Dl FFERENTI AL- PRESSURE DUAL | ON TRAP MASS ANALYZERAND

METHODS OF USE THERECF FI ELD OF THE | NVENTI ON [ 0001]
wab@spiesent invention relates generally to nmaBGI/US2007/087286

spectroneters, and nore specifically to a

differential -pressure, two-dinensional dual ion trap

mass anal yzer for use in a nass spectroneter system

RN TIAT-DRESSURK, I LI T RATIMASS
spaNATY ZER AR MESUOHR Gr USETHEREOF

V\/ldely used tool for the analysis of a variety of

conmpounds. Gener qu'Eilﬁ@FqVP;@ﬁ@VEﬁﬁmd' nmensi onal ion

trap consists of a set of tour elongated electrodes to
whi ch a radio-frequency (RF) trapping voltage is
[0001]appl i ékheipressnpinesiontreltes lgaseallyetoanasspaitpnicters,aidahdry

..confine.ions.to the trap.,interi i al confln ment
specifi gl th B lgprosa et PREdatmag e iyl on ep st ey et for use in
amass%ﬁé&t@%le@er%gt%t current (DC) offset to end sections of

e rod el ectrodes and/or el ectrodes | ocated

| ongi tudinally outward of the rod el ectrodes. The nass

spect rum of t%éK@R@QﬂJD@TS @ red by

mass- sequentially ejectlngt e i ons romthetrap
interior to an associated detector, either in a radial
[0002] di r ectl“h@rtwgfdmn@gmml quasdruprde ixmrtrapahaslscangliymrc(allsalrefaxxéckto as

t escribed in U.S. P ent No.
the ling}t i ifap 8w Ry T RS SECrietey Bt; 4 it bt valuable
and wifély-akéEloot r iHeareBRIs Fla Vlaﬁé‘lg" df ‘égﬂn?@ﬁncﬁx IGene@8y described, a two-
described in U S. "Patent to Hager. The

dimensgofiahiogetrpi coRsig§Iof mget Cﬁ rf@a‘teédngatedpﬁnctrgdwp aidiiclya reglivet{requency

RF) u?épqgge ?l agr% kP ép%eg gretscrb eldfpg@ Wﬁ&g{ﬁe rgélggy contlme 1ons to

the tra;( nedrivk | WAidl Qoﬁﬁlféni‘eﬂﬂﬁﬁtﬂlb h&ﬂ@haﬁﬁyﬁﬁéteﬂﬂiﬁp?ﬁéﬁﬁdnm a suitable
trap i ncludi ng enhanced sensitivity and the ability

direct Ctuesrea (Oraffsghtoi and seetioag ohthetsed eJ@ﬁtrcms tan@peels@tam laspted
t
ongie 0P ELEEH B0 LARIRD! 3L Al S0RFh BUGAREN ops may e

acquiredchi thassrse@iensialbyibieetingOhs idrs une eel tyaphigtetivio dntastdigated
interior. The buffer (al so variously referred

t
detectop. S HDRT riradial disectign ﬁﬁhﬂ@or@?t%ép Femdtab bongradmaleaxisea thevsn trap,
as descPbed'RY % PBLRASKS . 5,430,845 totﬂ]ﬁ QYT & m%@%xfa?éﬁ'& ?1%P&)g1ﬁallglr to the

lons” kinetic energy’via collisions. This re
central R@Hm,ldmabmx gy deseribed Bt/ iSa Patentd¥o.af)1 F7,668 totHagpni Tig: enlarged

ons injected into .the but als for kinetically .
fon Vol §HETeY BEHFURG P acif aas BENen P EERciSRe -1 e smierdimensional

ion trap @ﬂé@ kighafi fbtnhﬁﬁdenﬂvﬁrﬁ%és R1hveyd tﬂ%q;oﬁl(f@ntﬁﬁ? hree-
anal SIS resuiting in usefu ss spectral resolution
dimenszongl mﬁmpb iin¢luging Selvmael] senkigivigy esdtheabdity tdperborfif @rincreased

number of multiple stages of ion selection and fragmentation.

[0003] Successful operation of an ion trap mass analyzer requires the addition of a
buffer gas (typically helium) to the trap interior. The buffer gas (also variously referred to in
the art as damping or collision gas) serves two primary purposes. First, the buffer gas
reduces the ions' kinetic energy via collisions. This reduction of kinetic energy is essential,
not only for trapping ions injected into the trap, but also for kinetically cooling (damping) and

spatially (both axially and radially) concentrating the ion cloud before mass analysis,
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gas enables efficient fragnentation of ions via
collision activated dissociation (CAD) for tandem nmass
wGep@stitaaetry (MS/ M5 or Msn) anal ysis. [0004] PET/US2007/087286
known, however, that collisions of ions with buffer
gas during the ion isolation and nass-sequenti a
. J i i - t ci
re e B sy ot R CHTRY) ookl AR R BRRULR butrr
gas enabler tffidant fragmentatbreof ioat viarsHisiin detisated dissddiation (TAIY) for
accuracy. |nst t j.gners have attenpted to
tandem mpags Spe rﬁ@@@(ﬁ&%&@gﬁ )gf"f‘l&‘?-s by selecting a buffer
gas pressure (typically between 1-5 mlliTorr) that
[0004] PT OVi tes kACeRURWRvES BRPEANSIERO iBSs RIH bhIBOIRMuRhE B2 ion
) action while mnimzing the adverse influence on
isolation @sdmass-saqueantih] gEstomprooesaeymayhe Herittentl tonapy spaitsd

" .0ach | ted.in. | 1 .
perfornfi® P80y RRIREFeRaERe SRTPY bftuhRt BRbR i waputifs tar
limit m&RGeAIradyItIBERFherit AesIPERS hofe RRRHAIItO rﬂectdaélkhefs@u&ﬁrﬂegg%ffects

pressures. It is known that higher resol ution my

by selectinigiacdhrdter Bgs preswrmliynicellyj hetweangl -5 oniliTarr) vkdt peevidds adpquate

vorin PR G 5 RO UL RBR 1

resolutiv® afd taParciRyy aMalelikist' RG] ¥ proRuR" hpplodcSEatesulted in
rates, i.e., mass spectra having resol ution equival ent

S, 0. €, C |
generallysatisfagtopbingiryaent periagnancarihercdias bednreesné sntergst ihaodes of
. ) N e . | .
onera GERY 5 IREEyf 888y 608D MIALERSUIBGTAIELE st o
resonaritly@fecting idme ac oatptsaifeble MathiséhpirameRr g &jlecH dr@Bo@bwhat lower than
u of g.offers other advantages, 1ncluding

the Stab@iig mg‘éﬁ%gﬁg%n Jeisseaim i egPIHen WAL 2lse B foy mgrre rapid
o B8OV, R L SANGER GRS S
techniqnessohyubé anquirkd niose rapidiyl théraby inkeaging bhraphe aliroasignit aad/by
increasiglg Slﬁﬁnxgq%&t irrg M Ekgliti %%q\f\cgé%g cg?)}égttgdg :fe\f;g‘q%gggrei gjection at
L T GO R LR o S 0 e

possibilityod neptoyegeltigharord@hesvnezdes yo theppesmegedtionastes sid/bt proaide

S T e
depend@finhds ¥hift§, WiislP nR§GnGoRk sigﬁﬁﬁ:anﬁ‘@ith%ﬁét%@% ]%i eﬁ'&gbﬂ values in

. fragnment ions via the CAD nechanism [ 00
certain gtteans andund:r gedaiz eonditonsamay eresenta potential ebstanle to the use of

cifically addressi reduced-~ resonant,ejection .
reducedz(z gecsprll g gje ﬁoré dg%?r%&c?l%dqumieng W%ﬂ?ﬁ 8?1%1 € leséenea lby .réducmg
the buffeh g@gxéﬂsﬁﬁl Budvahg §ctihstarsabsthital adverdasFiegnNedtieabaitPtrap and

t he di sad\(ant;iges arising fromthe presence of a
T

cool ionsy axdde effgientyhragieentiqnstver ke GAD maspanismus, the buffer
gas is controll ably added (via a pul sed valve) to the

0005 L7 (28 PRS0 2P 6 PHESAHIRH S0E s
reduced-g resonant ejection, describes an adaptation to a conventional three-dimensional ion
trap that is designed to avoid the disadvantages arising from the presence of a buffer gas. In
the Kawato et al. apparatus, the buffer gas is controllably added (via a pulsed valve) to the
ion trap interior to raise the pressure to a value optimized for ion capture. After ions have
been injected into the trap, the flow of the inert gas is reduced or terminated and the ion trap

interior pressure is consequently lowered to a value optimized for the mass-sequential scan.
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been injected into the trap, the flow of the inert gas
is reduced or termnated and the ion trap interior
wEe@sas2el i s consequently | owered to a val ue opeT/DF2eT087286
for the mass-sequential scan.By sw tching between the
two pressures, the Kawato et al. apparatus purportedly
t .

B S g e A o, R e Abhieves
both excélengeapturd eficdriclyiané stameresadutidr. dfovpeves shie dmeageded to

ificantly.lengthen the overall nass anal ysis cycle
fepeateii%yrgf@ gt E@&&lgeégwérﬁpmrﬁﬁ@%w Slg%}?le«?l&m al?gtbe%hé puerall
s o ARG, tod Sl 20 08 ARLOUE APk S8y oo

traps arg peptayedet er architecture in mhlch pressures in the
traps are separately optimzed for dlfferent

ot 915 008 o5l U8, Pl Sl e oo T
architedtdr3 99 whad-&sukte $ﬁ3ﬂiebﬁ§s @re@éﬁéraﬂe%ﬁtfnﬁ@ed"ﬁﬁ' Qifferent functions.

spectroneter consisting of a first 'threedi nensi onal

Zerega qwd@'adaw Ql@dnmpb@dopr émMa@stpQ@trameteh'é ImpJ d\dasrsa‘ipnednometry

5019565 BB 4,3 Bl Sl SRR Rl M e

dimensipualcfuapeipele oA trp &I@fe(rfeﬂﬁ@ bs 8@ "bepasitibh eel"YBEraftd Ak M%fe%sure
cell eiﬁég(g grated at a pressure of about 10~7 Torr.

of appremat Specvhishis eaupladdng samduthneeﬁnamsyougbwdmme ion
trap (ref'&lteﬁ &) %§e ‘Erﬂtg "H{ggsoﬁl sisocréll‘r’)ecggra%w%tcao %ses}dxru %é agg%tul r9|S7Ie ot yIn this

mass spteblEometBr @d)tlsuade 1nTé}ﬁall)0g81eﬁaltdﬂ Wi ted grepadtidd @M dndeooled by
reparation cell turning off the confi nement
colhslog g I‘ﬁé.l

WHE dReThgng Ak (iTRgIcs ke vl Pee pecupind biibs ienclppd Thajions are
then ej eg%gsf}onﬁ 'El{eoﬂfgﬁhrﬁ Rl pé Hﬁfu{ng Ioff thD C?l?ﬁl % ent O& a%@ dn§ gﬁﬁymg

travel to the mass analysis e ey ar
suitabledd@ivoltegesitotie anieaps Ithrosgh atmail apertunt umetdfrthmgid @ps and
i nl et aperture.. The mass-to-char tios of the ions
wravel ¢ s asS B S I i A gt iy e ol s eI ol
throughcﬁﬂﬁie?é dREOMTISRAS P QR rIBAHRIRAL trQ;E e(il'iﬁ t1REfMsBhalysis
requenm es of the trapped ions via tra c ory
cell are aln@hymeé by Iamompﬂmtetbm@edraee(bmnmemdemrtt lof thetshellalrﬁqzquenmes

res er,i od .an hen ect
of the tighbecigBE PR Sabe ity REAEE R DEHiCHIGS S e iadontun Uk iratufer a
prescriteld @8Abd bePhes eRtRHiiHoh dnh&itl a?@ﬁurej iorﬂadéi’éc’télj foQ Bdneration of an
between the trap interior and the detector. This

ion Slgrtabmrﬁsmﬂ‘fee@ﬁ}m ws1s'dinag- Eflighd betwigen therirapiigiesibr arsl the detector.

[ nf.in nt ti ver ss anal ysi s
This tecgUk O ofiNie PEEE R a8 eSS b paRp B o
several &&@§ir[alllms C'Ei&,&s epbepérfomel té Bbtalibsondplate ¥i$dss spectrum The
techni que disclosed in the Zerega et al. paper,

compleyisy pf the maseanabyss teehriguacdisdossd e thel Zenegacet ah apyes; as well as the
need to %Xgéu‘?esse'ilg a¥ Sﬁ?sf e@)%afys g@l%g' tS %aty%@g%%@%od}ffavor

commeﬁm]glbéyfﬁﬁmipmeﬁ a dual trap mass anal yzer according
to an enbodi nent of




the present invention includes adjacently disposed
first and second two-di nensi onal quadrupole ion traps
wop@sats2ey at different pressures. The first iPCI/USRPT/087286
has an interior volunme maintained at a relatively high
pressure, for exanple in the range of 5.0c 10 to 1. x
1Q2 Torr of helium to pronote efficient ion trapping,
ki netic/spatial cooling, and fragnentation via a CAD
process. The cool ed (and optionally fragnented) ions
are transferred throug Iﬂ&ri@??t one ion optic el ement
to the interior of the@secon ion trap, which is
mai ntai ned at a significantly |ower buffer gas
[0007] pr ess Roeglflfy aeseetbadyd éual-tmap tiess amdger adcotdibx fo Arémbaliment of
2.0.c 1.0 .4 Torr of heliu relative to the first ion
the Pfe%GPQ&VHF@S%?lage&ﬂﬁié%%@é?lsgss% Z‘lmi &nd pecopd teerdBnensianal
uadrudd1@Ronf Bfpk b tratifs af e RAMBeSIuFdsOTHAArH; R
e e e e s e S A B8 Bt volume
maintaipred aftaaichitivglydoghppresdure for exampdoinuthé mnge oAfAx h@‘i/toal 801072 Torr
. enabl e the Llization.of reduced-g resonant_ ejection .
of helis. 31 B GHh ok R K & UL 8 PHidhrEasemgion via o
CAD pfRBN AR obRE $artiptionallfradfidte HRond € rhitWEte BRI FH R least
. region also allows the "possibility of higher
one ionrapsio klemenhta tha irterddraif ithmsecpbd8]trabnwhich ag maintdiaed at a

SN R e ——
of helived)aBlagve tovhé firdt iéh RAEHRuL. ATEd 18%RNbleurdRithe %&ohﬁvﬁm trap
ic

... traps being maintained by a punping restriction,
facilitatggthetaggeisitine of bighresoletinn mpssrspesten anfl/og usmoBrigharapan rates

il il AR A AR R RSl B

reduced-§ kbnarBjecliGPwithautdn@eAAY uhadcepttleVdveR dfitBerdR a1y 86pendant
buffer gas pressure. Both the first and second ion
mass Shlﬁta%@dﬁgvnht ¢ EOViET PBRPTRTS TR SRR RLSe allo e Hisdorsipidithof higharod

rmmhﬂﬁﬁiﬂﬁ&@&ﬁrland the central sections of a rod el ectrode
pair o t(l?]e' second ion trap nmay be adapted with slots

to permit the ejection of ions therethrough to
[0008] det ecima parfioulamimepleraértation of the dos smpIngs ahalgrer Ahs ifinglagd

shared radi.o-frequenc RF) contrqller may be enpl oyed
second fo3 A S aHB ooy HRFBU oAl VA BS PP R al between
the traph b&RS maANt TR ib:D WhidHl £ :
@ B PR e cib PR i il Rl W 0B, e grure
of a intdsyirappéte dentsisoparating the twip pepprA dtiffe@syaich aghelitm, rhinebe added

.rod electrode secti.ons and/or to.the inter-trap |ens
to the inggriorof ﬁ%eeéfsg@ﬁﬁpaﬁ%a COBAH P yr%%ﬁﬁ degregibutise Cpgpure.
Both the figst @hd bdtend Edrﬁt}a[ﬁs%'agi KRR aB8vditienDacki 2R hoperbhi& rod
second ion trap.[0009] The dual -trap mass ahal yzer of

structurgpandfthe esndiahspctiercef aoid stectrage pair ofitde atwddiion Gamumeap be

] f ent .mmdes. ..In one d i 0 re tr ed and
s, SRR P s S B e PR o
mass spebigursi € @0seglE Siartd Adid-8EquBASH (RINAdEbBer(thAebd &hploydPSapply

anal ysis" Is used herein to denote neasurenent.oy t he
the RF yigltages t9-aderdioges elhatlbiongtaps h dxial sppfaeement af ions withinothtéon
traps and transfer of ions between the traps may be achieved by application of the appropriate
DC voltages to the rod electrode sections and/or to the inter-trap lens and lenses positioned

axially outwardly of the front end of the first ion trap and the back end of the second ion trap.



node, ions are trapped and cooled in the first trap,
and precursor ions are selected (isolated) for
w0 e@gires2sati on by ejecting fromthe first trappP@i/US10016387286
out si de of a mass-to-charge range of interest. In
accordance with the CAD techni que, the precursor ions
[0009] ar e t hag dkainedd rﬁ@éslam%&léf%ﬁeﬁ)?@g ARG tfdﬁ%g;%é Sperated in a

collisions wwth the buffer gas to produce pro
number erdsffemhfempdqsd Ju@pner owde,dpes arhaappadzandfcenleddn the firktdon trap, and

then tra%%i%%g? A ag {éa o%tsnﬁagg al iﬁlﬁs %Y%%B?Hq%tssh gnralyrgljsq S szed

herein 0idghote Qlﬁdaklktéin@ﬂt ofR¢ AlakPhd- d}féréd'lﬁtl&e&(iﬁéjtrhﬂfédtlbﬁb? Id dhother
this node, ions are trapped and cooled in the first

mode, ipghare trappeshendtaeeledtin st tmal ahdprecutser ivos atedeieotied (isolated)
for ﬁagHeﬁBitloE rb?%yerc?'gé fljo&néle ?{ ﬁ t ap ﬁ@ 1'0r§ Ollf[l%gdgﬁ ngltag]setosc argedrange of

interestMs Sedoedaba g th@(lg@) téf:hmghﬁef; ieShrecuDstR id1 drb eheh Rivetically
ssure within the second ion trap, isolation may be

excited@nd gpdcsa sherpttisrrallisiensoyith thepuifatiesgte arauce pradestaprs The
productﬁll)ﬁiacre 255 A el f %“fh%%% Qn%rléﬁ trtﬁg ik rha’f’ss %:Elg il a&bét %n&herbrgode

pressures, SO I on Specl es

of operﬂiidnﬁnﬁkbd usé dhthgpetehesl fspbl(ghfrewlﬂitmn iJdletigr ®abk §@6nd WASrap. In
then transferred back into the first ion trap and

this mogp.d donsfar Bapredrandcagivd it B Tt ion&anred Bieeienyaed mapthe
second § | QM€ ;d?qoﬂsea?ﬁ {Heh R IRELHUGE L QRS ];(ﬁ'f t@%@ﬁa ecting all ions

ranferr into t esecondlontra
outside anﬁ almyess-$o- chang@remge pamterext. Dmesso ﬂ‘mdew@fressmemthmme sebend ion

| te hi gh | t
wap, sigiinigey P Srded fohuher RsobBenan BBt Psany (e op o
precursbloi‘&n.ts)rt% {saRRPL 'aP&"gh&‘br@gsube,psroocﬁét &c%rg(r\' 16&%}5&:@@? thay De

he rod el ectrodes and/or i1nter-trap |ens) pr oduc
selectethmth gt spedifeityp aktegrrecursraiorssppe tren mnﬁsrred]back into the first

on e QSO S COLLE RGeS ST STRL 1o i

productiByie thehS Ak RIre@ Mt thd RB6Ad 21 tia! ?C’f&nrhﬂéé%alyb@ Ciugv RSt of
wi thout |imtation photodissociation, elecfron

this moge gﬁ@peéatlom the gaecarjos tons ERD)ccelstaset ﬁodng}cmiocml@ during transfer

from th%j :5%%%8 '1(‘;5}1t tr o gcg}s’t ho%gﬁg 9%3&6%’21[[1%& %gg}éﬁr{ﬁ% ¢ i)ng{Or}‘@ges to the

rod eledtddes ﬁﬁi?kﬂi 1ﬁt¢ﬁtﬂa§ lwsﬁio%rﬁd%%ﬁagn%@noﬁﬁﬁtt&hQ% GbploRiBates
may then be transferred back into the second ion trap

that ocqugingigshe goilisign cell of rowentiopabtrindt-elges wdaml%mh@rﬁlter
strum@ﬁfg O@fh@??ﬁcfﬂw? Zhsg& tll% %§ ?&&:’ufer{] ?égﬁﬁlﬂ‘?él ﬁl\éﬂldgn lirlou(%i ﬂmltatlon

photodibyociation; e]ean@narama&s dﬂﬁtﬁﬁatmr(EWD.) fhlé@@h@@ptu@ef d155001a_tlon (ECD),
gh_and | ow pressures and erformn

relativyely
and meq%ldﬁaélsffvea P%‘?ﬁs(PfT & B3R5 W Heplags efos in é%d ﬁ%@l the§
n t.
R R B G a@?%ﬁfeﬁna%?éﬂé%%nﬁ
second smatrep) for mashanalyeis: pr essur e regi on. BRI EF DESCRI PTI ()\I OF
THE DRAW NGS [ 0011] In the acconpanying draw ngs :

[0010] The foregoing and other embodiments of the present invention avoid or reduce
the limitations of prior art ion trap mass analyzers by providing a mass analyzer with regions
of relatively high and low pressures, and by performing those functions favoring higher
pressures (cooling and fragmentation) in the high-pressure region and others favoring low

pressures (isolation and mass-sequential scans) in the low-pressure region.
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[0012] FIG 1 is a synbolic diagramof a nmass
spectroneter that includes a differential -pressure
waele@B/118281 t rap mass anal yzer, in accordance w PEIT/ES2007/087286
enbodi nent of the invention; [0013] FIG 2 is a
synbol i ¢ di agram depi cti ng conponents of the
di fferenti aBRIES HHFCPFIONUF THEPDRRSPNGG! yzer .
[0014] FIG 3 is a flowhart depicting the steps of a
irst _method for operating the differential -pressure
[0011]dua| ilp ther gegpmperyingdrabinesr of FIG 2; [0015] FIG 4
is a flowhart depicting the steps of a second net hod
for o a I ' rap
10012] 70 < BEGTY SR A SRE N R HEREHER, BUTlcl e 8
differedtiahgnmmire dualnoh lrap indss indlwer, tin agcordande B L6 ]enfodiméntio$ the
a flowhart depicting the steps of a third nethod for
inventigiyer ating the differential -pressure dual ion trap
mass anal yzer of FIG 2, whereby ions are isolated in

the s n I
ovt3] e SSH0R 1 LAt iAR P CRATRAL S RS T A
pressuré ddalgpu trep thiaes emadpwnent s of a nmass spectroneter 100 in
whi ch a differential-pressure dual ion trap nass
anal y nente danc i.th an .
10014) 3110 536 T REwaoh) ETRoE e, it HepaG o oy o Batng he
differentRUFst @O dubiiah 1ap hiads Ehaflyez%l" bf Ef;.@nd configurations of
nass spectronmeter 100 are presented by way of

lustrative exanples, and shoul d not be construed as
[0015] | | m t iFAG- 4 ke Howeharedepicaing Shecsiensrod aggedndiraethed foy opersting the

dlffererﬁgﬁ. e%%retdﬁal' iR mﬁﬂ%ﬁlts?gﬂa%%ahgf }?Ih(? &e%}h §¥ glwa;eo{ggie ped and

on source, e form

fragmegle@ ¢ thesfastayn itrap; ddur ce 105, generates ions from an
anal yte material, for exanple the eluate froma liquid
chr omat ograph (not depicted). The ions are transported

[0016] f r om IFOB. 5@ BewelEadRpictihdthe WHsIT aftRird ARRIITEF SRERIBMhe
source will typically be held at or near atnospheric

differendiab-praspure dudlrion §ap swvenalyzenobritedi wherebh ignsarsisalagd in the
| ower pressure, to a
Second\]f%gtﬁ #ﬁ&%ﬁém%{é%ﬁﬁé?%%%nﬁmg fferential -pressure dual

ion trap mass anal yzer 140 resides. Efficient

t ransport DHETAGED DESCRIPTIGN WICEMBIBDIMENGSS anal yzer
140 isfacilitated by a nunber of ion optic conponents,
i ncl udi ng quadrupol e RF i on guides 145 and 150,

[0017] oct 0pOFIEs. Ridebits B ce@pdints stk mfsrécﬁ@)me@é}d 00 in which a
el ectrostatic | enses 165 and 170 ons may be

differentialnnisseiice dualien e masHanadiyar B8y bR AmBleentzS, Hrgcqripage with an

embodf{ﬁ}xgl? ?ﬂ@tg 'p?éss@]% . a?ée}gﬁbo 0t ﬁyﬂ}‘dgﬂto%'a tiaﬁ Qfmtt&ﬁ ?@Jt&lres E&P €

evaporate resi I'vent™ and
configurat@ails ofimass spectrometer 100 are presented by way of illustrative examples, and

should not be construed as limiting the differential-pressure dual ion trap mass analyzer to
implementation in a specific environment. An ion source, which may take the form of an
electrospray ion source 105, generates ions from an analyte material, for example the eluate
from a liquid chromatograph (not depicted). The ions are transported from ion source
chamber 110, which for an electrospray source will typically be held at or near atmospheric
pressure, through several intermediate chambers 120, 125 and 130 of successively lower
pressure, to a vacuum chamber 135 in which differential-pressure dual ion trap mass analyzer
140 resides. Efficient transport of ions from ion source 105 to mass analyzer 140 is
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sol vent-anal yte clusters. Internedi ate chanbers 120,
125 and 130 and vacuum chanber 135 are evacuated by a
W@ oBakd281 ar r angenent of punps to mai ntai n t hePCT/US2007/087286

pressures therein at the desired values. In one

exanpl e, internedi ate chanber 120 conmuni cates with a
facilitate@bYy akBehtRf ofioRRGHE BbGAbnR TrchAish dUHHAIIRIRR S gui

cha?rbers 125 agg)%lso ag{)}l vacuum chad#%gﬁf 130 i6h guides 145 and
150, octopateulil ecat guidd 199, slommess J6Adindcelestiostatid BHses1i®0 aadd 709 Fons

l.tistage, multiport t 0 ecul ar pu 0
may e g A AR Gon T Bl R, SRR k00
throughsdi€ioh tangtefubd 095 that Bikeeel esleRiporatE RBIdNEN soRRdt &l Break up
system_ (not depicted), which will ty |calu§ consi st of
solventgnalytagingens o Mtermegisiechambsey bs 25 bbaridavacuend chamber 135

[ ' | L fic circuitr an .
e SRS PO EOSEL By g
desired daluas. sksdrerexample, pitaiedase datrbeAtZMéGhihugBatas®ith a port 180 of

tacqui sitjion data processing services. [0019 ile
a mechf@géaé %B%’glc %I'r%%liﬁr@edlﬂ@@%a@bﬁré ﬂ!ﬁégé@ 15@/ Q%ng@mﬁ}ngarr 1’&9

. S . . .
comm R AREL L DRRBPY s M 60 45 s aBE 0k
turbomelepilayeunp.n connecti on with any nunber of pul sed or

conti nuous ion sources (or conbinations thereof),

including without limtation a matrix assisted |aser .
[0018] 1o or BEF RGHFRT SlbF ST OREBPP B Hasss e TR pHAD i diected
by a cofF ISR d8taGHEBINGAbt dePltdB WRIEBh W S pica39WoR&st A1 combination of

at nospheri ¢ pressure photo-ionization”(APPlI) source,
general grrpgise end speciabined procensors Fpplisaiomespecific carcuitrynamidoftware and

ioni.zation £Cl) |0 ource. [0020] FI 2is a..
firmwals SRUARIPEY i1 ol st 1F0 rsison e ecaisiion aad post-
acquisitidddtd pRcEREF seRadegzer 140, according to an enbodi nent

of the present invention. Dual ion trap nass anal yzer

140 includes first and second quadrupol e traps 205 and
[0019] 210 po¥hile ByessPaelFareeat 1400s daricigd a5 heing cpefiguredifonas

t: W Vi ' [ .of , the dj scussi set
ctccaospB Kb bSO ML b8 i ESELAGHBE) B0 A5 bc
employedinasonaektion veish adyendmitgh op peisedisrecohtiaous T our@R dor

. second quadrupol e ion trap 210 wil] be referred to as

combingtipns thireqfy.daelhfiag tyithgui liptgtion § magixAssiseddasat the term

.o 3 or oi _ . el ati
s R RERN (uAEDISRREEL R ST UL v
source, e ainy@sphérat prefRtre2thivt@ihizalion 2APPBseunceintdlened idbmization (EI)

close proximty, t. doesnot excl ude the placenent of
souree, gha c%qﬁw%lggmg@#nﬁ} ©nSPBENt s between the two traps-

in fact, the preferred enbodi nent requires such an ion
[0020] opt i CFRE eNBAtschdPRZldepithen 98 R1RELLYr RRRls b 2RLAToR frap

rod el ectrodes in two-di mensi onall quadrupole ion traps
mass anglygehEdh aeliosding seah embahimentadfithe presdng inviengorat Dna i¢stay mass

analyzele 140 incfulgigs first and second quadrupole traps 205 and 210 positioned adjacent to

one another. For reasons that will become evident in view of the discussion set forth below,
first quadrupole ion trap 205 will be referred to as the high-pressure trap (HPT), and second
quadrupole ion trap 210 will be referred to as the low-pressure trap (LPT). It is noted that the
term "adjacent", as used herein to describe the relative positioning of HPT 205 and LPT 210,
is intended to denote that HPT 205 and LPT 210 are positioned in close proximity, but does



aforenmentioned U S. Patent No. 5,420,425, as well as

Schwartz et al., "A Two-D nensional Quadrupole |on
wae@p/iMess Spectroneter”, J Am Soc. Mass SpecPCDIB2007/087286

13: 659 (2002)), and hence a detail ed description of

these aspects is not required and has been omtted.

not excERREhAblaYerl& GF bRESH: mBrelivR vfi TEIBSEMRE Bbtvitd AMRR) tBaps O fact,
trap may be constructed fromfour rod el ectrodes

R ! L . :
the prefirred sgdgdimant requites suchpaniion eptictlematte r od el ect r odes
are arranged into two pairs, each pair being opposed
acros r ngi-t udi nal ; axis of .the.trap. |n
10021157, T o HER) B4 g P 108 i cBiblesTh ab s E®Rimal o

quadrupébie fort tepshas bednt digrssedrex teapivtlyafl thesldehunire ek Se.§ Othred
with a_truncated E%Eerbolic surface facing the tra

aforemepiiqued §f-5. HatersNoe P-4 AR ersiredk asorelvarta ginal., ('Ai ?\mrﬂ?)‘igl)ensional
Quadnf¥bleabf grﬂéyg@g%%ﬁﬁe{c@éqﬁeﬁl 6C11,088s Mﬁ?gﬁ&g@%é%?g@%kﬁ%z)), and

ectrodes i1 h ord

hence avbemaifedadeseriptign of ke xipeyts &bt eagiired tahd Hadbeed ©mitley | Gagerally
..generally provide nore limted performance. In_a
descnbgi

e SO WEnerHpRE AEAITHPFIE AOn Ay Bel censguried diom fur rod
electrodls\di g d éﬂoﬁ% {h?q:l% iﬁ%ﬁgﬁ Fiedbl ¥%§E§8&e§.ta?éjal§ﬁ“g¥:a Erﬁg' two pairs,
ro anki ng" a

consisting o t and back end sections
each paelingbpmeed aavoss thecdntahiongitefinil heisrofdhetrae t Inagdés to closely

| | th | [ f different DC potentials .t
approxBigtf s Spey T Be I G gt s 146l 4E6h o FRp e St TR fopmed

with 2 G@HeRUNMEHeMoliO bR fRe YRt B g%@iﬁ&g 19V er fnPRideh@Aof round
the length of the trap.” For exanple, positive Ions nay

(circuldgpomeyven @tanenlfld) alédtodes candersubstituted forrthe by perbalictalayrodes in

i nt.erior ich is roughly |ongitudinally.co-extensive,
onder 4, féq Ram i ¢ SpBBnettrodt RaoEb st biceS adapaiprovice
more liﬁﬁﬂeé?@ﬁoﬁﬁﬁc@qwﬁ%{gﬂe@'in@%ﬁém@ﬁiohoeakg g(])&éFlg?tﬁtﬁfﬁgb 8fRded into

relative to the central sections. [00 r )
three elgefrigelbeisolated| saetiany, copsisiingofsirenslaed bhdkctndodetiquaiflanking a central

. depl.cted in FLG 2. f T 205 and LPT HPT 205 .
secton; SR8 e kit sltslen nbe e aReloafitinest PCopipentias o
each ofahélseeeiohd, QichBE: iofEMbY BE pHRGEHyOdbnZdRed Wilkin Ra%kursé ek tending

section 230. Simlarly, LPT 210 includes rod

over a pqrtien phide derpdrokthe Frapi Voks@mipte, Gositivhions miydeconesmtrated

s I cti o . n ection 250, . .
wiin 40 SO Rlor RSP BR85S b SE Y ofBesive i
the cenadiagatichswif e ®deletrodds) 8y pEEIAE theKDOWatedntiall Applied to the end

. permit radial ejection of ions through the slots to
SeCtlongéet@E’leé? eXspirgl fePERPSan anal ytical scan. It is known
that the presence of the slots in the rod el ectrodes

0022] | Nt I ORUE AR efds@bRcibtignely A difle Lok G LFTG,
[ ]the t rappi ng ield? mﬁ?cﬁynay %vg J%§ S|rggﬁgeég?g€¥§21br
HPT 2@randdstTr 2He PP 05 analwedes eod dibeiseleel I edch divgedmto front end

. ided or mnimzed by stretchi i.ncreasi t he
section 34 GeE 5P ERep e RS PR THPoUHE - HBTETL b tncludes rod
electro®BINS cally iR el Yt Frohh EnBLhiRE 81 MRl 5¥cth 24heand back end

. electrodes, or by unbalancing the RF voltages applied
sectionf2§0t entedlecttiand €45 ofyqui dedtiogles 2l may hoaddptadheith eldts, in a
mmer%%%rig eeSaI‘YYI tcl) Iperklgnelt 2330 teﬁgtic\)l}nl <t)fl}ofcfs| t%}osugillthee slots to detectors 255
during an analytical scan. It is known that the presence of the slots in the rod electrodes
introduces certain higher order field components in the trapping field, which may have
undesirable effects on instrument performance. These effects may be avoided or minimized

by stretching (increasing the inter-electrode spacing of) one of the electrode pairs, by

-8-



both el ectrodes of an opposed pair of el ectrodes), but

certain inplenentations of LPT 210 may utilize a
waele®sgm28n which slots are formed in all four PEOUS2007/087286

el ectrodes. The central sections 225 of el ectrodes 215

do not need to be adapted with slots, since HPT 205 is

i 5 U 0L R0 A BBt ] AORE s g

to the eldcapésn A ypicalld, ontpwey ef the irdd elagtrdales dals be a&dpeed mth slots (ie.,
utilize electrode geonetries and spacings in

both elgqirpfles efsm QPPPdeDaéFéﬁéquUPéesb7rW%ﬁ%% H@Plaﬁltent&rws qurPér 210
may utlﬂllgg%rggﬁgﬁ g'f fﬂfc ﬁ) d4 &H{%'Ei mn faﬁ ?oﬂ@Me%o&eg 'I‘HE QIQ&(I: ?ectlons

at I Mprove or preserve resona
225 of dettrodat Lbf dehbdi mxied m:be adaptddnpitiosiets] sioteaHPD 1206 ésmdtuksédfor

i R bl ARG A oo st
trappm%@l&f Al NG rﬁ%slgesdésﬁalﬂe 10 ﬁtYhz?é@eccHoﬁé‘ gécg-gethgéj Qn sin

él ectrodes for Hyperbolic-s el ect
HPT 2Gfothet rd$\flf incud eparure fempe smsmnakby mmmada)lporﬁhﬁeldpn lort’&t for

lectr f 205 will th d d on .
cxampl R ShiefEe PERS ST et POnIRIDYE OB P NOE T B
efficienc?! 0t33n]np}/(We 1814t RERhRsT A s§ERAdk BRAY iQlatldR Twazvel’(grds%r lower

configured for analytical scanning by radial (also
and highesf mfzried ejeotiers and/ohtegredede)majudatirong costsHeg., dytsobititeirtgsround

rod eledfiogy B W Rerpy BT ol ciRRRS YA ShePo ARG B o
machinBRMTIRY optidetd BlechyddBapn foNHPTS.05RAleRts Jsé?encﬁﬁ)rlzgnsﬁﬁ?atmns of

I'n such a configuration, the detector( are | ocated
functiopglityl neyfosnenegragd 6pstt he LPT, rather than radially
outward of the LPT as in the preferred enbodi nent.

0024 | . .
03 0523 i 0B eI A O i
scannin@akralliah@lsd Fefefres pead srdelgynflpsjettican ethet Bmbsdiftentsfof HiRTdual

205, between HPT 205 and LPT 210, .and in_back of LPT
ion trapympss apalyzerapay eqrfigurel RS 240 forgpalytien! SCamgingehyf gfiphscanning, in

v B LU 00 1A S 95O 0 L G BT, 20
detectog(spars lodagpdtaniadlyicatward of tfei [oRT , irathsr thad i‘admltyhmt\tvmdpﬁ the LPT as

. E%ch enﬁ y take the formof a conductive plate
in the prefeireedRoOURERt ure to which a DC vol tage of

controllable magni tude is applied. As will be

[0024] di scu ﬁﬁﬁo‘nﬁr fg‘%ﬁés@ Qhal{graub rBelep Yﬁchﬁﬁ:@ bine1ea¢ D60 inter-trap
front |lens 26 aperture 280 of inter-trap |ens 265

lens 26hzand haek ek @@ yessmwﬂydloamnﬁcli m f(rcf]rypf ¢ 3050 bets@en Hkd 205
and LR A8 st dp AR G Lt b BRERnEiny wRCRRePly e PeVdirbaerions

functioh€ igdlidifg E&idaiBnPMESHET09 ttratﬁsfbnhll?gr ioAd Betdn HPT 205 and LPT
| ocations of vacuum chanber 135 outsi de of mass

210, andagistingrto axplly apefinaires webinghe papsk Bashderzmoasuieke the form of a
conduchiVe® bl%?el ﬂ@éin%aa\ﬁeap%ﬁme to which a DC voltage of controllable magnitude is

applied. As will be discussed in further detail below, aperture 275 of front lens 260 and
aperture 280 of inter-trap lens 265 have relatively small diameters (typically 0.060" and
0.080", respectively) to enable the pressure within the interior of HPT 205 to be significantly
elevated relative to the pressure within LPT 210 and in locations of vacuum chamber 135
outside of mass analyzer 140. Aperture 285 of back lens 270 will typically have a
considerably larger diameter (e.g., 0.500") relative to the other lens apertures to facilitate
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consi derably |l arger dianeter (e.g., 0.500") relative
to the other lens apertures to facilitatenaintaining
wWo b@spressure within LPT 210 at a val ue cl ose POI/URRD7/087286
in the region outside of mass anal yzer 140. O her
suitable |l ens structures may be substituted for the
maintaffidl fig pEQSyE VIR PP 2105P) FHIECRRC IR (A el eilshie of mes
analyzérrl 40t I@eheri sapphtderbmt atroames amyRe subnigyted fonithé plael lemedttuctures

. lens syste or short nultipole. It is further noted
depictediapd dBSraeH hHHe PTeReCitEH o STtFRRAIL g B s WAl in Other
. o i o i t I. .
mplraifonP Y RE B, SEHEEIERR: e B IR S ARRUERE, s

noted thattzmle @r nne bHiho lers@fay he agebinad drithedlhes phpsifal strtictines $o

..260, i.ntertrap lens.265 and back |l ens 270 to form an
providE e idg St AT TRUE BRGCYBY 210, Thi o ar r angenent

enabl es the devel opnment of the desired pressures

[0025]W t hi ny BERerABouBMmdr &dflosdddd2 d0Ven88dsahg kéd)to front lens 260, inter-
conmuni cati on between the two traps and between each

trap lensr2§9 aad dacklene X1 &0 formea ghdnasure fdr e 26z end EPRhg10. This

arran il b i e R e R s e o B RS i P B e 210

by restEbt@G @ehrh@isaticd tdelasttbs Sv?hBps MlibetrvRAChastiiLarkBBe esterior
) gcgﬁl cted as an integral structure extendi ng around
region

oWHPEUPDER iFrpghite varpus epereires. Eprlemia 28l maydestapted with
clongofl A AP TR SRR 7 4P T YRGS 235 UL R 290

is depifted @s an @tdgrdl Strugrare ex@endirgsdroghd#5th BPT 205chnd IFEICRIN other
. part. encl osing LPT 210, or a first part enclosing _both
implengniations, obgipl fram mashanghvren 140man ytibzg & caERang Wk the

enclosfe ]y (oAt iR AnGR AN HEL) OB LAGbSihE BPF 204'ebH second
part entlpping &IPTY2 I9e bt aifirst bart ankdexding both HPT mfeaiﬂdﬂLP"bQI(D-Eﬁaha?%ond

' it 292 that t.rat i | 290, T
bart entloging GRBaY R0 ar i cABSTn o R IASTUBE ier HEws the
pumpig%l&)o ln%hhnéé@.p angl AR 5%% %yﬂ?&gllfyq{eggﬁﬁs isfdd8¥Y fAhE intd G off?ﬁﬁﬁzos

ens apertures ,"280°and 285, the pressure o
via a coralnitR92 chedt ippeetraiSSidemiadl 296n Sthe pedsswms thit &e chastamed 29Gin HPT

205 aniy (35T H Bt e Puir adalohr AR d s GpErttes 275 280
and 289264 PrEsaha P elculBhaimbet Y13, 8R! cohSRIEBE BE 8td10se 250 gﬁb’] ding
trap mass anal yzer 140, the pressure within HPT 205 is

any aperfiires firmed thetein) and|theagsaciatied pramping peed! xofdthe pumping port for

1.0x1.0 otr,.of heliu nd t ressure w,t hi P
vacuurd g @rdas i Rleal Too TR ihsl ol SRIERIAS Al Rrdabeshe
pressufeQuichiKIPD R)5Ti0 inainthinBE bi avaludvrtBe Ringk 6F 8loky0t &51.0x107 Torr of

presently contenpl at ed%,' HPT 205 pressure may be in

fl

heliumg pred the pegsswe Withgx LPE 230 domaineina a8 avehue intherrangaeh 1.@HE" to

! i h , .
50105 TP RSB MR R8st QE 088 BhchafIL8 B 203 ke oy
be in tiseaAgS . §x WPt to 3. 6E0 > Ttr dthelifineid DR pedssgoohdyte iafik range

fr_q(%rrent atbon (in HPT trap 205) and for isolation and |
of 1.0x10™ %o 1.0x10™ Torr of helium. In this manner, the pressures are separately optimized

for the functions of cooling and fragmentation (in HPT trap 205) and for isolation and
analytical scans (in LPT trap 210). It should be noted that the foregoing pressure ranges are
presented by way of example only, and should not be construed as limiting the scope of the

invention to operation at any specific pressure or range or pressures.
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anal ytical scans (in LPT trap 210). It should be noted
that the foregoing pressure ranges are presented by
wowrgesois2exanpl e only, and shoul d not be constreedus®07/087286
limting the scope of the invention to operation at
any specific pressure or range or pressures.[0026]
[0026] CsCi | |C%Eﬂlaﬂng’%ﬁ&9§§nclh@iﬁ%% A8in R tﬁ??or rol€ aRpi ng)

vol tage and Supplerental AC volt ages es nant
supplere¢rgalt AG rvolta@s (Bt irgvonai &) cCAD). , isaateonagmd| (EzéB) tace appdied to the

clectrodzy g HE TEitdd ! b3l BHBRIA Gt O35 b ARG PRBEF G

comple%ﬁ? bnd HBAuRORiaRdod FTPE 205 ARY LPE MOmes Berwe@d Al paRdlld B a

hared RP/AC controller, such that identica
shared B§ éA@ Icamtmibr ok tyelentienl apcpllatmg viodtagestane aprisd. to Phidirteps.

wh !
There (5. no ARG B corti fleichy SRk SR SRR el Boblmelt pgstorm
differedtFutidi@nt [EDS trap rF&k@aﬁbm oﬁH‘ﬁaﬁWsh%SﬁbrEa%e s 8RRy
duty cycle by accunulating and cooling incomng ions
accumylgfingemdzoglipgincemingionsindtRE 409 W@llam napmquaag aig; gledytical
scan of%L ?u[iw? éum%ﬁatgc? §1% o?go%g %?éépagg l%at](fg)?ler e gcﬁg,:_:/e Aﬁl@plylng

fons may°regquire app

dlfferentﬂH/A@esﬁolﬁagediBHQDEOﬁmdi LIPIT2 24, Gvhivhive il dwRbdsditate use of separate
necessitate use of separate RF/ AC controllers for th

RF/ACopptroliggp for thtweoransgdiC pltages asassnediave)y apmierdel ﬂte@qutsr@des of

HPT 2%@&1&}@@%@089} Rsﬁpgnﬁgﬁ%rgg? ;Lfgo \2/%81 OA%’MlsQ%kQ%%JVtQ' i ‘f‘sr@own o

apply dififértmtrie@biddGokthges ty tetemgd @nd tenttdh gectiods afithe caps fnadrder to
sections aof th trap?min order to concer?tr te jions

concenfatefpns AtRIB R IO @POHI Pstithoirngh afitee Fam §ign 2
central QEluM?:ecoHegIanggl o théodnfidf §e%10r}’ Ll ume corresponding to

he centr t1ons. t shoul d be recogni zed
that other inplenmentations of the dual trap mass
[0027] anal y ifeshonhiyoesmmgmizeﬂ tlgat ptier irhplamentatioireo fLtRT digad drapiE¥ass
relative.to the.conf picted i 1..1n .
analyzds Snf{Ehis ReRgREROr U L bl HPT Rofies o B bormigofign depicted
in FIG.SIOUh GEcH\RHnEh £ sthti 1R $éhstabi @HE Froh e kdtlsdufdeQnd i@ il pass
where they woul d be trapped and Kinetically cool ed

through( thad-Pdpintoothe HRT, wharmtbey widylddefteappedidiingtecally secled Gand

optiongyTiegimeglsds PR Bk it Bh LRT B ek sefation). in

the mafri¥9 d&cribbdBelow-ik chhdedbn @4tk FI@Bi3osis met hods of
operatlng dual ion trap nmass anal yzer 140 for nass
nal ysis of an anal yte substance. It _shoul d be

[0028] ecogﬂﬁl%&ﬁ hlgstipitegEione mIsHES af epesrtingednabipndzap mass analyzer
140 forerﬁm gsﬁgf &9%& Q@\i%ta%'a@l M%Fﬂ;ul@fbe #&%gxgl ﬁ%{ thﬁse ﬁxlathods are

inventi advant ageous
presentad)as mmmfrhmma Aaasd anmyzem thdnpresemt @ntenton tnay de

artlcula deo t|on Referring initially
advant&eebs $emoly gmﬁﬁ 6‘% ﬁyw{fis. timi g Uk siopgea
particufdR tholdk 3P 5}2&5&&9 R gﬁy Y@s{t%yﬁ) SEHIAPB! fofis produced in ion

conponents are accunulate
source 105 and transported through the various ion optic components are accumulated in the

interior volume of HPT 205. Gating of ions into HPT 205 may be accomplished by adjusting

the DC voltage applied to front lens 260. After a sufficient number of ions have been

accumulated within HPT 205 (noting that the duration of the accumulation period may be

determined by an appropriate automatic gain control technique), the DC voltage applied to

front lens 260 is changed to prevent entry of additional ions into HPT 205. As known in the
S11-



interior volume of HPT 205. Gating of ions into HPT

205 may be acconplished by adjusting the DC voltage
wappBitest3ito front | ens 260. After a sufficientPenkmn7/087286

of ions have been accunul ated within HPT 205 (noting

that the duration of the accunul ation period may be
art, traﬁﬁﬁ%&ﬂh@ g&uﬁ')/ul@f@d PR KA APE @gtlgﬁ@ﬁév‘éd 9)9'2&0%%3%%5 of radial

ni que) , DC voltage applied to front |ens

confineineent hsing BY wod)tagas@pehcd orrod plegfrodas il 6 i(moed Spe@lﬁsalilmtba applymg

opposi R et o A P kb B L ppgement wsing
DC vol€2e®hpiiet @0 e sdchohsad20c@afi30 868k sty oat 1A9260 and
lied to rod el ectrodes 215 (rmore s eC|F|caIIy, by

1nter—tr@1p§n§/26ﬁ; laﬁp@étagfei aphlgrbte hark a grstipn P30 pedfonipter-dge lens 265

create a %ﬁ%ntw b£m T ffxa e%feontsz rﬁld vegr)(r;ﬂ% ?]gn%f eﬁﬂi ?é%?}o l?%é[%r The

trappedSiegd z!u@liietaﬁléd withenHPTe0s f&’aé)péifﬂﬁl sufficént ¢ 8ffedt @681indt ions via
DC volta es applied to back end section 230 and/or

collisionp path-the Byffereas, vigeh willbtitpically peranks endetf -5 arllispeands.
prevents novenent of ions fromHPT 205 to LPT 210. The

[0029] trappeds oy tﬂt?l?eg c@%ﬁ@%eggﬁ-%gsﬂ#@coﬁ?gu%ggn o? aq 1&?&%;)01%&155

sufficient to e Ions via co |S|on
analyzem1t offles dobifthretial gdwantaghs overwhd pridrigpi i0aerimys diétsabilithe capture

order of 1-5 mlljseconds. [0029] It is noted that the
and tragyfipgils 1A% (8- 19P88 w@aequ@mem% Rlegironyiog|zatign w}gbﬂ

causm%"iﬂﬁﬁteﬁ‘ml Y entAH3nONd R 2: flﬁﬂg 2& %Eteh AlnRdy Qﬂﬁtﬁﬁ?a} ically

he prior art in terms o ty to capture an
have a kinafic émeagyi $preddahst fxeeqls thd ameuny bf kinatik emegy thahircatlstbnally
oni z tlo

oo B SRR BRI LU SBHEIR DL BRI o

operatel vkh I\MrHal Bﬂf@érc‘g% k»ﬁésﬁﬁ‘e\! € Phikidighd & aeﬁb‘%ﬁ&ﬂ/ oIStBE 89kt Rhs being
exceeds the amoun ki netic energy that

"bounced! qut of 6x¢ahﬂeylor effrovad entiomahipndrag, ﬂvasby t@mughnxeh@on efficiency

| engt h,of the li.near tr and bac the t IS
and deqsSetd by ofiPReEvallitP ot Hosd el ideBs pfiBercd may be
improve@ &4 &ﬁwbﬂtlcﬁlapﬁihttta%rbyqﬁcﬁeﬂﬁng tHe@uteflgdsqisshiRl B@, as discussed
"bounced" out of t interior of a conventional ion

above, ppegption #dvighey bulengeais @gesswp des aroﬁdvmeueéﬁeetrmyar@bmlcal scan and
1solatlo%%‘e:{o%ﬂ§olnrs] g}nﬁpc%on %%c%r)fcfyl ﬁgo B 1am;pr§ r?[Laocrcelex(;fl%lnﬁ th.f injected

ions so@kiRIIE gl id 108t et adilhbﬁbnl BI@KA%&& E@elei’dildgliﬁé Rhhs @RBigher kinetic
pressure, but, as discussed above operation at higher

energiep glsp @rodyses BPEsEdeEreddzeemeniatioacd Gagrs @@@ &he design of dual ion
trap magé1 ?Iilla)f)?ie? ho S&%@h ?f%jct%l?lgll Iﬁhﬁtﬁﬂls 18£ lé%é;t laﬂhl {:eﬂ%@an

ency npr ove e r at I'n
functionjndl€P'E dO’JS am$LB’® 21 bakespeotiecl g rediogs theSusJ_eQﬁ“ﬁng)ﬁruf_fer gas pressures

) collisio ve accel erating the ions to higher_ .
in HPTk%Qéé?? ﬁ@rgé’mg §0@F@aa aﬁycrsgwmhaég GRRRSgH¢re gapture efficiency
withouf 60?1%%&&5%@%;%& §c§:ﬂké5§%l%ﬂ%rs dag. design of dual ion

mass ana yzer fectively partitions
the ion capture and analytical scan functions in HPT
[0030] 205 arf@llePing2héacquesibamni andlcyolirg dtepthet dvoladsiensdre tiagferred

into the 5o I Ty SBa2D. LRISEBRGEHLETR oG fe g raps i

perforn®dd ByCdHAASM g the DC voltage applied to inter-trap lens 265 (and possibly to one or

more sections of rod electrodes 215 and/or rod electrodes 235) to remove the potential barrier

between the two traps and create a potential well within LPT 210. Ions then flow from the

interior of HPT 205 through aperture 275 to the interior of LPT 210. It is generally desirable
-12-



wi t hout conprom sing anal ytical scan resolution or
speed. [0030] Follow ng the accunul ati on and cool i ng
waee@p/11826e cool ed ions are transferred i nto thBCT/US2007/087286
interior volume of LPT 210, step 320. Transfer of ions
between the two traps is perfornmed by changing the DC
| .
to perRfl 40 R BOE b L Dot S0 OO SPSPAUL RS RPER fPiic cnergy
of the ipuhangl @chnedbem 28 5hddrgo emmpate dolisiqgotleadingib fhamrenetion.

. between the two t.raps .gnd e a potential . wel
Radial G4 H17 QOBPRORER o GG HEALP T 0 PFoIVEE VT A EH PERE
Voltageﬂﬁgpl?&lf’(o_trm OGO RPES S HEEDRZ DT &&ta&@see}ﬂfﬁme@ fd Q14 REidRD40 and
210. It is generally desitabl eto performthe transfer

250, cestrelpertiora24fmmiertraphians Ademdiock Sams@F@nti al |y i ncrease
the kinetic energy of the ions and/or cause themto

0031 " PR GEL 3 hBhERRA FIAR Gkt SHERTL R 60,0
analyti@l €can€s Eﬁ&h{eﬂﬁﬂy}’m@sfsfs@%ﬁe%ﬁalw ejettingObha@efetcdpih D§slid & der to
y

. rod el ectrodes 235 an DC vol tages applied to end .
acquiregpei@pssRectan stapd 395 dassepqueatiakdedtionns cumentionally perfagmed 'in

.ens._. l.en 70, .10031] AlLter the iaons.have
n ooy BB AR AR e Py Pty S B e o S,
voltagecdtadsy thecsdttedlaad elestrédecdit @k, ¥d BREGo &R QIS NAridAlahiping the
.ejecting ions to detectors 255 in order to acquire a
amphﬁhilﬁ% thegaainRnftrappiag) gatrge parléeddte dhrodiclactiefese ?I hsriopsscome
into res%ﬁgﬁécg %’t}{]ﬂﬂg !ag%cﬁ?erdfeg(gﬂﬁ%n' 18 %éldéfrmaf bl%?@{o-charge ratios.
quadrupol e ion trap by applying an oscillatory
The resoasmlyasxcitediont t@perience/DptoggBsiac imsast ethsir ahjeetbry alplitudes,

., electrode pair (e.g., rod electrodes 235) and ranping
which gvgatuaiiy Frqegdeths innen dimensienrat Ll Bilandrusss taeigas to be cjected to
detectoPPRIS, G i GG ' ' i

et TR RY SSakiafEy PR AR SAREALbE of ions
ejectedoflthexsigifal {sheinveyrdgs thealatheyspen foatfirtdsr pidvessimstorgnétate a mass
excited ions experience a progressive increase in
SPeCWIhei 1 trajectory anplitudes, which eventual |y exceeds
the inner dinension of LPT 210 and causes the ions to
[0032] be e ahkediuedf 4Rl Mt uSpadRReteNAGRHIER FRAQRAS X6ddntly ejected will
generate a S|?nal representative of the nunber of”ions
dependgjngbe &dqueniy of Siegespnaias exeitatpewltage. t Aedideusacdstmivenn the

or, further processi.ng to.generate a mass_spect rum
backery Bt e Blep SRR PR i R ST RGP B el 10w
value off @RS ofle€td %8R M HeY re3bRiEbE hile lekted@iRg M)z @bt MBges and/or to

frequency of the resonance excitation voltage.

. - AS
enable st seapdateab e may heresanaaityeiseiad asawtdpsratiopalby esefy value of

' dnr ' [ i t S
sl RSPl UL S8, SAPRAN 30 05 B8 LARSh e s
will more pedferbblgnaksplae iaxiiendianof 0bZy<<ced) It &rigesmaBel, o). tINS. Patent
enabl e faster scan rates. lons nmay be resonantly.
Nos. 6.49'6e¢®encit. 8 hy/ vigdirarseahtipt frripsesihanceaents BresplBiansw
o1 85k SER Ui DLy R Bl i
which resonances exist, some of which are at frequencies which are integer fractions of the

trapping RF voltage frequency (for example, at g=0.64, the resonance frequency is % of the
trapping RF voltage frequency). The dual ion trap mass analyzer of the present invention
enables the practical use of reduced-g resonant ejection by executing the analytical scan

within the low-pressure environment of LPT 210, thereby avoiding multiple ion-buffer gas

-13 -



will nore preferably take place in the range of
0.6<g<0.83. It is known (see, e.g., U S. Patent Nos.
W@ 208/11880 and 6,831, 275 to Franzen) that furtPEr/US2007/087286
enhancenents in resolution or increases in scan speed
can be obtained by selecting a value of q for resonant
Dty . ot :
col B O e oS RS EPEORER IS S SRR Blu o By
higher tevelp pff nigen®Falvodss alyiét. f r equency (for exanple, at #=0. 64,
t he resonance frequency is 1A of the trapping RF

vol tage .freguency). e . dyal ion.trap.nmas nal yzer of.
100331 e HsnE bR o bRt Rada G 1 Brecling the
analyti¢a® detmafl rdati REPRKNWalSds@Flyl, S8p BY0 BXOGULIHRSDetBBNed in a more

anal ytical scan within the 1 ow pressure environment of

conventiprial Fashjont ¢ dighigy valves afi o ée-2ugt0-p8)ewvitlomnt degarémg from the scope of
. scold i.si ons during.the scannin rocess that woul d .
the i FRR° Fi b hle G e bR a R S BB Ry b sH Bty o
ions in @h agiaPdirétibn,Fagsr Shah it the[[&83directioshoul d be recogni zed
that al though reference is made herein to executing

the analytical scan at relatively |ow val ues of qMaS
[0034] st ep  33G- vy Bewehapelepistipg sivtiof hmgthedder eesfovming MRAYIS
8301 08y BLEE, HALUEEIB] 1565 1, oAb cote
within HRTt206rinsutestansialipe thershmd inmnt:sdisfustddeabionsy @ndanaactivaywith step

310 of g 3 RREeT THES Pt PSSPl by s tq-chgrgegatios
. . | H H f .
within %%%n'%%\&gﬁgnf&st%?@fs@a{eag% ﬁfﬁpfOSO TH IH%ISHQ-QhSI%E Iraﬁﬁ)r Jaﬂ%cﬁ%ﬂgterest

YSI'S USI Nng ual 1 0n trap mass anal yzer
may belantshaizaldsl O¢teinnined, forexaople)vicead éata-dapendentd process b amalyzing a

. T 205 in substantially t sanme manper di scussed,
previousyROR R PR BEH T O e e8RS TGeRR TREURpGongooltion may be

achievdd SWChahter kN6¥h in {HR 23 8P afiflPingRb BSHEISQFode®DB5 DBMal8and
mass-to-charge ratios withinh a range of interest are

excitatips glgatlthving 45 20&) nathle corsspondng trathg sequidrifeqpentigs offthe

I nterest. my be aut tica .det.erm ned, for exanple,. .
precursyf 1175 3 i Haes SHARALY B0 5 b ra e -1 SharEe Fafos Gutside
of the rBAEVIfaHSTét RARIWKiA@R ISR RAR FhBved ifitn PIPGURSS! (BREE: by

. . criteria. Precursor ion isolation may be achieved, in

ejectiomthaeuhegapk hetwisen rpd dectepdes 2 by oappbiyiking electrodd surfaces), while
ct.rod : Q excitation signal having a

ﬂmIﬂeﬁ#gad@ﬁEﬁgH%%§ﬁ9%§§F@§€§2§?ng to the secul ar

frequencies of the precursor ions. This causes

[0035] subst anktiepkB, th preofirsbihiens preeionslyissigctad 15 sttp42hareFeagmented
rati os outside of the range of interest to be

to produeeproflections. degrresiptiondnaebrrrsamphehiaditho ooy ast A
il A5 AL BEEREL VIRARY 0 SR cqoncy
of the pe@rsor sars is epydied e radedledtroeds M 3 foi kindtiedll R Bkcite[tROBBEurksr ions
step, 430, the precursor _ions preyiou sel ected i
and caigingihondd 4P i} SEerReO P r"ggh%‘é %ﬁf%%zﬁét A yrint of the CAD
techniqik ASTERHAS hOPuIFRYy BRsAEARARPOD) &Hd BYschiBed B Y. pafeht 1660
6,949,743 to Schwartz, may be employed in place of conventional CAD. In the PQD
technique, the RF trapping voltage is increased prior to or during the period of kinetic
excitation to provide for more energetic collisional activation, and then reduced after a short
delay period following termination of the excitation voltage in order to retain relatively low

mass product ions in the trap. Other suitable dissociation techniques, including

-14 -



techni que, whereby an excitation voltage having a

frequency matching the secul ar frequency of the
wEe@sutesr ions is applied to rod el ectrodes 2RGI/US2007/087286

kinetically excite the precursor ions and causing them

to undergo energetic collisions wwth the buffer gas. A

photodgddiaith, Sbcthdifca %@3 HRSUMIMEECTR 284 ERAtrb P trass i §86mBon
di ssociation (P and described in U.S. Patent No

(ETD) 5125 99 1mabioy b cseshbeare 2 Stﬁm93(beT1eqﬂpnc>dy@doermw b@eoqm for a
predete%mﬂlv £q"] 61‘18(5] 8# ‘%ngA En IHg)Ff %Olé‘ st% ges g Igﬁc grtlerg% u%‘ale{nhtg the trap
centerliper ﬂtqd n@ffed kihat efcp€ 4 BX G dt 4B10i Ay b@repeawd g <f>101ho1m1frﬁes to perform
energetic collisjional activation, and then reduced
multiplgstages of istatian el fagrpatation te BETR Mgi taBalPasae-Eo A peFduct ion of
r t .y
interes] sy B BRI s R0 e i il R s
di ssoci ati on techni ques, includi ngphotodi ssoci ati on,
[0036] el ect MNuxt,daptepdd0,ahs prduettibonfofiheDin steyld B e thieprtransferred to
t r.ansfer djssociation be used to fra nt
LPT 21|0dH§u‘PSﬁan§1taQ% e ome FRATT GRREPS] g hwnaec%wgﬂe siepp2g of
FIG. 3. pfrFs‘i*&J 407 peth 1@%&[38%% dnla célrkcﬁf) gf &g ?r&ﬂlcf BHYGE described
ki neti c énergy and focus t mto the trap centéerline.
above ihtcoiusectiot adtht shept 336 tpgendabe amassdéiiacm off éhermepédat axhsone
or nore tines to perform nmul ti pI e stages of isolation

10037) 57010 BIF Pt eBFingstehR of i ottt B Beetofhingr
MS/MS Sl ichdif AR i o ﬁaﬁ%@l'y@eﬂ\m anabyedsbto thoBRGlod of FIG. 4,

Next, in step 440, the product ions fornmed in step 430
isolatiogrod ﬂnmﬁcwemgmses pedorneed it PT12] O tathstithen amEiP1 205. tlowes are first

accum@%tﬁn&:o Ld glelﬁﬁ bg? estep?%é% | tgﬁ.g%ggrené%éegrnlﬂe\é\ésr}bgﬁ anve in

connecﬁﬁl@h&&l s€a”p| 319GAFICf 3 ﬁTﬁe e ivhs | b&ﬁ;ﬁen ﬁ@s@&ﬁe@ﬁb e 210, step
bove in connection wth step 330 generate a nmss

520, asgbé%acrlb@ﬁ Fove Hrecpmseiinn With sisp 3?@o§vqtenc 38, psecugsogions are
isolated e?[‘épf%[ (?] 9%%;:% 1819 aﬁ&gl 118 glf’ﬁ%g g@&c@?&ggﬁ%gg application

ofa no’a:hedl bﬂﬁdbalﬂ&;gdahtmd Heﬁﬁ*bdds@% h@lthﬁid‘ﬁd;wﬁcﬂd&h éorresponding
isqlation of the precursor ions is performed in LPT
to the spqlar fsgavercieneiihe mapipte-gsze 1rERsaNge oF intpisit. A el depver

h
buer £ R D et O o b a0yl e300 N REayeney
notch cah ée celativedy 1 naImsN asihde st mtmnmggif wesefud dum(beﬂ-tFiT ozd] theratygproviding
520, as.is |bed ove| rinectlo W th shp . .
greater PSRFUI{OR iQgy t“”&%e P%eoli”g ?fﬁ% aHQn fesiptiprppay fe pghjevable in
LPT 2R he iRIGGH Bilfer pBlples@bation in LPT 210 may be
acconpl i shed by appllcatlon of a notched broadband

signal to rod electrodes 235, with the frequency notch
[0038] cor r edisenvdson gortsosqlatted inettent 530 4re dhpuenfter ensferredioack into HPT

205, ey Dbt O gat B a0 e il LR pe rlisrdy PEALES o

DC VOM@‘é%&)FﬁéﬂstOViﬁﬁf &P 1dnk Qéﬁ\ﬂ(éﬁdfpo@&blyh@ ohE BEHRRCILAGKCIT r6@N
atlve@%@narrow ile still retaining a useful

electroggsrddSrandfor v ectrages @}ﬁ,) tp e the potential barrier between the two
traps and create a potential well within HPT 20S. Ions then flow from the interior of LPT

210 through aperture 280 to the interior of HPT 205 and are trapped therein.

[0039] Next, in step 550, the precursor ions trapped within HPT 205 are fragmented

by an appropriate dissociation technique to produce product ions, as is described above in
-15-



greater precursor ion mz selectivity. Hence higher
i solation resolution nmay be achievable in LPT 210 due
w0 ca@siioseer buffer gas pressure. [0038] Precur SBCT/U82987/087286
isolated in step 530 are thereafter transferred back
into HPT 205, step 540. Transfer of ions fromLPT 210
. 5 f
connecggrb Hﬁg ds?e?;()@{éﬁ%fg?@t f afp‘)[?%ﬁ(ﬁgd %&ﬁ?%ﬂ%ﬁtgtgon ﬂ%ﬁ.@%i 0911[ }nalgﬁl" 205

rather thai & [SEL 21 ®bscande the Jukitrank postesre 2d bPaRd0 og mﬁ@éﬁuate for efﬁc1ent
electr%Qes 235) to renove the potential barrier

collisiogehaﬁgie sy(qq@tlpwqﬂ?og‘gs Fandissaciatioa naeﬂy&séhqt dg|nofyegly on collisions

it o D o RS RS0 gL UL AT LAl
perforn2@Gndid” 2ir0s obviagiyeithe tnhed ®©i transfed ﬂ&g]solhieﬁ torecutsos o badlinto
(g:e precursor ions trapped within HPT 205 are
HPT 2 agnment ed by an appropriate dissociation technique to
produce product ions, as is described above
i ncon [ {
(00401 SONSRGHDD i 4 801 o 6 bl OB Wi
stages Qfﬁ?.bl@ll@l wofaweematﬁ@nb@gt epraghist jon@f sueresti ma;LWcrmﬂmesl to and

solateq PSR g Fiapteutl bniamohdDs RBE Reeeel Rayh Bl

analysi§Ol | i sions wi th buffer gas atons or nol ecul es (such as
phot odi ssoci ation), fragnentation may be perfornmed in

LPT 210, obviating the need to transfer the isol ated
[0041] pr ecud® 8varianoT BieckA Driechniqmre ozl@igled[abgw@]fragtr@p@tlmmay be

accomﬁlﬂﬁ?djﬂﬁt%u%d‘%y ac%glfefa? Bg "ﬁ%ef 1g>n§) ﬂf aléﬁg &é}g dquifng 9 transfer step

orm age

540. Thisagirbatatd fon positide anadytpicad lllfytralls@llg EE potehgsle S&pﬂm}to Bent end
transferred to and isolated in LPT 210, and

sectiong2Q i LB/ 2d4. WierirapdensZp oo ol bask end septiont28d of HPAns) telative to
e vl OB ot R 405 0 By MAUOAE 1 oL R AP SEN Gl s
260 to srtsepe t55ﬂohg/reamedueala5t tandint evithimHPT@08). EI ”Ei’ga aceélfe;ta’tdd)ions

he t t 540, Thi one for
collide ,%@189 Yelociy m@r@fﬁggﬁé lg rTazQé ﬁé%@?%?ffa@gﬁt%t@néﬁﬁpgw to
that oc&ﬁnﬁg I c@ﬁgoﬁ et D40 néFTe A% sphﬂcﬁﬁet]grr&%uhﬁﬂs

and back end sec of HPT 205 relative to
1nstruntehe TFoethai fragrgereat&mtmo@lfest miy bPadvatfagéa@do oye a miosd mgssive

e 51U SRR AP AL e

mtemaﬁ&fé?éyeﬁ;ﬁél&dpér QPBistoR! I s%%u@tbemo@éa het 196k bresWird o b R an

gas in HPT 2 , produci ng fragnmentati on anal ogous to
argon (t}ipatalla @buv&?*ﬂgﬁ) |tnrr)aar@<§1hsfamrcxhlrn@mwer6fonal ionityabs because such
uadr upol e ectr er ,or ||nl ar in
condiigiXcbme T Ser RGN (HahE M P el mlCssv 2ht 6868 <o

conﬁgdi@tﬁ)rﬂoﬂ%‘tﬁ)dffﬁ&ﬁs Mflthb i ve@tio alSo s USd o adrifuRe hrge?Bollision
amu) or_argon (40 anu) in HPT 205, as this allows
gases fg @ADeyithout compromising performance in m/z scanning.

[0042] Again, product ions formed in HPT 205 may be cooled for a predetermined
period to reduce kinetic energy and focus them to the trap centerline. In step 560, the product
ions formed in step 550 are then transferred to LPT 210 in substantially the same manner
described above in connection with step 320 of FIG. 3. In step 570, LPT 210 executes an
analytical scan of the product ions, as described above in connection with step 330, to

generate a mass spectrum of the product ions.
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i nternal energy uptake per collision. It should be
noted that high pressures of nitrogen and argon
w@ eoppitesaBl y above 2c | 0~5 torr) are disfavor eRICT/IIS2007/087286

conventional ion traps, because such conditions

conprom se the performance of the mz analysis
[0043] PT OCe$hijche M@’/ﬁ/]ls &EﬁBd&@%@ﬁQ&H Ao\ 0th HnnEIRAAUAE PSS U and 5

the invention allow use o eaver
perfornbfragreertstamgetHRDHR 03, shave agasesinfdigsoCidiomict hidyiies, such as

conpr.om sj.n erformance. in z scanning. [0042] .
photodiSgRelAon W ERR afe B BFPEUTHCTEFS DL Ioay PsS D Hdrgnment
For dis{cRlatiBn RECRARNLES OF tHBHaRRE, iPFobIA YetdVaRaddoNEld !
Orlsanﬁlfgcdg ?%en1to tﬁe t#apocenferlinggblﬁkgﬁgg%%é%?
fragmenthgompsteglinck PT 3@ raftioar ieesh HRT 208p 550 are t hen

transferred to LPT 210 in substantially the sane

manner., descri.bed above in connection wt tep 320 of
(0044) P I RREEiRe Se SRR A s BB e el st
analyze$ 630mR5 tHalh ehe[IIFOTGroVi@EBwitR e selesTletddRls, AB@ IR idhs are mass-

connection with step 330, to generate a nmass spectrum
sequentgfllyrepreetqsk todic deteders duriog Ble apalytisaltshen fisanBisiEemofis mass

eser -above J.n_connectio it h.Fl 4 _an .

spectrafi T SRR SRR BT PR sl Gelon s Be dipepied o 2
downstfbagiSasdsahhlgRert(@hivhi Haetke HedBrmasfop b@lgﬂéﬁo‘f @6 iGbitAR mass

which are nore efficiently inplenented in a

analyzey.gyf Qs 4 tanstosmipp 6iysiofron Resenagre SoldCRY iaplyzescon dmeof-flight

(100 g B S B R I B i
collisioh @0 Ahptidihesllf io irterposg beseshi the LOW aafl tledenadimendss ehalyzer) is

. the dual ion trap nmass anal yzer assunmes_that the LPT .
acquirefl &y sppAnteRel ipeRs-aAdinap forgREdedeliigion st of Msttypodrscrbad in
PCT PM@?&E&@&W@%MQQ SRR AMEL b & AELRS RSO ik he

anal ytical scan for acquisition of a’mass speé&run1 In
configuadtioarto afficientlgritzadpareins frosotire LHT talthe dfwristrearajneast @nhlyzer and

i ons, e di.rected to a downstream nas nal yze
to focuy B PRI aPRER T BHE TP G0 BHIph B RO B oesad lecipde
section BRE Bt cH&@hr bAnT A h&Y bd- frﬁ)?@éé%ﬂ?_iah@fbd% ‘ﬂ%eoci vWH¥tream mass
Resonance (FTICR) analyzer, or a tine-of-flight ETCF)

analyzefrgstsangmal yzer), in which the mass spectrum of the
ejected ions (or their fragnents, if a collision or

reaction, cell is_ interposed,between the LPT and the
10045] goans B ihonle R GBS AR ot S Red Ba
conjundiR@ansith the de@nad dés@ﬂg@c!»ﬂ hereep)|thd ﬁr%éxgge&éscréﬁfont 18 enténiiRE to
. descri bed in PCT Publication No. \ 04/ 083805 by
illustratgiapd petlimit thy scopagf the inmentipn arhichisdiginedby: thefsceps efithon

| G ions. fr. he LPT. .t.0 it he

append%dg %géf g@%@%%g&%%g?%éées,a% r{lédlfu%toélg ffnﬁaemthm the scope of the
following blaims. shaped i on beam enmerging fromthe slot in the

HPT central el ectrode section to a narrow circul ar

beam that may be nore easily applied to the downstream

mass anal yzer entrance.
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[0045] It is to be understood that while the invention
has been described in conjunction with the detail ed
walemsnigsi on thereof, the foregoing descri pti oPCT/BS2007/087286
intended to illustrate and not |imt the scope of the
i nvention, which is defined by the scope of the
What 18PRERNIEd. cl ai 6. Ot her aspects, advantages, and
nodi fications are within the scope of the foll ow ng
clainms. What is clainmed is: 1. A dual trap nass
1. A dEHYARss Ly A TSPy Hedsing: a first
tvvo-agi mesﬁtsd?o%alr gua ?%%gfngqﬁg%%% ‘F%‘%&gg;‘?ﬁ ng an interior
regi on mai ntai ned during operation of the nass
sfost trorditmensianal guidmpole poresauiaing dreinferios tegiammbimsgined
. being confiqured to receive, confine, and cool ions; a
auring SEBRT hibe SiAvoRer BHEF oG R HOTE oS TapioB B R Giec
configitéd RCRBAIVY, chRfikd)and t8lliodson trap and having an
interior region maintained during operation of the
mass spectronmeter at a second pressure substantiall '
Beeewmditve-dimestional gsadimeole idnetrapepasitibnied adjaecanply e thregfirst ion
wep anf BEbEHh fferi @ b BGE iFnaREs BRERe PEr s ARG Egmeter e
second peei@Bistbdtantially @6lowt the firfHeest@re 2th6 8¢ RGH Mn frah BiRE bGFigared to
. mass spectrum and at |east one ion optic elenment
receiveind s6818ee Ioas arsierraderom the firshevesdiseangionalion trapend to mass
: -gured. C fer of . .1aon
sequenfily SRR SPAGE R b IFo I EINEE Fe0Bd ot o1 i m
1, wherein the first ion trap is further configured to
fat egstent iérooystic aidmerp disposdd beomeen thafirsohed sicond fud traps
roduct ipons are thereafter transferred to the second
Conﬁgﬁ “VFQHO?@FUﬁﬁggr%ﬁﬁp%§¢§@a@@e¢he dual trap nass
anal yzer of claim2, wherein precursor ions are
2. Thd & #hf thasPaddlret bf Ghind PNwhd:ER tRE HRE idnQrdp i QIRAL 8 flred ¢
4. Theﬁdljlal atalrl?gzg mass1 anal yzrer of 1cI gi m 5,1 \gﬁg{r%ei n (ihred to
fragmeptieusin@prodoetsons; end whbmiretie produbtioseamnkreater trangfemertito the
red batik.to the first ion trap for

secon dt.ra sfﬁ{r
fl?rhgﬁ% AFHAEBS The dual trap mass anal yzer of claim
4, wherein the precursor ions are accelerated to high

3. The\@RhOEdR heS BbIzaDIiclANSE, Hhefdi® PrebBosi0aORE iédMied A Fidst ion
the first iontrap to cause the precursor ions to

trap prighpefrapEnaiioget i ¢ col lisions with buffer gas nol ecul es
or atonms in the first ion trap. 6. The dual trap nass

4. The@Hal ﬁaﬁ;%aﬁfa{ﬁl ¥erq(§ i ﬁh%fe%% pf/é@ﬁrsg 3nd B 1141484 id BB second
trap I's configured to fragnent i ons by collTsIon
ion trapaartd tvaisfetred ibasloti tht fiest ion/trapTfoe fidgakntatiap appar at us of
any of the preceding clains, wherein the first
pressure I S . . . .
5. The'dual trap mass analyzer of claim 4, wherein the precursor ions are accelerated to high
velocities during transfer from the second ion trap to the first ion trap to cause the precursor

ions to undergo energetic collisions with buffer gas molecules or atoms in the first ion trap.

6. The dual trap mass analyzer of any of claims 2-4, wherein the first ion trap is configured

to fragment ions by collision activated dissociation.

7. The dual trap apparatus of any of the preceding claims, wherein the first pressure is
between 1.0x107 and 3.0x107 Torr of helium.
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between LOxIO 3 and 3.1 O 3 Torr of helium 8. The

dual trap apparatus of any of the precedi ng clains,
wob@Bsa1823t he second pressure i s between 1.0*10P@I/U82007/087286

| . IO 3 Torr of helium 9. The dual trap nass

anal yzer of any of the preceding clains, wherein the

8. Thd duabir a3 ' o1 i
T ] PR e, PSP A i
betweep ded i ny 1 Oka0 Ardorrwifidelim. t he at | east one ion optic
el ement includes an electrostatic plate | ens having an

rture, the aperture.presenting.a punpin
9. The A0\ AR T A AR AEALY Oh b Fresdmee i s wharimtag fifsb eagbesond
ion trapsiesifid S contelod Q&R dambef.aps. 11. The dual trap mass
anal yzer of any of the preceding clains, wherein ions
are masssequentially ejected fromthe second ion trap
10. The dug] trapdanass agalyess of eny ofithe prseding glaims.apheneis shesatd¢agtene ion
: e i cl aj . wherein ions are .
opc QrcBeict D% PERSEHL DAl TRyl DEAS el 0%l grpenice s
pumpirgdstctich enbBlind the palesshreldi igrefiths Sedvtah Yieefirsodndase¥ordf ion traps.
the preceding clainms, wherein ions are
sssequentially ejected at a val ue, of bet ween 0. 05
1. The fgal frag maps anafiiger @G apy o the PrRseding ﬁk@my%,éfrqheé@nw 25§ Mefe
vl ' ' ; Leingua,front |ens
Sequenpofs%f??dééf}}ggs#ﬁh??eg 8{1& %%ﬂt?{? e ﬁ% :}E(gl? F(li%%ut@? ‘ap, and a back
| ens being positioned in back of the second ion trap.
12. Thé 8ual Arapasass spagtar ofreneof the prgsedis g kipimarwhepein $asracembes-

er.at i ions fram an I ubst ance; ion optics
Sequem?ajg’ ??Cé?fg%&Ya?WgOI{%o@tWB%a&g 8?{‘%.8{?% trap ness
anal yzer, the dual trap mass anal yzer including: a

13. Th dtsltirab\Weasd hiEHsd: @fi ahy SLiRE bk&@ﬂiﬁ% cRiS, MARrAA Yo %r&fhass-
Interior reglon nalntal ned at a first pressure duri ng

sequenty br Agdieshatef valureofraplesweqne@ 07 emk@8r . the first ion trap

bei ng configured to receive, confine, and cool ions; a

14. THEGEAMALTHES ApTTAT DAY o MBBIUBRNE clflls (AR RORCk AR AT ront

fon frap a aving an

lens posieigh&ininfiinn bhiheddstdon trag saparbatk as 6€ink POsifBES in back of the
spectronmeter at a second pressure substantially bel ow
second d@qetren-r st pressure, the second ion trap being
configured to receive and confine ions transferred

15. A hBQWEARoldiEstohyaghgrensi onal on trap and to mss
sequentially’ eject the ions to a detector to produce a

mass spectrunm and at |east one ion optic el enent
dh sqrossactelfot gareratingeorsi frah anmdalyecobstanmen traps

ion optics for transporting the ions to a dual trap mass analyzer, the dual trap mass

analyzer including:

a first two-dimensional quadrupole ion trap having an interior region
maintained at a first pressure during operation of the mass spectrometer, the first ion

trap being configured to receive, confine, and cool ions;

a second two-dimensional quadrupole ion trap positioned adjacent to the first
ion trap and having an interior region maintained during operation of the mass
spectrometer at a second pressure substantially below the first pressure, the second

ion trap being configured to receive and confine ions transferred from the first two-
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configured to control the transfer of ions

t herebetween. 16. The mass spectroneter of claim 15,
wob@seis23t he first ion trap is further confi gur€dUS®07/087286

fragnent ions into product ions, and wherein the

product ions are thereafter transferred to the second

[ g r

Pl B rRan SRR Sahendly e f(0f EPRR: IEFEHEIkFroduce o

tohess fpactim;end t rap prior to fragnmentation. 18. The

mass spectroneter of claim 16, wherein precursor ions

are isglated i.n the second.ion an ransferred.
back EhEHETE PP T gred Ve r AT Hsond g traps
Ba8osbEd 66?1%1 e tﬁBsfé}@f iohd eretBieehn the precursor
ions are accelerated to high velocities during
transfer fromthe second ion trap to the first ion
16. Therlawtsae@mmseéeanélq@mééuwbmem@n 1r$toomﬁa@m¢gﬂb¢raogﬁgmrcd to

fragmeﬁp ons 1 isntg ﬁrso \Iﬁv' t1Qns2 Gné Sf/;hmg as%lg pg%fugji 108%1? t erg?, eéﬁvn%ﬂgrred to the
second(iblatrap;fo}(inawanm@ﬁg ein the first ion trap is configured

to fragment ions by collision activated dissociation.

21. The mass spectroneter of any of clains 15-20
17. Thegppase specirpmeter pEelajm é@s‘wheéeméor%@faﬂé ignsjareagplesed in fhe first ion
C rr of helium 22. The nmass spectroneter

trappn%%%ﬁ%/gnq?ﬁat gllrrs 15-21, wherein the second pressure is

between 1.0xIO 4 to LOxIO 3 Torr of helium 23. The
18. Thrmsss snzwtrbmwebéclaimﬁ lé,nyhanéinqira:iumr idms 27 iswllatedan thetdeeond ion

first. a co on tra side in a combpn vacuum
trap angd Fﬁﬂ#‘éﬁre‘ﬂ?@? “Tﬂ'ée ﬁ%&@né@gzﬁ?‘i’fgﬁé’?"é’@tw any of claims
15-23, wherein the at |east one ion optic el enment

19. TheRedsyens oMtk 8EEERSY @tw&rahaﬁ@pﬂe@moﬂ@ﬂg 418 aBélerated to high
aperture, the aperture presenting a punpi

ng
Velocmee during tramsferefroth therngcertdeiop trap suths fitstibeirepts edushdtewpaenursor
r st nd cond i 0 aps. 25..The Ss .
fons o ) Sl ST i vl melSpiehih PR s st jop e
mass- sequent | aI I y eJ ect ed fromthe second ion trap in

20. Tha niza6bdctrdineRe bt oy Holaitil€ 6B SvheRe€ the FTRti6h n@lis isddyifighred to
cl ai s 15-25, wherein ions are nmass-sequenti al

fragmeg} ions byl callisign pgtivaseddisycislipneen 0.6 and 0. 83. 27 The
mass spectronmeter of any of claims 15-26, further

. T §s @E&ﬂm@et&r c&%(vj o?@% rﬁ’iﬁff engplgégelhrt}hef fu%f‘%regguré ﬁ%etween

on trap, I ng positioned
IOXIOBmHBdTXIOﬁéFosmfdmﬁumon trap. 28. The nmss spectrorreter
of any of clains 15-25, wherein ions are
22. Tléq,lnsois Sequtreorr]rtle!,tgrl c!f yo? glteﬁr(ljs %-2?,% e!,rgﬁ?l tl?e se%orkl)f ]Enye\/(ses%?e 18 between

1.0x10™ to 1.0x107 Torr of helium.

23. The mass spectrometer of any of claims 15-22, wherein the first and second ion traps

reside in a common vacuum chamber.

24. The mass spectrometer of any of claims 15-23, wherein the at least one ion optic element
includes an electrostatic plate lens having an aperture, the aperture presenting a pumping

restriction enabling the pressure differential between the first and second ion traps.

25. The mass spectrometer of any of claims 15-24, wherein ions are mass-sequentially

ejected from the second ion trap in a radial direction.
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29. A nmass spectroneter, conprising: an ion source for
generating ions froman anal yte substance; ion optics

wo orostitgasporting the ions to a dual trap nmassPCT/US2007/087286
anal yzer, the dual trap mass anal yzer including: a
first two-di mensi onal quadrupole ion trap having an

26. The MRS 5RLtrbRGIPBr FB ARG ST Wﬂgreﬂpﬁﬁﬁﬁﬁ:gﬁ?sgfseé&ﬁtiaﬂy

_ mass spectroneter "at a first pressure, Irst 1on
ejectedtat apalveiofig beovden@ur moll @.83.r ecei ve, confine, and cool
ions; a second two-dinensional quadrupole ion trap

ositioned ad| acent .the fjrst ion trap and having ..
27. THE sk bR R ERL BT SR ohfimaiine Brieh Gorppyiving f Grymbiens Hesitioned
in frontBFIBe SRE Wl IR hRd a BAckAeSLEMEpAHit@sHRH i bSkTRN{dcahd Yon trap.
bel ow the first pressure, the second ion trap being

configured to receive and confine ions transferred
28. The mapss spestremetst of spydriipdaimis dAAAS, Mharein i9ps arednass-sagusatially

: ial | |.8Gtnt jons; and at | east one ion

chmd%g?&?ﬂépgﬁéﬁ?agﬁgégggg(%étmeen the first and second
ion traps configured to control the transfer of ions

29. A mherspbetomsser, canprisingecond nass anal yzer positioned to

receive ions ejected fromthe second twodi nensi ona
uadrupol e.ion trap, or. fragnent iops derived fromthe

& 08 eI ZoAFRITE AP FRIP 2l SPeV TS s

spectrum of the ejected ions or product ions. 30. The

Aotpdptics 6 tFRSSorBN@NE46Hs Bfa dlaBiri %a_sé"é]ﬁ[}%;ﬂ thefuaP BEORfss

ion trap is configured to fragnment ions
analyzgsfealedingsoci at i on.
a first two-dimensional quadrupole ion trap having an interior region
maintained during operation of the mass spectrometer at a first pressure, the

first ion trap being configured to receive, confine, and cool ions;

a second two-dimensional quadrupole ion trap positioned adjacent to the first
ion trap and having an interior region maintained during operation of the mass
spectrometer at a second pressure substantially below the first pressure, the second
ion trap being configured to receive and confine ions transferred from the first two-

dimensional ion trap and to mass sequentially eject the ions; and

at least one ion optic element disposed between the first and second ion traps

configured to control the transfer of ions therebetween; and

a second mass analyzer positioned to receive ions ejected from the second two-
dimensional quadrupole ion trap, or fragment ions derived from the ejected ions, and

configured to acquire a mass spectrum of the ejected ions or product ions.

30. The dual trap mass analyzer of claim 2, wherein the second ion trap is configured to

fragment ions by photodissociation.
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