wo 2018/050962 A1 | 0E 0000 O T

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
22 March 2018 (22.03.2018)

(10) International Publication Number

WO 2018/050962 A1l

WIPO I PCT

(51) International Patent Classification:

HO01J 49/14 (2006.01) GOIN 33/00 (2006.01)
HO01J 49/04 (2006.01) GOIN 1/40 (2006.01)
HO01J 49/10 (2006.01) GOIN 1/22(2006.01)
GOIN 27/64 (2006.01) HO01J 49/26 (2006.01)

(21) International Application Number:
PCT/FI12017/050643

(22) International Filing Date:
11 September 2017 (11.09.2017)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
20165702
20175460

(71) Applicant: KARSA OY [FI/FI]; Tilanhoitajankaari 10 C
42, 00790 HELSINKI (FI).

(72) Imventors: HAKALA, Jani; Husbackankuja 8 A 24, 01610
Vantaa (FI). MIKKILA, Jyri; Unioninkatu 39 B 42, 00170
Helsinki (FI). HEMMILA, Verner; Ohkolantie 464, 04530
Ohkola (FI). SIPILA, Mikko; Tilanhoitajankaari 10 C 42,
00790 HELSINKI (FI). SHCHERBININ, Aleksei; Pari-
isinkatu 5 C 47, 00560 Helsinki (FI). JOST, Hans-Jurg;
Rubiinikehd 33 B 45, 01700 Vantaa (FI).

19 September 2016 (19.09.2016) FI
23 May 2017 (23.05.2017) FI

(74) Agent: HEINONEN & CO, ATTORNEYS-AT-LAW,
LTD; Fabianinkatu 29 B, 00100 Helsinki (FI).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: AN IONIZATION DEVICE

(57) Abstract: The invention relates to Multimethod ionization Device (MID) to utilize at least chemical ionization and a system further
utilizing such a device provided with a reaction chamber for ion formation of reagent species (R1, R2) for adduct formation from at
least one analyte to be characterized as based on mass to charge ratio for the analyte identification.

[Continued on next page]



WO 2018/050962 A1 { I /0P OO0 N O

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

WO 2018/050962 PCT/FI12017/050643

AN IONIZATION DEVICE

Technical field

Generally, embodiments of the invention relate to improvements in techniques of ioni-
zation devices. Embodiments of the invention relate more specifically to a device that
has ability to utilize chemical ionization in the operation in addition to other ionization
mechanisms. The embodiments of the invention relate more specifically to a multi-
method ionization device as recited in the preamble part of an independent claim di-
rected to the multimethod ionization device, capable of utilizing chemical ionization.
Embodiments of the invention relate also to a method of defining identification of
chemical constituents of a sample by using such a ionization device capable of utilizing
chemical ionization achieved in an embodied manner. Even more specifically, embod-
iments of the invention relate to identification and detection of substances down to

trace level concentrations.

Background technology

In atmospheric research, sampling and the sample handling as well as the preparation
of the sample for the final analysis of the substances are primary functions needed in
such studies directed to the atmospheric composition in a detail. However, the sub-
stances down to the trace-level concentrations are difficult to detect reliably in a rea-
sonable time to be consumed for the sampling. Identification of the trace-level
amounts of the substances can be challenging even for mass spectrometers. As a con-
sequence to facilitate lower level substances getting identified, the detection limit of
the devices as such has been tried to get lower. Another way to increase the reliability
has been increasing the detection time of a sample, if the sample is not sufficiently
richly present. In field of pure research, the number of samples to be analyzed is often
small, and thus the delay due to the increased sampling time is acceptable or at least
tolerable in the atmospheric studies, aimed to collect the sample sufficiently rich to
distinguish the interesting species from the plurality of ordinary compounds that are
present in rich in the natural samples.

Operations of mass spectrometers and ion mobility analyzers are based on particles or

molecules to carry a charge in a sample. Consequently the sample containing the de-
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sired molecules needs to be charged or ionized, at least in part, in such an extent that

the analysis is facilitated by the applicable analyzer.

However, for the analytical purposes, the medium as well as potential reagent raw
materials should be well-defined and pure, for example to avoid mixtures of various
irrelevant radicals to being formed in the ionization processes involved. In the radia-
tion for example, to interfere the mass/charge ratio based measurements of atmos-
pheric substances in the sample, so that the noise of the non-wanted impurity-

substances would be minimized.

It is important that the sampled molecules preserve as much as possible intact, for the
recognition, and so keeping in the recognition phase the cluster analysis as simple as
reasonably possible, for avoidance of wasting time, or keeping the time consumed to

the analysis in somewhat tolerable level.

In known state of the art, it is also important to protect the sampled analyte as such
up to the reaction chamber in which the reagent radicals, or the ions formed from

them, make adducts with the sample molecules.

In order to improve the number of charged molecules in the sample part that is about
to enter the mass spectrometer, Chemical Ionization (CI) has been also introduced for

selective ionization, to be used in the sample preparation before mass spectrometry.

The ionization of the reagent in CI utilizing processes is traditionally made by using
radiation and/or radioactivity for making ions into the reagent flow, for carrying
charges, to be introduced to a reaction chamber, and to selectively adduct with the

desired substances that are expected to occur in the sample.

Chemical ionization has been used as such as a mechanism for getting made ions to
join to desired molecules to form adducts of them, to be utilized as such in the analy-
sis of the molecules of the substances in a mass spectrometer. Analysis as such is
made according to the state of the art as based on mass to charge ratio of the mole-
cules of the sampled media, prepared and led into the mass spectrometer, or another
device attuned for detection of ions and charged molecular clusters, that is suitable to

the analysis.

Chemical ionization (CI) is arranged to occur in a chemical ionization inlet unit as such
as in general. CI is based on the analyte molecule reaction with the separately pro-
duced ionizing ion to form an adduct carrying a charge. The charged adduct is guided,

in an analyte carrying flow, with or without electric fields to a mass spectrometer ar-
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ranged to measure the mass/charge ratio and consequently to recognize the mole-
cules as based on the ratio. As reagent substances, nitric acid is used in forms of ni-
trate ions NO;5™ for CI.

The ions are formed from HNO3 by radiation as described as such, and the nitrate ions
are introduced to the sample flow to get mixed, and the adducts to get formed. The
sample is at least partly led to the mass spectrometer, where the mass/charge ratio is

detected, and the substance recognized by the computer program and a database.

However, the applicants have noticed, that the atmospheric research used devices
could be used but with suitable modifications also in other fields, such as trace level
substance recognition, as illicit substance recognition from cargo, from passengers or
from their luggage. However, for example such illicit substances as drugs, narcotics,
explosives or nerve gases (to mention few as examples without any intention to limit
the list only to the mentioned hazardous or harmful and/or highly valued substances)
that are hazardous but may be at least tried to get transported in public traffic, includ-
ing airways, to be used for forbidden or hazardous purposes, are very difficult to de-

tect because of their low level concentration on the luggage for example.

Summary of the invention

It is an object of the present invention to implement such a solution that previously
mentioned drawbacks of the state of the art could be avoided or at least diminished.
In particular, the invention is implied to solve how to increase selectively the contrast
of an analyte species concentration visibility for various analytes from samples that
are directed to a final analysis in the identification of the species in the spectrum of
mass/charge ratio. A further corollary aspect brings along such a surprising technical
effect that it is hence possible to involve several ionization schemes simultaneously
and rapidly switch between them, especially without switching the device individual to
another unit. A further corollary unexpected effect relates to the detection time of a
certain mass of the sample being shortened because of the potential analyte adducts
formation effectively being increased so shortening the time of material collection to
the ion detection and the mass analysis. The objectives of the invention are met by
the features disclosed in the independent patent claims directed to multimethod ioni-
zation device (MID).
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A Multimethod Ionization Device, MID, (also cited via abbreviation MID, as in MID-
device or MID-unit in the following) according to the present invention is characterized

by the features in the characterizing part of an independent claim directed thereto.

According to an embodied MID-device, the device is able to utilize multimethod ioniza-
tion in controlled manner, according to an embodiment, by utilizing several reagent

ion species under control and/or the ion species selection to be utilized.

A MID-device according to an embodiment of the invention comprises a port structure
further comprising at least one of the following ports: a reagent introduction port,
sample introduction port, sheath flow introduction port, a flow laminarization assembly
arranged to be located at the sample entry part of the chamber to make at least one
of the sheath flow and sample flow laminar in the chamber, wherein the MID-device
further comprises a ionization source to ionize sample analytes and reagent species in
the chamber part of the chamber, wherein the sample flow channel extending to the
chamber is arranged to guide the sample analytes in the core flow in the chamber
core part together with the reagent species, the core flow being surrounded by the
sheath flow, the core flow carrying the sample analytes and a reagent species to pass
by the ionization source that is arranged to ionize the sample constituents analytes

simultaneously together with the reagent species.

A Dual MID-device according to an embodiment of the comprises at least two cham-
bers, a first chamber and a second chamber, said chambers each being dedicated to a
respective reagent species, respectively, to have the sample being expose with, as
being divided by a divider into said chambers, as to a first sample part and a second
sample part, each with sample part specific sample analytes present for getting mixed
into chamber specific flows in the chamber specific entry part of the port structure
with said reagents, respectively, to expose each chamber specific sample-analyte rea-
gent mixtures to ionization simultaneously, the reagent and sample analyte part to-
gether carrying the sample analyte and a reagent species in the flow in respective
chambers to pass by the ionization source that is arranged to ionize the sample ana-

lyte simultaneously together with the reagent species in each chamber.

According to an embodiment variant, the ionization is continuous at least during the
sample flow. According to a variant of the embodiment the ionization simultaneous-

ness can be adjusted by the electric field in the chamber.
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According to an embodiment, each chamber of the Dual MID-device comprises a
chamber specific sheath potential source, arranged to the respective chamber to set

the chamber wall to the respective chamber specific sheath potential.

According to an embodiment, each chamber of the Dual MID-device comprises an ion
source that comprises an X-ray source, advantageously separated from the chambers
by a window allowing the X-rays to penetrate into the chamber at the window location
in the chamber.

According to an embodiment, each chamber of the Dual MID-device comprises a
chamber part, as a reaction chamber, after the ionization part end to provide reaction
time to formation of adducts from the chamber specific reagent species and the sam-
ple part analytes pre-sent in the chamber to form reagent specific adducts in each re-

agent specific respective chamber.

According to an embodiment, each chamber of the Dual MID-device comprises a port
structure further comprising at least one of the following ports: a reagent introduction
port, sample introduction port, sheath flow introduction port, a flow laminarization as-
sembly arranged to be located at the sample entry part of the chambers to make the

sample flow laminar in the chambers at each chamber entry.

According to an embodiment, each chamber of the Dual MID-device comprises a pas-
sage between at least two chambers, for providing a passage to reagent specific ad-

ducts to exit of the Dual MID-device from a chamber of the dual MID-device.

According to an embodiment, each chamber of the Dual MID-device comprises an ion
guide assembly to guide the adducts out of the Dual MID-device by at least one of the
following: by electric field, by a kicker electrode, by flow means to provide a flow to

flush, or for a counter flow, and a connection to the ion analyzer.

An optional MID-device being optionally implemented to the embodied MID-device
and/or to the embodied Dual Mid-device wherein the optional MID-device comprises a
plurality of reagent flow introduction ports for each reagent, said introduction ports
followed by an accelerator provided with a ionization source arranged to ionize each
reagent species into ions to be accelerated by electro-magnetic fields before the rea-
gent ion species entry to the reaction chamber, wherein the analytes in the sample
introduction flow to carry sample analytes to the reaction chamber is/are arranged to
mix with a at least one of the reagent ion species, at the respective accelerator outlet
location to form adducts into the chamber volume, of the analyte species and the rea-

gent ion species present in the chamber. According to an embodiment, the electro-
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magnetic fields comprise an electrostatic static field. According to a further variant of
embodiment, the electrostatic field comprises in supplement or in alternative an elec-
tro dynamic field.

Optional MID-device is also a MID-device according to an embodiment.

According to an embodiment the optional MID-device comprises such an accelerator
that comprises flow means arranged to flush the accelerator exit, and/or to adjust the

ion species introduction to the chamber part.

According to an embodiment the optional MID-device comprises an additional ion
source in the chamber at least at one accelerator location for further ionization of the

substances comprising present sample analytes, at the ion source location.

According to an embodiment the optional MID-device comprises an exit of the MID-

device from a chamber, for the formed adducts, to an ion detection device.

According to an embodiment the optional MID-device comprises an ion guide assembly
to guide the adducts out of the MID-device by at least one of the following: by electric
field, by a kicker electrode, by flow means to provide a flow to flush or a counter flow,

a connection to the ion detection device.

According to an embodiment the optional MID-device comprises such a ionization
source that comprises an X-ray source of soft X-rays, the energy of the X-rays being
below 9 keV, advantageously below 7 keV, more advantageously be-low 6 keV, and
simultaneously, preferably over 1 keV, but more preferably over 3 keV, or, the energy
being selected from such a range that is comprising a below definition for the energy
from the said below values and an over definition for the energy from the said over

values.

According to an embodiment the optional MID-device comprises such a chamber that
comprises at least two of the following: a mixing chamber part, an ionization chamber
part, a reaction chamber part, in a same chamber, the other said parts being in opera-

tive communication, but separated.

According to an embodiment the optional MID-device comprises at the beginning end
of the mixing chamber part, or connected thereto, a desorption unit for evaporating

analyte from a collected sample.
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A system according to an embodiment of the invention, to identify an analyte species
from a sample, comprises as system elements an ion detection device and at least one
embodied MID-device or an optional MID-device.

According to an embodiment the ion detection device comprises a mass spectrometer,
advantageously such as an API-TOF-mass spectrometer (Atmospheric Pressure Ioniza-
tion -Time Of Flight- mass spectrometer), or in an embodiment variant, a suitable var-

iant of a mass spectrometer.

The system according to an embodiment further comprises as system elements a pre-
concentration unit and/or a detachment unit before an embodied MID-device, for con-

centrating the sample for the analysis.

The system according to an embodiment further comprises as a system element such
a pre-concentration unit that comprises a concentrator that is selectable from the fol-
lowing: an acoustic concentrator, aerodynamic lens, cyclone, or combination of the

just mentioned.

The system according to an embodiment further comprises as a system element such
a pre-concentration unit that comprises a virtual impactor unit further comprising at
least one virtual impactor stage adapted to a high volume sampling with a high vol-

ume sampling flow.

According to an embodiment, the number of the virtual impactor (V.1.) stages is not
limited only to the mentioned examples, but the virtual impactor can have several V.I.

stages depending on specific application variant as such.

The system according to an embodiment further comprises in the virtual impactor unit
a second virtual impactor stage adapted to suppress the high volume sampling flow to
the embodied system element MID-device, and/or a desorption stage to vaporize an
analyte for the entry to an embodied MID-device.

A method of analyzing analyte species in a sample according to an embodiment com-

prises:
- bringing the sample to an embodied MID-device,

- inputting at least one reagent species to a reagent inlet, for reagent species intro-

duction,
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- inputting at least one sample to a sample introduction port, for such sample intro-

duction comprising an analyte to be identified,

- mixing in a chamber, comprising at least a mixing chamber part as a first chamber
part, for mixing the analyte of the introduced sample with at least one introduced rea-

gent species, said reagent species being in neutral form or in ionized form,

- ionizing by a ionization source at least one reagent species,

- producing reagent originating species ions by a ionization source for ion production

in a ionization process, in said ionization chamber part,

- exposing an analyte to bipolar ionization products to form adducts in a chamber, in
the a reaction chamber part to facilitate adduct formation of said analyte and said at
least one reagent species originating bipolar ionization product species to form ad-

ducts according to their ion species with the analyte molecules,

- producing adducts, in the MID-device,

- guiding the so formed adducts by at least one of the following: electric field and
sheath flow to an the exit of the embodied MID-device as an inlet for an ion detection

device,

- classifying the adducts in the an ion detection analysis device as based on the mass

to charge ratio for the mass analysis,

- analyzing the adducts in the analysis ion detection device as based on the mass to

charge ratio.

According to an embodiment the analysis result is stored to a database, and/or used
in alarming/announcing when a substance under an interest was found at a concentra-
tion threshold level presence.

According to an embodiment soft X-rays are used in the ionization of the sample ana-
lytes and/or reagent species, in the embodiments, in the embodiment variant specific
ways. The ion formation is thus advantageously performed in a bipolar process. How-
ever, in reagent ion species formation, also other ion sources could be utilized in the
ionization in suitable part, including corona discharge, UV, radioactive sources, accord-

ing to respective embodiment variants, individually or in combination.
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According to an embodiment the charging can be bipolar, but in an optional embodi-
ment the charging can comprise unipolar charging, and according to a further variant
unipolar charging that is switchable between positive and negative charging mecha-
nisms, i.e. for example by switching a corona charger in use, the polarity of the coro-

na discharge electrodes, for the ion production in the charging process.

According to an embodiment, one optional way to produce ions is to have PPI, pho-
toionization. The MID-device also facilitate the operation in such an optional mode
where there is no device internal ionization in use (when detecting ambient ions)

where no reagent ions are introduced to the same MID device.

The simultaneous presence of different ionization mechanisms in the MID-device's re-
action chamber, utilizing chemical ionization, facilitates identification of species that
are not necessarily of atmospheric origin, and/or are beforehand known to be in the
interest, but are artificial in the samples, such as explosives, narcotics, drugs, super
poisons and/or nerve gases, to mention few examples about substances that are in
the interest of search as based on the molecule properties, without any intention to
limit the scope only to the mentioned examples.

However, one should notice that embodiments also facilitate study of atmospheric
species, without limitation only to such, but also to introduce other ionization mecha-
nisms without foreseeable disadvantages. A further advantage of MID-devices in the
embodied solutions is that by switching ion sources (supply of reagent ions selectively)
it is possible to detect also ambient and naturally occurring ions and ion clusters, in a

versatile way.

In embodiments of the MID-device, separate several ionization schemes can be used

and use them in conjunction of one or more at a time.

A MID-device according to the invention is a device to utilize chemical ionization in

addition to several other ionization mechanisms as such as being known.

According to an embodiment of the invention an embodied Multi-method Ionization

Device (MID) comprises:

- at least one reagent species inlet, for reagent species introduction,

- at least one sample introduction port, for such sample comprising an analyte to be
identified,
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in a chamber of the unit, comprising at least a mixing chamber part as a first cham-
ber part, for mixing the analyte of the injected sample with at least one introduced

reagent species,

in a chamber of the unit, comprising an ionization chamber part, for ionizing by a
ionization unit at least one reagent species in a charging obtained, as a second

chamber part, to ionize the introduced at least one reagent species into the device,

a ionization source for ion production in the ionization process bipolar ionization

products in said ionization chamber part,

- in a chamber of the MID-device, a reaction chamber part to facilitate adduct for-
mation of said analyte and said at least one reagent species, by the ionization

products to form adducts according to the ion species with analyte molecules,

the unit further comprising at least an electrode pair for maintenance of at least one
electric field therebetween said electrodes of said at least one electrode pair,

the so formed adducts being guided to an outlet, of the MID-device from said chamber

part, as a connection to an inlet for an analysis device.

According to an embodiment the sample introduction can be made by sample injec-

tion, according to an embodiment in liquid or gaseous form.

According to an embodiment of the invention the chamber of the MID-device can be
embodied as one chamber, with functional parts for ionization, mixing and reactions
for adduct formations. However, according to an embodiment such a chamber can
have also a similar parallel chamber according to an embodiment of the invention. Ac-
cording to an embodiment the parallel chamber is one of an ensemble of parallel

chambers to a chamber of the MID-device, in a multi-chamber MID-device.

According to an embodiment the guiding of the adducts out of the chamber can be
made by at least one electric field according to the charge of said adduct, and/or by a
sheath flow protected flow.

According to an embodiment of the invention in an embodied MID-device, the inlet for
an analysis device is adapted to a mass spectrometer for analysis based on the mass
to charge ratio. According to an embodiment the connection can be flushed with a
sheath air flow. According to a further variant the sheath air flow is embodied to min-

imize sample-wall interaction. In respective embodiment variants it is also controlling
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reaction time, cooling down the sample if it is pre-heated (e.g. in case of filter desorp-

tion) and directing sample relatively to the mass spectrometer pinhole.

According to an embodiment of the invention in an embodied universal unit to utilize
chemical ionization, the MID-device further comprises a laminar flow means arranged
to produce a laminar flow as a sheath flow to protect the core of the reaction chamber

from the sample constituent entry to the reaction chamber walls.

According to an embodiment of the invention in an embodied MID-device, it further
comprises a laminar flow means, a flow laminarizer, arranged to pro-duce a laminar
flow to the core of the reaction chamber forming the mixing volume of the analyte and

the at least one reagent species.

According to an embodiment variant a parallel chamber comprising Dual MID-device
can be implemented also without a sheath air flow as such in both or in either cham-
ber.

According to an embodiment of the invention in an embodied MID-device, it further
comprises an ion source for bipolar ion production into at least one ionization part of a

chamber.

According to an embodiment of the invention in an embodied MID-device, the ion
source comprises at least one of the following: a radiation source, an X-ray source,
Corona discharge unit, a UV-source and a radioactive source.

According to an embodiment the MID-device, it further comprises an ion source for
bipolar ion production into at least one ionization part of a parallel chamber and/or a
parallel reaction chamber. According to an embodiment of the invention the ion source

in the chamber is similar as in the parallel chamber of the embodied Dual MID-device.

According to an embodiment the adducts are analyzed in a cluster analysis of the ad-
duct species, not necessarily limiting the scope of the data analysis algorithm only to

the mentioned as an example, to obtain the mass spectra.

According to an embodiment, in addition to the adducts, there are also analyzed prod-

uct ions, fragments or any ionized particles present the sample, in the mass analysis.

According to an embodiment variant, the reagent species can be mixed in neutral form
with the analyte and then ionized together, or in an embodiment variant the analyte is
exposed to ionized reagent species ionized before the mixing with the analyte. Accord-

ing to an embodiment the mixture can be further exposed to ionization.
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According to an embodiment reagent ions are produced separately from the analyte,
according to a further embodiment variant the reagent species separate from each
other. According to an embodiment switching all of the ion sources of the device off,
the ambient ion detection at the same time is possible. According to an embodiment
the MID-device is embodied to comprise a combination of, if not all ionization
schemes, a plurality of all of the ionization schemes in one with possibility of rapidly

switching between them.

It is noticed by the applicants that those solutions that use pre-ionization of the rea-
gent species can loose a significant portion of the ions to the molecules of not in inter-
est, non-searched molecules, and consequently not to desired analyte molecules pre-
sent in the sample, leading to charging levels that increase the detection limit, in the
sense of contrast to the noise, of a smallest concentration in an arbitrary sample. Es-
pecially if there were several analytes in the interest for their identification from same
sample, such losses might turn critical. Especially in aviation security, any explosives
for example, must not get pass the analysis into an airplane for example, but must be
identified if present and found, even if there were several types of illicit substances

present as analytes in the same sample.

As the number of the illicit species is quite limited, in their detection, different ion spe-
cies can be used more freely than in atmospheric applications where the problem is to
find out the substances as such, without any disturbances, which makes the mass
analysis algorithm operation, such as a cluster analysis algorithm complex, if there
were a plurality of reagents present in the mobility analysis. Thus, in the aviation safe-
ty or narcotic smuggling detection applications the cluster analysis is simpler than in
atmospheric application of the mass spectrometer, so the reagent species can be di-
versified, consequently increasing the analyte species number detection by one sam-
ple, but also to identification confident is also increased, as well as the smallest
amount of identifiable matter is getting lower. However, although the atmospheric re-
search used devices may be slow and tedious in aviation safety applications as such, if
not completely beyond practical implementation, embodiments of the MID-device can
do also all the things including beneficial for atmospheric research and basic science in

general.

In embodiments of the invention, several charging mechanisms are utilized to raise
the adduction of reagent substance originating ions to the analytes present in the
sample, even several ionization chemistries with different reagent species that are

simultaneously irradiated, with the analyte in the sample in an embodiment variant,
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but in another embodiment variant without the presence of the analyte in the reagent

species ionization, by the radiation, for example.

Some preferable embodiments of the invention are described in the dependent claims.

Significant advantages can be achieved with the present invention when compared to
the prior art solutions. The utilization is not limited by the substances as such. Espe-
cially such ELVOCs (Extremely Low-Volatility Organic Compounds) that belong to illicit
substances, such as for example some explosives can be detected in an ultra-trace
levels (i.e. 10E-15). The applicants have built apparatus configurations that are ad-
dressed to universal use in detection of substances in different forms and for different
measurement purposes including the detection of explosives, CWA’s and narcotics in-
cluded but not limited to. Thus, the analyte can be introduced and measured in form

of gas, liquid or particulate matter.

Embodiments of the MID-device are found also suitable for basic research in various
applications or to study naturally occurring species, although the ordinary research
devices in such were not practical into the aviation application of the trace substance

detection in the required time scales.

According to an embodiment, it is possible also to make tandem MID-devices by oper-
ating two embodied MID-devices and/or Dual MID-devices into parallel operation, to

be utilized for co-incident detection of ions in suitable applications.

According to an embodiment the MID-device can be used as a system element of such
a system that is addressed to detected artificial species such as various analytes be-

longing to the illicit substances.

Short description of the drawings

Next, the invention is described in more detail with reference to the appended draw-

ings, in which

Fig. 1 illustrates an example of an embodiment directed to a MID-device,

Fig. 1A illustrates a further schematically an example of an embodiment directed

to a MID-device,
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Fig. 1B illustrates use/operation of a detail in an example of an embodiment di-
rected to a MID-device,
Fig. 2 illustrates an example of an embodied method according to an embodiment
of the invention,
Fig 3 illustrates an example of an optional embodiment on implementation of a

MID-device as a dual ionization chamber,

Fig 4 illustrates an example of a further optional embodiment on an optional im-

plementation of MID-device as a dual ionization source chamber,

Fig 4B illustrates a detail of an embodiment in accordance of Fig 4, relating to an
example of an embodiment on an optional implementation of MID-device

as a dual ionization source chamber,

Fig. 5 illustrates identification results of RDX by using an adduct signals by using
an embodied MID-device, and

Fig 6 is illustrating a system according to an embodiment of the invention.

Same reference numerals are used to denote to the similar kind of parts or objects
that do not necessarily need to be identical, if specifically otherwise not indicated, as a
skilled persons know from the embodiments and the context. Also the dimensions of
the objects or the ratios of such in the Figs are not restricted only to the shown exam-
ples. Embodiments of the invention are combinable in suitable part. Ionization sources

and a related window to the function are also cited by the same reference symbol.
Detailed description of examples of embodiments

In Fig 1, an embodied example on Multimethod Ionization Device, (MID, also as MID-
device or MID-unit), a MID-unit, is disclosed as consisting of following blocks and func-

tions as follows:

According to an embodiment, sample port 101p is a front-end device primary function
of which is an introduction of the analyte to the system. According to an embodiment
such sample port could consist of and work as indicated in the following configura-
tions. The reference number 312 is citing in Fig 1A to the introduction of an embodied
MID-device, not only to the embodiments in Fig 1A, but also in other Figs too in suita-
ble part.
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Fig 1A illustrates an example on variant of an embodied MID-unit. The reference nu-
merals follow the notation in Fig 1 in suitable part. However, sample injection port
101qg has been illustrated for injecting samples that can be introduced to the device
via the needle pathway Np, into the device, in suitable part, to the sample carrier flow
SCF, also the port cited with the abbreviation. According to an embodiment the rea-
gent species in suitable part can be introduced via the sample carrier flow and its en-
try. Heater 112 can be used to vaporize or desorb substances from the sample. Item
103 refers to a filter, but the membrane can be also another type of a substrate to
receive sample or a media carrying the sample (i.e. sample media or vaporization
membrane). The item 107b is indicative a path to an ion analyzing device, that is ex-

emplified in the Fig 1A as a mass spectrometer, MS.

The Fig 1A also illustrates Flow Laminarization Assembly FLA being arranged to lami-
narize at least one of the sample carrying flow and the sheath flow. In the laminar
flow conditions in the chamber CH1 the sheath flow is arranged to protect the sample
carrying flow in the core parts of the chamber from drifting to the walls, but also pro-
tects in the sample carrying flow carried analyte(s) and reagent species from potential
but improbable impurities pre-existing in the chamber. Thus, the ionization source 106
as exemplified in the Fig 1A as an X-ray source (but not limiting only to the mentioned
example) can be matched to produce ions and so to ionize the analyte and the reagent
species together, simultaneously via chemical ionization and other present ionization

mechanisms.

Use of sample port 312 is illustrated in Fig 1B, by denoting to the operations in the
sample preparation for the CII as embodied also as DIC as later explained in the con-
text of Figs 3 and 4. in the following optional cases 1.1, 1.2 1.3 and 1.4. by the letters

A, B, C and D, as follows. The arrows show medium flow directions, in Figs 1, 3 and 4.

1.1 Analyte in a liquid form: According to an embodiment, the analyte is introduced
to the system in the form of liquid or gas by means of introduction. A) The liquid (or
gas, headspace) sample is introduced to the sample port through introduction orifice,
IO at Fig 1, directed by sample flow (8 at Fig.1), and then according to an embodi-
ment for the liquid B) (in case of liquid) it impacts to a porous membrane (e.g. PTFE
filter - 103 at Fig.1). C) (in case of liquid) the sample is then thermally desorbed from
the filter with the use of the heater (112 at Fig.1) and is D) introduced as a gas to the

Chemical Ionization Inlet carried by sample flow;

1.2 Analyte on media: According to an embodiment, the analyte is introduced on the
media (e.g. filter or swab). A) The target substance is deposited on piece of porous
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material (e.g. PTFE filter, e.g. 103) by means of drawing sample air through it to de-
posit vapors and particles present in it, or swabbing the surface of interest to lift parti-
cles present on it, or soaking it in liquid for analysis of its contents. B) The filter then
is placed inside the filter holder (as in 103 Fig. 1) and C) the sample is then thermally
desorbed from the filter with the use of the heater (112 at Fig.1) and is D) introduced

as a gas to the Chemical Ionization Inlet carried by the sample gas flow;

1.3 Analyte in gaseous form: According to an embodiment, with reference to Fig 1,
a sample in liquid form and/or in gaseous form can be introduced to the device in a
sample carrier flow 101. . The analyte can be introduced as an ambient gas directly
through the sample flow 101, port 101p, the port being modified in an embodiment
variant for online sampling of gaseous flows. In this embodiment, the introduction port
(101p, Fig.1, according to an embodiment, being modified for the purposes of online
gas and or particle sampling) or the heater (112, Fig. 1, if heating of the sample is not
of importance in the particular case) must be turned off or removed from the opera-
tion in such case, and the filter membrane (103 Fig.1) must be removed (but left in
case particulate matter of interest), in order to have the sample being directly intro-

duced as a gas to the Chemical Ionization Inlet carried by sample gas flow;

However, according to an embodiment the gaseous phase can be a carrier of particu-
late matter, to be sampled or rejected, in accordance of the interest to the substance
to be studied. Although membrane refers to filtration process as such, a skilled person
knowns from the embodiments many ways to separate particle phase from another

present phase.

1.4 Inlet of a system embodiment: According to an embodiment, the same inlet
and configurations of it can be used as part of a larger system, that can include a pre-
concentrating unit or device, heated impactor plate, system that separates the sample
from coarse particles. The analyte processing can be made according to the embodi-
ments indicated in 1.1, 1.2 and 1.3 in suitable part as applicable. One example is

shown in a priority application, indicative of embodiments for luggage scanning.

2. According to an embodiment of the MID-device, as a Chemical Ionization Inlet CII
(102, 105, 106, 302, and 107 as exemplified in Fig.1) part of the MID-device consists

of the following blocks and functions as follows:

2.1 The sample gas is carried by sample flow (101, Fig 1) towards the MS pinhole
(107 Fig.1) at CII port (104 Fig 1) the regent chemical is introduced to the sample.
According to embodiments, the reagent chemicals, depending on application, might
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include alone or in combination but not limited to,: Br-, NO3-, Cl-, I-, 02-, H30+, Li+,
NH3+ (also as reagents R1, R2 in the embodiments, in suitable part). For versatile
and more universal use Br has been proven to work best in negative mode in such
embodiments if the mass resolution of the detector allows for low selectivity. In par-
ticular, Br- has been proven to work adequately of the mentioned especially for detec-
tion of explosives. For use with Br- in particular, it was found that shorter residence
time is preferable to minimize reaction time and the effects of the charge transfer
from the bromide adduct. Hence the Ionization Chamber in this embodiment (Fig 1)
has very short residence time, constrained by the size of the ion source (106 Fig.1).

2.2 According to an embodiment, the sample-reagent mixture then enters the Ioniza-
tion Chamber, at which stage the Sheath Flow (105 Fig.1) is introduced. The primary
function of the sheath flow is to keep sample flow laminar and minimize wall effects by
keeping walls of the Ionization Chamber (IC) and sample gas separated. Consequently
sheath air flow also makes sure that the walls keep clean by preventing entry of mate-
rials on to the walls. However, in an embodiment, the sheath flow also prevents mate-
rial to mix to the core flow, where the sample constituents are with reagent species.
When sample and sheath flows are matched to form well defined laminar flow, and
tuned, the sample flow is situated in the middle of the IC and sheath flow creates a

protective sheath of air around it with minimum diffusional mixing between them.

According to an embodiment, also electric fields can be used optionally or in addition
to assist the sheath flow, provided that the voltage related current density is kept low,
for prevention of turbulence generation to the sheath flow.

Depending on the geometry and application one might apply different flow ratios, for
this embodiment example in accordance of the Fig 1, the sample flow was 2,5 litres
per minute (matching the sample flow of to the mass spectrometer (MS) embodied in
the example) and sheath flow was 27,5 litres per minute. The sheath flow also makes
it possible to match the coaxial sample flow and MS sample flow so that only diffusion
is causing sample losses. Furthermore, it minimizes even these losses by shortening
the residence time in the ionization region which is geometrically constrained by me-
chanical design limits. With these geometrical constraints, the sheath flow makes it
possible to adjust the ionization and/or reaction time as wanted (in this case of exam-
ple embodied with Br- to get it short enough for the maximum efficiency).

2.3 According to an embodiment the sample-reagent mixture is then ionized by Soft
X-ray (302). The advantage of using soft X-ray in an embodiment is that there is
higher chances to keep target molecules intact, it is bipolar and can be used both in
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positive and negative detection modes, is non-radioactive and generally less hazard-

ous and less constrained in use by regulations than radioactive sources.

However, for other applications variety of ion sources can be used (including but not
limited to: corona discharges or other type of electrical dischargers, radioactive
sources, UV sources). Ions then travel towards the MS pinhole and enter the detec-

tor’s interface.

2.4 Several other configurations of the Chemical Ionization Inlet of the MID-device can
be utilized that differ from atmospheric operations. In the conventional atmospheric,
the reagent is ionized separately and then introduced to a mixing chamber. Differing
from the conventional atmospheric, MID-device according to an embodiment, can use
two or more Ionization Chambers according to the embodiment, which allows conduct-
ing two or more Chemical Reactions simultaneously to occur. Then, even analyte mix-

tures can be optimized to get sampled to the mass spectrometer analysis.

It is important to notice, that soft X-ray ionization or a “photo ionization” and chemical

ionization can happen simultaneously in the embodiments.

Several CI-mechanisms at the same time can be and are facilitated to occur in an em-
bodied inlet in operation, which is not in principle possible (or unwanted) in former
atmospheric type design devices where only one selected and well defined ion type is
introduced to the sample with electrical field leading to relatively selective and clean

spectra.

For the large variety of compounds that has to be detected simultaneously we need
larger variety of ionization mechanisms than atmospheric design devices could pro-
vide, to be possibly present at the same time. However, the facilitation to a multitude
of ion species being under selection for the same abundance of ionization schemes can
be in turn beneficially available for atmospheric research, especially if they can be
used in a controlled way as in embodied MID-device3, turning on/off separately ion
sources and/or reagent feed(s) into reaction chamber and to avoid cross-

contamination.

In atmospheric design devices mechanisms of multiple ionization mechanisms are not
wanted if the user of the device cannot know how the user affects to the original sam-
ple. The embodied MID-devices makes that possible, to have the ionization mecha-
nisms being used in a controlled way, and/or the ionization scheme can be cho-

sen/changed at will.
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Fig 2 illustrates a method of analyzing analyte species in a sample, wherein the meth-

od comprises

- bringing the sample (201) to an universal unit to utilize chemical ionization (MID)

according to any claim 1 to 11 comprising:

- introducing at least one sample (203) to a sample introduction port, for such sample

introduction comprising an analyte to be identified,

- mixing in a chamber (204), comprising at least a mixing chamber part as a first
chamber part, for mixing the analyte of the introduced sample with at least one intro-
duced reagent species, or with separately formed reagent ions, according to an em-
bodiment the reagent ions can be introduced to the mixing chamber where they react

with the sample analyte and/or sample analyte ions,

- ionizing in a chamber (205), comprising an ionization chamber part, for ionizing at
least one reagent species in a charging, as a second chamber part, to ionize the in-
jected at least one reagent species within the presence of the analyte, if the reagent
species are not separately ionized to be mixed with the sample analyte and/or sample

analyte ions,

- producing reagent originating species ions (206) by a ionization source for ion pro-
duction in a ionization process ionization products in a ionization chamber part, rea-
gent ions after being accelerated into the mixing chamber to interact with sample an-

alyte,

- exposing sample analyte to ionization products (207) to form adducts in a chamber,
a reaction chamber part to facilitate adduct formation of said analyte and said at least
one reagent species originating ionization product species to form adducts according

to their ion species with analyte molecules,

- producing adducts (208), in the unit further comprising optionally at least an elec-
trode pair, said electrode pair further being arranged for maintenance of at least one
electric field therebetween said electrodes of said at least one electrode pair,

- guiding (209) the so formed adducts by an airflow and/or at least said one electric
field according to the charge of said adduct to an outlet, of the MID-device from said

chamber, as an inlet for an analysis device,

- classifying the adducts (210) in the analysis device as based on the mass to charge

ratio for an algorithm to be used in the analysis,
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- analyzing the adducts (211) in the analysis device as based on the mass to charge

ratio in the analysis of the adduct species by the algorithm.

The method can be performed in suitable part as adapted with an embodied UCUCI-

unit, in accordance of the embodiments explained in Figs 1, 3 and/or 4.

According to an embodiment, the method comprises as an option a phase of inputting
at least one reagent species (202) to a reagent inlet, for reagent species introduction.

The optional embodiment is indicated by dashed line.

Fig 3 illustrates an example of a MID-device 300A as embodied as a Dual Ionization
Chamber (also as DIC as abbreviated in the following) according to an embodiment of
the invention. In DIC, the chemical ionization is implemented simultaneously. The
Chemical Ionization inlet CII has in the dual chamber structure essentially two similar
chambers CH1 and CH2, for the sample S entry. However, two chamber-structure has
been addressed for two different reagents, a first reagent, reagent 1 as R1 and a sec-
ond reagent, reagent 2 as R2, to be each mixed separately with a portion of the sam-
ple, before the entry of the mixtures (S+R1 and S+R2) to the respective chamber of
the dual ionization chamber 302 of the unit 300. After the entry to the respective
chamber parts, the mixtures are carried in the medium passing the ionization field, in
the example embodied by soft X-ray source, being effective via the windows illustrat-
ed by the rectangles 302. The soft X-rays are used in the embodiment variant because
of the bipolar nature of the charging. According to an embodiment the sampled ana-
Ilyte can be brought to the left hand side of the unit by the flow 301 after preparation
as disclosed and embodied in Fig 1 related embodiments.

According to an embodiment of the Fig 3 example the MID-device (300A) comprises:
- at least one reagent species inlet, for reagent species injection (exemplified in Fig 1),

- at least one sample introduction port, for such sample introduction comprising an

analyte to be identified (shown in Fig 1),

- in a chamber of the unit, comprising at least a mixing chamber part (312) as a first
chamber part, for mixing the analyte (S) of the injected sample with at least one in-
jected reagent species (R1, R2),

- in a chamber of the unit, comprising an ionization chamber part (302), for ionizing

by a ionization unit at least one reagent species (R1, R2) in a bipolar charging ob-
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tained, as a second chamber part, to ionize the injected at least one reagent species

(R1, R2) in presence of the analyte (S),

- a ionization source for ion production in a bipolar ionization process bipolar ioni-

zation products in said ionization chamber part (302),

- in a chamber of the unit, a reaction chamber part (312 to 313) to facilitate adduct
(S+R1-, S+R2-) formation of said analyte (S) and said at least one reagent species
(R1, R2), by the ionization products (R1-, R2-) to form adducts (S+R1-, S+R2-) ac-
cording to their ion species (R1-, R2-) with analyte molecules (S),

- the unit further comprising at least an electrode pair (303a, 303b) for maintenance
of at least one electric field therebetween said electrodes of said at least one electrode

pair,

the so formed adducts (S+R1-, S+R2-) being guided (304) by at least one electric
field (U4) according to the charge of said adduct to an outlet (307), of the universal
unit (300) to utilize chemical ionization from said chamber part, as a connection (307)

to an inlet for an analysis device.

Although adducts as such are considered as examples above as species in interest to
be analyzed, in an embodiment variant it is not only adducts, but also deprotonated
species, (like e.g. Target molecule where a proton is removed) and fragments of tar-
get molecules and respective adducts with reagent ions for getting can be in the inter-
est, all these species are an achievement of Multi-Method Ionization by the MID-device

embodiments.

The chamber has also an electric field maintained by the electrodes 303a for the
chamber CH1 and the electrodes 303b for the chamber CH2. The electric fields are
respectively produced by the voltages Ua and Ub in the example, in respect to the
ground (or another suitable reference) potential. In an example the Ua can be select-
ed to be 300 V and Ub 100 V, without any intention to limit the voltage values only to
the shown examples or the value ratio there between. The insulation 310 is used to
isolate the chamber walls when in different potential. Within the provision that large
current densities as in corona discharge may promote turbulence via hydrodynamic
flows, the fields are embodied with electrostatic nature, in such embodiments where

used, although the voltages might be alternating in an embodiment variant.

According to an embodiment, the voltages Ua and Ub can be selected on the basis of
the ion adduct (S5+R;” and S+R;,") mobilities, so that the adducts S+R;" can travel and
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match the path via the orifice between the walls (insulated by isolation 310) of the
chamber CH1 and CH2, at the kicker electrode 304 location or near, the kicker elec-
trode provided with a kicker voltage, as exemplified as 1 kV, and through the orifice
so that also the adducts S+R;” end up to the ion guide 305 at the wall of the chamber
CH2, the ions to be further guided to the connection 307 to an MS-inlet, the unit's
300A outlet 307, that is the outlet of the chamber CH2 outlet too, to the ion detector,
such as exemplified as mass spectrometer for the analysis. The ion guide 305 can be
flushed by the flow 306, that is drawn according to an embodiment opposite direction
to the ion path for the adducts S+R1- and S+R2-. The ion guide is there for guiding
ions out of the chamber and the MID-device, for their entry to the analyzing device,
such as a MS. However, in an embodiment the flow 306 provided with flow means,
cited with the same number, can be used also to adjust the through passing ions

and/or adducts, as based on the ion mobility and the flow.

The excess flows 309a and 309b are directed out of the respective chambers CH1 and
CH2. The chambers CH1 and CH2 are isolated by an isolator material 310. The kicker
electrode 304 is also isolated from the CH1 wall. The 309a and 309b are lean as much
as possible from the analyte to be analyzed in the MS, that achieved by the settings of
the flow, electric fields, radiation dose and/or the radiation window 302 geometry.

The dimensions are illustrative, but the dimension ratios are not restricted only to the
exemplified because of the dimensions, but a skilled person in the art can modify the
dimensions on the basis of the embodiments, when the mobilities of the adducts on
the compositional basis are selected for the set geometry, or vice versa with the ge-
ometry and the mobilities.

Sheath flow can be used in suitable part in the embodiments of Figs 3 and 4, accord-
ing to the indications of the embodiments described in the Fig 1. Then the Flows 301
comprises the sample flow and the reagent flow, as embodied in the middle of each of
the chambers as in Fig 1, and the sheath flow surrounding the core flow as embodied
in the Fig 1 examples.

According to an embodiment of the invention, the DIC structure can be used for con-
siderations of one sample by two chemical ionization chemistries without need to
switch the set-up, so producing redundant but diversified results to be used in the
identification of the sample analyte S. Consequently it is improving the detection

probability of reliable indication of certain analyte S presence in the sample.
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Although it might be possible to increase the number of chambers in an MID-device
(or -unit) utilizing the structure of the DIC in a multiple way, in the light of the shown
embodiments, in such embodiments the sample may be compelled to get divided so
many parts as there are chambers, consequently resulting too low sample molecules
available to the MS, potentially having the risk of the losses in the device because of
diffusion or alike processes to cause losses to walls for example. It is also possible that
in such embodiments an extremely analyte-lean sample would suffer from the distrib-
uting problems of rarely present molecules for decision what chamber has the opti-
mum signal of the analyte mass to follow. However, if sample is sufficiently rich, such
a chamber can be used in suitable circumstances in co-incidence type measurements,

for example to suppress the noise from the background.

The Fig 4 is illustrative of such an embodiment variant of the MID-device 300B to uti-
lize the simultaneous ionization of reagents, but to be made in each reagent flow line
branch separately. In an embodiment variant of Fig 4 the reagents as embodied in the

example are NOsand Br, but the selection is not limited only to the shown examples.

The item 403 is illustrative of an accelerator part 403 to accelerate the reagent ions
formed in the reagent flow branch through the accelerator 403. The lines 411 are illus-
trating accelerator rings to be used in both branches, the detailed rings illustrated in
Fig 4b. Although just only one ring 411 is marked with the reference number in Fig 4,
the same way drawn rings are also intended to be considered as accelerator rings, for
accelerating the formed ions by the X-rays by the source being at least partly sur-
rounding the accelerator 403 structure with the rings 411. The double sided arrow in
Fig 4b is indicative of the schematic perspective of the same accelerator 403 from dif-
ferent view of illustration. X-rays are illustrated by the reference numeral 302 used for
radiation window, is indicative also for the soft X-ray source to be used in the irradiat-
ing the reagents to form ions. However, a skilled person knows from the shown em-

bodiments that other ion sources might be utilized depending on application.

The Fig 4 embodiment is illustrating up to two reagent ion species to be utilized in the
analyte-ion adduct formation, as embodied to be combined after the reagent ioniza-
tion. However, skilled person in the art realizes from the embodiment indicated, that
the Fig 4 embodiment does not need so many chambers into which the analyte of the
sample would be divided. Consequently, even more reagent branches could be em-
bodied for use of even more rich analyte species analysis via additional reagent
branches than the mere two that were illustrated in the example of Fig 4. However,
the mechanical dimensions may limit the number via the path of the adducts and/or

ions, as well as multipole formation of the electric fields present in the multi-branch
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embodiments, in such embodiments that use electric field to guide the adducts. Ac-
cording to an embodiment also sheath air flow can be used, as an alternative or sup-
plement to the electric fields in suitable part. According to an embodiment the electric
fields can be formed by a plurality of electrodes, so that for example the electric field
can be formed by a tripole, quardupole, hexapole or octopole.

In Fig 4 the Ea is indicative of an electric field to be used with the ion species NO;
acceleration at the location of the accelerator 403. In Fig 4 the Eb is indicative of an
electric field to be used with the ion species Br acceleration at the location of the ac-
celerator 403. NO3 and Br are examples of such reagents as the respective R1 and
R2.

The accelerator comprises in the casing 402 an X-ray source, or X-ray optics, to direct
and divide the X-rays into the radiation geometry with suitable distribution of the dose
at a local part of the accelerator. The reference 302 is indicative of the X-ray-window,
but also those parts that allow the X-rays to enter to the accelerator volume at the
middle of the accelerator rings 411.

The Flush is indicative in Fig 4 for a flushing flow to prevent the ions to attach to the
entry part of the chamber CH1. According to an embodiment, prime idea to use the
flush is to have a flush flow in preventing neutral reagent species and other impurities
to enter the reaction chamber, as only ions are accelerated in the embodiment vari-
ant. However, according to an embodiment the flush flow can have also a function
that allows to switch off the feed at will, by switching off the ion source and or accel-

erators, so to influence to the ion species selection available for a certain operation.

The reference 302b in Fig 4 is indicative of an additional option to irradiate the rea-
gent-sample combination even more, if desired according to such an embodiment var-
iant. The optionality has been indicated with a dashed line. Although only one radia-
tion window at the electric field Ea is indicated, at the electric field Eb at the right, in-
dicative of a reagent flow branch using Br for ion formation at the outlet 311 location
or near, can be provided also with an additional option to further irradiate the sample
with the reagent at the branch, although not drawn to the Fig 4, only to keep the Fig
simpler.

With a set flow and flow geometry, the reagent flow entry position in the embodiments
indicated via Fig 4 can be selected in respect to the criterion of the intended reagent

ion mobility and/or reaction time to form an adduct with an analyte molecule. In case
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of several analyte molecules present in the sample, the position is selected in respect
to the primary target molecule of the reagent molecule to form adducts with it.

Although primary target molecules to have the reagent molecule to form adducts with
such were the main target in one embodiment variant ensemble, a skilled person in
the art knows from the embodiments that it is also possible to look at other ionized
species and make this according to their life-time etc., by using embodied MID-

devices.

As a generalization, similar structure with electric field and additional option to irradi-
ate could be possible to embody also for MID-units with such DIC that have even more
reagent flow branches than the exemplified two.

Fig 5 is illustrative of an embodied MID-unit test results. A proof-of-concept prototype
of an embodied DIC was constructed and tested. Iodoethane (IE) reagent was mixed
to the flow in chamber 1 (CH1, Fig 3). The test results show unambiguously that the
primary I- ions transfer through the hole and in to the MS only when the guiding volt-
ages are on. A source of RDX was added to the flows going to chamber 1 and chamber
2 (CH1, CH2 Fig 3). alternatively. The results in Figure 5 show a definite [RDX+I]-
adduct present when RDX was added to the chamber 1. Much smaller amount of the
[RDX+I]- adduct was detected when RDX was added to the chamber 2. This is due to
the I- ions making an adduct in while crossing the chamber 2, and can be diminished
by adding an ion guide flush flow, which was not featured in the prototype test. The
two competing chemistries in this experiment were nitrate ion (NOs™) and iodine ion (I-
) chemistries. Nitrate, being ubiquitous, was present in the room air used as a sample
flow. Figure 2 also show the [RDX+NO;] adduct, when the RDX was added into the

chambers.

Fig 6 is illustrating a system 600 according to an embodiment of the invention. The
system is illustrative in a schematic way such embodiments that can comprise at the
beginning of the sampling line a detachment unit 601, which is arranged to detach
samples from surfaces for example, by pressurized air pulses as indicated in a priority
application of the present application. The detachment unit 601 can comprise also
conduits to the air supply, as well as the sample feeding ports to provide the sample
to the further stages in the system, conveyer belts where applicable and the casing
with the related respectively tuned doors and traps for the luggage, cargo and/or pas-
sengers. However, as the detachment unit 601 can be an optional accessory for the

system embodiment variants, it has being drawn in the Fig 6 by a dashed line.
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The system 600 can comprise in an embodiment of the invention variant a pre-
concentration unit 602 that can be used to concentrate the sampled substances before
the entry to the chemical ionization utilizing MID-unit according to an embodiment.
The pre-concentration unit can be implemented at least partly by a virtual impactor as
indicated in a priority application of the present application. According to an embodi-
ment variant the pre-concentration unit can comprise further virtual impactor stages
in addition to the first stage in the item 602 that reduce the sample flow by means of
impactors from high volume levels of several cubic meters per seconds scale to few
tens of liters per minute, simultaneously concentrating the detached material by the
unit 601 for example to the tens of liters per minute flow at the corresponding im-

pactor stage output.

The unit 602 can comprise also an impactor stages, especially in such embodiments, if
the MID-unit 100, 300A, 300B does not itself contain in an embodiment needed ther-
mally heated impactor plate comprising impactor, for desorption or evaporation of
sample contained potential ELVOCs, or, illicit substances under the interest in the

samples taken from the luggage, cargo and/or passengers.

The system elements 100 and 300 as embodied as MID-units in suitable part in the
present application prepare the sample contained analytes in the chemical ionization
chambers to form adducts from the analyte and reagent species, to be fed to the
mass spectrometer (MS) 603 for the analyte identification as based on mass to charge
ratio by the adduct mobility. The identification can be made in a computer that is used
in the MS control, to control the process of the system and/or to run the algorithm for
the cluster analysis to identify the adducts as based on their mobility.

According to an embodiment, the illicit substances in the interest comprise drugs, ex-
plosives, super toxics and/or nerve gases, or combinations thereof. According to an
embodiment, the reagents to be used in a MID-unit in an embodiment (or a plurality
of such in an embodiment variant), are selected according to the illicit substance spe-

cific way for the lowest detectable concentration.

The scope of the invention is determined by the attached claims together with the
equivalents thereof. The skilled persons will again appreciate the fact that the explicit-
ly disclosed embodiments were constructed for illustrative purposes only, and the
scope will cover further embodiments, embodiment combinations and equivalents that

better suit each particular use case of the invention.
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CLAIMS

1. A MID-device (100), wherein the MID-device (100) comprises a port structure

10

15

20

25

30

(312) further comprising at least one of the following ports: a reagent introduction
port (104), sample introduction port (101, 101p), sheath flow introduction port
(105), a flow laminarization assembly (FLA) arranged to be located at the sample
entry part of the chamber (CH1) to make at least one of the sheath flow (105) and
sample flow (101) laminar in the chamber (CH1), wherein the MID-device further
comprises a ionization source (106) to ionize sample analytes and reagent species
in the chamber part (102) of the chamber (CH1), wherein the sample flow chan-
nel (101) extending to the chamber (CH1) is arranged to guide the sample ana-
Iytes in the core flow in the chamber (CH1) core part together with the reagent
species, the core flow being surrounded by the sheath flow, the core flow carrying
the sample analytes and a reagent species to pass by the ionization source (106)
that is arranged to ionize the sample analyte molecules simultaneously together

with the reagent species.

. A Dual MID-device (300A), wherein the Dual MID-device (300A) comprises at

least two chambers (CH1), (CH2), a first chamber (CH1) and a second chamber
(CH2), said chambers each being dedicated to a respective reagent species (R1),
(R2), respectively, to have the sample (S) being exposed with, (101), as being di-
vided by a divider (312b) into said chambers (CH1), (CH2), to a first sample part
and a second sample part, each sample part with sample part specific sample ana-
Ilytes (R1), (R2) for getting mixed into chamber specific flows (301) in the chamber
entry part of the port structure (312) with said reagents (R1), (R2), respectively,
to expose each chamber specific sample-analyte reagent mixtures (5+R1), (S+R2)
to ionization simultaneously, the reagent and sample analyle part together carry-
ing the sample analyte and a reagent species to pass by the ionization source
(302) that is arranged to ionize the sample analyte simultaneously together with
the reagent species in each chamber (CH1), (CH2).

The Dual MID-device (300A) according to claim 2, wherein each chamber (CH1),
(CH2) comprise a chamber specific sheath potential sources (Ua, Ub), arranged to
the respective chambers (CH1), (CH2) to set the chamber walls (303a), (303b) to
the respective chamber specific sheath potential (Ua), (Ub).

. The Dual MID-device (300A) according to any claim 2 or 3, wherein the ion

source comprises an X-ray source, advantageously separated from the chambers
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(CH1), CH(2) by a window (302) allowing the X-rays to penetrate into the chamber
(CH1), CH(2) at the window location in the chamber (CH1), CH2.

The Dual MID-device (300A) according to any claim 2, 3 or 4, wherein each
chamber (CH1), (CH2) comprises a chamber part, as a reaction chamber, after the
ionization part end (313) to provide reaction time to formation of adducts from the
chamber specific reagent species (R1), (R2) and the sample (S) part analytes pre-
sent in the chamber (CH1) (CH2) to form reagent specific adducts (S+R1-),
(S+R2-) in each reagent specific respective chamber (CH1), (CH2).

The Dual MID-device (300A) according to any one of the claims 2 to 5, wherein
each chamber comprises a port structure (312) further comprising at least one of
the following ports: a reagent introduction port (104), sample introduction port
(101, 101p), sheath flow introduction port (105), a flow laminarization assembly
(FLA) arranged to be located at the sample entry part (312) of the chambers
(CH1), (CH2) to make the sample flow (301) laminar in the chambers (CH1),
(CH2) at each chamber (CH1), (CH2) entry.

The Dual MID-device (300A) of any one of the claims 2 to 6, wherein the Dual
MID-device (300A) comprises a passage between at least two chambers (CH1),
(CH2), for providing a passage to reagent specific adducts (5+R1-) to exit (311) of
the Dual MID-device (300A) from a chamber (CH1), (CH2) of the dual MID-device
(300A).

The Dual MID-device (300A) of any previous claim, wherein the exit (311) part of
the Dual MID-device (300A) comprises an ion guide assembly (304, 310, 305, 306,
307) to guide the adducts out of the Dual MID-device (300A) by at least one of the
following: by electric field (305), by a kicker electrode (304,310), by flow means
(306) to provide a flow to flush, or for a counter flow (306), and a connection
(307) to the ion analyzer.

A MID-device (300B), wherein the MID-device (300B) comprises a plurality of rea-
gent flow introduction ports for each reagent (R1, R2), said introduction ports fol-
lowed by an accelerator (403) provided with a ionization source (302) arranged to
ionize each reagent species (R1), (R2) into ions (R1-), (R2-) to be accelerated by
electro-magnetic fields (Ea), (Eb) before the reagent ion species (R1-), (R2-) entry
to the reaction chamber (CH1), wherein the analytes in the sample introduction
flow (301) to carry sample analytes to the reaction chamber (CH1) is/are arranged
to mix with a at least one of the reagent ion species (R1-), (R2-), at the respective
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accelerator (403) outlet location to form adducts into the chamber volume (CH1),

of the analyte species and the reagent ion species present in the chamber.

10.The MID-device (300B) according to claim 9, wherein the MID device comprises

11.

12.

13.

14.

15.

16.

such an accelerator (403) that comprises flow means (306) arranged to flush the
accelerator exit, and/or to adjust the ion species introduction to the chamber part
(CH1).

The MID-device (300B) according to claim 9 or 10, wherein the MID device com-
prises an additional ion source (302b) in the chamber (CH1) at least at one accel-
erator (403) location for further ionization of the substances comprising present

sample analytes, at the ion source location (302b).

The MID-device (300B) of any one of the claims 9,10 or 11, wherein the MID-
device (300B) comprises an exit (311) of the MID-device (300B) from a chamber
(CH1), for the formed adducts (S+R1-), (S+R2-), to (307) an ion detection device.

The MID-device (300B) of any previous claim, wherein the exit (311) part of the
MID-device (300B) comprises an ion guide assembly (305, 306, 307) to guide the
adducts out of the MID-device (300B) by at least one of the following: by electric
field (305), by a kicker electrode, by flow means (306) to provide a flow to flush or
a counter flow (306), a connection (307) to the ion detection device.

The MID-device, according to any one of the previous claims , wherein the ioniza-
tion source (106, 302) comprises an X-ray source of soft X-rays, the energy of the
X-rays being below 9 keV, advantageously below 7 keV, more advantageously be-
low 6 keV, and simultaneously, preferably over 1 keV, but more preferably over 3
keV, or, the energy being selected from such a range that is comprising a below
definition for the energy from the said below values and an over definition for the

energy from the said over values.

The MID-device, according to any one of the claims 1 to 14, comprising such a
chamber (CH1), (CH2) that comprises at least two of the following: a mixing
chamber part, an ionization chamber part, a reaction chamber part, in a same

chamber, the other said parts being in operative communication, but separated.

A MID-device according to any one of the claims 1 to 15, comprising at the be-
ginning end of the mixing chamber part, or connected thereto, a desorption unit

for evaporating analyte from a collected sample.



10

15

20

25

30

WO 2018/050962 PCT/FI12017/050643

17.

18.

19.
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21.

22.
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A system to identify an analyte species from a sample, comprising in the system
(600) as system elements an ion detection device, such as a mass spectrometer,
advantageously such as an API-TOF-mass spectrometer (603), and at least one
MID-device (100, 300A, 300B) to utilize at least chemical ionization according to
any claim 1-16.

The system of claim 17, wherein the system (600) further comprises as system
elements a pre-concentration unit (602) and/or a detachment unit (601) before
the MID-device (100), (300A), (300B), for concentrating the sample for the analy-

sis.

The system of claim 17 or 18, wherein the system (600) further comprises as a
system element such a pre-concentration unit (602) that comprises a concentrator
that is selectable from the following: an acoustic concentrator, aerodynamic lens,

cyclone, or combination of the just mentioned.

The system of claim 17, 18 or 19, wherein the system (600) further comprises as
a system element such a pre-concentration unit (602) that comprises a virtual im-
pactor unit further comprising at least one virtual impactor stage adapted to a high

volume sampling with a high volume sampling flow.

The system of claim 10, wherein the system (600) further comprises in the virtu-
al impactor unit a second virtual impactor stage adapted to suppress the high vol-
ume sampling flow to the MID-device (100, 300A, 300B), and/or a desorption
stage to vaporize an analyte for the entry to the MID-device (100, 300A, 300B).

A method of analyzing analyte species in a sample, wherein the method com-

prises

bringing the sample (201) to a MID-device (100, 300A, 300B) according to any
claim 1 to 16 comprising:

inputting (202) at least one reagent species (R1, R2)to a reagent inlet (312, for
reagent species introduction,

inputting (203) at least one sample to a sample introduction port (312), for such

sample (S) introduction comprising an analyte to be identified,

mixing (204) in a chamber(CH1), (CH2), comprising at least a mixing chamber

part as a first chamber part, for mixing the analyte of the introduced sample
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with at least one introduced reagent species (R1), (R2), said reagent species
being in neutral form (R1), (R2) or in ionized form (R1-), (R2-),

ionizing (205) by a ionization source (106, 302, 403), for ionizing at least one re-
agent species (R1), (R2),

5 - producing (206) reagent originating species ions (R1-), (R2-) by a ionization

source for ion production in a ionization process ionization products,,

- exposing (207) an analyte to ionization products to form adducts (S+R1-),

(S+R2-) in a chamber (CH1), (CH2), in the reaction chamber part to facilitate

adduct formation of said analyte and said at least one reagent species origi-

10 nating ionization product species to form adducts (S+R1-), (S+R2-) according

to their ion species with the analyte molecules,

producing (208) adducts (S+R1-), (S+R2-), in the MID-device (100, 300A,
300B),

guiding (209) the so formed adducts (5+R1-), (5+R2-) by at least one of the fol-
15 lowing: electric field and sheath flow to the exit (107, 107b, 307, 311) of the

MID-device as an inlet for an ion detection device,

- classifying (210) the adducts in an ion detection device as based on the mass to

charge ratio for the mass analysis,

analyzing (211) the adducts in the ion detection device as based on the mass to
20 charge ratio.
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The application lacks unity within the meaning of Rule 13.1 PCT. According to Rule 13.1 PCT, an
application shall relate to one invention only or to a group of inventions so linked as to form a single
general inventive concept.

Further, according to Rule 13.2 PCT, the requirement of unity of invention is fulfilled only when there is a
technical relationship among the claimed inventions involving one or more of the same or corresponding
special technical features. The expression “special technical features” means those technical features
that define a contribution which each of the claimed inventions, considered as a whole, makes over the
prior art.

The International Searching Authority considers that this international application contains the following
inventions or groups of inventions, which are not so linked as to form a single general inventive concept
under Rule 13.1 PCT and Rule 13.2 PCT:

Invention I: claims 1 and 13-22 (in part, insofar as they refer to claim 1)
Invention II: claims 2-8 and 13-22 (in part, insofar as they refer to claim 2)
Invention IlI: claims 9-12 and 13-22 (in part, insofar as they refer to claim 9)

The claim set contains three independent device claims 1, 2, and 9 corresponding to inventions I-lIl,
respectively.

The MID-device of claim 1 comprises the following features:

(feature F1) a port structure further comprising at least one of the following ports:

+ areagent introduction port ,

+ sample introduction port,

+ sheath flow introduction port

(feature F2) a flow laminarization assembly arranged to be located at the sample entry part of the
chamber to make at least one of the sheath flow and sample flow laminar in the chamber,

wherein the MID-device further comprises

(feature F3) an ionization source to ionize sample analytes and reagent species in the chamber part of
the chamber,

(feature F4) wherein the sample flow channel extending to the chamber is arranged to guide the sample
analytes in the core flow in the chamber core part together with the reagent species,

(feature F5) the core flow being surrounded by the sheath flow,

(feature F6) the core flow carrying the sample analytes and a reagent species to pass by the ionization
source that is arranged to ionize the sample analyte molecules simultaneously together with the reagent
species.

The dual MID-device of claim 2 comprises the following features:

(feature F21) at least two chambers, a first chamber (CH1) and a second chamber

(CH2), said chambers each being dedicated to a respective reagent species, respectively, to have the
sample being exposed with,

(feature F22) as being divided by a divider into said chambers, to a first sample part

and a second sample part, each sample part with sample part specific sample analytes for getting
mixed into chamber specific flows in the chamber entry part of the port structure with said reagents,
respectively,

(feature F23) to expose each chamber specific sample-analyte reagent mixtures to ionization
simultaneously,

Continued to next page
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(feature F24) the reagent and sample analyte part together carrying the sample analyte and a reagent
species to pass by the ionization source that is arranged to ionize the sample analyte simultaneously
together with the reagent species in each chamber.

The MID-device of claim 9 comprises the following features:

(feature F91) a plurality of reagent flow introduction ports for each reagent,

(feature F92) said introduction ports followed by an accelerator

(feature F93) provided with a ionization source arranged to ionize each reagent species into ions

(feature F94) to be accelerated by electro-magnetic fields before the reagent ion species entry to the
reaction chamber,

(feature F95) wherein the analytes in the sample introduction flow to carry sample analytes to the reaction
chamber is/are arranged to mix with a at least one of the reagent ion species at the respective accelerator
outlet location

(feature F96) to form adducts into the chamber volume, of the analyte species and the reagent ion
species present in the chamber.

First, it is noted that each of the device claims discloses features that instead of defining the structure of
the device refer to its intended use. Such features limit the scope of the device claims only to the extent
that the device must be suitable for the referred use. For example, the difference between a reagent
and an analyte molecule and the corresponding “introduction ports” is purely a matter of how a chamber
structure is utilized. Thus, for example, any structure that allows to direct a mixture of a reagent and an
analyte pass an ionization source falls within the scope of feature F6.

The inventions relate to chemical ionization of a fluid sample. The common structural features for each
of the three inventions are a chamber that allows introducing both an analyte and a reactant in it and an
ionization source that is capable of ionizing at least the reactant.

An additional feature shared by Inventions | and Il is a possibility to ionize the sample analyte molecules
simultaneously together with the reagent species.

An additional feature shared by Inventions Il and lll is that the related devices allow to feed several
reagent species to the chamber.

All the shared features are known, for example from any of the following documents:
D1: US 2016126079 A1 (SIPILA MIKKO [FI] et al.) 05 May 2016 (05.05.2016)

D2: US 5175431 A (EISELE FRED L [US] et al.) 29 December 1992 (29.12.1992)

D3: US 2013260478 A1 (EWING ROBERT G [US] et al.) 03 October 2013 (03.10.2013)

Consequently, said features do not define a special technical feature according to Rule 13.2 PCT.

The remaining structural feature of Invention | is a flow laminarization assembly that allows to laminarize
either the sample flow entering the chamber or a sheath flow. According to the description, this solves the
technical problem of protecting the sample carrying flow in the core parts of the chamber from drifting to
the walls and also protecting analyte(s) and reagent species from potential impurities pre-existing in the
chamber.

The remaining structural features of Invention Il are a second chamber and a divider between the
chambers. They allow to divide the sample flow into two separate parts that can still be ionized
simultaneously.

The remaining structural features of Invention Il are accelerators that follow reagent flow introduction
ports. The accelerators allow to guide, in a controlled manner, the reagent ions to be mixed with an
analyte.

Continued to next page
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Since the remaining features that solve different technical problems are not the same or corresponding,
the application is considered to include three separate inventions.
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