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Optimizing instrumental, data collection and signal processing parameters 
for single particle analysis of nanoparticles in real samples using the Vitesse 
time of flight ICP-MS

Vitesse Note NT04

ICP-MS

•	 Signal profile measured for each nanoparticle

•	 Skewed peaks minimised by reaction cell conditions

•	 Peak detection parameters per isotope

•	 Particle data quality tests available for

	 o Element coincidence check
	 o False peaks due to baseline artifacts
	 o Particle overlaps
	 o Particle signal skew

Introduction

ICP-MS has proven to be a powerful analytical tool for the 
measurement of nanoparticles using the Single Particle mode 
(1). Vitesse applications note NT01 describes the use of ICP-TOF-
MS to measure multiple elements in individual nanoparticles and 
then generate useful representations of elemental distributions 
in different ranges of particles. To improve the quality of data 
reported, measurements need to be filtered to remove falsely 
identified signals, falsely identified element coincidences 
within particles and errors in particle size and particle number 
reporting that can arise from signal overlaps. This application 
note will describe the tools provided with the Nu Quant data 
processing software to improve the quality of single particle 
ICP-MS measurements.

Interference removal

The Vitesse uses an always on reaction cell, pressurised with 
3-10 sccm of He and 3-7 sccm H2 gas. This is a common gas 
mixture used with quadrupole ICP-MS to remove argon and 
nitrogen based interferences but further optimisation of the 
setup parameters is required for both time of flight ICP-MS and 
single particle mode analysis for nanoparticles compared to a 
conventional quadrupole ICP-MS performing routine analysis.  

A pressurised reaction cell is most effective at removing 
interferences when the ion beam is slowed to near thermal 
energies(2). However, under near thermal conditions a 
significant loss of ions can be seen due to collisional 
scattering which effects lower masses more than higher 
masses. The use of a small accelerating field gradient, by  
incrementally changing the voltage between the sections of 
the segmented hexapole assembly, reduces the losses for low 
mass elements and a field strength of between 0.1 and 0.3  
V/cm was found to be optimal for the gas conditions used. 

For nanoparticles, other researchers have observed that 
reaction cells can broaden the signals seen from individual 
particles as the ion packets are slowed in the reaction cell and 
ions diffuse in the beam(3). Figure 1 shows the effect of reaction 
cell optimisation on the cerium signal when aspirating EQ 
calibration beads (Fluidigm, USA).

Figure 1a: showing the measurement of cerium contained in EQ calibration 
beads. Figure 1(a) shows the widening effect of using non-optimised reaction cell 
conditions and figure 1b shows the same sample once gas flows and axial field 
voltages are optimised for nanoparticle peak shapes.

Particle detection and element coincidence algorithms

The peak detection algorithm used for Vitesse data is the 
same as was previously reported in work on the Attom ES (1). 
However, to reduce the data processing resources required to 
conduct a peak search for every isotope measured by TOF-
ICP-MS, Nu Quant allows target isotopes to be selected with 
each of these isotopes having individual parameters for signal 
smoothing and particle detection thresholds. This provides a 
higher level of flexibility so finding moderately sized particles 
above the ionic background noise for one isotope can be 
accommodated by extra smoothing without impairing the signal 
to background of a different isotope where there is minimal 
background and the particles are much smaller. The complete 
mass range of integrated isotopes per spectrum are maintained 
within the database of the experiment so further optimisation 
and reprocessing of particles is possible to look for additional 
target isotopes and alternate smoothing conditions as required.
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Once particle events have been found for each target isotope, the software generates a list of times for peak maxima with the start and 
end inflexion points found by the algorithm along with the measured full width half maximum values for the smoothed signals. The next 
processing step determines whether found peaks are individual particles or the same particle which contains different isotopes from 
the target set. By setting a value for a minimum expected peak width, the software can determine if peak maxima for different isotopes 
occur within this minimum peak width and if they do, the earliest start and latest end inflexion points found are then used to collate 
data for a single merged particle. Figure 2a shows the overlay of 56 Fe and 197 Au signals for a mixed nanoparticle sample where two 
different particles are almost coincident. Figure 2b and 2c shows the effect of changing the expected peak width from to 500 µs to 800 
µs. If an appropriate width is not selected, coincidence is reported when they should be separate particles. 

Figure 2a: showing overlays for Au and Fe for the same signal times, b: showing the correct idenitfication of the second Au only particle when 500 µs is used for a peak width 
and c: shows how the major peak for the Fe and the second smaller Au peak are merged in the reporting when the expected peak width is set too high.

Once the isotope coincidences have been determined, there is a single compiled list of peaks (maxima, start and end times and FWHM) 
for the sample. All collected data that is not included in one of the peaks is used to determine the background and standard deviation of 
the background for each isotope to be used in later calculations. All measured isotopes are then summed for the peaks between each 
start and end point and the background counts subtracted. This produces a list of isotope counts for each particle found along with 
the ionic backgrounds for each isotope and the peak meta data which is all available within the Nu Quant software python scripts and 
can be used for further data evaluation.
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Methods of validating data quality

A typical sample analysis requires the measurement of several 
hundred particles to provide a useful statistical distribution 
of particle masses or composition. To maintain accurate 
determinations of numbers of particles it has been established 
that samples need to be sufficiently diluted to prevent significant 
particle overlaps(4), classically analysts diluted samples to 
obtain <100 particles per second which would normally ensure 
that particle coincidences were only a few percent. With this 
experimental setup, it is possible to evaluate the degree of 
particle coincidence (as opposed to isotope coincidence 
within a particle) by comparing the start and end inflexions of 
peaks found by the search algorithm. A Python script is used 
to compare the start and end of each particle and report the 
number of adjacent peaks as a percentage of the total particle 
peaks found. Figure 3 shows an example where two particles are 
adjacent, they can be easily separated by the search algorithm 
and reported accurately but the proportion of adjacent particles 
is a good quality indicator of when a sample may need diluting.

Figure 3: showing two adjacent particles which share start and end inflexion points 

As the full width half maximum is calculated for each target 
isotope in each particle, it is also possible to use this combined 
with the start and end points to indicate when a higher level 
of particle coincidence has started to lead to particle signals 
overlapping. In many cases the particle signals can still be 
integrated but the number of particles where the full width 
cannot be measured at the half maximum is reported as the 
percentage of overlapping peaks and an option is provided for 
the user to choose whether to include these particles in further 
reporting or not. Figure 4 shows an instance where a larger 
particle has swamped a neighbouring one such that the FWHM 
can not be reported but the particle can be integrated with 
reasonable accuracy. 

Figure 4: showing a small peak next to a larger peak which can still be identified 
and integrated but is indicative of a possible need to dilute the sample and rerun it.

When there is a significant ionic background signal for an isotope 
in nanoparticles of interest, the background is often irregular 
and can lead to artefacts that can be mis-identified as particles. 
If a particle is found with no adjacent particles but the full width 
half maximum can not be measured, the value reported is most 
likely not a real particle. By using the threshold for peak search 
and the standard deviation limit for inclusion in the reporting, 
baseline artefacts can be reduced whilst the standard Python 
script can be used to identify these anomalies and exclude 
them from further evaluation. Figure 5 shows a baseline artefact 
identified as a particle because the detection threshold and 
reporting standard deviation limits are not optimised. These 
parameters can be modified within Nu Quant and the acquired 
data reprocessed without the need to rerun the sample.
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Figure 6: showing an example of the CSV output from one of the default Python 
scripts available with Nu Quant for nanoparticle analysis.

Figure 7: shows an example histogram of particle composition when using one of 
the default scripts available with Nu Quant.

Conclusion

Nu Quant provides a powerful tool for nanoparticle analysis 
with the ability to provide quality criteria for the found particles 
to assist with method development and validation. The flexible 
reporting and charting capabilities make reviewing data an 
easier task for new and experienced researchers.
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Figure 5a: showing a baseline artefact mis-identified as a particle which can be corrected post-acquisition by modifying the detection threshold and standard deviation for 
reporting, figure 5b.

The Python script provides a high level of flexibility for reporting not only the nanoparticle integrations but also the quality data for each 
particle and element coincidences. The script also uses the charting capabilities of Nu Quant to display histograms and scatter plots 
of the particle compositions. The scripts used can be the standard ones provided by Nu Instruments or customised ones edited by the 
user or shared between research groups. Figure 6 shows an example of the CSV output available with the scripts and figure 7 shows a 
typical histogram of particle composition for a forest water sample.


