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Introduction and background

Results

According to the EU definition of a nanomaterial primary particles in
aggregates and agglomerates should also be counted when determining
whether a material is a nanomaterial. However, there are hardly methods
that can differentiate primary particles and aggregates/agglomerates. In
NanoDefine a combination of two techniques was tested to distinguish
primary particles and aggregates/agglomerates

In an experiment 60 nm gold nanoparticles are allowed to agglomerate at
pH 2. A sample is collected and analysed with HDC-spICP-MS. The particle
diameters determined with HDC (based on retention time) and spICP-MS
(based on particle mass) are plotted in a graph resulting in figure 3. When
particle mass is included it results in figure 4 that actually shows the
number of primary particles within an aggregate/agglomerate.

Analytical methods

DHDC = 300 nm

In single-particle inductively coupled plasma mass spectrometry (spICPMS) an ICP-MS is operated at a high time resolution which allows the
detection of nanoparticles. Each peak in the time scan corresponds to one
nanoparticle. The number of peaks in the time scan is a measure of the
number-based concentration. The height of each peak is a measure of the
mass of the corresponding nanoparticle, and related to that, the size, Dmass,
of the nanoparticle.
Hydrodynamic chromatography (HDC) is based on the observation that, in
a restricted volume, a Poiseuille flow transports particles at different
velocities. Because of steric exclusion, large particles can access only the
central region of the tube where the average velocity is the highest due to
the parabolic laminar flow. From the retention time the size of the particle,
DHDC can be calculated. If HDC and spICP-MS are coupled we get two
sizes of the particle, DHDC and Dmass. This gives information about the
nature of the particle, is it a primary particle or an aggregate.

Dmass = DspICPMS = 170 nm
Ratio Dmass/DHDC = 0.57
Ratio (Dmass/DHDC)3 = 0.20
(density: ρ≡𝑉𝑉≡𝐷𝐷3)
ρagglomerate=0.2 x ρsolid particle, i.e.,
indicating the formation of loosely
packed agglomerates
(max. packing of spheres is 0.64)
Figure 3. When Dmass and DHDC are plotted against each other it is clear that
some of the 60 nm particles are still primary particles while the majority have
formed aggregates/agglomerates with hydrodynamic sizes up to 400 nm.

Figure 1. If HDC and spICP-MS are coupled we get two sizes of the
particle, DHDC and Dmass. This gives information about the nature of the
particle, is it a primary particle or an aggregate.

Figure 4. In a different representation that includes the particles mass its
also possible to show the number of particles that constitute an
aggregate/agglomerate.

Conclusion

Figure 2. A chromatogram of the analysis of a mixture of 20 and 100 nm
particles at the same mass concentration. Observe the typical spICP-MS
signals (particle peaks) of the nanoparticles located at specific retention
times of the HDC separation.

The combination of HDC with spICP-MS allows to determine not only the
size of the particle but also whether this particle is a primary particle or an
aggregate/agglomerate. That information is of importance when
determining whether a material is a nanomaterial.
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