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Attom Note NA17

Nanoparticle Analysis Using Attom ES With 10°Hz Acquisition Rates

¢ Nanoparticle analysis

¢ Dwell time between 10 Qs and 100 Qs

¢ Flexible peak location and integration

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.
Aspirating an aerosol of nanoparticles creates transient signals of 100-
400 ps in length which means that the commonly used millisecond
data acquisition times for ICP-MS are not adequate. This has led some
researchers to developing their own faster data acquisition hardware"
but this not possible for most users.

Once data has been acquired, there are difficulties in reducing the data
to manageable peak integrations. If the nanoparticles are not diluted
sufficiently, it is possible to see two or more particle signals overlap.
This means that any peak integration method which cannot readily
distinguish nearby peaks will lead to errors or the sample will need to
be diluted further and rerun.

An unfortunate outcome of using shorter dwell times is the reduced
dynamic range that ICP-MS users have reported from their
instrumentation (1, 2). With a 10 ps dwell, a single count is the
equivalent of 100,000 cps when the upper ceiling of most ICP-MS is
5e° cps, this limits the range to little more than one decade allowing
for a minimum detectable peak being a few counts. 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 the researcher in the field of nanoparticle
analysis.

Data Acquisition

AttoM is able to acquire single ion data with dwell times as low as 10 ps
continuously with no interruptions in the stream of data. The ability to
daisy chain multiple methods together makes automation of collecting
data with different conditions very easy. This can be modified to also
run different analysis methods for different samples as required.

This makes collecting data for samples much simpler as a group of
methods can be used that cover the full range of possible optimisations
needed without having to pre-screen each sample and then decide
which method to use. The data can then be imported into Nu Quant for
further processing as a complete batch.

Data Reduction

Raw data files for single ion measurements can contain up to a million
points and processing these to get integrated counts for each particle
requires careful manipulation. A typical nanoparticle signal lasts a few
hundred microseconds and when measuring at <100 ys dwell times,
normal background signals for a blank equate to only one or two counts
in the time that one particle might be measured (1 count in 500 us
equates to 2000 cps).

It would be possible now to set a fixed time window for a nanoparticle,
starting with an initial count and then summing all counts after that
for a fixed period. This is an effective method as long as particles are
separated by a fixed time and all particles were of an expected width.
This traditional method also requires the user to either generate a
histogram for the particles or add a trigger value to discard all signals
less than a certain value. Nu Quant uses a more sophisticated peak
search and integration
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Figure 1: Showing the ability to acquire multiple methods linked together for each sample.
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Nu Quant - 20nm standard at various dwells
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Label Variable name

k2 Methodl
197Au (counts)

10 us 20 nmi1 29/09/2015 151215 266603
10 us 20 nm2 29/00/2015 151244 300604
10us 20 nm3 29/09/2015 151313 275258
20us 20 0m 29/09/2015 151352 251123
20 us 20 nmd 29/09/2015 151414 304604
20 us 20 nm2 29/09/2015 1 286,89
30us200m 29/09/2015 15:15¢ 28164
30 us 20 nmd 29/09/2015 151527 261723
40 us 20 o 29/09/2015 151554 267.732
40 us 20 ol 29/08/2015 151613 267149
40 us 20 nm:2 29/09/2015 151634 265344
50 us 20 nm 29/09/2015 1 292441
50 us 20 nmid 29/09/2015 1 293669
50 us 20 nm:2 29/09/2015 1 28086
70us20 nm 29/09/2015 1 277463
70 us 20 nmd 29/09/2015 151827 270632
70 us 20 nm2 29/09/2015 151844 272835
100 us 20 nm 29/09/2015 15:19:08 256436
100 us 20 nm:1 29/09/2015 151824 294975
100 us 20 nm:2 29/09/2015 151940 272157

50 us 20 nm [29/09/2015 15:17:01]

Time (secs) Counts  FWHM (us) 197Au in '50 us 20 nm'
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Figure 2: Showing how data can be acquired for multiple methods and multiple replicates automatically with batch acquisition. In this case, 7 different
dwell times in triplicate during one sample introduction in approximately 7 minutes.

method which initially smooths the data and then looks for peak
maxima and minima with criteria that allow different peak sizes, peak
widths, partially merged peaks and continuous background signals to
be distinguished easily.

Using a fixed window to integrate particle data does not easily manage a
wide distribution of particle sizes (larger particles produce wider peaks)
or variations in widths due to how the particle is broken down and
ionised differently in different parts of the injector®. Nu Quant has the
flexibility to manage a wide range of sizes and widths with the smooth
and search method, the peak width for each peak is reported as the
full width half maximum (FWHM) for each peak to aid peak evaluation.

To allow for wider peaks, traditional methods would set wider integration
windows leading to higher dilutions being used to avoid particle signal
coincidence. The Nu Quant peak search routine can even calculate
when particle events are partially merged and report them separately.
Nu Quant allows the user to choose a dwell time that gives the optimum
signal to background without compromising the accuracy of the
integrated signal for a given particle size.
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Figure 3: Typical data for a blank measured for gold at 20 us dwell, 800 count events in 10 seconds at an average of 1.22 counts each equates to 97 cps.
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Single Particle 197Au 30 us 10 nm:2
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Figure 4: Shows how a 240 us wide 10 nm Au particle peak acquired at
30 ps dwell is smoothed and easily distinguished from the background.
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Figure 5: Shows how a CeO, particle (-20 um) can be integrated with
background correction using the smoothing technique. The ionic
background of 15.9 counts in 30 ps equates to >500k cps.
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Single Particle 197Au 20 us 20 nm:2
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Figure 5a & 5b: Show two particles from the same 20 nm standard which
produce similar integrated counts but have very different peak widths.
Nu Quant deals with both situations using the some parameters.

Distribution of full width half maximum peak widths for 20um standard gold particles
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Figure 6: Creating a histogram of particle peak widths for the same 20 nm standard shows the importance of having a peak integration routine that

accommodates a wide range of peak shapes.
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Single Particle 197Au Au 2 30 us
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Figure 7: Showing the integration of two separate particles where the
signal for the peaks is partially merged
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Once the peaks have been integrated, Nu Quant can use the inbuilt
Nu Instrument Calculations Editor (NICE) to calculate a range of
information including particle size, particle mass and concentration.
NICE Scripts and user guides are available from the Nu Instruments’
Applications Team to calculate nanoparticle parameters and ionic
content, using either known particle standards or counting efficiency
calculations or a combination of both. These scripts can be used as
provided or modified for specific requirements either by the user or with
assistance from a Nu Instruments applications scientist. All raw data,
processed peaks and NICE results can be exported as CSV files for
use in other software packages.
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Figure 8: Shows that the particle count distribution is the some for all dwell times from 10 to 70 us using the Nu Quant peak smooth and search routine.

Average count +/- 2 SD from mean shown as lines.
Errorbars are 2SE for each dwell.
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Figure 9: Shows that the variation in mean integrated counts for the
same 20 nm standard with different dwell times varies by <+2.5%.
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Nu Quant - New cal mixed samples at 2003 and mixed dwells for 20nm E=lo] =
pl

Batch Settings  Sort/Filter Undo/Redo  Batch Builder
¥ M

€N 197Au (counts) | Mean count after exclusion  SD count after exclusion  Particle mass, ug  Particle diameter, nm  Mean count of all SD count of all Sesnsitiity, count/ug re.p==total_peaks:
orig_mean=nu.mean(store.np)
Np 40 nm:g 25/11/2015 16:34:02 21876 - orig_sd=nu. stddev(store.np)
. e 2103 for 3 in store.np:
Np 40 nm:10 25/11/2015 16:3437 23 220352 324437 226318 680618 343662 I abe(oris mean-a)<eorig_sd:
Np 10 nm3 25/11/2015 14:45:28 264658 0007701 905625 <tore.nps. append(a)
Np 10 nm: 25/11/2015 14:46:19 251212 000731 886047 nu.mean :store. nvsg
xc_sd=nu . stddev(store. nps.
No 10 nend L2015 14474 262014 0007636 202313 print 'No. of peaks remaining after 15D exclusion is {0}’ .format(len(store.nps))
Np 15 nm3 25/11/2015 15:25:03 8525 0024806 132469 Store.y.append(exc_mean)
Np 15 nmi 25/11/2015 152555 879091 002558 13427 0000193 (3.142%nm*nm*nm) /6
Np 15 nm9 25/11/2015 15:26:48 92.3636 0026876 136675 +x-2ppend(vol)
Np 20 nm:3 25/11/2015 1547 267375 0077802 197039 Np 40 nm:10 store.nps=[]
Np 20 nm6 25/11/2015 1 240 0069836 186275 # Check i only one value for particle size and if so add a size @ to force calibrati(®

i max(store.x) - min(store.x)==0:

Np 20 nm:9 25/11/2015 1

272111 007918 19696 Sample Label Np 40 nmil0

store.x.append(2)
Np 30 nm:3 25/11/2015 16:10:04 670973 0.195242 2651 G store.y.append(8) L
Np 30 nm:6 25/11/2015 1 6 930316 0270707 29.2421 mooth posrty - r = nu.cc(store.x,store.y)

i = nu.int(store.x,store.y)

Np 30 nem AL 16129 12268 0186869 SRoothiietons print ‘Correlation for particle size is {0} and no. of calibration points is {1} and : _
Np 40 nms3 25/11/2015 163237 101742 0557937 3 e~ o cronalesara o etaca

Np 40 nm 25/11/2015 163328 203968 0593513 1 M peak wackh (29 ! I ] P
Np 40 nm: 25/11/2015 16:34:20 225254 0655452 X peakthreshold  [[EN Label Variable name

30us: Np 20 1L 203857 0050310 Mean count after exclusion| exc_meen

30us: Np 20 mi13 2911 0069578 ] SD count after exclusion | exc.5d

30us: Np 20 nm:15 234313 0.068181 Mean count of all orig_mean

30us: Np 20 ami1? 235417 0068503 = | SO count of sl orig_sd

30usi Np 20 nmi18 | 25/11/2015 15:5208 226531 0065917 I I Sesnsitivity, count/ug | sens

e 30 nm 58741 /5018 154308 RIS Y Taamna

I I I )
Time (secs) Counts FWHM (us) Mean count after exclusion SD count after exclusion Mean count of all SD count of all Sesnsitivity, count/ug 197Au in "Np 40 nm:10'

Charts

1] oo0ss6| 2154] 260905 NaN NeN NaN NaN| NaN
2| o0sseo| 2¢47| 190249 NaN NaN NaN NaN| NaN
3] 111052 1365] 176478 NaN NaN NaN NaN | NaN 700
4] 12638] 1460 170184 NaN NeN NaN NaN NaN
5 1864 1932] 250955 NaN NaN NaN Nal NaN 500
6| 212648] 2235| 300406 NN NeN NaN NaN NN
7| 24659 1916 155376 NaN NaN NaN Nal NaN 500
8| 248842| 4100 160301 NaN NaN NaN NaN NaN "
o] 2s5962| 2492| 160868 NaN NeN NaN NaN NaN 5 400
10 313028] 2114 307208 NaN NoN NaN NaN NaN hd
1] 37968 3045 151838 NaN Na NaN Nal\ NaN 300
Found background: 0.168 il Nall Nall NaN
Trigger used: 2 il Nall Nall Nall 200
Script "print” output:- N NaN NaN NaN
No. of peaks used for this standard so far is 125 N NaN NaN NaN
No. of peaks remaining after 15D exclusion is 86 N Nalt Naly NaN 100
Correlation for particle size is 1.0 and no. of calibration points is 5 and intercetp is -22.209 - Nal | NaN ‘
226318 680618 3436.62
P 2103.23 220352 320.437 2263.18 680618 343662 100 200 300 400 500 6.00 700 800 900
s 706.098 NaN NaN NaN NaN NaN Time (secs)

Figure 10: A screenshot of Nu Quant showing a NICE calculation of a 5 standard calibration (10, 15, 20, 30 and 40 nm Au particle standards) with a
calculation of multiple samples for particle diameter and particle mass. The inset dialog box shows the sample variable parameters for the smooth and
search peak integration routine.

Summary References

Nu AttoM ES is proven to be a powerful and flexible ICP-MS for nano- [11 Strenge and Engelhard: DO!: 10.1039/c5ja00177¢c

particle analysis. Capable of fast data acquisition up to 105Hz and the [2] Olesik and Gray: I. Anal. At. Spectrom., 2012, 27, 1143-1155
ability to combine methods to improve both signal to background and

dynamic range for a variety of samples.

Nu Quant easily and accurately integrates nanoparticle peak data for
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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