sp-ICP-TOFMS for the analysis of nanoparticles
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► There is a growing interest in quantitative analysis of
nanoparticles (NPs) in complex environmental and biological media

► Nanoparticles produce extremely short signals which can be
accurately detected in muti-element mode only with fast and
simultaneous mass spectrometers (MS)

► Single particle-(sp)-ICP-MS provides an easy way to determine
both size and number concentration of inorganic nanoparticles at
very low levels1,2

► icpTOF combines both speed and simultaneous detection and
was used for applied and fundamental studies

Element composition of nanosteel by sp-icpTOF
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Applications

Sample
- Nano and non-nano steel platelets
dispersed in milliQ
- Powder used in laser sintering for
manufacturing of micro-parts
- Sample (IRMM-383) from Steﬃ Bohme,
RIKILT, as a part of NanoDeﬁne project
(http://www.nanodeﬁne.eu/index.php/
project-overview)

Figure a. Signal of a single steel particle. Signals
were longer (2.5-3 ms) due to the presence of H2
gas in the Q-cell.
Figure b. Signal intensity distribution of Fe56.
Demonstrates high polydispersity of steel
particles.
Figure c and d. Distribution histogram of
element ratios to Fe56 and their Gaussian
function ﬁts. The mean of the ﬁt was used to
calculate element fractions in nano-steel particles
Table. Measured element fractions were
calculated from element ratios detected by spICP-MS and element sensitivities from
corresponding ionic solutions.
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Tracing engineered TiO2 in lake water
Experimental

Results
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This pilot study was conducted in
collaboration with Andreas Gondikas, F.
von der Kammer, University of Vienna
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Ti-containing particle signals
detected from a lake water
sample. A fraction of particles
contains Ti only and most likely
represents engineered TiO2.
Another fraction contains other
elements
and
represents
natural particles.
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Fundamentals

Signal shifts with standard sample introduction
Experiment

Results
► Figures show 2 types of signals of single
particles. The signal of Bi always delayed from
signals of all Ti isotopes. The magnitude of
temporal shifts varied from particle to particle
from 200 to 10-20 microseconds. Signal of sodium
had a very low intensity to study its structure.
► Boiling points of Ti and Bi diﬀer by 1500 °C.
► Signal shifts were also observed in steel
particles. Peaks of Fe, Ni, and Cr were delayed
from Mo, which is the element with 2000 °C
higher boiling point than Fe, Ni, and Cr.

► Temporal signal shifts of diﬀerent elements from a single
particle are observed when their boiling points are
signiﬁcantly diﬀerent and when a particle moves through the
plasma oﬀ-central axis.3
► Earlier this eﬀect was observed and studied using
monodisperse discrete microdroplets of multi-element
solution. Droplets followed the same gas stream at ﬁxed
operating conditions that resulted in stable shifts.
► In this trial Bi0.5Na0.5TiO3 nanoparticles (RIKILT) were
introduced via a nebulizer/spray chamber system and
measured in standard mode. Droplets with particles are
randomly spread around the central axis and follow diﬀerent
trajectories. Both signals without shifts (droplets on-axis) and
signals with shifts (droplets oﬀ-axis) should be expected.

► icpTOF enables the determination of elemental composition of single
nanoparticles along with size and concentration
► This unique property can be used for detection of nanoparticles in
complex mixtures. For example, for studying the fate of engineered
nanoparticles or tracing them in the environment 4
► All measurements were carried out on a TOFWERK
icpTOF in combination with the standard liquid
introduction system. icpTOF provides the maximum
temporal resolution of 30 microseconds. For the
measurement
of
Fe-containing
nanoparticles
hydrogen was used in the Q-cell to remove ArO
interferences
and
improve
Fe56
detection.
ParticleTracker was used for particle detection - the
particle signal is recorded only if its intensity
overcomes a set threshold.
► Nanoparticles were diluted with milliQ water to the
ﬁnal concentration of 10E5 particles/ml and sonicated
for 10 min before every dilution step. Lake water was
dialyzed and diluted by a factor of 100 in milliQ water
prior to the analysis.
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► Temporal signal shifts between elements with diﬀerent boiling
points observed earlier with monodispersed microdroplets are also
present when particles are introduced via a standard liquid
introduction system
► Practical implication of element temporal shifts – biased results if
sequential MS is used for multi-element detection of single particles
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