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Spectral interferences originating from instrumental and sample-matrix components continue to present a major

analytical challenge to high-precision isotope ratio measurements by multiple-collector inductively coupled

plasma mass spectrometry (MC-ICP-MS). This is particularly true when measuring stable isotopic variability of

Cu and Zn, where instrumental and sample-matrix related spectral components may obscure the very small

isotopic anomalies that typify these metals in terrestrial materials. We present a systematic characterisation and

quantification of spectral interferences across the mass range 63Cu to 70Zn using two MC-ICP-MS instruments:

a Micromass IsoProbe and a VG Axiom. Significant instrumental Ni backgrounds of up to 40 mV total Ni

occur on the IsoProbe, reflecting streaming off the Ni-sampler and/or skimmer cones. This Ni contribution,

however, is insufficient to account for the excess peak contribution at 64amu, suggestive of an as yet

unidentified interference contribution at this mass. By contrast, Ni backgrounds on the Axiom are roughly one

order of magnitude lower, and no comparable interference occurs at 64amu. High-resolution mass scans on the

Axiom have identified 40Ar12C16O1 and 40Ar14N14N1 species at 68amu and 40Ar14N16O1 at 70amu. Also,

HNO3-related
1H1H14N16O16O16O1 and 1H1H14N16O16O18O1 species at 64amu and 66amu respectively were

observed on the Axiom using solution nebulisation. None of these species were observed on the IsoProbe,

possibly reflecting the effect of an Ar-bled hexapole collision cell that reduces molecular interferences through

ion-molecule reactions. Instrumental backgrounds have been successfully corrected using an on-peak acid blank

subtraction procedure. Zinc hydride adducts occur on the Axiom using solution nebulisation. These

interferences are eliminated using a desolvated plasma, and have been corrected by monitoring the 64Zn1H1/
64Zn ratio on a pure Zn solution and applying an offline peak subtraction. No Zn hydride interferences

were observed on the IsoProbe, suggesting differences in instrument design influence the formation and/or

persistence of these species. Matrix-induced interference contributions on the Axiom and IsoProbe show

increasing significance from argides (NaAr1, MgAr1, AlAr1) to oxide/hydroxide (TiO1, TiOH1, VO1, VOH1,

CrO1, CrOH1) to double-charged species (Ba21, Ce21). Switching from solution nebulisation to a desolvated

plasma enhances argide and double-charge species, and concurrently depresses oxides and hydroxides, reflecting

changing conditions within the ICP-source. These results highlight the importance of removing problematic

matrix components prior to Cu and Zn MC-ICP-MS isotope ratio measurements.

Introduction

By combining the enhanced ionisation efficiency of an induc-
tively coupled plasma (ICP) source with the high precisions
attainable from a multiple-collector (MC) Faraday array,
MC-ICP-MS has revolutionised the study of radiogenic and
stable isotope systems alike.1–4 A prime example of this is the
recent growth in the field of Cu and Zn stable isotope
geochemistry, where MC-ICP-MS has enabled routine analysis
of terrestrial mass-dependent isotopic anomalies for the first
time.5–9 MC-ICP-MS remains, however, a relatively new
technique, and the complexities related to using these
instruments for high-precision isotope ratio measurements
are only now becoming apparent.3,10,11 A thorough assessment
of the uncertainties associated with MC-ICP-MS Cu and Zn
isotope ratio measurements is therefore warranted to both
assure data quality and ultimately improve upon the current
levels of precision and accuracy attainable.

Two obstacles must be overcome when measuring Cu and Zn
isotope ratios by MC-ICP-MS: (1) spectral interferences, the
focus of this paper, and (2) non-spectral mass discrimination
effects, as addressed in a companion paper.12 Spectral inter-
ferences from elemental isobars, major argides, trace oxides
and doubly-charged species are common throughout the
Cu–Zn mass range (see Table 1). With Magnetic Sector ICP-
MS instruments, spectral interferences can be resolved from
their associated Cu and Zn peaks by increasing mass resolution
to ca. M/DM ~ 3000, as has been successfully used for ultra-
trace analysis of Cu and Zn directly within biological and
environmental samples.13–18 However, increasing mass resolu-
tion concurrently decreases signal transmission and leads to
rounding of peak shapes, both of which compromise high-
precision isotope ratio measurements. Furthermore, not all
MC-ICP-MS instruments are capable of high-resolution
isotope ratio measurements, and increasing mass resolution
is not always applicable.
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Because of the very high-precisions required to measure
natural mass-dependent isotopic anomalies of Cu and Zn of
typically below ¡100 ppm (2s),5–9 it is imperative that
interference contributions originating from both instrumental
and sample-related sources during MC-ICP-MS measurements
are quantified at low resolution (ca. M/DM ~ 400–500).
Consequently, a systematic evaluation of spectral interference
contributions across the Cu–Zn mass range has been under-
taken on two MC-ICP-MS instruments: a VG Axiom and a
Micromass IsoProbe. Fundamental differences exist in the
design of these instruments; the Axiom employs an electrostatic
analyser to focus ion energies, while the IsoProbe uses a
hexapole collision cell, with argon as the collision gas, to reduce
the spread of ion energies. Comparing the Axiom and IsoProbe
thus provides insights into how contrasting interface designs
and ion-focussing technologies influence the generation and
persistence of interfering ions across the Cu–Zn mass range. In
addition, two sample introduction methodologies (a micro-
concentric nebuliser and spray chamber set-up, and a
desolvating nebuliser system) have been assessed on both
MC-ICP-MS instruments, providing insights into how chang-
ing plasma conditions control the formation of polyatomic
species.
Within this framework, instrumental and sample-related

spectral interference contributions have been described and
quantitatively assessed, and procedures for their correction
developed. Together these results provide a foundation from
which protocols for high-precision Cu and Zn measurements in
natural materials are currently being developed, as will be the
focus of subsequent publications.

Experimental

Experimental details of the reagents and standards, instru-
mental set-up, and measurement protocols used during both
this study and a companion study12 are given below. It should
be noted that not all of the information given in the section is
directly relevant to this study.

Reagents and standards

Four Zn and three Cu high-purity standards were used during
the study: (1) an in-house 1000 mg ml21 Zn standard prepared
from a Johnson Matthey Purotronic Zn metal (supplied
through Alfa Aesar, Karlsruhe, Germany) batch no. NH
27040 (Ref. IMP Zn), (2) a 10 000 mg ml21 Zn standard
supplied by Maréchal et al.6 (Ref. JMC Zn), (3) a 1000 mg ml21

PrimAg2 ROMIL ICP-MS Zn standard (ROMIL Ltd.,
Cambridge, UK) (Ref. Romil Zn), (4) a 1000 mg ml21 Spec-
pure ICP-MS Zn standard (Alfa Aesar, Karlsruhe, Germany)
(Ref. Spec pure Zn), (5) an in-house 1000 mg ml21 Cu standard
prepared from a Johnson Matthey Purotronic Cu foil
(supplied through Alfa Aesar, Karlsruhe, Germany) batch
No. W15081 (Ref. IMP Cu), (6) a 1000 mg ml21 Cu solution
prepared from the certified reference material NIST-SRM
976 (Ref. NIST Cu) and (7) a 1000 mg ml21 Cu standard
supplied by Maréchal et al.6 (Ref. JMC Cu). JMC Zn and
JMC Cu were originally prepared from Johnson Matthey
metal and represent batch No. 3-0749 L and 400882 B,
respectively. Single element ICP-MS standards for P, S, Na,
Mg, Mn, Ca, Ti, V, Cr, Sn, Te, Ba and Ce (BDH Laboratory
Supplies, Poole, UK) were also used. All working solutions
were prepared in ultra-pure sub-boiling acids (ROMIL Ltd.,
Cambridge, UK) using w18.2 MV cm H2O from a Milli-Q
water system (Millipore Corporation, Bedford, MA, USA).
Solutions were prepared under laminar flow cabinets following
clean laboratory procedures.

Instrumentation

Two MC-ICP-MS systems were used for the study: a VG
Axiom (Thermo Elemental, Cheshire, UK) based at the
NERC Isotope Geosciences Laboratory, Keyworth, UK,
and a Micromass IsoProbe (GV Instruments, Manchester,
UK) which forms part of the joint analytical facility
between Imperial College and the Natural History Museum,
London, UK. Detailed instrumental-type descriptions are
given elsewhere.3

Three sample introduction systems were used: (1) a micro-
uptake T1-H type nebuliser with an Aridus membrane
desolvation system (CETAC Inc., Omaha, NE, USA) with
both the Axiom and IsoProbe, (2) a micro-concentric low-
uptake nebuliser with a cyclonic-impact-bead spray chamber
combination with the Axiom, and (3) a micro-concentric low-
uptake nebuliser with a Scott double-pass spray chamber with
the IsoProbe. Free air aspiration was used throughout. For the
purpose of the discussion, (1) is referred to as dry plasma, while
(2) and (3) are referred to as wet plasma. However, whilst the
Aridus desolvates solutions by w95%,19 a small proportion of
water continues to enter the plasma and in the strictest sense
this is not a truly dry plasma.

Measurement protocols and experimental design

Typical instrumental running conditions and elemental sensi-
tivities are given in Table 2. Measurements on the IsoProbe
were made in hard extraction mode where the extraction
voltage applied to the rear of the skimmer was maintained at
ca. 2400 V. Unless otherwise specified, isotope ratio measure-
ments were made in static multi-collection mode using the
collector configurations listed in Table 2. 70Zinc was not
measured on either instrument owing to limitations imposed
by the collector configurations used. Runs comprised 25–200
five-second-integrations. Baselines were corrected using one of
two procedures depending upon requirements: (1) 10 s off-peak
baseline measurements (amu ¡ 0.5 on the Axiom and amu ¡

0.25 on the IsoProbe) taken prior to each analysis, and (2) acid
blank analyses of one block of 25 measurements taken before
each analysis and used for an on-peak-zero baseline subtrac-
tion. All data processing was done off-line.
High-resolution scans (M/DM ~ 3500 to 10 000) were

used on the Axiom to resolve polyatomic interferences from
residual Cu and Zn backgrounds. Sample matrix-related poly-
atomics were identified through analysing a series of elemental
solutions (0.1 mg ml21 of S, P, Ca, Na, Mg, Al, Si, Mn, Ti, V,
Cr, Sn, Te, Ba or Ce spiked with 0.01 mg ml21 Cu and Zn in
2% (v/v) HNO3). These elements were chosen because they are
important constituents of polyatomic interferences in the
Cu–Zn mass range (see Table 1). Relative interference con-
tributions were subsequently calculated by ratioing the
maximum peak intensity of the identified interference and its
associated Cu or Zn peak, providing a semi-quantitative
estimate of the relative interference contribution.
Because of the fixed mass resolution (M/DM ~ 500) of the

IsoProbe used in this study, high-resolution scans were not
possible. Consequently, sample matrix-related interferences
were assessed by comparing a series of matrix-matched
0.1 mg ml21 Cu and 0.1 mg ml21 Zn solutions spiked with
1 mg ml21 of S, P, Ca, Na, Mg, Al, Si, Mn, Ti, V, Cr, Sn, Te, B
or Ce to the unspiked Cu and Zn solution following a sample-
standard bracketing protocol. Relative shifts between the on-
peak baseline corrected Cu and Zn isotopic compositions of the
spiked and standard solutions were subsequently interpreted to
represent spectral interferences incorporating the associated
matrix element following Shao and Horlick.20 This does not
account for matrix-related mass discrimination effects, and
thus is considered a semi-quantitative estimate.
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Results and discussion

Background interferences—elemental isobars

Two elemental isobars occur in the Cu–Zn mass range: 64Ni on
64Zn and 70Ge on 70Zn. While no significant Ge contributions
were observed on either the Axiom or IsoProbe during this
study, Ni backgrounds occur, with total Ni contributions
under wet plasma conditions exceeding 2.5 mV and 15 mV,
respectively. These Ni contributions are independent of the
sample introduction matrices analysed (2% (v/v) HNO3,
0.2% (v/v) HNO3 and Milli-Q H2O) and persist when no solution
is introduced to the plasma. This indicates the Ni originates
within the instruments, with the Ni skimmer and sampler cones
being the probable source. Nickel backgrounds increase using
dry plasma conditions, to 5 mV on the Axiom, and 40 mV on
the IsoProbe. This behaviour is consistent with the higher
temperature of the dry plasma, which enhances the release of
Ni from the interface region. The lower Ni backgrounds on the
Axiom may reflect the use of a Pt-tipped sampler cone.
However, provisional measurements substituting this with a
Ni-sampler observed no significant increase in Ni backgrounds,
suggesting the sampler cone is not the dominant source of Ni
within the Axiom.
Ni contributions measured at 62amu and 60amu have been

used to correct off-peak baseline corrected 0.2% HNO3 acid
blank data for instrumental 64Ni on the Axiom and IsoProbe,
respectively. This correction assumes the instrumental Ni
contribution has an isotopic composition that approximates to
natural abundance values21 and that the mass discrimination
behaviour of Ni approximates to the exponential law.22 For the
Axiom, Ni-corrected 66Zn/64Zn acid blank data approximate to
the natural abundance composition of Zn21 for both wet and
dry plasma measurements, suggesting no additional interfering
species other than Ni occur on either 64amu or 66amu. By
contrast, Ni-corrected 66Zn/64Zn acid blank data collected on
the IsoProbe give values that are significantly below Zn natural
abundance values for both wet and dry plasma conditions, and

a similar shift of the same magnitude occurs for Ni-corrected
68Zn/64Zn acid blank data. Together these results provide
evidence for an additional spectral interference on 64amu.
Several polyatomic species coincide with 64amu including

40Ar24Mg1, 36Ar28Si1, 48Ca16O1, 48Ti16O1, 32S16O16O1,
32S32S1, 128Xe21 and 40Ar12C12C1. Of these, 40Ar24Mg1,
36Ar28Si1, 48Ca16O1, 48Ti16O1, 32S16O16O1, 32S32S1 and
128Xe21 have been discounted owing to the lack of associated
interferences that incorporate constituent isotopes of differing
mass (e.g. 40Ar25Mg1 at 65amu). Furthermore, consistency
between 68Zn/64Zn and 66Zn/64Zn ratio data indicates no
additional 40Ar12C16O1 interference is present at 68amu on the
IsoProbe, suggesting Ar 1 C polyatomics do not form in
significant quantities. An additional species that potentially
occurs is 16O4

1, originating from water molecules within the
hexapole collision cell. However, there remains no direct
evidence to support the presence of 16O4

1, and additional work
is required to test this hypothesis.

Background interferences—plasma-related polyatomics

High-resolution mass scans on the Axiom have identified
40Ar14N14N1, 40Ar12C16O1 and 40Ar14N16O1 interferences at
68amu and 70amu (see Fig. 1). Changing from wet to dry
plasma conditions incurred a ten-fold decrease in 40Ar14N16O1

(see Fig. 1(b)), as is consistent with a reduction in the amount
of oxygen entering the plasma in response to the desolvation
process. In contrast, no significant reductions in 40Ar14N14N1

or 40Ar12C16O1 were observed when switching from wet to dry
plasma conditions, suggesting entrainment of atmospheric N2

and CO2 into the plasma was the dominant cause of these
species as proposed by Lam and Horlick.23 Given the low
abundance of 70Zn (0.60%), the presence of the 40Ar14N16O1

interference effectively prevents high-precision determinations
of 70Zn at normal resolution (M/DM ~ 400–500).
The 40Ar14N14N1 1 40Ar12C16O1 interference contribution

has been observed on the Axiom using off-peak baseline

Table 2 Operating conditions and collector configurations used on the Axiom and IsoProbe

VG Axiom Micromass IsoProbe

Instrumental parameters
Coolant Ar flow 15 l min21 14 l min21

Auxiliary Ar flow 1.221.7 l min21 1.02l.4 l min21

Nebuliser Ar flow 0.7520.95 l min21 0.6920.80 l min21

Collision cell Ar flow – 1.2–1.4 ml min21

Ion energy 4950 V 6000 V
Torch power 1250 W forward (v10 W reflection) 1336 W forward (v10 W reflection)
Cones Pt tipped Ni Sample 1 Ni Skimmer Ni Sample 1 Ni Skimmer

Nebuliser parameters
Aridus
Spray chamber temp 170 uC 170 uC
Desolvator temp. 1160 uC 1160 uC
Ar sweep gas flow 3.5–5.0 l min21 2.5–3.5 l min21

Sample uptake rate ca. 50 ml min21 ca. 50 ml min21

Sensitivitya ca. 35 V/mg ml21 Cu and Zn ca. 10 V/mg ml21 Cu and Zn
Micro-concentric
Spray chamber type Cyclonic 1 impact-bead set-up Scott double-pass
Spray Chamber temp. 10 uC 4 uC
Sample uptake rate ca. 400 ml min21 ca. 400 ml min21

Sensitivitya ca. 40 V/mg ml21 Cu; ca. 18 V/mg ml21 Zn ca. 8 V/mg ml21 Cu; ca. 5 V/mg ml21 Zn

Collector configuration
Position L4 L3 L2 L1 Ax H1 H2 H3 H4 H5 L4 L3 L2 L1 Ax H1 H2 H3 H4 H5
Mass (Faraday) 62 – 63 64 65 66 67 67.5 68 – – – 63 64 64.5 65 66 67 67.5 68
Mass (Ion-counter)b – – – – – – – – – – – 60 – – – – – – – –
Mass resolution Variable from M/DM ~ 400 to 10 000

(set to 400 for ratio measurements)
Fixed at M/DM ~ 500

a Sensitivity values give the total ion beam signals in volts for the analysis of a 1 mg ml21 Cu 1 1 mg ml21 Zn elemental solution. b With the
exception of 60amu that was monitored using a Channeltron ion-counter (IC), all isotope ratios were measured using Faraday detectors. The
IC was cross-calibrated to the Faraday array using a peak jumping protocol, whereby the instrumental 60Ni contribution measured on a 0.2%
(v/v) HNO3 acid blank was sequentially switched between the IC and L2 Faraday.
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corrected 0.2% HNO3 acid blank data, whereby 68Zn/66Zn
ratios were significantly greater than natural abundance Zn
values. By contrast, with the IsoProbe consistency between off-
peak baseline corrected 66Zn/64Zn and 68Zn/64Zn acid blank
data collected under both wet and dry plasma conditions
suggests 40Ar14N14N1 and 40Ar12C16O1 contributions at
68amu are minimal. This may be tentatively explained by the
dissociation of argon-based polyatomics following collisions
with impurities within the hexapole collision cell,24–26 and
provides evidence that differences in MC-ICP-MS design
influence background interference contributions in the Cu–Zn
mass range.

Background interferences—acid matrix-related polyatomics

Polyatomic species originating from the sample introduction
acid matrix are a common feature in ICP-MS analysis.27 For
HCl, H2SO4 and H3PO4, major polyatomic interferences
coincide with several of the isotopes of Cu and Zn including
31P16O16O1 at 63amu, 32S16O16O1 at 64amu, and 35Cl16O16O1

at 67amu (see Table 1). Measurements on both instruments
have shown these species persist under wet and dry plasma
conditions, and as a consequence none of these acids are
suitable for Cu and Zn isotope measurements. By contrast,
HNO3 produces relatively interference free spectra on both
instruments, although there are some exceptions.
When running a 2% (v/v) HNO3 blank on the Axiom under

wet plasma conditions, interferences were observed on the high
mass side of residual 64Zn and 66Zn peaks (equal to ca. 0.4 mV
and ca. 0.04 mV respectively at M/DM ~ 400, see Fig. 2).
These decreased by an order of magnitude when reducing
the concentration of the acid to 0.2% (v/v) (see Fig. 2), and
were eliminated using a desolvating nebuliser (data not
shown), suggesting the interferences incorporate components

from the acid matrix. The relatively high masses of these
species compared to residual Zn peaks are consistent with the
formation of 1H2

14N16O16O16O1 and 1H2
14N18O16O16O1

complexes in the ICP source and/or interface region of the
Axiom.
Nitric acid related interferences were not observed on the

IsoProbe under wet plasma conditions (which if present
would produce a marked shoulder on the up-mass side of
the residual Zn peak at a mass resolution of M/DM ~ 500),
and such interferences have not been previously reported.
Thus the formation and persistence of 1H2

14N16O16O16O1 and
1H2

14N18O16O16O1 appears to be a feature of the instrumental
set-up used on the Axiom. For routine wet plasma isotope
measurements on the Axiom in 0.2% (v/v) HNO3, these
interferences are dwarfed by the ion beams used (e.g. 4 V on
64Zn and 2 V on 66Zn), and with an on-peak zero procedure
they do not influence isotope measurements of Zn.

Sample-related interferences—hydride polyatomics

Analysis of a pure 1 mg ml21 Zn solution on the Axiom under
wet plasma conditions revealed small but significant interfer-
ences at 65amu and 69amu, accounting for ca. 0.85 mV and ca.
0.35 mV, respectively. Off-peak baseline corrected data
indicate these interferences are not related to peak-tailing
effects, and constitute real spectral features. Furthermore,
under dry plasma conditions the interferences were eliminated.
This behaviour is consistent with the formation of 64Zn1H1

and 68Zn1H1 species; their removal under dry plasma
conditions reflecting two possible processes: (1) a relative
reduction in 1H1 atoms entering the plasma due to the
desolvation process, and/or (2) increased instability of ZnH1

species in the hotter dry plasma resulting in their decay, both
of which have been invoked to explain the reduction in
oxide interferences when changing from wet to dry plasma
conditions.28,29

The presence of 64Zn1H1 has important implications
for simultaneous Cu and Zn measurements as changes in the
[Cu]/[Zn] ratio will alter the relative proportion of 64Zn1H1 to
65Cu1, thus shifting the measured 65Cu/63Cu ratio. To quantify
this effect, the 65Cu/63Cu ratio of the NIST Cu standard
was measured at various concentrations (0.2, 0.02, 0.01,
0.002 mg ml21) while maintaining a constant Zn concentration
(0.5 mg ml21). The results are presented in Fig. 3. These data
have been mass discrimination corrected using the empirical

Fig. 1 Mass scans across (a) 68amu and (b) 70amu for a 2% (v/v)
HNO3 acid blank run on the Axiom. Measurements were made using
wet (in black) and dry (in grey) plasma conditions at a spectral
resolution setting of M/DM ~ 4500. Spectral interferences are
observed on the high mass side of the residual 68Zn and 70Zn peaks.
These interfering species are consistent with 40Ar12C16O1 and
40Ar14N14N1 on 68amu and 40Ar14N16O1 on 70amu.

Fig. 2 Mass scan across 64amu for (i) a 2% (v/v) ultra-pure HNO3

acid blank (in black) and (ii) a 0.2% (v/v) ultra-pure HNO3 acid blank
(in grey) run on the Axiom.Measurements were made using wet plasma
conditions at a spectral resolution of M/DM ~ 400. With the 2% (v/v)
acid blank, an interference is present on the high mass side of the
residual Zn peak. This interference is reduced by an order of magnitude
when the acid concentration is changed to 0.2% (v/v). This is consistent
with a 1H2

14N16O16O16O1 interference forming from constituents in
the nitric acid matrix.
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external normalisation approach with Zn as an internal
standard.12 The raw data, presented using d-notation where
d65/63Cu ~ [(65Cu/63Cu)samp/(

65Cu/63Cu)std 2 1] 61000 (%)
for each solution (samp.) relative to the composition of the
starting 0.2 mg ml21 Cu solution (std.), define a mixing line
between the 64Zn1H1 interference on 65Cu and the isotopic
composition of the Cu solution analysed. Thus even relatively
small changes in the [Cu]/[Zn] ratio between samples and
standards of a few percent can induce significant isotopic shifts
in the measured 65Cu/63Cu ratio.
Continued monitoring of the 64ZnH1/64Zn1 ratio over a

two-week period has shown the ZnH1 generation rate is
relatively constant for individual measurement sessions (with a
typical value of 64ZnH1/64Zn1 ~ 0.000096 ¡ 0.000004 (2s)),
but can change significantly between sessions by up to a factor
of two or more. The shifts between measurement sessions likely
reflect differences in the plasma gas flow settings that are
known to influence the generation rates of other interferences,
e.g. doubly charged ions,27 argide and oxide interferences.30

Given this within session stability, it is possible to measure
relative isotopic differences between unknown samples and
standards using a concentration matching protocol. However,
this can be time-consuming for unknown samples. A correc-
tion procedure for ZnH1 has thus been developed whereby a
1 mg ml21 Zn solution is analysed directly before each sample/
standard analysis from which the associated 64ZnH1/64Zn1

ratio is calculated. These values are then used to quantify and
correct how much ZnH1 was generated by each down mass Zn
peak during the subsequent sample/standard analysis. The ZnH1

correction has been applied to the data in Fig. 3. Here the
correction effectively brings all of the measured values back to
the starting composition, illustrating the success of the approach.
Alternatively, measurements can be made using dry plasma
conditions where ZnH1 does not form in significant quantities.
No significant 63Cu1H1 or 65Cu1H1 interferences were

observed on the Axiom under either wet or dry plasma
conditions. It is unclear why Cu and Zn should behave
differently with respect to hydride formation, although this
may reflect differences in the dissociation energies of CuH1 and
ZnH1 species within the ICP-source, as has been suggested for
elemental trends in metal argide formation in ICP-MS.31,32

Measurements on the IsoProbe have also failed to identify any
significant ZnH1 or CuH1 interferences above background
noise. Previous studies using a VG Elemental Plasma-54 for
simultaneous Cu and Zn measurements using wet plasma
conditions also reported no significant hydride generation,6

suggesting the observed ZnH1 production is specific to the
instrumental set-up used on the Axiom.

Sample-related interferences—matrix components

The results of a series of experiments to evaluate the influence
of polyatomic spectral interferences incorporating Na, Mg, Al,
Ti, V, Cr, Ba and Ce on 65Cu/63Cu, 66Zn/64Zn, 67Zn/64Zn and
68Zn/64Zn ratio measurements are presented in Fig. 4. These
data represent the per mil (%) deviation associated with the
addition of the specified element of each measured ratio away
from the isotopic composition of the unspiked Cu 1 Zn
standard solution, where Cu, Zn and the contaminant element
are in equal proportions. For example, from Fig. 4(a), the
addition of 1 mg ml21 Na to a solution of 1 mg ml21 Cu and
1 mg ml21 Zn shifts the 65Cu/63Cu ratio by 20.5%. This is
consistent with the formation of a Na polyatomic species
(23Na40Ar1) on 63amu. Data on S, P, Si and Te are not
presented, as the spectral interferences associated with these
elements were too small (v0.2% of the corresponding isotope
ratio) to be identified with confidence.
Matrix-related interference contributions on the Axiom and

IsoProbe show increasing significance from argides (NaAr1,
MgAr1, AlAr1) to oxide/hydroxide (TiO1, TiOH1, VO1,
VOH1, CrO1, CrOH1) to double-charged species (Ba21,
Ce21) (see Fig. 4). These data predict trace element constituents
within the analyte solution will have a disproportionately large
influence on high-precision Cu and Zn isotope measurements
relative to major element components. However, these trends
are not universal. For example, no 126Te21, 128Te21 and
130Te21 interferences were observed above instrumental back-
grounds on either the IsoProbe or the Axiom under wet or dry
plasma conditions for a 1 mg ml21 Te solution (data not
shown), which contrasts with Ba and Ce that readily form
double-charged species. This decoupled behaviour is consistent
with the relatively high second order ionisation potential of Te
(1790 kJ mol21)33 compared to Ba (965.2 kJ mol21)33 and Ce
(1050 kJ mol21),33 which prevents significant Te21 formation
in the ICP-source.
The relative interference contribution also depends upon the

sample introduction system used, as depicted by the solid (wet
plasma) and patterned (dry plasma) bars in Fig. 4. Argide and
doubly-charged interferences increase from wet to dry plasma
conditions by a factor of 1.5–5 on both instruments. The
increase in the former may reflect an enhancement in secondary
discharge in the interface region which is believed to control
argide formation,30 while the observed increase in double-
charged ions is consistent with an increase in the temperature
and subsequently the ionisation efficiency of the dry plasma.
Conversely, oxide interferences are reduced by an order of
magnitude from wet to dry plasma conditions. This may
indicate a reduction in the density of oxygen atoms in the ICP-
source due to the desolvation process,29 and/or an increase in
the temperature of the ICP-source which favours dissociation
of the oxide ions in the plasma.28

Despite the different experimental approaches employed to
evaluate the interference contributions for major and trace
elements on the Axiom and IsoProbe (see Experimental
section), the similarity between the interference contributions
for the two instruments is remarkable. Both the Axiom and
IsoProbe show the same pattern for wet and dry plasma
conditions, suggesting the dominant processes controlling the
formation and persistence of argide, oxide and double-charge
interferences are essentially the same for the two instruments.
Furthermore, the formation and/or persistence of matrix-
related polyatomic species do not appear to be significantly
affected by either the inclusion of an argon-bled hexapole
collision cell in the IsoProbe, or differences in interface design
between the two instruments. This result is surprising given the
clearly different behaviours of 40Ar14N14N1, 40Ar12C16O1 and
Zn1H1-related species on the two instruments. We cannot as
yet explain this discrepancy, which merits further investigation.

Fig. 3 Variation in d65/63Cu with [Cu] for a series of NIST Cu
solutions spiked with 1 mg ml21 IMP Zn. These measurements were
made using wet plasma conditions on the Axiom and all data have been
baseline corrected using an on-peak zero procedure. All d65/63Cu data
are relative to the measured composition of a 0.4 mg ml21 NIST Cu
solution. The hollow symbols represent the raw data and the solid
symbols represent the ZnH1 corrected data. Data have been regressed
using a least mean square regression; 2s error bars are included.
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Correcting for instrumental and acid blank related interferences

Instrumental and acid blank related interferences are prevalent

in the Cu–Zn mass range on both the Axiom and IsoProbe. If

these interferences maintain a constant ratio with analyte

sensitivity throughout a measurement session, a concentration

matching protocol should theoretically be insensitive to

background contributions, enabling high-precision Cu and

Zn isotopic measurements to be undertaken. However, con-

centration matching unknown samples is not always con-

venient or possible.
An on-peak baseline correction offers the ability to correct

instrumental and acid blank interference contributions

directly, circumventing the need for a concentration matching

protocol. To assess this approach, 66Zn/64Zn data were

collected on the IMP Zn standard, measured over a range of

concentrations (from 0.5 to 0.004 mg ml21 Zn) on both the
Axiom and IsoProbe, under wet and dry plasma conditions.
These data were baseline corrected using the on-peak zero
procedure and an off-peak baseline correction, and the data
were mass discrimination corrected using the empirical external
normalisation correction with Cu the mass discrimination
monitor.12

The results are given in Fig. 5 using d-notation relative to the
average measured composition of a 1 mg ml21 IMP Zn solution
analysed during the same analytical session. With the IsoProbe,
off-peak baseline corrected Zn isotope data (as depicted by
solid triangles in Fig. 5(a)) show a significant correlation with
1/[Zn] (R2 ~ 0.997, n ~ 5). This is interpreted as a mixing line
between the IMP Zn standard and an instrumental interference
contribution on 64amu. In contrast, the on-peak baseline
corrected data (as depicted by open triangles in Fig. 5(a)) show

Fig. 4 Per mil variations induced in 65Cu/63Cu, 66Zn/64Zn, 67Zn/64Zn and 68Zn/64Zn ratios by the addition of equal concentrations of (a) Na,
(b)Mg, (c) Al, (d) Ti, (e) V, (f) Cr, (g) Ba and (h) Ce relative to a solution of 1 mg ml21 IMP Cu1 1 mg ml21 IMP Zn. These shifts are indicative of the
formation of polyatomic species incorporating the specified element. Data collected on the IsoProbe are given in dark grey and data collected on the
Axiom are given in pale grey. Wet plasma measurements are represented by the single colouration, and dry plasma measurements are represented by
the chequered colouration. For Al, data from the IsoProbe is not reported due to suspected non-spectral effects.
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no statistical correlation with 1/[Zn] (R2 ~ 0.322, n ~ 5),
showing the instrumental interference contribution at 64amu is
effectively eliminated using the on-peak correction. Similar
results were obtained with the Axiom (Fig. 5(b)), although
the deviations here are significantly less pronounced due to the
reduced instrumental Ni contribution. These data illustrate the
application of an on-peak baseline subtraction procedure
where instrumental and acid blank contributions are present.
The errors associated with these measurements are signifi-

cantly greater on the IsoProbe (up to ¡1% (2SE)) when
compared to the Axiom (up to ¡0.075% (2SE)) (Fig. 5), and
these errors are not significantly reduced when applying a
simultaneous 64Ni-correction (data not shown). This deteriora-
tion in measurement precision is consistent with temporal
fluctuations in the as yet unidentified interference contribution
to 64amu on the IsoProbe. Thus, although the on-peak baseline
correction can adequately account for the bulk effects of the
instrumental and acid blank background contribution, it does not
correct for short-term variations in the background contribution.

Summary

Significant 64Ni backgrounds occur on the Axiom and
IsoProbe. These increase when switching from wet to dry
plasma conditions and are proposed to reflect streaming of
Ni off components used in the interface.
An as yet unidentified interference contribution occurs at

64amu on the IsoProbe. This is insensitive to the sample
introduction system used and does not relate to 40Ar24Mg1,
36Ar28Si1, 48Ca16O1, 48Ti16O1, 32S16O16O1, 32S32S1, 128Xe21

or 40Ar12C12C1 species. We tentatively link this contribution
to O4

1 species originating from water within the hexapole
collision cell.

40Ar14N14N1 and 40Ar12C16O1 polyatomics on 68amu plus
HNO3-related

1H2
14N16O16O16O1 and 1H2

14N18O16O16O1

species on 64amu and 66amu occur on the Axiom. These
species were not observed on the IsoProbe, possibly reflecting
the dissociation of such species through ion-molecule reactions
within the hexapole collision cell.
Zinc hydride polyatomics have been identified on the Axiom

under wet plasma conditions. These species have been
successfully corrected by monitoring the 64ZnH1/64Zn1 ratio
and applying an off-line peak subtraction, and are eliminated
using a desolvated plasma. By contrast, ZnH1 species were not
observed on the IsoProbe, and CuH1 species have not been
recognised on either instrument.
Matrix-induced interference contributions on the Axiom and

IsoProbe show increasing significance from argides (NaAr1,
MgAr1, AlAr1) to oxide/hydroxide (TiO1, TiOH1, VO1,
VOH1, CrO1, CrOH1) to double-charged species (Ba21,
Ce21). Switching from solution nebulisation to a desolvated
plasma enhances argide and double-charged species, and
concurrently depresses oxides and hydroxides, reflecting
changing conditions within the ICP-source.
An on-peak baseline correction has been successfully used to

correct for instrumental background contributions on both
the Axiom and IsoProbe. However, this correction does
not account for sample matrix-related components, requiring
problematic components such as Na, Mg, Al, Ti, Cr, V, Ba and
Ce to be removed prior to Cu and Zn isotope measurements.
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