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Abstract

importance in the study of reaction processes during hydrogen (H/HD)-Deuterium (D2) plasma fusion, of which the residual fusion byproduct is helium
The availability of particle counters which may be operated at ambient pressures of up to 2x10-4 Torr is highly desirable in many current research
applications. In one field in particular, it allows mass spectroscopy of gas analysis and processing plasmas to be performed using pressures of this
ash. Furthermore, collision processes in the ionisation source of the QMS, (including Penning ionisation), which are insignificant at the more usual
source pressures of below 1x10-5 Torr, generate product ion species whose study helps the interpretation of the processes occurring in the plasma
order in the quadrupole mass spectrometer (QMS). These pressures are much closer to those of many processing plasmas so that the sampling of
neutral species, in particular, from the plasma is improved. The sampling of ion and neutral species from magnetron plasmas is a good example. The
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kinds of applications from material processing up to biomedical treatment. Non-thermal
Hiden Analytical, UK) is used to analyse [1]the plasma species. The MBMS
spontaneous de-excitation, may travel to the detector and have sufficient energy to be counted there. The detection of metastable helium may be of
and 19.82eV respectively having radiative lifetime states of around 3000s and also other plasma constituents.

Introduction

MBMS

plasmas can have additional benefits compared to conventional methods for many applications
including purification of water, the sterilization of surgical instruments, surface activation
of plastics and polymers including woven and unwoven textiles, removal of pollutant and
hazardous components, combustion enhancement and treatment of biological samples.

incorporates an EQP mass/energy analyser. The pathway of the species to be
analysed is generated in the MBMS instrument by the differentially pumped,
three-stage inlet system.

Introduction
Many plasma diagnostics techniques exist for the study of atmospheric plasmas but the most direct
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beam mass spectrometer (MBMS) will be presented.

This gives rise to the electron impact “threshold ionization energy” curve shown in figure 1

helium content of the helium/deuterium mixture.

Figure 4

Figure 1

Micro plasma jets; time resolved measurements
Atmospheric pressure plasma jets are normally are operated at an excitation frequency of several tens of kilohertz
(ac or pulsed mode) or in radiofrequency (rf) range. Detailed measurements obtained with ICCD images revealed
that these jets are not continuous plasmas but consist of “plasma bullets”. This is the first time that measurements
of positive and negative ions generated in the plasma jet is presented by means of time-resolved molecular mass
spectrometry (MBMS) [2].
The plasma jet used in this study was produced by a bipolar high voltage ac with a variable repetition rate of 5, 10
and 25 kHz. The recorded peak to peak voltage is generally 8 kV and is independent of the frequency applied. The
plasma generated is produced in a quartz glass tube of 1mm diameter with an electrode around the glass tube.

Figure 4a

Capacitively coupled atmospheric RF;
Atmospheric plasma glow discharge
An RF (13.56 MHz) excited APGD between two parallel bare metal plate electrodes in He-H2O mixtures has been
investigated by molecular beam mass spectrometry [3]. The electrode system consist of a water cooled circular
copper electrode with a diameter of 20.5 mm interfaced to the inlet plate of the HPR-60 molecular beam mass
spectrometer (MBMS) with a fixed inter-electrode distance of 0.5 mm. The power was kept constant at 20W for
experiments conducted with different water concentrations.

For all the investigated concentrations of He-H2O mixtures the dominant positive ions are H2O+, OH+, O+, He2+,
HeH+, O3+ and H3+. Hydration of the ions increases with increasing water vapour concentration and decreases with
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In this current presentation, metastable neutral atomic species of helium and deuterium formed in the source are also counted by the particle detector. This is readily seen in
electron energy scans such as those shown in figure 5. The figure shows typical scans at a source pressure of 1x10-4 Torr for pure helium, pure krypton and a
helium/deuterium mixture. To better understand the form of the scans they can be understood by particular reference to the energy-level diagrams of figure 5a. Figure 5
shows the electron impact induced metastable He*(21S or 23S states) from the Helium ground 11S state. The He(23S) atoms are produced by electron impact excitation on
He(11S) ground state atoms. Radiative decay from the He(23S) level back to the He(11S) ground state is forbidden by quantum spin selection rules. It is seen that the energy
states of the metastable He* atoms are 20.6eV and 19.8eV respectively with lifetimes of the order of 3000 seconds, essentially acting as pseudo ground state levels.

When these two gases are present simultaneously, the resulting electron energy spectrum is shown in
figure 2a. It can be seen that there is a clear deconvolution of the two species in the TIMS spectra such that
the presence of D2 can be accurately detected in Helium down to parts per million (ppm) detection levels [2].
Hiden Analytical TIMS equipped mass spectrometers are now routinely used and in current operation at JET
the Joint European Torus experimental nuclear fusion facility, Oxford, UK.

The form of the TIMS electron energy spectra in figure 5 for Helium evolves as the electron energy is increased. For electron energies beyond 20.6eV, He*(23S) is
produced and detected, contributing to the detected signal. For energies beyond 24.5eV He+ ions are produced by ionization of the ground state He(12S), and the
combined He+ and He*(23S) signal increases as shown.

Figure 2a

With the arrangement of figure 3 long-lived metastable species, such as those of the inert gases, formed in the plasma reactor travel to the detector. They can be readily
distinguished from ions of the same value of m/e by rejecting the latter by suitably tuning the mass spectrometer’s sampling electrodes. Figure 6 shows a typical electron
energy scan. The ions obtained for electron energies below 25eV are formed from metastable helium sampled from the plasma.
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The most likely pathway of their formation is H-loss dissociativeFigure 3
electron attachment to HCN, H3CN and H5CN formed in the discharge.
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The formation of negative ions produced in a negative point-to-plane
corona discharge fed by a N2(88%)/Ar(8%)/CH4(4%) gas mixture has
been studied using mass spectrometry [4]. The same anions have
been detected in Titan’s atmosphere from the results of the Cassini
Huygens space mission.
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Conclusions

DBD for plasma assisted desorption ionisation
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Plasma Assisted Desorption Ionization (PADI) is a novel approach
to ambient surface analysis that coupled with atmospheric pressure
sampling mass spectrometry provides a technique capable of rapid
surface analysis without the requirement for sample preparation [5-6].
The PADI source is a non-thermal dielectric barrier discharge (DBD)
13.56 MHz RF plasma ‘needle’ operating at atmospheric pressure.
The plasma is around 1mm in diameter and may extend up to 10 mm
from the tip. The plasma is generated in flowing helium and operates
in open air. It can be brought into direct contact with any of the
surfaces under study. The action of the plasma at the sample surface
produces ions (positive and negative) from the surface material which
enter the gas phase and are readily detected by the molecular beam
mass spectrometer MBMS in real time.

The availability of particle detectors that can be operated at high pressures opens up the possibility of directly observing long-lived, high energy, metastable species such as
Hem* when these are produced in a plasma or other reactor.The direct detection of He*(21S/23S) may be of importance in applications when quantification of residual Helium
in Deuterium is needed such as He ash by products in fusion processing This is possible due to the mass independence of He* detection in the QMS type shown in Figure 2.
Indirect
It has been demonstrated that molecular beam mass spectrometry (MBMS) is the most direct technique
to observation
determineof other long-lived excited species, even when these are less energetic ( for example metastable oxygen) is also possible using threshold ionisation
techniques because of the reduced pressure differential between the reactor and mass spectrometer. Ion/molecule reactions, such as clustering, in the mass spectrometer
fluxes of ions and neutral species. Several source configurations of atmospheric plasma discharges have
been studied
source may also be studied,as shown here for He+.He.

Conclusions

with a molecular beam mass spectrometer and it is a valuable diagnostic technique for the investigation of atmospheric
pressure plasma processes.
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