METHOD OF AND EQUI PMENT FOR MEASURING | ONI C MOBILITY The invention relates
to a nethod of .measuring ionic nobilit wherein the ions in a nediumare
g gepans of an electric foea =t hei r nDblIityL'is neg >
: I'so relates to .a & measuring the ionic M

. conprising an electric field for carrying i‘ons in the nmediumand an ion

wmeter for neasuring the.ionic nobility. The measuring device of i-onic
nmobility herein refers to a device that jis used for neasuring the ionic
nmobi lity in the mediumand the nobility 'distribution in the elec- 10 tr|c
field. 'Generally, the mediumthat is measured by these devices, in = - .
‘practice, aERHOD OFi AND EZQUIPMENT FU&WSMRIN@KBNI@N@BIUWM exanpl e, by

- using a radioactive source, a corona discharge or ultraviolet I'ight. One
typi cal nethod of inplenentati-on of the device conprises a.drift -tube,
“whi ch exam nes the tine taken by the-ions in the gas -when to nove-a given
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cycl e, whegmicmoblity.part of the gas that is examined is allowed to-
influence the actual - measurenment. Another way to examine the ion nobility
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: .10 tnc ﬁeld Generally, the medium that is measured by these devices, in practlce a
gas, is jonized before the actual measurement, for example, by using a radloactrve

. source, a corona dlscharge or ultrawolet light.
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- One typlcal method of lmp!ementahon of the devnce compnees a dnft tubs, which - -

. examines the time taken by the ions in the gas when to move a grven distance un-
: 15 ~ - der-the effectof a given electric field. As ions that have different mobzlltles take dif- o

' ferent times traveliing the dlstance, a moblllty spectrum is obtalnecl by means of

_ this.method. Patents us 477? 363 and WO 89 09934, ,among others, describe the

_basrc technsque of the drift tubes. In addition, there are numerous patents. that pre- -
~ sent various lmprovements to this technique. Typ:cally. the techmque uses a
20 . closed cycle, wherein only part of the gas that is examined is allowed to mfluence;-'

S the actual measurement.

_ Another way to examme the ion moblllty in gas is to use a solution of the asplratlon
* . condenser type, wherein the ions are deflected by an electnc field that is perpen-
: . dicular to the flow direction of the. gas. Their mobility in the electric field deter-
B 25 mines, how far the ions- ﬂy before colliding either with.walls or eollec’tor electrodes
placed on the walls. The ions that oolllde with the collector electrodes generate a
. measurable ﬂow from which the jon mobility distribution of the measured gascan -
" be deduced ata given accuracy. Typlcaily, the jonized gas that.i is examined by this -
techmque is allowed to travel as such throughthe measunng device. Patent
30 - FI75055, among others, describes this technique. Patent WO 03 081224 de:
- scribes slightly different ways of mplementmg this type of cell structure ‘among
others, a more precise way of measuring the mob:llty distribution by means of a '_
" reference electrode® and an ‘alternating field . voltage. Applications US -
2003/0047681 A1 and US 2005/0178962 A1 disclose the axial flow of a sample
35 = medium between two parallel cylindrical surfaces of an FAIMS analyze_r.&.'A chal-




25 mnes, how far the ions fly before colliding either with walls or
col l ector electrodes placed on the walls. The ions that collide with the
col l ector electrodes generate a neasurgble flow, fromuwhich the ion
mobi lity distribution of the nmeasured gas can be deduced at a given
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between two essentially parallels surfaces when they are moved in their own directions

with respect fo one another.

In a first aspect of the invention, there is provided a method of measuring ion mobility,
" wherein ions contained in a medium are carried by means of an elecfric field and their
mobility is measured, characterized in that the medium is kept in a shear flow that is
formed between two essentially parallel surfaces by moving them in their own directions

relative to one another.,

The surfaces are preferably moved in a parallel relation with respect to one another. This is
also called the Couette flow, which is the flow of a fluid formed between two parallel
surfaces, when the surfaces are moved essentially in a parallel relation to one another.
The shear flow is preferably maintained laminar, in other words, each particle of the
medium moves essentially along a flow line of its own.

The electric field and the shear flow can be kept at an acute angle, an obtuse angle or
perpendicular with respect to one another. The latter embodiment is the most useful.
Typically, there are various types of ions in the medium that is carried, whereby their
quantity, mobility and/or mobility distribution are measured. The method can also be
implemented so that other methods of analysis are connected therewith or it is part of a

more extensive analytical system.

Typically, the ion mobility is measured by means of measuring electrodes. The medium
may initially contain the ions that are analyzed, or the ions can be produced by keeping
the sample, which is to be analyzed, in ionizing conditions before the measurement. In
that case, it is typical that the non-ionized portion of the sample is used as the medium.

The sample is preferably gas and/or vapour.



Enbodi ments of the invention seek to correct the above-nentioned problens
related to the neasurenent of ion nobility of the aspiration condenser
type. This is mainly achieved so that,,phen carrying the ions in the
medi um by nmeans of the electric field and neasuring their nmobility, the
mediumis kept in a shear flow, which is forned between two essentially
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sur f acgsypehR eddicothier hag &e of differyradimssand esdengialn a parallel relation
to one aﬁbther The shear flowis preferably maintained |amnar, in other
wor ds, each particle of the nedium noves essentially along a flow |Iine of
its owmn. The electric field and the shear fl ow can be kept at an acute
angl e, an obtuse angle or perpendicular with respect to one another. The
| atter enmbodinent is the nost useful. Typically, there are various types
of ions in the nediumthat is carried, whereby their quantity, nobility
and/or nobility distribution are measured. The nethod can al so be
i npl enented so that other nmethods of analysis are connected therewith or
it is part of a nore extensive analytical system Typically, the ion
mobility is nmeasured by neans of neasuring el ectrodes. The nedi um may
initially contain the ions that are analyzed, or the ions can be produced
by keeping the sanple, which is to be analyzed, in ionizing conditions
before the nmeasurenent. In that case, it is typical that the non-ionized
portion of the sanple is used as the nmedium The sanple is preferably gas
and/ or vapour. 2a Thus, the shear flow according to enbodi nents of the
invention is generated by keeping the sanple and/or the nediumin the
shear fl ow between two surfaces, which nove in their owm planes with
respect to one another and are essentially parallel. According to an
enbodi nent of the invention, the surfaces typically consist of the
opposite flat surfaces of two plates or belts. According to another
enbodi nent of the invention, the surfaces in question consist of the outer
and inner surfaces of two cylinders, which rotate with respect to each
other and are of different sizes and essentially 3 concentric. This
system provi des, anbng others, what is called the Couette-Tailor flow that
bel ongs to the Couette flows and, thus, refers to the shear flow of matter
that is formed between two essentially concentric cylinders, when one or
both cylinders are rotated around their axes at different velocities with
respect to the 5 other/each other. The flowis utilized in nmeasuring the

vi scosity, anong others. The nethod nmakes it easier to place the

- nmeasuring electrode(s) and the source of ionization on the surface of the
cylinder that is kept in place. Furthernore, when needed, the sanple
and/or the mediumthat is analyzed can be kept in the Couette-Tailor flow
and suck a new quantity to be anal yzed only when so desired. At . 10 the
sane time, the sanple and/or the medium can be heated to a constant
tenperature and nore tinme can be used for the analysis. Typically, the
met hod al so



produces a |lot |ess noise than the air punps used in aspiration condenser
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Typlcaliy, the ﬂow in the Couette-Tallor ﬂow remains lamiinar: extnemely well, :f the _
: outer cylinder is rotated and the inner cylinder is kept stat:onaly When rotating the
15  inner cylinder, instead, the flow easily becomes turbulent already at fairly small
~_operating speeds and flows. The laminar Couette-Tailor flow quite ‘accurately fol- -
iows a profile, wherein the speed ‘of the sample- andlor the medium on each sur-
face is the same as that of the said surface, and undergoes a linear change be-
: __-tween the same. This hypothesus holds the. better, the closer the diameters of the
20 outer surface of the i inner cyllnder and the inner surface of the outer cylinder are to
' one another. Thus, it is preferable that the ratio of the diameters of the outer sur- -
face of the inner, cylmder and the inner surface of the outer cylmder is. wnthln a -
range 0f0.30 to 0. 99, preferably from 0 50 to 0 95.

. When usmg the Couette-Tayior flow of two concentnc cylinders, the sample andlor
25 - medium is typically § fed between the inner and the outer cylinders and brought into
"~ shear flow therein. The sample can be fed between the cylinders on a.continuous

basis but it is preferable to feed it first and walt until the ﬂow is lammar after -

which the ion mobllrty is measured

ltis preferable fo divide the space between the cyllnders into regrons, whereln the
30 flowing sampie is subjected to measures related to preparatlon and analysis. The
- sample can be icnized in an :emzatlon region that is arranged in the space be-
- tween the inner and the outer cyltnders Thus, -the region constitutes a circular .
arch between the cylmders where the sample is mainly ionized. The ionizing con-:.
~ ditions are ‘provided, for exampte by means of an ionizer that is arranged on the

35 outer surface of the inner cylinder.




4 Correspondingly, the ions of the sanple can be carried and neasured in
the transfer regi on between the inner and the outer cylinders, which is
| ocat ed downstream of the ionization region. Typically, this is effected
by generating an electric field betwedn the outer cylinder- and the ion
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an:j/ o(rj A&%r ¥'Bh Qﬂnlgclﬁ(ﬁﬁem)(ﬂ% nﬁasgglfb %Ief@froﬁes‘ oboné loe rmﬂgllecbtom hletasnner
Cyl 1l naer an erera m e of ,the e
That hatbahee qrﬁaph%wmﬁnn%a"e 3 rendts 58 3y T o, P dREfon 6 BRTP
el ect r oglRar IO @nm@ ?ﬁé ﬁﬁm_ﬂaf op $ie elratriof fidld detvoerre the outarag1doﬁhe iByer
deduct th of the e C r

rrgagﬁr : %”@é(ﬁ%h ghar}gﬁg 'Péﬁ?éfe%éoﬁ' ?)F ge%:hg\g}g?%‘& t8r~E%‘:{Iuglout | er ergéq
This is r@ﬁiesmr@inguae«fnstAmambuienc@ohuneaﬂommgmmplg amﬂ/cnragedium digtrsut er
per phef e SR e SEELEsT s eh SRRy Iecigine Rk aftbriiend

the flo tage on measurin
el ect r ogleasuribtetectiodes a’easlmtmrftqm the/edansoftheinnpacdindes and Prefaeply: e

transfer re QN A ﬁﬁggéged in the zone of discharge that is |ocated
downst r e ape R ERvis

€r region. According to a second aspect of the
invention, there is provided a device for neasuring the ion nobility,

compr | SA”%@S\e%S%ééCth';ﬁét%ééH id &Qﬁﬁhﬁtﬁé"%eé%ﬂﬁed byt heans dfuisiastben

i on met'er neasuring the 1on The devic 3 racteriz d in
havi ng ele¢trades, whieti a&@m@ﬁ@#l’ﬂ‘%ﬁm ﬁﬁ@‘edo'?‘@t@f‘ reqiey- %ye ecﬁ.ﬁﬁ\ &‘?
tsﬁr fac enéehgtet ﬁ’*oﬁn%@”éi nél§ %ﬁgﬁe aldaguiney elég&bdes;ﬁhadﬂtermartﬁ)y

e surfaces [im space nmedi um a an be np
t he surfegeerae mitbeut ‘Wpffwef‘@% pﬁ&? %ﬁﬁ'ﬁ BE Wﬁ‘ﬁn HREp AN ?j;% ig’:fﬁpg‘?lﬁ Ego(:‘f'ls o)
the. Tred i SpEpérigR R/ ERy m@*efééi“e‘?g’*?i‘é‘?‘dﬁmm L e maEou ar e
ar r angetpw gaygeq by ea‘{‘?ﬁ'ea\,{g@r T"?ﬂlb@? er%cé%aeéﬁé?éﬁﬂ %{é&ﬁ%snﬁ e
pgr al | e.lnﬁéeuremeﬂﬂ any mszmgila@eamﬁé@ﬁaﬁﬁgemﬁﬁe@m gambe a:luancgawpdrm the oned
above, the WIS refera e nenbers are
prefer a%‘P'F%TJ ﬁé ‘%35 %8@\?"?@ am %L{E?nhfaﬂg ﬁ?%{@% nar Couette shear

flow This is effected for exanple, by keeping the surfaces strictly

|1
Gener at AeTIng I AR5 P e Vel B P Vi g
car ri esthehien inootslitg a:mnu:aslsmgr@t:eledtﬂatfe@ fonbanpsnaiigy onsaR ﬂéﬁ)m@@“&ﬁ@@ é‘”d?”
per pend) ) r for lhga%ﬂﬁg B FnBB - The a0k gs cRarBERfigsR M Mok Aewelistirfhes .

The ion M evi ce ac rding to the inventi E‘ Erab ce&msts
of one memter dhatebas i firgt euéa%te'ld Iﬁ‘a@e‘?ﬁ?’é@swr@oﬁ 5&%%4

and/ or LagntQ/Batd Siridte WHé?é!Sy fRSsutfack fmilithé epass of tr@emeoﬁm anb carhe

measuri Rg e re preferably measuring, el ectrqdes there. are
pr ef erabdayn@@ﬁeb)almeﬂnst‘?feﬂ?ﬁ ﬁtﬂ@cﬁdﬁﬁg@ﬁ htrﬁﬁﬁ’ﬁdtﬂéeascgn’fr)tﬂgr meHhOW% to

bebalna' Yf&dions! B Fiat] @‘urﬂrﬁ' A8 teprAiiddiemand ms)nlmblmgne?Meth of theriofigthe he
mobi | i ty neasur enent e ioni 2 r_exanpl e

a cor onEediuse i ngehads fiewe tdp Fﬁe‘éﬁ'ﬁ%eﬁ g?e ?%{gcht mgﬁ:ﬂ)eﬁ aﬁ%gf{gh%%q%%?ggé
“source Rove @t @lri@8s with GespedtoAnchther it phiatel relatiorce with an activity i n

the order of 160pC . As descri bed above the shear flow is generated by
means of surface nenbers,

3—!




the sanple to be analyzed and its possi bl e nedi um bei ng situated between
the opposite, essentially parallel and noving surfaces of the surface
menbers. The 20 sanple herein refers to the substance that is to be

anal yzed and the nmediumrefers to the substance that carr)j -subst ance
that is aNd?§P&@631¢enerally, no nediumis needed, \Ahere%‘ijrﬁzzghg@ﬂg#oni zed
portion of the sanple functions as the nedium The sanple and/or nmediumis
preferably gas, vapour or a mxture thebeof. 25 The surface. nenbers
conprise two essentially parallel surfaces, between which there is

arranged a, space for the medj um and/ or the s l.e., This i.s. the best.way to
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- surfaces refefEbifPeMdnlidigspect to each other, the sanple and/or medium
flows in a manner of the Couette-Taylor 35 type. Thus, the Couette-Taylor

Lo T2 RIRENNRRCRE o R RO bl 45 T R Bon Fh AU AR br bhE
' or more measuring elements that measure the amount, the mobility and/for the
10 mobility distributions of the different types of ions. The measuring elements are
preferably measuring electrodes, and there are preferably several of them. The
 jonizer maintains the sample, which is fo be analyzed, under ionizing: conditions,
producing ions therefrom for the mobility measurement. The ionizer can be, for
. example, a UV light source, a corona discharge device or a source of radiation. It
15  is preferably a source of radiation, e.g., an Am-241 radiation source with an activ-
ity in the order of 160uCi. |

As described above, the shear.flow is generated by means of surface members, .
the sample to be analyzed and its possible medium being situated between the
opposite', essentially parallel and moving surfaces of the surface members. The
20 sample herein refers fo the substance that is to be analyzed and the medium re-
fers to the substance that carries the substance that is analyzed. Generally, no -
medium is needed, whereby the non-ionized portion of the sample functions as the
medium. The sample and/or medium is preferably gas, vapour or a mixture -

therecof.

25 The surface members comprise two essentially paraliel surfaces, between which
there is arranged a space for the medium and/or the sample. This is the best way
to accomplish the preferable laminar flow. According to a preferred embodiment of
the invention, the surfaces are the opposite and essentially flat surfaces of two
plates or belts. However, it is preferable that the surfaces comprise the outer and

30 the inner surfaces of two cylinders, which rotate with respect to each other and are
essentially concentric but of different sizes. In that case, the sample and/or the
medium are fed into the space between the outer surface of the inner cylinder and
the inner surface of the outer cylinder. When the surfaces are moved with respact
to each other, the sample and/or medium flows in a manner of the Couetie-Taylor

35 type. Thus, the Couette-Taylor flow is a subtype of the Couette flow, see above.

‘The diameters of the outer stitface of the inner cylinder and the inner surface of



WD 2007/ 063167PCT/ F12006/ 000395 6 the outer cylinder are preferably within
a range of 0.30 to 0.99, and nore preferably fromO0.50 to 0.95. As
nmenti oned above, the Couette-Taylor flow is generated, when the

essenti al | I surfaces of the cylinders are nove ct to
each ot he iﬁ ‘?855 ly, 5 the flow remains very |amnar, Pcmzﬁo&(ﬁﬁjﬁ

peri phery |s rotated and the inner periphery is kept in place. |nstead,
when rotating the inner periphery, the fd ow becones turbul ent even at very
| ow operating speeds and flows. In the device of the invention, thus, the
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In that case, an input streamswitch is needed in :
' The outer- cylmder is preferably rotated by a motor. The-device can also mc!ude a .
feeding member, which feeds the sample between the inner-and ihe outer cylin-
15  ders and brings it into shear flow therein. The feeding member preferably consists-
of a centrifugal fan member, which is in connection wit‘hlthe outer cylinder and
sucks or blows the sample and/or the medium into the space bstween the cylin-
~ ders. In that case, the motor preferably rotates both the outer cylinder and the ra-
dial wheel of the feeding member. In addition, .openir}ge in ‘connection with the
20 outer cylinder are typically required, through which the sample and/or the medium '

flows in and out of the space between the cyimders

As mentioned in connection with the descnpt:on of the method, it is preferable to

feed the sample/medium into the device as a portion, and wait until it has reached

the (laminar) Couette-Taylor flow. In that case, an input stream swiich is needed in

25 the feeding member of the sample to feed the sample or the medium into the

 space between the cylinders, whereby the measurement is not started until the
batch that was fed flows in a desired manner. '

Typically, the flowing space of the device ‘according fo the invention is divided into
regions, where the sample is prepared and analyzed. Accordingly, the ionizer is
30 preferabiy arranged in an ionizing region between the inner and the outer cylin-
ders. The ionizer is preferably attached to the outer surface of the inner cylinder.
" The electric field, for its part, can be arranged in a transfer region between the in-

ner and the outer cylinders, which is situated downstream of the ionizing region.



25 the feeding nenber of the sanple to feed the sanple or -the nediuminto
the space between the cylinders, whereby the neasurenent is not started
until the batch that was fed flows in a desired manner. Typically, the

fl ow ng space of the device according to the invention | b\l =Nt 0
regi ons, &H%#@WWﬁE”sanple i s prepared and anal yzed. Accgﬁgﬁggkgﬁﬂfﬁe
ionizer.is 30 preferably arranged in an ionizing region between the inner
and the outer cylinders. The ionizer isfpreferably attached to the outer
surface of the inner cylinder. The electric field, for its part, can be
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accord ngmentiongd 'agoﬁé' olnoan circuit board (Fig. 4), which is attached to the outer surface

of the inner cylinder.

25  In the following, the invention is described in detail with reference to the appended
drawings that present one cell structure according to the invenrﬁon.

Fig. 1 shows a schematic side sectional elevation of the device according to the
invention. '
~ Fig. 2 shows a perspective exploded view of the same device.

30 Fig. 3 shows a compact perspective view of the same device.

Fig. 4 shows a top view of the circuit board that is attached fo the outer surface of
the inner cylinder in the same device.



Fig. 2 shows a perspective expl oded view of the same device. 30 Fig. 3
shows a conpact perspective view of the sane device. Fig. 4 shows a top

view of the circuit board that is attached to the outer_surface of the
i nner cyl WRAEY636 he sane device. WD 2007/ 063167PCT/ FROBEBPHINEYS 8

Figs. 1 to 4 show a stationary inner periphery 1 having a radiation source
3 and-a flexible circuit board placed o8 its surface, the board containing
- measuring electrodes 4. In this case, the outer dianmeter of the inner
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| mat erial of the circuit "boa s palyjmde, This board is glued to the
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25 which may have passed the measuring elecirodes, are uncharged. The thickness
of the ﬁexibl_e board is typically about 125pm and that of the metal coating 35um.
The base material of the circuit board is polyimide. This board is glued fo the sur-

face of the inner periphery 1 with the measuring electrodes pointing outward.

The outer periphery 2 is placed coaxially with the inner periphery 1 so that it ro-
30 tates in the direction of arrow 5 by means of a motor 13, causing a shear flow be-
tween the inner periphery 1 and the outer periphery 2. In this case, the material of
the outer periphery is stainless steel. The air gap between the outer pefiphery and
the inner periphery 1 is about 2.3mm and the rotational speed of the outer periph-
ery is 1600 rotations per minufe. This corresponds fo a total flow rate of about
35  1.725 litres per minute over the measuring electrodes of a width of 10mm. The
shear flow that forms between the cylinders is implemented so that its width ex-
ceeds the outer edges of the measuring electrodes on both sides by at least twice



the inner periphery 1 is about 2.3mm and the rotational speed of the outer
periph- ery is 1600 rotations per mnute. This corresponds to a total flow
rate of about 35 1.725 litres per mnute over the neasuring el ectrodes of
a w dt h ovo2Gmne3tbhe shear flow that forns between the ®¢IITRAG6/8005% -

| npl emented so that its width ex- ceeds the out er edges of the measur i ng
el ectrodes on both sides by at |east t WO

2007/ 0631671CT/ F12006/ 000395 t he hei ght of the air gap, i.e., in this

- case, 4.6mm This is because the possi-ble turbulent areas of the edges
shoul d nothe height ef ¢hevairmgame.avpits thiewase, 416Gmeddings &nbechiese anpossiblee
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mechani sm 9 of the radial fan type on its one end, and openi ngs 10 on the
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peri pher yatde way tohcamphedely pre_eewtdheemeall flow is either by closing the openings 10
or an air exhaust 11. Correspondingly, the axial flow can be adjusted as desired by
15  either changing the size of the openmgs 10 or the air exhaust 11 or the structure- of
-the radizi-fan.

The eEect_ric-ﬁeld that deflects the ions is provided by bringing a voltage. to the
outer periphery 2 by means ofa spring-loaded spike 12. This spike is in an eleciric -
contact with the middle point of the outer periphery 2. In this case, the voltage is
. 20 . 2.5V. The outer periphery is rotated by a motor 13, its outer casing being earthed
" o minimize,histurbances. The rotational movement provided by the motor is trans- |
mitied 1o the outer periphery 2.throi1gh an intermediate part 14 that is made of
electrically non-conductive material.

The gas in the flow is ionized by an Am-241 radiation source 3. The radiation
25 source 3 is glued onto the surface of the flexible circuit board at a distance of
about 1cm from the measuring electrodes, and it is further e!ectrical'ly connected to
the metal coating of the circuit board below. The activity of the radiation source is
160uCi and its surface area 10%12.5mm. For exarriple, the ionization may possibly
also be effected by means of a UV light or the ionization based on a corona dis-
30 charge. Next, the ionized gas drifts along with the shear flow to the collector elec-
trodes 4. Depending on the electric field between the outer periphery 2 and the
collector plates 15 as well as the electrodes 4, the geometry of the device, the ro-
tational speed of the outer periphery and, especially, the mobility of the ions con-
fained in the gas in the electric field and their radial location when arriving at the
35 coliecting region, the ions move a distance characteristic of them in the electric
field before colliding either with the measuring electrodes or the outer periphery.



20 2.5V. The outer periphery is rotated by a notor 13, its outer casing
being earthed to m nim ze di sturbances. The rotational novenent provided
by the notor is transnmitted to the outer periphery 2 through an

i nt er medivV¥P@VPA631614 that is made of electrically non- cBRBHEOP/EWRYY eri al .
~The gas in the flowis ionized by an Am 241 radi ation source 3. The

radi ati on 25 source 3 i-s glued onto thejgsurface of the flexible circuit
board at a di stance of about |Icmfromthe neasuring electrodes, and it is
further electrical]ly connected to the netal coating of the circuit board

1 2 g .
bel ow. Théhadmelsuripgpiectrades aan bedisathiny Reasyring thacflowaused By thekwsar ea

10*12. SmandothugX éiedioh mohity eftARitiononNtie §as ahll theatiabeeofidrctas bay
means of a UV |i r. the i'oni zati on based on a corona dis- 30 charge.

ht, or,
Next , therQCBHr'%g H AP PEEYECYng with the shear flow to the col | ector

" elec- trodes 4. Depending on the electric field between the outer

per i pher yThe figdrashalsc shbeca segiphd, de viltickas vediaigeasarn be cehducteddagelgtionhe
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col I ecti nguteepbaphery ot PIRSERIMFS Befbirs ralrAvif g At A% RriShg @e?ibntilqmaidﬂi-t he
electric field _ﬂef oreh col li d% ng eit e{ \éyl th th% maa%ur-l ng g .%cﬁt‘rodﬁs. or
t he out ert‘cﬂbrﬂi‘% gyt shows a referénce electrode 8, which can be utili ed when applying
the method described in Claim 1 of patent WO 03 081224. In patent WO 03
10 081224, the corresponding reference electrode in the figures is shown by numbers
201 and 411,

The reference electrodes 4 can be arranged in various. ways for different pur-
poses. The simplest way‘is to use an arrangement, wherein:a desired number of -
electrodes are placed sequentially at equal spaces, as in the previous structural.
15 example. A second possibility is to arrange the electrodes so as to widen in the di-
rection of flow, whereBy their collecting regions are more evenly distributed to cor-
~ respond to the ion mobility regions. A third possibility is to use an alternating voit-
" age on the outer periphery and, thus, aftain a larger amount of knowledge con-
ceming the ion mobility. In the case of the alternating volitage, it may also be useful
- 20 to use the reference electrode 8 in correcting the cﬁrrent that is generated by a
capacity coupling befween the outer periphery 2 and a measuring electrode(s),
when the voltage of the outer periphery. is changed. This method is described in
detail in ‘patenf WO 03 081224. It is aiso possible to place, onto the outer periph-
ery, regions of different vcltagés that move along with the outer periphery. This
25 . provides a corresponding effect as by changing the entire voltage of the outer pe-
riphery with respect fo time.

One possible use of the invention is one, wherein new gas to be analyzed is
sucked between the inner periphery 1 and the outer periphery 2 only occasionally.
This enables a longer-term analysis of gas portions, and the conditions of the gas

- 30 thatis anélyzed can be kept constant throughout the 'mea‘surement. By doing this,
the gas temperature, for example, can be kept constant regardless of the outer )
conditions and, at the same time, also decrease resources needed for the gas
analysis, such as counting time, among others. '



WO 2007/ 063167PCT/ F12006/ 000395 10 The neasuring el ectrodes can be used in
nmeasuring the flow caused by the ions and, thus, the ion nobility
distribution of the gas and the nunber of ions can be recognized at a .
gi ven acowmoaoyrosdtse figures al so show a region 6, to whiPch/E2NEODMaLe can
be conducted in relation 5 to the outer periphery 2, so that the ions
possi bly flown past the collector plategqcan be uncharged, depending on
their polarities, by either colliding themw th the outer periphery 2 or
the region 6-before re-arriving at the ionizing region 3. In addition, the
figure sh¥vithim thefiavemnion, el dx taisd @o8sibieh ia formarth® eouter p;el'p[nleer tiaqipthe ng
t he netho i 1 3
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al so be uggfige cgﬂtfeoaﬂr'éﬁ%éd‘ﬁwé‘r(ﬁfsew electrode 8 in correcting the
current that is generated by a capacity coupling between the outer

perlp ery 2 and a neasuring electrode(s), when the voltage of the outer
per| ery is changed. This nethod is descrlbed in detail in patent WO 03
081224. It is also possible to place, onto the outer periphery, regions of
different voltages that nove along with the outer periphery. This 25

provi des a correspondi ng effect as-by changing the entire voltage of the
outer periphery with respect to time. One possible use of the invention is
one, wherein new gas to be analyzed is sucked between the inner periphery
1 and the outer periphery 2 only occasionally. This enables a longer-term
anal ysis of gas portions, and the conditions of the gas 30 that is ‘
anal yzed can be kept constant throughout the neasurenent. By doing this,
the gas tenperature, for exanple, can be kept constant regardl ess of. the

- outer conditions and, at the sane tinme, also decrease resources needed for
t he gas anal ysis, -such as counting tine, anong others.



WO 20071063167PCT/ 1712006/ 000395 11 Wthin the invention, it is also
pOSSI bl e to formthe outer periphery so that t he .punpi ng -effect. .
il yreans of the same g mepar ate punps. -In t he gopE

: ffect is provided § f. the radial fan, |t «=#
.nof ed that within the invention, the neasurement can be |rrpl emented 5 by
'various ways' that are quite dlfferent from each other. Among others, ‘the

- measuring el ectrodes can be arranged in desired way; .for exanple, the -
air flow can be inplenmented by nmeans of & belt travelllng on a plane-or by
meki ng the inner periphery the rotatlng part. Also the transfer of the

- anal yzed gaBLAMSind .out of the devi ce can be arranged in various ways.. 10
- CLAIMS: 1. .A nethod of rreasurlng ion nobility, ‘wherein ions contained in a
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er met ho :

1 el atlon t eac according to-Caim1l 2,

~characterize at t r.flpw.is SS
. method accé’r% hPH g;l%'ln g""@ﬁ%ﬁ ﬁ@f%‘fl“}ﬁg* h% ﬁuﬁfgﬁ%@ﬁé?v r| c .
-field.and tdparaltetaeiaﬁthmmaadtbﬁwr perpendicular to each other. 5. ‘A nethod
according to any -of the preceding-clains, characterized in that there are

different lg h%embdla%er&t@ 16 Cfif humafhaaaabﬁzemtﬁat me smmowrmeml ty
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| 10 4 A method accordmg to Claim 1, 2 or 3 charactenzed in that the etectnc field
. and the shear ﬂow are kept perpendtcular to each other. : R

5. A method accordlng to any of the preced;ng claims, characterized in that there ,
... are different kinds of i lons and their number and/or mobmty and/or mob:lity distribu-

_tton are measured

B 15 | ..6 A method acccrdmg to any of the precedxng clalms charactertzed in that the
“ion mobility i |s measured by measunng electrodes ' S

' 7. A method according to any of the precedmg clalms charactenzed in that the .
" ions are produced by keepmg the sample to be. analyzed -under lomzmg condt-__
e tlons : :

| 20 8. A method accordlng to Ctaam 7. charactenzed in that the non-tomzed portlon of '
~ the sample is used as the medtum ~ - -

9. A method acoordmg to any of the precedtng clanms charactenzed in that the-
C med:um is gas or vapour. :

. 10 A method accordang to any of the precedlng c!atms charactenzed in thatthe
25 . . opposite flat surfaces of two piates or betts compnse the two essentlally parallet

‘ surfaces

1. A method aocordmg to any of Claims 1 to 9, charactenzed in that the two -
- essentially parallel surfaces consist of the outer and the inner surfaces of two dif-
ferent-size and essentlaily coamat cylmders that rotate with respect to one another




15 . 6. A nmethod according to any of the preceding clains, characterized
in that the ion nobility is measured by neasuring el ectrodes. 7. A nethod
according to any of the preceding clains, characterized in that the ions-

are produged ping the sanple to be anal yzed underp{pmimddA0395
B ST

condi tions. met hod according to Caim7, characterized in that the
non-ioni zed portion of the sanple is used as the nedium 9. A nethod
according to any of the preceding clains? characterized in that the medium
IS gas or vapour. 10. A nethod according to any of the preceding

claims, characterized.i hat, thes 25 .0 | tgrh b it f : hdHRt es
‘or belts I(‘:J@:Tp% ﬁ@ﬁg%ﬂag&g&@@sfgn lj%z‘a ISI);[ ’%2?2?#21'&%%%% ?gg%%%gbééwﬁgéﬁgd ,
accor di ng ametars/ofthe@uignruriacemfdhe dimar sytindar 28d tLﬁ IR SUrRSe Ygne outer -

essenti al | &*i%% ke g‘lsbga(iﬁgg,ﬁ?_@%rébly(ﬁorﬁ besot®esand the inner surfaces
|

of two di-fcerent-5|ze and esse ally'coaxial cylinders that rotate with

. her. - / / hod
Rt o S AL D o R AN

aneters ofdel Rekapttie plaverdraichedduteheylindeets rofdietder and the inner surface
of the outer cylinder is fromO0.30 to 0.99, preferably fromO0.50 to 0.95.

13. A nethqd accordi i : c han rd b n g thaner
cylinb deBa'rs E}ﬁfﬁ‘#ﬁ%ﬁ‘g@giﬁﬁnﬁegﬁﬁ%ﬁ%mtﬁﬁf dll'géi'rﬂg’%%}ljiégﬁ‘i 14, A

met hod acsamgileris fed batyeen tie ines and the outer gyliadersand broyg ﬁtqtqa]-y}e Blifesr
~sanpl-e isﬂ?ﬁ,d(hgpﬁmeen the inner and the outer cylinders and brought into
~ the shear ow t herein. 15. A nethod according to C aim14,

characterized in that the sanpleg,i.s d,i hes : ‘ : r
‘and the odPer AceiifcASCUAIRdI0 Elaim {"‘g %’&%&%’%@%’f’?e‘f‘gi)ﬁ%gﬁ‘%% fedm
shear4d | opatohed BdiRebn theivigriangd the outescyliaders argd allowed o selilccwrtdiforg o
any of Clains, 11 to 15, characteri, L nple is kept in -
i oni zi ng E¥hATAMEHRE S%ﬁart ’i%‘?ﬁ%eniéﬁsgggg&hgméﬁe%gﬂ&?he i nner and the outer
~cylinders: 15 17. A nethod according to. Claim 16, characterized in that -
the ioni zitg Aomithodascending toanteal Bfaimsaht t@f“arPh%‘ﬁP%%fﬂz%cf RSN
the outer sSif@terit ihNEniMgeeornditibsIff the ionizing region between the inner and
~ the outer cylinders. | S .
15 7-1, 7. A methoci:-accordihg to Claim 16, characiéﬁzed in that the ionizing condi-

tions are provided by means of an ionizer arranged on the outer surface of the in-

ner cylinder. '

18. A method according to Cléim 16 6r 17, characterized in that in the ionizing

region, the voltages of the inner and the outer cylinders are kept essentially the

- 20 same. .

19. A method acéording to any of Claims 11 to 18, characterized in that the ions
- of the sample are carried by means of an electric field in a transfer region, which is
between the inner and the outer cylinders and downsiream of the ionization re-

- gion.

25  20. A method according to Claim 19, characterized in that the ion transfer is car-
ried out by generating an electric field between the outer cylinder and one or more
ion collector plates that are arranged on the inner cylinder.

21. A method according fo any of Claims 11 to 20, characterized in that the
number and the drift length of the ions are measured by one or more measuring
30 electrodes that are in connection with the collector plate.



18. A nmethod according to Claim116 or 17, characterized in that in the
ionizing region, the voltages of the inner and the outer cylinders are
kept essentially the 20 sane. 19. A nethod according to any of Cains 11
to 18, characterized in that the ions'f the sanple are carried by nmeans
of an electric field in a transfer region which is between the inner and

the outer cylinders and d i td I

ot G o COMBPA SRR IR € hariaeettzed TRaHIE REAR ol8tusdes A
car rhade@vh thY cutstaiatcamfane drertoylinddriseigdebtizliyearine irestierepf 8gwi nder and
one or nore ion collector plates that are arranged on the inner cylinder.

t2 ﬁe ﬁ% hOd ad f%&%tq ﬁg%tg lcgl%?olf? &cﬁh@Zléhéﬁ&é’nzé@ﬂ{ ?rfatt%fdyzt%ﬁoulénéé'lﬁi

e“ibns" are.neasure
msast!nel rrgadﬁﬁmeiseatlmldelésby Ikeeping: the ienjagreanfier WLt Wetaﬁér'@%leflﬁ&f‘?ffespngtae
o as%'% arfce hﬂc’[ﬂege%?%rsddfrtﬂ |ﬁn&l &yIiRdét an@"&éﬁa‘?izlﬂ?llﬁ afle inidtleadf thieecylinder

ng e ectro are p aced on the outer surface of the inner cylinder -
sequemfacd.ly in the direction of flow 23. A nethod according to Claim17
and/or 22, characterized in that any turbulence in the mediumis avoided
by kegpi Adnbied SRicE@hgad Hriy of Craimeakutd 23, ehamactenizad in that @ BerdwEZebr m

the ed of the i r | i nder 2} ,t,,lg@ d
cyl | FRIBPIES GrBSured3y, eI od o BR aP C o shfarkR BRMeELR (R 1k an
char gt guter eginders bpstream@f-theidnizidg segiphe i s measured by refer ence

el ectrodes which are arranged between the inner and the outer cylinders

upst Or@ﬁg &I.Hréfn &%{]Bf‘ Claife: 1 to2Uheapssterigbd gntmataawy whsGhat ns

11t rac erlze at any ns that have i.fted
tr anbam driggtl rashihe tfaaﬁﬂ@arrg@@nu afead'§§}?é9%fﬁ W&%%’ disHagro| a[ﬁé %2@809"

downﬁgwﬁgme% dfitBe a8 f&giofgi on. 26. A device for neasuring ion
y, conprising an electric field (E) for carrying ions in a medium

P B8 R e fararatind FRMRLER, g B dhodtic AEREIATEPbaAPflg ione
sur f gee redibar ahdant ibatmets (4) Sercordsurings thet ioal m9béﬂ;vr &haéacf@uﬁﬁﬂde g st
\ch;ggﬁgt%fenefrﬂu%era(ﬁﬁﬁﬁe{t%as% flét%i-f?kégns%ﬂaei]gécddaesafﬁa&lmemrthbeha@ved

elr I% {e?étloni and ce of
r el abi sexand, easéntillyeparstiel sufacey(#); M@‘efw theapuacesott, i Grlmih fiF SR8
mobi | HC# %é@% C% bé heolEdligyMicank Nofatheheafadd memidats (A, dvinctbeir own
aim

accofr characterize n,that,t

are dﬁeaﬁ!@lﬁdaﬁé r@'@‘t"e’% ASAe Wi‘eé @Pftg@tade(Tg %W@%ﬁé{ﬁf&l‘i@eﬁfﬁ%% obrlllﬂ%
eacheemaft, the ARGIGA i@acardheagfiow. Cl ai m 26 or 27, characterized in
that the surface menbers (1, 2) are arranged so as to keep the nediumin

an e§§ent | 8 evice a%@opaa ing fté) aim 26, characterized in that the surface members (1, 2)
are arranged so as to move the surfaces (1, 2) in a parallel relation to each other.

28. A device according fo Claim 28 or 27, characterized in that the surface members (1,
2) are arranged so as to keep the medium in an essentially laminar flow.

29. A device according to Claim 26, 27 or 28, characterized in that the surface
members (1, 2) and the electric field (E) are arranged so as to keep the electric field (E)
and the shear flow (5) perpendicular to each other.



29. A device according to Claim26, 27 or 28, characterized in that the
surface nenbers (1, 2) and the electric field (E) are arranged so as to
keep the electric field (E) and -the shear flow (5) perpendicular to each

other. WQaOR7H688s167PCT1112006/ 000395 15 30. A devi ce \ag@idsogssso any
of Clainms 26 to 28, characterized in that the ion neter. (4) includes one
or nore neasuring elenments (4) for measgﬁi ng the nunber and/or the.
nmobility and/or the nobility distributi of various ion grades. 31. A
devi ce according to Caim 30, characterized in that the measuring ele5

ments of tdie i20BePL Hecdfdnd Ba il STICIBIAS P6a8e28, (charabtbriZe’y # #MaEthe ion
preferably sev . cord of alns 26 to

al of them~™ 32. A devi.ce ac i.ng.to an
51, char adPeler Foknpiides oPgrar BpTe BeasERd elkients (A) T dpresurBose NG
i n ioni zi rghdfertte inhebilty and/qrthd weisitiyatisiribbiored wrousdol Yradegdevi ce .
according to.Claim32, characterized in-that the ionizer (3) is a source

f UV Iight, 1a di | - 1 Souree
oy B A BGEEEORENE S LR 56, ShaRicfoidbhy tharfid faBnig I, OF
that the soentacs theidemetergreneaswing elestiedes i)and here are pecfamily seN-zed

-part of the S#MeE 15 as the nmedium 35. A device according to any of
Clains 26 to 34, characterized in that the surface nenbers (1, 2) are

arr anged ‘as to.use a gaseous or or Qus, L e and/or ,nmedi um.,

36 A devige AR AGIaaHD B o QS 2 tpoy s BharscleRzee R AdoNzer (3
t he sur 20tHdtclesepsotin sample tddeoppalyzéd iR nohiging estiriditions ahdtpredudesciemsof
two pl ateﬁ}egjﬁ'fb) |ts. 37. A device according to any of Clains 26 to 35,
char act er F2€d PH"t hat t he surfaces (1, 2) consist of the outer (1) and the
inner (2) surfaces of two different-size and essentially concentric. -
cyl i ntiér s 381, A2glevibataccording toi Claimc3pecchanasterinad bt Hat. the ionger (3) iesi ce
accor di ngef; ] : [ ' : i t by
Aot er's ofORISE B DY ety SO I REd dblRgt r efeREly € SaopiofTallatih
surface of3%he outer cylinder (2) are fromO0.30 to 0.99, preferably from
0.5 to 0.95. 39. A device according to Claim37 or 38, characterized in

that the BaneA dewidendesordihy tosasy of Claiarsy26tul 38 heharacterized imthat te sur-s
- adapt e_d t Pacré%%ﬁ%ers (1, 2) are arranged so as fo use the non-ionized part of the sample -
15 as the medium. ' S "
35. A device according fo any of Claims 26 o 34, characterized in that the sur-
face members (1, 2) are arranged so as to use a gasecus or vaporous sample

and/or medium.

~ 36. A device according to any of Claims 26 to 35, characterized in that the sur- '
20 faces consist of the opposite and essentially flat surfaces of two plates or belts.

37. A device according to any of Claims 26 to 35, characterized in that the sur-
faces (1, 2) consist of the outer (1) and the inner (2} surfaces of two different-size
and essentially concentric cylinders (1, 2) that rotate with respect to each other.

38. A device according to Claim 37, characterized in that the relation of the di-
25 _ ameters of the outer surface of the inner cylinder (1) and the inner surface of the
outer cylinder (2) are from 0.30 to 0.99, preferably from 0.5 to 0.95.

39. A device according to Claim 37 or 38, characterized in that the inner cylin-
der (1) is stationary and the outer cylinder (2} is adapted to rotate.

49. A device according to Claim 39, characterized in a motor (13) that rotates
30  the outer cylinder.



40. A device according to Claim39, characterized in a notor (13) that
rotates 30 the outer cylinder. WO 2007/063167PCT/ F12006/ 000395 16 41. A
device according to any of Clainms 37 to 40, characterized in a feeding '
menber of w0 manpsest hat feeds the sanpl e between t he i nREFFRIY/WAHWSt he
outer (2) cylinders and brings it into the shear flow therein. 42. A

devi ce according to Claim41, character1azed in that the feeding menber 5
consi sts of a radial fan nmenber (9) that is in connection with the outer
cylinder (2) and sucks or blows the sanple and/or nediuminto the space

bet ween t Hd. c dadee sacchrdiay foany ofp@iamgsSF( 10 401 tharacterized inra ingt

with the I n
wih O%rﬁbercéﬁéggﬁ'@efﬂgt?ég’%ﬁ s%%dané%e%@@ @eemgépg)raﬁe | Bl ED)
accor di ng cww]daraaﬁﬂzbrmgs itaipto tﬂﬁ!eﬁ*@@fﬂ@?\'i%mi'm that the feeding menber (9)
of the sanple includes an input current switch for feeding the sanple

and/ or MedpUMAi déicd E\%cér@%‘@ t@@mﬁm ! BRaricterigtad n (Hbt 1B feédihgtmé&mer

whereby th t he hat ch,
e EaBSS hhad o imei sl h o BRa i 1Y P N B o
i n that tlaadisuekd orbiowg He |sanmle anded medluwmemtmthezsm:a bgi\lmen(tb@)csbmt-ween
the i t - 2

a0 char a0 (Bodi 31T PifpRlnds{ 1 LT re 3 *g*ﬁ il Pl Miader ce
of the .ntrwugiymmmuhe( s3mple andlofm%ﬁwlmcﬂ@‘-&%@bﬂﬂ wttoeﬁthwpafse@e&waens?

to 45, ch that the elec20 tic field (E) is arranged in the
transfer: %ﬁ%nagﬁégﬁ t he inner (1) and the outer (2) cylinders, which

e oortf naito & iivs aboarind doue B P o i Cudvbebiizat! in K Fagoing
colrr}a(ra l: tsg?n@?n@g vQ) bade gamﬂeggﬁdg%tsmmpuheunanﬁswmﬂ ilandeadiﬁg)thalsamme ion
Gevi co. acRBAr Mediuh e spaBtiaRdech ik iRek A, 27 i bafibs oplersBYE. [,

col | ect or meaateng ©al) nottstart erdi thedvaich flows e ar@minarimannsrect r odes (4),
whi ch are used for neasuring the nunber and the transit tinme of the i ons.

49. A devpge ARIA Addrdi ra' v c@’tﬂéa&?tt%u@%dracfé?ﬁed Rethat fefion-
several neasuring elect r05l

f |
of tHE i niger (Dys swianged !(l ﬁ_;’es!@éfé'@ﬁtfﬁglqny( gi‘?ﬁ@e lDP@ﬁ ahd ﬁw Slter 2
(2) cyhnders :

'45. A device accordihg.to Claim 44, characterized in that the ionizer (3) is at-
tached to the outer surface of the inner cylinder (1).

48. A device according to any of Claims 37 to 45, characterized in that the elec-
20 tric field (E) is arranged in the transfer region between the inner (1) and the outer
(2) cylinders, which is situated downstream of the ionizing region (16).

47. A device according to Claim 46, characterized in that the .eiecfric field (E) is
comprised of a voltage arranged between the outer cylinder (2) and the ion collec-
tor plate (15) that is arranged on the inner cylinder (1).

25  48. A device according to Claim 47, characterized in thaf in connection with the
collector plate (15), there are one or more measuring electrodes (4), which are
used for measuring the number and the transit time of the ions.

49. A device according to Claim 48, characterized in that there are several
measuring electrodes (4) and they are placed on the outer surface of the inner cyl-
30 inder (1) sequentially in the direction of flow.

50. A device according to any of Claims 37 to 49, characterized in that the ion-
izer (3) and the measuring electrodes (4) are arranged at a distance from the



WO 20071063167PCT/ F12006/ 000395 17 edges of the inner cylinder (1) and
preferably in the mddle of the surface of the cylinder (1). 51. A
device according to any of Clains 37 to 50, characterized by reference

el ectrodesyd Sdo7o¥dikeh are arranged between the inner (1)pcmeizdobmomavd er 2)
cylinders 5 and upstream of the ionizing region (16). 52. A-device
according to any of Clains 46 to 57, characterized by a zone of discharge
(6), which is situated downstream of the’transfer regi on and wherein the
ions that have possibly drifted past the transfer region are di scharged.
53. A devigmyeacsomgi iRfBet Sytidér ¢1) Shaipreic?dblydn HHe reidakast Bl @efhdenoft that
the ion 10 gz r0<(1 ), the collector-plate (15) and the neasuring el ectrodes
(4) are ar¥ ?,@%r nacircuit board (Fig. 4), which is attached to the
outer surface of the inner cylinder (1). 54. A device according to any of
d ai ns 26 810 3F3devicaramcoading dd any of Ohajimen37 do 5o luharagtiesizedt by nefermncel5

electrodes (8), which are arranged between the inner (1) and the outer 2) cyiinders
5 and upstream of the ionizing region (16). '

52. A device according to any of Claims 46 o 57, characterized by a zone of .
discharge (6), which is situated downstream of the fransfer region and wherein the
ions that have possibly drifted past the iransfer region are discharged.

_ 53 A devicé according fo any of Claims 37 to 52, characterized in that the ion-
10 izer (3), the collector plate (15) and the measuring electrodes (4) are arranged on
a circuit board (Fig. 4), which is attached {o the outer surface of the inner cylinder

(1).

‘54, A device according to ény of Claims 26 to 53, characterized in being an ion
mobility spectrometer. . '

15



