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The Effect of Oxide Formation in Neodymium

Isotopic Ratios on MC-ICP-MS
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In order to achieve greater sensitivity for MC-ICP-MS
measurements, changes in the mass spectrometer interface
can be applied, such as the use of different cone geometries.
However, previous studies have suggested that such changes
can yield an increased oxide formation ratio (MO*/M*, where M
= Rare Earth Element) and a mass independent fractionation
that cannot be corrected by standard mass fractionation laws.
Neodymium, a very important element in geochemistry, often
presents a mass independent component to instrumental
mass bias, correlated to the formation of NdO* species.
The magnitude of these deviations is thought to be isotope
dependent, although it cannot be described as a function of
only the isotope mass alone M@,

In the present study, the effects of changing the instrument
operating conditions, sample introduction systems, and sampler
and skimmer cones’ geometry on the formation of NdO*
species were investigated by monitoring oxide percentages
(™Nd™®O*/"*Nd**100, xx =42,43,45,46,48,50). The experiments
reported here were carried out using a Nu Plasma Il MC-ICP-MS
over a period of approximately 1 year at the Pacific Centre for
Isotopic and Geochemical Analysis (PCIGR) at the University
of British Columbia, Vancouver, BC, Canada. Datasets were
collected in both wet and dry plasma modes, and in different
combinations of desolvating nebulizers for the dry plasma
(DSN-100, Nu Instruments, Wrexham, UK; Aridus Il, CETAC,
Nebraska, USA). Experiments were also conducted using an
Apex-Q (ESI, Nebraska, USA) high-efficiency inlet system for
Wet Plasma.

Neodymium isotopic ratios were measured in dynamic
mode. Cycle 1 was used to measure ™Nd/"“Nd ratios,
whereas cycle 2 was used to measure the ™Nd®O/"“*Nd'®O
ratios. Combination of the data obtained in both cycles was
used to calculate the level of oxide formation per isotope
(% = "™Nd'®O/™Nd *100). All measured ratios were corrected for
instrumental mass bias using the exponential law with internal
normalization to “6Nd/"*Nd = 0.7219®,

H6 H5 H4 H3 H2 H1 Ax L1 L2 L3 L4
Cycle1 150 148 147 146 145 144 143 142 140
Cycle 2 166 164 163 162 161 160 159 158 156

Table 1: Cup configuration for Nd isotopes (1st cycle) and oxides (2nd cycle) ratio
measurements. Both cycles had the zoom lens separately tuned for each set of
measurements. Numbers refer to the measured m/z for each Faraday cup.
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The use of different sets of skimmers and different plasma
modes (i.e. dry or wet) causes the normalised ratios to behave
differently. In dry plasma mode, for exponentially corrected
ratios “2Nd/"“*Nd, “*Nd/"“*Nd and *Nd/"**Nd, the most accurate
ratios are achieved when oxide levels are low (< 0.15%). For
148N d/"“4Nd, the most accurate values were obtained for higher
oxide levels. *°Nd/"““Nd did not present any consistent trends
with changing levels of oxide formation. Therefore, it can be
argued that in order to obtain accurate measurements for Nd
isotopic ratios, “8Nd/"“*Nd should not be measured under the
same conditions as the other isotopes, and a separate run
should be required.

Enhanced-sensitivity (ES) skimmer cones yielded higher oxide
levels than standard dry plasma skimmers (approximately 0.3%
for optimized conditions with respect to sensitivity, whereas
standard dry plasma skimmers yielded < 0.1%). When using wet
plasma mode, the ratios were unaffected by the level of oxide
formation. Figure 1illustrates this pattern for “*Nd/"“*Nd.
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Figure 1: 3Nd/'““Nd measured on dry plasma (warm colours) and wet plasma
(cold colours) for a wide range of oxide formation rates, achieved by varying
sweep/membrane gas flow (dry plasma) or nebuliser pressure (wet plasma)
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The oxide formation rate for all Nd isotopes (e.g.
PNdO*/™Nd* %) was monitored in all experiments carried out
in this study. The “*Nd, “*Nd and “8Nd isotopes present a higher
degree of oxide formation than their adjacent isotopes, with
45Nd always showing the highest rate of oxide formation. This
trend was observed for all oxide formation rates, instrumental
settings, and MC-ICP-MS instruments used in this study. This
isotope mass dependency of oxide formation does not correlate
directly with the accuracy of the results, as the deviations from
true value, expressed by & deviations ((1-[measured ratio/
reference value])*10,000), are not proportional to the oxide
formation rate per isotope (Figure 2).
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Figure 2: Oxide formation rate (%) per isotope and deviation from the reference
value for each isotopic ratio when using wet plasma mode

The addition of N, to the sample line is known to suppress oxide
formation® ®. Small amounts of N, were added directly to the
sample line in dry plasma mode using a mass flow controller
box (Nu Instruments Ltd.,, MFC N, O - 20 mL min™), after the
membrane desolvation unit, with full retuning of all instrumental
parameters after each step. The addition of N, minimised oxide
formation rates, as well as improved the relative sensitivity
(intensity of “Nd* after the addition of n mL min™ N, relative to
4Nd* intensity measured in the beginning of the experiment,
without adding any N,, where n = flow of admixed N,), as can
be seen on Figure 3.
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Figure 3: Relative intensity of ““Nd and oxide formation rates when different flows
of admixed N, are added to the sample line. The instrumental configuration used
for this experiment was: dry plasma, DSN-100, ES skimmer

The measurement of precise and accurate Nd isotopic ratios
is, therefore, recommended when using wet plasma (lowest
sensitivity), dry plasma with standard skimmer cones, or dry
plasma with ES skimmers and the addition of N, to the sample
line after the desolvation step (highest sensitivity).
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