MKS Mass Spectrometry Application Note

Soft lonisation — Appearance Potential Mass Spectrometry

Introduction

Soft ionisation, appearance potential or threshold ionisation mass spectrometry all mean the same thing and refer to the
ionisation of a molecule or atom by electron collision. Specifically, the technique refers to the voltage which corresponds
to the minimum energy of the electrons in the ionising beam necessary for the production of a given fragment ion. The

equivalent process in photoionisation refers to the minimum energy of the quantum of light which produces ionisation of

the absorbing molecule.
Soft lonisation

The default electron energy for most quadrupole mass spectrometers is set to 70eV as this value is close to the
maximum of the ionisation curve for many gas species, as shown below.
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However, identification of trace level components from mass spectra measured at 70eV ionisation energy can be
complex. In addition to direct (parent molecule) ionisation, low level spectral peaks can be present from multiple
ionisation events and also from fragments created by dissociative ionisation.
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e = +3e (multiple ionisation)
e = +2a (direct ionisation)
A+ +2e or  +B+2e (dissociative ionisation)
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This can result in quite complex spectra even from simple molecules or mixtures, as illustrated in the example below for
methane.
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The situation may be further complicated by matrix effects, which are interferences from the bulk or carrier gas, such as
the doubly ionised Ar36 isotope overlapping with low level water measurement at m/e=18amu.
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Using different, lower electron energies, can greatly simplify complex mixture analysis by reducing fragmentation and
introducing a degree of selectivity not otherwise possible. The same spectrum as above is shown below, this time
measured with an ionising electron energy of 35eV.
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At 35eV the argon peak is not doubly ionised, because the electron energy is below the threshold energy at which this
process occurs. The resulting spectrum is now free from interference with water measured at m/e=18 amu.
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Soft ionisation is particularly useful when analysing gas mixtures with organic components which can produce many
overlapping fragments. It is used successfully in applications ranging from TGA-MS (of polymers/pharmaceuticals etc.) to
fuel cell, catalysis and environmental off gas analysis. The table below provides some additional ionisation energies of
several common inorganic and organic species.

M, 0, Ar Cco Co, MNH, WO CH,
. Carbo cC . Pitri
Mitrogen Ceygen Argon "n‘::no;?:le d :;:i';z Ammeonia oxi:z Methane
LE./ eV 15.58 12.07 15.76 14.01 13.77 10.07 9.26 1281
C,H, C,H, C.H, O, C.H; C;HOH C,HO C,HO C,H.O
Ethyne Ethens Acetic acid | Ethane Ethano Propanal Acetone P&
LE./eV 11.40 10.51 10.65 11.56 10.43 G9.96 9.70 10017
C,H.O C.H, CeH,, C.H.- CH,OH CH,0, CH.O CCl,
DME Benzens -|£rxa.ne Cyclo- Mathanal Fz.rm c Formalde- Carbon
{n) hexans acid hydes Tet
LE. [ eV 9.72 9.24 10,12 9.86 10.85 11.33 10.88 11.47

MKS Cirrus Quadrupole Gas Analysers

MKS mass spectrometers are equipped with a soft ionisation mode that provides full software
\__ i - control of the ionising electron energy over the range 0-150eV. Soft ionisation can greatly
3\ | - simplify complex gas analysis and introduce a useful degree of selectivity into the measurement.
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