METHOD AND APPARATUS FOR TRANSM TTING IONS I N A MASS SPECTROVETER
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bombardment with high energetic free electrons. The resultant primary reagent ions
then react further with remaining molecules in collisions to become stable secondary
ions. These secondary ions then cause ionisation of the analyte molecules of interest.
25  The process may involve transfer of electrons, protons or other charged species
between the reagents. In general, Cl, as a “soft ionisation” technique, dissociates the
analyte molecules to a lower degree than the hard ionisation of EIl. Chemical ionisation,
therefore, is mainly employed when mass fragments closely corresponding to the
molecular weight of the analyte molecules of interest are desired.
30 [0003] The analyte ions generated in the ion source volume are accelerated and
transmitted on an ion path leading from the ion source to a mass analyser by application

of extraction voltages to ion optical lenses, located for example at the ion exit of the ion
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20 ' analyser and analyte ions from the remaining sub-volumes are masked 'out. This gain in
narrow energy distribution width, however, entails a loss of sensitivity as many analyte
ions present in the ion source volume and potentially available for the mass analysis are
removed and thus not considered in the analysis process.

[0005] On the other hand, increasing the number of extracted ions effects a

25  wider initial energy distribution, in particular in the axial direction, and a wider spatial
spread so that the mass resolution and/or the transmission efficiency degrade.

Therefore, the efficiency of most prior art GC-MS instruments is limited either because
they are operated with less than optimal ion extraction from the source in order to
minimise the initial ion energy spread or, if the number of extracted ions is increased,

30 the performance of the mass analyser in terms of resolution and sensitivity suffers.



5 pressure el ectrospray ion source, by Witehouse et al. (US 2002/0100870
Al) in the pulsing region of an orthogonal tinme-of-flight mass
spectroneter, by Park (US 2003/0042412 Al) in a surface induced
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SUMMARY

[0008] The invention pertains to a method of transmitting ions in a mass

20  spectrometer maintained in a sub-atmospheric pressure regime. Analyte ions are
generated in a conventional manner by an ion source via electron impact or chemical
interaction and extraction voltages are applied for transmitting the analyte ions through
an ion exit at the ion source in an ion beam to an ion path leading to a mass analyser. In
accordance with the principles of the invention, the extraction voltages or a geometrical

25 dimension of the ion exit, or a combination thereof, are configured such that a (wide)
distribution of analyte ion energy results. Subsequently, the extracted analyte ions are
transmitted to an ion guide located on the ion path upstream of the mass analyser. The
ion guide is supplied with an interaction gas for a physical or chemical interaction with
the analyte ions. At least one of an inner width of the ion guide for passing through the

30 analyte ions, operating voltages applied to the ion guide, a pre-determined length of the

ion guide along the ion path, and a pressure regime of the interaction gas in the ion



[ 0009] Locating an ion guide, preferably imedi ately, downstream of the ion
source on the ion path and supplying the ion guide with an interaction gas,
so that the 5analyte ions being extracted fromthe ion source are subjected
to gentle collisions mﬁth the particles of the interaction gas, allows for
ution to be reduced while the
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the ion guide, or any conbination thereof
offset caused by ah inevitable thermal energy content and avoiding a back motion of the
ions). In this manner, the axial motion history of the analyte ions is deleted bringing
about a basic motion state from which a further, controlled, motion of the analyte ions
20 may be started. In this case, a driving force can be exerted on the thermalized analyte
ions for further driving them forward, especially over the remaining distance up to the
output interface between the ion guide and its surroundings, and transmitting them on to
the mass analyser located, preferably immediately, downstream of the ion guide.
[0011] In particular embodiments, the driving force exerted on the thermalized
26 analyte ions can be brought about by a direct current (DC) electric field gradient
established along the ion path in the ion guide, by a Coulomb repulsion from analyte
ions subsequently entering the ion guide, by a tailwind effected through the interaction
gas from a point along the ion path where the interaction gas is supplied to the ion
guide, or any combination thereof.
30 [0012] The magnitude of the DC electric field can decrease from the one end

where ions enter the ion guide to the other end where the ions exit the ion guide, as



30[0012] The magnitude of the DC electric field can decrease fromthe one
end where ions enter the ion guide to the other end where the ions exit the
ion guide, as described in patent application US 2010/0301227 Al (F.
Muntean). I n a quadrupol e design, the DC electric field gradient may be
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20 [0015] In further embodiments, the ion extraction voltages may amount to
between about 0 and 500 volts. The ion exit preferably has a cross section area,
through which the analyte ions pass, of between 0.25 and 400 mm?. The term extraction
voltages is to be understood in a broad sense, such as a means for driving ions from
one location to another and may, for example, include push voltages supplied to an ion

25  repeller plate situated in the ionisation area. The ion push (repeller) voltages applied in
operation of the ion source may amount to between about 0 and 500 volts. A tube or
aperture lens, being supplied with pull voltages in another embodiment, can be situated
at the ion exit of the ion source. The geometrical dimension of the ion exit preferably
includes the aperture diameter, the inner tube radius and/or a contour of the tube rim.

30 [0016] The interaction gas may be a collision gas for essentially non-

fragmenting collisions with the analyte ions. Preferably, it is a light gas in order to



fragnmenting collisions with the analyte ions. Preferably, it is a light gas
in order to provide small energy |oss per collision and avoid
fragnentation. The extent of fragnmentation of the analyte ions in the ion
guide is preferably kept below ten per cent. Heliumor any other suitable
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Coulomb repulsion, as the case may be, can be a result of continuously incoming ions
of same polarity.

[0019] In further embodiments, the gas inlet may be located in a centre region
of the ion guide along the ion path. However, other locations are also conceivable. The

20  pressure of the interaction gas in the ion guide preferably peaks at a position of an inlet
through which the interaction gas is supplied. The peak pressure level can amount to,
for example, between about 10 and 10 Pascal. The pressure profile may be
trapezoidal. The pressure then decreases slowly inside the ion guide from the centre to
the ends. Finally, it decreases abruptly outside the ion guide to the background

25  pressure in the second vacuum stage.

[0020] In some embodiments, the ion guide may be curved having an angle of
curvature, for example, of between about 30° and 180°. With a curved design the input
axis of the ion guide does not coincide with the output axis so that ions passing it are
defiected by the radially focusing fields of the ion guide. Thus, it may provide a line-of-

30 sight isolation of the neutral and metastable molecular species generated in the ion



[ 0020] In sone enbodi nents, the ion guide may be curved having an angl e of
curvature, for exanple, of between about 300 and 180. Wth a curved design
the input axis of the ion guide does not coincide with the output axis so
that ions passing it are deflected by the radially focusing fields of the
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or square, and in certal n enbodi nents, at |east for the section facing the
|nner \ﬂrnwrhnmenttnéthamng;ulcﬂe(mrhlg@eeomd vacuthe stagedr wi dth of the |on gw de,
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downst rgedde, hyperbolic. The inner width of the ion guide, shaped by surfaces of the pole
20 electrodes, may have a square cross section. In certain embodiments, the inner width of
the ion guide is smaller than an inner width of the mass analyser so that ion
transmission from the ion guide to the mass analyser may proceed without geometrical
losses. As before, the ion guide and the mass analyser can be located together in a
second pressure regime generally between about 10° and 10™ Pascal.
25 [0023] Preferably, the mass analyser may comprise, sequentially downstream
of the ion guide on the ion path, a primary mass filter for selecting parent ions, a
fragmentation cell for collision induced dissociation of the selected parent ions, and a
secondary mass filter for selecting and/or scanning the resultant daughter ions of
interest. In this embodiment, the mass analyser can be also supplied with a
30 fragmentation gas, such as argon, which is different from the interaction gas supplied to

the ion guide, in particular in terms of pressure and molecular weight. In some



of the ion guide on the ion path, a primary nmass filter for selecting
parent ions, a fragnentation cell for collision induced dissociation of the
sel ected parent ions, and a secondary nass filter for selecting and/or
scanning the resultant daughter ions of interest. In this enbodi nent, the
mass anal nbe al suppl i W|tha30fr ment atj on S, Su as
rgon. SRPERMSTE; § SBPRA-PIHEHLeY o8 EadoraRgREeipisn WoRTarro Rt tion

gui de, himBAS fagskifer.i n terms of pressure and nol ecul ar weight. In sone
enbodi nents,” a short RF-only pre-filter can be |ocated i medi ately upstream
of the pri naﬁOQZﬁaskﬂ \fariotuerembodmen[tS)@Qa]operatmgrvqﬂageerabpﬂedrtmtra |onrg&nde
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pressure | evel preferab %/ﬂfl s about between 10-1 and ascal . The |l ength
of the ReaAk @f@@ﬁuwlsnelrprte ablcms gbputbetweens Gbeangdn F’oﬁf@at Thedeagtteof the

cent i mebh Sy WARFRhe! 8 LUIddely BIRRRIIBNLE (A8, O Alififeipls LS ends ey

have an aperture ree S|gn I ansm ssion in and

out. In thig0025E, Intfheh@aembOdieerits] thedoh goRle ddtsseidseved vedesapemnad-i n
the af orenenti onedﬁ%rtent US 6,576,897 in conjunction with a fragnentation

cel RO HER R ST (R MRS IDRATANICRIST 00 2B pNd 19wt i RVBISIGaSE, Hhend8% bet t er
under st QR thern?f’r%fef bé‘gcﬁI?Vé@%SfO@S g%@?ﬁ ﬁ{é dbRth&stion E&gp&@ﬂpege@g% igy7t he

figures are not necessari to scale, asi s 1 nstead bel ng placed upon
|IIustnamongwmhenpmﬂmmﬂpgeanumdmmemnventlon. In the figures, like

ref erence nuneral s desi gnate correspondi ng parts throughout the different
Vi ews. [0027] Figure 1 shows a top view of an enbodi nent of the

apparatus according to t heBngygggbR@T,o&p&,Qﬁ@bRﬁm§ 2 shows a closed view
of the ion guide with a gas inlet located in a centre region;
gi0026] The invention can be better understood by referring to the following
15 figures. The components in the figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the invention. In the figures, like
reference numerals designate corresponding parts throughout the different views.
[0027] Figure 1 shows a top view of an embodiment of the apparatus according
to the invention;
20 [0028] Figure 2 shows a closed view of the ion guide with a gas inlet located in
a centre region,;
[0029] Figure 3 shows an exemplary pressure profile along the ion path in the
ion guide when the inlet is located roughly at the centre as shown in Figure 2;
[0030] Figure 4 shows exemplary axial energy distributions of ions before and
25  after traversing the ion guide;
[0031] Figure 5 shows the effect of introducing a collision gas in the ion guide;
[0032] Figure 6 shows the effect on ion sensitivity and mass resolution of
introducing a collision gas in the ion guide;
[0033] Figure 7 shows the effect on ghost mass signals of introducing a collision
30 gas in the ion guide;



[ 0029] Figure 3 shows an exenplary pressure profile along the ion path in
the ion guide when the inlet is |ocated roughly at the centre as shown in
Figure 2; [ 0030] Figure 4 shows exenplary axial energy

di stributions of ions before and 25after traversing the ion guide;

[0031] Figur hows the effect of introducing a collision gas in the ion
gui de; | ooszﬁooﬁﬂijuﬁeua& Siebastthe eéﬁepbeﬁmtmdu@ﬁgﬁﬁmmioally {eagtiye gasdn the

r esol Ut','gﬂ WBdeintroducing a collision gas in the ion guide;

[ 0033] gq.lre 7 shows the effect on ghost mass signals of introducing a
collision 30gas in the ion guide; [0034] Figure 8 shows the effect
of introducing a chemcally ream___i ve 8@ i n the ion guide. DETAILED
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i ons pran:u'sédpeaoﬁthenmrﬂmcw@@ﬁr%m&ﬁﬁweaé@md @am“r‘oly Q, @, Bin
accordance with an enbodi ment of the invention. The mass spectroneter is

nmounted i n d0A36kifrigureod is atmlarmseheraatic akal masstspectepmter ivclgingian st ages

10 106 at

t el Ces Toerufg 16 BBIdsR 18glpraBlincne 18R FREF REaLAKLR ik 1%yt nom o
t he 1Sarcaiyvssdr ageembiyoQ1g@2d Q30 écmrmmvmeniammamén@bf tre ipventsn, TRSS
filter QL, a curved guadru pol e fragnentation cel] providing a U-turn of

the i orlMPsd ﬁpecd*mn%te &BRyatsd We%éowng d00gwhigh @@P\r'aﬁdw wmaeRRrakR:t ween
the ion QHFnCﬁaéQéHgQA Q@ZBOQn(Qj%ﬁ?rlgés LhEiorcl ign s PP&%JO‘& OJ‘Ie?‘\glfhﬁé 1584
11 t opposing ends o the

and ion detecto are provided I'on pat
mass sEddthe eribpéthe iDunesauoca @4 parextacting igrag And ansmitting theérhdo the
15 quadrupole ion guide QO for gas-phase interaction, a primary mass filter Q1, a curved
quadrupole fragmentation cell Q2 providing a U-turn of the ion path, and a secondary
mass filter Q3 in serial alignment between the ion source 104 and an ion detector 112.
[0037] lon source 104 and ion detector 112 are provided at opposing ends of
the ion path in the mass spectrometer. Due to the particular path settings in the
20 embodiment shown, the ion source 104 and the ion detector 112 are located
immediately adjacent to one other, separated only by intermediate walls 108 (dashed
lines) bordering the two vacuum stages 102A, 102B. An ultra-high (turbo) vacuum
pump, not shown, may be disposed in the housing 100 to maintain the two vacuum
stages 102A, 102B evacuated. Evacuation holes, not shown in Figure 1, may be
25  provided at different positions of the housing 100. Lens tube 106 and ion source 104 are
positioned in a first sealed region of the housing 100 provided by the walls 108 and a
sealing ring which engages a cover, both not shown, to provide the vacuum seal.
[0038] In this embodiment, at the centre of the ion path along the quadrupole
ion guide QO a gas inlet 110 (Figure 2) is provided for introducing an interaction gas into
30 the quadrupole ion guide QO. The iniet 110 may be provided with sealing means such



20 enbodi nent shown, the ion source 104 and the ion detector 112 are

| ocated i nmedi ately adjacent to one other, separated only by internediate
wal I s 108 (dashed lines) bordering the two vacuum stages 102A, 102B. An
ultra-high (turbo) vacuum punp, not shown, may be di sposed in the housing
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applied to adjacent pole electrodes. The pole electrode profile at
inner urfaces in this enbodiment is generally square as illustrated in the

pergnect Ve BpED Hialll bR SerTa AR TR RS e BT,
inlet HlRdaspsidamglidef@whenlan hidgtrond £8hdvwin i FRJUNE @ ik 9Bode@in hltentren
guide QO In this exanple, the pressure has an approximtely

region of the ion guide Q0. In this example, the pressure has an approximately

trapezoidal profile along the axis of the ion guide. The pressure level peaks at the

position of the inlet 110, decreases slightly toward both ends quasi-linearly, and then

20 falis off abruptly to the overall average pressure level in the second vacuum stage

102B. Other pressure profiles than the one displayed are conceivable.

[0042] Preferably, the settings of the lens tube 106, such as the pull voltages
and/or the geometrical dimension of the lens tube, and the settings of the ion guide QO,
such as DC and/or RF/AC voltages at the pole electrodes, the extension along the ion

25 path, and/or the inner width, are chosen in line with the magnitude of the gas pressure
in the ion guide QO such that the ions have sufficient axial kinetic energy to reach the
position along the ion path in the ion guide QO at which the inlet is located before being
thermalized by the gentle, non-fragmenting, collisions with the interaction gas. Thereby,
gas flowing out from the inlet 110, from this point on the ion path, may act as driving

30 force and accelerate the thermalized ions towards the output end of the ion guide QO for

promoting further transmission to the subsequent mass analyser.
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trapezoidal profile along the axis of the ion guide. The pressure |evel
peaks at the position of the inlet 110, decreases slightly toward both ends
quasi-linearly, and then 20 falls off abruptly to the overall average
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mot i on [0045] Distribution 2, shown on the left in Figure 4, is exemplary of ions, which
have traversed an ion guide configured and operated in accordance with one
embodiment of the invention on their way to a mass analyser. By supplying the ion
guide with an interaction gas for promoting gentle (non-fragmenting) collisions with the
30 ions, and by co-ordinately choosing settings such as the pressure level of the interaction

gas, the extraction voltages at the ion source, the geometrical dimension of the ion exit
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25w thout interruptions), and tine-of-flight arrangenents are used for nass
separ ati on. [0045] Distribution 2, shown on the left in Figure 4, is
exenpl ary of ions, which have traversed an ion guide configured and

oper at ed in accordance with one enbodi nent of the invention on their way to
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The curomtibiemnfi guration of the exenplary 90 curved quadrupole ion guide QO

allows a longer interaction cell in a smaller space and results in | ower
oper at i onal [§Pé§ls uthes cuiygd Qonfig weatiop pf e ﬁ&ﬂm@lﬁﬂ §8d cHaad YA UPAIEEOB quar e
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to acc pressur e necessity aperture before and
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pressure drop. The necessity for a small aperture before and after the quadrupole ion
guide is obviated since, in the example shown in Figure 2, an open gap is used at either
end thereof.

[0047] The continuous rod design shown in Figures 1 and 2 reduces
20 mechanical cost and simplifies the electronic design. However, at least one of the pole
electrodes may consist of segments, which are supplied by an incrementally rising or
falling potential in order to establish an electric field gradient for driving the ions. The
interaction cell Q0 shown is lens-free thus reducing ion node effects. Further, with a
longer interaction cell, lower pressure operation is permitted by increasing pumping
25 speed. A 180° implementation of the ion guide, not shown, would have the same effect
of permitting neutral particles to be removed from the ion path, because they are not
focused by the RF fields and travel essentially in a straight line as indicated in Figure 1
for the embodiment with the 90° design.
[0048] The square quadrupole inner width cross section as shown in Figure 2
30 allows a field free region in the centre of the dipoles, further reducing ion node effects

and bringing about a broad stable mass range for a given RF amplitude. An appropriate
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20mechani cal cost and sinplifies the electronic design. However, at |east
one of the pole electrodes may consi st of segnents, which are supplied by
an increnentally rising or falling potential in order to establish an
electric field gradient for driving the ions. The interaction cell QO shown

is | - f h dyci ' nod ff ., Further, with | .
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range of energies. [0049] \Wile the apparatus_has been described wt

refere Cf'geg’ q @&LPN&Q%@H@J&%W@? ailineapes dBY peyryRdidesign ¢ Pat i ve of the

i nvgnt i i i b T ' ion.
e PRIl 208y St SOEGARI SO o U DO8 QISR pllBign
t he polbuteithenrcandigsratmniserannes emipddysdowithibéhe sedtextiohthesineemtmmosi t e

silicon carbide | oaded alum niumalloy. Wile a 90 curved quadrupol e ion

gui de iBxdlAphy meaduréeats confi gurations such as a linear or 180 curved
design can be 10enpl oyed. The square cross sectional configuration of the
pol e el ect r J8880] sThsr éprerkanahof Figune b hows gtime sejies efdhewsllisign eged

w thin ﬁrQESLﬁQQE%a&fuﬁi@?iri fhesBh ig(&'ﬂje situated between the ion source and the
15 quadrupole mass analyser, as shown, for example, in Figure 1. In this case, however, a
180° curved quadrupole ion guide is used providing an ion path length of about eighteen
centimetres. At about 0.75 minutes on the time axis helium as collision gas is introduced
in the ion guide Q0. The gradual pressure rise is easily observed. Prior to the
introduction of helium, at low pressure, a first mass spectrum of perfluorotributylamine
20 (PFTBA) is taken (see flag 5A in the upper panel). After the final average pressure level
(in this particular example, about 1.3 Pascal) is reached, and the voltages supplied to
primary mass filter Q1 are adjusted for retaining a comparable peak width (herein
always with respect to the full width at half maximum, FWHM), another mass spectrum
of the same compound is acquired (see flag 5B in the upper panel). In comparison, the
25 two mass spectra 5A and 5B in the lower part of the figure exhibit the sensitivity for the
fragment ions of the compound to be enhanced by more than factor three. One of the
least stable fragments, at m/z 219.0, still grows by a factor of circa 2.5.
[0051] Small deviations of peak position between individual mass spectrum
acquisitions are not relevant to the present experiment as they may be attributed to

30 slightly varying peak shapes affecting the determination of the centroid position, such
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Exanpl e nmeasurenents [0050] The upper panel of Figure 5 shows a tine series
of the collision gas pressure (arbitrary units) in the ion guide situated
bet ween the ion source and the 15quadrupol e nass anal yser, as shown, for
exanple, in Figure 1. In this case, however, a 180 curved quadrupol e ion
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observed. Prlor to the |ntroduct|on of helium at |ow pressure, a first

mass spect r uf@0d2] peighirai6isanother gkampleobiherFEBADf introdaking Halieen, fih #iijs5A i n

th | Af t t f |, (in thi :
par 1 Curane SReineR & P Boup 15vel Ravell TR LaR 14 SunPrie bh el Aetip i e
to pri nfhéMoﬁ@&fdef provRies@bout Rigtbers b@@hrﬁ@ﬁeé @f @ngcbana léhgﬁﬁ NHarahhé pRaRK
width (herein always with respect to the ful maxi mum F

anot herPRfiesalyp&c? 3 thinstudind waneredelgduhle MQP%cﬁmddmm%wﬂme@of thet he
t
pore of RSP Rksididfed B 19, 08 3) SRERAhE 1081 AllnoBP ot gy iy '

conpounat the idredetelctore inderbytiomyas phegsuradt the ibhrgtide Qoearmd pedle widthdh nsifliabl e
fragnents, at rniz 219.0, still grows by a factor of circa 2.5. L0051]
Smal | CEQIMIE MRS wtsp@épestﬁvbﬁly.%ﬁca@tbmm helivmdetrafesd i @bort 65

acqyi sihj e’ ant to the present experinment as they nmay be
attri but ngl to 38ne?‘ﬁ ht y?é\//aryl ng peak shapes affecting the determ nation of
t he centroi d0p63] tlndotal daghmeasurenoents 6#nfol €D are skogurtekén ahémessi tion at

S L AT o P G, TR n P B SRR,
| nt r odygpeambst bé’rﬁél dridetffirg tﬁ@é@]@gﬁéﬁt @bcéd@rreﬂﬁﬁé'tﬁ &hd le?égé%fofatﬁélﬂﬁa% 3

Pascal , in the quadrupole ion guide. Again, he 10 I’OVI des about
ei ght edilfe 8t areduned forf balancmgthm trengmlsannea@d peal V\p@?%k Witho $IILEn Presant in

upier (D MrLOUBE B B By A e ok B B ERreadhe B o SunBAT T BEL Sy Sl e

of i on canwd exglhinebdavitPthed@eanbifationndfeh@kinetie rsgPbLERUbAS idlrih§ehé on
guide QO and peak width in mlli-atomc nmass units, respectively. As can be

seen, ENtlamollisigns; nbirhcearsas apignificansgnergy reduction. The thermal energy of the
ions may then not suffice any more for overcoming the electric field barrier at the

entrance of the first mass filter Q1 when using the voltage settings adjusted in the

20 absence of helium. Consequently, the voltage settings have to be tuned in order to
again obtain comparable transmission levels. Four total count steps are visible, in each
of which one of the mass spectra 6A to 6D is acquired. Panel 3 of the triple stacked plot,
the lowermost, shows the resultant peak width corresponding to the different system
settings displayed in the panels on top thereof.

25 [0054] In the lower part of Figure 6 the four mass spectra corresponding to the
acquisitions 6A to 6D are shown. Acquisition 6A features the peak shape when no
helium is present. The voltage settings of the first mass filter Q1 are set such that a
peak width of about 0.7 atomic mass units resuits. Acquisition 6B shows how, after
introducing helium, the ions lose kinetic energy to the point where it is generally

30 insufficient for overcoming the aforementioned electric field barrier, so that many of

them are effectively blocked from passing through. At the same time the ions are
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10m nutes on the time scale. [0053] In total, four neasurenents 6A to 6D

are shown taken at tinmes designated by flags in the upper tw panels. The
changes in the count profile in the uppernost panel arise fromthe

adj ust mrent procedure when the voltages of the mass filter QL are tuned for

bal anci lon transm ssion and peak width., Wth heli present. in 15the ion
il de. BRUSEOINSR e Sr PBroR akiecsd fi diebearegiectsl B B ephaupctape
behavi opas€ #fleP 184 A urff e}fflciéﬁ@y.t/@é B effe&f tHé"&rﬁ"éfitlﬂth' i€ oRRer gy of

the ions during the gentle collisions, which causes a signi nt energy
r educt i gightlyiéghdreomepared o ggquikitiohéA. dhrothayeffentis that thripéak eshaps londkse f or

overcom,.ng the.electric field barrjer.at the entrance of the firs SS
1Tt er dntyiagh o Aod ey edl i I il 2 i, Wi Fiorh e vl BhelSls
hel isum o GgngemtemMaky unith oalusadmly e MdgBeheryetié rizinitHe Astibutrigle t 0
agai n obtain cog‘ﬁarabl e transm ssion |levels. Four total count steps are

vi si bl elransinigtgdihugiihe firstmeass filtereQhass spectra 6A to 6D is acquired.

ach vorredoBRal 1B RotbRELGHAPehIet BTFEAR 1R gL Ruger Y Pot
panel s guyuishion BEr esdults 2dpdodlLbingeeliuavand pajusting tie gpeeatingtvaitagesiof mass

spectra corresponding to the acquisitions 6A to 6D are shown. Acqui sition
6A f eattipdistass il QhdoRiAKiNGa sinallarusspitipn &f @hput GHAtRIIE MASSIKYS| ngs

f th ' . Ll . O . WM f 7
at o ¢ TeeS b5 bethBt i egicBhe s Aol WA intbHLong nABAtand
hel i umadjbstingothe dpesating neltagesdoepbiaining bettepspedtraliiesaution,iisn gransmasdign
hat  mBTICBROY AEAAERS (8F SEER VLIS SR EUNIB AT JREr e UhABIGRTORC D he. sams
tine thgnileoRs e %mEQ%@,eéjsibﬁ%éHtl H@h@(irésd?ﬂ]tidrh@f 0.98 Asniema8s Updk i hey

are injected in the first quadrupole™mass filter QL with maxi num
ef fici eantNevells a conbined effect, the sensitivity is only slightly higher

cOTB o OB P Soub PR B 51 e b bbb MR NS, o5,
o RS S B et SRS e
fe ,n|e[ gretplg():filleopnesakI oq‘ t;]e le3FTIBSA 1Erlag:l1]1ent at m/z 502.0 and the effect of irﬂroducing helium
into the ion guide. In acquisition 7A, without any interaction gas, a false mass peak
commonly called "precursor" at m/z 500.9 appears, which is an artefact originating most
20 likely from contamination of the analyser electrodes. Acquisition 7B shows the same
mass peak profilé when helium is introduced and the voltages of the first mass filter Q1
are adjusted in respect of comparable peak width. The actual peak magnitude increases
about a factor of two, and the artefact peak at m/z 500.9 almost completely disappears.
This effect may be attributed to ion collisions with neutrals prior to the actual mass
25 analysis. Reducing the energy spread, and in particular the radial extent, of the ion
beam transferred to the mass analyser not only increases the transmission of the mass
filter but also keeps the injected ions in the centre, farther from potentially contaminated
rods, so that any interference originating from the contamination is reduced.
Additionally, the introduction of helium also improves the peak shape favourably.
30 [0057] Figure 8 shows the effect of introducing methane gas as chemical

reagent in the ion guide Q0. Comparing the two spectra 8A (without methane) and 8B
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[0055] In contrast to that, a magnitude increase of about factor three,
shown in acquisition 6C, results when introducing helium and adjusting the
operating voltages of the first mass filter QL for obtaining a simlar
resol ution of about 0.7 atomic mass units 10resenbling the settings in

acquisition 6A. Alterpatively, when introduci ng} hel i um and a?ITj] usttj ng t he
oper at | §thvsethages. ans agtaustinoder heradipstajest of e veltagesiatdhe miass filte

; Y P - ¢
count s PaeR e dREFYp Rk e It e B0 o S G, R R e el
r esol utpeak signétutés. dh particuters theuiornatios ohdlffeeeetdond, 5hethaéE reagemntsart! shows

how t he jon quide cap be used to enhance the robustness .of uadr upol e
mss arigSernarasErisiC BEPREIVerFBeE L AR, ACKBFAlG 2 alky MapeeHESprTEA
f r agmenyitdndtRate ROS<Aried B;Wﬁ]e%&%%u_em al cHenRiEHChBifibstion BribMOmble 1 on
guide. In acquisition 7A, wthout any interaction gas, a false mass peak
conmon| 3nalydis ddentification ©f uhkaown ndrs BRG.te imreved., Astiiectasesman be; t ef act

originatin st 20l kely from contam nation of the analyser el.ectrodes.
Acqui o TReTaneHBRRleh e oHa Coe AR e Stvite AntEsRBRIEE AT r cduced
and t hgniptdragess of the first mass filter QL are adjusted in respect of
conpar abl e peak wi dth. The actual peak nmagnitude increases about a factor
of two, and [0A88Llt wilkle upderstead tha vatouasperis or details«f dhg inyiestipp &% .
Thi g effe t i o j (JPEY ki rﬂ@&ﬁ i.or to the
act@al kIrreuatgﬁsa an\gﬁr}@?ts({.ép%gﬁﬁtfgfré@ ﬂth%erg C(gﬁérdé;ﬁés)g'rﬁl 8\3’8§H'an i(%mpoz?lto{hgul ar the
radi al ferdgoivig dedcripgtioniis forithapurpestsbfilinsteation drilg, ared notafioakiys purpose afnl y

i ncreases_ the transm ssion of t{i:qe ss, filter but al sqg keeps the injected

i ons i AINYiHRY &g tvention, WikgP 1§ de %&?‘é’ﬁm%}ﬁw FRANGEARARIEY 1 ods, so that any
interference originating fromthe contam nation is reduced. Additionally,
the introduction of heliumalso inproves the peak shape favourably.

30[ 0057] Figure 8 shows the effect of introducing nethane gas as chem cal
reagent in the ion guide QO Conparing the two spectra 8A (w thout nethane)
and 8B (wth nethane), and accounting for the adjustnment of the voltages
at the mass filter |ocated i medi ately downstream fromthe ion guide as
before, reveals different spectral peak signatures. In particular, the
formation of different ions, nmethane reagent and others characteristic of
positive chem cal ionisation of background air/water nolecul es

16



5 wth methane is observed. By neans of such a chem cal nodification prior
to mass analysis, identification of unknown ions may be inproved. As the
case nmay be, chem cal nodification m ght prove useful for identifying and
elimnating matrix interferences. [0058] It will be understood that various
aspects or details of the invention nay 10be changed without departing from
the scope of the invention. Furthernm®€AMShe foregoing description is for

t he purpose of illustration only, and not for the purpose of limting the
invention, which is defined solely by the appended clainms. CLAI M5 A nethod

of transm ttAngethodof trandniiBiag iGReidtd AERESpelBYMREeEivitg) af GoH §6uetwitian
ion exit and a nmass anal yser and maintained in a sub-atnospheric pressure

regi me, conp?M AMexit arg genasaenalysenand maintainedi i a sHo-pEROSNAriearessure

5(b) appl yi ng. |tages for extracting analyte ions through the
ion exit, whe %éa%%eBexwacti on vol tages and geonetrical dinensions of the

ion exit ar e(a()onfgegtﬁretinganalym ioms ieties gy sbuste;i bution width of extracted
anal yte ions _ is nmaximn sed; g“érétransm t| n& t he extracted anal yte ions
ke a

thrdugh an i@ guARRIYIPG &X YoHaRaRIy 8X ctmgeanqmtegugpaéhrg@g ghe i ed
with an interactigg mrelﬁrtﬁe%%ira(%ﬁ’&ﬁ \/SIEH e to tﬁﬁé\%%ndé‘i‘@m% s%‘né e W dth

of the ion guide, operating voltages ap I on engt h of
the ion guide, andn@xpjrzﬂemnﬁgmfedtS@ethlahaemfg;odlsgdmtlgo WIdttt oft¢véramed yte
ion energy distribution wd narrowed and the analyte ions are
collimated w thi na’FH\ét i'B° ljd“éé'm' %dz The nethod of claim1, wherein, in

step (b), f‘(n%)eXttfa"ﬂsImmrthmbte%@%teﬁlﬁ'nél?@mhé ietgrab H'afﬂﬁﬂﬁlg?ftﬁe & t‘hecrﬂaéé gured
S0 A A e veer, the ion guite Being fed with Qr‘{".xr{te”Fa%ﬁSn gas; and
(d)  configuring at least one of an inner width of the ion guide, operating
voltages applied to the ion guide, a length of the ion guide, and a pressure
of the interaction gas so that the analyte ion energy distribution width is
narrowed and the analyte ions are collimated within the ion guide.
15
2. The method of claim 1, wherein, in step (b), the extraction voltages and
geometrical dimensions are configured so that a number of extracted analyte

ions is maximised.

20 3. The method of claim 1, wherein in, step (b), the extraction voltages and
geometrical dimensions are configured and step (d) is performed so that the

analyte ion energy distribution width in a direction of ion travel is narrowed.

4. The method of claim 3, wherein step (d) is performed so that the analyte ions are
25 thermalized in the ion guide, and wherein the method further comprises exerting
a driving force on the thermalized analyte ions to drive them towards the mass

analyser.
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203. The nethod of claim 1, wherein in, step (b), the extraction voltages
and geonetrical dinensions are configured and step (d) is perforned so that
the analyte ion energy distribution width in a direction of ion travel is
narrowed. 4. The nmethod of claim3, wherein step (d) is performed so that
the anal yte ions are 25thermalized in the ion guide, and wherein the nethod
further conprises exerting a driving force on the thermalized anal yte ions
to drive thefhdé ananes of E%lﬁ%%h@?@h%ﬁ?@flvw@ foldiFisBlehied tgfoﬁé 8f fafrecthier ei n
the driving torce 1s exerted by one o ditrect current electric tield
gr adi ent estebrenttedectde fialy gnadiemt eptatished alomg amioguiath in Ceulcorduidepul si on
from anal yt e~.i ons ,subs tly entering the io dra force
br oduced by SBURTEERSIER Bor aBRE O3 sybSeq fPisiad the oRg ik aP0R pat h
at which t hedﬂagtf@fc@cémancg@gylnso@m&hﬂ &tdhé %tél‘h%tlbﬁrgagtﬂdiﬁ a fointlAiBngRk&0d of
any one of clains wherein step (b) conprises applying extraction
vol t ages betlﬂémt%ab%mmallmtﬁr@tml gas igrsyipptied {othesiongrtide.met hod of any
one of clainms 1 to 6, wherein step (d) conprises applying operating
voltages to the ion guide with frequenci es between about 0.2 and 20
negaherg.z anm@mthcbwdﬁan;behwnlawbstt@rﬂ lvﬁiérmrﬂstépl(b)sc@ﬂdné& Epplgingl t s
peak-topeak. 8.The method of any one of clains 1 to 7, wherein, in step
(c), the int@fEastipByolages Betvadh sybstantiafyd velisanshPA@ yPkS t hat have
fragnenting collisions with the analyte ions. 209. The nethod of claim
8, wherein the interaction gas is helium 10. The nmet hod of any one of
clainms 74 to The wiethad of amynose ep claips 1ttbes, iwheremetteprid geamprises applying

operating voltages to the ion guide with frequencies between about 0.2 and 20

megahertz and amplitudes between substantially O volts and 10 kilovolts peak-to-

peak.
15
8. The method of any one of claims 1 to 7, wherein, in step (c), the interaction gas
is a collision gas with molecules that have non-fragmenting collisions with the
analyte ions.
20 9. The method of claim 8, wherein the interaction gas is helium.

10. The method of any one of claims 1 to 7, wherein, in step (c), the interaction gas

is a chemically reactive gas that chemically modifies the analyte ions.

25 11.  The method of claim 10, wherein the interaction gas is one of methane and

ammonia.

12.  The method of any one of claims 1 to 11, wherein in step (d), the pressure of the

interaction gas in the ion guide reaches a maximum at a position of an inlet
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is a chemcally reactive gas that chemcally nodifies the anal yte ions.
2511. The nmethod of claim 10, wherein the interaction gas is one of nethane
and anmoni a. 12. The nmethod of any one of clains 1 to 11, wherein in step
(d), the pressure of the interaction gas in the ion guide reaches a maxi num
at a position of an inlet through which the interaction gas is supplied to

the ion gui dérougiiwhichrtbginteseionateis syeplied nthe ipnigyide, andyigiraducechat

met hod of cl & . n maxi mum pressure of the interaction gas is
subst anti al Igﬂh%‘ég)\%lgﬁﬁﬁgfq{%é%ﬂ%ascal. The met hod of any one of clains 1
to 13, wherein in, step (b), the extraction voltages and geonetri cal

di mensi gns e configured and step (d) is perforned so that |ess than ten
per cenfgof a-hﬂ"‘é "Aé@@?gc?ﬁﬂ§%a?"é‘_eﬁ‘§éﬁ%m ik PT?éSP%Oé)WF’d@t.e_rW@W%% of
any fone of Cét?déﬁntﬂallgcbe%ﬁeeﬁ‘ﬁgzﬁaida $0 PRsE4) conprises generating the

analyte ions fromanalyte no es entrained in a gas supplied to the ion
source froma gas chromat ograph. The nmethod of any one of clains 1 to 15,
wherein, fhe fon squrce.i s maintajned in first. pressur ea havj.ng a

bt essur E-bet HEEMEREBEATy Be e 46, T auiserPhoies BribSRaRsio: el ai m
16, wher ei n JdKagesandudebmatiidal dithe R ichsdral corfiuriceand SRIped) idp&rfePtaNSo
pressure area having a pressure between substantially 10-5 and 10-1 Pascal .
A mass spectthahiessthamien pemeantiof the snalyta ivns stie fiagmgrded in theriegigwide.
comBrising: 25an ion source for generating analyte ions, the ion source
having an ion exit through wth the analyte ions are extracted via

extractifn Vihd agtisod vhaimebne ofielaint ratot 14 wherkinagtep (ancoropased getsaating
di mrensions of the ion exit are configured so that. an energy distribution

wi dth of extth@@@ltairnsfrem alytednalgcules sidrainedind 9as sHpRliad tojihg fon

source from a gas chromatograph.

15 16.  The method of any one of claims 1 to 15, wherein the ion source is maintained in
a first pressure area having a pressure between substantially about 10 and 1

Pascal.

17.  The method of claim 16, wherein the ion guide and the mass analyser are
20 located in a second pressure area having a pressure between substantially 10

and 10" Pascal.

18. A mass spectrometer maintained in a sub-atmospheric pressure regime,
comprising:

25 an ion source for generating analyte ions, the ion source having an ion exit
through with the analyte ions are extracted via extraction voltages, wherein the
extraction voltages and geometrical dimensions of the ion exit are configured so
that an energy distribution width of extracted analyte ions is maximised;

a mass analyser; and
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an ion guide that receives the extracted analyte ions and transmts themto
the mass anal yser, the ion guide being filled with an interaction gas,

wherein at | east one of an inner width of the ion guide, operating voltages
applied to the ion guide, a length of the ion guide, and a pressure of the
interaction gas are 5configured so that the analyte ion energy distribution
wi dth is narrowed@ih gyide il recaivesihe axteacted @nalite ipngiand apsmits S iegdpde.

19. The ”asstgéﬂﬁﬁéé QHQEISe?r, e Fo!ng.t'hdm&%ein fe%'\ﬁi%ﬁ B ir‘?%?éc% ;%},Wetr%g%‘i and
geonetrical dimensions’of 'the exit e configured so a nunber of
10extract ed least griecof aminnes widthi aofithedon glideToperating vofiages appliedt toothedbai m
18, wherein th exgﬁ%ctiP vol t ages and geometri | dj mensi ons of the ion
exit and at JHa8ta thypt theeion ek H EﬁSSPF%Of@W Ia{ﬁra%t,lor}g@s 8fer at i ng

vol ;ages appldiid k€l §8thdtdRe AHaRfe iotnhéh%rgggﬂiéigﬁ’d;tﬁrﬂﬁitdﬁﬁ% b\vE§ an@itfet he

pressure of the“interaction gas’are con ure at the analyte 1on
ener gy di st raralyteconsvack tollimatext wikvedhenomgdideect i on of ion travel. 21. The
mass spectroneter of any one of clainms 18 to 20, wherein the ion guide is a
mul tipole ion guide. 20 22. The mass spectroneter of any one of clains 18

to 20, der eTre iRRsisPBcBYMter oF Al $8 \iharRt hetbitRtibANVORBgeSBNET avel . 23.
The mass spectroneter of claim22, wherein the ion guide is curved with an

25angl e of deoagtical deensnsaiibe ign ext ae gofigvded 8o that a number of
10 extracted analyte ions is maximised.

20. The mass spectrometer of claim 18, wherein the extraction voltages and
geometrical dimensions of the ion exit and at least one of the inner width of the
ion guide, the operating voltages applied to the ion guide, the length of the ion

15 guide, and the pressure of the interaction gas are configured such that the

analyte ion energy distribution width is narrowed in a direction of ion travel.

21.  The mass spectrometer of any one of claims 18 to 20, wherein the ion guide is a

muitipole ion guide.

20
22.  The mass spectrometer of any one of claims 18 to 20, wherein the ion guide is
curved along a direction of ion travel.
23. The mass spectrometer of claim 22, wherein the ion guide is curved with an
25 angle of curvature between substantially 30° and 180°.

24.  The mass spectrometer of any one of claims 18 to 23, wherein the ion guide is

constructed as a tube.
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24. The mass spectroneter of any one of clains 18 to 23, wherein the ion
guide is constructed as a tube. 25.The nass spectroneter of any one of
clainms 18 to 24, wherein the nmass anal yser conprises a prinmary mass filter
a fragnentation cell for collision induced dissociation, and a secondary
mass filter. 5 26. The nmass spectroneter of any one of clains 18 to 25,
wher ei n2%-he Plr Mass spectramateofanydena at datjrs Waite B4t waeesin the Massanal yt e

o0 258, Do SO LRSS AREH) Ao Ty Lol PRGIARR SeIOOE Gl B,

26, wherein an in nl et "ar ea, i on

gui de has aning¥téd aiseacibtion) awd aRetbedarytmasd fiteranal yte ions exit the ion
gui de and wherein the exit area is smaller than the entrance area. 28. The
mass spectroneter of any one of clainms 18 to 27, wherein the ion guide has

an_ent rgnce, AN Lt AR AR REIACADE G35nd RBES 258WHERT BSS PBRRInEON
FPER Ja e o Sgne 188

gui de 15entrance an e 1 on gui exi mass spectroheter of any
one of cl ai nenl@iideoth28ugmivbich thetehdraeiad acalgie ianalpass hasrsssquagearosshr ough
the ion guide ?Iong a path having a length of substantially between 5 and
35 centi met r¥€UOB0 30. The mass spectroneter of any one of clains 18 to 29,
wherein the ion exit has a cross sectional area, through which the analyte
lons are extracted, of between 0.25 and 400 nmm®2. 25 31. The nass

spect r &bt erTheg masy spretrometeranfraiaing26 ovidereiththegnass Baalysar bas an inlet with

10 an inlet area, the ion guide has an exit area from which the extracted analyte ions

exit the ion guide and wherein the exit area is smaller than the entrance area.

28. The mass spectrometer of any one of claims 18 to 27, wherein the ion guide has
an entrance, an exit and an interaction gas inlet centred between the ion guide

15 entrance and the ion guide exit.

29. The mass spectrometer of any one of claims 18 to 28, wherein the extracted
analyte ions travel through the ion guide along a path having a length of
substantially between 5 and 35 centimetres.

20
30. The mass spectrometer of any one of claims 18 to 29, wherein the ion exit has a

cross sectional area, through which the analyte ions are extracted, of between
0.25 and 400 mm?2.

25 31. The mass spectrometer of any one of claims 18 to 30 wherein the ion exit

comprises a tube lens with a tube to which pull voltages are supplied.

32. The mass spectrometer of claim 31, wherein the geometrical dimensions of the
ion exit include an inner radius and rim contour of the tube.

30
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conprises a tube lens with a tube to which pull voltages are supplied.

32. The mass spectroneter of claim 31, wherein the geonetrical dinensions of
the ion exit include an inner radius and rimcontour of the tube. 30 33.A
mass spectroneter for anal ysing sanples contained in a continuous gas flow,
conprising: a first vacuum stage nmaintained in a first pressure;

an i on 33ur c® Mass sreqtionete fr analysingysamplesyeandained iy ageatiptaus gas fipwom

5t he sanmpl es (%{ﬂ #Qﬁﬁ continuous gas flow a second vacuum st age

adj acent to THEPFT TSt vacuum stage and bei ng nmai ntai ned at a second
pressure; a nass afigdtywaeuumrstbe nescaitbdviacaufirst ptexgare;a nul tipol e ion gui de
| ocated in the second vacuum stage that receiv 10 ions fromthe_ion

source and transnff @Q‘Ffé“'?%@éfhﬁ’e St ¥ARUYD 3@9@ ﬁ@@”ﬁfﬁéi@s@]ﬁ'ytﬁﬂ‘éﬂ*’r Hﬁ”_bui de
LS ey b SR LSRR BRRRY Lt eracts w (D the analyte fons
a second vacuum stage adjacent to the first vacuum stage and being
maintained at a second pressure;
a mass analyser in the second vacuum stage;
a multipole ion guide located in the second vacuum stage that receives
10 ions from the ion source and transmits the received ions to the mass analyser,
the ion guide being filled with an interaction gas that interacts with the analyte

ions as they are transmitted to the mass analyser.
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