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Design requirements for new analytical
mass spectrometer — March 1971

Speed of analysis — 4 to 6 samples per hour
Mass range — 6 to 238 m/z

Detection limits for mono-isotopic elements - 0.1
opm

e Precision - 25% RSD

 Elemental & isotope ratio measurement

e Minimal operator control of excitation source

e Automatic scanning through mass range

* Print out of mass intensity values




Landmarks in development

o Alan Gray Applied Research Laboratories,
(1974, 1975)
— DC plasma
— 3000-6000K
— Sufficient to ionise elements <8.5eV
—Includes U, Th, Pb
— Requirement for uranium exploration



First DCP 1974
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Landmarks in development

Declision to replace DC plasma with
nductively Coupled Plasma

Parallel developments in UK, USA and
Canada

First spectra obtained by Alan Gray &
Alan Date at Univ of Surrey in 1981

First commercial instruments ordered In
1983
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[57] ABSTRACT
A method and apparstes for focussing and declustering

reace jons fravelling from a gas through an orifice inro
a vacupm chamber and to a maes analyzer in the vac-
wum chambes, Advantage i taken of the free jet expan-
sign of the gas into the vacuum chamber by applying an

- electric foeussing field in a specific region of the fres jeL

The region i selested sufficiently close to the onifics
that the gas density limils the kinevic energy spread
which the fons can acquire under the applied fisld,
typically to 2 =v or less, whils the early focusang in-
creases the available jon signal. Declusteming <an be
collision induced in the region by providing & field in
the region sufficisnt 1o bmpart an intemal energy of
between 0.1 and L3 ev to foas in ths region. The kinetic
en=rgy which the ions can 2equire under the applisd
fisid is still lindted by the density of the gas i the free
jet, 5o that the kinciie cnergy spread W the jons can
acquire i still [imitsd. Prefershly the focussing and
declustering figlds are produced by 2 single conical
tapered lens element located 2t ditance X, from the
orifize, where

= it

and D is the orifics dizmeter, for stmosphers pressems
and foom tempsratune source conditiens. The electe
field between the lens element anc the mase specizome-
ter is then controdled to limit the ensrgy spread m-
parted 1o the ioas in their travel from the Jens elements
[0 the mass speclromeler,

17 Cluims, 10 Drawing Figires




Vertical ICP




The Angel Plasma!
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Research Instrument




Prototype ICP-MS at
BGS Grays Inn Road




The instrument

VG PlasmaCuad: Instrwtnent Schermatic
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Torch box

‘lons-eye view’ of the
guadrupole
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The bottom line
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Features of ICP-MS

Simple spectra

Most elements lonised in Ar ICP
Relatively uniform signal response
Similar detection limits for all elements

Analysis of solutions and solids (using
laser ablation)
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Isotopic applications - 1988

Boron - geological « Natural variation in

Lithium - medical rocks & minerals

Iron - medical e |sotope tracer studies
In medical

Zinc - medical
Osmium - geological . o
Isotopic variation In

Lead - environmental fabricated materials

Uranium - nuclear Precision of single isotope limited to
~2% RSD

applications

Precision on isotope ratio limited to
~0.1% RSD



Pb Isotopes

204Pb/206Pb 207Pb/206pb 208Pb/206pb
Certified value 0.05904 0.9146 2.168
Measured 0.05965 0.9179 2.159
Bias +1.03% +0.36% -0.40%
Experimental RSD 1.29% 0.35% 0.32%
Counting stats RSD 1.10% 0.38% 0.31%

From Gray, 1988



Result of high dissolved solids
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Matrix effect on isotope ratio

Na (ppm) 10B/1B
1000 4.044
1500 4.040
2000 4.042
3000 4.124
4000 4.205
5000 4.286
6000 4.367

Data from Gregoire, 1987



Limitations to isotope ratio measurement by
guadrupole ICP-MS

Mains frequency ‘noise’
+

Sample introduction ‘noise’
+

Interface ‘noise’
+

Gas flow ‘noise’
+

Sequential measurement of isotopes

>0.1% RSD 197Aq/1%%Ag




Multi-collector ICP-MS

v nu plasma
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Multi-collector array
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Flat topped peaks

Magnek Scans
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NIST 981 Pb isotopic standard

n |207/206 |+ |RSD |208/206 |+ |RSD |206/204 |+ RSD
(%) (%) (%)
Collerson 114 | 0.91461 | 18 | 0.02 2.16740 | 70 | 0.03 16.941 |6 0.04
et al (2002)
Thirlwallet | 11 [{0.91469 [ 7 | 0.008 |2.16770 |21 |[0.009 |16.941 |2 0.01

al (2000)




Has ICP-MS delivered all it
promised?
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