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Extending the Concentration Range of
Nanoparticle Analysis Using Attom ES

* Nanoparticle analysis at 105 Hz

¢ Flexible peak detection and integration

¢ Measurement of high particle concentration samples
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
including where samples have a range of particle concentrations.
Traditionally, ICP-MS signals for nanoparticles are integrated over fixed
time periods and any signal measured within the fixed period is deemed
to be due to a single particle. This has been highlighted as a large
source of error by several researchers and a generally accepted upper
limit of 100 measured particles per sec is used to determine sample
dilutions (2. Whilst the use of dwell times significantly lower than the
expected width of a nanoparticle peak does reduce the error, when
using a fixed integration window there is still a measurable impact
which must be accommodated by running samples diluted enough to
prevent particle coincidence®.

The use of longer ICP-MS dwell times also has the possibility of
errors due to split particle events where the signal from one particle is
measured over two dwell time slots. This gets calculated as two smaller
particles instead of the correct single larger one. The use of much
shorter dwell times and appropriate peak integration reduces this error
to a negligible one ©.

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 10
us continuously with no interruptions in the stream of data. This has the
advantage of being able to distinguish split particle events but with the
use of a more sophisticated algorithm for peak integration it also has
distinct advantages with respect to particle coincidence.

Data Processing

Using the AttoM’s Nu Quant software, a peak search method using
smoothed data is able to detect the start of a particle peak, the maximum
and then the subsequent end of the peak. Counts are then integrated
between the start and end points to be used in further calculations for
particle size or mass. The criterion for defining a peak start or end is
either that the smoothed signal background has reached zero or that an
inflexion point has been found between two adjacent peaks.
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Single Particle 197Au 30 nm 1e7 (20us dwell)
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Figure 1: Showing the how Nu Quant can accurately determine the start
and end of particle peaks, even when the peaks are clustered together
and of varying widths (note the first peak is 280 us wide at the base and
the fourth peak is 180 us wide so a fixed integration window would not
correctly measure all of these peaks).

Calibration

If the particle concentration for one or more standards is known, this
can be used to form a calibration using the total number of particle
events measured in a given time compared to the known concentration
in solution. This calibration can be calculated in Nu Quant along with
other parameters and used for subsequent unknown samples. The
peak integration method used in Nu Quant allows for linear calibrations
to more than 500 particles per second.

Calibration of measured nanoparticle events against
concentration of nanoparticles in solution
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Figure 2: Shows the linear regression fit from a Nu Quant calibration of
standards acquired at 40 uS dwell for a range of particle concentrations
from 1e* ml” to 1Te’ ml?
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Data Quality Criteria

The Nu Quant peak integration method also calculates the peak width
as the full width half maximum (FWHM) which is reported in ys. Where
Nu Quant is not able to determine the FWHM due to a noisy signal or
unresolved adjacent peak a “null” is reported. Nu Quant is able to report
the percentage of found peaks that cannot be fully resolved as a quality
criterion. This helps the analyst interpret whether a sample dilution is
required to improve data quality.

It is not be possible to determine if two or more particles are fully
coincident just by measuring the FWHM. It can be assumed however,
that any peak measured which is significantly larger than the mean of
all of the peaks could be caused by coincident particles. Nu Quant can
report the proportion of measured events where the integrated count
exceeds three times the mean of all of the peaks for that sample as a
quality criterion.
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Figure 3: Showing how Nu Quant can report the integrated counts for
partially resolved peaks and flag the percentage of partially re solved or
coincident peaks.

Measured levels of particle coincidence or partially merged peaks
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Figure 4: Shows the influence of particle concentration (measured
particle events) on the level of partially resolved peaks and possible
particle coincidence.
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Summary

Nu AttoM ES is proven to be a powerful and flexible ICP-MS for
nanoparticle analysis. It is capable of fast data acquisition up to 10° Hz
with a low dead time detector capable of measuring signals in excess
of the equivalent of 1e” cps.

Nu Quant can accurately integrate peaks even with several percent
of the peaks being only partially resolved. Even at >530 measured
particles per second which is over five times greater than that
recommended for traditional nanoparticle analysis, the measured level
of particle coincidence is <0.5%.

These wide linear ranges for both particle size and particle concentration
represent a significant improvement in analytical capability for
researchers in the field of nanoparticles.

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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A Nu Quant - Double cal NP 071215*
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Batch Settings ~ Sort/Fiiter  Undo/Redo  Batch
52 Methodl inport nu
P 197Au (counts)  Particle diameter, nm  Nanopartiles/ml % aggregate or coincident peak % part resolved peaks Mean count fter exclusion SD count after exclusion Effic | inport math
import globals
30nm ledil 07/12/2015 16:22:35 73559 0 0
30nm 1e42 07/12/2015 162302 737.246 0 0 727449 236303 store.init()
30nm Se4 07/12/2015 16:33:49 932571 0 o if not store.exists("sensitivity’):
30nm Sedil 07/12/2015 163416 852509 0 0 90999 180525 store. sensitivitysnu.null
30nm 1e5 07/12/2015 164321 762875 0 0 store.p=0
30nm Le51 O7/12/2015 164348 895,066 0 0 821927 215306 # Count peaks 5o we can tell when the final calculation needs to be done
300m 5e52 07/12/2015 16:53:15 922785 0 0207459 store.p = store.p + 1
30nm 5¢53 07/12/2015 165342 883623 0 0422833 894355 176062 N e .
30nmieh 07/12/2015 17:0208 §77.019 0086655 0433276 print ‘Size Sensitivity is {0}' .format(store.sensitivity)
30nm1e6:L 07/12/2015 17:02:36 859,297 0094251 0094251 865953 168455 | # Add peaks to temporary store
30nm Se6 07/12/2015 17:11:11 908.779 0.247963 25859 store.big.append(float(peak_count))
30nm 5e61 07/12/2015 17:11:39 900751 0224257 229864 884941 194624 5 math. isnan(Fuhm) ¢
300m 167 07/12/2015 17:20:37 956183 0380337 447846 store.no_fwhn=store.no_funm+1
30nm le7:1 07/12/2015 17:21:04 9508 0.298106 4.08693 904974 217932| " " . e "
Tonm 5651 07/12/2015 154218 T0605s 0323512 FEvery i;ﬂ'ii’>§'!“fiﬁﬂi’§“’ (1080088800 * peak_count/store.sensitivity))/(4+3.14159)),8.333333))
10nm SE6:2 07/12/2015 15:42:45 300157 0408815 440811 282895 616745 z 3
10nm le6 07/12/2015 15:30:37 304552 9.75238 1198750 0078247 266041 W 1L
30nm 1e5 07/12/2015 164416 884942 206557 707386 0 0
Variable name
30nm led 07/12/2015 16:23:30 967127 301755 111048 ) 0
30 nm 1e7 07/12/2015 17:21:32 944124 302454 9831050 0247997 45021 Particle diameter, nm e
10nm 1e7 07/12/2015 1550:47 317359 9.81381 9961310 044252 712739 b.np per.mi
30nm Set 07/12/2015 163511 832803 289072 433805 0 0 % sggregate or count big
30nm 5e6 07/12/2015 17:1207 90127 208629 5206990 0126058 262001 % partresolved peaks count fuhm
30 nm 1e7 (20us dwell) 07/12/2015 17:18:36 914654 208828 9983660 0375728 691339

3

Time (secs) Counts FWHM (ps) Particle diameter, nm % aggregate or % part resolved peaks

5992 1143072 [26.0169 237462 934035 NaN NaN NaN| =
Soss| 1143172 |280211 | 242362 957428 NaN NaN NaN
S004| 1143356 [33.0676 | 141306 101176 NaN NaN

5995 1143424 |30.0443 149.905 9.79937 NaN NaN

5996 | 1143756 |37.0608 | 157675 105095 NaN NaN

S997| 114394 (290559 | 139979 969071 NaN NaN

5998| 114404 [33.0477 | 157537 101156 NaN NaN

Sa99| 1144124 210109 | 241065 869813 NaN NaN

6000 | 1144224 |180163 145167 826354 NaN NaN

6001| 1144696 |33.030L NaN 101138 NaN NaN

6002 | 114472 [39.0379 NaN 106932 Nal NeN

6003 114498 | 27.0291 165.773 945994 NaN NaN

T6004| 1145344 [250363 | 153868 922129 NaN NaN

6005| 114544 [30.0498 | 144422 979998 NaN NeN

6006 | 1145464 |29.0588 142079 9.69104 NaN NaN

6007 1145864 [340319 | 1e8581 10215 NaN NaN

6008| 1146136200133 | 17497 855824 NaN NaN

6009 | 1146744 | 35.0627 152.854 103171 NaN NaN

6010| 1146808 | 27036 | 153735 926072 NaN NaN

6011| 1146844 | 713724 | 138399 130754 NaN NaN

6012| 1146928 [360586| 159964 104139 Nal NaN

197Auin '10nm 1e7'

View AttoLab files
12/2015 2

Counts

Single Particle 197Au 10nm 1e7
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Figure 5: Screenshot showing a Nu Quant batch of calibration standards to calibrate the particle transfer efficiency and then the linear measurement of
10 nm (spectra shown) and 30 nm samples at up to 1e’ partic/es/ml (measured as >530 particle events/sec).
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