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nanomaterial properties“

Development of Measurement StandardsDevelopment of Measurement Standards

Hendrik Emons
Institute for Reference Materials and Measurements (IRMM)( )

Joint Research Centre, European Commission, Geel, Belgium
hendrik.emons@ec.europa.eu



RM Unit / HE / 07-10-2009 2

Towards Comparability

Approach: Metrology
“ultimate” analysis

Approach: Standardisation
“harmonized methods” u t ate a a ys s
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Uses of Reference Materials

Measurement 
standard

Calibrant/ 
RMs for:

Method development
Calibration
M th d lid ti

CalibratorAnalytical 
standard

Method validation
– evaluation of trueness
– uncertainty estimationy

Proof of method performance
l b i t l lit t l (‘ h ti ’)– lab-internal quality control (‘charting’)

– operator or equipment qualification
Proficiency testing

Standard 
material

Reference 
standard y g

– training and verification of competence
(external benchmarking)

Reference
substance

Laboratory 
standard
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Current state of research?

• exciting instrumental developments (SPM, laser spectroscopies,…)

• interesting research approaches to measure ‘model systems’• interesting research approaches to measure ‘model systems’

• few sufficiently defined measurands known

l t EHS l t t t i ti• almost no EHS-relevant measurement systems existing

“Y thi k k bj t

100 nm virus

“You may think you know a subject,
but until you can measure it

and calculate it your knowledge is

1 nm DNA

of a vague and unsatisfactory kind.”

Ernest Rutherford (1871-1937)1 nm

0.1 nm atom

DNA
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Example: Nanoparticles

(Relevant) characteristics according to ISO/TC 229:
What do the particles look like?What do the particles look like?

Size
Shape

What are the particles made of?What are the particles made of?
Bulk composition
Surface composition
ImpuritiesImpurities

How do the particles interact with their environment?
Surface charge
Aggregation and agglomeration state

What are the relevant dynamic characteristics?
Degree of agglomerationg gg
etc.
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NNI-provided research needs

NNI EHS Research: Category “Instrumentation, Metrology, and Analytical
Methods”

Are they complete?Are they complete?
Observation: - presently very ‘static’ and ‘physics/mechanical’ oriented

- focus on “mass” as major quantity (not ‘reactivity-relevant’)

Not sufficiently addressed issues:
What to measure in condensed phases (water, biological media)?

How to sample without target transformations (information loss)?

Which morphology parameters matter and how to measure them?

How to measure the dynamics of nanomaterials under real-world conditions?

How to pre-characterize and to ensure the homogeneity and stability of 
different types of test/reference materials?
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“Sequence” of materials

Basic research / Method validationMethod
Development of 

methods and 
instrumentation

Method validation 
Accuracy 

Conformity check

Method 
reproducibility / 

comparisons

nonTest 
material

s

non-
certified 

Reference  
M t i l

Certified 
Reference  
MaterialsMaterials Materials

prescribed Tested for certifiedprescribed
processing
procedure

Tested for
homogeneity & stability

(relevant parameters)

certified
parameter

values
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Future research needs

Category “Instrumentation, Metrology & Analytical methods”
Near-term: Identify the most relevant EHS ‘nano-related’Near-term: Identify the most relevant EHS nano-related

measurands in biological/environmental systems

Develop hrmonized protocols and method validationp p
concepts for measuring related functional properties

Mid-term: Develop and certify a number of selected crucial 
reference materials for calibration, method
validation and QC of nano-related functionalvalidation and QC of nano related functional
property measurements

Long-term: Establish sustainable metrological traceability
anchor points for such measurements
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CRM demands

from S. Hankin: Presentation at 
the Workshop on Enabling 
Standards for Nanomaterial 
Characterization, NIST, 8-9 Oct. 
20082008
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International cooperation
OECD

RM Producers

NIST “Sector Organisations”IRMM

RM Producers

BAM AOACISONano
CIPM

CCQM Standardisation
REMCOmeas.

Metrology
EMRP

CCQM

TC229

Standardisation

TC24EMRP
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Additional information

Workshop arranged by Co-Nanomet (EU project) 
“Instruments, standard methods and reference 

materials for traceable nanoparticle characterisation”
May 3-4, 2010, Nuernberg (Germany)


