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The advantages of high resolution ICP-MS as a means of overcoming
classical interferences from doubly charged ions

Introduction

Since the introduction of quadrupole ICP-MS in the 1990s the technique
has only really been limited by the control of interfering species with
mass to charge ratios overlapping with the isotopes of interest in the
analytical methods. Many of these interfering species were identified
as doubly charged ions of matrix elements in the samples being
analysed. Whereas many of the interferences seen for polyatomic
species have been managed through the use of reaction cells with
quadrupole ICP-MS, the doubly changed interferences have proven to
be more troublesome to overcome. This is why it is common still to see
performance specifications for ICP-MS that include limiting the level of
barium doubly charged ions to <3%. Barium is an element that has a
relatively low second ionisation potential and is therefore likely to be an
interference if present in significant abundance compared to either zinc
or gallium in a sample.

Advantage of high resolution

For high resolution ICP-MS such as the Nu Instruments Attom ES,
doubly charged species do not present any interference to quantitative
analysis as the isotopes of interest can be physically separated easily
from the interfering peak at relatively modest resolutions as shown in
Figure 1.
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Figure 1 showing the complete separation of ¢°Ga from the *®Ba doubly
charged interference ion.
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Figures 2a-c showing the scanned spectra for pseudo resolved %°Ga,
8Ba?* and 'Ga. Note the slight interference present on 7’Ga due to the

presence of “2Ce?* in this sample.
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Alternative resolution methods

The ultimate test of interference removal is to examine the isotope ratio
of an element in the presence of various levels of an interfering element.
The best isotope ratios are obtained when jumping quickly between
peak tops rather than scanning and having a flat-topped peak provides
the greatest stability. With the Attom ES it is possible to change the
source and collector slits independently and so take advantage of the
“pseudo resolution” technique. By reducing the width of the source slit
and leaving the collector slit at the low resolution setting, it is possible to
separate ions of different masses and preserve flat parts of the spectra
for peak jumping. Figures 2a-c show the pseudo resolved peaks for
59Ga, *®Ba?* and "'Ga with the central marker indicating the position for
the peak jump in each case.

High accuracy and precision for isotope ratios

To test the effectiveness of pseudo resolution in overcoming the
barium doubly charged interference on gallium, a method was
setup to peak jump between the peak flats shown in Figures
2a-c. Each isotope used a 20 ms dwell time with the default 70 ps
delay between jumps and 50 sweeps were combined for each cycle. 20
cycles were measured for each sample and the data was processed in
Nu Quant using NICE scripts. The Attom ES was tuned for sensitivity
and normal oxide levels using CeO compared to Ce signals, but no
particular attention was paid to tuning for low doubly charged species.

The Nu Quant NICE script was used to calculate the abundance of
%Ga. A mass bias correction factor was calculated from one of the
samples containing no barium, this was then applied to all samples
using the script.

The samples listed below were analysed in groups as shown in Table 1.

Ga % %Ga %
abundance abundance

resolved from without
1%Bg2* resolution

Group Conc. Conc.
(no. of Gallium, Barium,

samples) ppb ppb

1(5) 10 0 60.097 £ 0.059  60.109 + 0.059
2 (5) 10 50 60.091 £ 0.043  71.647 + 0.046
3 (5) 10 100 60.109 + 0.051 78.281 £ 0.071
4 (5) 10 150 60.116 + 0.046 83.429 + 0.060
5(5) 10 200 60.129 £ 0.023  85.841 + 0.059
6 (10) 10 0 60.133 £0.058  60.148 + 0.058
7 (5) 1 1 60.131 £0.079  63.187 £ 0.080

Table 1: Showing the solutions prepared in 2% nitric acid
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Figure 3 shows the Nu Quant plot for all sample groups, note that the calculated abundance of %Ga has a spread of <0.07% between the maximum
and minimum values for the groups showing the effectiveness of the interference removal. Figure 4 shows the same calculation for the same samples
but with the barium doubly charged species included in the NICE calculation. This simulates the performance of an instrument without the ability to

resolve the interference.

Sample by sample display of all sample groups for %Ga69 exc Ba2 isotope ratio 1ppb Ga bd 1ppb Ba:4

I %260 exc Ba2 group 10. I %G9 exc Ba? group 2.0, I %G269 exc Ba2 group 3.0. I G269 exc Ba? group 40, I %:Ga69 exc Ba2 group 5.0. I 5Ga69 exc Ba2 group 6.0, I %G9 exc Ba2 group 7.0.
I 25 per sample, group 10 I 25E per sample, group 20 W 25E per sample, group 30 25E per sample, group 4.0 I 252 per sample. group 50 I 25€ per sample, group 60 I 252 per sample, group 70
Mean = 60.097 +/- 0059 (25D) I Mean = 60.091 +/- 0043 (25D} [l Mean = 60109 +/- 0.051 (250) Mean = 60.116 +/- 0.046 (250) Mean = 60129 +/-0023 (25D) M Mean = 60133 +/- 0058 (250) Il Mean = 60.131 +/- 0.079 (250)
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Figure 3 showing the data for the sample groups when the barium doubly charged species is resolved.

Sample by sample display of all sample groups for %Ga69 inc Ba2 isotope ratio 1ppb Ga bd 1ppb Ba:4

W 5£G369 inc Ba2 group 1.0, W G560 inc Ba2 group 2.0 W 5:Ga69 inc Ba2 group 2.0 W G269 inc Ba2 group 40 M 56269 inc 832 group 5.0. 9%Ga69 inc Ba2 group 6.0 I 5:Ga6% inc Ba2 group 7.0
W Z5E per sample, group 10. M 25E per sample, group 20, W 25E per sample, group 3.0. 25E per sample, group 40. W 255 per semple, group 5.0. W 25E per semple, group 6.0. M 25E per sample, group 7.0.
Mean = 60109 +/-0.059 (250) Ml Mean = 71647 +/- 0046 (250) [l Mean = 78.281 +/- 0071 (25D) Mean = 83.429 +/- 0.06 (25D} Mean = 85841 +/- 0059 (250) [l Mean = 60.148 +/-0058 (250) [l Mean = 63.187 +/- 0.08 (25D)
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Figure 4 showing the data for the sample groups when the barium doubly charged species not resolved from the gallium.

Conclusion

The ability of Attom ES to fully resolve doubly charged interferences has been demonstrated. The classical requirement to keep doubly charged species
to a low level has been shown to not be relevant when using either full resolution for quantitative analysis, or pseudo resolution for high precision

isotope ratio analysis.
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