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Introduction and background

Results

Determining composition, shape, and size of nanoparticles dispersed in a
matrix is necessary in the assessment of toxicity, regulatory actions, and
environmental monitoring. Many types of nanoparticles that are currently
used in consumer products contain more than one metal that are often not
uniformly distributed (e.g., core-shell nanoparticles). This compositional
and structural complexity makes the characterization of multi-element
extremely difficult. In this study, we investigate the capability of single
particle inductively coupled plasma mass spectrometry (spICP-MS) using
time-of-flight (TOF) ICP-MS and quadrupole (Q) ICP-MS mass analyzers
to determine the composition and size distribution of a series of
nanoparticles that are used in a variety of industrial applications: BiVO4,
(Bi0.5Na0.5)TiO3 and steel (which contains Fe, Cr, Ni, Mo) nanoparticles.
In addition, we tested both types of mass analyzers on Au-core/Ag-shell
nanoparticles, which can be considered as reference systems in academic
research about multi-elemental analysis of nanoparticles by spICP-MS.

The results confirm that both types of mass analyzers produce accurate
estimations of the size of Au-core/Ag-shell particles. For other multielemental nanoparticles spICP-MS produces the size of aggregates and/or
agglomeration in the prepared suspensions. In general, the spICP-TOFMS
particle size detection limits (LODsize) with values of 29 nm for Ti, 14 nm
for Mo and 7 nm for Au are smaller than those obtained for the quadrupole
instruments. This study finds that only the spICP-TOFMS can detect 2 to 4
elements simultaneously in most particle events. For nano-steel the spICPTOFMS can quantitatively determine the composition of these multielement nanoparticles without reducing the sensitivity when the number of
elements increases. By contrast, spICP-QMS is limited to the detection of 2
elements. spICP-TOFMS techniques showed true multiple-element
capacity, however, the applicability of TOF instruments to determine the
composition of real world samples has to be tested further and
standardized methods for multi-element spICP-MS have to be developed.
In contrast, quadrupole instruments are able to semi-quantitatively
determine two elements in one particle. By further reduction of the
instrument specific settling time and the use of shorter dwell times (<100
µs), improvement towards a multi-element detection may be possible. This
is especially important since ICP-QMS instruments are, and will be, in use
in many analytical laboratories.

Analytical instruments
We tested two TOF instruments, the icpTOF (TOFWERK AG, Switzerland)
and the cyTOF® 2 mass cytometer (Fluidigm Corp., USA), and two ICPQMS instruments, the NexION® 350D (Perkin Elmer Scientific, USA), and
the iCAP™ Q (Thermo Fisher Scientific, Germany). Both ICP-TOFMS used
a TOF mass analyzer combined with plasma chambers and ion optics
typically used in conventional quadrupole ICP-MS. These ICP-TOFMS
could record 33.000 (icpTOF) and 76.800 (cyTOF® 2) mass spectra per
second, yielding integration time resolutions of 30 µs and 13 µs
respectively. The high mass resolution of the icpTOF instruments made it
possible to partly eliminate spectral interferences. The two quadrupoles
have a minimum dwell time of 100 µs in transient mode. The NexION®
350D can achieve a dwell time of 10 µs, however, only within its Syngistix™
Nano Application Module which does not allow multi-element spICP-MS
measurements.

Table 1. Expected and determined mass fraction of 4 elements in a sample
of nano-steel platelets

Figure 2. Element-specific LODsize
determined for icpTOF (black square ■),
cyTOF® 2 (black circle ●), NexION® 350D
(black triangle up ▲), iCAP™ Q (black
triangle down ▼). Comparison to
values/range (red crosses X/line)
reported in the literature.
Figure 1. Principle of ICP-QMS and –TOFMS element detection in single particle mode in multi-element
detection

Contact
RIKILT Wageningen UR (NL)

|

Email: coordinator@nanodefine.eu

|

Website: www.nanodefine.eu

This project has received funding from the European Union’s Seventh Programme for research,
technological development and demonstration under grant agreement No 604347.

