
Thermo Scientific ELEMENT XR: Extended
Dynamic Range High Resolution ICP-MS

Introduction
High resolution ICP-MS (HR-ICP-MS) is widely used in
geochemical applications for interference-free multi-
elemental determinations in complex sample matrices and
for the measurement of precise isotope and elemental
ratios at low concentrations, as well as a detector for laser
ablation analysis. The linear dynamic detection range is of
immense importance in ICP-MS because of the wide range
of elements and concentrations to be analyzed in a single
analysis. This is particularly critical for laser ablation
analyses where, in addition to measuring ultra-trace
elements, a major matrix component is often used as an
internal standard to correct for the amount of material
ablated from each sampling point.

Figure 1: Thermo Scientific ELEMENT 2 schematic.

The Thermo Scientific ELEMENT 2 HR-ICP-MS
employs a single high performance, discrete dynode, dual
mode secondary electron multiplier (SEM) with a linear
dynamic range of over nine orders of magnitude. This
detection range allows the measurement of count rates
from the very low ‘background noise’ of 
0.2 cps to a maximum of ~5 x 109 cps. With the very high
elemental sensitivities achievable with the ELEMENT 2
(~2,000,000 cps per ng/g of a mid mass element, e.g.
59Co), this count range corresponds to 
a measurable concentration range of sub fg/g (ppq) to
over a µg/g (ppm) in solution mode.

While this measurement range is suitable for most
applications, it is still insufficient for the simultaneous
quantitation of matrix elements (%), traces (ppb) and
ultra-trace (ppt/ppq) in a single analysis in many sample
types. 

For the analysis of these samples, there are few
alternatives available to the analyst:

• Dilute the sample to bring the major matrix elements
into the detectable range and reanalyze.

• Use an additional analytical technique for the analysis
of the major matrix elements in the same sample
preparation. For example, for the analysis of nuclear,
geochemical, environmental and clinical materials, the
analysis of the major matrix elements is commonly
performed by AAS or ICP-OES and the trace and
ultra-traces by ICP-MS.

• Defocusing of the ion beam to reduce the ion flux
incident on the detector.

However, neither of the first two alternatives is practi-
cal in routine analyses due to the higher cost resulting
from increased sample manipulation and longer analysis
times and defocusing can lead to problems in signal
stability, matrix effects and reproducibility. Up until now,
no single technique provides the analyst with an
instrumental solution to the problem of quantification
from ppq to percentage levels in all sample matrices.

Implementation of a Faraday Detector 
in the Thermo Scientific ELEMENT XR
For the detection of low count rates < ~ 5 M cps, the
Counting mode of the SEM is used and between 
~ 50 k cps to ~ 5 G cps, the Analog mode. The operating
ranges of these two SEM modes allow for a large cross-
over range (50 k cps – 5 M cps) where both modes are
simultaneously valid; in this range a cross-calibration is
automatically performed for every spectrum acquired,
ensuring accurate analysis. By choosing a single detector
mode, the ‘Both’ mode, the user allows the Element
control software to choose the appropriate detector mode
(either Counting or Analog) for each isotope measured. 

Figure 2: Implementation of the Faraday detector in the Thermo Scientific
ELEMENT XR detection system. 
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A new detection system (Figure 2) has been
implemented in the Thermo Scientific ELEMENT XR 
HR-ICP-MS which is based upon the proven design of the
ELEMENT 2. Through the combination of a single
Faraday collector with the SEM, the linear dynamic range
of the ELEMENT XR can be increased by an additional
three orders of magnitude, when compared to the
ELEMENT 2, to over 1012. With this increase in dynamic
range, through measurement in Counting, Analog and
Faraday detector modes, the maximum measurable
concentration achievable with the ELEMENT XR is over
1000 µg/g (ppm) (Figure 3). Additionally, by moving
higher concentration elements into higher resolutions, 
a further ~ 50-fold increase in measurable concentration
can be achieved.

Figure 3: Detection range of the combination Faraday and SEM detector
system in the Thermo Scientific ELEMENT XR. The plot shows the intensities
from the measurement of single element 175Lu solutions with concentrations
between 2 fg/g and 2000 µg/g (10 ms sample time for Analog and Faraday).

New Thermo Scientific ELEMENT XR 
Detection System
Integration of Faraday detector circuit

• Sample times of down to 1 ms.

• No decay time required after the measurement of high
intensities.

• Automatic switching between SEM (Analog and
Counting detection modes) and Faraday with delay
times < 1ms.

• Wide cross-over ranges (> 2 orders of magnitude)
between different detector modes to allow for accurate,
automated cross-calibration.

• Automatic cross-calibration between Faraday and
Analog signals. 

• Dynamic range: 5 x 107 cps – > 1 x 1012 cps 
(1 ms sample time).

Analog Detector Circuit
• Sample times of down to 1 ms.

• Automatic cross-calibration between Counting and
Analog signals for each individual spectrum.

• Dynamic range: 5 x 104 cps – >1 x 109 cps 
(1 ms sample time).

Counting Detector Circuit
• Low dark noise: < 0.2 cps.

• Sample times of down to 100 µs.

• Large SEM Plateau range (~ 300 V).

• Dynamic range: 0.2 cps – 5 x 106 cps.

Triple Detector Mode
The Faraday detector is fully supported in the Element
control software. With the introduction of the Faraday
detector, a ‘Triple’ detector mode has been introduced that
allows the Element software to choose the appropriate
detector mode (Counting, Analog or Faraday) for the
observed count rate. Therefore, in unknown samples this
single, intelligent detector mode can be used for the
analysis of all isotopes from sub ppq to percentage
concentration levels.

An example of the use of this automatic choice of
detector mode can be seen in these three displays in the
Element software of a scan made across the 36Ar peak in
low resolution using the ‘Triple’ mode of the detector:

Figure 4a: Triple Display Mode of the Element Software.

• In this display, the ‘Triple’ display mode is used to show
the 36Ar peak independent of the detector mode actually
used.

Figure 4b: Analog and Faraday display.

• Here, the 36Ar peak is shown with the data from the
Analog (SEM) detector in RED and for the Faraday in
GREEN.



Figure 4c: Counting, Analog and Faraday display.

• Here, the 36Ar is displayed with the intensity shown in a
logarithmic scale in order to see the low intensities
recorded by the Counting (SEM) in BLUE.

The use of the triple detector mode to measure the
complete intensity range can be seen in the following scan
made across 36Ar, 38Ar and 40Ar.

Figure 5: Spectrum across 36Ar, 38Ar and 40Ar showing the incorporation of the
Faraday detector (Triple detector mode) for the analysis of count rates 
> 1 x 109 cps (logarithmic intensity scale).

Applications
The possible applications with such a wide detection range
in a single instrument include:

Geological Studies

• Determination of majors, traces and ultra-traces in
survey analyses, replacing complimentary analysis
techniques (e.g. AAS or ICP-OES).

• Use of the matrix element as internal standard in laser
ablation analysis:

- Na in fluid inclusions.

- Al in melt inclusions.

- Ca in bone / corals / otoliths etc.

- C in diamond analyses.

• Concentration determination in minerals by laser
ablation.

• Elemental ratios by laser ablation (e.g. Ca / Sr etc).

Industrial Applications
• Use of the matrix element as internal standard in laser

or spark ablation analysis in the analysis of high purity
metals.

• Si as internal standard for depth / spatial profiling of
wafers.

Isotope Ratio Analysis
• Measurement of large ratios at high concentrations.

• Sr, Hf and Pb isotopes by laser ablation.

Example 1
The determination of the rare earth elements (REE) in
fluid inclusions is of great interest as they provide
important information on mineral alteration etc. and their
analysis by laser ablation ICP-MS is carried out a routine
basis in many laboratories. However, the choice of an
internal standard in the analysis of these samples is limited
to a small number of elements. Sodium, which can be
found at weight percentage levels in fluid inclusions,
would seem to be an ideal internal standard (as it is
measurable by micro-thermometry) but in previous laser
ablation ICP-MS studies its high concentration level has
limited its use due to saturation of the Analog detector
circuit.

With the newly increased dynamic range available on
the Thermo Scientific ELEMENT XR, 23Na in low
resolution can be used as internal standard – still within
the operating range of the Faraday detector – while other
analytes (for example the REE and Th and U) at
concentrations more than six orders of magnitude lower,
can be detected – with maximum sensitivity – at the same
time using the Counting mode of the SEM.

Figure 6: Laser analysis profile (20 s gas blank and 45 s sample) for a
selection of elements in a fluid inclusion. 23Na (at count rates > 10e12 cps in
the sample) used as internal standard in the laser ablation for the analysis of
the REE, Th and U in fluid inclusions.



Example 2
Multi-element analysis of iron meteorites with the Thermo
Scientific ELEMENT XR. Analysis of matrix element (Fe),
traces (P) and ultra-traces (Au) in a single analysis. In this
example, medium resolution (MR, R = 4000) is used to
remove interferences from common polyatomic
interferences at 31P (and to a lesser extent at 56Fe), while
maintaining sufficient sensitivity for the analysis of 197Au.

Conclusions
A unique detection system in ICP-MS, combining a dual
mode SEM with a Faraday detector, has been introduced
with the Thermo Scientific ELEMENT XR HR-ICP-MS.
This addition significantly increases (by at least three
orders of magnitude) the linear dynamic range, allowing
count rates of over 1012 cps to be measured with the
ELEMENT XR. Through a combination of intelligent
hardware and software, the simultaneous measurement of
elements at concentrations from < fg/g to > 1000 µg/g is
now possible in a single analysis.
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Figure 7: Spectra for 31P, 56Fe and 197Au in an iron meteorite using Medium
Resolution (MR, R = 4000) with the Thermo Scientific ELEMENT XR.

Legal Notices
©2005, 2016 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific Inc. and its subsidiaries. This 
information is presented as an example of the capabilities of Thermo Fisher Scientific Inc. products. It is not intended to encourage use of these products in 
any manners that might infringe the intellectual property rights of others. Specifications, terms and pricing are subject to change. Not all products are available 
in all countries. Please consult your local sales representative for details.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


