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called carry-over, it is inportant that the vapor-|aden gases are renoved
swiftl 3guide) configuration that provides for an optimal flow path within a mass

spectrometer ion source housing.

Discussion of the Related Art

[0002] In LC-MS mass spectrometry analyte, ions are generated by nebulizing the
ion-containing liquid at pressures around atmospheric in a chamber called the ion
source housing. Some of this vapor enters the mass spectrometer’s vacuum chamber
for analysis. The remainder of the vapor, as well as the gases aiding the nebulizing
and desolvation processes (sheath and auxiliary) need to exit the source housing
through a different opening called a drain. To prevent contamination of surfaces in
the source housing which can cause interference with the analysis of subsequent
samples, so called carry-over, it is important that the vapor-laden gases are removed

swiftly.

[0003] A process that often occurs in conventional housings is back
streaming/back drafting, wherein a counter flow of gases out of the drain region are
caused by the flow of the high velocity nebulizing and desolvation gases directed
towards the drain. This counter flow contains undesired contaminants and can cause
stagnation of the vapor-laden gases which can lead to condensation of droplets on
source surfaces and therefore contamination of such surfaces, which can lead to
carryover. In particular, analyte circulating within an ion source housing creates a
memory effect wherein the intensity of the analyte as read by a configured mass
analyzer can be seen to decay over a period of time after introduction of the
analyte/solvent mixture into the housing has ceased. Accordingly, if a second

analyte is introduced too soon after the first analyte, the first analyte can still appear
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promote entrainment of the heated gas in the spray, with the heated gas acting to
assist the evaporation of the droplets to release ions therefrom. At least some of the

ions produced from the droplets are drawn through the orifice for analysis.”

[0005]  Background information on a corresponding system and method that

attempts to address the aforementioned problems also through the use of an inner
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API's of rebdtsableeibfit theTwAiMation soQRd toSfacifitah @_Iﬂaﬂ[n% and r&plaéériensanpl es for
mass spectroscopy and simlar analytical equipnent. A spray probe on one

si de oflontratiohsobecesdinass speciraspetays, ahddos ohakglity sprettimnseteys @naprisingone of
droplets that pass proximate to,an ion exit orifice. lons fromthe spray
cone ar'@c@prPp %arﬁfﬁ%&‘gﬂcrf ‘fon exit orifice. An exhaust port is

di sposed opposite the spray probe and aligned therewith to collect the
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chamber for ionizing samples for mass spectroscopy and similar analytical
equipment. A spray probe on one side of the chamber directs a spray of a solvent and
a sample as a cone of droplets that pass proximate to an ion exit orifice. Ions from the
spray cone are extracted through the ion exit orifice. An exhaust port is disposed
opposite the spray probe and aligned therewith to collect the spray cone. The design
of the exhaust port, as described below, minimizes recirculation within the chamber

to reduce the memory effect and to preserve the signal to noise ratio.”

[0007] Therefore, a need exists for an improved source housing in which a novel
internal volume (e.g., a continuous flow guide) has been designed to have an optimal
flow path so as to enable a user to easily clean the entire ion source housing/internal
volume apparatus and minimize undesired carryover. The present invention is

directed to such a need.



backflow in an ion source. Such a systemincludes: a housing chanber; a
continuous flow guide configured within the housing chanber, wherein the
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prevent recirculation of thus mnimze carryover, chem cal noise, and

sour ce tylpubericence. [ 0010] Accordingly, the present invention provides for a
system havi ng an i nproved source housing/ ion source design that includes a
subst a[a009] | y Iheduorthnicateitiahottel uspect f the pesedtiinvedeos, 4 hthadiste) with
respect to conventional designs. Such an arrangenent, as disclosed herein,
enabl eprevensing baskflphoin graion sdvace aspaitof aimagsiipecrometér syspands on of t he

i nt roduced, non-turbul ent, .gas towards,.the exit, (2 revention, of back fl ows
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THE DROMINGS housing chamber, wherein the continuous flow guide comprises a

converging first volume and a diverging second volume coupled at a minimal cross-
sectional area; providing a spray probe disposed within the continuous flow guide,
the spray probe configured to direct a spray plume that further comprises ionized
charged particles of one or more analytes along a desired axis within the continuous
flow guide; providing one or more auxiliary gas inlets configured to provide an inert
gas so as to combine with the spray plume and fill the converging first volume; and
providing a desired pressure differential within the converging first and the
diverging second volume to induce a unidirectional flow past a sampling orifice of a

mass spectrometer inlet, wherein the unidirectional flow is thereafter directed out of



[0011]FIG 1 shows an exanple ion source configuration of the present

I nvention. [0012] FIG 2 shows anot her beneficial exanple ion source

enbodi mrenwohauiomsg4a Laval -1i ke nozzle. [0013] FIG 3 showsTarsaboeansat i ve
arrangenment of the configuration shown in FIG 2, wherein the spectroneter
i nt er f ageexlausbdfdig poetsd as tocpeivest tdvircalationt of thas eninahizd cangydvee, di rect ed
flow pacgjg prqvi ded by the continuous fl ow gui de geonetry of the present

i nventi mlféé?AﬁeFPGyl SQUEGRJHEDBISNGE t er nat i ve exanpl e continuous flow gui de
/ion source housing arrangenent of the present invention. [0015]FIG 5
shows d0@Wpar Ascerdanglyl te presént ieyenson pirovidas ot aisystgmdenpng ahi onal f 1 ui d
dynam ¢s as exanpl e _enbodj nent_ of

rovideq by th FIG 4.
1mprovgd source ou%ingf ion source design that includes a substantially reduced
internal volume (e.g., a continuous flow guide) with respect to conventional designs.
Such an arrangement, as disclosed herein, enables an optimal flow path that results

in (1) ease of expansion of the introduced non-turbulent gas towards the exit, (2)

prevention of back flows from the exit, and (3) reduced areas of stagnation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  FIG. 1 shows an example ion source configuration of the present invention.

[0012]  FIG. 2 shows another beneficial example ion source embodiment having a

Laval-like nozzle.

[0013]  FIG. 3 shows an alternative arrangement of the configuration shown in
FIG. 2, wherein the spectrometer interface is configured to receive the analyte
material along the directed flow path provided by the continuous flow guide

geometry of the present invention.

[0014]  FIG. 4 shows an alternative example continuous flow guide /ion source

housing arrangement of the present invention.

[0015]  FIG. 5 shows a comparison of flow profiles as calculated using

computational fluid dynamics as provided by the example embodiment of FIG. 4.

[0016]  FIG. 6 shows a different perspective of the novel continuous flow guide of

the present invention as arranged within the ion source housing.

DETAILED DESCRIPTION

[0017]  In the description of the invention herein, it is understood that a word
appearing in the singular encompasses its plural counterpart, and a word appearing

in the plural encompasses its singular counterpart, unless implicitly or explicitly
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[0016] FIG 6 shows a different perspective of the novel continuous flow

gui de of the present invention as arranged within the ion source housing.
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limiting, unless implicitly or explicitly understood or stated otherwise.

[0018]  In addition, unless otherwise indicated, numbers expressing quantities of
ingredients, constituents, reaction conditions and so forth used in the specification
and claims are to be understood as being modified by the term "about." Accordingly,
unless indicated to the contrary, the numerical parameters set forth in the
specification and attached claims are approximations that may vary depending upon
the desired properties sought to be obtained by the subject matter presented herein.
At the very least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be
construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the subject matter presented herein are
approximations, the numerical values set forth in the specific examples are reported
as precisely as possible. Any numerical values, however, inherently contain certain
errors necessarily resulting from the standard deviation found in their respective

testing measurements.

General Description

[0019]  Ion-laden aerosol, after being sampled by an inlet to a mass spectrometer's
vacuum system needs to be promptly flowed out of the ion source into a drain

system. In non optimal source designs, this mixture is recirculated and is sampled (at
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atmospheric pressure ionization (API) source arrangements) in a system that

minimizes among other effects, carryover, chemical noise, and source turbulence via
a configured continuous flow guide/ion sampling position, which is part of the ion
source housing. As an example design according to the present invention, the
continuous flow guide of the ion source housing, which operates as an airfoil, can be
configured with a double conic-type shape, wherein the probe (e.g., a nebulizer
probe) is mounted in a portion of decreasing diameter followed by a portion of
increasing diameter towards the exit of the source, which collectively allows the gas

to expand but does not allow for backflow. Alternative airfoil embodiments of the



[ 0021] Accordingly, the present invention is directed to address the above
descri bed probl ens by providi ng nethods and source arrangenents (e.g.,
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surfaces/corners are mnimzed and thus the trapping of contam nants are

al so mPEPYides orshnaxeliconsinyprs flomeguislecdesign: (ieam nepzdes conduis e centraur i ng
peri ods, of ,royti ne.mai nt enance., [ 0022] | articul ar, to address, the above
descri gléltljfﬁlﬂ ‘s’vﬂe‘g’%%?lhgnb?%ggﬁceil}?\[%mg %'}‘F[ll'rf'?‘a{/? Héélbef ﬂispgs‘?fg%{h”&é]ﬁ?i nuous

fl ow gy @68 96w (duibe i ; Al .contgal | QW) W thin an
i on sog?lggnhousi ng ulgﬁ 1St %z(a)? gﬂ%&%g%gsgggg%ﬁ&&t%?ﬁp%ﬁaggéétﬂ?%}gﬁs flow
gui de icsosalsectiprmal desi thad dafines thiedfirst portioh dhthesphtiyiudus Boiw gidetiiallyoss
sectional area that defines the first portion of the continuous flow guide
i ni ti adegregesipasonviergentdiinmagaet and theraafterdncreages iner diviergentililey eases in

e R A e ML SRR BN L

conf i guh&fla S@sided hRiske tﬁ@gﬁ%iy%gécéf@ntig oﬁ@n%hﬁgﬁ%ﬁ 9% gﬁx\&n&}a%nt

centerline of the converging”an I'vergling axi e such an arrangenent

i s benefitlcambxisithai sirisal@hs ehdbeerapgiirecifahe dohveigind endXiserggt akigcl udes the
direction of the spray centerline axis does not necessarily have to be
par al | &Yhilesugh aparrangementhisthenefieiahsit is to also heappreciatedithat éhe exisithet of t he

Conter ag e Sireralng 5. opaeccover, e fen prope spraver [1o
enmanat ﬁardl&l £2BRR RN Wiﬁgtﬂzna% a¥ fi]ﬁcrlﬁ&%% é@ﬁié}fiﬁe oﬂlﬁ %m'lelﬂg%i fter
i ma nove

the m cross sectional area of the conti nuous ow gu
confi ganddivérgingatibe housing chamber of the present invention. The opening
of the mass spectroneter's vacuum chanber, as disclosed herein, is thus

conf | ojeRd) ! 0 MBHESREGhe1bh BrSHCLhAyBOUB! whitH is Rl ANAY! HifiGRoN Vi
a sanpling orifice configur 5 In-a garrp I ng position w thin/tthe contl nuous
f1 ow geboiet whotestheativéfpent gasifloastentiiaite,fis eapatile BBbEihahol salsly he@in@ddpast

the configured sanpling orifice, analytes of interest can be interrogated
as pr obefgse asyonjust afteyi the minimabenoss sestionpbaysasy dhe nomelkruritiwous flow
guide configured within the housing chamber of the present invention. The opening
of the mass spectrometer’s vacuum chamber, as disclosed herein, is thus configured
to intersect with such a novel continuous flow guide design via a sampling orifice
configured in a sampling position within the continuous flow guide. Thus, as the
unidirectional flow of material is directed past the configured sampling orifice,

analytes of interest can be interrogated as provided by the design parameters of the

present invention.



WO 2011/ 037942PCT/ US2010/ 049725 Specific Description [0024] Turning now to

the drawings, FIG 1 illustrates a general exanple configuration of a

syst em f owopoewvsmideng backfl ow in an ion source, shown gemarsadiopsdesi gnat ed

by the reference nuneral 100, that includes an ion source housing 2 and

cont i nuSpexifik @yesgriptien3 (i .e., a nozzle conduit to control fluid flow),

which is capable of being coupled with various nmass anal ézi ng systens, such
P

as, butlOA& | i durpingrew dp dag drasvings, Bia ) tlastraiestagenara leonal | 'y

call ed . | e of .mas ctronetr e.g. . a time-of-flight
(Tor) © fBHEET0n bl TRYs ERPRR 5 R BadRELEP RN it sufi: sl pfestlty

anal yz ed&sigitated 89 tHP 9 RrerdR riutfefay 106 thAInERIRBARGSN sbirRe I‘l&ﬁtiﬁ%'%ﬂ , an
orbitrap, or a Fourier Transform Mass Spectroneter (FTM5) or a variety of

t andem coasBrumpe flovo gaider 3 (iv. tehnoarle cofduit eneoretpall fizielr fl¢w), gvhichagietgpablar
space), Aas_known tq those of ordinary skill in the art. [0025] As shown in
FI G 1,0@%%6%111116%%\1@9%9@ mass anabiring sysiems) Biwhqs bat gotdimited teour ce

h [ . ' hant [l ecti t di I h in, i
dosi r o P E S el BT S Pu v ity leaTBE e afin C‘???i’%gfﬁﬁferé%{]ea% or
h j t I n
(030 AtReRORIchS B PATRNGE Ak STOR deRcA RBHI0h bl AT} HARDIATO

t hat ardedteostdticamedly yersps quadialpoledrbipnsyslotrth ressn@egl@R) insthafiéms ed
above. Thus, probe 1 of FIG 1, often conprises ion sources that can be
adapt edAnt orbitiap.coyra Fourier Tennstarm Mass Specspmetar(ERMDorandani¢tyofi ncl ude,

but are _nqgt strictly limted to, atnpspheric pressure chem c¢al ioqization
(e.qg., e"ﬂB@'F‘)“ 03t % gé?og}mp‘ﬂgﬁirﬁoﬁ?ﬁg‘ggﬁ’% aﬁ‘ﬁ&zﬁr Nol: 17 Eﬁ‘feéﬂ 1 3pRsie), aSour ces,
and of tigihviR t& IRk 'R o3 idYy kRl itdhb QR (ESI) interface source. [0026]1n a
beneficial source arrangenent, the probe of FIG 1 is configured to receive

di I f h ' | { qui d .chrongt ogr aph .source
(L0 A 20 R e G 104 riibs R eotaltet with b gphuBT enoRrgIaA Stal vt ¢
f i nt JToYa i i i t obe 1
Dl 1ok SOMRL hsir2 Ahorl P PHANAAT el PRI 3" bEscl hltin A
conj unalesimed wiressutrize dranxtronenerfts solchias} forvdampid, it eaclith®d @leatdthhe

introduced in situations that involve high surface tension |iquids but nore
of t en iaimesphetesnyiTaswneRt; Aften aban Rtmpspheritcprersyraartanggment (e.g., as an

atmospheric pressure ionization source (API)) to create ions that are beneficially mass

analyzed by systems, as generally disclosed above. Thus, probe 1 of FIG. 1, often
comprises ion sources that can be adapted to the configurations of the present
invention and thus include, but are not strictly limited to, atmospheric pressure
chemical ionization (e.g., APCI) sources, atmospheric pressure photo-ionization

(APPI) sources, and often an electro-spray ionization (ESI) interface source.

[0026]  In a beneficial source arrangement, the probe of FIG. 1 is configured to
receive a dissolved analyte from a source, such as, a liquid chromatograph source
(LC). Using such a combination enables a mixture of solvent and an analyte for
interrogation, to be introduced as a fine droplet spray by the probe 1 into the source
housing 2. In some inétances, a sheath liquid in conjunction with the mixture of
solvent and analyte material can be introduced in situations that involve high surface

tension liquids but more often in collaboration with a nebulizing sheath gas (e.g.,



WO 2011/ 037942PCT/ US2010/ 049725 nitrogen) to aid in focusing of the anal yte
material and to aid in desolvation/ evaporation by preventing formation of

| ar ge dr opbevsi/@nd2dr opl et streans. [00271As a novel aspetiusedionime2pr esent

i nvention, a unidirectional flow path 8 (shown as dashed directional

ar r ows)nitfogehptceaid|intfecusihg of the asalytegadtediabagdaoaid action to an exit
opening 18 as collectively determ ned by, for exanple: gas inlet(s) (not
shown) Rselvationd gvaporationdaupee vantingdprmatian of fasge ehippleisand dipplet g. |
nitroggﬂnaahg), a nebulizer gas flow (i.e., a sheath gas), and inportantly,
t he conve@&?ng / di vergi ng design of the continuous flow guide 3 configured
wth a desired mniml_ cross-section region 12 that_ enables a desired

uni di r 803 8nal A% aRoFek aspect pihegresnt dapinm gl ynidizestionaldlew grte8t ed 11 ow

i oni : f th ' £l i de 3 and
nousi ngo BV B R BRI P Rer FHBnaBRL S BEeR A% ] 2 open ng
6, thatdir&ctRReoa &8t ap&gﬁgh%stc@,uécm? fd%F&ﬁ{iﬁ@dr%_ ?for%hiﬁ@:r%a@'lﬁfetépom) :

It is to be noted that” the arrangenent of the opening 6 so"as 1o recelve

t he san(obt slgown) positionéd so iretsedsqeant ineneh@n-turbiudént das flow ¢.y., nitrogdr at i ve
as to the posjtjoning of a coupled nmass spectroneter (not shown), but such
a depi cdifon NeBukiggr gasdlaw (iee-pesheath gas), and dmpertpntlye the eanyengimgmal
cross-seetional area agf,contij.nuous.flow.qui,de 3. For exanpl e, positians
bef or o/ G *BRE GRHA 16 SRR HBUCHS fip ety g Brdurrbnig Refirad Sipendln
cl 0se Rir8Xd-§Bctivnlregionely @t bhables B eekir@d uhtirddonaMIShSELhiglg portions are

equal ly applicable®to the configurations of the present’ 1 nvention. [00291ln

the ger‘%ﬁi]i Ze- S olnec"iirei‘gfo (,)ginr‘rilralrétth(e) Hidecd fi'cbth},.I Sori2ed iarr{a (})Igess afrleo rawn
out of the continuous flow guide 3 and source housing 2 through a sampling orifice
(not shown), as received in an opening 6, that is operatively coupled to a mass
spectrometer analyzer (not shown). It is to be noted that the arrangement of the
opening 6 so as to receive the sampling orifice of a mass spectrometer inlet, is merely
illustrative as to the positioning of a coupled mass spectrometer (not shown), but
such a depiction is not meant to be limited to solely above the minimal cross-
sectional area of continuous flow guide 3. For example, positions before, at or below
the desired minimal cross-section region 12 but in a close proximity to the resultant
neck of the two intersecting portions are equally applicable to the configurations of

the present invention.

[0029]  In the generalized example embodiment of FIG. 1, the continuous flow
guide 3 of the ion source can include a substantially double conic-type shape having
their individual centralized axes coincident throughout the structure. It is to be noted
that a converging first portion 5 of the continuous flow guide 3 can also be
configured shorter than a second diverging portion 5. However, while such an
arrangement is beneficial, it is also to be noted that the configurations of the present

invention can include configurations wherein the first converging portion is longer

10



guide 3 of the ion source can include a substantially double conic-type
shape having their individual centralized axes coi ncident throughout the
st ruct ur evol2o11/87440 be noted that a converging first porCrars2@onisrehe
continuous flow guide 3 can also be configured shorter than a second

di ver githgnpbe sécomndportidovenceit is whalke be uppreviated thageithsttpdrsiohenafindude, it
is also to be noted that the configurations of the present invention can

i ncl udevayiTe igieraal envssvpdiansnsudeas brsnotimiteddongrgdar iedliptiealiemger WO
2011/03794§QCT/U§2010/ 49725 than tﬁf econd port.ion ﬂ@% it ii.to %lso be
appr eci ZAT8GC FRIACA 1 REFCT 38 CONEN L Eh S St L PREATUS tREP Qi MTgFent invention.
cross-sections, such as, but not limted to, circular, elliptical, or

par al | dP&MpedMargoven ifris pisoctorienaresiatash ag discyssashbriefly abavefthatthepr esent
i nventign 03 =10V} it 1s SO0 tp be appreciate as_di scussed

br o |y gl axet R BO RS le Niuhes Fhirtpae B AR g he ARutb RS AERe up
and ru i : i ri . i t hem
o be B P B B O DERRRIAL I dUdiBO, U8 ot
pr obe Mdicentionel mxis fomsout dipraie Torankist dn akistwieh axe orboth ofrtheaxss thant i nuous

flow guide 3 but, as another arrangenent, can be angled (e.g., of less than
90 degrBaks upgontinppymflonngice butaas another agangemest, santbedngled(a.geef axi s

of conti nuous oKl pw gui de 3,. 031] I n an exanpl e net.hod of .operation

sol ventle§3§ﬁ3ﬁ?béfeﬂﬁ%€b T Sgg%%é‘ ﬁs%a%g’oﬁ?' ‘h‘ﬂr‘%lagﬁf ng‘a‘gﬁ?eg i Moduced
as parteoatintiBgs MRSSosRReg. ronetry nethod that includes appropriate

i oni zation nechani shs, such as, for exanple, electrospray ionization.

I n
P e b1 SOl FRE AP HendFbEDSatioR kR @i ShRE SRhE o
o cor = ST
novea ﬁébﬁﬁ%irg g{r@ggg gS’@i‘s%ﬁ*odﬁH@& aﬁgaft%f the Fﬁajs ggggiéﬁ@ggpﬁgg%o@& tt@iﬁlt ]

Cross-secti on n 12 withint channe 1S

cont i nuinclades appppiritite SoniZhtivth hesvhatishys, sach ad)€ot exaurplel aleytrogpralyur bul ent
gas (e.g., nitrogen, air) having a desired flow is introduced by one or
nor e i APBizatpaniteparticulae, svort)/ analyte matesial isdntredyeed ped chargedospratie spray

ce showloy $A8 Pabebed Pz omie LarPGkhR dbss eThad s Mtetnbi ol
desi gn ysitidifed) befsB! sUbRYAHAIG bt, BSaftdankiflitifhal cross-sectional region 12
within the channel 4 that is formed within continuous flow guide 3. Simultaneously,
an inert auxiliary non-turbulent gas (e.g., nitrogen, air) having a desired flow is
introduced by one or more inlet channels (not shown) so as to direct a desired flow of
the spray cone (i.e., analyte/solvent material/ residual nebulizer gas) along a path, as

shown by the dashed directional arrows 8.

[0032]  As part of the novel design of the present invention, as the liquid
solvent/analyte emerges from the opening of the probe tip, the auxiliary flow
coming from an inlet(s) (not shown) meets the resultant charged spray cone in a non-
turbulent fashion within the channel 4 in a manner that provides a pressure
differential between the converging first portion 5 and the second diverging portion
5’of the continuous flow guide 3 design, as shown in FIG. 1 of the present invention.
In addition, the introduced non-turbulent auxiliary inert gas can be heated via

known techniques in the art so as to also aid in desolvation of the material

11



sol vent/anal yte energes fromthe opening of the probe tip, the auxiliary
flow comng froman inlet(s) (not shown) neets the resultant charged spray
cone i n avoantitasrd@al ent fashion within the channel 4 inpraTrsanen4d7dit
provides a pressure differential between the converging first portion 5 and
t he sedateddiced bygitiyy7 pbptolesil & hptdve seasitivitydusollectedguastespietiabi gn, as
shown in FIG 1 of the present invention. In addition, the introduced

non- t urBereReEmenis of hiaygedhanalytpmagerinlpBedasise efithe desigiowhtheeominness in t he

t to.al i i d | vat i t terial ..\D
20117 04¥x 506ds 3é0d cipih SBEAHE RAtaEBtErD (S B B iHeb RSB0 835 PEESPHS ove
sens! Ui ieler I Ok hFSH TR, ARECHE RnTRasHERPOLBLAY isharged ancl vt e

mat eri al . Because of t sign of t cdnt 1 nuous 3 and chosen

oper at i coptipabasigtiess the.igitial intrddwdedaditbistaraiallygaseripirg ssmileardigab ar@ngp al s,
exhaust punping rate, etc.), the gas flow 8 velocity increases continuously
f r om t He abeut the namewesicress-seasionftregionyl 2tha farms anerzledile apestureea up to

bout t t - ti j 12 that. f [ | e-Lik
aper  ur Bt iRy R vE§ Gk PR e i Shebal afer-htioR TR 14 P BSIeaEE | on
por L or e B Bl S e o e LR ™ s en

desi gn theholveptdnfizairatieh and,cheséh degighahdunpat f)hﬂ%@éi’sﬂ@.gg, @esingduke. 9. ,
| engt hs and shapes of the converging and diverging first 5 and second &'
por t i orflow geide damga)(se.gadﬁmgt'iharayldqg@pes of therconyarging podpdingrgipgéidstdi t he

exit openjn 1& ,auxiliar as heating, etc...as shown in FIG 1, produces
an overdii SSEERAF! BPRions, RlFAE S ndP NS Al RECFULS AUMPIE rd At R 1 a
di sposed; ifd. e (nat . e S i source
2/ co%ﬁ%ﬁﬁﬁ@%ﬁ!ﬂ%&% %{ Scl{oéré\liﬁlfl éﬂ?tg't’ ?gﬁﬂet;\ﬂ?tlhggs'? éﬁtgl&a e%/ grellaoslr%kér?gt es any
backf | bkneficial aniditdcoionabfle® dfaharedididlenareial pHsted ddposdd sRAGtes Wi t hin

the source, carryover, chemical noise, and source turbulence. [0033]FIG 2
shows sampling esiiem(rot shawn) thatiresylés ioran ivatsopires 2 ftcontiaiots dlow guitde 3 on

source, now shown _.geneyal ly desjgnated by.the. referenge nuneral 200, that

i ng I udéé’,n?‘gﬁr?tlﬂ{‘ Q%GFE Stﬂﬂéﬁﬁﬁilgﬁmt@%ﬁ{&/m WIrgGr PH%rl‘J§9 agfoe.  nozzle
condui t).;.G i i 0 j i i . Fl 2
Chove. dhiriffe QiR AR0le SpREIBLARRRNE BUaRb, rydibrP et ice Bt 2 i de

33 confdogufeadurbhilenber ei n the mni mal cross-sectional area 32 structure
approxi mates a Laval -1ike nozzle, as detailed below As simlarly discussed

above, Jm;gﬁ]e t PR %%@o‘&gﬁggﬂfe? le%(%&gp?é;?é/@fﬂmgxgt\%% ﬁ{g\fgﬁgé}&%s BRL 'oqp?n?f t he

conti ndous 'f | ow gui re-i Ively s € co-axr al', sto

be not egh jphabutdene®NSHAN g¥RErall9Tdes t&d by ke RIELRB Brubiah] 20U ehatp and
run al ong the continuous flow guide do not necessarily require themto

be par dhtledesrandonsoudeerhousing 83/ eontinheusiilowguida 8B (ke soidlevondwitbf probe

21 can be_,on axis with one qr both of the axes_that mnmake up continuous flow
gui de SENfigpraiPNQ ﬂ??@f/lm{@-gﬁ@?%'ﬁ%i:l%%é%mén &a§enent, can

e 200l B 3 90, WAL SRR S T 7
wherein the minimal cross-sectional area 32 structure approximates a Laval-like
nozzle, as detailed below. As similarly discussed above, while the axes for both the
converging and diverging portions of the continuous flow guide 33 are illustratively
shown to be co-axial, it is to be noted that the central axes for both of the portions
that make up and run along the continuous flow guide 33 do not necessarily require
them to be parallel or coincident. Moreover, the directional axis flow out of probe 21

can be on axis with one or both of the axes that make up continuous flow guide 33

12



[ 0034] Thus, turning back to FIG 2, the probe 21, as simlarly discussed
above, is thus configured to receive a dissolved analyte froma source,
such as, wol2oguisd4ehr omat ogr aph source (LC). As bef or e, pCnasasioamgyesent
enables a m xture of solvent and an analyte for interrogation to be

i nt r odUnddassancthér arangepknt, capbayngled (eeg. pofdbss thbni It degrees)dn astight e

housi ng 23 and often via coll aboration wth nehbul i zer, sheath gas (e.g.,
nitrog ?n??frsof%éﬁé}qiié’/ed"@é‘%fllﬂ;%‘ﬁ ‘6’5;‘ eétgm@r é%?’é;?gﬁamlﬁﬂo‘&?lﬂo}"’ng‘é@ﬁ@%i nstances a

sheath Iiquid, as known and understood by those of ordinary skill in the
art, ir0834uat Tbus tuheingibagklto FIGi htheprbhe @1t asrmindlarlyi discubsed pDOBS [iRs
simlar di scussed above wi th respect to the enbodinent of FIG 1, the
i nt r od88gC ’i‘f(fabtﬁlr@Fﬁ“’? ?.‘é?s,oli‘é%g%‘ﬁ%mq Zpma seugRa M aguglidnid y gas and

t he desj Sj i, al rovj.ded rQbe 21,
ot hus T PR SOuRGHLC AL BRlor S it Bk B il BhaBRs BRI R oS iR o
arr ows Jand #h Ay &eforr GtePlogafiontb BeaRtrod¥EeN hi Q'i‘i-nejeﬁ_%?%}ﬂsbré'rl\}ﬁ b% @h@ﬁrobe

under stood t hat” any neans as understood by those skilled in the art to

provi dlgntsauian shifrfehensingl 23 dret oftem viahmllabovatiay witheandelotilvat gheath
portions of the continuous flow gujde 33 can be utilized to induce such a
cont i n&3§ e-aeﬂqr@aeq)|f8&foqu@mg4ﬁ§ﬁﬁivahom@nélsaamoaa@mgaad iR SPHGUBEANFeS o
chanber / . P i 25 i u | o ide 33..can.be fi.lled (e.g.
- ar o tapglich 8 khBRih Elun GO BY B doedt Rty SRUF ARGk i

r especisituatibR¥Hat ROV Slve higP suhcCRAbIOAURKAGS. OwW gui de 33 so as to initiate
the continuous fl ow nechani smout to a coupl ed exhaust drain port 38. As

anot herj G4 IRt 1oy BHIR P GINM My seFody o d QHBBNG BTy 1 0 <

bl ower "pu a pressure controller a

al one QhtrbAuEREASAIYELUION] (@RS sliBstaiihlly 5RABnIRE iamﬁidryga@%aecﬁe Ofesirbd | |
pressure (at about atnosphere or great'er) can’'be desfgnhed to operate at a
punpi ngnelrtesianvh eesidwalFobcbrt anatesiabahprestidelt by prpbe 21,38 thus atged dsngat in
desired pressure differentials within the continuous flow guide 33. In any

chosen WhdUpganah path 7 (shosysas dpshesk dizeckiomabarromse viothe dasigneef theant

overal | g%g'&ﬁ;t nal flow within the continuous flow WO

2011/ 037 U 0/ 049725 guide 33. Wien using a punpi ng nmeans, an
operatqr _can optimze the flow rate out to the exhaust drain port 38 so as
to thr 39?31‘% th Hbtﬂr%? HB&@F@%@%@%@W%@W@%@Q%%%QGkﬂ]ﬁdu@éh@esi red

0 S A0l ARG P S amd P AR
of the continuous flow guide 33 can be utilized to induce such a continuous desired
flow. For example, the auxiliary gas introduced into chamber 23/upper portion 25 of
continuous flow guide 33 can be filled (e.g. at greater than an atmosphere) to provide
a pressure differential with respect to lower portion 25’ of continuous flow guide 33
so as to initiate the continuous flow mechanism out to a coupled exhaust drain port
38. As another arrangement, a pump (not shown), e.g., a roughing pump, a roots
blower pump, a flow meter, a pressure controller and/or a Venturi pump, alone or in
operative conjunction with the desired introduced gas fill pressure (at about
atmosphere or greater) can be designed to operate at a pumping speed when coupled
to the exhaust drain port 38 to also assist in desired pressure differentials within the
continuous flow guide 33. In any chosen arrangement, the means initiates and

provide for the resultant overall unidirectional flow within the continuous flow
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[0037] As simlarly stated above with respect to the enbodinent of FIG 1,
as a directed unidirectional flow 28 is provided past a sanpling orifice
36' of a swectriasedder interface 36, ionized anal ytes areprdraseoionssied the
continuous flow guide 33 through the spectroneter interface 36 that enables

coupl i gnitle 33 Wies SROE & PUIRDiR MB&hy a8TopeRstor 8ARWPlimike theflb®w fge set ed
again that the arrangenment of the spectrometer interface 36, as generally
depi ct d& theexhagst grainspons B8 s aisito tlatotde Hvepamping pateispeediohgonfigaredoupl ed

mass spectr ter.(not .sho , _but ch a, depictjon is not meant to be
T t o PR BN R o B bt hiernialaauiliapy 6ga FERURBAC, o8t 1 ons

bef or emrﬂforfgglx Qﬁ'}&%ﬂéﬁﬁaﬁfﬂ&%ﬂ?ﬁ%i & Qh? g%sig% 88&5?%% }21%9%%1@ ty to the

resul t ant m ni mum cross section reg nfiguration are

equal | licaple t ny of. the e dinments of the present jnvention.

[2§038] 003 e% r g{x}ﬂ%gfyi YterARve Vb semrehto e Qﬂ‘r@glﬂ‘er&r@ Fgfx :Jrll)TSg: |yn: ﬁfa s
are 10 : .t ur £ 1 ow.

(i nact id\;fe%‘yt ga{sgm(aéfegubﬂégi?%ggnl& Bg?%ﬁ@fih%égp? %%ﬁﬁ%lhgsaglﬁ%eédg%uasi ng 23 in any

di r ect ispeetromaturdnter 12086, d%izvd Aidl{Hegab@travh 308 8NERY cdrtimiddsyrdwat i ve
purposes in FIG 21341510 as to couple with the spray cone of
anal yt guide 3% Hrosighthh speciremateatintegface 86 chatpmablestdoppling tds massadded

e T T
e Spb o gl ARV HS 2 Ay N

mat er i gosit{@@BYbAS cb@pRidemabdlspeciRntter @lot SREWRY,| it sudR 3 JpiltiGiPlsuEiHt
material often with an acconpanyi ng nebulizing Sheath gas, 'is I ntroduced as
part ofmedns terke dimsipedt to theegeneralgdsitiornshebein FéGpRaln particakirj positibns

parti CE)I {ar, %gglrﬁ/eie/ sgl vent material ;is introduced via a confi gured tip 27
of prolb&SY Qv (tBe GarroyRek segign byd in p slase Preximity éa thexesphant nesk

bef ore ' . r h ) ni mal __cross-sectignal . VWO

2011/ oSSRt kst iBh o8z} B S leiion RS ERAREI AR I3 f or e
Wi t hi N of e érabOdEMEEWf gk BResdat irdelbhaneously, an inert auxiliary gas
(e.g., nitrogen, air) having a predeterm ned non-turbulent flowrate is

R L S B e
st r eampbiw §tfoveh eMnthyd idtethdinopChirBARInt HOWPYStHY 4 ars AR inadfve) gas

(e.g., nitrogen, air) into the ion source housing 23 in any directional manner (shown

as an orthogonal arrangement for illustrative purposes in FIG. 2) so as to couple with

the spray cone of analyte/solvent/sheath gas emanating out of probe tip 27. As an

added beneficial configuration, the introduced non-turbulent auxiliary inert gas can

be heated via known techniques in the art so as to also aid in desolvation of the

material introduced by probe 21 of which improves sensitivity in collected mass

spectral measurements of the charged analyte material.

[0039]  As before, in a method of operation, analyte/solvent material often with an
accompanying nebulizing sheath gas, is introduced as part of the mass spectrometry
method of electrospray ionization. In particular, analyte/solvent material is
introduced via a configured tip 27 of probe 21 mounted (e.g., moveably positioned)

in a desired position before, substantially at, or after the minimal cross-sectional

14



100401Thus, as the liquid solvent/analyte spray cone energes fromthe
opening of tip 27 of probe 21, the inert auxiliary gas flow com ng from

i nl ets 24yoasiigisomn by exanpl e as bei ng perpendi cul ar t ®cprusb@oig227 in
FIG 2, neets the errer%i ng spray cone in a non-turbulent fashion (e.g.,
subst amegianhi3g withigrtetchansel Hnthat {sfodatkdsyithirt cartirtuvaisfii vy geidie3s.gn of t he
preseng.inﬁenti on, as, shown in FIG 2, the structure of the continuous flow
gui de SENUHANEURLY FdEey axiliany gas (pigh qutrpgenadnhhasiaga predetspminachat e a
Laval - L i 0N, t f. ordinar ill in the art.
Goner afPl TofIEhPHER 1R A oSIENT bk S o RS OB Yo g arsP i

conf i gdiretiing the ¥hdrall callectdas W dfimhteeialhRilat: pAh 28 (ndtddULAbw as
generally depicted in the mniml cross-sectional area shown by the

r ef er eptreambhpsshewn3y, therdirentionel growvstwithin gramineb34.25 of the nozzle is
generally shorter than the second portion 25, wherein the flow begins to

accel e[go4e] f r oriugsybs Haliq@id so1edrt@ BRALY tdEHaPRBhe bindrfe2ROHE t}ﬁau(gﬁﬁ%l_% speeds

t hat approach Mach 1 speeds at the m hinmal CTross-seclion area 32. wever,
whi | e phip@dof ergbel fthe dnenpenkiliamy 28s fbowt ¢mningzfrbe irdetg@dpasdHows bor t er

t han t he se&%\%‘:ﬁgrtion ng it is also to be noted that the configurations
of t he€¥ABRERS being RerRncigar ke preke R AT i kil Gt 2.gRsetitbe emerging sprat

conver gi ng: ' ' t han nd,portien,and it is to also be
Appr ec?%*?%ﬁﬁé%ﬁﬁffﬂsép%gﬁwﬁfgeﬁs%%ﬁﬁéj%tﬁx SRR lSas.hmr@; nal
Cross-sectjons, suc , but not i ed to, circular, elliptical, or

par al | Eﬁ’éu pedts P‘?‘Ft(ﬂfgﬁ‘? uf‘kﬂ‘@b‘gﬁs%g% Hepresentdnyention asshera B FIG, pr esent
i nvent j I | Quratda.0 coupl ed wi.th desire ns to

 ent el ARAPH BBy SRBL SRR RULEL St SR

desi r eghdwhlo @pproNifmtelh avil-liké Bohfig@latidal hd RRowRto tRSSH bf brdlifargaskill | ow
vel ocity that Increases at sub-sonic flow rates provided by the pressure

di f f er intheairt. dgenterallyp Ustval hopzites e mada upf totiheluidei donakrged®divergent

2011/ 037942PCT/ US2010/ 049725 i ntrqduced_anal yt e/ sol vent spray
cone/ aEBé?ng‘HF‘Voﬂ%té”ﬁ‘ﬁ jare parsoxy phihe middlgforzipg o threpisassganerally of regi on

32 tha .t I lLe-like threat. [Thereafter., the resuyl.tant
or es e BIERRE el AREESEcddnkF alol PRl PR FRERYSRhce chereFS on TPt
gas( s) carivtbraent firgfpkiin 2518 eS¢ BYenbralREsHirtgthss thdsQal O;i offi ni nal
cross-sectional area 32 and out to the expandi ng di vergent second portion
25" so2¥swhereinthe Bont kegips toaseratednom subkstanitialle stadraint eewdrhentup
uni di rectional flaow throughout the |ength of the divergent second portion
25' . ARcRRtsybgorue gpe t Ppemﬁhé‘dafgl 1 speadscrtdhe minimal gassseations

Dot B RS SR AR RSO UL 8 A%k oo o
to M NEKBre& thah tHOY&ondPHiondls’ 1PisHiso BBk AUGRat tH IRt ations of the
present invention can include configurations wherein the first converging portion is
longer than the second portion and it is to also be appreciated that either portion can
include varying internal cross-sections, such as, but not limited to, circular, elliptical,
or parallelepiped, in order to conform to the design parameters of the present

invention.

[0042]  Such Laval configurations coupled with desired means to induce pressure
differentials (e.g., known in the art pumping means, desired fill gas pressures within
first portion 25) result in a gas flow velocity that increases at sub-sonic flow rates

provided by the pressure differential continuously from the area of the initial
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100431FI G 3 shows an alternative novel internal Laval-Ilike nozzle volune
configuration of the present invention, as designated by the reference
nuner al 3W0,20mi3ed¥2i s substantially simlar to the confipgunastelonsardst he
enbodi ment shown in FIG 2, except for the positioning of the spectroneter

i nt er f deerodubed Analyed Liddrerat spaapLority a@kilidrd §agdGunltid Y regciiey thetrRRERFespOr t i ON
36' disposed within the divergent second portion 25 in a positionto

enabl e arpgs-gestignodnegioniddithettarowdhe dayal hoxgledikedhtmtdThereafidr, thst t he
fice of the ext.end to an_exhaust port

| i i d. ti 34" d
Coor sHEslrant greatie A0 At Hq gl ceo s seRbenal AiTen de coRscsahe RRBEAYAk od. | 1

cont r adj.si | i i i 1k i.Cl.al

confi g%ﬁé.lﬁﬁfég@lﬁl%ﬂ@ﬂ%ﬁ? etrs}ES ;ng(ﬁ?%\géhsg{e}gtﬁ k&%%ggl ne g‘?‘?)g%ggdstgorrr‘ﬁ}i ng

ori fi ceard$32 and@udits pasexbatiding ditdigel 360688 Por@bA 261 sCas toREEREtRYY | ON

25') in a manner that can analyze any portion of the flow 28 for nass

spect r desupyrspuipolecitiepthrdrdsulyiya unidirentionetiflgusthpoegkountethedengtbrofone or
i nmeans a, rou a roots bl ower punp,

1 | ow MBASYerBEACRRe08d no o ep o AksPdiaRl, SR 8V JRHINTBHEMIR pdol o of bel ng

arrang @Q@@% ]%gﬁ I r . u N

di ver ge te se R g%étt@:r:sgl%é }agfqa%ﬁ%es C Ia%gﬁé?%ﬁ‘?cﬁg‘rg? ?/? %?%cﬁi@%}rggér\}gf)ot he

pr eSSUrthaﬁ&dﬁs&frﬂfaﬂliyéélﬁnﬁrﬁtéﬁar{f}ob&ﬂ@lﬁ«d& friaterid1&/is bSicaMtic sd/gd @ rect i onal
flow that elim natés any backflow of material via recirculation so as to
m ni mi Avirdanze/ereyQverhdrinishl moise endssvairenturbalaneebul ence. WO

2011/ 037942PCT/ US2010/ 049725 [0044]FIG 4 shows an alternative novel

cont i nyos43]f | ORI@LB sleows ah ABteiABRYovel HatBiAA LavaElike Hbgratuiy t he
ref erence numeral 400, which is capable of being arranged within an ion

sour ce ceofighratiqmef thepreserftanvenitin, ias idegignafediOab theteferenee alimerslB08n i n

FIG 4, the, be 41 bl, 1 Xt ur f. | t d. lyte f

| nt er r SyacRahe Al Tgu{RE 46 theCantigwation af Saeicmbogirgenthan imEan | on
i f . QU] - 1.9n. I, t sh .

This e aRepttS e B e SOROma PO R a0 S8EME known

i Nt he cafice 38hawife® bh eRleridédepomibh %ndﬁ?ﬁb@cﬁwmﬁﬁ@ﬂ@ﬂi\ﬁ‘e@géﬁ@é&éﬁdt o provide
an annul ar flow of sheath gas (e.g., nitrogen) for desolVvation and

evapor gortien @6’ intrepesitibntte emablertheresulipint sthadiredtiongl gas flows28 toebe oni zi ng
mechani sm s , for_exanple, e]ecfrospray ionization arrangenent, for

h . .
oni 21 roBrackel Bast 4 sPURE ORBice et She gxtended pogtion 3p'gnchaut tsran exhayst

0046 i f. t h i El | i d
ot BBl sBbwih A REAR Pk RS ARRE RS8N e duiredtg' O 280
an openrbAgraditieeibh 8o HadetBol BRIV oS HPIG D tRé bbh&RiATRRelrSiofofBSS

spectroneter inlet (not shown). Such charged analyte material” Is then
capabl L6k 3ipednigleg fiotde spedtranwiteziaterface shorplmgaonifies 3@tabsdisppsat r onet er

i nst nt, e.g., | ed | not sh ~ Th i nd f th
nused VB he R taraent Sh featNogRs POSIGHEy b & BTN Shetanynaiyes aidel
' ' ' ti f I i de 43 struct havi
i PR AgR 9P UL NS Ha e RS L BSA Sockp R PSS ALY abvaT iR (o pe
di r ect - : _
i r ect effedsired @t fordirdl 6t POkd é&gﬂgh&%r@&%&@gg&%ﬁgggm&ﬁ r

simlarly stated before, introduced gas fill pres

conver gooty owet pnngd, adtow imeterysa pressurgwoterolldrsaaiet for AVpnittRi pgmpechani sm
(e.g., a roughing punp, a roots blower punp, a flow neter, a {)ressure

cont r olcRBRRle ph being arrargad aboyldhe ppeqteametey éntprigee 36 and s conpledrtaitheport 52
shown i FIG 4, can pr.ovi.de t means to.induce the desjred pressure

di ffereﬁYefrgF]é‘t ?/ﬁcf)ﬂﬁr? o?hgnggn?rll Tugs r&ﬁﬁ&éuﬁd&g’%’ %}}%ere Weand

sust ai [iff&RnB¥RsR'ds t8Prdl ot M@sullskidl HPE90Enal BB ws tHaY ClitHifates

any backflow of material via recirculation so as to minimize carryover, chemical

noise, and source turbulence.
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1004711 n an exanpl e nethod of operation, solvent /analyte material al ong
with a nebulizing sheath gas is introduced as part of a mass spectronetry
met hod krwarzo1wB79011/ 037942PCT/ US2010/ 049725 and understasdolbyp4dddse
skilled in the art. In the present configuration, solvent /analyte material
i s intr6Miied BBGa4 showged derativd nowel coatiniohefléw Hadend the ?@éﬁehgur ed tip
47 mounted (e.g., noveably positioned) in desired position before,

subst aﬁﬂvammtymems,de@fgr@mctgy therefprenea numesek4®k pchich iy capadloof dngi t hin t he
channel_that ds.formed within . continuous, flo ui de. 43. Before and/or

i mul ¢ AREBREEVithi R fr FoHEeE BOBEI e RO sheW R APESRISE) i p 47, and in
structural_contrast _to the exanple design of FIG 2, an inert auxiliary
non- t urlBU s gererally ghowp mﬂa& 4, the pm%eéliwbmm&mraoéwlamm annl et

hannel_4 to run substantiall llel to directed flow of .th
cpr ay. L odhicrdaksoR KB fii e fine Sasraddidropliprer Mg iR or der
to fill e i ' i fl

gui de. 450 SRR o B DR Sy Rl P T P

enbodi rexampdé embGdiment, ke ;S@lilltbt}ﬁﬁbe #4168 showndyoexarhple)gs Rhowish the art,
cross-sectional area 46 causes the inert gas(s) and any residual

anal yt ésaciensial tuke withdginy arawar eharobehcanfiguoed to provideapamdilayfldmear gent
second portion 45 and a CF| erated .at up to about supersonic velocities
that r E‘ﬁ’f‘ A5{C & %&88816‘) TG VéE‘PP&ﬁ@l SVAPGTRHGR BEQW&RaIYtﬁénPf@ﬁ‘@l~h of the
di verg SHRAAD t 4 i Ll [ i dei i Qus

r eci rcg‘jlj‘%tt I on o?l 1sn%dt;'edrz %;}Pé\?\,? E“%?‘ﬁﬁgﬂasﬂ%‘?‘éﬁqﬁ&%ﬁ%f%%% @ﬁgé\/{gg%r%y

conpar iisnizatibn hiewgpneht) fos iaszeg) thelaahBde ioni the AxplhAt H%Et i}hﬁ%fd)ut
dynam cs as provided by the exanpl e enbodi ment of FIG 4. simlarly

referemédiP4lh FIG 4, the probe tip 47 of probe 41 enables a nixture of
sol vent and an analyte for interrogation to be introduced as a fine charged

dr opl et[06486] ay Astpartof ther @reofthetdppastiis ishowrtiv FIG. o, idiiged hRSIGH
invention and interrogated via a sanpling orifice (not shown) of a nmass

spect r dhetawn oxt ef thescangimang flayw guidepetirmgalisis deodgh eosyeminhé¥e. Al so,
i t Li i . il -t bul t . 0., Ptr , i i

"t r oaealieBBRbloTeheF roouRiing SHEGEET Dotk A ToRe SHet HBERPRBP 1 f 1 om
ol v et . PP A

Proh: ackPAfSteriafel Bhuiste MM Whdilapabl g SUIRILAPINA0 LS. o

fl ow ofbyt fr exangple com@sé sp&troriétal sthiReMals., MBiRIPIEd MBS hfbRizepaRil i zer

9as) shown). The remainder of the unused analyte/solvent /sheath gas is thereafter
directed by the novel converging and diverging continuous flow guide 43 structure
having a minimal cross-section region 46, as similarly discussed above, so as to be
directed through a drain port 52 that operates as an exhaust means. As similarly
stated before, introduced gas fill pressures within the upper converging portion of
continuous flow guide 43 and/or a pumping mechanism (e.g., a roughing pump, a
roots blower pump, a flow meter, a pressure controllers and/or a Venturi pump)
operatively coupled to the drain port 52 shown in FIG. 4, can provide the means to

induce the desired pressure differentials within the continuous flow guide 43 so to

initiate and sustain the overall unidirectional flow throughout the structure.

[0047]  Inan example method of operation, solvent /analyte material along with a

nebulizing sheath gas is introduced as part of a mass spectrometry method known
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WO 2011/ 037942PCT/ US2010/ 049725 so as to fill the volunme of the converging
upper portion of the continuous flow guide and initiate, if desired, the
uni di r ectwonal /ey when operated within the design par aogtusesoofisrehe
present invention. Accordingly, the displayed calculated flow velocity

i sosur farskunderstdoskby thase6¥alES] inshesasy In Badpissent Qoriygttion sblbe% 57, as

showmn in FIG 5, when usi the conti nuous fl ow guide design of FIG 4,
i ndi cat&@a{bﬁstm%tﬁélﬁ 15i1§tf8ag‘§e‘$l %wcgawmaﬁméy \YeHdR proke 4bhayidga n t he

vol ume - | et ' rds... [ 0050] Fl 6 _shows an
exanpl ectog'?i gggég;&lehgn , ggn%;dg@fél ‘?‘?"g%@g%%{tgod‘ %@?%fl aé‘C’lF%(%)_gPﬁlrlﬁlgg%ﬁé%_r al 600,
havi ng sabs@ntially @y sorfdfe tHe ind@ifad] @oss-B&tNBFAsHion B8 SithiAthe @Ramhdlitha | Y
shown in the exanple configuration of FIG 4. Accordingly, the general

depi ct iisforgreslwyithin Ep@ingoud flowt gudtle 43aBefoxaand ocsinfiltaneaublynwith the
continyous flow guide 63/ion_source housing 64 enbodi nent that is designed

to couphtrogdyced maderialdzmypriokedip 47 §Pfidﬁém%ctlif@i cemsartitovheexamalser t ure 66

' housi | |}y, sh . opening 68 i
R T O s S
| 11 ust ikBdalet¥AEH fnlilhf nIEBSHITEPI S0 S8RPHINGLINLAGAR pRONICPRPWN) to be

di sposed within a desired region of the continuous flow-g I n

gener aldirentesl flowsif thelspenyt corat (@ei, ahalytefsolgat matetial freideal nebilizdr pas)
conti nyous fIOV\le?ui de 63 in a manner, as descri bed above, that results in a

uni di r dBOF@efaio HIf B wpluers plothe cagverging epwer arttiem#dof eentinieus floww of the

col | ec%1 &E@teri al is directed past the sanpling orifice (not shown) as
receiv via the opening 68, desired anal ytes are capabl e of being

interr d by, way_of the sanpling orifice and further directed for nass
spectr gg%iy aﬁé"r’rf@f@?f sppian {q theyworlgngeof theexamplg emhadiment of BEEGddscr i bed

withr | QUS odinents herein.nmay be mxed apd matched in
I SHE Bt DR O, ERSNTRLRLSL ey B IR XG0S0
i nvent Igaa(sz)é&a hayebsidubl iapte /3610 Bslbe BRREHRRLSy ¥fid e tid ustrat ed
and described in"detail, it"isS to be appreciated thHat they are exenplary,
and t haxpandimgj divgrgeit seduatd poitionnts’ and aatéleraed anapaoabpassipdreonict hout
departing fromthe si)i rit and scope of the present Invention.
velocities that results in an overall unidirectional flow throughout the length of the
divergent second portion 45’ so as to minimize/ eliminate deleterious recirculation of

material within the system.

[0049]  FIG. 5 shows a comparison of flow profiles as calculated using
computational fluid dynamics as provided by the example embodiment of FIG. 4. As
similarly referenced in FIG. 4, the probe tip 47 of probe 41 enables a mixture of
solvent and an analyte for interrogation to be introduced as a fine charged droplet
spray into an ion source continuous flow guide of the present invention and
interrogated via a sampling orifice (not shown) of a mass spectrometer inlet as
coupled to the opening 48, as discussed above. Also, an inert (inactive) auxiliary non-
turbulent gas (e.g., nitrogen, air) is introduced before and/ or simultaneously with
the introduced material from probe tip 47, via an annular auxiliary inlet channel 44
configured to flow such auxiliary gas substantially parallel (e.g. co-linear) to the

directed flow of the spray cone (i.e., analyte/solvent material/ residual nebulizer gas)
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WO 2011/ 037942PCT/ US2010/ 049725 IN THE CLAIM5 1. A systemfor preventing
backflow in an ion source, conprising: a housing chanber; a
cont i nuowsof2bove3guede configured within said housi ng chaoihars2omber7es n sai d
continuous flow guide conprises a converging first volune and a diverging
second scodsutoeilt theptddnat ofatheiconnetging appes pottic@naf they @aitinuous flow guidespr ay
probe di sposed within said continuous flow guide and confi fghured to provide

a spr ayaiyl iydatg) Bslgsizedddiermidizgetiongl flevawlhengpresatedivishin theodesign de; "
one or nore gas i ets copfiqured to provide.an.inert gas sQ t 0 conbi ne
u h s EsPaS ARl i RNGR A%cB BRI wrPEyedaATited o O™ 0
exhaustydb@iyisBfaQPSFHIEY oL 58 509 58128 by aDHNG6SLPHID 5y, Wee of said
conti nuous fl ow gui de; and means to provide for a desired

pr essurshotvii freFERLS, avhen tibing thacontinuyey Gowgdide slesigncbfFIG] 4dindiegedg
second volunme to induce a unidirectional flow past a sanpling orifice of a
mass spdat theweisenlydlaw dovenwaids and there ismo flowaw theiviedumerthavesoudilr ect ed

out of said .exhaust drai ort so as to prevent recirculation and thus

i ni ni chuggplmé'l@ t?%ﬁfec"gﬁ’wﬁf)(?%e, and source turbul ence. 2.
The system of claim 1, wherein said continuous flow guide conprises a Laval
nozz| e.[0050] FIG. 6 shows an example arrangement, as generally designated by the

reference numeral 600, having a continuous flow guide 63 of the present invention, as
similarly shown in the example configuration of FIG. 4. Accordingly, the general
depiction shown in FIG. 6 illustrates an example configuration of a continuous flow
guide 63/ion source housing 64 embodiment that is designed to couple to a mass
spectrometer instrument (not shown) via an aperture 66 as provided by the housing
64. As also generally shown, an opening 68 is depicted in the cut-out portion of the
continuous flow guide 63 to illustrate an example entry means for a sampling orifice
(not shown) to be disposed within a desired region of the continuous flow guide 63.
In general, analytes/solvent material/inert gas is introduced into the continuous
flow guide 63 in a manner, as described above, that results in a unidirectional flow
direction. As the resultant unidirectional flow of the collective material is directed
past the sampling orifice (not shown) as received via the opening 68, desired analytes
are capable of being interrogated by way of the sampling orifice and further directed

for mass spectroscopy analysis.

[0051] It is to be understood that features described with regard to the various
embodiments herein may be mixed and matched in any combination without
departing from the spirit and scope of the invention. Although different selected
embodiments have been illustrated and described in detail, it is to be appreciated that
they are exemplary, and that a variety of substitutions and alterations are possible

without departing from the spirit and scope of the present invention.
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3. The systemof claim2, wherein said Laval nozzle produces a

uni di rectional supersonic flow wthin said diverging second volune out to
sai d exhawetodrasra2port . 4. The system of cl acmuk2omioed7es n sai d
continuous flow guide conprises a double conic coupled at said m ni nal

cross-smp-i—,i,lg_ral_l_\mga. 5. The systemof claim1l, wherein said

conver | ume and sai d divergi ng second vol une conprises varying

internal dianeters 2011/ 037942PCT/ UsS2010/ 049725 .. 6. The
system of cl ai mell, Am\égéﬁ‘ﬁ"fs Gy e’&Bﬂ%gﬁﬁﬁwﬁ?P&lo{}gPHﬁ?f SAGPIEIME di ver gi ng
second vol une cgr[{gdS%?Cﬁgmb@ﬁst one varying cross-sectional shape sel ected
from a parallelepiped, an elliptical, and a circul ar shape. 7.
The system of clagiomtihuowk €losv guideacdrdipuired ofitlsiaisdidhovsingichgniber,st vol une
is greater than the |ength of said diverging second vol une. 8.
The sysVBeses saf goptinuoyp doay guidecomapiises afonysrgingdirsty giumae and ot vol une

i . i,d,di QL d, vol : 9. Th
cyst omebt g o B RGR cP b S HRL SRR B Ry e are drawn

out of said sampldpagy prbibd 8R3pbSid AN 8413k continuous flow guide and

configured to provide a spray plume along a desired axis within said continuous
flow guide;

one or more gas inlets configured to provide an inert gas so as to
combine with said spray plume and fill said converging first volume;

an exhaust drain port operably coupled to said diverging second volume
of said continuous flow guide; and

means to provide for a desired pressure differential within said
converging first and said diverging second volume to induce a unidirectional flow
past a sampling orifice of a mass spectrometer inlet, said unidirectional flow being
further directed out of said exhaust drain port so as to prevent recirculation and thus

minimize carryover, chemical noise, and source turbulence.

2. The system of claim 1, wherein said continuous flow guide comprises

a Laval nozzle.

3. The system of claim 2, wherein said Laval nozzle produces a
unidirectional supersonic flow within said diverging second volume out to said

exhaust drain port.

4. The system of claim 1, wherein said continuous flow guide comprises

a double conic coupled at said minimal cross-sectional area.

5. The system of claim 1, wherein said converging first volume and said

diverging second volume comprises varying internal diameters.

20



10. The systemof claim9, wherein said sanpling orifice is received

t hrough an opening of said continuous flow guide. 11. The system
of clai mwp 2hieBe4n said sanpling orifice is received trcoasgkoianiopeni ng
configured about said mniml cross sectional area of said continuous flow
gui de. 6. Tk sybbemsyf stedm hiwhéreimsAd coheeying $iastdvclams arabsaddi f i ce
I's disposed within said diverging second volune so as to interrogate

anal yt s4Veiging secordy qlpgig comprises at least gne ypeyiggsressrasctienal shape wher ei n

s O SRERVCRARR b RN ht Rl eRaGike RS L 00 7 St Trom
Gaci red axi s of 7S5kt Syptem ofclien 1.3vbareiy TR IgNGA S0 SomVerBIE gy cos.
fS;g{n e?nQ’c??\)l( %‘?ééla% e%?ér:/\tﬁ?ul ggéﬁ% 1&%%ﬂg§ ggl\éfe(%?le{%ptﬁ Iséés(}né?él%ﬁ%ver ging fir séL > The
The' Systom of  cBel THeIS SiHB L v sbarein e I90BH Gfenishroncwing Brshg 11 15t
vol ume aqd S8l A diver G0, S8CHN0 Y ATEY ScBRE-ERLAE! dent- WO

9. The system of claim 1, wherein ionized analytes of said spray plume

are drawn out of said sampling orifice for analysis.

10. The system of claim 9, wherein said sampling orifice is received

through an opening of said continuous flow guide.

11. The system of claim 9, wherein said sampling orifice is received
through an opening configured about said minimal cross sectional area of said

continuous flow guide.

12. The system of claim 9, wherein said sampling orifice is disposed

within said diverging second volume so as to interrogate analytes within said flow.

13. The system of claim 1, wherein said spray probe is moveably
arranged to at least a position selected from: before, at, and just after said minimal

cross sectional area of said continuous flow guide.

14. The system of claim 13, wherein said desired axis of said spray probe
is at an angle of less than 90 degrees from an axis as defined by said converging first

volume.

15. The system of claim 1, wherein the axes for both of said converging

first volume and said diverging second volume are non-parallel.

16. The system of claim 1, wherein the axes for both of said converging

tirst volume and said diverging second volume are non-coincident.
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17. The systemof claim1l, wherein said one or nore gas inlets conprises an
annular inlet to provide an inert gas substantially parallel to the

di rect ed wbamiaf37sai d spray pl une. 18. The systramseab/oed7as m 1,
wherein said inert gas is heated. 19. The system of claim 1,
wher ei n sai d coA¥i Ruosystéino dpiirde, whereit ssidamesor miord gas inlets comprises 20.
The systemof claim1, wherein said neans to provide for a desjred pressure
di ffe)r/e%ﬂffr&}‘ﬂ et togoxidq anmerbges pihsiardallyrazallel torthe slivesteshiloy funp, a

roots Rl a flow nmeter, a pressure controller and a Venturi punp.
21. A tr%%?%%;&a?wg}eéventi ng backflow in an ion source, conprising:

provi ding a continuous flow guide configured w thin_a housing chanber,
wherei n said coﬂbinﬁ[%ﬁégt?m&ﬁlc mik %ﬁ%ﬁ@mg&éé igert g3¢ éy beatgds i rst vol ume and

rein : i Fsed incitgaedr beatgd i rst vl
roviding 8 spr g mobteanRUEC e B TopRRRRR IER bRIRRRERS cai o

spray pisebeigeflf i gured to direct a spray plume that further conprises
i oni zed charged particles of one or nore anal ytes along a desired axis

Wi thin said Conﬁg.nﬁgéj%?sftéxﬁgé%wigﬁ w]'[lerSin said &éa%g%h)gﬁg?cgegfo\%h{e%irgdgas

inlets configure ovi an 1 der as " so as “sard spray
pl une aiidsdure WifféreAtigeRpbaatbdst on¥ Pudip seleBd from; a rougRin@Vhethpda a
desi regﬁpressure di fferen?i al within sg d converging fi rstgarﬁv}gal g _

di ver girngtssdowed puoip reeflow heigucepressimiedionttieonat o Vemtypaptimg. sanpl i ng
orifice of a nmass spectroneter inlet, wherein said unidirectional flowis

thereafter diregled metholffoR pré&eiingtbatkfbW RO io?ﬁbo%&cé,‘%oﬁ%ﬁ%‘fﬁ :
recirculation of thus mnimze carryover, chemcal noise, and source
t ur bul ence. providing a continuous flow guide configured within a housing chamber,
wherein said continuous flow guide comprises a converging first volume and a
diverging second volume coupled at a minimal cross-sectional area;
providing a spray probe disposed within said continuous flow guide,
said spray probe configured to direct a spray plume that further comprises ionized
charged particles of one or more analytes along a desired axis within said continuous
flow guide;
providing one or more gas inlets configured to provide an inert gas so as
to combine with said spray plume and fill said converging first volume; and
providing a desired pressure differential within said converging first and
said diverging second volume to induce a unidirectional flow past a sampling orifice
of a mass spectrometer inlet, wherein said unidirectional flow is thereafter directed

out of an exhaust drain port so as to prevent recirculation of thus minimize

carryover, chemical noise, and source turbulence.

22. The method of claim 21, wherein the step of providing a pressure
differential further comprises throttling the pumping rate speed of a pump so as to

provide said unidirectional flow at a desired operating pressure.
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22. The nethod of claim 21, wherein the step of providing a pressure
differential further conprises throttling the punping rate speed of a punp
so as to woavids7si d unidirectional flow at a desired epenstimng4qFeessure.
WO 2011/ 037942PCT/ US2010/ 049725 23. The nethod of claim 22,

wher ei n sai d pur3. Theprdthed oftldim2, wireeipwapd pahgre@dptisesrat leastarghi ng
punp, a roots_ bl ovxéar punp, a flow neter, a pressure controller and a

Vent ur i PaRpelected from: a ropghingpurpgy pagotsblewsr pump, adhewansatesad d i nduced

uni di rgﬁe%}g{gﬁ}‘équ)ﬁﬁg%g‘?éi\zee supersoni ¢ speeds. 25. The net hod

of clai‘m r I nlbmgri fice of said mass spectroneter

interface is cor}féifured o.interrogate said charge particles of said one or
nmore anal yt es wi<fh he mgthod of glai v yihereipsgid induced unidiregtionatflewret hod of

claim?2 [ei id inert gas provided by said one or nore gas inlets is
di rect e%%%%sgﬁngEFaﬁ%ch%ere lel to the directed flow of said spray plune.

27. The net hod claim?21, wherein said inert gas is heated.
%t:') Tﬂe method of claim 21, wherein said sa%npling orifice of said mass
spectrometer interface is configured to interrogate said charge particles of said one or

more analytes within said unidirectional flow.

26. The method of claim 21, wherein said inert gas provided by said one
or more gas inlets is directed substantially parallel to the directed flow of said spray

plume.

27. The method of claim 21, wherein said inert gas is heated.
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