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Description

TECHNICAL FIELD

[0001] The invention relates generally to mass spectrometry and in particular to mass spectrometry in which reagent
ions are formed using a microwave or high-frequency radio frequency plasma, and applications therefor.

BACKGROUND

[0002] Mass spectrometry generally refers to the direct measurement of the value of a particle’s mass or an implicit
determination of the value of the particle’s mass by measurement of other physical quantities using spectral data. Mass
spectrometry often involves determining the mass-to-charge ratio of an ionized molecule or component. When the charge
of the ionized particle is known, the mass value of the particle can be determined from a spectrum of mass values.
[0003] Systems for performing mass spectrometry are known as mass spectrometers. Mass spectrometer systems
generally include an ion source, a mass filter or separator, and a detector. For example, a sample of molecules or
components can be ionized by electron impact in the ion source to create ions. Ions having different mass values are
separated by the mass analyzer into a mass distribution or spectrum, for example, by application of electrical or magnetic
fields to the ions. The detector collects the ions, and the mass distribution may be viewed and/or recorded. The relative
abundance of mass values in the spectrum is used to determine the composition of the sample and the mass values or
identities of molecules or components of the sample.
[0004] Many different types of mass spectrometer exist, including a category referred to as ion-molecule reaction mass
spectrometers (IMR-MS). Within this category, several technologies exist including proton transfer reaction mass spec-
trometry (PTR-MS) and selected ion flow tube mass spectrometry (SIFT-MS). Such categories generally refer to the
method by which ions are generated. For example, proton transfer reaction mass spectrometers include an ion source
that generates reagent ions, typically hydronium ions (H3O+), to transfer charge to sample components, e.g., by proton
transfer. In selected ion flow tube mass spectrometers, a carrier gas transports filtered ions along a flow tube. In proton
transfer reaction mass spectrometers sold by Ionicon Analytik GmbH of Innsbruck, Austria, a hollow cathode tube is
used as an ion source to produce reagent ions by applying a DC plasma discharge to a stream of water vapor.
[0005] Some mass spectrometry systems are classified by the type of mass analyzer used. For example, some mass
spectrometry systems are based on "tandem techniques" where another analytical technology is used in combination
with mass spectrometry equipment. An example is gas chromatography mass spectrometry (GC-MS) where a gas
chromatography column is used to separate components of a sample prior to analysis with a mass spectrometer.
[0006] Mass spectrometry can be used to determine the quantities of volatile organic compounds (VOCs) in a sample.
Measurement of VOCs has become important because the presence of VOCs, even in trace quantities, can serve as
an important diagnostic indicator in many different applications and may affect human health. For example, when the
concentration of VOCs rises above a certain level, detrimental health effects can occur in humans such as respiratory
conditions. Moreover, the type and quantities of VOCs in a particular sample can be indicative of the presence of
explosives, harmful chemical agents, combustion products, disease agents, decay or contamination, arson accelerants,
or drugs of abuse. Additionally, monitoring the presence and quantity of VOCs is useful in industrial processing, such
as biochemical or pharmaceutical manufacturing processes.
[0007] The publication EMMANUELLE POUSSEL, JEAN MICHEL MERMET, DANIEL DERUAZ, CLAUDE BEAU-
GRAND: "Evaluation of a microwave-induced plasma as a soft ionization source in mass spectrometry", ANALYTICAL
CHEMISTRY, vol. 60, no. 9, 1 May 1988 (1988-05-01), pages 923-927, Washington, DC, USA, discloses a method
comprising introducing a sample gas, supplying a reagent vapour to a plasma chamber, and interacting reagent ions
with the sample gas to generate product ions.
[0008] GB 1 352 654 A discloses an ion source comprising a resonant microwave cavity energized by microwaves
through an antenna and influenced by a static magnetic field from coils such that electron cyclotron resonance is obtained
in the cavity.
[0009] Several drawbacks are inherent with existing mass spectrometry systems both generally and as applied to
detection of VOCs. For example, mass spectrometry systems employing gas chromatography are not suitable for con-
tinuous, real-time monitoring of a fluid sample due to the relatively slow analysis of a sample. Moreover, previous mass
spectrometry systems often require collection of a sample from the field prior to analysis of the sample in a lab-based
environment, rather than in situ analysis. Previous mass spectrometry systems are relatively insensitive to lower-con-
centration components in a sample, for example, because ion sources do not produce a sufficient quantity of ions to
generate an identifiable mass spectrum for lower-concentration constituents. The mass spectrum for lower-concentration
constituents in such systems is often indistinguishable from noise due to dynamic range limitations or overwhelmed by
peak interference from higher-concentration components or noise generated by electronic or mechanical equipment.
Mass spectrometry systems with suitable levels of sensitivity can facilitate detection of the existence of VOCs, but may
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be subject to interference from other compounds present and therefore unable to positively identify a particular compound
or species.

SUMMARY

[0010] There is a need for a robust mass spectrometry system that can provide continuous, real-time, and in situ
analysis. Moreover, there is a need for a system that can reliably determine the existence and identification of VOCs in
a particular sample, including trace quantities of VOCs.
[0011] Systems and methods that embody the invention feature mass spectrometry that uses microwave energy or
high-frequency RF energy to produce reagent ions, for example, hydronium ions, for interacting with a fluid sample. The
use of microwave energy has been found to generate reagent ions, such as hydronium, in greater quantities than other
reported ionization methods (e.g., where a radioactive source is used) while also avoiding electrode erosion and instability
associated with DC discharge sources. A greater quantity of reagent ions results in enhanced system sensitivity, facil-
itating the quantitative measurement and/or identification of individual VOCs, even in trace quantities. High-frequency
RF energy also demonstrates similar advantages in mass spectrometry to those achieved when using microwave energy
to generate reagent ions. Moreover, the invention relates to systems and methods for real-time measurement of VOCs
at relatively high pressures, e.g., more than about 100 millibar (about 10,000 Pascals).
[0012] Systems and methods that embody the invention, in some embodiments, can be used to detect VOCs in
concentrations on the order of parts-per-trillion by volume (pptV). In some embodiments, a module analyzes and classifies
a particular detected VOC based on the acquired mass spectrum. The system components used in embodiments of the
invention are suitable for portable mass spectrometry and/or in situ applications. The concepts described herein can be
used in mass spectrometry systems employing chemical ionization reaction mass spectrometry (CIRMS) techniques or
proton transfer reaction mass spectrometry (PTR-MS) techniques.
[0013] In some embodiments, the invention includes analysis or control modules for processing data acquired, detected,
or collected during system operation. For example, some systems include a multivariate analysis module to facilitate
detection and identification of VOCs based on the mass spectrum. The multivariate analysis module can also be used
for monitoring the mass spectrometry system or detecting a fault within the system. Additionally, a control module or
feedback loop can be used to control generation of reagent ions and sample ions and their throughput in mass spec-
trometry systems, for example, by controlling various process parameters of the system. Such parameters include
various electrical fields, pressure values, ion and vapor flow rates and ion energies. The invention also relates to couplings,
connections, or interfaces between various system components for influencing the movement of reagent ions, sample
components, and product ions through mass spectrometry systems.
[0014] Sensitivity of the chemical ionization reaction mass spectrometers and proton transfer reaction mass spec-
trometers described herein can be altered based on a variety of system parameters. Sensitivity can be altered based
on reagent ion concentration in the drift region (e.g., hydronium ion concentration).
[0015] The ratio E/N (expressed in Townsends (Td)) of the electric field to the concentration of neutral particles in the
drift region can affect the sensitivity of the spectrometers. The E/N ratio is a function of pressure (e.g., gas density) and
electrical field intensity in the drift region. The E/N ratio affects the time required for ions to traverse the drift region.
[0016] Sensitivity can be affected by the intensity of the ion beam reaching the mass spectrometer after exiting the
drift region (consisting of reagent ions and product ions). This is a function of the transfer optics (e.g., electrode/lens
aperture geometry), electrical fields and pressure regimes (pumping) in the transfer region which impact beam focusing
and beam transmission properties.
[0017] Sensitivity can be altered based on the ratio between partial pressures of bulk sample gas and neutral reagent
species in the drift region. The proton transfer rate constant (k) for the gas sample species being monitored affects
sensitivity. The length of the drift region affects the sensitivity because a longer drift region requires more time for
substances to traverse the drift region, and therefore the opportunity for reagent ions and sample species to react.
Sensitivity also can be affected by various mass spectrometer related sensitivity factors (e.g., ion transmission/mass
discrimination, detector/preamplifier gain and the signal to noise ratio)
[0018] The invention, in one aspect, relates to a system. The system includes a microwave or high-frequency RF
energy source to ionize particles of a reagent vapor with microwave or RF energy to form one or more reagent ions.
The system also includes a chamber including an inlet port that allows a sample to enter the chamber to interact with
the one or more reagent ions from the microwave or high-frequency RF energy source to form one or more product ions.
The chamber has an electromagnetic field generated therein. The system also includes a quadrupole mass spectrometer
module disposed relative to an exit orifice of the chamber to collect the one or more product ions and the one or more
reagent ions to facilitate a determination of a value for a peak intensity and/or mass of each of the product ions and
reagent ions.
[0019] In some embodiments, the microwave energy source includes a microwave plasma generator. The high-fre-
quency RF energy source can include a capacitively-coupled RF plasma generator. In some embodiments, the reagent
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ions include hydronium ions, oxygen ions, or nitrous oxide ions. The sample can include one or more volatile organic
compounds (VOCs).
[0020] Some embodiments of the system feature a set of electrodes disposed relative to the chamber to generate the
electromagnetic field in the chamber. The electromagnetic field facilitates an interaction between the reagent ions and
the sample and directs the product ions and reagent ions through the exit orifice of the chamber. The set of electrodes
can be radially disposed about an axis of the chamber, and the electromagnetic field directs the product ions and reagent
ions substantially axially. In some embodiments, a control module is in communication with the set of electrodes. The
control module is operable to determine a value of the electromagnetic field (or electromagnetic field gradient) within
the chamber based on an operating parameter of the system.
[0021] The system can include a mass flow controller, a capillary tube, or a leak valve for determining an amount of
the sample that enters the chamber. The system can include a mass filter disposed between the microwave or high-
frequency RF energy source and the chamber to selectively allow reagent ions to pass into the chamber. Examples of
a suitable mass filter include a quadrupole mass filter. In some embodiments, the system includes a multivariate analysis
module in communication with the system that is operable to analyze data from the quadrupole mass spectrometer
module.
[0022] The microwave energy source can include a microwave generator, a resonator portion, a tube portion disposed
within the resonator portion and in communication with the chamber and one or more chokes through which the tube
passes to reduce an amount of microwave energy within a reagent vapor supply, the chamber, or both. In some em-
bodiments, the system includes a control module in communication with the system that is operable to change an input
parameter of the system based in part on an operating parameter of the system. Such parameters include a composition
of the sample, a pressure of the chamber, a speed of the product ions or reagent ions through the chamber, a rate of
flow of the sample or reagent ions into the chamber, an energy of the product or reagent ions, the chemical composition
of the reagent ions, product ions, or the sample, or any combination thereof. In some embodiments, the control module
is operable to change an input parameter of a set of electrodes that generate the electromagnetic field within the chamber
based in part on the operating parameter.
[0023] In some embodiments, the system includes a control module in communication with the system to detect or
identify a fault in an operating parameter of the system. The control module can also change a value of the operating
parameter based in part on the detection or identification of the fault. The system can include a control module in
communication with the system for monitoring the system. The control module sets or adjusts a value of an operating
parameter of the system in response to the monitoring and the control module is based on a multivariate statistical
analysis algorithm. In some embodiments, the control module includes a multivariate statistical analysis module. The
multivariate statistical analysis module can be used for process monitoring and/or to detect a fault in the mass spectrometry
system. The multivariate statistical analysis module can be used to detect and/or identify faults. In some embodiments,
the multivariate statistical analysis module is used to interpret mass spectroscopy data (e.g., in a mass spectrum) and
be used to identify components from constituent peaks in the mass spectrum. The multivariate statistical analysis module
can be used with a quadrupole mass spectrometer or a time-of-flight mass spectrometer. In some embodiments, a
control module or a multivariate statistical analysis module is used both to detect and/or identify faults in the system and
to interpret and/or analyze data, for example, to identify components from constituent peaks in the mass spectrometer.
[0024] The system can also include an extraction electrode disposed relative to the chamber. The extraction electrode
defines an orifice through which reagent ions or product ions pass to the quadrupole mass spectrometer module. The
extraction electrode is also operable to specify an energy value of the reagent ions or product ions for collection by the
quadrupole mass spectrometer module. Some embodiments of the system feature a lens assembly disposed relative
to the chamber for focusing the reagent ions and product ions on an extraction orifice that facilitates passage of reagent
ions and product ions to the mass spectrometer module.
[0025] In another aspect, the invention relates to a method for generating one or more reagent ions for a proton transfer
reaction mass spectrometer or chemical ionization reaction mass spectrometer. The method involves supplying a reagent
vapor and providing microwave energy to the reagent vapor to generate one or more reagent ions.
[0026] The method can also involve directing the one or more reagent ions to a region for interacting with constituents
of a sample to form product ions. The reagent ions can be generated by a microwave plasma. The reagent vapor can
include water vapor, oxygen, or nitrous oxide, and the reagent ions can be hydronium ions, oxygen ions, or nitrous oxide
ions. In some embodiments, the microwave energy is provided by electromagnetic waves or radiation having a frequency
greater than about 800 MHz.
[0027] The invention, in another aspect, relates to a method for generating one or more reagent ions for a proton
transfer reaction mass spectrometer or chemical ionization reaction mass spectrometer. The method involves supplying
a reagent vapor and providing high-frequency RF energy to the reagent vapor to generate the reagent ions.
[0028] In some embodiments, the RF energy is provided by electromagnetic waves having a frequency between about
400 kHz and about 800 MHz. The reagent ions can be generated by a capacitively-coupled RF plasma.
[0029] In another aspect, the invention relates to a method. The method involves supplying a reagent vapor to a
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plasma region and providing microwave or high-frequency RF energy to the reagent vapor in the plasma region to form
one or more reagent ions. The method involves interacting the reagent ions with a gas sample to generate one or more
product ions. The method also involves directing the product and reagent ions to a collector region of a quadrupole mass
spectrometer module and determining, by the mass spectrometer module, a value for a peak intensity and/or mass of
the product ions and reagent ions.
[0030] Another aspect of the invention relates to a mass spectrometry system. The mass spectrometry system includes
a means for generating one or more reagent ions from a reagent vapor supply by providing the reagent vapor with
microwave or high-frequency RF energy. The system also includes a means for interacting a sample with the reagent
ions to form one or more product ions. The system includes a means, which includes an electromagnetic field, for
directing the product ions and reagent ions to a collector region. The system also includes a means in communication
with the collector region for determining a value for a peak intensity and/or mass of each of the product ions and reagent
ions.
[0031] The invention, in one aspect, relates to a system. The system includes a microwave or high-frequency RF
energy source to ionize particles of a reagent vapor with microwave or RF energy to form one or more reagent ions.
The system also includes a chamber including an inlet port that allows a sample to enter the chamber to interact with
the reagent ions from the microwave or RF energy source to form one or more product ions. The system also includes
a mass spectrometer module disposed relative to an exit orifice of the chamber. The mass spectrometer module includes
a flight region through which the product ions or reagent ions travel and which defines a path length. The mass spec-
trometer module also includes a collector region to receive the product ions or reagent ions from the flight region. A
value for a mass of the product ions or reagent ions is determined based on an amount of time over which each of the
product ions and reagent ions traverses the path length.
[0032] In some embodiments, the mass spectrometer module also includes an ion beam adjuster disposed relative
to the exit orifice of the chamber to pulse a flow of the product ions and reagent ions into the flight region. The mass
spectrometer module also includes an optical system disposed in the flight region to increase a value of the path length
traveled by the product ions and reagent ions. The ion beam adjuster can modulate the flow of the product ions and
reagent ions by a pseudo random binary sequence provided from a controller. In some embodiments, an analysis module
performs a maximum likelihood signal processing algorithm on data received from the mass spectrometer module to
determine the value of a peak intensity and/or mass of the product ions and reagent ions. The analysis module can
deconvolute data received from the mass spectrometer module to determine the value for the peak intensity and/or
mass of the product ions or reagent ions. The collector region can include a stacked micro-channel plate detector
operating in pulse counting mode or a bi-polar detector. In some embodiments, the optical system includes a reflectron.
The system can feature a lens to focus the reagent and product ions onto the ion beam adjuster, and the ion beam
adjuster includes an ion beam chopper, an ion beam gate, an ion beam modulator, Bradbury-Nielsen gate, or any
combination of these.
[0033] The system also features, in some embodiments, an optical system disposed relative to the chamber and the
mass spectrometer module. The optical system includes at least one quadrupole lens to direct a flow of the reagent ions
and product ions toward an ion beam adjuster. In some embodiments, the mass spectrometer module defines a sub-
stantially linear axis through the flight region. The substantially linear axis can be substantially parallel to a second axis
passing through the flight region (e.g., a Uthoff trajectory).
[0034] In some embodiments, the system includes a mass filter disposed relative to the microwave energy source
and the chamber to selectively allow a subset of the reagent ions to enter the chamber. The filter can be a quadrupole
mass filter. The system can feature an analysis module to receive data from the mass spectrometer module to interpret
data in a mass spectrum including the values for the peak intensity and/or mass of the product ions and reagent ions.
The analysis module can be used to detect and/or identify a fault in the mass spectrometry system. The analysis module
can be based on a multivariate statistical analysis.
[0035] The system features, in some embodiments, a multivariate statistical analysis module to identify components
of the sample based on a mass spectrum generated by the mass spectrometer module. The system can include a control
module in communication with the system that is operable to detect or identify a fault in the system based on an operating
parameter of the system. The control module can change a value of the operating parameter based in part on the
detection or identification of the fault.
[0036] The system can include a control module in communication with the system to change a value of an input
parameter of the system based on an operating parameter of the system. In some embodiments, the system includes
a set of electrodes disposed relative to the chamber to create a field for facilitating an interaction between the reagent
ions and the sample and to direct the product ions and reagent ions through the exit orifice of the chamber. Such a
system can feature a control module in communication with the set of electrodes to determine a value of the field within
the chamber based on an operating parameter of the system. The operating parameter of the system can include
composition of the sample, pressure of the chamber, speed of the product ions or reagent ions through the chamber,
rate of flow of the sample or reagent ions into the chamber, an energy of the product ions or reagent ions, the chemical
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composition of the product ions, reagent ions, or the sample, or any combination of these. The control module is also
operable to change an input parameter of the set of electrodes based in part on the operating parameter.
[0037] In another aspect, the invention relates to a system. The system includes a microwave or high-frequency RF
energy source to ionize particles of a reagent vapor with microwave or RF energy to form one or more reagent ions.
The system includes a chamber including an inlet port allowing a sample to enter the chamber to interact with the reagent
ions from the microwave or RF energy source to form one or more product ions. The system also includes a time-of-
flight mass spectrometer module disposed relative to an exit orifice of the chamber to generate a spectrum including a
value for a mass of the product ions and reagent ions based on an amount of time over which each of the product ions
and reagent ions traverses the mass spectrometer.
[0038] The time-of-flight mass spectrometer module, in some embodiments, includes a flight region through which the
product and reagent ions travel. The flight region defines a path length. The time-of-flight mass spectrometer module
also includes an ion beam adjuster to modulate a flow of reagent or product ions into the flight region and an optical
system disposed in the flight region to increase the path length traveled by the product ions and reagent ions. The
spectrometer module also includes a collector to receive the product ions and reagent ions from the flight region.
[0039] In another aspect, the invention relates to a method for processing signals in a time-of-flight mass spectrometer.
The signals are based on one or more reagent ions that are generated by providing microwave or RF energy to a reagent
vapor and also based on one or more product ions generated by interacting the reagent ions with a fluid sample in an
electromagnetic field. The method involves establishing a first flow of ions that includes the reagent ions and product
ions and altering the first flow of ions to generate a second flow of ions according to a specified flow pattern. The method
also involves receiving the second flow of ions at a detector and determining a mass spectrum from data communicated
by the detector according to a maximum likelihood-type statistical algorithm. The mass spectrum includes data indicative
of the mass and/or peak intensity of the reagent ions and product ions.
[0040] In some embodiments, the second flow is a pulsed flow. The pulsed flow can be based on the specified flow
pattern being generated according to a pseudo random binary sequence.
[0041] The invention relates to, in another aspect, a method. The method involves supplying a reagent vapor to a
plasma region and providing microwave or high-frequency RF energy to the reagent vapor in the plasma region to form
one or more reagent ions. The method also involves interacting the reagent ions with a gas sample to generate one or
more product ions. The method involves directing the product ions and reagent ions along a trajectory in a flight region
of a time-of-flight mass spectrometer module. The method also involves determining, by the mass spectrometer module,
a value for a peak intensity and/or mass of the product ions and reagent ions.
[0042] An aspect of the invention relates to a system for measuring the mass of one or more reagent ions and one or
more product ions. The reagent ions are generated by providing microwave or RF energy to a reagent vapor. The product
ions are generated by interacting the one or more reagent ions with a fluid sample in an electromagnetic field. The
system includes a set of quadrupole lenses disposed relative to an ion exit orifice of a drift tube assembly for receiving
a first flow of ions that includes the reagent ions and product ions. The set of lenses receives the product ions and
reagent ions through the exit orifice and creates a second flow of ions directed to an ion beam adjuster. The system
also includes the ion beam adjuster, which is operable to selectively allow the second flow of ions to pass to a flight
region of a time-of-flight mass spectrometer.
[0043] In another aspect, the invention relates to a system. The system includes a means for ionizing particles of a
reagent vapor with microwave or high-frequency RF energy to form one or more reagent ions. The system also includes
a means, which includes an electromagnetic field, for interacting a sample with the reagent ions to form one or more
product ions. The system also includes a means for determining a value for a peak intensity and/or mass of each of the
product ions and reagent ions based on an amount of time over which the product ions and reagent ions traverses a
specified distance.
[0044] The invention, in another aspect, relates to a system for measuring the mass of one or more reagent ions and
one or more product ions. The reagent ions are generated by providing microwave or RF energy to a reagent vapor.
The product ions are generated by interacting the reagent ions with a fluid sample in an electromagnetic field. The system
includes a means for establishing a first flow of ions that includes the reagent ions and product ions. The system also
includes a means for modulating the first flow of ions according to a specified interruption pattern to produce a second
flow of ions. The system also includes a means for generating a mass spectrum from data communicated from a means
of detection. The data corresponds to the second flow of ions.
[0045] In another aspect, the invention relates to a system for measuring the mass of one or more reagent ions and
one or more product ions. The reagent ions are generated by providing microwave or RF energy to a reagent vapor.
The product ions are generated by interacting the reagent ions with a fluid sample in an electromagnetic field. The system
includes an optical means for receiving a first flow of ions that includes the reagent ions and the product ions. The optical
means also generates a second flow of ions directed towards an adjustment means. The system also includes the
adjustment means for selectively controlling the second flow of ions to a mass spectrometer.
[0046] In another aspect, the invention relates to a method. The method involves introducing a sample gas. The
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method also involves supplying a reagent vapor to a plasma region and providing microwave or high-frequency RF
energy to the reagent vapor in the plasma region to form one or more reagent ions. The method also involves interacting
the one or more reagent ions with the sample gas to generate one or more product ions and directing the product ions
and the reagent ions to a quadrupole or time-of-flight mass spectrometer module. The method involves determining by
the mass spectrometer module a value for a peak intensity or mass of the product ions and the reagent ions.
[0047] In another aspect, the invention relates to a system. The system includes a microwave or high-frequency RF
energy source to ionize particles of a reagent vapor with microwave or RF energy to form one or more reagent ions.
The system includes a supply to facilitate analysis of a sample gas that includes one or more volatile organic compounds
in at least a trace concentration. The system also includes a chamber with an inlet port that allows the sample gas to
enter the chamber to interact with the reagent ions from the microwave or high-frequency RF energy source to form one
or more product ions. The chamber has an electromagnetic field generated in the chamber. The system also includes
a quadrupole or time-of-flight mass spectrometer module disposed relative to an exit orifice of the chamber to collect
the product ions and reagent ions to facilitate a determination of a value for a peak intensity or mass of the product ions
and reagent ions.
[0048] In yet another aspect, the invention relates to a mass spectrometry system including a means for introducing
a sample gas including one or more volatile organic compounds in at least a trace concentration. The system includes
a means for generating one or more reagent ions from a reagent vapor supply by providing the reagent vapor supply
with microwave or high-frequency RF energy. The system includes a means for interacting the sample gas with the
reagent ions to form one or more product ions. The system also includes a means for directing the product ions and the
reagent ions to a mass spectrometer module for determining at least one of a peak intensity or mass of the product ions
and the reagent ions or for identifying the volatile organic compounds in the sample gas.
[0049] Additional features relate to the above aspects. For example, the sample gas includes one or more volatile
organic compounds in at least a trace concentration. The trace concentration can be between about one part-per-trillion
and about one part-per-billion by volume. The trace concentration can be between about one part-per-billion and one
part-per-million by volume.
[0050] The method can also involve coupling a gas sample inlet port to an enclosed space. The method can also
involve positioning a gas sample inlet port in a non-enclosed space. The gas sample inlet port can be coupled to a
container. In some embodiments, the gas sample inlet port is coupled to an exhaust of an automobile or an aircraft. The
gas sample inlet port can be coupled to a head-space above a food or beverage product to, for example, determine the
contents of the food or beverage product.
[0051] In some embodiments, the method involves positioning a gas sample inlet port in proximity to a human mouth
to introduce exhaled breath in to the port. The method can involve positioning a gas sample inlet port in proximity to a
solid sample material that is emitting a gas or vapor. In some embodiments, the gas sample inlet port is coupled to a
supply of gas.
[0052] The quadrupole or time-of-flight mass spectrometer module can facilitate a determination of at least one of the
peak intensity or mass of the volatile organic compounds in the gas sample, or the identity of the volatile organic
compounds. Volatile organic compounds that can be measured, detected, and/or identified, including in trace concen-
trations, include dioxin-based compounds, furan-based compounds, chlorophenols, naphthalene, benzene, toluene,
ethylbenzene, xylene, non-methane organic compounds, secondary organic aerosols, isobaric compounds, chemical
warfare agents, battlefield gases, fire accelerants, VOC species emitted by bodily fluids, or through the action of fungal
species (e.g., mycotoxins), or any combination of these. In some embodiments, the volatile organic compounds include
anthropogenic or biogenic volatile organic compounds. In some embodiments, the sample gas includes inorganic gas
or vapor species (e.g., hydrogen sulfide).
[0053] The details of one or more examples are set forth in the accompanying drawings and the description below.
Further features, aspects, and advantages of the invention will become apparent from the description, the drawings,
and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054]

FIG. 1 is a plan view illustrating components of a system that embodies the invention.

FIG. 2 is a cross sectional view of a reagent vapor supply assembly for a mass spectrometry system.

FIG. 3 is a flow chart of a method for generating reagent ions.

FIG. 4 is a flow chart depicting a mass spectrometry method that embodies the invention.



EP 2 212 903 B1

8

5

10

15

20

25

30

35

40

45

50

55

FIG. 5 is a cross-sectional view of a quadrupole mass spectrometry system that embodies the invention.

FIG. 6 is an enlarged view of the drift chamber assembly depicted in FIG. 5.

FIG. 7 is a plan view of a time-of-flight mass spectrometer module that embodies the invention.

DETAILED DESCRIPTION

[0055] FIG. 1 is a plan view illustrating components of a system 100 that embodies the invention. The system 100
includes a reagent vapor supply 104 and a plasma generator 108. The microwave/RF plasma generator 108 can generate
a plasma using microwave energy (a microwave plasma) or high-frequency RF energy (an RF plasma). The RF energy
can be supplied by a capacitively-coupled high-frequency RF energy source (not shown). A reagent vapor (not shown)
from the reagent vapor supply 104 interacts with the plasma in the plasma region 112 to form the desired or particular
reagent ion, which can be one or more of multiple different species, depending on the particular application for the system
100. In some embodiments, the plasma region 112 and the microwave/RF plasma generator 108 form portions of the
same assembly (not shown) such that the reagent vapor interacts with the plasma within the assembly. In some em-
bodiments, the plasma region 112 is disposed within a glass tube.
[0056] The plasma region 112 is in fluid communication with an electrically isolated orifice plate electrode 120 that is
mounted within a flange 116. An insulator (not shown) is disposed between the flange 116 and the orifice plate electrode
120 to provide electric isolation therebetween. An electric potential is applied to the orifice plate electrode 120 to increase
the potential of the plasma, thereby directing the one or more reagent ions through an aperture 122 defined by the flange
116 and the orifice plate electrode 120 and into the chemical ionization/drift region 136 within a drift outer chamber 124.
The chemical ionization/drift region 136 is maintained at a lower potential than the orifice plate electrode 120. A sample
supply 128 is in fluid communication with the chemical ionization/drift region 136 to provide a sample fluid (e.g., a sample
gas) to the system 100. The sample gas flows into an inlet port (not shown) for passing through a surface (not shown)
of the drift outer chamber 124 and into the chemical ionization/drift region 136. The inlet port is positioned downstream
of the orifice plate electrode 120, which is centrally located within the flange 116, allowing the reagent ions to mix with
components of the sample gas within the chemical ionization/drift region 136. Other configurations for introducing reagent
ions and the sample gas into the chemical ionization/drift region 136 exist and are within the scope of the invention. For
example, the inlet port can be coupled directly to the flange 116 to create a "shower-head" effect as the sample gas
flows through fluid pathways (not shown) positioned radially about the aperture 122.
[0057] The drift assembly 126 includes a chemical ionization/drift region 136 and a pumped drift outer chamber 124.
The pumped drift outer chamber 124 effectively houses the chemical ionization/drift region 136. The chemical ioniza-
tion/drift region 136 can be defined by a series of electrodes and insulating plates (with intermediate o-ring seals (not
shown)), each having a centrally disposed passage therethrough. The chemical ionization/drift region 136 is discussed
in greater detail with respect to Figures 5 and 6. The chemical ionization/drift region 136 facilitates interactions (e.g.,
chemical reactions) between the sample and the reagent ions. The interactions between the sample and the reagent
ions form one or more product ions. Typically, the reagent ions greatly outnumber components of the sample gas, and
the reagent ions can be monitored in the product ion stream after the product ions are created. The chemical ionization/drift
region 136 generally includes an electromagnetic field (not shown) to facilitate the interaction between the sample and
the reagent ions as the sample and reagent ions mix within the chemical ionization/drift region 136. The electromagnetic
field in the chemical ionization/drift region 136 also directs the reagent ions and the product ions towards an exit orifice 138.
[0058] Ions passing through the chemical ionization/drift region 136 through the exit orifice 138 are focused onto an
exit orifice 144 defined by a flange 140. The exit orifice 144 allows ions to exit the drift outer chamber 124. The ions are
focused onto the exit orifice 144 by a lens assembly 142. In some embodiments, the lens assembly 142 includes a focus
aperture. Some embodiments employ a three-element Einzel lens for the lens assembly 142. The lens assembly 142
directs ions toward a mass spectrometer module 148, for example, according to specified flow parameters, such as flux,
velocity or momentum of the ions. The lens assembly 142 can be used to optimize the number of ions that pass through
the exit orifice 144. In some embodiments, the system 100 does not include a lens assembly.
[0059] The mass spectrometer module 148 determines the mass and quantity of the reagent ions and the product
ions, for example, by collecting ions. The mass spectrometry module 148 produces and/or analyzes the resultant mass
spectrum representative of the reagent and product ions that pass through the exit orifice 144. The mass spectrum
associated with the product ions can be used to determine the existence, quantity, volume, concentration, or identity of
constituents of the sample provided by the sample supply 128. Measurement of the reagent ions is used to calibrate
and/or error-check the system 100. The mass spectrometer module 148 can be a quadrupole mass spectrometer or a
time-of-flight mass spectrometer.
[0060] The system 100 also includes a control module 152. The control module 152 receives data about the operating
conditions or parameters of the system 100. Based on the data, the control module 152 can determine or set input values



EP 2 212 903 B1

9

5

10

15

20

25

30

35

40

45

50

55

or input operating parameters for the components of the system. For example, the control module 152 can receive data
from the reagent vapor supply 104, the plasma generator 108, the plasma region 112, the orifice plate electrode 120,
the chemical ionization/drift region 136, the lens assembly 142, the exit orifice electrode 144, or the mass spectrometer
module 148. The control module 152 can, in response to the collected data, set input values for each of these components,
for example, when the system 100 is initiated or in response to the data received regarding operational parameters.
[0061] In some embodiments, the control module 152 updates the input values for the operating parameters automat-
ically in response to data received about operational parameters. For example, if the operational parameters relating to
the pressure or electromagnetic field within the chemical ionization/drift region 136 deviate from the specified or desired
values for those parameters, the control module 152 can adjust the sample supply 128 that sets the pressure in the
chemical ionization/drift region 136 or the electrodes (not shown) that create the electromagnetic field until the parameters
correspond to the input or correct values for those parameters. Other operational parameters include velocity or energy
of reagent ions or product ions in the system 100, a flow rate of the fluid sample into the chemical ionization/drift region
136, a flow rate of reagent ions into the chemical ionization/drift region 136, a composition of the sample, relative
concentration of the sample and reagent ions, or relative concentration of reagent ions and product ions. In some
embodiments, the control module 152 monitors multiple operational parameters of the system 100.
[0062] In some embodiments, the control module 152 uses a plasma metrology process for receiving and/or updating
parameters of the system 100. The plasma metrology process can monitor, for example, light emission spectra from the
plasma region 112. Based on light emission spectra, the control module 152 determines the value of operating parameters
within the plasma region 112 (e.g., "plasma parameters), for example, the intensity of a particular emission wavelength,
and if the parameter deviates from a specified or desired value, the control module 152 can adjust the plasma parameters
until these parameters correspond to optimum values for those parameters. If the control module 152 is unable to achieve
optimum conditions or parameters, then a fault condition may be detected and/or registered.
[0063] In some embodiments, a mass filter (not shown) can be positioned between the microwave/RF plasma region
112 and the chemical ionization/drift region 136. The mass filter can be used to selectively allow reagent ions to pass
into the chemical ionization/drift region 136. In some embodiments, the mass filter is a quadrupole mass filter.
[0064] The system 100 includes one or more ports (not shown) coupled to one or more pumps (not shown) for estab-
lishing values for pressures throughout the system 100. For example, pressure values within the microwave/RF plasma
region 112, the chemical ionization/drift region 136, the pumped drift outer chamber 124, and the mass spectrometer
module 148 are maintained by one or more pumps.
[0065] FIG. 2 is a cross sectional view of a reagent vapor supply assembly 200 for a mass spectrometry system (e.g.,
the system 100 of Figure 1). The assembly 200 is configured to provide a consistent or stable flux or flow of vapor to an
energy source, for example, the plasma generator 108 of Figure 1. The vapor provided by the assembly 200 includes
one or more reagent molecules that are ionizable by a microwave or RF plasma and is sometimes referred to as reagent
vapor. The assembly 200 includes a reservoir 202 for housing a fluid supply. The reservoir 202 can be constructed from
stainless steel or other suitable metals.
[0066] In some embodiments, the reservoir 202 houses water or pure water to create water vapor. As illustrated, the
reservoir 202 includes five ports. The port 204 is connectable to a tube or channel for the introduction of a fluid to the
reservoir (e.g., for topping off the water or fluid supply). The port 206 is connectable to a tube or channel for delivering
or passing the reagent vapor to the mass spectrometry system. The port 208 is connectable to a tube or channel for
obtaining measurements about the fluid within the reservoir 202. For example, the port 208 can be coupled to a capacitor
manometer gauge for determining the headspace pressure within the reservoir 208. In some embodiments, the port 208
is not used. The port 216 is connectable to a tube or channel for measuring the quantity of fluid in the reservoir 202 (e.g.,
for connection to a water level indicator). The port 218 is connectable to a tube or channel for draining or emptying the
reservoir 202 of fluid. Each of the ports 208 and 216 are optional, and in some embodiments are not included in the
system 200 or are not used for mass spectrometry operations. In some embodiments, each of the ports 204, 206, 208,
216, and 218 are connectable to tubes of 0.25 inch diameter (about 0.635 centimeter). Other size tubes or channels
can be connected to the ports, and the tubes or channels need not be of the same size.
[0067] In some embodiments, the reservoir 202 is heated to a specific elevated temperature using a heater jacket 214
that envelops the reservoir 202. In some embodiments, the control module 152 of Figure 1 is coupled to a thermocouple
212. The temperature of the reservoir 202 (and the fluid therein) can be an operational parameter maintained, regulated,
and adjusted by the control module 152 in response to operation of the mass spectrometry system. This control enables
a user to maintain the vapor pressure in the headspace 213 above the liquid surface 210 at a specified or desired value.
[0068] The assembly 200 also includes tubing 222 that is coupled in fluid communication to a mass flow controller
224. The mass flow controller 224 can determine the quantity of reagent vapor that flows through tubing 226 and into
the plasma region 230, where production of reagent ions occurs by application of microwave or RF energy to the reagent
vapor. In some embodiments, the mass flow controller 224 can be a heated mass flow controller with separate electronics
which are located remotely from the assembly 200 (not shown).
[0069] Other types of flow controller can be used in conjunction with or instead of the mass flow controller 224. As
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illustrated, the assembly 200 includes a gauge or monitor 228 for indicating the value of the pressure within the plasma
region 230. The gauge can be a capacitance manometer gauge. In some embodiments, the control module 152 of FIG
1 is coupled to the gauge or monitor 228, and the pressure within the plasma region 230 is an operational parameter
maintained, regulated, and adjusted by the control module 152. In some embodiments, the gauge or monitor 228 is not
included in the assembly 200.
[0070] In some embodiments, the tubing 222 and the tube 226 are made of stainless steel and define an outside
diameter of about 0.25 inches (about 0.635 centimetres). The tube 229 electrically isolates the main body of the assembly
200 from the plasma region 230. In some embodiments, the tube 229 is made of polytetrafluoroethylene ("PTFE") and
defines an outside diameter of about 0.25 inches (about 0.635 centimetres). The pressure within the plasma reaction
region 230 can be about 1-5 torr (about 100-700 Pascal) during mass spectrometry operations. The pressure within the
assembly 200 is maintained by a pump (not shown) that is external to the assembly 200. For example, a pump coupled
to the drift outer-chamber 124 (and in-turn, to the chemical ionization/drift region 136) of Figure 1, can be used to establish
the pressure with the assembly 200 via fluid communication with the assembly 200. The chemical ionization region 136
of Figure 1 can be coupled in fluid communication with the assembly 200 via the aperture 122 and the plasma region/tube
112.
[0071] In some embodiments, a port 220 is used to mix the reagent vapor with another gas to improve reagent ion
production during application of microwave or RF energy. For example, the mixing gas can be argon, nitrogen or an
argon/nitrogen mixture. In some embodiments, a gas or gas mixture (e.g., NO or O2) to be used in reagent ion generation
is introduced via port 220, and the reservoir 202 is fluidly isolated from the tubing 222 by a valve (not shown).
[0072] FIG. 3 is a flow chart 300 of a method for generating reagent ions. In step 305, a reagent vapor is supplied.
For example, a reagent vapor can be supplied according to the system 200 illustrated in FIG. 2, such that a relatively
consistent or stable flow of reagent vapor is supplied. The reagent vapor can be pure water vapor or water vapor mixed
with a plasma mixing gas, such as argon or nitrogen or a mixture thereof. In some embodiments, the reagent vapor
includes reagent species such as nitrous oxide (NO) or diatomic oxygen (O2).
[0073] In step 310, energy is provided to the reagent vapor. In some embodiments, the energy is microwave radiation,
which is used to form an ionized microwave plasma. In some embodiments, the energy is high-frequency RF power,
which is used to form an RF plasma, for example, of the type produced by a capacitively-coupled RF energy source.
Microwave energy generally refers to energy (e.g., radiative energy) produced by electromagnetic waves having fre-
quency values greater than about 800 MHz and less than about 300 GHz. High-frequency RF energy generally refers
to energy (e.g., radiative energy) produced by electromagnetic waves having frequency values greater than about 400
kHz and less than about 800 MHz. In particular, RF energy can be provided within frequency values specified by the
Industrial, Scientific, and Medical ("ISM") radio center band frequencies.
[0074] The energy applied in step 310 energizes or excites molecules in the flux of reagent vapor to generate reagent
ions. The molecules in the reagent vapor stream are ionized by the plasma. For example, when water vapor is used as
the reagent vapor, hydronium ions are produced through multi-step reactions:

e- + H2O → H2O+ + 2e- Reaction 1

H2O+ + H2O - H3O+ + OH Reaction 2

Reaction 1 involves an interaction between a free electron (e-) from the ionized plasma interacting with a water molecule
(H2O) to form a positively-charged, ionized water molecule and a second free electron. In Reaction 2, the positively-
charged water molecule interacts with a neutral water molecule to form a hydronium ion (H3O+) and a hydroxyl radical.
Hydronium ions can be reagent ions for subsequent interactions with constituents of a fluid sample.
[0075] Both microwave and high frequency RF plasmas are desirable because they offer an efficient means of gen-
erating a rich source of the ions and electrons which are required for the production of reagent ion species - e.g. hydronium
ions. Furthermore, microwave and high frequency RF plasmas are relatively clean, with little or no internal sputtering
often associated with hollow cathode / glow discharge plasma sources, where electrodes are in direct contact with the
plasma. The "electrode-less" nature of microwave and high frequency RF plasma sources means that the impact of
instability and drift associated with electrode erosion is reduced. Moreover, microwave and high frequency RF plasma
sources are capable of providing relatively constant, high levels of reagent ions.
[0076] In some embodiments, the method of Figure 3 includes an additional step (not shown) involving measuring the
pressure of the microwave or high frequency RF plasma. The value of the plasma pressure can be a control parameter
for a mass spectrometry system (e.g., controllable by the control module 152 of Figure 1). The plasma pressure can
also be used to determine the appropriate supply of reagent vapor (e.g., from the assembly 200).
[0077] FIG. 4 is a flow chart depicting a mass spectrometry method 400 that embodies the invention. Step 405 involves
supplying a reagent vapor, and step 410 involves providing microwave or RF energy to the reagent vapor to generate
reagent ions, for example as discussed above with respect to FIG. 3. The reagent ions are then directed to a chemical
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ionization/drift region by a combination of fluid flow phenomenon resulting from the pressure drop between the plasma
reaction region and the chemical ionization/drift region and the influence of an electromagnetic field gradient from an
ion extraction orifice or electrodes within the chemical ionization/drift region.
[0078] In step 415, a fluid sample (e.g., a gas containing molecules of one or more volatile organic compounds)
interacts with the reagent ions. Mixing the fluid sample and the reagent ions results in interactions between the fluid
sample and the reagent ions. For example, the fluid sample can be supplied to the flow of reagent ions via an inlet line,
which passes through the drift outer chamber and into the chemical ionization/drift region. A pressure drop between the
sample supply and the chemical ionization/drift region can facilitate fluid flow carrying the fluid sample into the chemical
ionization/drift region. The chemical ionization/drift region includes an electromagnetic field that facilitates movement of
the reagent ions within the region and facilitates collisions between reagent ions and constituents of the fluid sample.
Collisions between reagent ions and constituents of the fluid sample result in a chemical reaction that ionizes particles
of the fluid sample. An example of a chemical reaction involving a hydronium ion and a sample species, R, of a constituent
molecule with a proton affinity greater than that of water is shown below:

H3O+ + R → RH+ + H2O Reaction 3

[0079] Chemical reactions involving hydronium ions and species R are low-energy and/or soft ionization interactions.
The integrity of the sample molecules is not significantly altered and molecular fragmentation of the sample is reduced
or minimized, for example, when compared with higher energy ionization processes, such as electron impact ionization.
Moreover, species in the sample with a proton affinity less than that of water are not ionized by collisions with hydronium
atoms and, therefore, are not detected during mass spectrometry. Examples of such species include common constituents
of air including diatomic nitrogen, diatomic oxygen, argon, carbon dioxide, and methane. In general, these constituents
of air produce high intensity spectral peaks in an acquired mass spectrum based on the large proportion of the constituents
of air in the sample relative to constituents present in the sample at trace quantities. High-intensity spectral peaks can
obscure nearby low-intensity peaks or can increase difficulty in distinguishing low-intensity peaks from high-intensity
peaks. Therefore, the selective nature of this chemical ionization technique can enhance the ability to distinguish the
spectral peaks due to low intensity/trace level species in the sample.
[0080] In step 420, reagent ions and product ions are directed out of the chemical ionization / drift region, through a
lens or exit orifice assembly and towards the collector region of a mass spectrometer. In some embodiments, the reagent
ions and product ions are directed out of the chemical ionization/drift region by an electromagnetic field established in
the chemical ionization/drift region. The reagent and product ions can pass out of an orifice at the end of the chemical
ionization / drift region, through a lens assembly, through an ion extraction orifice, and into the mass spectrometer
module. The lens assembly can feature a focus aperture, or can feature a three-element Einzel lens. In some embodi-
ments, the ion extraction orifice is disposed within a flange. Electrical potentials can be applied to the lens assembly
and ion extraction orifice such that an electric field is generated to direct the reagent and product ions through the orifice.
In general, the mass spectrometer module is operated at a relatively high-vacuum to ensure that molecular flow conditions
prevail for the effective operation of the mass spectrometer and its component parts.
[0081] The mass spectrometer module can include a quadrupole mass spectrometer or a time of flight mass spec-
trometer. For either type of mass spectrometer, the reagent and product ions are directed to a collector region of the
mass spectrometer. The ions collide with a detector in the collector region, and the resulting current is amplified in the
mass spectrometer (e.g. using a combination of an electron multiplier with a preamplifier). Based on input from the
collector, the mass spectrometer accumulates data about the reagent and product ions and generates a signal spectrum
indicative of the mass values (or mass-to-charge ratio) and quantity of the collected ions.
[0082] Step 425 involves determining the mass and quantity of reagent ions and product ions, for example, based on
the mass spectrum generated. Well-resolved peaks in the mass spectrum can be used to determine the exact mass or
mass-to-charge ratio of both reagent and product ions. The specific location of these peaks also facilitates identification
of components of the fluid sample by comparison of the mass values determined from the spectral or signal peaks with
molecules or ions of known mass. In some embodiments, an analysis module can be used to display the signal spectrum
and/or to determine the existence and location of peaks in the spectrum.
[0083] FIG. 5 is a cross-sectional view of a quadrupole mass spectrometry system 500 that embodies the invention.
The system 500 includes a reagent ion source 504 coupled to a chemical ionization/drift region 508. The reagent ion
source 504 in the system 500 is based on a microwave energy source that includes a magnetron 512 with a stub aerial
514 disposed through an aperture 516 of a resonant cavity 520. In some embodiments, the reagent ion source energy
source 504 can be based on a high-frequency energy source, such as an RF energy source. The reagent ion source
504 also includes a tube 524 passing through the resonant cavity 520 via apertures 528. The tube 524 also passes
through two microwave chokes 532 that are disposed on an exterior surface 536 of the resonant cavity 520. The microwave
chokes 532 reduce an amount of microwave energy that escapes the resonant cavity 520 or the tube 524 and reduces
the microwave energy extending to other components of the system 500. The tube 524 can be made from silica or a
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silica material, such as quartz. In some embodiments, the tube 524 can be made of sapphire. An end 540 of the tube
524 can be coupled to a corresponding end (not shown) of a reagent vapor supply (not shown) for providing a reagent
vapor to the reagent ion source 504. For example, the end 532 can be coupled to the tube 229 of the reagent vapor
supply system 200 illustrated in Figure 2.
[0084] In some embodiments, the tube 524 has an outside diameter of about 6 millimeters. The resonant cavity 520
defines a length l along the y-axis. The length l corresponds to or is about equal to one full wavelength λ of the lowest-
order resonant mode of the resonant cavity 520. The tube 524 is positioned a distance of about ¨ λ along the y-axis
from the top 544 of the resonant cavity 520. More specifically, the tube 524 is positioned at an anti-node of the resonant
cavity 520 to maximize the resonant energy that is transferred from the resonant cavity 520 to the tube 524.
[0085] In some embodiments, the magnetron 512 is a 900-Watt magnetron with stub aerial 514 that provides microwave
power to the resonant cavity 520. The power is radiatively distributed by electromagnetic waves having frequency values
in the microwave spectrum in the resonant cavity 520 and is transferred to the tube 524. As a result of the resonant
energy within the cavity 520 interacting with the reagent vapor inside the tube 524, a plasma is generated inside the
tube 524. The reagent vapor enters the tube 524 via the end 540 coupled to the reagent vapor supply. Owing to a
pressure drop between the tube 524 and the chemical ionization / drift chamber 508, the reagent vapor supply provides
or directs a flow of reagent vapor into the tube 524, for example, along the x-axis. The continual flow of reagent vapor
ensures that a microwave plasma is sustained inside the tube 524 to generate one or more reagent ions, for example,
as discussed above.
[0086] In some embodiments, the resonant cavity 520 is constructed from a silver-plated aluminum extrusion with
enclosed ends (e.g., the top 544 and bottom 548 of the cavity 520). In some embodiments, the microwave chokes 532
are cylindrical in shape with a centerline (not shown) parallel, co-axial, or collinear with the x-axis. The microwave chokes
532 can be made from either stainless steel or aluminum. In some embodiments, a channel 533 is disposed within one
or both of the microwave chokes 532. The length of the channel 533 can be approximately ¨ l along the y-axis.
[0087] A second end 552 of the tube 524 terminates at the face 557 (see Figure 6) of an orifice plate 556 retained
within a flange 560 and attached to the chemical ionization/drift region 508. Reagent ions pass from the tube 524 through
the orifice plate 556 and into the chemical ionization/drift region 508. The chemical ionization/drift region 508 is defined
in part by annular electrodes 564 disposed in a spaced relationship along the x-axis through the center of the drift outer
chamber 562. An electric potential is applied to each of the electrodes 564 to generate an electromagnetic field. In some
embodiments, the electromagnetic field has a linear field gradient directed along the x-axis. The value of the positive
electric potential applied to each electrode decreases along the positive direction of the x-axis to generate the axially
directed linear field gradient. A nonlinear field gradient can also be used. The electrodes 564 are electrically isolated
from each other by annular insulative components 568 disposed therebetween. The electric field facilitates interaction
between the reagent ions from the reagent ion source 504 (e.g., the tube 524) and the sample introduced at the chemical
ionization/drift chamber port 566.
[0088] The drift outer chamber 562 also includes a pumping port 576 coupled to a pumping system 580. The drift outer
chamber 562 also includes an electrical feedthrough port (not shown) and a port 571 with tube connectors (not shown)
for the sample introduction line (not shown) and for fluid communication with a total pressure gauge 572 and a second
gauge (not shown). In some embodiments, the pumping system 580 includes a turbomolecular pump with a diaphragm
backing pump (not shown). The pumping system 580 establishes the required pressures within the drift outer-chamber
562 and chemical ionization / drift region 508. The pressure within the drift chamber 508 can be monitored by the total
pressure gauge 572 and the pressure in the drift outer chamber 562 can be monitored by the second gauge (not shown).
The data provided by these gauges can be supplied as inputs to a control module (not shown), for example, for system
diagnostic processes.
[0089] The chemical ionization/drift region 508 and the drift outer chamber 562 includes a flange 584 that is coupled,
through a double sided flange 586, to a corresponding flange 588 of the mass spectrometer 592. The mass spectrometer
592 depicted in the system 500 is a quadrupole mass spectrometer. The mass spectrometer 592 includes a spectrometer
probe 594 and is coupled in fluid communication with a pumping system 596. The pumping system 596 establishes the
pressure inside the mass spectrometer 592, for example, to facilitate measurement of the mass of the reagent ions and
product ions and to reduce the negative effects on this measurement of the mass of ions resulting from interactions with
ambient components in the mass spectrometer.
[0090] Ions passing from the chemical ionization/drift region 508 to the mass spectrometer 592 are directed to the
mass spectrometer probe 594 by the ion extraction electrode 582. In some embodiments, an ion optical assembly (not
shown) can be used in conjunction with the ion extraction electrode 582 to increase the number of reagent ions and
product ions passed to the mass spectrometer 592. For example, a focus aperture or a three-element Einzel lens can
be used. The spectrometer probe 594 can be an electrically-biased quadrupole mass analyzer or mass filter. A quadrupole
mass analyzer includes four parallel metal rods positioned, for example, as vertices of a square and parallel to the x-
axis. Opposing pairs of rods are electrically coupled to create two electrically coupled dipoles. A first RF energy or voltage
with a positive DC voltage component can be applied to the rods of the first dipole, and a second RF energy or voltage
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with a negative DC voltage component can be applied to the rods of the second dipole. Ions which are on a stable
trajectory through the mass filter pass between the rods in a direction that is generally parallel to the rods (e.g., parallel
to the center axis of the square).
[0091] The RF and/or DC energy applied to the spectrometer probe 594 generates a mass-selective oscillating field.
A mass-selective field results in an ion trajectory of a specified geometry, such as an oscillating geometry with a direction
which is generally along the x-axis. The trajectory is specified such that ions having a value of a mass-to-charge ratio
within a specified range can substantially follow the trajectory to the detector 598 while ions out of the specified range
do not follow the trajectory to the detector 598. Non-selected ions collide with the rods and are not collected by the
detector 598. In some embodiments, the mass-selective field varies according to the values of the energies applied to
the quadrupole rods, e.g., as electric potential, DC energy or RF energy. A bandwidth of mass values can be selected
by a particular field strength or flux. In addition, the spectrometer probe 594 can scan for mass ranges by varying the
mass-selective field.
[0092] In some embodiments, the spectrometer probe 594 includes a linear, co-axial series of three quadrupoles called
a triple-filter quadrupole mass analyzer. In such embodiments, the first and third elements of the triple-filter are relatively
short (e.g., approximately 1-inch or 2.54 centimeters) "RF-only" filters, which carry the RF voltages element transmitted
to them by the second or main filter. These "RF-only" pre- and post filters function as ion lenses and focus ions into and
out of the mass filter assembly. The purpose of using pre-and post filters in this way is to improve the transmission of
ions through the filter assembly, particularly those of a higher mass (e.g., more than about 80 atomic mass units) by
increasing the number of ions transmitted. Pre- and post-filters also improve the mass resolution and abundance sen-
sitivity performance of the filter. Ions successfully passing through the triple-filter assembly are collected by the detector
598. In some embodiments, the detector 598 is an electron multiplier detector. An electron multiplier detector amplifies
the electric signal generated by ion collisions with the entrance or front face of the detector (not shown).
[0093] FIG. 6 is an enlarged view of the chemical ionization/drift region 508 depicted in FIG. 5. The chemical ioniza-
tion/drift region 508 includes a chemical ionization/drift chamber 620 that is mountable on an ion extraction electrode
612 defining an extraction orifice 616. Reagent ions pass through the extraction orifice 616 when the reagent ions move
from the plasma region 608 into the chemical ionization/drift region 508. The ion extraction electrode 612 can be coupled
in fluid communication with an energy source (not shown). Ions pass through the extraction orifice 616 under the influence
of an electromagnetic field generated by an electric potential applied to the extraction electrode 612. The extraction
electrode 612 is coupled to a flange 604 by one or more screws (not shown) having ceramic inserts or inserts made of
another insulative material. These screws and inserts pass through an insulating (e.g., ceramic or PEEK) collar 614 to
further electrically isolate the extraction electrode 612 from the flange 604. In some embodiments, the value of the
applied electric potential on the extraction electrode 612 affects the average energy of reagent ions as they proceed
along the centerline A, which is substantially parallel to the x-axis, into the chemical ionization/drift chamber 620 of the
chemical ionization/drift region 508. In addition, the size and/or geometry of the extraction orifice 616 determines an
amount of flow of reagent ions into the chemical ionization/drift chamber 620.
[0094] Ions pass through the extraction orifice 616 in the extraction electrode 612 and into the into the chemical
ionization/drift chamber 620 substantially along the centerline A (e.g., axially or parallel to the x-axis). An electromagnetic
field is generated in the drift region 620 by an electric potential applied to each of one or more plate electrodes 624 and
the drift end-plate electrode 625 (also referred to as an electrode stack). The electrodes can be made from a metallic
or other conductive material. In some embodiments, the plate electrodes 624 and drift end-plate electrode 625 each
have an annular shape with a central orifices 630 and 633 aligned with the centerline A. The central orifice 630 of each
plate electrode can be approximately 10 millimeters in diameter. The central orifice 633 of the drift end-plate electrode
can be approximately 1-2 millimeters in diameter. Other diameters and geometries (e.g., non-circular) are within the
scope of the invention. The plate electrodes 624 and drift end-plate electrode 625 are physically separated and electrically
isolated by one or more insulating collars 628. In some embodiments, the insulating collars 628 have an annular shape
with a central orifice 631 aligned with the centerline A. The diameter of the central orifice 631 in the insulating collars
628 can be approximately 20 millimeters. Other diameters and geometries are within the scope of the invention. Suitable
materials for the insulating collars 628 include polymer materials such as collars made from PEEK™, sold by Victrex
plc of Lancashire, England or a static dissipative plastic such as SEMITRON®, sold by Quadrant Engineering Plastic
Products of Reading, Pennsylvania. O-rings (not shown) are located within annular grooves on either side of each of
the insulating collars 628. The o-rings facilitate a gas-tight seal at the interface between an insulating collar and a plate
electrode 624 or the drift end-plate electrode 625. In some embodiments, these o-rings can be made of a VITON®
fluoroelastomer sold by Du Pont Performance Elastomers of Wilmington, Delaware.
[0095] The extraction electrode 612, the plate electrodes 624, and the drift end-plate electrode 625 cooperate to
generate the electromagnetic field within the chemical ionization/drift chamber 620. In some embodiments, the electro-
magnetic field has a linear field gradient along the x-axis. The electromagnetic field gradient can also be non-linear, for
example, based on differences between the electric potential applied to the extraction electrode 612, each of the plate
electrodes 624, and the drift end-plate electrode 625. The electromagnetic field directs reagent ions and facilitates an
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interaction between the reagent ions and constituents of the sample fluid.
[0096] In some embodiments, a decreasing electric potential is applied to each of the plate electrodes 624 and drift
end-plate electrode 625 along the centerline A in an increasing direction along the x-axis to facilitate flow of the reagent
ions and product ions within the chemical ionization/drift chamber 620. Sample gas is supplied to the chemical ioniza-
tion/drift chamber 620 from a sample supply (not shown), for example, as discussed in FIG. 1 via a port in the drift outer
chamber (e.g., port 571 of Figure 5) and then via a port 632 in the side of an insulating collar 628. A similar port in the
side of another insulating collar 628 can be in fluid communication with the gauge 572 on port 571 of Figure 5 to facilitate
the measurement of pressure within the chemical ionization/drift chamber 620. In some embodiments, the sample supply
consists of a mass flow controller which is used to control the flow of fluid sample entering the chemical ionization/drift
chamber 620. The sample gas evolves along the centerline A in an increasing direction along the x-axis and interacts
with reagent ions. The plate electrodes 624 and drift end-plate electrode 625 are secured to the extraction electrode
612, which supports the plate electrodes 624 and drift end-plate electrode 625 within the chemical ionization/drift chamber
620.
[0097] In some embodiments, a control module (not shown) is coupled to the ion extraction electrode 612, each of
the plate electrodes 624, and the drift end-plate electrode 625 for providing an electric potential to each of the electrodes
612, 624 & 625. The control module also monitors other parameters inside the chemical ionization/drift chamber 620,
such as the field gradient, pressure, or detected ion intensity. When a value for a particular monitored parameter deviates
from a predetermined threshold, the control module can reset or adjust the value for the electric potential applied to the
ion extraction electrode 612, each of the plate electrodes 624, and the drift end-plate electrode 625.
[0098] In some embodiments, the control module automatically changes the potential of the ion extraction electrode
612, each of the plate electrodes 624, and the drift end-plate electrode 625 in response to changes in parameters of the
chemical ionization/drift chamber 620, via a feedback loop. For example, the control module can establish as an initial
condition or mode an electric field gradient and pressure which defines the optimum e/n (e.g., charge density) setting
for a given sample monitoring requirement. In some embodiments, the control module can monitor the parameters of
the chemical ionization/drift chamber 620 and maintain optimum e/n levels through the real-time adjustment of electrical
field gradient and/or pressure. In some embodiments, the control module can make changes to the chemical ioniza-
tion/drift chamber 620 field gradient and/or pressure levels, based on a user induced adjustment of e/n level - e.g. when
using different e/n levels to discriminate between two isobaric compounds. In some embodiments, the electric field
gradient established by the ion extraction electrode 612, each of the plate electrodes 624, and the drift end-plate electrode
625 is linear along the x-axis (or the centerline A). In some embodiments, the electric field gradient is non-linear. Another
parameter which can be monitored by the control module and associated with electric field, pressure and e/n levels
within the chemical ionization/drift chamber 620 is the ratio of product ions to reagent ions.
[0099] The drift outer chamber 562 incorporates a fixed flange 636 that is secured to a corresponding flange 640 of
the mass spectrometer 644 with a double-sided flange 648 disposed therebetween. An ion extraction electrode 652
defining an extraction orifice 656 is secured to the flange 648, for example, by one or more insulated screws 660. An
insulating collar 658 (e.g., made of ceramic) electrically isolates the ion extraction electrode 652 from the double-sided
flange 648. A metallic plate 659 shields the insulating collar 658 and reduces the build-up of surface charge, which could
interfere with ion optics in the region 657 between the chemical ionization/drift chamber 620 and the mass spectrometer
644. An electric potential is applied to the ion extraction electrode 652 to create a field that directs reagent ions and
product ions from the chemical ionization/drift chamber 620 to the mass spectrometer 644. The mass spectrometer 644
includes a spectrometer probe 664 having one or more holes 668 to facilitate vacuum pumping and/or evacuating the
mass spectrometer 644 and the spectrometer probe 664. The spectrometer probe 664 is substantially aligned with the
centerline A, and ions can enter the spectrometer probe 664 along the centerline A through the focus electrode 676.
The spectrometer probe 664 is coupled to an analysis module that generates and/or displays a mass spectrum based
on reagent and product ions collected by a detector (not shown) coupled to the spectrometer probe 664. In some
embodiments, additional ion optics (not shown) are used in the region 657 between the chemical ionization/drift chamber
620 and the mass spectrometer 644, for example, to optimize the levels of reagent and product ions reaching the mass
spectrometer 644. Ion optics may take the form of a focus aperture or a three-element Einzel lens.
[0100] FIG. 7 is a plan view of a time-of-flight mass spectrometer system 700 that embodies the invention. The system
700 includes an ion source 704 for supplying ions to the system 700. The ion source 704 can supply product ions and
reagent ions from, for example, the chemical ionization/drift chamber 620 of the chemical ionization/drift region 508.
Ions are passed from the ion source 704 into the time-of-flight mass spectrometer 708 via an ion flow. Ions can enter
the time-of-flight mass spectrometer 708 through an ion extraction orifice (not shown) in an ion extraction electrode (not
shown) that is electrically isolated from the time-of-flight mass spectrometer 708. An electric potential can be applied to
the ion extraction electrode to generate an electromagnetic field for directing the ions within the time-of-flight mass
spectrometer 708.
[0101] The time-of-flight mass spectrometer 708 is coupled in fluid communication with a pumping system 712 that
establishes the pressure within the flight chamber 708. Ions are directed towards an ion optics assembly 716 that includes
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a set of ion lenses 720. One or more electrical potentials are applied to the ion lenses 720 to provide electromagnetic
fields that direct and define the geometry of the ion beam. For example, the ion lenses 720 can constrain the possible
trajectory of the ion flow and thereby focus the ion flow or increase the ion flux through a smaller volume. The ion lenses
720 can also reduce variability in a velocity spectrum or distribution of the ions. In some embodiments, the ion lenses
720 are electrostatic lenses, such as quadrupole lenses with one or more DC potentials applied. The ion lenses 720
generate a focusing field that interacts with the ion flow to minimize spatial variability in the direction of ion flow (e.g.,
along the trajectory 728). The optical assembly 716 can optimize characteristics of an ion beam or flow for, for example,
increasing ion flux, momentum, or velocity of the ion flow. Such improvements in beam characteristics permit improved
resolution of the mass spectrum and improved detection of peaks in the mass spectrum. Peaks in the mass spectrum
are indicative of the identity or quantity of particular ions having a particular mass value. Improved resolution of the mass
spectrum and spectral peaks allows improved differentiation between peaks and the spectrum or signal noise.
[0102] Ions exit the optical assembly 716 in a concentrated flow directed towards an ion beam adjuster 724. The ion
beam adjuster 724 can be a chopper assembly that interrupts or modulates the flow of ions along a trajectory 728 through
the flight region 732. In some embodiments, the ion beam adjuster 724 is coupled to a driving system (not shown), for
example a digital electronics control module that controls parameters of the ion beam adjuster 724. The parameters can
be controlled according to a specified interruption or flow pattern. Such parameters include positive and negative voltages
which are applied to alternate wires in the ion beam adjuster, which results in ion scattering when the voltages are
applied and which results in uninterrupted flow (or pulsing) of ions along the trajectory 728 when no potential is applied.
In some embodiments, the magnitude of the applied positive and negative voltages can be adjusted for optimum per-
formance. In some embodiments, the driving system controls parameters of the ion beam adjuster 724 according to a
specified pattern, e.g., repeated opening and closing of the ion beam adjuster gate with a particular time period. The
driving system can also control parameters of the ion beam adjuster 724 according to a random or unspecified pattern.
In some embodiments, the driving system is based on a pseudo random binary sequence that can generate a pulsed
flow of ions along the trajectory 728. In some embodiments, the ion beam adjuster 724 is an ion gate that can be rapidly
switched to generate a pulsed ion flow, e.g., according to a specified flow pattern. An example of a suitable ion gate is
known as a Bradbury-Nielsen gate.
[0103] The ions move along the trajectory 728 in the decreasing direction of the x-axis and towards a second optical
system 736. The optical system 736 can be a reflectron (also referred to herein as 736) that affects and/or changes the
direction of the trajectory 728 by reflecting ions, where the path of trajectory 728a is symmetrical with path of trajectory
728, with the axis of symmetry passing through the center of the reflectron 736. In some embodiments, the reflectron
736 includes a set of electrostatic lenses (not shown) to reflect and/or redirect the flow of ions along the reflected trajectory
728a. In some embodiments, the reflectron 736 consists of two sections of a resistive glass tube that are bonded together.
A grid (not shown) is located at the front face 730 of the reflectron 736 and a second grid 738 is positioned between the
two bonded tube sections. Fixed electrical potentials can be applied to the grid at the front face 730, at the grid between
the two sections of tube, and at the rear face 734 of the reflectron 736. Such a configuration allows an electrical field
gradient to be established within the tube for ion reflection. After exiting the optical system 736, the ions follow the
reflected trajectory 728a to a detector 740.
[0104] The optical system 736 can be used to increase the path length, l, over which the ions travel in the flight region
732, for example, to increase resolution of signal peaks in the acquired mass spectrum. The path length, l, can have a
known or determined value based on, for example, the sum of the length of each of the trajectory 728 and the reflected
trajectory 728a. The amount of time required by ions to traverse the path length, l, can be used to determine the mass
or mass-to-charge ratio for the reagent ions or the product ions. For example, the amount of time required to traverse
the path length, l, is indicative of the velocity or kinetic energy of the ion in the flight chamber 708, after acceleration
under the influence of the electromagnetic field generated by the optical system 716. The time an ion spends traversing
the path length l can be used with the Lorentz force law and Newton’s second law to determine mass or mass-to-charge
ratio. The optical system 736 can also be used to correct for variations in the kinetic energy of the reagent ions and the
product ions. Ions having a relatively higher kinetic energy travel further into the optical system (along the decreasing
x-axis) than ions with relatively lower kinetic energy. This phenomenon is sometimes referred to as penetration or
reflectron penetration. Positioning the detector 740 at or near a focal point of the trajectory 728 or reflected trajectory
728a reduces effects of energy distribution on the mass spectrum.
[0105] Ions moving through the flight region 732 from different pulses of the ion beam adjuster 724 can mix in the
flight region 732, causing signal convolution, either in the signal received by the detector 740 or in the mass spectrum
generated by the detector 740. The detector 740 is generally positioned at or near an energy focal point such that ions
of the same mass but with differing energies exiting the optical system 736 are collected by the detector approximately
simultaneously. In some embodiments, the detector 740 is a stacked micro-channel plate-type detector. The detector
740 operates in pulse counting mode. Pulse counting mode permits collection of individual ions as they arrive at the
detector, after passing through the flight region 732. In some embodiments, the detector 740 is used in conjunction with
a signal discriminator, an amplifier and/or a time-to-digital converter (TDC).
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[0106] When the ion beam adjuster 724 employs pseudo random binary sequence-type pulsing, the signal acquired
from ions collected by the detector 740 can be deconvoluted using signal processing techniques, such as statistical
signal processing techniques. Statistical signal processing techniques provide information about a signal or spectrum
based on a statistical analysis of the convoluted signal or spectrum. An example of a suitable signal processing technique
for deconvoluting the acquired signal is maximum likelihood signal processing.
[0107] Maximum likelihood signal processing typically performs statistical computations based on measured events.
For example, for a collection of N events measuring an independent variable xi and a dependent variable yi with i from

1 to N, a fitting function can be determined from the measured data xi and yi. The fitting function will include m parameters,

ai, with i from 1 to m. The fitting function can be written for each event in the form of y(xi)≡y(xi; a1, a2,...,am). For each

event, the y(xi) fitting function can be converted to a normalized probability density function Pi ≡ P(xi; a1, a2,...,am). The

probability density function Pi can be calculated at the observed value of xi. A likelihood function L(a1, a2,...,am) is the

product of the individual probability densities such that  and the maximum likelihood values

of the various parameters ai can be obtained by minimizing the likelihood function L(a1, a2,...,am) with respect to the

parameters.
[0108] In some embodiments, the time-of-flight mass spectrometer 700 is operated using pseudo random binary
sequence pulsing of the ion beam adjuster 724 to produce a convoluted signal or spectrum. The convoluted signal or
spectrum is then deconvoluted using maximum likelihood signal processing. When used in this mode, the ion beam
adjuster 724 allows ions to pass for approximately 50% of the total available time, allowing approximately 50% of the
total available ions to pass through the flight region 732. This "high duty cycle" operation of the time-of-flight mass
spectrometer provides performance benefits in terms of enhanced signal-to-noise, improved sensitivity and wider dy-
namic range. In some embodiments, the time-of-flight mass spectrometer 700 is operated in single pulse mode where
all ions from a single pulse of the ion beam adjuster 724 are collected by the detector 740 before a subsequent pulse
of the ion beam adjuster is triggered.
[0109] In addition to the benefits provided by "high duty cycle" operation of the time-of flight mass spectrometer 700,
maximum likelihood signal processing also provides additional performance improvements over other signal deconvo-
lution methods. Maximum likelihood signal processing treats signal noise as Poisson noise rather than Gaussian noise.
Maximum likelihood signal processing can also reference actual instrument response functions, for example the actual
ion beam adjuster pulse shape, rather than an idealized instrument response function. These performance improvements
facilitate increased signal resolution, as well as further enhancements in signal-to-noise and dynamic range.
[0110] In some embodiments, the maximum likelihood signal processing is performed by a data analysis module (not
shown). The data analysis module can also be used to identify species in the mass spectrum, for example, based on a
look-up table or univariate or multivariate probabilistic methods. In some embodiments, the data analysis module can
be based on a multivariate statistical analysis. Examples of suitable multivariate statistical analyses include, for example,
partial least squares discriminant analysis (PLS-DA) or principal component analysis using a Hotelling-type analysis or
a DModX-type analysis. In some embodiments, the data analysis module is used to interpret sample data to determine
if a sample is associated with a particular population. In some embodiments, the data analysis module monitors the
diagnostic output of a system to determine whether a fault has occurred in the system, e.g., the system 100 of Figure 1.
[0111] Many applications for the mass spectrometry systems and techniques described herein exist. In particular,
volatile organic compounds in trace quantities or concentrations can be detected. The increased sensitivity and ability
to detect and identify trace volatile organic compounds in real-time provides a variety of applications for the systems
and methods herein. Particular applications include sampling of gas (e.g., environmental air, gas from an enclosed
space, gas from a gas supply, gas emitted from a solid sample or from a container or in the head space above a food
or beverage product). The sampled gas is then introduced to a gas sample inlet port and interacted with reagent ions
to form product ions. The particular application and detection of volatile organic compounds is related to how and where
the gas sample inlet port is positioned.
[0112] In some embodiments, the gas sample inlet port includes application specific features to tailor the gas sample
inlet port to the needs of the application. For example, in medical diagnostics applications, the gas sample inlet port may
be coupled to a face mask covering the nose and mouth of a person. The gas sample inlet port or the face mask also
can incorporate a bacterial filter. In applications involving sampling from an environment containing particles, a particle
filter may be incorporated into, for example, the sample line or gas sample inlet port. In applications where the sample
vapor contains species that may condense, a heater may be incorporated into the system (e.g., the sample line) to heat
the sample line to a specific temperature.
[0113] Examples of sample gas collectors include containers, canisters, or vacuum-based products that contain an
outlet port for gas to pass into the gas sample inlet port. A gas collector can collect gas in the environment in which the
gas is found and store the gas for later analysis, in which case the collector is relatively gas impermeable. In some
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embodiments, the gas collector includes an outlet port that feeds into a gas sample inlet port and into the drift chamber
for real-time detection and/or monitoring.
[0114] The various applications for the mass spectrometry system and methods described hereafter are within the
scope and spirit of the invention. One category of applications for the described mass spectrometry techniques involves
measurement of trace-level concentrations of volatile organic compounds in air, including environmental air. Environ-
mental air can be sampled from enclosed spaces or non-enclosed spaces (e.g., by positioning a gas sample inlet port
in proximity to the environmental air).
[0115] Volatile organic compounds can be monitored in urban areas for detection of vehicle emissions or pollutants
within cities and towns and/or in proximity to industrial sites. These are sometimes referred to as anthropogenic VOCs.
For example, industrial sites can include chemical factories, waste incineration plants, steel and/or cement production
facilities. Industrial facilities may emit VOCs such as dioxin surrogates (and dioxin-based compounds), furans (and furan-
based compounds), chlorophenols, naphthalene, benzene, toluene, ethylene, xyethylene (collectively BTEX) species.
Moreover, VOCs or urban hazardous air pollutants identified by regulatory agencies, such as the Environmental Protection
Agency in the U.S. or Ministry for the Environment (MfE) in other countries, in response to particular programs such as
VOC initiatives or non-methane organic compound initiatives.
[0116] In some embodiments, positioning a gas sample inlet port near a waste incineration plant or smokestack is
useful for real-time monitoring and adjustment (e.g., real-time feedback) to reduce emissions. Such real-time monitoring
is also useful for confirming the stated efficiency of scrubbers and to optimize combustion processes.
[0117] In some embodiments, a gas sample inlet port is positioned in an enclosed space for monitoring VOC content
in the air in the enclosed space. Examples of enclosed spaces include within buildings, within vehicles and in aircraft
cabins. Gas can be sampled from workspace locations (e.g., clean rooms in semiconductor fabrication facilities or
foundries) to confirm adherence to environmental regulations (e.g., occupational safety and health regulations). Gas
sample inlet ports can also be used for real-time monitoring and detection of air handling and filtration systems in buildings
for ambient air control, for investigating "sick building" syndrome, detecting degradation of building materials including
in leaking buildings, and testing consumer products within buildings (e.g., fumes emitted by coatings and materials).
[0118] The mass spectrometry described herein can be used to monitor and detect VOCs emitted by forests and/or
plants, for example, in non-urban, rural, or remote locations. Typically, this type of VOC is known as a "biogenic" VOC.
In some embodiments, gas is sampled from the headspace of a vessel containing a soil sample (e.g., to test for VOC’s
in soil samples taken from or around a contaminated site). The mass spectrometry techniques can be used to monitor,
detect, and analyze gases emitted by landfill sites, livestock farming zones (including concentrated animal feeding
operations), and/or water systems.
[0119] In non-enclosed spaces, a gas sample inlet port can be positioned downstream from an automobile or aircraft
engine exhaust to monitor and/or quantify VOC content of such emissions or other gasses of interest, including hydrogen
sulfide (H2S). The techniques described herein are also applicable in the study of atmospheric chemistry and/or atmos-
pheric composition by positioning a gas sample inlet port to acquire atmospheric gasses. Such gasses are analyzed to
study and evaluate photo-oxidation processes and/or other mechanisms leading to the formation of secondary organic
aerosols that can include isobaric compounds.
[0120] The techniques described herein are also applicable to the food and beverage industries. For example, the
head-space above a food or beverage product contains gasses that can be analyzed using mass spectrometry. The
head-space can be in an enclosed space (e.g., within a sealed container) or in a non-enclosed space.
[0121] Examples of food and beverage applications include monitoring, identifying, and grouping flavors and/or aromas
in a variety of foodstuffs such as, for example, coffee, olive oil, dairy products, meat products (including poultry and
pork), fish products, herbs and spices, beer, wine, and other alcoholic beverages. Flavors in gasses can be determined
and/or identified based on VOC components that contribute to different flavors. Chemical ionization reaction and/or
proton transfer reaction mass spectrometry can be used to monitor food spoilage and/or decay, for example, through
analysis of VOCs produced as a result of bacterial activity in the food. The mass spectrometry herein can be used to
determine freshness of food (e.g., bread), and provide quality assurance and quality control, as well as helping determine
product stability and shelf life. Mass spectrometry techniques can be used in process monitoring for food production,
including mixing, blending, roasting, and cooking and to determine whether a particular batch of food is unsuitable for
distribution or consumption.
[0122] Within the food and beverage industry, mass spectrometry can be used to detect contamination in food from
the food packaging (e.g., solvent residue or contaminants from plastic food packaging). The mass spectrometry tech-
niques herein have applicability in testing water-soluble and fat-soluble antioxidants and/or other food additives that are
used in various foods.
[0123] Chemical ionization reaction and/or proton transfer reaction mass spectrometers also have applications in the
medical and healthcare fields as instruments for diagnostics or prognostics. For example, a gas sample inlet port can
be positioned in proximity to a human mouth to collect human breath to provide to the mass spectrometry system. VOCs
in breath can indicate presence of particular diseases or physical conditions within a patient. Several examples of
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applications of breath analysis involving VOCs exist. For example, breath can be analyzed to screen for various types
of cancer, e.g., lung cancer, by detecting particular alkanes or benzene derivatives. Breath can also be analyzed for
other conditions such as tuberculosis, diabetes, fungal infections (e.g., in bone marrow patients), schizophrenia, and/or
bipolar disorders based on the VOC species and quantities thereof in a patient’s breath.
[0124] The mass spectrometry described herein can also be used to monitor kidney or other renal functions. Human
breath of cystic fibrosis sufferers can include specific VOCs when a bacterial infection is present, and the infection can
be diagnosed. In some embodiments, human breath includes specific VOCs indicative of organ transplant rejection.
Human breath can also include, in trace concentrations, performance enhancing drugs that can be detected by the
spectrometry described. Breath analysis and detection of VOCs can also be used to tailor a diet and training regimen
for athletes and patients. The analysis of VOC’s on human breath, using the mass spectrometers described herein,
enables the evaluation and monitoring of metabolic function, and diagnosis of thyroid problems.
[0125] Chemical ionization reaction and/or proton transfer reaction mass spectrometry have applications in the field
of security, bio-security, forensic science, and criminal investigation. For example, the systems and methods described
here in can be used to monitor and detect explosive materials, Chemical Warfare Agents (CWAs) and/or battlefield
gasses, fire accelerants (in arson investigations), and the location of buried bodies. Moreover, a gas sample inlet port
can be positioned to collect human breath to screen for exposure to CWAs or battlefield gasses. Mass spectrometry
can be used to detect and analyze the specific VOC’s which are characteristic of different bodily fluids (e.g., evidence
collected at a crime scene). The concepts described herein are also applicable to screening and detecting narcotics
and/or drugs of abuse, either via breath analysis, or by coupling a gas sample inlet port to a container suspected of
containing drugs. More generally, a gas sample inlet port can be coupled to a shipping container or package to detect
VOC’s that are characteristic of materials or substances that pose a bio-security threat (e.g., anthrax or spores).
[0126] The techniques described can also be used to monitor crops for agricultural pest and pathogen contamination,
evidenced by the presence of VOCs. For example, a gas sample inlet port can be positioned near grain to detect the
presence of a fungal toxin (mycotoxins) in the grain. Chemical ionization reaction and/or proton transfer reaction mass
spectrometry can also be used to detect fungi or insects in post-harvested crops (e.g., before distribution to food and
beverage production companies).
[0127] Chemical ionization reaction and/or proton transfer reaction mass spectrometry applications also exist in the
cosmetics, toiletries, and consumer pharmaceutical industries, such as, for example, analysis and testing of products
during product development phase. Mass spectrometry can also be employed during the production process to detect
any faults or defective products before distribution.
[0128] Examples of applications from the cosmetic, toiletries, and consumer pharmaceutical industries include fra-
grance research and development based on the identification of VOC components that contribute to particular fragrances
(e.g., perfumes, antiperspirants, and deodorants). The concepts described here are also applicable to development and
testing of toiletries and consumer products (e.g., to monitor VOC content and detect VOC levels during use in testing
or in the laboratory environment). Such products include mouthwash, toothpaste, soaps, antiseptic ointments and creams,
deodorants, and antiperspirants. Oral hygiene products can also be analyzed and monitored using breath analysis. Like
the food and beverage industry, chemical ionization reaction and/or proton transfer reaction mass spectrometry can be
used for general quality control and/or quality assurance programs for cosmetics, toiletries, and consumer pharmaceutical
products, including assessment of product stability and/or shelf life.
[0129] Additional applications for chemical ionization reaction and/or proton transfer reaction mass spectrometry exist.
For example, the concepts described can be used in process monitoring and control in the biopharmaceutical industry,
for example, monitoring and identifying VOCs produced during a fermentation process. Certain regulatory authorities
(e.g., ASTM International) have promulgated objectives to improve the quality, safety, and efficiency of biopharmaceutical
product manufacture. Positioning a gas sample inlet port to collect sample for on-line analysis during the manufacturing
process can further those regulatory goals.
[0130] In some embodiments, mass spectrometry can be used for biological research purposes, to detect VOCs in
trace concentrations associated with plant leaf wounding and defense mechanisms. In some embodiments, a gas sample
inlet port is positioned to collect sample from a gas supply, e.g., a hydrocarbon plume. The VOC content of the gas
supply is determined according to the methods described above. A hydrocarbon plume can be indicative of oil and/or
gas deposits, and the mass spectrometry techniques herein can be used in petroleum exploration. Chemical ionization
reaction and/or proton transfer reaction mass spectrometry can also be used in analysis and optimization of catalyst
performance in the automotive industry. In such applications, a gas sample inlet port is positioned to collect both pre-
and post-catalyst gas species, e.g., for comparison purposes. Other applications will be apparent to those of skill, and
are within the scope and spirit of the invention.
[0131] In some embodiments, spectrometers incorporating principles of the invention are used as a component of an
electronic nose system. In some embodiments, the electronic nose system also includes an analysis module for analyzing
signals output by the spectrometer. Electronic nose systems can be used to analyze vapors and gases, including those
in the headspace above solid or liquid substances, which include a plurality of components. The analysis module analyzes
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the signals output by the spectrometer and is able to identify the specific components in the sample. Moreover, the
analysis module performs a global fingerprint analysis of the species present (i.e., acquires a chemical signature) which
is compared with fingerprints from other substances in previously stored information.
[0132] In some embodiments, the analysis module includes a computer processor that implements, for example, a
multivariate analysis algorithm, pattern recognition algorithm or neural network algorithm which are particularly useful
for processing a large number of sample parameters (e.g., the many VOC component peaks that are characteristic of
certain odors and flavors) to characterize and compare samples. For example, a multivariate analysis technique is useful
for observation and analysis of more than one statistical variable and can reduce the data from a complex fingerprint to
enable simple comparisons to be made. Using this approach, similar flavors and odors can be grouped and outliers can
be identified and highlighted.
[0133] Electronic nose systems have been used in analyzing the global fingerprints of VOC’s emitted by foods and
beverages, which often are composed of a large number of components (e.g., a plurality of different VOC species). For
example, an odor is composed of molecules, each of which has a specific size and shape. Each of the molecules has
a correspondingly sized and shaped receptor in the human nose. A spectrometer can be used to uniquely fingerprint
the many different molecules within the odor sample. Additional applications for electronic nose systems includes de-
tection of odors specific to diseases for medical diagnosis, and detection of pollutants and gas leaks for environmental
protection. In some embodiments, the electronic nose system includes additional sensors (e.g., one or more gas sensors,
including metal oxide semiconductor (MOS), conducting polymer (CP), quartz crystal microbalance and field effect
transistor (MOSFET) sensors) that output signals that are analyzed by the analysis module.
[0134] While the invention has been particularly shown and described with reference to specific embodiments, it should
be understood by those skilled in the art that various changes in form and detail may be made therein without departing
from the scope of the invention as defined by the appended claims.

Claims

1. A method comprising:

introducing a sample gas;
supplying a reagent vapor to a plasma chamber;
generating a plasma by transferring microwave or high frequency RF energy from a cavity to the reagent vapor
in the plasma chamber to form one or more reagent ions;
reducing an amount of microwave or high-frequency RF energy extending into a drift chamber from the plasma
chamber by one or more chokes through which a portion of the plasma chamber passes;
interacting, in the drift chamber, the one or more reagent ions with the sample gas to generate one or more
product ions;
directing the one or more product ions and the one or more reagent ions to a quadrupole or time-of-flight mass
spectrometer module; and
determining by the mass spectrometer module a value for at least one of a peak intensity or mass of each of
the one or more product ions and the one or more reagent ions.

2. The method of claim 1, wherein the sample gas includes one or more volatile organic compounds in at least a trace
concentration.

3. The method of claim 1, wherein introducing comprises coupling a gas sample inlet port to an enclosed space.

4. The method of claim 1, wherein introducing comprises positioning a gas sample inlet port in proximity to a solid
sample material emitting a gas or vapor.

5. The method of claim 1, wherein introducing comprises coupling a gas sample inlet port to a supply of gas.

6. A system comprising:

a microwave or high-frequency RF energy source disposed in a cavity to ionize particles of a reagent vapor in
a plasma chamber with microwave or RF energy to form one or more reagent ions, the plasma chamber at least
partially located in the cavity;
a supply of a sample gas including one or more volatile organic compounds in at least a trace concentration;
a drift chamber including an inlet port allowing the sample gas to enter the chamber to interact with the one or
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more reagent ions from the microwave or high-frequency RF energy source to form one or more product ions,
the drift chamber having an electromagnetic field generated therein;
one or more chokes, through which a portion of the plasma chamber passes, to reduce an amount of microwave
or high-frequency RF energy extending into the drift chamber from the plasma chamber; and
a quadrupole or time-of-flight mass spectrometer module disposed relative to an exit orifice of the drift chamber
to collect the one or more product ions and the one or more reagent ions to facilitate a determination of a value
for at least one of a peak intensity or mass of each of the one or more product ions and the one or more reagent
ions.

7. The system of claim 6, wherein the quadrupole or time-of-flight mass spectrometer module facilitates a determination
of at least one of the peak intensity or mass of the one or more volatile organic compounds in the gas sample.

8. The system of claim 6, wherein the one or more volatile organic compounds includes dioxin-based compounds,
furan-based compounds, chlorophenols, naphthalene, benzene, toluene, ethylbenzene, xylene, non-methane or-
ganic compounds, secondary organic aerosols, isobaric compounds, chemical warfare agents, battlefield gases,
fire accelerants, volatile organic compounds characterizing the presence of bodily fluids and fungal species and
mycotoxins, or any combination thereof.

9. The system of claim 6 wherein the one or more volatile organic compounds includes anthropogenic or biogenic
volatile organic compounds.

10. The system of claim 6, wherein the microwave energy source comprises a microwave plasma generator.

11. The system of claim 6, wherein the high-frequency RF energy source comprises a capacitively coupled RF plasma
generator.

12. The system of claim 6, wherein the one or more reagent ions comprise hydronium ions, oxygen ions, or nitrous
oxide ions.

13. The system of claim 6, further comprising a set of electrodes disposed relative to the drift chamber to generate the
electromagnetic field for facilitating an interaction between the one or more reagent ions and the sample and for
directing the one or more product ions and the one or more reagent ions through the exit orifice of the drift chamber.

14. The system of claim 6, further comprising a mass filter disposed between the plasma chamber and the drift chamber
to selectively allow reagent ions to pass into the chamber.

15. The system of claim 14, wherein the mass filter is a quadrupole mass filter.

16. The system of claim 6, further comprising a multivariate analysis module in communication with the system and
operable to analyze data from the quadrupole mass spectrometer module.

17. The system of claim 6, further comprising a control module in communication with the system for monitoring the
system and operable to set or adjust a value of an operating parameter of the system in response to the monitoring,
wherein the control module is based on a multivariate statistical analysis algorithm.

18. The system of claim 6, further comprising a lens assembly disposed relative to the drift chamber for focusing the
reagent ions and product ions on an extraction orifice that facilitates passage of reagent ions and product ions to
the mass spectrometer module.

Patentansprüche

1. Ein Verfahren, aufweisend:

Einführen einer Gasprobe;
Zuführen eines Reagenzdampfes zu einer Plasmakammer;
Erzeugen eines Plasmas durch Übertragung von Mikrowellen- oder Hochfrequenz-HF-Energie aus einem hoh-
len Raum zu dem Reagenzdampf in der Plasmakammer, um ein oder mehrere Reagenzionen zu bilden;
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Reduzieren einer Menge an Mikrowellen- oder Hochfrequenz-HF-Energie, die sich aus der Plasmakammer in
eine Driftkammer erstreckt, durch eine oder mehrere Drosseln, durch welche ein Teil der Plasmakammer hin-
durchgeht;
Interagieren, in der Driftkammer, des einen oder der mehreren Reagenzionen mit der Gasprobe, um ein oder
mehrere Produktionen zu erzeugen;
Ausrichten der einen oder mehreren Produktionen und der einen oder mehreren Reagenzionen zu einem
Quadrupol- oder Flugzeit-Massenspektrometer-Modul; und
Bestimmen, durch das Massenspektrometer-Modul, eines Wertes für eine Spitzenintensität oder Masse von
jedem der ein oder mehreren Produktionen und der ein oder mehreren Reagenzionen.

2. Verfahren nach Anspruch 1, wobei das Probegas eine oder mehrere flüchtige organische Verbindungen in zumindest
einer Spurenkonzentration beinhaltet.

3. Verfahren nach Anspruch 1, wobei das Einführen ein Koppeln eines Gasprobe-Einlassports an einen umschlossenen
Raum aufweist.

4. Verfahren nach Anspruch 1, wobei das Einführen ein Positionieren eines Gasprobe-Einlassports in der Nähe eines
Festkörperprobematerials, welches ein Gas oder einen Dampf abgibt, umfasst.

5. Verfahren nach Anspruch 1, wobei das Einführen ein Koppeln eines Gasprobe-Einlassports an eine Gasversorgung
aufweist.

6. System, aufweisend:

eine Mikrowellen- oder Hochfrequenz-HF-Energiequelle, die in einem Hohlraum angeordnet ist, um Partikel
eines Reagenzdampfes in einer Plasmakammer, mit Mikrowellen- oder HF-Energie zu ionisieren, um ein oder
mehrere Reagenzionen zu bilden, wobei die Plasmakammer zumindest teilweise in dem Hohlraum angeordnet
ist;
eine Versorgung einer Gasprobe, die ein oder mehrere flüchtige organische Verbindungen in zumindest einer
Spurenkonzentration beinhaltet;
eine Driftkammer, die einen Einlassport beinhaltet, der es der Gasprobe ermöglicht, in die Kammer einzutreten,
um mit den ein oder mehreren Reagenzionen zu interagieren, aus der Mikrowellen- oder Hochfrequenz-HF-
Energiequelle, um ein oder mehrere Produktionen zu bilden, wobei die Driftkammer ein darin erzeugtes elek-
tromagnetisches Feld aufweist;
ein oder mehrere Drosseln, durch welche ein Teil der Plasmakammer hindurch geht, um eine Menge an Mi-
krowellen- oder
Hochfrequenz-HF-Energie, welche aus der Plasmakammer in die Driftkammer hineinreicht, zu reduzieren; und
ein Quadrupol- oder Flugzeit-Massenspektrometer-Modul, welches relativ zu einer Ausgangsöffnung der Drift-
kammer angeordnet ist, um die ein oder mehreren Produktionen und die ein oder
mehreren Reagenzionen zu sammeln, um eine Bestimmung eines Wertes für eine Spitzenintensität oder Masse
von jedem der ein oder mehreren Produktionen und der ein oder mehreren Reagenzionen zu erleichtern.

7. System nach Anspruch 6, wobei das Quadrupol-oder Flugzeit-Massenspektrometer-Modul eine Bestimmung der
Spitzenintensität oder Masse der ein oder mehreren flüchtigen organischen Verbindungen in der Gasprobe erleich-
tert.

8. System nach Anspruch 6, wobei die einen oder mehreren flüchtigen organischen Verbindungen Dioxin basierte
Verbindungen, Furan basierte Verbindungen, Chlorophenole, Naphthaline, Benzole, Toluole, Ethylbenzole, Xylene,
Nicht-Methan-organische Verbindungen, sekundäre organische Aerosole, isobarische Verbindungen, chemische
Kampfstoffe, Gefechtsfeldgase, Brandbeschleuniger, flüchtige organische Komponenten, die die Präsenz von kör-
perlichen Flüssigkeiten und Pilzarten und Mycotoxine charakterisieren, beinhalten, oder jegliche Kombination hier-
aus.

9. System nach Anspruch 6, wobei die ein oder mehreren flüchtigen organischen Verbindungen anthropogene oder
biogene flüchtige organische Verbindungen beinhalten.

10. System nach Anspruch 6, wobei die Mikrowellenenergiequelle einen Mikrowellenplasmagenerator aufweist.
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11. System nach Anspruch 6, wobei die Hochfrequenz-HF-Energiequelle einen kapazitätsgekoppelten HF-Plasmage-
nerator aufweist.

12. System nach Anspruch 6, wobei die ein oder mehreren Reagenzionen Hydroniumionen, Sauerstoffionen oder Dis-
tickstoffoxidionen aufweisen.

13. System nach Anspruch 6, weiterhin umfassend einen Satz von Elektroden, die relativ zur Driftkammer angeordnet
sind, um das elektromagnetische Feld zum Erleichtern einer Interaktion zwischen den ein oder mehreren Reagen-
zionen und der Probe zu generieren, und zum Ausrichten der ein oder mehreren Produktionen und der ein oder
mehreren Reagenzionen durch die Auslassöffnung der Driftkammer.

14. System nach Anspruch 6, weiterhin aufweisend einen Massenfilter, der zwischen der Plasma- und der Driftkammer
angeordnet ist, um Reagenzionen selektiv zu ermöglichen, in die Kammer einzudringen.

15. System nach Anspruch 14, wobei der Massenfilter ein Quadrupol-Massenfilter ist.

16. System nach Anspruch 6, weiterhin umfassend ein multivariates Analysemodul, welches mit dem System in Kom-
munikation steht, und betreibbar ist, Daten aus dem Quadrupol-Massenspektrometer-Modul zu analysieren.

17. System nach Anspruch 6, weiterhin umfassend ein Steuerungsmodul, dass mit dem System zur Überwachung des
Systems kommuniziert, und betreibbar ist, einen Wert eines Betriebsparameters des Systems in Reaktion auf das
Überwachen einzustellen oder anzupassen, wobei das Steuerungsmodul auf einem multivariatem statistischen
Analysealgorithmus basiert.

18. System nach Anspruch 6, weiterhin aufweisend eine Linsenanordnung, welche relativ zur Driftkammer angeordnet
ist, um die Reagenzionen und Produktionen auf einen Extraktionsöffnung zu fokussieren, welche den Durchfluss
von Reagenzionen und Produktionen zu dem Massenspektrometer-Modul erleichtert.

Revendications

1. Procédé comprenant :

l’introduction d’un échantillon gazeux ;
l’introduction d’une vapeur de réactif dans une chambre à plasma ;
la production d’un plasma par transfert d’une énergie micro-onde ou RF haute fréquence, d’une cavité à la
vapeur de réactif dans la chambre à plasma pour former un ou plusieurs ions réactifs ;
la réduction d’une certaine quantité d’énergie micro-onde ou RF haute fréquence, s’étendant dans une chambre
à dérive à partir de la chambre à plasma, grâce à un ou plusieurs étranglements à travers lesquels passe une
portion de la chambre à plasma ;
l’interaction, dans la chambre à dérive, du ou des ions réactifs avec l’échantillon gazeux pour générer un ou
plusieurs ions produits ;
l’envoi du ou des ions produits et du ou des ions réactifs dans un module de spectromètre de masse quadripôle
ou à temps de vol ; et
la détermination, par le module de spectromètre de masse, d’une valeur pour au moins l’un d’une intensité
maximale ou d’une masse maximale de chacun du ou des ions produits et du ou des ions réactifs.

2. Procédé selon la revendication 1, dans lequel l’échantillon gazeux comprend un ou plusieurs composés organiques
volatils en au moins une concentration en traces.

3. Procédé selon la revendication 1, dans lequel l’introduction comprend le couplage d’un orifice d’entrée de l’échantillon
gazeux à un espace confiné.

4. Procédé selon la revendication 1, dans lequel l’introduction comprend le positionnement d’un orifice d’entrée de
l’échantillon gazeux à proximité d’un matériau échantillon solide émettant un gaz ou une vapeur.

5. Procédé selon la revendication 1, dans lequel l’introduction comprend le couplage d’un orifice d’entrée de l’échantillon
gazeux à une source d’alimentation en gaz.
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6. Système comprenant :

une source d’énergie micro-onde ou RF haute fréquence disposée dans une cavité pour ioniser des particules
d’une vapeur de réactif dans une chambre à plasma avec une énergie micro-onde ou RF pour former un ou
plusieurs ions réactifs, la chambre à plasma étant au moins partiellement située dans la cavité ;
une source d’alimentation en un échantillon gazeux, comprenant un ou plusieurs composés organiques volatils
au moins en une concentration en traces ;
une chambre à dérive comprenant un orifice d’entrée permettant à l’échantillon gazeux de pénétrer dans la
chambre pour interagir avec le ou les ions réactifs dérivant de la source d’énergie micro-onde ou RF haute
fréquence pour former un ou plusieurs ions produits, un champ électromagnétique étant généré à l’intérieur de
la chambre à dérive ;
un ou plusieurs étranglements, par lesquels passe une portion de la chambre à plasma, pour réduire une
quantité de l’énergie micro-onde ou RF haute fréquence pénétrant dans la chambre à dérive à partir de la
chambre à plasma ; et
un module de spectromètre de masse quadripolaire ou à temps de vol, disposé par rapport à un orifice de sortie
de la chambre à dérive de façon à recueillir le ou les ions produits et le ou les ions réactifs dans le but de faciliter
la détermination d’une valeur pour au moins l’une de l’intensité ou de la masse maximale de chacun du ou des
ions produits et du ou des ions réactifs.

7. Système selon la revendication 6, dans lequel le module de spectromètre de masse quadripolaire ou à temps de
vol facilite la détermination d’au moins l’une de l’intensité ou de la masse maximale du ou des composés volatils
dans l’échantillon gazeux.

8. Système selon la revendication 6, dans lequel le ou les composés organiques comprennent des composés à base
de dioxine, des composés à base de furanne, des chlorophénols, du naphtalène, du benzène, du toluène, de
l’éthylbenzène, du xylène, des composés organiques autres que le méthane, des aérosols organiques secondaires,
des composés isobares, des agents chimiques de guerre, des gaz de combat, des accélérateurs de feu, des
composés organiques volatils caractérisant la présence de fluides corporels et d’espèces fongiques et de myco-
toxines, et toute combinaison de ceux-ci.

9. Système selon la revendication 6, dans lequel le ou les composés organiques volatils comprennent des composés
organiques volatils anthropogènes ou biogènes.

10. Système selon la revendication 6, dans lequel la source d’énergie micro-onde comprend un générateur de plasma
micro-onde.

11. Système selon la revendication 6, dans lequel la source d’énergie RF haute fréquence comprend un générateur de
plasma RF à couplage capacitif.

12. Système selon la revendication 6, dans lequel le ou les ions réactifs comprennent des ions hydronium, des ions
oxygène ou des ions oxyde nitreux.

13. Système selon la revendication 6, comprenant en outre un ensemble d’électrodes disposées par rapport à la chambre
à dérive de façon à générer le champ électromagnétique permettant de faciliter une interaction entre le ou les ions
réactifs et l’échantillon, et d’envoyer le ou les ions produits et le ou les ions réactifs à travers l’orifice de sortie de la
chambre à dérive.

14. Système selon la revendication 6, comprenant en outre un filtre de masse disposé entre la chambre à plasma et la
chambre à dérive dans le but de permettre sélectivement à des ions réactifs de pénétrer dans la chambre.

15. Système selon la revendication 14, dans lequel le filtre de masse est un filtre de masse quadripolaire.

16. Système selon la revendication 6, comprenant en outre un module d’analyse multivariée en communication avec
le système et pouvant être utilisé pour analyser les données provenant du module de spectromètre de masse
quadripolaire.

17. Système selon la revendication 6, comprenant en outre un module de commande en communication avec le système
pour piloter le système et pouvant être utilisé pour définir ou ajuster une valeur d’un paramètre opérationnel du
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système en réponse au pilotage, le module de commande se fondant sur un algorithme d’analyse statistique mul-
tivariée.

18. Système selon la revendication 6, comprenant en outre un ensemble de lentilles disposé par rapport à la chambre
à dérive de façon à focaliser les ions réactifs et les ions produits sur un orifice d’extraction qui facilite le passage
des ions réactifs et des ions produits dans le module de spectromètre de masse.
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