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Multi-element analysis of individual nanoparticles using Vitesse

Vitesse Note NT01

•	 Multi-element nanoparticle analysis

•	 Uninterrupted data collection at 25µs to 100µs per spectra

•	 Flexible peak location and integration

•	 Powerful data reduction capability

Introduction

ICP-MS has proven to be a powerful analytical tool for the 
measurement of nanoparticles using the Single Particle 
mode. The ability to take ion count measurements faster than 
the duration of the signal from an individual nanoparticle is 
accepted as giving the highest quality of data in terms of 
particle size detection limits, discrimination of particles from 
ionic backgrounds, increased measurable particle concentration 
limits and particle size distribution accuracy(1-3). Whilst useful 
information is obtained from the Single Particle ICP-MS 
technique when measuring one element with a sequential 
ICP-MS, the ability to measure multiple elements in individual 
nanoparticles offers more information than just additional 
distributions of particle mass or assumed size for a range of 
elements(4). Being able to measure the coincidence of elements 
in particles gives important guidance to the origin of particles. 
For example, deciding if a particle is man-made or natural 
based on the purity of the main element within the particle or 
determining whether a particle found in a natural sample is from 
one mineral or another based on the mole fractions of elements 
in the particle. When looking at mixtures of particles the ability 
to determine if the mixture is of different homogeneous particles 
or whether the composition of the particles is inhomogeneous 
can only be determined by simultaneously measuring elements 
in many individual particles.

Data acquisition considerations

The only technique capable of capturing spectra for a wide range 
of elements with sub-millisecond data acquisition rates is Time 
of Flight mass spectrometry (TOF). A TOF can acquire a near full 
mass spectrum in under 30 μs but the amount of data collected 
can overwhelm the ability of a PC to process the spectra into 
counts per second values for individual isotopes unless many 
spectra are summed before calculating isotope counts. This has 
traditionally meant that TOF instruments either reported multi-
element data every 1-3 ms or collected short bursts of data for 
a few tens of milliseconds at 30-50 μs per spectra. Neither of 
these methods is satisfactory for nanoparticle analysis as there 
is either a loss of data quality for peak detection and ionic 
background discrimination or a severely reduced duty cycle 
making it difficult to collect statistically significant numbers of 
particles in a reasonable timeframe.

The Vitesse uses a novel data acquisition and peak processing 
method where ion signals are acquired at between 5 and 30 
μs per spectra but then the data is transferred directly to the 
Graphics Processing Unit (GPU) installed on the same PC bus as 
the data acquisition card. The acquired data can be transferred 
at 6 GB persecond which is considerably faster than it is possible 
to write data to a hard drive. The GPU then can process the TOF 
data in real time to produce integrated counts per second for 
each isotope measured. Using this technique, it is possible to 
write integrated isotope count data to a Solid State Hard Drive 
(SSD) as it is acquired.

Figure 1: Data processing software: Nu Quant Vitesse
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Figure 2: A diluted paint sample; 33 seconds of data acquired at 75 μs per spectrum (3 summed 25 μs spectra). First showing all data, then zoomed into a region believed 
to show some association between the Ti, Al and Si signals, then a zoom to 5 ms of data showing a large Al/Si particle which has a signal within a millisecond of a Ti particle 
but can obviously be seen as not part of the same particle.

Data reduction

Looking for associations in hundreds and even thousands of particle events would take many hours of investigation and deriving 
statistically relevant numerical associations would take even longer. To ease the burden, the data acquired on Vitesse can be opened and 
manipulated using the Nu Quant software developed for nanoparticle analysis on the Attom high resolution ICP-MS3. 

The data can be viewed as a chromatogram and sections zoomed into to qualitatively look at peak shape quality and where elements 
are coincidental in the same particle peak.
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After a qualitative evaluation of the sample it is possible to define which isotopes are the dominant ones for nanoparticles and then 
searches are made in Nu Quant for peaks of these target isotopes. The start and end points found for each particle signal are then used 
to integrate the signals for all isotopes measured in the mass spectra, i.e. sum the counts for each isotope in spectra collected between 
Time(start of particle) and Time(end of particle). Any data during the time of acquisition where particles have not been identified is 
treated as ionic background and is similarly integrated for all isotopes. The ionic backgrounds for each isotope are subtracted from each 
correlating isotope’s peak integration and then these peak integrations and ionic backgrounds are accessible as variables to the Nu 
Instruments Calculations Editor (NICE) scripts for further data reduction.

Figure 3: Example of Nu Quant being used to peak search for nanoparticles in a water sample using a combination of signals for Al, Si, Ti, Fe and Ce. The green lines indicate 
the found start and end points for that particle in amongst other particles and on top of the ionic background.

The scripts available in Nu Quant Vitesse allow multi-element calibrations and reporting of particle data in various ways.

Figure 4: Shows multi-element calibration for ionic standards.
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By knowing the calibrated multi-element sensitivities and the sample transport rate determined with a known size of nanoparticle, the 
mass of each element in each individual particle is calculated. By collecting composition data for many particles, it is then possible to 
have the scripts calculate and display histograms and scatter plots based on simple element to element ratios, elements ratioed to a 
group of elements or elements to the total of all measured elements. The histograms and scatter plots can also be shown for molar 
ratios by using a script which also divides each measured mass by the atomic weight of the isotope being used.

In some samples, the particles of interest may only represent a fraction of the total number of particles present in the sample and Nu 
Quant is able to count the number of particles containing only the element of interest, the number that contain some of the element 
of interest or those that have none of the element present. To ensure that noise does not contribute to the calculations, the scripts also 
allow a standard deviation test to the be applied. The standard deviation of the ionic background signal for an element in the sample is 
used along with the full width half maximum measured for the particle peak to calculate a noise floor for each element in each particle 
so only signals above the noise floor are reported. The script reports the percentage of the total found particles that are above the noise 
floor for all of the elements included in any ratio calculation.
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Figure 5: Examples of the types of information available from the NICE scripts.
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All of the data for elements in each nanoparticle and any calculated associations are reported in a CSV text file that directly opens into 
a spreadsheet to allow manipulation by third party software as required.

Figure 6: Typical CSV text output from NICE.

Summary

Nu Vitesse is proven to be a powerful and flexible ICP-MS for nanoparticle analysis. Capable of uninterrupted data acquisition at  
25-100 μs per spectra for several minutes, it is possible to collect complete elemental data for large numbers of particles. 

The use of Nu Quant gives the flexibility to search for particles in a sample based on different criteria and then report associations 
between elements in simple and sophisticated ways. Nu Quant easily and accurately integrates nanoparticle peak data for a wide range 
of sizes and shapes without compromise. The inbuilt NICE scripts are flexible and powerful allowing the calculation of final results for 
a batch of samples quickly and simply.
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