field-flow fractionation (AF4) using MALS detector at 92°, at 35 °C = 1 °C, via
calibration of the particle elution time using a linear scale.

% obtained as in ? but via calibration of the particle elution time using a double logarithmic scale.

“ obtained with electrophoretic light scattering (ELS) at 25 °C + 1 °C.

® determined with a potentiometric method at 22 °C + 1 °C.

® determined using a folded capillary cell (Malvern Zetasizer Nano ZS instrument) at 25 °C + 1 °C.
7 unweighted mean of six independent results provided by one laboratory.

PARTICIPANTS

Agfa Gevaert NV, Agfa-Labs, Mortsel, BE
Anton Paar GmbH, Graz, AT

AQura GmbH, Marl, DE
(accredited to ISO/IEC 17025, measurements under the scope of DAKkS No. D-PL-14093-01-00)

Beijing Center for Physical and Chemical Analysis (BCPCA), Beijing, CN
(accredited to ISO/IEC 17025, measurements under the scope of CNAS No. LO066)

BAM Federal Institute for Materials Research and Testing, Berlin, DE
Dannalab B. V., Enschede, NL

Delft Solids Solutions B.V., Wateringen, NL

Dr. Lerche KG, Berlin, DE

European Commission, Joint Research Centre, Directorate F — Health, Consumers and Reference Materials,
Geel, BE
(accredited to ISO/IEC 17025, measurements under the scope of BELAC No. 268-TEST)

Horiba Instruments Inc., Irvine, US
Horiba Scientific, Longjumeau, FR

Hungarian Academy of Science, Research Centre for Natural Sciences, Biological Nanochemistry Research
Group, Institute of Materials and Environmental Chemistry (RCNS HAS), Budapest, HU

Leidos Biomedical Research Inc, Frederick National Laboratory for Cancer Research, Nanotechnology
Characterization Laboratory, Frederick, US

LGC Ltd., Teddington, UK
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LUM GmbH, Berlin, DE

Malvern Instruments Inc., Westborough, US

Malvern Instruments Ltd., Malvern, UK

Malvern Instruments Ltd., Amesbury, UK

MicroParticles GmbH, Berlin, DE

MVA Scientific Consultants, Duluth, US

Nanolytics, Gesellschaft fur Kolloidanalytik mbH, Potsdam,DE

National Center for Nanoscience and Technology (NCNST), CAS Key Lab for Biomedical Effects of
Nanomaterials and Nanosafety, Beijing, CN

National Institute of Metrology (NIM), Division of Nano Metrology and Materials Measurement, Beijing, CN

National Institute of Standards and Technology (NIST), Physical Measurement Laboratory, Semiconductor
and Dimensional Metrology Division, Gaithersburg, US

National Measurement Institute Australia (NMIA), Nanometrology, West Lindfield, AU
National Physical Laboratory (NPL), Analytical Science Division, Teddington, UK
Physikalisch-Technische Bundesanstalt (PTB), Working Group 7.11 "X-ray Radiometry," Berlin DE

Physikalisch-Technische Bundesanstalt (PTB), Working Group 4.22 "Quantitative Microscopy",
Braunschweig, DE

Sympatec GmbH, Clausthal-Zellerfeld, DE

Technical University Bergakademie, Institute for Mechanical Process Engineering and Mineral Processing,
Laboratory for Particle Characterisation, Freiberg, DE

TNO, Eindhoven, NL

University of Konstanz, Physical Chemistry, Konstanz, DE

University of Konstanz, Physics Department, Konstanz, DE

University of Namur, Namur Nanosafety Centre, Namur, BE

Veterinary and Agrochemical Research Centre (CODA-CERVA), Service Electron Microscopy, Brussels, BE

SAFETY INFORMATION

This material should be handled with care. Nanoparticles can have an impact on environment and human
health. Any spilling of the suspension should be handled according to the usual laboratory safety
precautions. For further details refer to the safety data sheet.

INSTRUCTIONS FOR USE AND INTENDED USE

The intended use of ERM-FD101b is to check the performance of instruments and/or methods that
characterise the size distribution of particles around 100 nm, that are either suspended in a liquid medium or
deposited onto a suitable substrate. The certified values are regarded as reliable estimates of the true values
and ERM-FD101b can therefore be used for calibration purposes.

Before opening, the ampoule should be gently inverted several times to ensure the homogeneity of the
suspension and to re-suspend any settled particles. Remove any suspension that remains in the upper part
(conical tip) of the ampoule by gently flicking the conical part with the forefinger while tilting the ampoule. The
ampoule is pre-scored and can be opened by applying moderate pressure with one's thumb to snap off the
conical part. The contents of an ampoule should be used the same day as opened and should be gently
homogenised before every measurement, without introducing air bubbles.

DLS method: Aliquots of ERM-FD101lb shall be measured as-received, i.e. without dilution. The
measurement temperature shall be within the range [25 % 5] °C. The viscosity and refractive index of the

dispersing medium (water) at 25 °C are 0.8872 mPa-s and 1.330, respectively. The value of the viscosity
must be adjusted when tests are not performed at 25 °C.
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CLS (turbidity) method: Aliquots of ERM-FD101b shall be measured as-received, i.e. without dilution. The
effective density of the silica particles is 2.0 g/cm3. The temperature of the sample (for cuvette methods) or of

the density gradient (for disc methods) shall be within the range [25 °C, 36 °C].

Electron microscopy method: The material should be transferred to a suitable grid/substrate; after drying, at
least 250 discrete (non-overlapping) particles of the large particle population should be counted and
measured. If necessary, ERM-FD101b can be diluted with purified water before transferring the particles to
the grid/substrate.

Particle tracking analysis: ERM-FD101b should be diluted with purified water (filtered through a membrane
with nominal pore size of 0.1 pym) to a particle concentration suitable for the user's instrument. Neither the
as-received, nor the diluted silica suspension shall be treated by filtration, centrifugation or sonication. The

measurement temperature shall be within the range [25 + 5] °C.

Small-angle X-ray scattering: ERM-FD101b should be either analysed as-received, i.e. without dilution, or
diluted in 2-fold in purified water. The measurement temperature shall be within the range [25 + 5] °C.

The minimum amount of sample to be used is for:
e CLS (turbidimetry): 100 uL;
e CLS (refractometry): 340 pL;
e DLS: 100 pL;
e EM: 2.5 uL of an as-received aliquot and analysis of at least 250 discrete particles;
e PTA: 1 uL of an as-received aliquot and analysis of at least 500 tracks per measurement;
e SAXS: 20 ulL.

STORAGE

The material shall be stored at 18 °C + 5 °C. Samples must not be allowed to freeze, as this will irreversibly
compromise the integrity of the material.

However, the European Commission cannot be held responsible for changes that happen during storage of
the material at the customer's premises, especially of opened samples.

LEGAL NOTICE

Neither the European Commission, its contractors nor any person acting on their behalf:

(a) make any warranty or representation, express or implied, that the use of any information, material, apparatus,
method or process disclosed in this document does not infringe any privately owned intellectual property rights;
or

(b) assume any liability with respect to, or for damages resulting from, the use of any information, material,
apparatus, method or process disclosed in this document save for loss or damage arising solely and directly
from the negligence of the European Commission's Joint Research Centre.

NOTE

obtained from the Joint Research Centre on request.

A detailed technical report is available on https://crm.jrc.ec.europa.eu . A paper copy can be [ ] Ijil: [ ]
1 Ei.- .
|:|I .

European Commission — Joint Research Centre
Directorate F — Health, Consumers and Reference Materials
Retieseweg 111, B - 2440 Geel (Belgium)
Telephone: +32-(0)14-571.705 - Fax: +32-(0)14-590.406
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