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Attom Note NA18

Extending the Size Range of Nanoparticle Analysis Using Attom ES

¢ Nanoparticle analysis at 105Hz

¢« Extremely small dead time, high count rate detector
* Range extension with slit and detector attenuation
Powerful data reduction capability

Introduction

The ICP-MS technique has promised to be a powerful analytical tool
for the measurement of nanoparticles but has generally been found to
be on the very edge of performance limitations for many applications,
especially when shorter dwell times are used to improve signal to
background. An unfortunate outcome of using shorter dwell times is
the reduced dynamic range that ICP-MS users have reported from their
instrumentation®., With a 10 us dwell, a single count is the equivalent
of 100,000 cps when the upper ceiling of most ICP-MS is 5 e® cps, this
limits the range to little more than one decade allowing for a minimum
detectable peak being a few counts. The common dead time of 30 ns
for ICP-MS detectors also introduces significant correction uncertainty
at the highest count rates, especially when dwell times longer than the
expected duration of a nanoparticle signal are used @. As the diameter
of a nanoparticle is related to the cube root of the mass or volume this
means that the size dynamic range of current ICP-MS for nanoparticles
is possibly only 3-4.

Extending the range of both size and concentration would open up
greater possibilities for researchers in the field of nanoparticle analysis

Data Acquisition

AttoM is able to acquire single ion data with dwell times as low as 10us
continuously with no interruptions in the stream of data. In normal
continuous signal data acquisition, a count rate of >3 e®cps would be
the maximum allowed to prevent degradation to the detector leading to
gain reduction and impaired lifetime. In nanoparticle analysis however,
the transient nature of the signal is more like that of a Time of Flight
mass spectrometer so the detector can experience significantly higher
bursts of ions with time between each burst for the dynodes to recover
the charge lost from the capacitors that link each dynode in the rear
section of the detector®.

In order to benefit from the extended range of the detector, the
electronics of the ICP-MS need to be optimised to take full benefit of
the intrinsically narrow pulse widths seen with discrete dynode type
detectors (typically 3-4 ns FWHM). The use of a pre-amplifier that does
not excessively “blur” the signal pulse for an ion and fast counting
electronics allow for a measureable dead time of 10-14 ns on the AttoM.
This low dead time reduces the level of correction required at higher
count rates and so improves the uncertainty of measurement.

The extension in counting range combined with the improved signal
to background seen when measuring at 10-50 ys dwell allows for a
significant improvement in the range of particle sizes that can be
determined in one measurement. Calibrations are possible covering a
wide range in particle diameter even at the fastest dwell time of 10 ps.
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Figure 1: Showing the effect of dead time on the level of signal correction
required at higher count rates.

Further extending the measurement range

AttoM can further extend the dynamic range for particle size by using
the source slit to attenuate the ion beam before it enters the mass
spectrometer (attenuation between 7 and 30 is possible depending on
the slit used). Alternatively, the attenuation grid in the detector block
can be used to attenuate the signal immediately before the electron
multiplier (typical attenuations are 100-400 depending on the fitted

grid).

AttoM’s control software Attolab has the ability to link methods together
for the same sample so it is possible to acquire different dwell times
and different attenuation factors for the same sample automatically.
Comparing the same calibration samples (20 nm, 30 nm and 40 nm)
with a nominal 60 nm sample using full sensitivity, a slit attenuation of
8x and detector attenuation of 140x, the same size was determined for
the sample at all sensitivities. Increasing the counting range by a factor
of 140 increases the measurable particle size range by more than a
factor of five compared to full sensitivity.
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Figure 2: Screenshot showing a calibration of particle volume vs. integrated counts for gold nanoparticle standards from 5 to 40 nm -the inset tooltip
box shows the correlation coefficient from the 6 standards. The chart shows the signal from a 40 nm Au particle acquired at 10 us dwell. The peak
maximum signal exceeds le’cps (corrected) for approximately 100 us with approximately 1-IO ms between each peak event for the detector to recover
charge on the dynodes.
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1600 A nanoparticle analysis. It is capable of fast data acquisition up to
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The ability to combine data acquisition methods with flexible signal
800 . . . .
/ attenuation improves both signal to background and dynamic range

for a variety of samples.
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200 Nu Quant easily and accurately integrates nanoparticle peak data for
0 T T ‘ ‘ ' i ! wide range of sizes and shapes without compromise. The inbuilt
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Particle mass, femtograms (e-15g) NICE scripts are flexible and powerful allowing the calculation of final
results for a batch of samples quickly and simply.

Average partide integrated count

Figure3:ShowsthecalibrationdatafromaNuQuantcalibrationofstandards
acquired at 20 us dwell.
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Dynamic range of AttoM for particle size using 2 different signal attenuation techniques (source slit change and attenuated detector).
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Figure 4: Comparison of the particle size found for a nominal 60nm sample using 2 different signal attenuation methods and full instrument sensitivity
using 30J1.s dwell time measurement.
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