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Introduction

The High Mass Resolution Technique

Sample Introduction
The SIS consists of a tandem quartz glass spray chamber
arrangement (cyclonic + standard Scott double pass)
together with a low-flow PFA microconcentric nebulizer. The
Jet Interface is the high sensitivity option of the Neptune
and Neptune Plus MC-ICP-MS and consists of a highperformance interface pump, Jet sample cone and
desolvating nebulizer system.
Table 1. Table showing sensitivity and washout time for the
three different sample introduction systems.
SIS

Aridus

Sensitivity in medium
resolution mode
with ‘H’ skimmer cones:
with ‘X’ skimmer cone:

4-6 V/ppm
12-20 V/ppm

20-30 V/ppm
50 -100 V/ppm

Washout time (to < 1‰)

2 min

5-10 min

Interferences
Relative abundance for
1 ppm Fe

40Ar14N

56Fe

40Ar16O

57Fe

Table 3. To evaluate the precision and accuracy of the
method, two isotopically enriched tracers (spike 1 and spike
2) of differing composition were measured using different
sample introduction systems (SIS, Aridus, Jet Interface) and
varying Fe concentrations (250 ppb to 10 ppm). The results
have excellent precision and accuracy, independent of which
sample introduction system was used (uncertainties are 1 σ).
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Figure 1. Schematics of the collector setup used for the
simultaneous measurement of 56Fe and 57Fe using a high
resolution entrance and low resolution collector slits. The high
resolution entrance slit clearly resolves the Fe isotopes from
their respective polyatomic interferences. The resolved Fe
isotopes are simultaneously collected at the edge position of
the Faraday cups, while the polyatomic interferences do not
enter the detectors.

<1%
(except for ArN
when N2
addition is
used)

δ57Fe/54Fe
calculated

SIS
(3 or 10 ppm)

0.02±0.02‰

0.86±0.03‰

Aridus
(1 ppm)

0.01±0.01‰

0.80±0.04‰

SIS
(3 or 10 ppm)

0.00±0.02‰

• Measurement of Fe isotopes in high mass resolution with
the Neptune and Neptune Plus MC-ICP-MS can be performed
in wet and dry plasma.
• A desolvating nebulizer system can be used to minimize
interferences and to compensate the sensitivity loss due to
the high mass resolution. N2 gas addition is avoided due to
ArN production.

• Spiked standards were measured with various inlet systems
and concentrations.

• Precisions (2SD) for natural isotopic ranges (Spike 1) are :
<0.05‰ for δ56Fe/54Fe
<0.08‰ for δ57Fe/54Fe

8.26±0.04‰
8.2±0.1‰
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Aridus
(1 ppm)

Fe + Interferences

54Fe

(L2)

56Fe

(C)

57Fe

(H1)

58Fe

(H2)

-0.03±0.01‰

8.31±0.09‰
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IRM M014 (standard)
IRMM-014 spiked (low) with IRMM-620 57Fe (Spike 1)
IRMM-014 spiked (high) with IRMM-620 57Fe (Spike 2)
Measurement times of 3-5 minutes with sample standard bracketing (SSB).
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Figure 2 - Mass scan performed with the Neptune “medium
resolution” entrance slit and “low resolution” collector slits”
showing all Fe isotopes and their respective molecular
interferences. All Fe signals are normalized to the signal of
56Fe. Since the Fe isotopes have a lower mass, they enter the
detector first in a scan and form the left plateau. All traces are
normalized to same peak height.

3-isotope plots showing the Fe isotope composition measured for the
57Fe spikes, the IRMM standard and a Merck solution over 6 hours. All
standards plot within a range of 0.2 ‰ for δ56Fe. The δ56Fe of the Merck
solution is about 0.6 ‰ compared to IRMM014.

Table 2. Table showing the resolution that is required to
separate Fe isotopes and their major interference species.

3-5 min

Cup

Major species

Resolution required

<1%

L2

(54Fe

C

(56Fe

H1

+

40Ar14N)+

+

40Ar16O)+

2030

Figure 4. 3-Isotope plot showing the Fe isotope composition
measured for 57Fe spikes, the IRMM standard and a Merck
solution over 6 hours. All standards plot within a range of
0.2‰ for δ56Fe. The δ56Fe of the Merck solution is about
0.6‰ compared to IRMM-014.

2500

(57Fe + 40Ar16O1H)+
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mass

Aridus II
Jet Interface
80 – 100 V/ppm

• High mass resolution is the most robust technique to
discriminate molecular interferences.

• Measured and calculated values agree within uncertainties,
demonstrating robustness and accuracy of the method.

0.82±0.02‰

0.02±0.02‰

Summary

• The Jet Interface (Jet sample cone with ‘H’ skimmer cone
combination) enhances sensitivity without increasing oxides,
and allows smaller iron samples to be run with increased
precision.

0.82±0.03‰

Jet Interface
(250 ppb)

Spike 2

on 54Fe, 40Ar16O on 56Fe, 40Ar16OH on 57Fe,
40Ar18O on 58Fe

5-50%

δ57Fe/54Fe
measured

Faraday 2
Spike 1

signal [V] normalized to 56Fe

The interest in Fe has increased in geo- and
cosmochemistry and medical applications, since improved
analytical techniques led to the discovery of natural massdependent isotope fractionation. Relative mass differences
of the various isotopes are small, resulting in small isotopic
fractionations (typically in the range of a few permil)
requiring precise and reliable methods to detect natural
isotope fractionation.
With an ICP source, mass bias can be kept constant within
<0.1‰ over a short time period, allowing determination of
small differences in isotopic composition between a sample
and a standard with a sample-standard bracketing method.
However, a major disadvantage of ICP-MS, particularly for
elements in the lower mass range including Fe, is that most
isotopes suffer from molecular interferences which limit
precision and accuracy for isotope ratio measurements.
Common molecular interferences on Fe isotopes are
40Ar14N on 54Fe, 40Ar16O on 56Fe, 40Ar16OH on 57Fe, and
40Ar18O on 58Fe, respectively. Additional interferences may
arise from the sample matrix, such as 40Ca16O, 40Ca16OH or
44 Ca 12 C, making purification of the sample by ion
chromatography a necessity. Here, we present a technique
of measuring all Fe isotopes simultaneously with high mass
resolution, a very effective way to eliminate molecular
interferences. To evaluate the use of static multicollection
with high mass resolution, various Fe standards, spiked
standards and geological samples were measured with the
Thermo ScientificTM NeptuneTM and Neptune PlusTM MCICP-MS with various introduction systems, e.g. the Stable
Introduction System (wet plasma), a desolvating nebulizer
system and with the Jet Interface (high-performance
interface pump, Jet sample cone and desolvating nebulizer
system).

Accuracy and Reproducibility of δ
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High mass resolution isotope ratio measurements rely on
complete interference suppression and precise
measurements of the various resolved isotopes. One key
for high precision isotope ratio measurements is the
simultaneous detection of the ion beams. Another one of
the measurement on “flat top” peaks to cancel out tiny drifts
of the magnetic or electric field. The fact that all molecular
interferences are heavier than the respective Fe isotopes
and thus show up on the same side of the Fe peaks can be
used to resolve molecular interferences with a high
resolution entrance slit while collecting the Fe ion beams
with low resolution collector slits. With this technique, flat
peak shoulders are defined in a mass scan and the
uninterfered Fe beams can be measured at the outer edge
of the Faraday cup, where the interfering beam is clipped
and does not enter the detector.
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Figure 3. Plateau Flatness Test: To check the flatness of the
Fe plateau, the Fe isotopes composition was measured on
various positions of the plateau. The measurements define a
flat plateau of about 100 ppm.

Figure 5. Comparison of the δ57Fe measurements of spike 1
against IRMM014 measured with various methods (variable
concentrations, various sample introduction systems and with
and without external mass bias correction using Ni). The data
points for each method consist of 3-7 measurements
(uncertainties are 1 SD). The results of all methods agree with
uncertainty and with the calculated composition of the spike.
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