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WD 2004/ 012223 PCT/ AU2003/ 000955 MASS SPECTROVETRY
APPARATUS AND METHOD Technical Field The present

WO pweoid2eh rel ates to a nass spectronmeter and BCTYAURM®A/000955

for 5 mass spectronetry including a plasna ion source
for providing analyte ions. The plasma ion source may
be an i ndMASS<3FECTROME TRYAARRARAFYS ANDVETbIRN e

i nduced plasma (M P) or other suitable plasm ion
source. Background 10 A problemin elenental mass

zggﬁiégifgé% is the presence of polyatomc and

. ion interferences having the sane masses

as i sofHeppredent i/ertBASTUREs t&grmgégﬁgbetromt@% @sdrasmethod for
sustai ned in argon, argon-based intertering ions such

avags spewemetmrmludmmplaam ipnssewrcenfor prowgingpanalyte ions.

th th whi ch
e PIEemE, o s ghay JBE et ey Saiged ofsme (cP), a
frﬁ@g&hé«/eff mdubéamﬂﬁlg K'O" B) wotfepgu.ta% OPESna HP¥Surce.

or att g intertering polyatomc or
mul ti charged ions have involved pronoting reactive
(that is, ion nol ecul e charge transfer reactions) and
deconp05|t|on of the interferences via the

use of

hydr od%ﬁpqtmaﬁwg "%?'S‘gp' ﬁzﬁ%ses é|i:g'lr¢a fl‘];ts1t ggaﬁgééwggﬁolyatomlc
il hiv@ticheRged iormmitersrehebs inaving e éaﬁﬁétm@éséseéé fsotopes to be
that may contain selected reactive or collision gases.

Imeasurafls Eokamampteo in plasmasesusiaived e a(mra;;gon -based interfering
transfer) oLI 0 ositio erf n

HBRS SHEh BscAT A or ARy HHOH R RS ol iy eliaf il i masses
'mséﬁbég%quéj If@?e %h@ﬂ%ﬁﬁ@é it cﬁfﬁ&ul@’f@?%&@udé"réh%le analytical
region of the 'sanpling-skinmer cone interface in

i regults fordtacecamplind gflsashdsatapss.spect ronet er (| CP- MB) .

For exanpl e, as Iong ago as 1986 R S. Houk and
col l eagues listed "adding a foreign gas (e.g. Xe)

tot X
T ol 7Bl D, By AR, BB
Hbﬁ@' Weofn\/i)ﬁ)%‘%i biﬂém@M@g Iraactivet @hbelisnieAsmbleca® charge transfer
| CP-MS. (R S. Crain, and J. T. Rowan,

matloms)nab@ énﬂmorwod@corgp@@wrmofoth@r mg'ferences via the use of

el L SBate L T R PSR, e aror

F
SR POP S 8 oL SR acin o

Stiat aray contain selected reactive or collision gases. It is also known to
promote reactive (charge transfer) and collisional decomposition of interfering
ions in the region of the interface between a plasma ion source and mass
analyser, for example in the region of the sampling-skimmer cone interface in
an inductively coupled plasma mass spectrometer (ICP-MS). For example, as
long ago as 1986 R. S. Houk and colleagues listed “adding a foreign gas (e.g.
Xe) into the ICP or vacuum system to react with and remove the undesired ion”
as one approach to solving the problem of spectral overlap interferences in
ICP-MS. (R. S. Houk, J. S. Crain, and J. T. Rowan, “What can be done about
spectral overlap interferences in ICP-MS”, Abstracts, 1986 Winter Conference
on Plasma Spectrochemistry, Kailua-Kona, Hawaii, USA, January 2-8, 1986, p.
35). For another example US Patent 4,948,962 entitled “Plasma lon Source
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differential punping region between the sanpling and

ski nmer cones of an ICP-M5 to pronote charge transfer

ridass iSpestromeier ¢ thd namead Nessuhirp Mlisswi ret af discleses imsoducing a
fromthe plasma prior,_to the charge transfer 5 .
rREbIe 2% £ e e IERERRYALPUT PG GO BRBIRAN te samPling and
YRGS PR o RS b hEbtb Sharl EARBFRBIAERS However i

rieachéy ee@sionnbp efedtRBisofroirh tital ghastha obriorhiat thes charge transfer
effectively an ion beam extracted fromthe plasm

pgestien rggianedict gxampiatiahtuseo of 6a2pegativelertharged mesh grid

ar.at us for ductiopn of Sel ected_]on.l | tles .
g Rl bRl Be-semBihe pane ey TRRERERRS e htroduction
disg|regefvel Ghs Gotch '?'Q%i@nrtﬁ?(%gwWh%@ﬁ%'aﬁ‘iésbffectively an ion beam
i mredi atel y- behind the skimier cone orifice. As 1n US

dex@rested front thesplasmanpasses: elyiited StbtenPatent N t6e259,081 entitled
b d thi L1 ith the, i duced

oRDPaBs 01 BedueiamaLegledan rubiasiier nderfaionBeams’ by
LRI Qs 83 o8 660,308 kgl Eab aypost mmoditl

apehind ehd Skiraner toe byific@ s red S 848198 thikiis irtie, region of an
but efficient attenuation of interferences requires

nextraqied dent peaenandrihis bearmmusinelide anity dhempitroshiced gas

the efficien aof, , these prior t hods. .US 6, 25 91.
Olpchles T8 g8t EEsBaN TerfROREI & s W B is that the
r SpdlieV Bighdd infeiBiyY 1Y ~dREea- byNeolliSBAs! MRugamaximum analyte
this cell”™ 1s nmaintained at an optiml pressure, but

t sensitblity requires atieidhwh alollisionis, tiub efficknt\adtenuatioe gff trterferences

at a.different pressure, i.ch conplicates .Qperation
Seaties mepHEEr S onhe Thise GISTBR 1 oRaYIoBRY; fomprises the

S lisione Hilsos LI _
(RECROSY B e’ ior FRE YOS 6:2RP 0 kg HRaIgRER Bl roaction

aselacoridimirgsihenrdattive gas, aamebf hydregen! dinieateactiyegagdn this cell
to was published, known or part of the conmon gener al

Kisomeétigieed rataastontimal resgure, iutpiheogelt §s dpgated wholly within a
RS S8BT e BEE Breschfe, VR, et 8G6raln o i

SHeShgaBAt Y instrunment and method for elenmental and

i sotopi c analysis in which the attenuation of
interfering polyatomc and nulticharged ions is

The discussion herein of the background to the invention is included to
explain the context of the invention. This is not to be taken as an admission that
any of the material referred to was published, known or part of the common
general knowledge in Australia as at the priority date established by the present

application.

An object of the present invention is to provide a plasma mass
spectrometry instrument and method for elemental and isotopic analysis in
which the attenuation of interfering polyatomic and multicharged ions is

improved.
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spectronmeter including a plagna ion source for
provi ding analyte ions, 5 a mass anal yser, an
i Diselolsare obtttenmeentidre pl asma i on source and the nass
anal yser, the interface cogFrising a structyre whigch

separ aheeording tatafiggh @spest er pregeniinyenfigh provides a mass
pr.es ' .ecei ves plasma fromthe plasma ion
sﬁﬁci@w?tygm%ﬂ"%ﬁond region at a relatively | ow

pr essus plds?adliotdsducé iér mwirﬁ;ahsayw ioh§, and whi ch

provi des an aperture between e first higher pressure
r egi ona amaBs analysascond | ower pressure region through

whi ch t he ,pl.as | ows, fragm t he hi gher ssure

oot ot GUBHAGE Privaainie MAbbayon SPHHRLAd fRoMaSs analyser,
interface s [ i r [ ;

2" Cubes ancieHletidel AhHinG PoARIBRDENICH sela 41first region
t htea pélatively fhigh ptészaraivhich reteives! plasmaifromrthe plasma ion source
mul ti charged interfering.ions by reactive or

clspmi & sepand regipa e @ rebivelyriow pPreaskie nading tq the masg analyser

a o] e)VAR | ' .
SSRESRIMIEE o P9 b IR oy prossure region and
Cit 8&dBrity |Ghér w@shw%?mbﬁir@mrh alhivh apafplasma fidws from the
plasma radially whilst fTowng it froma higher

phighsupessuts moioniewardsihe tawer pressgigrregiargi on,

suppl ying a,substance djrectly. into the substantiall .

adi al |y colt HAET36F aStHCRS (ngliding o2 Pagsage fof sdpplying a
colidis ' ra}feﬁ'ﬂ'?é‘sf j lorA LA blagma f tt ti
nﬂl’éﬁ%ﬂ%é@é}l anese ferui ngo}‘m(;ﬁ%r?ﬁedr@i n aﬁqdé)tphaere%y or atienuating
apolgatomtie sorc mplhiichatgeal cinderfering t iorisarlyed reactive aord collisional
extracting an ion beamfromthe plasm for mass

aiierasiiansf the analyte ions. 30 In the case of an
| CP- M5 havi ng a sanpling cone-ski mrer cone

The invention, in a second aspect, provides a method for plasma mass
spectrometry including

generating a plasma containing analyte ions,

substantially confining the plasma radially whilst flowing it from a higher
pressure region towards a lower pressure region,

supplying a substance directly into the substantially radially confined
plasma to cause reactive or collisional interactions with polyatomic or
multicharged interfering ions therein and thereby attenuate such polyatomic or
multicharged ions, and

extracting an ion beam from the plasma for mass analysis of the analyte

jons.

In the case of an ICP-MS having a sampling cone-skimmer cone
interface, the aperture of a mass spectrometer according to the first aspect of
the invention may be the hole through either the sampling cone or the skimmer

cone. Such a hole will radially confine the plasma as defined in the second



interface, the aperture of a nass spectroneter
according to the first aspect of the invention may be
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ski nmer cone. Such a hole vvi4II radially confine the
pl asma as defined in the second WO 2004/ 012223
F(ﬁTéthbﬂp@@p@ﬂOSSﬂ'ue 4nemtiohod) thispexample,tthe samplitg on.skimmer
In this exanple, the sanpling, or dsﬁl?m’rer cone nay

spE mab/;b%m@laluct:@aﬁtwt%&@ inFudmang or rapre @%%%’«Qséiaving an

A e Rl b EBhRN MRt loHeRb i o
Hﬂég@@ 4t paged theoligh the Bolgéhus, the invention in a

third aspect provides a sanpling cone or a skinmer
cone for use in a pl asma i on source nmass spectroneter
such

in %’ st as t ,of [ nt| on, @
Subst arnis BB wBpfigh s Hhird “eiett SrPYERs 5 Saminghcone or a
mﬂ&nﬁ?&r&%%r g8d |r?‘érfﬂ9é/m8 N6n %bu?be”f‘né%é‘ %Ee@ﬁroﬁm@%?%uch as in the

are known and have previously used for
afirstaspddt ofthenineehtiom.ng pol yat om ¢ or rrul ticharged
ions by reactive and collisional phenonmena. Cenerally
the substance or a m xture of substances may be

chosenﬁgﬁhg%\l]g S5t gﬁéﬂfﬂ%’/%% bfa%mag‘é?éémgrtﬁr%rugﬂctﬁéaaperture

as 1s re n er S anc

acari @acCamypBheobd a%m@u@stmfs@ewmchm@ RbGWwhH arEhSaYe previously
may be a ‘gas (for exanple nitrogen, hydrogen, oxygen,

xeeem, usest fiahattepuatiageinterfering apolmomm)or mdtlg@h%g@@ht ions by

InVGPtIOH an USG escr

[e@ctiye l?é‘fjr cQ gﬂoU@nﬁbem?%e eé’lggali&ms hg bs(,jtance or a mixture of
r&?d‘sttér’(c%scr‘ﬁb}/'b% Et'ibié}'pﬁf RiMSve bbletfvdlf g’éﬁldﬁlﬂe hedrRPEnces, as is

owever, that any physical 20 form of”any substance(s)
Clayainh . Herkeirdsfterr sech rasgsmlirsiamh&s isr tedmedtaeréactimndeollision substance”.
attenuatl on effect may be m%roduced into the

| asma
hhe HbEIcE(Smay b&ed %s/ Q{eeﬁ"@ﬁ’@wt’“ rqa?éhtﬁm?iog%eoxygen

réeqiqerf ftﬁsﬁ%r#e{sﬁjo's anc cf‘%rel na nr{e JS%%%F |nvent|on and

téb@arﬁbl@%fﬁf |ﬁ$u§é1@vm|b@@@scrib%dp@$c$ lllrm@trbttfcpuglhg&ﬁydrogen gas as a
aperture between two vacuumregions in a mass

sieective/selisionssubstance. Hbl&@abeutmdﬁtsiood,sln@ﬁever that any physical
SR 053 8l BLoSdnrtd "o PGS e s, gerteronce
P%t?%rﬁfgagltonwéﬁiéﬁﬁé* g)?”n@trﬁﬁﬂgéé‘m‘?@gtth@tpl%%t ihaAe maAner disclosed
by the present mvention. The present invention involves appropriate
reaction/collision substance(s) being introduced into the plasma as the plasma
is passing through an aperture between two vacuum regions in a mass
spectrometer so that the reaction/collision substance(s) can interact with
plasma thereby reducing the concentration of interfering ions in the plasma.
The applicant can show that electrons can interact with a plasma in a mass
spectrometer to reduce the concentration of interfering ions in the plasma;
accordingly, introduction of electrons into a plasma passing through an aperture
between two vacuum regions in a mass spectrometer falls within the scope of
the present invention. Thus the term “reaction/collision substance” is to be

understood as encompassing such electrons.



spectroneter to reduce the concentration of
interfering ions in the plasma; accordingly,
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through an aperture 30 betwegn two vacuumregions in a

mass spectroneter falls wthin the scope of the

pr esen he raupply of.a factionfoellisennsubsiance dmtocibiel aper(nnre which is
onpaSS|n such

SRSl Yiischbihy 9eposmecss AouS ks hesarReure promotes
Sg&RInenee Ifh%%émt A lle'a%hgrﬁ 5F?§fl|?fb?n§ W ﬁlﬂ thgeaperture where

aperture tantl

pthesplasara densityo s rélbti wgfhlgﬂnewhtmr Imréasm"somét Rfte of reaction or
occurrence of the attenuation reactions or collisions

V\PQWﬁ"PP thriwggar ther intigesiced substances aaddisteifering éons. Indeed the

RREEPEE R 4 ABAIEE OGNS Pl 5 BBctons o

léﬁlﬁé‘ & idtgur Aisthe! RAeESt FNE. AIRACthEORIABbh/c®IRbN substance is
substance is supplied effectively where the reactions

osupplietl| indd dhe plasma as such alad;trmr_ttlntoaae iofAl beamt thet has been
reaction/colljsio substanc ied into the
oPAed T eanﬁsm 200 Toth sk Bbariienatans gt dne plasma

S5y b S T, AL 8 s v

aslettson-ion dtsSenlaat/e mgcdrhbinatiber Ties preseneesoftdflagieelectrons also
el ectron-ion dissociative reconbination. The presence

otigpifisamtly ereducesnsthal seenesalipn f pEaferondanjudueduels from  the

S 8Bl R RS S bR Aiagn asop o on aron

hydspaaRerABaR Y AttRNifAEEY herfa &S MBthRISbe R df‘?!(r}‘l“ or H.* ions.
little (if any)”increase’in the nunbers of H3+

ions. 15 Another factor assisting the | rrproved
f ormance aghi evabl e y. the invention i

Dot
thathEShel Baeh STl e EraRLSd aphh GabReHRmNGe, achiovable
Vt‘)o); #Heﬁn@é%n i that Me fa21iBhs bF cSI'th%ﬁs Q)rc%f gy m%é‘caﬁf?éllﬂvlthm (that

ned regi on I nsi de an aperture across

psewithineodirf tlosenproaimitgxtets corfined psgion Unside an aperture across
differential across a confined 20 region and the

A¥RiGR iGpEasspradifierentinl existe cthis eressuseiffarentialecross a confined

B e 398, SRR TBRE N S SReBRE e poton ano
PEHEsION PracR@ts ARG Bialyhs (PRI Df thst r@gﬁinl é»m Inlté Yhé"édjommg
analyte ions in that |ower pressure region.

H@Wﬁé{béesaunatreglohcﬂjlerekaﬂ incedasing: thes avajlabilfty @(ftanqutel fiens in that
Iﬁgebg%?@péwégﬂ.: lg Igeﬂgeveg%ﬁgteg éo?lY\sl?(grga éguess?negmeff%ct occurs in
that analyte ions are pushed towards the centre of the plasma stream by the
introduction of the reaction/collision substance, especially by radial introduction
of the substance so that it flows towards the centre. Such introduction of the
reaction/collision substance is capable of increasing the signals of light
elements such as Be and Mg while interferences are effectively attenuated.
These factors and others described below allow for increased attenuation of
interfering polyatomic or multicharged ions and thus improved analytical
performance, as may be demonstrated by analytical figures of merit such as
detection limit, signal-to-background ratio and background equivalent

concentration for a mass spectrometer according to the invention.
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the reaction/collision subsgance is capable of
i ncreasing the signals of light elenments such as Be
and Mg while interferences are effectively attenuated.

These factors and others descrj bed .bel ow al |l ow for )
i ncr eaééaa%ﬁ BReGIERMSIer GeC NG ikiNedPYeRigbmay ipsiide gn interface

”&Péétﬁltéaﬁvﬂ% gﬂﬁv?de%n%eslegﬁﬁdidgérr&\‘g chRaty ttﬁ&%!eggpd relatively low

perfornmance, as nay enonstrated by analy

fpressee mgiomrand & weind asgiod edtex prassulré that is lower than that of the
si gnal -t o-background rati o and_background equi val ent
cefeansh Fegion thrapghawhighs plasea flewst alterait dlomes Hyough tthe second

o[ PP GBI ne merRed 0 R sprioPuiEsg second
| pAsyEgRGBr sEppNfigia Supbiahbe Mhtetheasecondefritiré S htir8ction with
bet ween the second relatively |low pressure region and

athehiptasnna dioo natéenuatinge pslyatomicator i multmhergedanteresing ions by
ekl RS Hio b 40 A SR A, o samoin
PSR he th%gél&‘?\méc{héoﬁé‘h%’gfe Bl Eag{;é'ﬁt?al ae{g%gtl%% into which the

I'ng a second passade for supplying

I ifactibhvieolisiopnslibataides srefsupplied.er action with the
pl asma for attenuating polyatom c or multicharged
interfering ions by reactive or collisional

10’ conthembtpReta SRR Hpsillz, P sheun iR g dfcolision
affistan@s dcabriiNg tehtHd ervendaat AW S Fbt itisé Wame reaction/collision

substances are supplied. The option of a second
apurstamee torbe kepplied tolboth apesures o tineeaseltheséfticiency of the

upstance accordj n o, the inventjon allows for the

SRl asee ABRRuSIOT At Sisb Hgna B tifibe i rgabtory RRHFIPE substances
i i ¢ . ) o

|8, B8 SUREE' 1 e eBeIR"FRRIILS BroqibleRottShypislane type of
riatenfaring ol lat Tnen apetiateanndsandthebeysalplintetfetingtiba (including
apertures making it possible to attenuate one type of

i PRSIBIEpregurisn Ohtreastiongpal the dirsinaperiwenat thepgeeand aperture.

i rferi i iach udi.. W BVAM f .. ,

| 1 8PP PAFLLBA BB o8 B4arEbs. 1 beteved
afpat aeRuatidh B iangratle APMAD df3hRrePRE iBAS i®Postible with greater
reactive/collision substances, it is believed that
adttenusdiohmafficeney.greater variety of interfering ions

is possible with greater attenuation efficiency.

The interface structure of a mass spectrometer according to the
invention may also include means for producing a shock wave in the region of
the aperture or apertures where the reactions/collisions occur to promote the
rate of reactions/collisions that remove interfering ions. Preferably, in the
second (method) aspect of the invention, the substance is supplied into the
substantially radially confined plasma in such a manner as to create a shock
wave in the plasma. This increases the total energy available at the aperture or
apertures and thus promotes more collisions having greater impact energy.

This gives a further increase in the efficiency of attenuation of interfering ions.
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aperture or apertures where the reactions/collisions

occur to pronote the rate of reactions/collisions

that rAltevetivelyeht eeactpn/coliisiorPsabstaabé ynay betsbieplied sufficiently
second (nethod) aspect of the invention, the substance
|%ﬂ@@§bb{ As o] eAuse Rebstaniialtsiagnation of the alaspa withpHkinducing a

p%haqscﬁ%%\(%sﬁﬁ pl:f-l;HO§enCﬁ Efplgzg eoslnt(ciﬁeefs[eetpgl ragﬁébaégrﬁ’eaxﬁhe plasma

aymhihadhe @ésémqorewétért@ e apdRiifelbe apfdiréd1add thus possibly
pronotes nore collisions having greater inpact energy.

Tihcreagetbe effidiencyhef attervratiapofinierfedngidnsi ency of
attenuation of interfering ions. WO 2004/012223

PCT/ AU2003/ 000955 7 Alternatively the _

react i G0l ddssigm %U%%%BE@%M.# sﬁggg'idr%edthe reaction/collision
sufficrentl srmo ly as to cause su anti al

s$ugtariceforofmprowing dseratienubtion efficescynincludes fyivikg it sufficient
wave. The pur pose of this is to increase the residence
tspaediio fepehslmeshinsiantiithe ghirevelsae ofplagngerassing through an

it BHEL VeRE I BREIS BrBaReddth Bt FE: SusSttned for el for

| ©NRavEXhinRASIS tadibl §p&sd avpfisdringthnd bR a&aapls]zseaa component
the reaction/collision substance for inproving the

anatohest todhat6f thei passing plesonde gi ving it sufficient

speed to reach alnost instantly the entire vol une of

pl asma passi ng through an 10 aperture varylng t he

angl e c o
° lethd) 'Eﬂ'{[ﬂ Stgléata'rtr)lﬁge ng?éér]g Aﬁ%ﬁ) o e p(%lﬁ oﬁg%é& n/collision

a&ubﬂamie sipe eléscrbpdrendptiomat stegs for theéatecohdt(heethod) aspect of
passi ng pl asma. Al though the above possibilities for
sthgpnyenien, hf@eyeraavmnm?élsed &yoapp@eﬂ@teogpaa@éu%n@dIflcatlons in

Rl BT R R D Rl O PSR <0 oy

appropriate 'apparatus nodifications in relation to
the first (apparatus) aspect of the invention. An
addi t ibnaﬂtdmhmmitab@nbﬁga bé thenirveantion issthah#he tinterface structure

i Bt eateh o Hhe Pﬁé%ave“ae@.%‘iﬁg%?%nﬁ ' B, Seartiavcolision
SélPthér%e 3 \AP?I?%QJ; IirBS%IP@ﬁ% %’é ﬁ ﬂft@ﬁé@&%t ][JCtl.ﬁe will also be

structure eating o

'r eeated oMhisoheating of mdoeeammoa/omuwcﬁnbtahmtantélenar;amhamfe the rate

reacti on and consequently reduce the anpunt of the
sebhEeagiion andt cprsequently reduce the amount of the substance that is

required.

Alternatively, the reaction/collision substance supplied through the
passage of the interface structure can be used to cool that structure. This can
reduce the efficiency of temperature induced sputtering of the surface of the
interface structure. Material sputtered from the surface of the interface can
contribute to the background, so any reduction in its rate of formation may

improve the signal-to-background ratio.



required. 25 Alternatively, the reaction/collision
subst ance supplied through the passage of the
w0 niogiixree structure can be used to cool that PCT/AU2003/000955
structure. This can reduce Khe efficiency of
tenperature i nduced sputtering of the surface of the
i nt er f Borea dattertundersthting af thepinvertiad ahddm SHuw how the same

surface of, the interface can 30 contribute to th
bREN deocridie slat%ﬂveqteu@m%ﬂmb@dlm@.nhséherqw w%nﬁm begescribed,

T00 461332 Gt 308 5 31l e sp e accompanying

uvaevisgsindi ng of the invention and to show how the
same may be carried into effect, various enbodi nents
5 thereof will now be descri bed, by way of non-1imting
X ef rence to the acconpanyi ng

tion of the Drawings Fig. |

SChe”ﬁflbW'd‘\eHdtlHéW ALERaRs P BYRRHIRAA| ink0ek ly Shéﬂe plasma
7] ingOgse KBlideg

coupl ed™plasma 1 0n ‘nass spectroneter
siohenads spedtyorneten IORMS). an |nterface structure for a
mass #LO sgectrorreter as in Fig. 1 for a first

nént

enbodi agebpranticalo Husdrates san aifRrfaceorstrugigre for a mass
10 Lé;%"e‘?%rfo!n?ﬁgfg’gg:ﬁ'%% Lcﬁ‘aé:htls?'é{:ngtgéedltln%bggg§§r§w{o e first aspect of

Fhe. indentidie Wkcreiald YeadiRnEcolRmGH %gnbntugrésmusﬁba WttHE Bskimmer
for a mass spectroneter as in Fig. 1 for a second

é?ﬁftﬁjh@l@rﬂfamﬁﬁblf@l ng to the first aspect 15 of the
i nvent eaction/col]isi.o i 0 t th
sk Sttt P e o iariace: SRudpe Tor a mass
Fé;ﬂach"t‘m%@?ﬂ@tm FRY. viop E%oﬁﬁ%rﬂﬁédlh‘%\? rafc@&%lrié {d fhle'irSt aspect
for a mass spectroneter as in Fig or a rd

15 mﬂibdunmntlcnnwbedamngi teactitwe/collision regimrcat thie skilmner cone hole is

|tn enti n th provides two sequenti al
Qﬁ ‘t"% N(?OP‘P IgiPB#OPEgi ons . 20 Fig 5 schematically

Shoue ROt SLeHHACEA S el SiePelBSSyghre for @ mass
aspeetdiidet as imFid. i1r fof aaBit@ ®@mbodiment according to the first aspect of
the invention that provides two sequential reaction/collision regions .

20 Fig 5 schematically shows another interface structure for a mass
spectrometer as in Fig. 1 for a fourth embodiment according to the first aspect
of the invention that provides three sequential reaction/collision regions.

Fig. 6 schematically shows another interface structure for a mass
spectrometer as in Fig. 1 for a fifth embodiment according to the first aspect of

25 the invention that provides two reaction/collision regions at the skimmer cone.

Figs. 7A to C are schematic sectional views of sampling or skimmer
cones for use in interface structures as in Figs. 2 to 6 illustrating different hole
configurations.

Figs. 8A to C are schematic sectional views of sampling or skimmer

30 cones for use in interface structures as in Figs. 2 to 6 for inducing shock waves

or matching the flow of a supplied substance with the plasma flow.



of the invention that provides three sequenti al
reaction/collision regions. Fig. 6 schematically shows
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as in Fig. 1 for a fifth embgdi ment according to the
first aspect of 25 the invention that provides two
r eact i bigsc @A taibrare esphemsation sectonsli views cn‘osmnplhg;s:r skimmer

e or 68 R EETRCe SEOFRe AR I BoS! 218 6.8 mess R Sipplying two
e%?,tror%’cb@isﬁm' édﬁéfégﬁsc’etsgtﬁ%t ?J&f!@ﬁ/@:ﬂﬁrsﬁﬂl |%tgron

I gurati ons are schemat’i ¢ ‘secti onal

vi ews [Bify. 4@nigla themaakithnwdrrﬁﬁhsmsriévmrof s sampler or skimmer
interface structures as in g 2 to 6 for inducing
st 9B JCFo Sw@m,chrr@eﬂh@f hevineentionswighl a egctor cut away to

sma flow. WO 2004/012223
ﬁ@%@%é@é%@@léﬁrc@u rgs. 9A to E are schematic
sect i oFigl 1YiieWs/iél sFAmEH tbFg oro Bii mmmtng %Orﬁ‘r%arffcgfrohlse

in interface structures as in Figs
p035| brigss 4gpl tpi garevmoss-eacmorm@ﬁ:sannphmg)mrsktmrmnmses for an

RSO WA B e e S o
e tor %%a%n%m@bﬁpﬁst%hcége invention with a

ut away to ustrate its internal structure.
Fig. 11 is a viewsimlar to Fig. 10 but showing a
m)drfrcatron Figs, 12A to D are cross-sections of
r f Ripfarrad Epdodiments an | CP- MS embodi ment  of

Suppl v 'ﬁ@gt ib@heRAOHIL BeP BRABRAG BY. K BB pffreiit is to be
afinddrefoetr 8t EAB apLERIYS alsee rd|aesntd 9”m\éfsé|sﬂé%trometer having a

exenplified by an I CP-Ms5, however it is to be
lniaemetl@ncsquﬁee in wi¢mthenplasmaaimay belganesated adherathmn by radio
ectronet havi n 15 plasma i on source in which
Hﬂﬂ&¥Mﬁ'ﬁ§V96§“§@H3rated other than by radio
frequency i nductive coupling. Throughout the figures,
the sane reference nuneral is used to denote the sane
f eat urkhronghbet thef figuress tltmbadiel’rmim:encému‘kneral is used to denote

conventional 1 CP-M5 (see Fig. i ncludes a plasna ion
dbars@geteature in the different em odrments

A conventional [CP-MS (see Fig. 1) includes a plasma ion source 20,
namely an inductively coupled plasma torch having a central tube for conveying
nebulised sample 22 (analyte) in a carrier gas into a plasma 28 produced in the
torch. The torch 20 includes an outer tube and an intermediate tube for
conveying, respectively, a plasma forming gas 24 (for example, argon) and an
auxiliary gas 26 (for example, argon). Plasma 28 is produced within the outer
tube and beyond the outlets of the inner and intermediate tubes by a radio
frequency coil 30 around the outer tube of the torch 20, and this plasma ionises

the analyte 22, as is known.

The mass spectrometer includes an interface structure 32 via which
plasma 28 including analyte ions is infroduced into the mass analysing part of

the spectrometer. The interface structure 32 includes a sampling cone 34
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in the torch. The torch 20 ijpcl udes an outer tube and
an internedi ate tube for 25 conveying, respectively, a
phagng & laelei 36y (typisaldsapproxinxieiypll enmangtiamnetar)l atits apex through

il 26 le,. . Pl 28 s
e TN TR T p—
Sl 19985 Ty bRLR B o0 0 81018 e scure

28e furthertihdladed asskim@nicens 40t having al hole 422tyméaliysapproximately
known. 30 The mass spectroneter includes an interface

s¥-PuBRLindiamefen) ajis epexihrayeh wiich semeiplagmand$ pesses from the

38 R PLEBRAESS 8 S B BB AGEY B8h P ety ot o
apreaBitd BY 10one A WRrROAH QhatihgPeRdAMRRPR0BORED 34, 40 are
10 having a hole 36 (typically approximately 1 mmin

diypieatly ryater-cpokeda@econdr vagumwiegiin ddninchidesnan 28n agxtraction
no ri.c sure passes i rst punpe

Rleet h‘? &8 F_Hﬁge het ‘§>Bi%félcﬁ;ﬂniaptsgo‘gﬁigﬁ%@ﬁmgfj%mion beam from
tstﬁiélr_glr%srﬁa‘?@ B %ﬁr{@ﬂﬁoﬁbfg%ﬁyf‘g? H%ﬁ@@% gﬁfu)a/ﬁ'@)céﬁ@@ﬁe&ing it into

r cone Vi Nng

ago ik pumipet wasuQnbregion 48dtypiedlgrat &prédssir@pex10° - 10° torr) and
through which sonme plasma 28 passes fromthe first _
viBEUEnReYRRARIYSST ioRt domexarpples 3 aHpdyPele massr anglyserlin region

[ f. 10-3 - 104 torr). Th .
Uiy el b o PR B A2 o et crarge rtio
Ve thateOlhetl paSs GRRA ghaRBUTLES @indlYséf S0NSeUdEia il PR detector
extraction electrode 46 plus othér 1on optics (not

b (iay examplex anaiestran multiptiertarathreadooutilty teverging smeans 54.
28 passing through hole 42 of skimer cone 40 and
directing it into a third punped vacuum regi on 48

(typi %91!332 mhsﬁﬁfyg:résggﬁigﬁf off % mhai slgpéctmh%r 52%%" In Fig. 1 that

Into a SS ahna or exanple, a gqua

rserparatey sargmbodinegit@f thed hvetisn. RMRIsHSess BA interface structure
SSSQDar ates the ions according to their mass to charge
r

fhat ingladeshassarpiiig peRe 3¢ Hiavinh athale B6sandigaskimsier cone 40
d C by r 15 5 o _exanpl e n.

TS scRaet i G5LSBhalmitioth, ShobeRileRa bicay t =
Pressuredin thel Fariget a2t sord). P sRithrAér 8oABSAD leads to the second
spectroneter as 1n Fig. I that incorporates an
atasodMEsgion 4t (tpicallyeat aqressurei ofl 161 ¢ d0&domp which includes an
i.nter{ac stru?t lére . .
ion extraction electrode 46. Plasma 28 flows through hole 36 in sampling cone
34 into lower pressure region 38 and then through hole 42 in skimmer cone 40
into still lower pressure region 44. The electrode 46 produces an electrostatic
field that extracts ions from a plasma boundary region 56, including repelling
electrons from that boundary region, of the plasma 28 in vacuum region 44 to
form an ion beam 58. Skimmer cone 40 includes a passage 60 leading from an
inlet 62 to an outlet 63 at the hole 42 of the skimmer cone 40 (which constitutes
an aperture as in the first aspect of the invention). This is for supplying a
reaction/collision substance into the hole 42 for interaction with the plasma 28
passing therethrough for attenuating polyatomic or multicharged interfering ions

by reactive (charge transfer) or collisional reactions.
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and a skimer cone 40 20 having a hole 42 with the
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pressure in the range 1-10 tqyr). The skimmer cone 40
| eads to the second vacuumregion 44 (typically at a
pressure of 10-3 - 10-4 torr) which includes an 1ion

S| ol SRBOU alaion 2a0] BedrveRi e Plaga Sbgows from
at{ﬁgl IBGFBretSEDFBJg%Bm& f&mérﬁsjﬁé rli'?Sﬁér g:fée’s;%uf‘g J@élgg”i@ through the

| ower pr ure regilon tro

pholduRasassingtirouglo sh@tkimmér edrib 40 aindesubstaitially dills the hole 42.
froma plasma boundary region 56, including repel|

el tmgeretm/collisions ARCY dyisyRplied foe@tlpselaswéeczg/ into the

BRSPS PR 225 1061 62 B5FaddBaciRT o 85| TBatienuating
%a‘é:ﬁoﬁé?cé’l“élbﬁ& thdsabcduP Bvitih Sordia @lﬁsé@ro&lfhl% tﬁé’ﬂﬁale 42 as

whi ch constitutes 30 an aperture as in the first
aspeesentéd tyethienwatlinedmggiomti4 which eanshe salled ghe reaction zone.
.on/col lisjan subst ance into the

__ﬁact #ﬂi %ol a 42 for
b FUPENSIONG O e, FeAFIAL,ZOPG 0T legion, 64 AePend Qs gnhnumber of
fi‘%tcﬂ'gt SOt LRy p?é’érﬁﬁt thgltt)?a r’g@f?ﬂgbtétnl%r g‘i‘(ﬂ-ld néierrfeﬁéﬁcﬂgcolllsmn

by reactive (charge or ‘coll1srona

rmam spHRd2 0 4h8 12280 P GMd\PRXIs4 Oscity. 111s Ipra)sltthated that
enbodi nent of Fig. 2 of the invention, the plasm 2

f$lgw§|camtdﬁ¢erfq+i@n¢wttpn@%mn 13 ﬁhégeaﬁtlcasrqmﬁé}scam@ke as little as

Fr S EREMieBriifiot Rl t2=GUO SR elrbGivlf oAy BESREF when the

thiashal fast &avalled8polie.00aag.bH q’ﬁﬁﬁtﬂrbugh e HORS URANCBdNversely if
i's supplied effectively directly into pl asma 28

|hh16htﬂaet|d|2 time werkeein ®2, rm@@yGOOamjtlwtremtlomzoﬁewemght be
YR B SRR 5,57 0 R bt v o
LR Rkt |bﬁ‘%né%ﬂrﬁﬂo@ﬂr}g‘r@?°§ igga?ﬂlr%lﬁ Schkhiftict % it might be very

reaction zone ons e reaction zone

r different 6t stlape mhdomnmrrswﬂsem reélutgzOAf dajorrdifferenbe afetween region
pl asma density, nmper at ure, kind of
r%@nd dhe é@atptiog/m{hs'@@ BoDas é priahar ¢olisiameellsds dhe @hsence of a

P BV olrskncily BERARD R e 04 cAnotnsy, sionificant

r §iffofshcdisCihat ik feadtidnisiddiIBicis odcilinNthe glBkman®attad of in an
that the reaction has effectively already occurred

wibarbaame exisheteddramst. t r avel | ed about 0. 001-0.01 nm
through the hole 42. Conversely if 15 the reaction
time were in the range 100-1000 ns the reaction zone

m ght B§. 3 illustrates a portion of a mass spectrometer as in Fig. 1 that
combines the embodiment of Fig. 2 with a modification to create a restricted
pumping zone behind the skimmer cone 40. In this Fig. 3 embodiment of the
invention, a restricted pumping region 66 is provided behind the skimmer cone
40 by way of the ion extraction electrode 46 being mounted immediately behind
the skimmer cone 40 (alternatively the ion extraction electrode 46 may be
mounted to the inner wall of the skimmer cone 40 by a dielectric seal - not
shown). The ion extraction electrode 46 effectively acts as a gas baffle to
restrict pumping from the portion 66 of the relatively low pressure region 44

encompassed between the skimmer cone 40 and the ion extraction electrode



project out of the aperture by one or nore mm This
nmeans that the shape of the reaction zone 64 shown in

wo-e@4/02223 purely schematic and it m ght be vePgI/AU2003/000955
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different in shape and di nen bons inreality. A major

di fference between region 647and the

r 4@.ct Additiondll iopi opticso(rest showam)iior regidn dal hiayi aesistelbhsextraction
is the absence of a 20 physical substantially

sEIPFERHRI 1) (Whiehidepelsoelesyrah Bam Riaserbaingary iredion 56) in
dj i tions/collisi i
tRBiERTGeUebBh bbAR RE3n ' Ton beam extracted from

it. Fig. 3 illustrates a portion of a mass
spectronmeter as in Fig. 1 that 25 conbines the
embodi lifetite embridiment wf tig.a3ntid regiani @6, becauseavktre restricted

SR B ReTRA B BBfe® 37 iR o Setide 46 (which
rigs 1c<an;¢d|-wm%ﬂg iR & hév&raoéf&%ﬁr%’?g%{%ﬁm bBfveen that in

ski r cone y way of the i1on extrac

evaoLiuno degids 38eamd)vatuurhedgiomaediThispressard 3dtypichlly in the range
ski mer cone 40 (alternatively the ion extraction

ePdct fede ABenpipSparesm ﬁ@mwaé{@ 1% sehéy Hheeratigapf thg area of the

t ' n 0, i el Lc speal_ - t . .
A R e A pf oY SEaeTe ™ i BBt pywnich gas i
aplraped flordaachant Fegjidr® 38! Relgidre 66 MEBPhR Bntia@Bb tdiRrture (that is,
portion 66 of the re atlvelty | ow pressure region 44

eihenrire ¢rass-srationaharaskoinfele 4btheough skitnmee cooe 40) through
extraction, el ectrode 2004/ 012223 PCT/ AU2003/ 000955
TWhigB “theg BleBini e TiowS JpeciBe, HGReE ResmsLrerTecky] of aards the
TRYeR BReturd P8yiBH WA QﬂstEﬁt%Vfﬁlg%ég/gg 688, repel s
el ectrons tront plasma boundary region I'n" form ng

a focussed ion beam58. 5 In the enbodi nent of Fig. 3,
the regi on 66, because of the restricted punp

t her et spation/eollisio sHbstanas is sueRligd todhediale 42ithtwah skimmer
[ ' ' I cnl g™ .
oK e 1 2 e U STl 5 Y PO, ocimens.

r Bl @3taflishBs avEiAglefeneBo® Pord 64 THY i tRESS§UP @nitsodiment which is

typically in the r_an(?e 0.1-1 torr. The pressure in
réﬁOWﬂdfmf Aspressutised Neluree 66 wherdir iam deeanh 58his extracted from

entrance apert .42 to that of t Xit.aperture 47, .

P PRcSodREn 5 e Guisete % mula® rolifBaR IS cofisions may
r &K i t r

SSU hcaEat 08 SRR, AR ARG B G 0 vacuur
t tegaung At 4s KTherecollisioes 4@pyt bssistglin pvodobinghe  pigafivan? &ensitivity

flows fromthe higher pressure region 38 towards the
increase by forming a thermalised, better focused ion beam 58.

Fig. 4 illustrates a portion of a mass spectrometer as in Fig. 1 that
incorporates another embodiment of the invention. This embodiment is similar
to that of Fig. 2 except that the sampling cone 34 includes an inlet 72, passage
74 and outlet 75 for supplying a reaction/collision substance into the hole 36
through the sampling cone 34, thereby establishing a reaction zone 76 within
and in close proximity to the hole 36. Thus two sequential reaction zones 76
and 64 are established to enhance the efficiency of attenuation of interfering
ions. This embodiment also allows the use of two different reaction/collision

substances to achieve attenuation of a wider range of interfering ions. The
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| ower pressure region 44 and substantially fills the
vol une 66. 15 A reaction/collision substance is

waeapphieesto the hole 42 through skimrer coneP@DAUR@3/000955

inlet 62, passage 60 and outhgt 63 (as in the Fig. 2

enbodi nent). This establishes a single reaction zone

memstednsluarrms:agd dmenbiods nefnthewtsaction zonks! 7®aed 64 age purely
(g}ﬂurlsed vol unme 66 ere n ion geam 58 is extracted

%'Cpﬁa@,rmama%alg gy, deRengingeam aentmbek facieeiecting
I [1isions may occur because of the
ﬁgngﬁggﬁicﬂﬁ&ﬁgﬁgpressure therein conpared to vacuum
region 44. The col lisions my assist in producing a

significant sensitivity increase by formng a
t her nelfifs &4 luséretes o poUivad Of ¢n MRgSTSBECtraBetrgas 4n Fig. 1 that

AngSbbr ket pbaPae® SRR UG HGY: T ergrodiRent is similar

| taviRat 6ORig. Ehh &h@t"&h@c’lww@qu'eﬁtlél' r@bbﬁén Fbﬁeé '?Btanﬁff?f tékpectively

2 except that the sanpling cone Includes an in
e pstaldigbed7 4t atit caarmdegm:oher :ﬁumcxym’l@nmer cone 40 This
nto the hole 36 th

(BB Rt ioe s an Eleciiec y hauPaLA haR dytereERaTNch acts

7895 (8 DR A Ioh i BRI B 4id f Bl e 40 10
mtablishsdn edgibn Gﬁlb’ﬁrﬁtﬁl\leheh@hér predtiye @bmplatsd tb?lffégﬁ@n 44 (as in
interfering  ions._ This enbodi nent also all ows

JB@ figure derabediment). Tveicelly bolec80 may be 1 %um;tlradwéneteo and the

TS, B YGR 5P0 o5 rihs 1 b8 dBoe Slestic Btential may
RPNt RIERIRPBE a@)ﬁﬂe@ ke a8 td Q§3|§t‘3‘6ﬁté>&r%cﬁ8ﬁ?§rough hole

76 and 64 are purely schematic and may vary
sBQ; rEqu:tc@dﬁ 9 inelpdesiarpassaga amiule‘admgffumhcnrmndaétfaa:ta &g outlet 85
ctlon condi ti ons JIIustrates

SBF siBAvEic 8 reacionpeleio aubstings intp i hole BAde create another
ISRl £one 8o TALD T 1RE Rt AR PenPinubS el It ERctigH dhes, 76,

t6dy &eqreenteatbdr Thist willnnzezee the totdl thde aREIEI L koaction and
are est abl i shed at the sanpling cone 34 and ski mmer

d¥aYdas enhansed @itrnatientofi inta @gh@nSeAm isodarkgto the Fig. 4
10
g ol ShRatehl RSP HBLA BF L8 e B 4Bncotison

SubRtERIces W AchRviattettiatibh iof B WidePBhiRje §nfrfering i ns.
relatively higher pressure conpared to region 4 g
in

Fig. 6 illustrates a portion of a mass spectrometer as in Fig. 1 that
incorporates another embodiment of the invention. In this embodiment the
skimmer cone 40 in addition to the passage 60, includes a second passage 88
leading from an inlet 90 to an outlet 91 for supplying a reaction/collision
substance into the hole 42 of skimmer cone 40. This creates a second reaction
zone 92 within and closely proximate the hole 42 which may possibly overlap
with the reaction zone 64. In this embodiment, attenuation of interfering ions
occurs within and closely proximate the hole 36 in sampling cone 34 and hole
42 in skimmer cone 40, but a combination of two reaction zones 64, 92 in one
hole 42 leads to a greater efficiency of interference attenuation. It is also

possible to use two or more different reaction/collision substances in



10

15

20

25

30

the figure 3 enbodinent). Typically hole 80 may be 1-7
mmin dianeter and the pressure in volune 66 in the

w0 a00gm1223 0.01 torr. An electric potential nmaRCT/AU2003/000955

advant ageously be applied toqglectrode 78 to assi st
ion extraction through hole 15 80. Electrode 78
i ongriagpping reactiongeores 64 a0dy to ashigneibattar adtienuatian of a wider

out lying a reaction/collision
r@ﬁg?éﬁd'etefffﬁf'agt"i’l'gsphol e 80 to create another reaction
zone 86. Thus in this enbodi nent three sequenti al

reacti on zones, 76, 64, 86 are created. This w ||

i ncr eaBigst NA-C cdralsectiomalaiews afl saniglingr easkimomeracehes for use in
provi des enhanced attenuatign of interfering ions

A dntesfage | stfuajureo3? e eEpkpdiments eﬁmllm\@mlontlw%tratmg different

r e nstor 818 hOBs b BEER. 27 ebRe oM, E6ucse pmpspag or duct 98

Ofbrasdppiﬁfoff angeafonidlIRidrerdubtarRs intbi @s Kole 98 which has a
illustrates a portion of a nmass spectroneter as in

thmventlohalt panaﬁebwgl&mhneek fRobutwhigibisdsigeificamntly tdmg to promote
the 25 skinmer

| e oRSL i1 i eSS 168, MPfides e Bossai 4fid Yor SUpplying
%%%ﬁ@ﬁ/céﬁisioﬁa%'uﬁﬁan(:@”]rﬁ@ 1t$‘|l%le9%11° 'mlecﬁiérln%iergef Hole 104

for supplying a reaction/collision "substance into
hHotreat2satemhisen®hisqoeidéd Iesﬁmestrmtneatte%maasuonmf the plasma as
reaction zone 92 within and cl osel¥ pr oxi mat e

HbPasaes Whictighnile peles] .y Ty anpkes the twle 84 leaeﬁueﬁeptlble to

.Zcﬂﬁgg'ﬁértﬂngoll%Enge@@@gicig@gt%eﬁggﬁgaw %R% §Fone 106 includes a
Po ARl 08 fof SipbRintPaireastiptdllidos @[]Est%céﬁﬂohfﬁ iole 440 which
AR

in skimer con ut a conbination of two reaction
zls mﬁéamredg‘grmrﬂ 1drte mmunallwwstrw@(paomangyfém plasma as it passes

ectben(afwo%d@lgﬂtg&aﬁg %?cgehﬂt Hg@g&?rrrllpromlsess thaeI Seﬁiciency of the
r / )/ i
p&f*‘*"éa/ L9008 5 BieE R REGERA Teind) o Veh 380 ShESHABLe 19, clogaing by
asulids A epositedh ifrone theeplasmaatdrapaiidi torhodé 184 wif dene 108nge
of interfering ions. Figs. 7A-C are sectional views of
sanpl i ng or ski mmrer cones for use in 5 an interface

t t } .
P11 ot HGE, 8A-GrrE ERSfoRAiow e or AUdeF Bihibing or skimmer cones
el &Se ésﬁpElft ®f afPintsHHte Qtf!udtmé 8265 etbtRfigeaR Of thélUabtention. In

96 for supply of a reaction/collision substance into
i fEig. BAL 6008 Wi s Apassage driddaatingdp hade dfbelThedeadidg surface

"B o orp UL A, Re RIS B b ot JBERRHG a cotacnea
PéoTRARavd 726 RistIN ABhY bheTreaction zone of the hole 116. The sequence
of the shock wave zone 120 and following reaction zone of hole 116 is capable
of producing greater attenuation of interferences than a reaction zone of hole
116 alone. In Fig. 8B, cone 122 has a passage 124 leading to hole 126.
Passage 124 has outlet 128 located slightly outwardly of the entrance of hole
126 and, similarly to the blunt surface 118 of cone 112 of Fig. 8A, induces a
detached shock wave 130. A reaction/collision substance supplied through
passage 124 is introduced primarily into the shock wave zone 130 to cause
reactions/collisions within this zone, which is favourable to the attenuation of

interfering ions. In Fig. 8C, cone 132 has a passage 134 with an outlet 136 at



10 reaction/collision substance into its hole 104. The
di aneter of hole 104 increases stepwi se. This
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as it passes through the holig 104. This nekes the
hol e 104 | ess susceptible to clogging by solids
deples 1 38 dhreugh tthe ¢ires82. |Theriogfle? 336c neoafidured such that a

el oBpsidh Sitancrsuemiad PR Plsshaect 34 6t fhaypassage in

12 ik Hﬁ’?@t{icﬁgé rmelﬂaérﬁa”?l%”‘ﬁ%ﬂoﬁgﬁeﬁb[%q%. This favours

expansi on o plasma 'as It passes er et hr ough.

Asulietagiialtyhinatdhirigrthed fibw| spektiOofcthepeasiicgsollisien substance in the
efficiency of the co it has the _advantage of

106
b&asgorveRel efshkolg u1s3§e§ieth ghat ebthe Rlggmeg Tikjs lessensslisturbance of

TBB7Bs57E Be9 S BB EIEIR AR, afurdicT s eRHGH Bocurring

Sipyepeihng or skimrer cones for use as part of an
interface structure 32 in enbodi nents of the
invention. In Fig. 8A cone 112 has a passage 114

155" Gaq ORes s isections uShp af additiasil sambhae arsigmgr cones
aor S8 diePart O %fukip%g]&%d{g@ ?1% th Efrﬁ)%irﬁént%gﬁ Lhe invention. Al

reaction zone o le 1 e sequence

sthectonss\af Figac0A-Hinehdlef told padsagesdeading o tiesieholes to establish
hole 116 is capable of producing greater attenuation _
oAt leaskivQ sepRiede on AveHapeiastearliohAenes ahdrese halgs. In Fig. 9A,

AL 40 8o BSsdRE ARG ARRRE DG LERS: o, 74
s\hitﬁihtdrwn%n@wﬁﬁﬁﬁmﬁy tb Wehie co shodlohvaved %ﬁolaéﬁbwn), can be

simlarly to the blunt surface 118 of cone 112 of Fig.
gxeatasdby dbe supplydett thehkedictinoickllismnesutEdandes into the hole 142 to

SARSEPbiA aBRpPRRE 7 REBRG She PR SR s o
1R9et P16 YSRcrdeR 'd%ﬁé%‘?'étb?-‘vﬂé‘é (Mrhift Mot B GORRy. 78). This
which 1s favourabl™ to the attenuation of i1 nterfering

| allosvs somBi gxpBSjore ofi¢hel pRashas a8 ipdewadarciidth Wbieh146) which can
outlet 136 at WD 2004/012223 PCT/ AU2003/ 000955 15
Ho¥ides digharotignspeit eforaalyte  ions caidit adtieviesengreased  signal-to-

. : ie | |
OGP SO L 8, OB OLE Mol 150 B ot Fi.
sédthbiakd diitie Fig. I aFhdda dutasey Ehewk Wakeugp ﬁ%ﬁngag? front of

This favours substantially matching the flow spee
tthe haactibnlhisiconsi 8 pubddes aeséquanice & manozaadion zones with

398 HOL oAb A1 S5 00 YRS o o
hddoRl iRCA reGlonCi54 38 16K GRASAEHIOLEHI9n Fig. 9D, cone 156 has
passage outlets 158, 160 at hole 162 configured to establish a detached shock
wave 164 at the reaction zone of the hole 162 to improve attenuation of
interfering ions. In Fig. 9E, cone 166 has passage outlets providing a zone 168
for two reaction/collision substances supplied through the passages to mix
together immediately prior to introduction of the mixture into a plasma flowing
through hole 170.

Fig. 10 is a three-dimensional view of a sampling or skimmer cone 172

for an ICP-MS embodiment of the invention with a sector cut away to illustrate



therein. Figs. 9A-E are sectional views of additional
sanpling or skimrer cones 10 for use as part of an

WO pdogfoizze®e structure 32 in enbodi nents of the PCT/AU2003/000955
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invention. All the cones of 1Bi gs. 9A-E include two

passages |leading to their holes to establish at |east
tltﬁalr%%r@ai a&r@cture @me aﬁgnm@ucd@%atna@aag@ﬁaﬁ havinghesdnlet 174 and

it ook o8 3157 i B P 2onfs AR omlodiighsibstance is
Oéuprﬂ'le@I |ﬁﬁ)ea Wéﬁétﬁdt’)ﬁeidné at WB!eC’fB(‘F‘?m)the’f 1$7'7!1o é‘.‘?d@si 76 and outlet

(not shown), can 15 created by the supply
r &kt Coneci)mlmaprbezuisseglbdmis fiomt dwbheorhuolalepéﬁtﬁ 182 184 joined
interfering |

Pogests St e outar RoTBAT With 91 an.wﬂaara@hai@ 88 Sandwiched
%?P@d&ﬁveﬁheﬁhw (ﬁgta%ﬁbrl}ét?lﬁeﬁ &ér&aﬁ 82ar! d'ﬁ’% oe{?soutlyf] 498 can be

OWs sone expansl asna as

témamgT'h@Mt@nthé%dmo ¢hestan @p@ﬂu@%é\h@érpéréﬂélwt but only to
of analyte ions and achi eve increased signal-to 2

M@Ngieoa rRassage dorough whigh todntreduee s cn&ngnoaw/ne@kzboasobstance
ar t@?‘é‘ﬂat of Fig. 8B <conbined with Fig. 7C

e T g éd"%hock wave 152 is formed in front of
the hoI e 150. This cone 148 provi des a sequence of two
reaction zones with the first such zone located in
t he rel@i'gom dfusistes becbrehd2X Wigick id a2nadificatien oﬁﬁm)mhe 172 of
in a on 154 of | ow plaspa di sturbance. In Fig
c'él He 195 h?a@oﬁf'ﬁ?i'§§a§eﬁ@3t theraspege 16D has Roser 'Q%Qf separate

efé}%g{:@?oéntot;%ﬁé@%'f H?Q al;}hc% gﬁﬁ;g%%t SPAGE atBYSern&ft 8F separate

O 1 nprove

&tat@wmmbrfr@ﬁ Paf,ﬁage‘ er76hgs itoNignpdrd aFidesirS&. raeifdlespkel to the
tlets providi n%a zone 168 for two
r

has g ssa%e ou
rreactior/aplision; sibstaremh esdheaters dppihalel 180 saghs theeduce mixing

s SR 5e reactloh 2ar it 0Pl 18T R eBitickine®s elfiony atigpuation of

tleéPféﬁfhgh@h@ ahdfor l@é&coﬂs@nﬁ;ﬁldﬁ 61’%8 %Qéti‘ﬂ?ﬂécblf?él?/g sYib&¥nce.

a sanpling or skinmmer cone for an
enbodlnent of the invention MAth a sector cut away to

i1 ust WD 2004/ 01222 /| AU2003/ 000955 16 |t

i _gfn Ahele apchss 7 €oha 18 BT ithe IRRtaa0ss aZ§s<Hg1e7éi*'ﬁ§sampling or

r@?@ﬂ%rar&o‘n%etsu%m a%ndyﬁm puylyst ﬂ%\ﬁet el hgd\%ﬂtggé[gﬂ]at the
e cone. A Teaction CO| I SIon Su ance

gepplio®dollisivh substasté ds introcucdd fwbgtah&allyl@mrﬁbﬁfcally around
174, ﬁ&sssage 176 and outlet 178. Cone 172 may be
dbgepigsEt fasoih flows cibrpuah spdole 1892 or 1880 anm\e\dlll thus have a

substantially uniform influence on the plasma. In contrast, when a reactive gas
is introduced from one side as in the prior art in US 6,259,091, it will have a
non-uniform effect. That is, assuming that interfering ions are distributed
uniformly across the ion beam, the non-uniform introduction of the reactive gas
means that interfering ions in different parts of the ion beam will be exposed to
different concentrations of the reactive gas and consequently will undergo
reaction with that gas at different rates, and thus lower the efficiency of

interference attenuation.

Figs. 12A-D are cross-sections of sampling or skimmer cones for an ICP-

MS embodiment of the invention, the cross-sections being taken through
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5 together around the outer periphery wth an annul ar
pl ate 186 sandwi ched therebetween. The di stance

wheimeen2parts 182 and 184 at outlet 178 can beCT/AIedoB/000955

The intent is not to create ap aperture havi ng a

paral I el neck, but only to provide a passage through
Whaissages |fntr<sd|ppb/ t bk the | reactiohfcafiizioron sabb@naeceto illustrate
|nto the reacti on zone. 10 Fla$ 11 illustrates a

19oTigAtians; thesetepdiThHe £AMen 188 afhidige Jed Das an m'ﬁt d90 for the
eI SO e %0 RSRARp Y e Bsd, g2 o

puhichsaded ducts oﬁrplééeﬂ@é@ﬂmqeaéft@%lﬂe{?s aPHhblet961C8ne 188’ of
from gassa e 176" is to inpart a desired radial speed

tligt AéB 1wmilady incudesaniinle h9Q.utisumferential paseage 82 and radial

dlEctS Mo, BoevBr the clBelsost GictS it e SirBracd b Mipude a mixing
aefiHiab8 aBr ‘fﬁe s'ugbﬁ‘é(f SE4D /&P&l&?%%t nE&Snext to the hole 196.

consunpti on of reacti on I SI on substance

dhe¢ epses wihFigs. 1268 and 112D arersimitar trassagesf Fr’g‘s Or2A and 12B
20 skinmmer cones such as 172 or

176" i I i
TeSPeHke ( HSoRt Bk 8aeh TMEBdEaWoriBlets 160 308 1% B supplying

S ARC Fed gAY S AR A e BRI B Xage 102 s

IAGidednthtoi tvl/otbyjs?anmeng 200bsfintdzthl alniofotH® passage 192
i nfl uence on the plasma. In contrast, when a reactive

RRIMmMusicaing avtica aewemwe et |Tch‘@sas:qnestatlem1pml>omg af two or more
a.25 non-uni form eff

ThattoReoSol Rinstandis TRbDY Subimg Aaralsly ¥t e pidsma directy
dhsidel At Rdctioh zbAE MhdE M2BS THRE al Gfds 26 /8K 6fr}ﬁ'emature reaction

non-uni formintroduction of the reactive gas
thedweent thef substgncemdnsteadi off sxamting paith sthef |rﬁd§réenng1 ions in the

SR BB LS S i o s
Loiln éﬁ?ed%w 0 Bat whith |ﬁ&|§ge£ fn%rg hah %cg‘?’%e nd thus

| owe icrency of nt er erenc énuat i on.
Figs. 12A-D are cross-sections of sanpling or skimrer
cones for an I CP- M5 enbodi nent of the invention, the
cr oss- Hepresest uiendgion atlewst fer @u@gnmm@duommmhe amount of

B RAROBE e o5, AURRRIP' i Feviusly knowr
gﬁéﬁ?ﬁgi‘mﬁ%&ﬁ 4 *Ptéé@tfcﬂﬂcolﬂ}iélﬁ G ItfodRiced 8ithdr24irb@R into a
vacuum region or md:rectly via an ICP torch. This is because a substantial
portion of the reaction/collision gas in such previously known methods is
pumped away by the vacuum system without ever participating in the
necessary reactions, whereas according to embodiments of the present
invention a reaction/collision gas is introduced directly into the sampled plasma
prior to the extraction of an ion beam therefrom. A reduction in the amount of a
reaction/collision gas by up to a factor of 10 is possible according to

embodiments of the invention.



reaction/col lision substance which leads to a
circunferential passage 192 from which radial ducts

woeeopaszayes 194 lead to outlets at hole 196. EONaU1®3/000955
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of 5 Fig. 12B simlarly incl !ges an inlet 190,
circunferential passage 192 d radial ducts 194,
hpysarthehtad Tedtd ets of ducts 194 are arranged to
provide a mxing region 198 for the supplied
reaction/collision substance next to the hole 196.

The copes of FEigs. nd, 12D are si m hose

Fos. Akritkatiode) 1GFRsE B BRrR i b8 sadi oy Figure 4,
| REh eferont BRirhid éle%?r@dé% a8d efd@f tlo?+é‘i’%r¥ gﬁgcé%r focussing the
separate react| on/ col 'l si on substances,

cionc beder. ehhé ategoties/aghisibd? substadte | dlssst] |f0t dhéewexpriments was

partitions 200, with each half of the passage 192
Mma% Bt fihaulth be Undepeed aatiin pSncipih aay suBs@ace or species

“Blé”d‘ '|ﬁ7cg¥egé|8p"\ﬂ|tr9 fntgﬁéﬁnq an%%hy rl{ecﬁ%%d erQ@chrdance with the

ances e ively Si mul eous
dp@gghinenn@mde the reacti on zone of hol e 196. This
avoids a risk of premature reaction 15 between the
substances instead of reacting with the interfering

imESSb'e '96‘6‘?% &ﬁ dgny, Sib?@aﬁe“bg‘%ﬁ%‘g‘i@\‘ Irgferfé?eggceélngd'l%ys were
CrBHftonda &uﬁmd‘ﬂ{é@ﬁéerlméﬁst Q?@cléb"é’ttérﬁ Wwas ;gﬂferptroeﬁgpt ©AF2C?)

invention al lows for a signi ant reductio
aftadfo*, d?Ar"’ﬂfl—E féatCl" pand STAr°airorSigaiicaift beier attenuation than

et Bt B38TS 289 86§ i e fr L erriticsdit adcerdingsfo Table
5600 1ot ﬂwes\é%gHémTﬁ@%;S’r‘&v%H{én‘E | ERSnfhy “Ca, “Cr,

ecause a su port

t¥iee 1 €R6 ! PAS/ sitd PISE Gverdhsse repdiield foF ehd prst art kaeding to Table
met hods i s purrped away by the vacuum system wi t hout

eZébelpw)twas 30 g9odn Momt signifieardlys dr was fauni dhst introduction of

wher eas accordi ng to.embodi ts of the.pres
AR SEP e, EnaiE P o 5 BaSvelbieeibgted hydrochloric
dh&ig Cdid Yndt"poduRe thaRtRGsR! ASORbasdd MtekRrih§9ons that would be
extraction of an ion beamtherefrom A reduction in
t@.oq:)wlmimwubf aa convantioreal/ (OPIMS| instgmserity Tipist oneans that the
ossi| bl e_according to enbodi nents of

t‘ﬁ tc'(éfrfwgﬁf t%ﬁ BrNYosh 6 et dorencheTgiawso 65 Lop Gt ralg as the
E&%)rﬁ:reh |e é)f}‘?ﬁéﬁtl M‘i@f&\‘@ﬁhg%@%&‘(lelscprﬂﬁlﬁ RFh HEERS that reliable

was 1 | sho
signals for analyte ions can be detected in the presence of parent elements of

potentially interfering ions, irrespective of variable concentrations of those

elements in the sample solutions.

Results for the attenuation of “Ar'®0O*, “Ar*Cl*,and “Ar*°Ar

interferences by using hydrogen as a reactive gas are presented in Table 1.
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spRel IS@/e the detection

Th| S

for anal yt

iliomt, thbabekterdet ected in the presence of parent

el enents of

potentially i

nterfering ions,

irrespective of variable concentrations of those

etoiEBts in the sanple solutions. 25 Results for the
attenuati on of 40Ar 160+, 40Ar35C +, and 40Ar 40Ar +
[ nces I ng hyf t|v as are
dﬁ%@éﬁ?‘éﬁ R, "\ DORH RS S I e ds0955
19 TABLE 1 ImS@bJe@rt@nce with oqedisiont eelfhc ewiénthe embodlment of
Interference rﬁgé,]gé% su o0 redu
art b lTI'E CII JUUI TT rﬂl UI Ejilllq@?hl IEI ence II- %,A‘gégﬁg
Fi gur eAH 40Ar 160+ 56Be 2 P500  40Ar 1601H+ 57Fe nde
r eporgEE3000 "V 24 4.8
“OAr'2C* *2Cr 22 4.0
PAr°o” *Fe 960 0.9
PArO'H* *Fe 2100 23
“Ar*Cl* “As 570 30
"ArCI* ®Se 610 38
CArAr* ¥Se 130 55

10

Table 3 shows the background-equivalent concentration (BEC) achieved using

hydrogen as a reactive gas, compared with a passive RF-only Collision Cell [#].
The lower the BEC, the better.
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40Ar 35CI + 75As not reported 1000 40Ar4QAr+ 80Se 5
20000 Table 2 shows the detection limts achi eved

wa@ig00aQ13293r ogen as a reactive gas 5 in conpar PGDAUMOBA00955

a passive RF-only collision [l [*]. The I ower the
detection |imt, the better. TABLE 2 Interference

I EABbie Det ection linmts Detection limts subject to
with collision cell with the enbodinent of

ié‘rgﬁégféreg@;c dsdtége Cng I5i IBIE(23 withgull 8EL, nglghé gng?:?eﬂglgn’z-ofoﬁgure
- . X + . ' +
A0Ar 160+ 56r§é§§é€ (JS‘? 9 ‘%ﬂ‘%’%ﬂ iHF r(52‘5?@‘*22100 23

40Ar 35C + 1HAerf&e0cs3( [#18dg/irer 78Se 610 38 40Ar 40Ar +

808@05!,30 5" 1 B

nnnnnnnnn ) QC abl ( ?niﬁ-g\i\?vt i]e an—LDEM 4Q.4n|:nn|
Uab | VA" IRAY] Cqul Vul CII CUITTC CTIL | al | Ull \I_)I_W *amll CVCuU
usi dsﬁl/drcgen M a reacti9% gas, conpared Wi.ih a
as W@RF-onI [l1isio * The | oygry t he
Err‘%rd- l\: + + A?QCS:S\I\ ’f'\f'\/lsH '5'5'5’5[ I'\]f"l'l AlIDNNND/ m&f\ oL NN

| SULL=EL YA 19 % ) VO £ 0U0ST UL ZZZO0 | T ol "NOZ00U97T UUOUJJIJ rav)

TAE%E”@lnterf"éT@nce | sofl6B@ BEC with BEC wi4H the

errmahdnwt of Ffi:gure S“ﬁi(ﬁf@)t to collision qth 4,

Ilglll ICIIII.CI erente [*J, ||gll|||.|c A0A+—40Ca—404
16 51V 196s7. 1| 40A602C+ 52Cr 180 14, 48.540Ar 160+
56FepA§00 14. 17eggAr 160 1gkn57F¢ 19000 141 345

OAMOAL* 80ge 880 124.3

[*] Christopher P. Ingle, Petra K. Appelblad, Matthew A. Dexter, Helen J. Reid
and Barry L. Sharp, ‘The use of background ions and a multivariate approach to
characterise and optimise the dominant H2-based éhemistries in a hexapole
collision cell used in ICP-MS’, JOURNAL OF ANALYTICAL ATOMIC
SPECTROMETRY, Vol. 16, (2001), pp. 1076-1084.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
the invention includes all such variations, modifications and/or additions which

fall within the scope of the following claims.
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40Ar 35CI + 75As 360 38.5 78Ard + 78Se 5100 34.5
40Ar 40Ar + 80Se 880 124.3 [*] Christopher P. Ingle,
woeanal1223 Appel bl ad, Matthew A. Dexter, Hel en BCT/RE2083/000955
and Barry L. Sharp, "The use_of background ions and a
mul tivariate approach to ch@tacteri se and opti m se
theaflpgi nant H2-based chemistries in a hexapole 5
collision cell used in ICP-M5, JOURNAL OF ANALYTI CAL
ATOM C SPECTROMETRY, Vol . 16, (2001), pp. 1076-1084.
The invention described Ih%rei nis susceptible to
Vari at't B35S ShESPMELe BAYIN%  or  additi ons ot her than
t hose SpAaSa Al dovirctert prdadinghdijtelisng © be
understood that 10 the invention includes all such
vari atd mass amadyiser,cati ons and/ or additions which fall

within th cope .of following clains.

2004 G BT ei b e BBt sSedadg the massanayser,
spect np@whteacs omibrin@ apbipgerd WhictP4bpsratdd a first region at a
providing anal yte ions, 5 a mass anal yser, an

irpledively highh pregsere whichpiegsivesipiasrsa drase the plasn igassource from

S 7 B ATEE, TP g S o Sy o

SIS irevidbs cih Bperiinebeteriinend fiesh iRePpASSSEIrd ®8gion and the
source from a second region at a relatively |ow

SPEe8d lawepiASsyre BdiR thigyghanhich dbe rda@na%lqmﬁ tram the higher
' irst high
PiseuftE T qBn ABRAI R TGV RS fadigh, o oner brosoure

whi ch thd intpifaserstriittave incluadling Bepdtisahefor SUpPAEREG @ substance into
regi on towards the | ower pressure regl on, th

ithe erpefibe stary interastion cwiti the  Rlasa dge attﬁnu;{tjpm peligtomic or
. ; : i1 h
FRIMERAE0 i fng 1S PPRCHLE BB AR et
mul ti charged interfering ions by reactive or
ol lisjonal interactions. ectroneter as

2. A mass sp; [ .
b ai rréd MASE | SREFPMAR) &sn C!&H@%dnﬂrércﬁg'éfé 1 d’té'h%’negl%éaeamterface
EBR8 £ER00 L S Bl BF AR MEpe DRER 88 Srucure
s deasiimnoer carEpwhichgneludedshapassage for supplying a substance into

its aperture.

3. A mass spectrometer as claimed in claim 1 wherein the interface
comprises a sampling cone followed by a skimmer cone, wherein said structure
is the sampling cone which includes the passage for supplying a substance into
its aperture.

4. A mass spectrometer as claimed in claim 2 wherein the sampling cone
includes a passage for supplying a substance into its aperture for interaction
with the plasma for attenuating polyatomic or multicharged interfering ions by
reactive or collisional interactions.

5. A mass spectrometer as claimed in any one of claims 2 to 4 including
electrode means following the skimmer cone for extracting an ion beam

containing analyte ions from the plasma for transmission to the mass analyser,
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20 its aperture. 3. A nmass spectroneter as clained in
claim1l wherein the interface conprises a sanpling

w@oove/0ix2kd owed by a ski mmrer cone, wherein sai dPCT/AU2003/000955

structure is the sanpling cgge whi ch includes the
passage for supplying a subst@nce into 25 its _

apert yhe eldbtroid Tpans RRALAIRTRE $astor AbBREdé WHiItHR I ehfigured
wherein the sanpling cone Tincludes a passage for
suspisgosinted ithstherskémmer sonesugpdhatiihe partion of the relatively low

interaction wth the pla for attenuatin .
58P PG 1B, Bt erefiifor SneSpd G € o Bhsy onggetectrode wil
rRRet A VRlgivehp Higiseroprdssuné ehaat tenpredsurd 88&®here within said
spectroneter ‘as clained in any one of clains 2 to 4

ireletively lgw presstre degigddheratyl icoprovide isecellisienar gaselume for

A R i

means including at | east one el ectrode which is
&onfi duneaps apectsyveiaraedlaimed inhelaémimydiereinthes gt least one

t e (e} e ' re

elteckoBRIER Y paSedd S BB A 2 BiferReTRRLEF apegure of the
et ¢edst othe sletiroddforanteractici witklthie iplapned for ftfshuagingFolyatomic
the pressure el sewhere wwthin said 5 relatively |ow

o ddtichargediiriarieriag s by repciive @& cellisiongl wteragliogss

volunme for assisting the attenuation of polyatonic or

mul ticharged interfering ions. 6. A nmass spectroneter

as cl A negsigpectramvier ad eladmadtihangtorieesfsdlaipie?2 to 6 wherein the

ekectrode i n¢l ydes a passage for suppl ¥ér g a substance
iSKIBMEh GRN& tinflddes arheaddiiona! patsadeoiyr SHBRYiNSHan @dditional
[ [ ' I 2 . at t j Ly ' .
SSERED  fiflo s, rePr® (o7 TRicraCicH vt e [Hlalfley B Bebnuating
polyatenimad muliickeeged iotesfering ibnshygeagtaet orocalisionaldnteractions.
claimed in any one of clains 2 to 6 wherein the

ski mrer cone includes an additional passage for

gUPPI W H%fs%rkp,%@%l?ﬁe‘?é‘r%s cl'h'i_’mﬁblki’ﬁtaﬁ Ghe! &tcﬁaihﬁsﬁ to 7 wherein the
aperture for interaction wth the plasna tor

samphiogt coige piotluaiesnac additionali phssaged fomtsapplyinigh@n additional
iops, by reactive or,  collisional. . interactions. 8, A i
sB3teBte. S s @Pdaute for Hetprasiorhy bnd o Plasmenion aftgnuating
poWsRidor Meltichargtld iRtbrityy ibRS 'bgqééctﬁfé @%Iﬁéi&%'interactions.
passage for supplylng an additional 20 substance Into

its aperture for interaction with the plasma for

@t.t e”%aHa%% spectrometer as claimed in any one of claims 1 to 8 wherein the

aperture or apertures through which the plasma flows and into which the
substance for interaction with the plasma is supplied is parallel-walled and

relatively long for promoting extra collisions.

10. A mass spectrometer as claimed in any one of claims 1 to 8 wherein the
aperture or apertures through which the plasma flows and into which the
substance for interaction with the plasma is supplied has a diameter which
increases stepwise in the direction of flow of the plasma for lessening clogging
of the aperture by solids deposited from the plasma.
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pol yatom c or nulticharged interfering ions by
reactive or collisional interactions. 9. A nmass

wG@pmenineet er as clained in any one of clai ns RCT/aUS03/000955

wherein the aperture or apertures through which the

plasma flows and into which 2%e 25 substance for

At er aChiaes éﬁe&ﬂoﬁ%ﬁe%é’%@nba i %Wdrﬁedoﬂ Saims 1 to 8 wherein the
paral l el -wal 'ed and, relatively Iong for pronoting
@pertare gl apedures 1rough nwbichs pc tplasmea efloves anidaiimtedwhich the

in cl ai s . 0 8 wherein t ertuye or ,

s BeRd6: RioRsonfvityheadng s alpikikisTRgela §u¥ardly in the

\Wireetior B¢ floROoStHeshRBAR fd?fless‘érﬁrﬁglétdg@ihg/\’of thd BBerture by solids
plasma i s supplied has a diameter whiCh 1 ncreases

@lteapﬁﬁ%dsfrpm lasmecti on of flow of the plasma for

| essening clogging of the aperture by solids

deposited fromthe plasnma. WO 2004/ 012223

RET/ AURRSE &pRelfrometsr éécla/ﬁtn@aﬁﬁ aﬁgQﬁfer &M@ hitds 890 8 wherein the

clai med in any one of clains wherein the _

aﬁ@rfage Stryetusd dngludes maansugh mﬁlttcrmg Reshsickswave inothe region of
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dateem‘ﬂreaamfs éd eolligibng thatmémwg inteffetieg $®iy. ng cl oggi ng
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pl asma. 12. A mass spectroneter as claimed in any one

cl t Iqn t :
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ions. 13. A mass spectroneter as clainmed in claim 12
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shigpiving 3, %b%réqee.motﬁ@ aBeduiso Mg an SuEt Witeh Js located and
éﬁﬁﬁéﬂﬁe%* AP a1 %?V?ﬂﬁb’ﬁ%”f%*%ﬁ 2 4% 'erife to promote
thee rategpb reasftionseorapeliisione foo impeoving the retteraiationfof interfering

reactions or collisions for inproving the attenuation
Sinterferi ng 20 ions. 15. A nass spectroneter as

~clainmed in claim2 or 3 wherein the passage for

15. A mass spectrometer as claimed in claim 2 or 3 wherein the passage for

supplying a substance into the aperture has an outlet which is located and
configured for a substance supplied therethrough to exit the passage in

substantially the same direction as the plasma flow through the aperture.

16. A method for plasma mass spectrometry including generating a plasma
containing analyte ions,

substantially confining the plasma radially whilst flowing it from a higher
pressure region towards a lower pressure region,

supplying a substance directly into the substantially radially confined
plasma to cause reactive or collisional interactions with polyatomic or
multicharged interfering ions therein and thereby attenuate such polyatomic or
multicharged ions, and
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supplying a substance into the aperture has an outl et
which is located and configured for a substance
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substantially the sane directjion as the plasma fl ow

t hrough the aperture. 16. A fiethod for plasma nass
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anal yte ions, substantially confining the plasima

ieni.al |y whilst flowing it froma higher 30 pressure
region towards a | ower pressure region, supplying a
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wi t hout inducing a shock wave therein for increasing

the residence tinme of the plasma whilst it is

radi ala ; ' ' t ' { :
190, PLteBs 29l 85 OB AR B 16 whori
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substantially 1 n the sane rection as the plasma
flow 20 20. A nethod for plasna mass spectronetry as

l.aimed in claim 19 wherein the i al eed, conponent .
207 UBsmsthed farPiesmidhng: Spectadly B GREERN G 49 wherein
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21. A method for plasma mass spectrometry as claimed in any one of claims
16 to 20 wherein the plasma is generated in argon and the supplied substance
is hydrogen.

22. A sampling cone for a plasma ion source mass spectrometer, the
sampling cone having an aperture at its apex and including a passage having
an outlet at the aperture for supplying a substance into the aperture, the

substance being for interaction with plasma flowing through the aperture.

23. A skimmer cone for a plasma ion source mass spectrometer, the

skimmer cone having an aperture at its apex and including a passage having



16 to 20 wherein the plasma is generated in argon and

the supplied substance 25 is hydrogen. 22. A sanpling
wa@oeove/0ine3 a pl asma i on source nmass spect r onet ePCT/ALRZ003/000955

sanpl i ng cone having an aper%#re at its apex and

i ncl udi ng a passage havi ng outl et at the aperture

fe@r ovteplati thg apéﬂbﬁet 3BE€ Supplyngt aesaﬁ%hb'é €intd MRe &ferture, the
substance being f interaction with plasma fl ow ng

taubﬁtﬁgwetb%n@wrmtﬁr@cthewnth\pmrmmﬂewmmmmh thepaperitie.
I on source nmass spectroneter, the skimer cone having
an aperture at its apex and including a passage having
WO 2004/ 012223 PCT/ AU2003/ 000955 25 an outlet at the
aperture for supplying a substance into the aperture,
the substance being for interaction with plasm
flowi ng through the aperture.



