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METHOD AND DEVICE FOR NON-CONTACT
SAMPLING AND DETECTION

BACKGROUND OF THE INVENTION

0001] 1. Field of the Invention

0002] This invention relates to a method and apparatus
tor the direct, non-contact, real-time sampling and detection
of minute quantities of materials on surfaces.

[0003] More particularly, this invention relates to a
method and apparatus for producing ions from targeted
sample molecules on or above a surface that 1s spaced apart
from the apparatus and for detecting and identifying those
ions, all without contacting the surface.

[0004] 2. Description of Related Art

[0005] Military and security needs, law enforcement con-
cerns and environmental monitoring all require a capability
to sample and detect minute quantities of explosives, drugs,
chemical and biological agents, toxic industrial chemicals,
and other targeted compounds of interest residing on or 1n a
variety ol materials and surfaces. Most users desire a fast,
portable, simple, operator friendly detector that combines
different detection capabilities 1 a single unit and that 1s
capable of directly and automatically acquiring samples
from surfaces, identifying targeted substances in those
samples, and providing immediate operator notification that
such substances are present or not.

[0006] Most explosives, chemical warfare agent, toxic
industrial chemical and 1illicit substance detectors 1n use for
security purposes depend upon the vapor pressure of the
targeted material for detection. If vapor pressures of chemi-
cals of interest are very low, they are undetectable by
traditional screeming methods or vapor must be produced
from these materials. Consequently, using current technol-
ogy, sample chemicals must be first collected from a surface
by wiping or vacuuming. The wipes or vacuum filters must
then be heated and the vapor introduced to a vapor detector
for detection and identification of the chemicals present.
These methods are time consuming, expensive and highly
dependent upon trained operators capable of near perfect
consistency in obtaining samples. These factors limit screen-
ing to only a small portion of the samples that should be
examined.

[0007] The present invention provides a complete means
to scan surfaces such as paper, plastics, skin, glass and
textiles from variable distances and determine in seconds 11
targeted chemicals or maternials are present, completely
independent of the vapor pressures of such chemicals.
Currently available detectors generally create ions of the
vapors of targeted chemicals and other chemicals taken 1nto
the body of the detector, then separate the 1ons and detect,
identify and provide notification of the presence of any
targeted chemicals. The present invention overcomes this
limitation by creating 1ons from sample chemicals exterior
to the detector, on surfaces, and draws these 1ons into the
detector for separation, detection, identification and notifi-
cation.

[0008] In order to do this in an easy to use, yet economical
confliguration, reactant ions are created within the detector
from a constant supply of conditioned air or other gas. These
reactant ions are focused and accelerated as they leave the
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detector. The reactant 1on stream 1mpacts the chemicals on
a surface exterior to the detector and creates surface sample
chemical 1ons. These 1ons are drawn 1nto another part of the
detector, using electronic means to control 10n movement
and collection. Once within the detector, the surface sample
chemical 10ns are separated from the ambient air 1n which
they are collected, and simultaneously moved and concen-
trated 1n a stream of constant composition air. The 1ons are
then detected and identified after movement 1mto a micro
differential mobility spectrometer having no moving parts
and made much like an integrated circuit.

[0009] In seeking to develop a single device that would
directly 1onize samples on surfaces and subsequently detect
and 1dentily these sample 10ons, use was made of several
precedents. For example, 1on mobility spectrometers require
an 1on source, which may be a radioactive 1onization source
(B-emitter or electron producer) such as *°Ni. Because of the
regulations associated with obtaining, transporting and
maintaining equipment with radioactive sources, alternative
ionization sources such as corona discharge 1onization
sources are preferred. Such a corona discharge 1s described
in U.S. Pat. No. 6,225,623, Corona discharge units have
been and are widely used with helium gas to produce
long-lived metastable helium atoms. These excited state
helium atoms are used to transfer energy to neutral mol-
ecules, thereby 10onizing such neutral molecules. An exem-
plary detector that uses a corona discharge 10onization source
1s described 1n the Cook patent, U.S. Pat. No. 4,789,783.
Such corona discharge ionization detectors are commer-
cially available from Finnegan, GOW-MAC, VICI and

others.

[0010] A variation of the corona-type ionization source is
described 1n International Application No. WO 2004/098743
A2. The source comprises a chamber having an inlet port
and an outlet port for passage of a carrier gas, and a pair of
clectrodes arranged to create a corona discharge within the
chamber. The carnier gas, helium or nitrogen, 1s passed
through the corona discharge causing formation of, among
other species, neutral, excited state, metastable species of the
carrier gas. Those excited state carrier gas molecules upon
leaving the device then contact the sample, or analyte, and
by transfer of energy from the excited state carrier gas
molecules to analyte molecules, produce analyte 1ons. The
analyte 1ons 1n the carrier gas are then passed to a charged
particle or 1on sensor, which may be the sensing element of
a mass spectrometer or an 1on mobility spectrometer. In this
teaching, the helium metastable atoms leave the confines of
the device and subsequently react with surface materials to
produce surface sample 10ns.

[0011] In the present invention, the neutral helium meta-
stable and energetic atoms, freed of any 1ons produced in the
corona discharge by 1on filters, are then reacted with the
chemical components of air or other gases such as dopants,
introduced within the device, causing the formation of
reactant 1ons, such as O,~ and H,O™, and electrons within
the device. It should be noted that neutral metastable helium
atoms can interact with other metastable atoms and with
neutral ground state atoms to produce charged species. So,
even 1f 1on filters are used at this stage, 1ons can still be
produced. The advantage of using filters 1s that they remove
the 1ons produced during passage of the gas through the
corona discharge. Subsequent charged species production
results only from the interactions noted above. Alternatively,
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il 1on filters are not used, 1ons produced in the corona
discharge, along with energetic neutral species, are reacted
with the chemical components of air or other gases, intro-
duced within the device, causing the formation of reactant
ions, such as O,~ and H,O™, and electrons within the device.
This transter and downhill flow of energy from (1) the
corona to energetic atoms and 1ons, then (2) from energetic
atoms and/or 10ns to 1ons of introduced gases, results 1n the
production of reactant 1ons that can be controlled and used
in “soit” 1onization processes to produce significant popu-
lations of molecular 1ons and clusters from a very wide
variety ol chemicals.

[0012] Unlike helium metastable atoms, which carry no
charge, these reactant i1ons are positively or negatively
charged and can be focused and accelerated within the
device, and after they leave the device, they can be moved
towards or away from different parts of the device depending
upon the potential applied to that part of the device. Fur-
thermore, these reactant 1ons can react with most chemicals
to produce 1ons from those chemicals. The electrons pro-
duced can also react with gases to produce reactant 1ons.

[0013] The capability to control the reactant ions through
focusing and acceleration provides several useful practical
advantages over other methods. First, automated distance
information from a rangefinder can provide feedback control
to the 1on focusing and accelerating portions of the inven-
tion. For example, by using such feedback control to direct
the electronic focusing to vary the width of the 1on stream
leaving the 10n production device, the reactant ions created
within the invention can be focused on a surface such that
the same amount ol 1ons per unit area hit the surface
independent of the distance between the detector and the
surface. This allows the operator freedom of movement of
the detector away from and towards the surface with assur-
ance that, regardless of position, the same amount of detec-
tor mitiated reactant ions will generate the same amount of
sample 1ons on the surface, and ultimately, the same sensor-
driven signal within the detector. Second, the reactant 10ns
created within the imnvention are those well known to react
with a wide variety of chemicals of interest, to form pre-
dominantly molecular 1ons. Molecular fragmentation 1s kept
to a minimum 1n this “soft” 1onization process. This greatly
simplifies the detection and 1dentification process. Third, the
reactant 1ons emitted from the detector can be confined
within a sheath gas such that, 1n the transit between detector
and surface, the integrity of the detector orniginated 1on
population 1s largely maintained and admixing with the
ambient air between the detector and the surface sample 1s
kept to a minimum.

[0014] Turning to the detection of the produced surface
sample 1ons, a mass spectrometer would appear to be 1deal
because of 1ts high sensitivity and resolution or selectivity.
However, mass spectrometry requires large, heavy and
expensive equipment making the technique impractical for
applications that require portability. The most widely used
analytical systems for detecting and monitoring explosives
and chemical warfare agents, both by the military and for
airport security, employ 1on mobility spectrometry (IMS).
Ion mobility spectrometers function by pulling a gas that
contains molecules of the compounds of interest through an
ionization source and then moving the 1ons produced
through a sensor. Both the 1onization source and the sensor
are commonly incorporated within a cylindrical driit tube,
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which 1s divided into two parts. The first, or reaction, region
contains the 1onization source and 1s separated from the drift
region by an electrical shutter or 10on gate. In all cases, the
sample molecules are directly subjected to the 1onization
source and, depending upon the sample and the intensity of
the source, a wide variety of molecular fragments, as well as
simple 1ons, are produced. Under the influence of an electric
field, the mixture of reactant and product 1ons reaches an 10n
gate that separates the reaction region and the drift region.
With a bias voltage applied, the 1ons are attracted to the 1on
gate and lose their charge. Then the bias 1s briefly turned off,
and 1ons are transmitted into the drift region of the cell. The
smaller, more compact 1ons have a higher mobility 1n the
electrical field than the heavier 1ons, and therefore traverse
the region and collide with the collector plate 1n a shorter
time. The collector current 1s then amplified. Its magnitude,
as a function of time, 1s proportional to the number of 10ns
arriving at that moment. The time-of-tlight or mobaility
enables the i1dentification of different chemicals. There are
several significant drawbacks to IMS including:

[0015] Typical ion mobility spectrometer analysis
cycles require 5-8 seconds from 1ntroduction of sample
to alarm notification

[0016] The percentage of ions produced that are actu-
ally detected 1s as low as 1% due to the i1on gate,
resulting 1n lower sensitivity

[0017] Resolution among different 1ons i1s dependent
upon the length of the drift region, making it diflicult to
miniaturize

[0018] Reduction in the cross sectional area of the drift
tube also decreases sensitivity, again making 1t diflicult
to miniaturize

Despite those limitations, 10n mobility spectrometers may
be usefully employed with the 1on source of this
invention to produce portable, non-contact sampling
systems.

[0019] Another charged particle or i1on sensor that is
coming into use employs differential mobility spectrometry
(DMS). An example of a differential mass spectrometer 1s
the MicroDMx manufactured by Sionex Corporation. This
device has no moving parts and 1s microfabricated. Its small
size allows for extremely fast clear down times and very
rapid responses to the presence of 1ons. In differential
mobility spectrometry, selectivity 1s significantly enhanced
relative to other techniques of 10n resolution and detection.
DMS exploits the way 1n which the mobility of 10ns changes
in response to changes 1n an applied variable high electric
field, and this provides substantially more information relat-
ing to a molecule’s 1dentity than other methods, conse-
quently leading to a significant reduction 1n false positives.
Differential mobility spectrometry can detect positive and
negative 1ons simultaneously and has superior sensitivity
and selectivity capabilities relative to more commonly used
sensors such as 1on mobility spectrometers. DMS achieves
superior selectivity relative to simple time-of-tflight infor-
mation employed 1n other detectors by using placement of
ions within four-dimensional space constructed to examine
changes 1n 1on mobility as a function of changes 1 high
clectric field strength. Detection and 1dentification are rap-
1dly made and notification of presence or absence of targeted
materials given 1n near-real time. Sensitivity 1s enhanced as
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well because as a range of compensation voltages 1n a DMS
device are scanned the actual percentage of 1ons detected for
any type of 1on species 1s significantly higher (>10x) than 1n
conventional IMS. The capability of DMS to continuously
accept and analyze sample 10ons, without the need for the
ion-gate used in IMS devices, also increases the percentage
of 10ons detected and consequently increases its overall
sensitivity. Therefore, the sensitivity of DMS 1s higher than
that of conventional IMS, and DMS sensors have the capa-
bility to detect compounds in the parts per trillion ranges.
Differential mobility spectrometry can be used to detect
positive and negative 1ons simultaneously. This 1s important
in cases where all surface sample 1ons created would be
collected at the same time, or where positive and negative
ions would be alternately collected for extremely short
times. These attributes of DMS are very important for the
detection of explosives or other dangerous or controlled
materials on clothing, baggage, paper, etc. at security check-
points. Detection of such materials must be rapid, but also
must be done with virtually no false negatives such that
these materials go undetected when actually present, creat-
ing a potentially dangerous situation. There must also be
virtually no false positives such that matenals are detected
when none are present, thereby closing down the checkpoint
while the false positive 1s verified as erroneous. The selec-
tivity of DMS for certain materials such as explosives can be
enhanced by transierring ions from an incoming ambient air
stream to an air stream of controlled composition, possibly
containing a dopant chemical to further control the nature of
the 10n species 1n the stream.

[0020] Having considered the ion production and ion
detection portions of the invention, it 1s then necessary to
manage, in a complementary manner, the movement of the
reactant 1ons from the detector to the surface and the
subsequent collection and concentration of surface sample
ions 1n another part of the detector in order to most eth-
ciently use the 1ons produced within the invention and 1n
order to maximize sensitivity of the invention. Issuing
reactant 1ons of alternating charges as a function of time
from the 10n production device and biasing the 1on outlet to
the same charge of the reactant 10ns so the 1ons are “pushed”
away from the 1on outlet and towards the surface can
accomplish this. In synchrony with the changing biasing of
the 10n production device, the 1on collection device under-
goes programmed biasing aimed at providing suilicient
charge opposite to that of the produced surface sample 10ns,
thereby “pulling” these i1ons toward the collection device
and into the sensor for detection and identification. The
maximum possible number of collected 10ns must reach the
sensor to attain the highest sensitivity. In order not to lose
ions through collisions with walls within the detector, the
ions are focused such that they are transported without
touching the walls. The possibility exists that reactant ions
of one charge could form both positively and negatively
charged surface sample 10ns. In this case, for each “burst” of
reactant 1ons released on the surface sample, there would be
two cycles of 10n collection—one positive and one negative.
This allows for the real-time collection of maximum infor-
mation from the surface sample. The continuous detection of
residual or unreacted reactant 1ons by the diflerential mobil-
ity spectrometer provides a means for feedback and other
control of the detection system. For example, such feedback
can be used, 1in conjunction with the distance from the
detector reactant 10n production device to the surface (pro-
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vided by a rangefinder) to control the timing of changes of
potential applied to the 1on collection nlet, relative to those
changes of potential controlling the production of reactant
ions, as the distance between the detector and surface i1s
changed. This has the practical eflect of providing assurance
that relatively the same number of 1ons 1s detected by the
detector as 1t 1s moved toward or away from the surface. The
operator, therefore, does not have to keep the detector at a
fixed distance from the targeted surface and allows for
freedom of movement of the detector toward or away from
the surface with assurance that targeted surface materials
will still be detected with relatively the same certainty. In the
absence of a surface, 1.¢. 11 the targeted chemical 1s contained
in the ambient air, feedback control without using the
rangelinder but using the DMS signal, can be used to control
the density of reactant 1ons projected from the 1on produc-
tion means, thereby controlling the overall sensitivity of the
detector.

10021] Using a means to generate ions of targeted chemi-
cals on surfaces coupled with a small fast sensor with
excellent sensitivity and selectivity, and the means to use
distance and sensor mformation as feedback to control the
entire process, provides the elements of a detector that can
be used to close security loopholes. It will enable the rapid
screening of the surfaces of people, baggage, cargo, parcels
and vehicles at government and private facilities, transpor-
tation centers, checkpoints and borders, among others. It
will also find use 1n substantiating illegal activities by
facilitating the rapid and accurate detection of chemical
warlare agents (CWAs), explosives and 1illicit substances
and to verily decontamination eflorts are successiul by
military personnel. Key features of the invention are means
to control, focus and accelerate the detector originated
reactant 1ons responsible for producing surface sample 1ons
from chemicals on surfaces, and the coordination of these
events with the rapid collection of the surface originated
ions 1 high vyields for detection and i1dentification by the
sensor. The capability to apply roughly the same amount of
reactant ions to the same surface area regardless of the
distance of the detector from the surface allows the operator
to scan the surface from variable detector—surface distances
and obtain the same result, rather than be constrained to
holding the detector at a fixed, close distance from the
surface.

[10022] Hence, it is an object of this invention to provide an
ion production and sensor system that operates by impacting
a reactant 10on stream upon a surface to form 1ons of sample
compounds carried on that surface, to collect at least some
of the sample 1ons that are formed, and to pass those 10ns
into, for example, a differential mobility spectrometer to
identily and quantify the sample compounds.

[0023] Another object of this invention is to provide an
extremely sensitive, fully portable, hand-held detector that
can identily and quantity compounds such as drugs and
chemical warfare agents 1n place on surfaces without physi-
cal contact of those surfaces.

[10024] Yet another object of this invention 1s to detect
equally well the presence of sample compounds having
extremely low or hugely different vapor pressures without
physical contact of the surface that carries the sample
compounds.

[0025] It is a further object of this invention to provide an
improved reactant 1on production means that can direct a
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beam of reactant 1ons upon a surface to produce sample 1ons
from materials on the surface at atmospheric pressure and
without physical contact.

10026] Other objects and advantages of this invention will
be evident from the following description of certain pre-
terred embodiments.

SUMMARY OF THE INVENTION

10027] The detector system of this invention includes two
major parts. First 1s a reactant 1on production device having
the capability to produce reactant 1ons from introduced air or
other gases, and to filter, focus and accelerate such reactant
ions constrained within a sheath gas or not as appropriate,
toward a surface, generating surface sample 10ns from the
chemicals on that surface. Second 1s an 1on collection device
that collects surface sample 1ons produced by the interaction
of reactant 1ons with sample chemicals on the surface. The
ion collection device has the capability to transfer such
sample 1ons from the ambient air 1n which they are collected
to a controlled air stream, to introduce reactant gases or
dopants that can modily the structure, charge and/or adduct
formation or dissociation of the sample 1ons, and to 1ntro-
duce the 1ons into a differential mobility spectrometer.
Events in the 10n production and 1on collection devices are
tully coordinated to maximize sample 10n production and
collection. Feedback controls, using information from a
rangelinder and the spectrometer or sensor, enable similar

ion detection results to be obtained regardless of the distance
between the detector and the surface.

BRIEF DESCRIPTION OF THE DRAWING

10028] FIG. 1 is a schematic representation showing the
arrangement of the reactant ion production and surface
sample 10n collection, detection and identification means
according to this invention;

[10029] FIG. 2 is a schematic representation of a first
reactant ion production means of the FIG. 1 system:;

[0030] FIG. 3 is a schematic representation of another
embodiment of the reactant 10n production means of FIG. 2;

10031] FIG. 4 is another embodiment of the reactant ion
production means of FIGS. 2 and 3, including a means for

concentrating 1ons and changing the 1on carrier gas as 1s
illustrated 1n FIG. 8;

10032] FIG. 5 is a cross sectional view of the ion produc-
tion means of FIG. 4 taken along line 5-5';

10033] FIG. 6 1s a diagrammatic representation of a sur-
face sample 10on detection and identification means accord-
ing to the present invention;

10034] FIG. 7 1s a partial, cross sectional representation of

the surface sample 1on detection and 1dentification means of
FIG. 6;

[0035] FIG. 8 is a cross-sectional representation of an ion
inlet arranged with a surface sample 1on concentration and
change of 10n carrier gas means for use with the detection
and 1dentification means of FIGS. 6 and 7;

10036] FIGS. 9a through 94 depict the first half of a cycle

of the production of ions, showing the production of nega-
tively charged reactant 1ons, creation of negatively charged
surface sample 1ons and collection of such surface sample
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ions using the reactant 1on production means of FIGS. 2, 3
and 4, and the surface sample collection, detection and
identification means of FIGS. 7 and 8 when operated 1n a
pulsed mode;

10037] FIGS. 10a through 104 depict the second half of a
cycle of the production of ions, showing the production of
positively charged reactant ions, creation of positively
charged surface sample 1ons and collection of such surface
sample 1ons using the reactant 1on production means of
FIGS. 23 and 4, and the surface sample collection, detection
and 1dentification means of FIGS. 7 and 8 when operated 1n
a pulsed mode; and

10038] FIG. 11 is a generally schematic diagram of the
arrangement of components in an operating system for a
detector according to the teachings of this invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0039] In a broad sense, this invention can be viewed as a
method and means for conducting a three-step energy trans-
fer process that may then be followed by an analytical
procedure. Energy 1s applied to a first gas by means of a
corona discharge, forming ions and other energetic species
of that gas. The energetic species of the first gas then transfer
energy to a second gas, which must have at least one
component with an 1onization potential, or 1onization
energy, less than that of the energetic species of the first gas
so as to produce reactant 1ons of the second gas. Those
reactant 1ons are caused to 1mpact upon a surface, reacting
with chemicals or other materials on the surface to produce
analyte 1ons that are collected, detected and 1dentified.

[0040] A significant advantage of this downhill energy
flow 1s that 1t utilizes energy from an inexpensive, relatively
uncontrolled high energy source (corona discharge) and
converts 1t into energetic species that provide a “soft”
ionization of analytes. That 1s, the reaction of Gas 2 reactant
ions with analytes produces mainly molecular ions rather
than 1onized structural fragments. This simplifies the detec-
tion and 1dentification process 1n a wide variety of situations.

[0041] Another advantage to using intermediate gases to
ionize surface analytes 1s that the use of diflerent gases can
aflect the population of surface analytes that 1s 10nized, as
well as the nature of the surface analyte 1on ultimately
detected. For example, the corona discharge can be used to
produce energetic helium metastable atoms (10nization
potential=20.6 ¢.V.). Then, these energetic atoms can trans-
fer energy to the components of air having lesser 1onization
potentials (nitrogen, 15.6 €.V.; oxygen, 12.1 e.V.; water, 12.6
¢.V.), producing reactant 1ons. These reactant 10ns can 1onize
a wide variety of organic chemicals. Selectivity can be
achieved by changing the gas from air to other gases having
different 1onization potentials, such as ammonia, 10.2 e.V.;
acetone, 9.7 €.V.; or d1 n-propylamine, 7.8 €.V. Reactant 10ns
from each of these gases would 10ni1ze organic chemicals
having 1onization potentials less than that of the respective
gas. This provides for selectivity based on 1onization poten-
tial. Furthermore, the gas 1ons or neutral species can com-
bine with the surface analyte 1ons to produce 1on/molecular
clusters that can aid in analyte 10n 1dentification and sepa-
ration.

[0042] Electronic potentials at different places are used to
mampulate the types and populations of reactant ions
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formed and 1ssued from the reactant 10n production device
and of the types and populations of surface sample 10ns
collected by the surface sample 1on collection device. Also,
real-time distance of detector to surface information, and
detector sensor nformation provide automatic feedback
control of these potentials. This feedback control manages
and maximizes the instantaneous active interplay between
the detector and the surface sample under 1nvestigation. On
one hand, the reactant 1on density put on the surface sample
1s maintained relatively constant and independent of work-
ing distance between the detector and the surface sample. On
the other, the collection efliciency of the surface sample 1on
collector 1s optimized and collected ion loss prior to entry
into the sensor 1s minimized. These events are automatically
managed and coordinated such that operator mput to the
process 1s not necessary.

10043] Turning now to specific embodiments of the inven-
tion, the detector system 10 of FIG. 1 operates at ambient
pressure, without sample contact, by producing a stream 12
ol either 1ons or a mixture of 1ons and metastable excited
state molecules, 1n 10n production means 14. Stream 12 1s
then directed toward a sample maternial 15, 1n place on
surface 16, to produce 1ons of the sample matenal, some of
which are detached from the surface and admixed with the
gas adjacent the surface. A stream of gas 1s then pulled into
a port means 18 of 1on collection means 80 leading to 10n
detection and identification means 20 by action of pump 22.

10044] Referring now to FIGS. 2, 3 and 4 as well as to

FIG. 1, there 1s shown various embodiments of 1on produc-
tion means 14 which suitably may be constructed as a
cylinder having a wall member 120 and arranged for gen-
erally axial flow of gases therethrough. A corona discharge
1s produced at the upstream end by 1on production means 14
in space 24 located between corona discharge needles 26 and
corona disk electrode 27. A first stream of gas 29, suitably
either helium or argon among others, and possibly contain-
ing dopant chemicals, 1s introduced into ion production
means 14 by way of first port 31 and 1s passed through the
corona discharge 1n space 24 to thereby generate relatively
long-lived, metastable helium or metastable argon atoms. A
pair of filtering electrodes, 33 and 34, i1s placed just down-
stream from the corona discharge. One of those electrodes 1s
positively charged and the other negatively charged and the
two serve to remove 1ons that were created in the corona
discharge area but do not interact with the metastable atoms
as those carry no charge.

[0045] A reaction space 37 is provided just downstream
from filtering electrodes 33 and 34 wherein gas stream 29,
carrying excited metastable atoms, mixes with a second gas
stream 39 entering into space 37 by way of port 41. Second
gas stream 39 1s preferably air, including clean dry air from
a filtering device containing dessicant, but may comprise
other gases or mixtures of gases depending upon the appli-
cation. Metastable atoms of first gas 29 react with the second
gas 39 to produce an array of positive and negative 1ons. The
ions that are produced 1n space 37 are then accelerated 1n a
downstream direction and focused into a coherent stream by
action of electrodes 35, 151, 153 and 155. Ions exit 1on
production means 14 1n a conical stream 12 that can be
focused to form a cone 43 with a small apex angle, or to form
a cone 45 with a larger apex angle.

[0046] A space 150 1s provided adjacent the terminal end
of the 10n production means. Space 150 contains a plurality
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of accelerating and focusing electrodes 35, 151, 153, and
155 (FIG. 4), that cause the 10on stream to exit the ion
production means 14 at port 51 as a tight, coherent conical
beam 12. The terminal portion of space 150 1s advanta-
geously formed with a conical tapered wall 1635 that regu-
larly decreases in diameter from the mnner side of wall
member 120 to the exit port 51. That structure forms a
manifold 167 around the outside of wall 165 which func-
tions to provide a tlow of gas 169 from inlet 175 through a
ring orifice 171 that encircles the exit port 51, producing a
generally conical gas sheath that surrounds the 1on stream.
Gas flow 169 provides a protective sheath that helps to
prevent reaction of the ion beam 12 with contaminant
compounds.

10047] FIG. 3 depicts an embodiment of the 1on produc-
tion means 14 in which the central portion 46 1s formed as
a venturi so that an air stream 1s drawn through port 41 nto
the body of means 14 by the reduced pressure created by
flow of first gas stream 29 through venturi arca 46. This
arrangement avoids the need for a pump or other means to
provide air to the device. A filter means 47, having an entry
48 and preferably containing a desiccant, 1s located upstream
from port 41 so as to provide a clean air stream of uniform
humidity to the 1on production means. Water vapor 1s
ionized by the excited species produced in the corona
discharge so variations 1n humidity in the air entering means
14 can introduce undesirable varnations in the 1on population
discharged from the unit.

[0048] Yet another embodiment of the ion production
means 14 1s 1illustrated 1n FIGS. 4 and 5. FIG. 5 15 a
cross-section taken along line 5-5' of FIG. 4. Means 14, 1n
this embodiment, includes 1on concentration and gas
exchange means, located centrally between reaction space
37 and terminal end space 130, that serve to strip ions from
the helium stream and transier those 1ons to a different gas,
which suitably 1s purified air which may contain a dopant
chemical to influence the nature of the 1ons. The 10n con-
centration and gas exchange means 1s provided with a
cylindrical outer wall 122, a central, axially aligned elec-
trode carrier 125, and a cylindrical partition member 127
that serves to form a first annular space 129 that 1s open at
its upstream end to accept the mixed and reacted gas from
space 37. A second annular space 131 1s formed between
partition member 127 and axial electrode carrier 125. Par-
titton member 127 1s provided with two ports 133 and 135
that conveniently may be placed opposite one another to
allow 10on and gas tlow between the first and second annular
space.

[10049] A pair of electrodes 137 and 138, having the same
polarity as the mcoming ions contained in the gas issuing
from space 37, 1s located on the mner side of wall 122 within
annular space 129 just opposite ports 133 and 135. An
clectrode 141, of opposite charge to electrodes 137 and 138,
1s located on electrode carrier 125 1n alignment with ports
133 and 135. As the 1ons 1n the gas stream within annular
space 129 approach electrodes 137 and 138, they are
directed toward and through ports 133 and 135. At the same
time, the 1ons are attracted toward electrode 141 which tends
to pull 1ons from the gas 1n space 129, through the ports, and
into annular space 131. Meantime a flow of gas, suitably
cleaned and dried air, 1s continuously introduced into annu-
lar space 131 by way of entry 143 that 1s located upstream
of ports 133 and 135. After transfer of 1ons from the gas
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stream 1n space 129 to the gas flowing 1n annular space 131,
the 1on-depleted gas stream 1s exhausted to the atmosphere
by way of exhaust port 145 that 1s located downstream of
ports 133 and 135 while the 1on-enriched gas stream exits
annular space 131 imto the ion accelerating and focusing
space 150. The relative cross sectional areas of annular
spaces 129 and 131 and the flow rates of the gas streams 1n
those annular spaces can be adjusted such that the 1on
concentration i the gas within annulus 131 1s substantially
greater than that of the gas 1n annulus 129. Furthermore, by
maintaining the pressures of the two gas streams such that
there 1s a small but constant bleed of gas from space 131 into
space 129, essentially all of the helium entering the system
1s rejected and exhausts through port 145. The 10n stream
produced may be either positive or negative depending upon
the polarity applied to the various electrodes.

[0050] Returning to FIG. 1, a preferred embodiment of
this invention employs a laser, or other type of, range finder
49 that 1s mounted 1n fixed association with 1on production
means 14. This embodiment 1s especially desirable 1n those
instances wherein the device of this invention 1s configured
as a compact, light, hand-held detector system for use 1n
screening individuals, luggage, clothing and similar items
without physical contact of any sort. Range finder 49 con-
tinuously determines the distance between the exit port 51 of
the 10on production means and the surface sample 15. Infor-
mation stream 52 from the range finder 1s transmitted to
processing unit 53 which may then use that information to
adjust the focusing and acceleration functions of electrodes
35, 151, 153, and 155, so as to maintain the area of surface
16 impacted by the conical 1on beam relatively constant as
the distance between exit port 51 and surface sample 135 1s
changed. That result 1s accomplished by increasing the apex
angle of the 1on beam at short distances, on the order of an
inch or so, between port 51 and surface sample 15, and
decreasing the apex angle at greater distances, up to five to
six inches between the port and surface sample. Also,
teedback 55 from spectrometer 20 may be processed 1n a
second controller means 36 to maximize 10on content of
sample gas entering the spectrometer by changing the atti-
tude and location of 10n collection/spectrometer entry port
18 relative to the exit port 51 of 1on production means 14
through action of servo means 57.

[0051] Ion detection and identification means 20 is pref-
erably a mimiaturized diflerential mobility spectrometer that
1s schematically illustrated in FIGS. 6 and 7 of this appli-
cation and that 1s described 1n U.S. Pat. No. 6,512,224 to
Miller et al, the entire disclosure of which 1s incorporated
herein by reference. The differential mobility spectrometer
that 1s described in the Miller et al patent 1s commercially
available from Sionex Corporation. It 1s microfabricated 1n
a manner analogous to the manufacture of a printed circuit
and 1s 1n the form of a planar array having an overall size on
the order of 36x72 mm, with a plate spacing of about half
a millimeter.

[0052] Detector 20 1s shown in schematic cross-section in
FIGS. 6 and 7 and comprises a microfabricated planar array
that forms an 1on filter having no moving parts. A stream of
ions 60, carried in a gas, 1s flowed between filter plates 62
and 63 of sensor 20. An asymmetric oscillating RF field 635
1s applied perpendicular to the 1on flow path 67 between
filter plates 62 and 63 to impart a zigzag motion (FIG. 6) to
the 1ons. At the same time, a DC compensation voltage 1s
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applied between plates 62 and 63 to control the motion of the
ions such that some travel all the way through the plate array
and are detected by electrodes 70 and 71, while others are
directed to one or the other of plates 62 and 63 and are
neutralized.

[0053] Two or more detector electrodes are located down-
stream from the filter plates. One of the electrodes, 70, 1s
maintained at a predetermined voltage while the other of the
clectrodes 71 1s typically at ground. Electrode 70 detlects
ions downward to electrode 71 where they are detected.
Depending upon the 10n and upon the voltage applied to the
clectrodes, either electrode 70 or electrode 71 may be used
to detect 1ons or multiple 1ons may be detected by using
clectrode 70 as one detector and electrode 71 as a second
detector. In this way, both positively and negatively charged
ions can be detected simultaneously. The output of the
detector electrodes 1s transmitted to an electronic controller
75 where the signal 1s amplified and analyzed according to
algorithms that serve to identily the 1on species. Also, there
may be provided an entry port electrode 77 to which either
a positive or negative charge may be applied so as to attract

oppositely charged 1ons toward and into the ion detection
means 20.

[0054] Ion detection sensitivities may be increased as
much as 10-fold or more through use of an 10n inlet and
concentration means 80 shown in diagrammatic cross sec-
tion 1n FIG. 8. This device may comprise port means 18 of
FIG. 1, and includes the functional equivalent of the 1on
concentration and gas exchange means employed 1n the 1on
production device that was illustrated in FIGS. 4 and 5. It
serves to draw sample 10ns 1nto the mlet and to change the
gas containing the 1ons from ambient air collected at and
near the sample and of uncontrolled composition, to air or
other gas of defined composition, alone or 1n combination
with other gases, including dopants such as methylene
chloride and the like, which can be 1onized using a very
small UV lamp elsewhere 1n the detector.

[0055] Means 80 includes an inlet portion 201 that com-
prises a conduit having an upper wall 82 and a lower wall 84.
A conductive, apertured entry 203 1s provided at one end of
the conduit to which a polarnity and potential suflicient to
attract the incoming 1ons contained i1n adjacent reaction
cloud 111 1s applied. Electrodes 206 and 207 are disposed
around the iner periphery of conduit 201 just downstream
of entry 203 and are of polarity and potential suflicient to
attract and focus incoming surface analyte ions. Preferably
the potential applied to entry 203 and to electrode 206 are
similar and that of 207 1s higher. Additional electrodes 209
and 210 are disposed around the mner periphery of conduit
201 further downstream from the entry. These last electrodes
carry a controllable potential that i1s of the same polarity as
1s the 1ncoming 1on stream and serve to focus the 1ons into
the central area of the conduit.

[0056] Reaction cloud 111 comprises a mixture of the gas
1ssuing from the 1on production means 14 and the ambient
atmosphere, and contains sample 10ns formed by interaction
of energetic 10ns from means 14 with sample materials 15 1n
place on surface 16. A stream of gas 91, comprising reaction
cloud 111, i1s drawn through conduit 201 by action of pump
22 (FIG. 1), and the 1on concentration in that gas stream 1s
increased due to the attractive intluence of the potential field
created by the charge applied to inlet 203.
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[0057] The gas exchange portion of means 80 comprises a
two-chamber conduit formed by a partition wall portion 85
that 1s disposed exterior to and generally parallel with
conduit walls 82 and 84. An orifice 87 located between the
chamber ends 1s arranged to allow gas tlow between upper
chamber 88 and lower chamber 89. A flow of 1ons 1n the
ambient sample atmosphere 91 1s directed into the entry of
the upper chamber 88. The ambient sample atmosphere with
ions removed exhausts from the chamber 88 end at 92.
Meanwhile, a second gas stream 94, for example, suitably
preconditioned dry air, 1s directed 1nto the entry of the lower
chamber 89. Gas stream 94 passes through chamber 89 and
the exiting flow 95 1s then directed into the entry of ion
detection means 20. The cross sectional area of chamber 88
relative to chamber 89 and the flow rate of sample atmo-
sphere 91 relative to the flow rate of the second gas stream
94 are adjusted such that there 1s a small and constant bleed
97 of gas from the lower chamber 89 into the upper chamber

88 through the orifice 87.

[0058] A first electrode 98 having the same polarity as the
incoming ions in sample stream 91 1s located within cham-
ber 88 above the orifice 87, while a second similar electrode
99, having a polarity opposite to the incoming 1ons, 1s
located within chamber 89 below the orifice. As the 1ons 1n
sample stream 91 approach electrode 98, they are repelled
and are directed toward and through orifice 87. At the same
time, the 10ns are attracted toward electrode 99, which tends
to pull 1ons from sample stream 91 through the orifice and
into gas stream 94. There may also be provided one or more
guiding or focusing electrodes 211 located in chamber 89
downstream from orifice 87 to shape or accelerate the 1on
stream. By adjusting the flow of gas stream 94 to a level
substantially less than the flow of gas stream 91, a concomi-
tant concentration of 10ns 1n stream 94, to a level as high as
ten fold of that of sample stream 91, 1s achieved. In addition
to 1on concentration, there 1s achieved a fairly complete
climination of helium or argon from the gas stream that
enters sensor 20 1n those situations where either helium or
argon 1s present in the reaction cloud 111.

[0059] As was set out previously, a preferred ion detector
20 1s a microfabricated differential mobility spectrometer
that typically has a plate spacing on the order of hall a
millimeter. That small plate spacing allows use of much
higher electric fields than are usual 1n other detector systems
such as those employing 1on mobility spectrometers; e.g. as
high as about 35,000 V/cm compared to about 600 V/cm.
Higher variable electric fields allow the changes in the
mobility of 1ons as a function of field strength to be exploited
to enhance selectivity and resolution. However, the maxi-
mum electric field 1s limited by the voltage at which arcing
between the plates occurs with resultant destruction of the
detector. Arc over occurs at a much lower voltage with
helium or argon than with air. Consequently, removal of
helium and argon from the sample gas stream that 1s
analyzed allows for operation of the detector at hugher field
voltages thus further increasing the selectivity of the system.

[0060] A number of other synergistic advantages are
obtained through the combination of the described 1on
production and concentration means with this particular
detector. First of all, the 1on production means of this
invention does not use radioactive elements for 1on creation
and 1s therefore free of the regulatory burden imposed on
devices employing radioactive sources. The corona dis-
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charge production of metastable helium atoms followed by
the reaction of those metastable atoms with air to produce
ions which 1n turn are used to 1onize molecules of the sample
1s on the order of 1000 times more eflicient than are those
approaches that use the standard radioactive nickel or ameri-
cium sources. Because the system of this mvention creates
far more 10ns of the sampled material than do conventional
1ion sources and because the preferred detector examines far
more of the 1ons that are produced, fewer false positives or
negatives result and superior resolution of targeted chemical
ions from interferents 1s obtained.

[0061] In another embodiment of this invention, both the
ion source and the 1on collection means and detector are
operated 1n a pulsed cyclic mode. In this mode, 1on produc-
tion and collection can be seen as two half cycles, the first
half cycle being diagrammed in FIG. 9 and the second half
cycle being diagrammed 1n FIG. 10. Referring now to FIG.
9a, a gas stream 101 carrying negatively charged reactant
ions 1ssues from the outlet 51 of the 1on production device
14 and 1s directed toward surface 16 having a sample
material 15 deposited thereon. Stand ofl distance between
outlet 51 and surface 16 may conveniently range from less
than one inch to six inches or more, thus allowing a
non-contact and non-destructive mspection of the surface for
the presence of the sample material.

[0062] Ion production device 14 is configured to produce
reactant ions of predominately one charge; 1n this case 1t 1s
producing negative 1ons. A negative potential 1s applied to an
clectrode 106 that 1s located at the tip of outlet 51. That
negative charge acts to accelerate the negative 1ons con-
tamed in the gas stream 1ssuing from outlet 51 toward
surface 16. A similar electrode 108 1s located at the tip of 1on
collection means and/or detector inlet 109. Inlet 109 may
comprise either the inlet to 10n detection means 20, 1n which
case electrode 77 of FIG. 7 and electrode 108 are the same,
or it may comprise an inlet means 203 to 10n concentrator 80
of FIG. 8. The potential on electrode 108 at this stage of the
cycle 1s zero or ground potential. Also, the negative pressure
at the detector inlet 109 may be decreased during this time
so as not to pull gas and 1ons from stream 101 toward the
detector inlet.

[0063] The next stage of the cycle is depicted in FIG. 95.
Electrode 106 remains at a negative potential and electrode
108 remains at zero potential. A reaction cloud 111, typically
comprising a mixture of air and helium and containing
negatively charged surface sample 10ons, among other spe-
cies has formed above the surface that is being examined.
Thereatter, as 1s diagrammed 1n FIG. 9¢, the reactant 1on
production pulse has ended. A negative potential 1s main-
tained on electrode 106 while the potential on electrode 108
1s changed from zero to positive and the negative pressure at
the detector inlet 1s increased. Electrode 108 1s shaped and
charged to produce an electric field that has the eflect of
drawing the 10ons in reaction cloud 111 toward the detector
inlet. As shown 1n FIG. 94, before the 1on cloud reaches
clectrode 108, its potential can be switched from positive to
neutral so as to not destroy the oncoming negative 1ons by
collision. Alternatively, the potential on electrode 108 can be
left on and the collisions of ions with walls avoided by
focusing the 10ons within the 10n collection means as shown
in FIG. 8. At the same time, the negative pressure at the 1on
inlet 1s 1increased to thereby capture much of the 10n cloud
and deliver 1t as a pulse to the 10on detector. Optionally but
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preferably, the 10on cloud pulse i1s delivered first to 1on
concentrator 80 and then to the differential mobility spec-
trometer.

[0064] The second half cycle is the obverse of the first half
cycle, and 1s diagrammed 1n the steps shown in FIGS. 10aq
through 10d. Ion production device 14 1s now configured to
produce positive reactant i1ons, which are carried in the
helium stream 101 1ssuing from outlet 51. The potential
applied to electrode 106 remains positive throughout the
entire hall cycle, first accelerating positive 1ons toward the
surface 16 and thereafter repelling the reaction cloud 111.
Flow of the reactant 1on stream 101 1s ended after formation
of the reaction cloud. The potential applied to electrode 108
1s briefly switched to negative (FIG. 10c¢). The shape and
charging of electrode 108 1s sullicient to attract positive 10ns,
including those formed from the sample material 15, toward
inlet 109. At the same time, a negative pressure 1s applied to
inlet 109, drawing the reaction cloud toward and into the
inlet. The potential of electrode 108 can be then switched
from negative to neutral (FIG. 10d) before the 1on cloud
reaches the electrode so as to mimimize destruction of the
positive 1ons. Alternatively, the potential on electrode 108
can be left on and the collisions of 1ons with walls avoided
by focusing the i1ons within the 10n collection means as
shown in FIG. 8. Thereafter, the reaction cloud 1s delivered
as a pulse to the 1on concentrator or detector.

[0065] Cycle length can be varied over a fairly large range
as the time for completing a cycle depends upon a number
ol controllable factors. Those factors include standofl dis-
tance between the 1on outlet and the sample surface, gas flow
rate delivered by the 1on production means, and the con-
figuration of the gas exit orifice. Generally speaking, a cycle
can be completed 1n as little as 0.5 seconds or extended to
several seconds 1n length. It 1s usually advantageous to
maintain cycle times as short as possible. Cycle time can be
controlled by feedback from the differential mobility spec-
trometer. The timing of detection of certain reactant ions
indicates the place in the cycle, allowing for automatic
adjustment of the controls determining cycle time.

[0066] Furthermore, it may be advantageous in certain
situations to have a positive 1on and a negative 1on collection
cycle for either or each of the positive or negative reactant
ion production cycles. In this manner, information concern-
ing both positive and negative surface sample 1ons produced
in response to either positive or negative reactant 1ons can be
obtained and used for identification purposes.

[0067] The components making up the system of this
invention may be and preferably are assembled in a manner
that facilitates different modes of use. FIG. 11 1s a schematic
diagram of one embodiment of this invention 1n which all of
the system components are assembled as a fully portable,
hand-held detector 180 that contains 1ts own helium supply.
A subassembly 183 that includes those components within
the dashed line 182 defines a common platiorm that can be
used for each of the different configurations of the system.
This common platform includes air and helium valving and
gas tlow control means 184, reactant ion production means
14, sample 10on collection, detection and 1dentification means
20, and an operator interface and control unit 186.

[0068] An on-board helium supply 190, conveniently in
the form of a disposable cartridge containing pressurized
gas, provides an adequate supply for a limited number of
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analyses and thus 1s suitable for use by first responders, law
enforcement and military personnel. A computer 192
together with 1ts operating soitware controls the functioning,
of the system including helium and air flows and the
operating parameters ol the reactant ion source 14 that 1n
turn depend upon whether the system 1s being operated in a
continuous or i a cyclic mode. The computer also uses
information from rangefinder 49 (standofl distance from the
ion source outlet to the surface that 1s being investigated)
and sensor mformation to control reactant 1on production
and surface sample 1on collection to maximize both. The
solftware carried 1in computer 192 employs a number of
different algorithms to distinguish between and to i1dentity
ions and charged molecular fragments that result from the
impingement of reactant ions, in 1on stream 101, upon a
surface 16 that has deposited thereon chemical compounds
or other agents of interest or concern.

[0069] In a preferred embodiment, a number of different
algorithms are carried in the computer, a different algorithm
for each of different classes of materials. In this case,
algorithm 1 1s specific to chemical warfare agents, algorithm
2 1s specific for explosives, algorithm 3 1s specific for drugs
of both the prescription and illegal vanieties, and algorithm
4 1s specific for toxic industrial chemicals and other toxic
industrial materials. The system also requires a power source
195 that may include both batteries and a transformer-
inverter for AC use. Readout means 198 1s arranged to report
the results of an analysis, and may be adapted to provide data
either 1n visual form or as a printout. All of the system
components reside within a case 199, which can be easily
carried and maneuvered during use.

[0070] The system of FIG. 11 may also be configured in
another mode 1 which the helium supply tank 1s separated
from the other system components with the helium being
supplied from a larger tank carried separately by the system
operator. For example, a tank as small as 21 inches 1n height
and 3.5 mches 1n diameter and weighing on the order of ten
pounds, can contain as much as 550 liters of helium. That
would allow up to about 30 hours of continuous operation at
a use rate of 300 ml/min.

[0071] A limited portable configuration may also be
employed. In this mode of operation the common platiorm,
as defined 1n FIG. 11, 1s assembled within a separate case
that 1s tethered to a stationary base by means of a flexible
cable for passing electrical signals and a flexible hose for
supplying helium. This configuration provides mobile detec-
tion and surface interrogation capability within a fixed
radius of a stationary point and avoids any weight or size
limitations on the choice of a computer, 1ts operation/
detection software, power source and display/printer/data
storage devices. It can also better accommodate the largest
and most robust libraries of algorithms for distinguishing
explosives, drugs, chemical warfare agents, and toxic imndus-
trial chemaicals from interferents and mmnocuous substances.
This configuration 1s especially advantageous for use at
security and transportation checkpoints to momtor people,
baggage, cargo, and material surfaces, as well as for the
examination of baggage or incoming deliveries on conveyor
belts, and for military, law enforcement, prison and indus-
trial momtoring. The common platform, in whole or 1n part,
and 1n conjunction with other parts of this configuration, can
be used to examine items passing before it, whether such
item be baggage or industrially produced items such as
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pharmaceuticals in order to determine the presence or
absence of certain target chemicals 1n each diflerent use.

[0072] Finally, the system can be deployed as a non-
portable, bench top detector mode. This arrangement 1s
particularly useful in those applications requiring high vol-
ume examination or scanning of field-collected samples, or
in those instances 1n which a detailed scanning and exami-
nation of suspect objects 1s needed

[0073] Other variations and modifications that are not
specifically set out 1n the description herein will be apparent
to those skilled in the art and the described imnvention 1s to be
limited only by the scope of the following claims.

I claim:

1. A method for the non-contact detection and analysis of
analyte matenals that are located 1in an unconfined space;
comprising:

passing a first gas through an electrical discharge to
produce a stream of charged and energetic gas species;

mixing said first gas, now containing charged and ener-
getic gas species, with a second gas, said second gas
having at least one component with an i1omzation
potential less than that of said charged and energetic
gas species to thereby produce reactant i1ons of said
second gas;

focusing 10ns contained 1n the mixed gas stream to form
a beam within said gas stream and directing said gas
stream and focused 10on beam into said unconfined
space and onto analyte materials 1n said unconfined
space, at least some of said analyte materials having
ionization potentials less than those of said reactant
ions, to thereby iomize analyte molecules and to form
analyte 1ons by transferring energy from reactant ions
in the 10n beam to analyte molecules; and

collecting at least a portion of the gas containing analyte
ions from said unconfined space, and passing that
collected portion 1nto a sensor to thereby detect and
identify the analyte material.

2. The method of claim 1 wherein said charged species
produced by the electrical discharge are removed from the
first gas prior to 1ts mixing with the second gas.

3. The method of claim 1 wherein the analyte materials
comprise chemical compounds residing on a surface that 1s
located 1n said unconfined space.

4. The method of claim 1 wherein the first gas 1s selected
from the group consisting of helium and argon and wherein
the second gas 1s selected from the group consisting of air,
oxygen and nitrogen.

5. The method of claim 1 wherein a dopant compound 1s
mixed with the first gas belore passing 1t through the
clectrical discharge.

6. The method of claim 1 wherein a dopant compound 1s
mixed with the second gas.

7. The method of claim 1 wherein said directed gas stream
1s surrounded by a protective gas sheath.

8. The method of claim 1 wherein the sensor 1s an 10n
mobility spectrometer.

9. The method of claim 1 wherein the sensor 1s a differ-
ential mobility spectrometer.

10. The method of claim 1 wherein reactant ions con-
tained 1n the mixed gas stream are stripped from that stream
and are transierred into a stream of a third gas; wherein the
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ions transierred to said third gas are focused to form a beam
within said third gas stream; and wherein said third gas
stream and focused 1on beam are directed 1nto said uncon-
fined space to contact analyte materials.

11. The method of claim 1 wherein the reactant 10ons in
said directed gas stream are caused to be first positive and
then negative 1 a pulsed, cyclic mode.

12. The method of claim 11 wherein said analyte 1ons are
collected 1n a synchronized and pulsed, cyclic mode

13. The method of claim 12 wherein said sensor 1s
operated 1n a cyclic mode in synchromization with the
collection of said analyte 10mns.

14. The method of claim 1 wherein reactant 1ons 1n said
directed gas stream are caused to be first positive and then
negative 1n a pulsed, cyclic mode; wherein for each portion
of a cycle during which positive reactant 1ons are produced,
positive analyte 1ons are collected and passed into the
sensor; and wherein for each portion of a cycle during which
negative reactant 1ons are produced, negative analyte 1ons
are collected and passed into the sensor.

15. The method of claim 1 wherein the sensor simulta-
neously detects positive and negative 1ons.

16. The method of claam 1 wherein analyte 1ons are
attracted and collected through use of an electric field of
opposite charge to that of the analyte 1ons, and wherein the
collected 1ons are focused and moved to the sensor.

17. The method of claim 1 wherein said sensor includes
an 1on collection means having an entry port; wherein gas
containing analyte 1ons 1s drawn 1nto the entry port of said
ion collection means by application of a negative pressure to
the entry port; and wherein the collected 10ns are focused
and moved to said sensor.

18. The method of claim 1 wherein 1ons collected and
contained 1n the gas stream passing to said sensor are {irst
stripped from that stream and are transierred into a stream of
a different gas, and wherein said diflerent gas stream 1s then
directed 1nto said sensor.

19. The method of claim 1 wherein a dopant compound in
an 1omzed state 1s mtroduced into the collected gas portion
entering the sensor.

20. The method of claim 1 wherein the analyte matenals
reside on a surface located in said unconfined space and
wherein the focus and/or acceleration of said 1on beam 1s
changed as the distance of travel to said surface varies to
thereby maintain the area of the surface impacted by the 10n
beam substantially constant.

21. The method of claim 1 wherein the location of an
entry port of said sensor i1s varied in response to feedback
information from the sensor and from distance of travel
information from a rangefinder to thereby maximize the 1on
content of the sample gas entering the sensor.

22. The method of claim 1 wherein said analyte maternals
reside on a surface located 1n said unconfined space, and
wherein real-time control and optimization of analyte 10on
production and collection 1s obtained by using first infor-
mation from a rangefinder to continuously determine the
distance of travel of said 10on beam 1n said unconfined space
and by using second information from said sensor as to the
concentration of 1ons entering said sensor to vary gas tlow
and to focus, and/or accelerate reactant ions, and to focus
and/or accelerate, repel and/or attract analyte 1ons.

23. The method of claim 1 wherein the sensor 1s a
differential mobility spectrometer; wherein the reactant 10ns
in said mixed gas are concentrated into a third gas which
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then replaces said mixed gas stream; and wherein the
ion-depleted mixed gas stream 1s then discarded.

24. The method of claiam 1 wherein the sensor i1s a
differential mobility spectrometer; wherein said focused 10n
beam 1s caused to be positive and then negative 1n a pulsed
cyclic mode; and wherein positive and then negative analyte
ions are sequentially collected 1n synchronization with the
polarity changes of the focused 10n beam.

25. A method for the non-contact detection and analysis of
analyte compounds that are located on a surface in an
unconiined space, comprising:

passing a first gas that i1s selected from the group con-
sisting of helium and argon through an electrical dis-
charge to produce charged and energetic molecular gas
species;

removing the positive and/or negative charged ionic
partides from the gas;

mixing said first gas with a second gas, said second gas
being reactive with the charged and/or energetic gas
species of said first gas to produce reactant 10ns of said
second gas;

focusing the reactant ions contained 1in the mixed gas
stream to form a beam:;

directing the beam and the mixed gas stream into the
unconfined space and onto said surface to react with
analyte molecules and to form analyte 1ons by trans-
ferring energy from reactant 1ons to analyte molecules;
and

collecting at least a portion of the gas from the unconfined
space, said collected portion containing analyte 1ons,
and passing 1t into a differential mobility spectrometer
to 1dentily and quantify the analyte.

26. The method of claim 25 wherein said directed gas
stream 1s surrounded by a protective gas sheath.

277. The method of claim 25 wherein a dopant compound
1s mixed with the first gas before passing 1t through the
clectrical discharge.

28. The method of claim 25 wherein a dopant compound
1s mixed with the second gas.

29. The method of claim 25 wherein 1ons contained in the
mixed gas stream are stripped from that stream and are
transierred into a stream of a third gas; wherein the ions
transierred to said third gas are focused to form a beam
within said third gas stream; and wherein said third gas
stream and focused 1on beam are directed 1nto said uncon-
fined space to contact said surface.

30. The method of claim 25 wherein the ions in said
directed gas stream are caused to be first positive and then
negative 1 a pulsed, cyclic mode and wherein said differ-
ential mobility spectrometer 1s operated 1n a complementary
similar and synchronized, pulsed, cyclic mode.

31. The method of claim 25 wherein reactant 10ons 1n said
directed gas stream are caused to be first positive and then
negative i a pulsed, cyclic mode; wherein the differential
mobility spectrometer includes ion collection means; and
wherein the 10n collection means 1s operated 1n a comple-
mentary similar and pulsed cyclic mode i synchronization
with the cycle of said directed gas stream.

32. The method of claim 25 wherein reactant 1ons 1n said
directed gas stream are caused to be first positive and then
negative in a pulsed, cyclic mode; wherein for each portion
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of a cycle during which positive reactant 1ons are produced,
positive analyte 1ons are collected and passed into the
spectrometer; and wherein for each portion of a cycle during
which negative reactant 1ons are produced, negative analyte
ions are collected and passed into the spectrometer.

33. The method of claim 25 wheremn said differential
mobility spectrometer 1s operated in a mode wherein 1t
simultaneously detects positive and negative 1ons.

34. The method of claim 25 wherein analyte 1ons are
attracted and collected through use of an electric field of
opposite charge to that of the analyte 1ons, and wherein the
collected 10ns are focused and moved to the spectrometer.

35. The method of claim 25 wherein said diflerential
mobility spectrometer includes an 10on collection means
having an entry port; wherein gas containing analyte 10ns 1s
drawn 1nto the entry port of said 10n collection means by
application of a negative pressure to the entry port; and
wherein the collected 1ons are focused and moved to said
spectrometer.

36. The method of claim 25 wherein 1ons contained in the
gas stream passing to said differential mobility spectrometer
are first stripped from that stream and are transierred into a
stream of a different gas, and wherein said different gas
stream 1s then directed into said spectrometer.

37. The method of claim 25 wherein a dopant compound
in an 1omzed state 1s introduced into the collected gas stream
that 1s passed into said differential mobility spectrometer.

38. The method of claim 25 wherein the focus and/or
acceleration of said 1on beam 1s changed as the distance of
travel to said surface varies to thereby maintain the area of
the surface impacted by the ion beam substantially constant.

39. The method of claim 25 wherein the location of an
entry port of said spectrometer i1s varied 1 response to
teedback information from said spectrometer and distance
information from a rangefinder to thereby maximize the
analyte 1on content of the sample gas entering the spectrom-
eter.

40. The method of claim 25 wherein said analyte mate-
rials reside on a surface located in an unconfined space, and
wherein real-time control and optimization of analyte 10on
production and collection 1s obtained by using first infor-
mation irom a rangefinder to continuously determine the
distance of 1on beam travel through the unconfined space
and by using second information from the differential mobil-
ity spectrometer as to the concentration of 10ns entering said
spectrometer to vary gas flow and to focus. and/or accelerate
reactant 1ons, and to focus and/or accelerate, repel and/or
attract analyte 1ons.

41. An 10on production device comprising:

An elongated containment means having an inlet for the
introduction of a first gas at an upstream end thereof,
and exit for an 10n and gas stream at a downstream end
thereot, and an 1nlet for the introduction of a second gas
located intermediate the upstream and downstream
ends;

clectrical discharge means positioned at the upstream end,
said discharge means and first gas inlet means arranged
to cause flow of the first gas though said discharge;

clectrode means to remove positive and/or negative 1ons
generated by passage of said first gas through the
clectrical discharge, said means positioned downstream
from said discharge means but upstream from said
second gas entry;
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a mixing and reaction space downstream of said second
gas entry, said space arranged to allow mixing of said
first and second gas streams and to allow reaction of
charged and/or energetic species remaining in said first
gas with said second gas to produce reactant 10ns;

at least one focusing and accelerating electrode located
downstream of said mixing and reaction space, said
clectrode arranged to urge the reactant ions into a
generally conical beam; and

means to cause said ion beam together with said mixed
gases to 1ssue from the containment means through said
exit.

42. The device of claim 41 including means adjacent said
exit for providing a conical sheath of protective gas to
surround said 1on beam, said means including a conically
tapered wall terminating at 1ts downstream end to form a
ring orifice circling said exit and means to introduce a
protective gas into a manifold space formed between the
outer side of said tapered wall and the interior of said
containment means.

43. The device of claim 41 wherein said containment
means are generally cylindrical, said device including a
plurality of focusing and accelerating electrodes down-
stream of said mixing and reaction space, each said electrode
providing an electric field circling the interior of said
containment means at the site of the electrode.

44. The device of claim 41 in which said containment
means are generally cylindrical and wherein a central por-
tion of said containment means 1s formed as a ventur: with
an entry for gas at the ventur1 throat.

45. The device of claim 41 in which said containment
means are generally cylindrical, said device including an 1on
concentration and gas exchange means located downstream
of said mixing and reactant space.

46. The device of claim 45 wherein said 10n concentration
and gas exchange means 1ncludes a cylindrical outer wall, a
central, axially aligned electrode carrier and a cylindrical
partition member therebetween, said partition member form-
ing a first annular space that 1s open at 1ts upstream end to
accept gas from said mixing and reactant space, a second
annular space closed at 1its upstream end and provided with
a source of exchange gas, said cylindrical partition having at
least one port arranged to allow 10n and gas tlow between the
first and the second annular space and electrode means
arranged to urge 1ons through the port and 1nto the exchange
gas stream.

47. The device of claim 46 including at least two ports in
said cylindrical partition for 10n and gas tlow; first electrodes
located 1n said first annular space opposite each port, said
first electrodes having the same polarity as the 1ons being
separated from the mmcoming gas stream; and second elec-
trodes located 1n said second annular space on said central
axially aligned electrode carnier opposite each port, said
second electrodes having an opposite polarity to that of the
ions being separated from the incoming gas stream.

48. The device of claim 46 including pressure adjusting
means to cause a slow bleed of gas from said second annular
space, through said ports, and 1nto said first annular space.

49. The device of claim 41 including means to cause the
reactant 1ons 1n said directed gas stream to be first positive
and then negative 1 a pulsed, cyclic mode.

50. The device of claim 41 including means to continu-
ously measure the distance from said containment means
exit to the site of a sample matenal.
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51. The device of claim 41 including means to introduce
a dopant imto said first gas upstream ol said electrical
discharge means.

52. The device of claim 41 including means to introduce
a dopant 1nto said second gas prior to 1ts mixing with said

first gas.

53. A method for producing ions of analyte materials,
comprising;

passing a {irst gas stream through an electrical discharge
to produce 10ons and energetic species of said gas;

removing positive and/or negative 1ons produced by the
clectrical discharge from the gas stream leaving the
energetic species;

mixing the first gas stream with a second gas that has an
ionization potential less than the 1onization potential of
said energetic species thereby producing reactant 1ons
of said second gas, said reactant 1ons having 1onization
potentials greater than the 1omization potentials of said
analyte materials;

focusing and accelerating said reactant 1ons to form a
reactant ion beam within a flowing gas stream;

directing said gas stream and 10on beam into contact with
said analyte matenals; and

forming analyte 10ns by transferring energy from reactant
ions 1n said 1on beam to the analyte matenal.

54. The method of claam 53 wherein said first gas 1s
selected from the group consisting of helium and argon and
said second gas 1s selected from the group consisting of arr,
oxygen and nitrogen.

55. The method of claim 53 wherein 1ons contained in the
mixed gas stream are stripped from that stream and are
transterred into a stream of a third gas and are focused to
form a beam within said third gas stream, said third gas
stream and focused 1on beam thereafter being directed nto
contact with said analyte materials.

56. The method of claim 53 wherein said analyte mate-
rials reside on a surface located in an unconfined space and
wherein the distance of travel of the 1on beam in said
unconfined space 1s continuously determined and 1s used to
provide real-time control and optimization of said reactant
ion production.

57. The method of claim 53 wherein said analyte mate-
rials are located on a surface in an unconfined space and
wherein said gas stream and 1on beam 1s surrounded by a
protective gas sheath.

58. The method of claim 53 wherein a dopant compound
1s mixed with the first gas before passing 1t through the
clectrical discharge.

59. The method of claim 53 wherein a dopant compound
1s mixed with the second gas.

60. The method of claim 53 wheremn said reactant 1on
beam 1s caused to be positive and then negative in a pulsed,
cyclic mode.

61. A device for the non-contact detection and analysis of
analyte materials that are located 1n an unconfined space,
comprising;

an 1on source including a containment means having an
upstream end and a downstream end;
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an 1nlet for a first gas disposed at the upstream end of the
containment means, an exit port at the downstream end,
and an 1nlet for a second gas disposed intermediate the
containment means ends:

clectrical discharge means positioned at the upstream end,
said discharge means and {irst gas inlet arranged to
cause flow of the first gas through said discharge;

a mixing and reaction space downstream of the second
gas 1nlet, said space arranged to allow mixing of said
first gas and said second gas and to allow reaction of
charged and/or energetic species, resulting from pas-
sage of said first gas through the electrical discharge,
with said second gas to produce reactant 1ons;

focusing and accelerating electrode means disposed
downstream of said mixing and reaction space, said
clectrode means arranged to urge the reactant 1ons 1nto
a coherent beam:;

means at said exit port to direct said 1on beam into contact
with analyte materials 1n said unconfined space to
thereby form sample analyte 1ons by transferring
energy from reactant 1ons 1n said 1on beam to analyte
materials; and

an 10n collection means and a sensor operably connected
to said 10n source, said ion collection means having
inlet port means arranged relative to the exit port of said
ion source to collect at least a portion of the sample
analyte 1ons and said sensor including means to identily
and quantily the analyte matenal.

62. The device of claim 61 wheremn said containment
means 1s formed as an elongated cylinder and includes a pair
of filtering electrodes of opposite polarity placed between
the electrical discharge means and the mixing and reaction
space, said filtering electrodes being arranged to remove
either positive 1ons, negative 1ons, or both, from the first gas
prior to 1ts mixing with the second gas.

63. The device of claim 61 wheremn said containment
means 1s formed as an elongated cylinder and wherein said
focusing and accelerating electrode means comprise a plu-
rality of electrodes, each said electrode providing an electric
field circling the interior of said containment means at the
site of the electrode.

64. The device of claim 61 wheremn said containment
means 1s formed as a cylinder, said containment means
including a conically tapered partition disposed within said
cylinder at the downstream end thereot, the apex end of said
partition being open and forming a ring orifice 1n association
with said exit port, the partition further defining a manifold
formed between the exterior partition wall and the interior
wall of said cylinder, and an inlet port arranged to allow
communication between the manifold and an external source
ol a sheath gas, said sheath gas exiting the manifold through
the ring orifice to form a gas shield between the atmosphere
and the 10n beam.

65. The device of claam 61 including 10n concentration
and gas exchange means positioned downstream from said
mixing and reaction space, said 1on concentration and gas
exchange means comprising a cylindrical outer wall, a
central, axially aligned electrode carnier and a cylindrical
partition member therebetween, said partition member form-
ing a first annular space that 1s open at 1ts upstream end to
accept gas from said mixing and reactant space, a second
annular space closed at its upstream end and provided with
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a source of exchange gas, said cylindrical partition having at
least one port arranged to allow 10n and gas tlow between the
first and the second annular space and electrode means
arranged to urge 1ons through the port and 1nto the exchange
gas stream.

66. The device of claim 65 including at least two ports 1n
said cylindrical partition for 1on and gas tlow; first electrodes
located 1n said first annular space opposite each port, said
first electrodes having the same polarity as the 1ons in the
incoming gas stream; second electrodes located 1n said
second annular space on said central axially aligned elec-
trode carrier opposite each port, said second electrodes
having an opposite polarity to that of the i1ons in the
incoming gas stream; and pressure adjusting means to cause
a slow bleed of gas from said second annular space, through
said ports, and 1nto said first annular space.

67. The device of claim 61 wherein said analyte materials
reside on a surface 1n said unconfined space and wherein the
device 1ncludes a rangefinder means and a processing unit,
said rangefinder adapted to determine the distance between
the exit port and said surface that carries analyte materials
and to transmit that information to a processing unit, said
processing unit adjusting the acceleration and focusing
functions of said focusing and accelerating electrode means
in response to rangelinder data to maintain the area of the
surface impacted by the 10n beam relatively constant as the
distance between the exit port and the surface i1s varied.

68. The device of claim 61 wherein the sensor 1s a
differential mobility spectrometer having a port for the entry
of gas samples.

69. The device of claim 61 wherein the sensor 1s an 10n
mobility spectrometer.

70. The device of claim 61 wherein said analyte materials
reside on a surface 1n said unconfined space and wherein
said 10n collection means 1s arranged relative to the exit port
ol said 10n source to maximize the concentration of 1ons 1n
a gas sample drawn 1nto said sensor.

71. The device of claim 61 1ncluding means to maximize
concentration of 1ons comprising servo means adapted to
change the attitude and/or location of said 10n collection
means relative to the 1on source exit port 1 response to
feedback information from said sensor.

72. The device of claim 61 1ncluding means to maximize
concentration of reactant ions comprising a rangefinder
means and a processing unit, said rangefinder adapted to
determine the distance between the exit port of said 1on
source and said surface that carries analyte materials, said
processing unit adjusting the acceleration and focusing
functions of said focusing and accelerating electrode means
in response to rangelinder data to maintain the area of the
surface impacted by the 10n beam relatively constant as the
distance between the exit port and the surface i1s varied.

73. The device of claim 61 including means for real-time
control and optimization of analyte 10n production and
collection using first information from a rangefinder to
continuously determine the distance of travel of said 1on
beam 1n said unconfined space, and second information from
said sensor as to the concentration of 1ons entering said
sensor to thereby vary gas tlow and to focus, and/or accel-
erate, repel and/or attract reactant, sample and analyte 10ns.

74. The device of claim 73 wherein the sensor 1s a
differential mobility spectrometer.

75. The device of claim 61 including a means to draw a
gas stream containing analyte 10ns into an entry port of said




US 2006/0249671 Al

ion collection means by applying a negative pressure to the
entry port of said collection means.

76. The device of claim 75 including means to introduce
a dopant compound 1n an 1onized state into said gas stream

77. The device of claim 75 wherein the sensor i1s a
differential mobility spectrometer.

78. The device of claim 61 wherein said port for entry of
gas samples includes means to attract and collect sample
ions by application of an electric field of opposite charge to
that of the sample 10ns.

79. The device of claim 61 wherein said 1on source and
said 10n collection means are operated 1n a cyclic mode, said
ion source arranged to sequentially produce reactant ions of
a first polarity and of an opposite polarity, and said spec-
trometer synchronously arranged to attract and collect
sample 1ons of said first polarity and then of said opposite
polarity.

80. The device of claim 61 wherein said sensor 1s arranged
to operate 1n a mode wheremn 1t simultaneously detects
positive and negative 10ns.

81. The device of claim 61 wherein said sensor 1s a
differential mobility spectrometer; wherein said 1on beam 1s
caused to be positive and then negative 1n a pulsed cyclic
mode; and wherein, for each portion of a cycle 1n which the
ion beam 1s either positive or negative, the 1on collection
means are operated in a synchronized manner to sequentially
collect positive and then negative analyte 1ons.

82. The device of claim 61 in which said containment
means are generally cylindrical and wherein a central por-
tion of the containment means 1s formed as a ventur: with an
entry for gas at the venture throat.

83. The device of claim 61 wherein said sensor 1s a
differential mobility spectrometer having a port for the entry
of gas samples; wherein analyte 1ons are attracted to and

Nov. 9, 2006

collected by said 1on collection means through use of an
clectric field of opposite charge to that of the sample 1ons;
and wherein said collected analyte 1ons are focused and
moved to the entry port of said spectrometer.

84. The device of claiam 61 wherein said sensor i1s a
differential mobility spectrometer having a port for the entry
of gas samples; wherein analyte 10ons are drawn to said 1on
collection means by way of a negative pressure; and wherein
said collected analyte 1ons are focused and moved to the
entry port of said spectrometer.

85. The device of claim 61 including means to remove
analyte 1ons from a gas stream entering said 1on collection
means and to transier said removed analyte 1ons nto a
stream of a diflerent gas, and means to direct that different
gas 1mnto said sensor.

86. The device of claim 61 including means to introduce
a dopant compound 1n an 10nized state into said collected
analyte 1omns.

87. The device of claim 61 including means to change the
focus and/or acceleration of said 1on beam as the distance
between said 1on source exit port and said analyte materials
varies to thereby maintain the area of the surface impacted
by said 10n beam substantially constant.

88. The device of claim 61 wherein said sensor i1s a
differential mobility spectrometer and wherein the location
of said 1on collection inlet port 1s varied 1n response to
feedback information from said spectrometer and from
distance of 1on beam travel from a rangefinder to thereby
maximize the reactant or analyte 1on content of the sample
gas entering the spectrometer.

89. The device of claim 61 including means for mtroduc-
ing a dopant into said mixing and reaction space.
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