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analyse a wide range of materials, including organic
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20 substances such as pharmaceutical compounds,
environment compounds and biomolecules. They are
particularly useful, for example, for DNA and protein
sequencing. In such applications there is an ever
increasing desire for improving the analysis time. At

25 present, liquid chromatography separation methods can
be used to obtain mass spectra of samples. LC
techniques often require the use of “peak-parking” to
obtain full spectral information and there is a
general consensus among persons skilled in the art

30 that the acquisition time needed to obtain complete
information about all peaks in a mass spectrum adds a
significant time burden to research programs. Thus,
there is a desire to move to higher throughput MS/MS.

Structure elucidation of ionised molecules can be

35 carried out using tandem mass spectrometry, where a

precursor ion is selected at a first stage of analysis

or in a first mass analyser (MS1l). This precursor ion
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could be replaced by a separation device based on a
different principle of ion mobility. The relatively
25 slow time-scale of precursor ion separation in an ion
mobility spectrometer allows the acquisition of a
number of TOF spectra over each scan. If
fragmentation means are provided between the ion
mobility spectrometer and the TOF detector, then all-
30 mass MS/MS becomes possible, albeit with very low
precursor ion resolution.

Sequential in time mass spectrometers include ion
traps, such as the Paul trap described by March et al
in Quadrupole Storage Mass Spectrometry published by

35 John Wiley, Chichester, 1989; or FTICR spectrometers
as described by A G Marshall et al, Optical and Mass
Spectrometry, Elsevier, Amsterdam 1990; or LT
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dynamic range and acquisition speed of MS-2 mass
spectrometers are considered to be a limiting factor
in the spectrometer’s ability.

This dynamic range and acquisition speed problem

25 has been partially addressed for Fourier Transform ion
cyclotron resonance (FTICR) mass spectrometers, as
described in Analytical Chemistry, 1990, 62, 698-703
(Williams E R et al) and in the Journal of the
American Chemical Soéiety, 115 (1993) 7854, Ross C W

30 et al. Two different multiplex approaches have been
demonstrated which take advantage of a multi-channel

arrangement. These are as follows:

Iwo Dimensional Hadamard/FTICR mass spectrometry
35 In this method, a sequence of linearly

independent combinations of precursor ions are

selected for fragmentation to yield a combination of
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acqui red "nmasked" spectra is provided by Hadamard
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applied to a set of transients results in a 2D map
which unequivocally relates fragment ions to their
precursors.

According to Marshall A G (referred to above) the
first method requires substantially less data storage
and the second method requires no prior knowledge of
the precursor ion spectrum. However, in practical
terms, both methods are not compatible with commonly
used separation techniques, for instance HPLC or CE.
This is due to the relatively low speed of FTICR
acquisition (which is presently no faster than a few
spectra per second), and a relatively large number of
spectra required. Also, unless the LC separation
method is artificially “paused” using relatively
cumbersome “peak parking” methods, the analyte can
exhibit significant intensity changes within a few

seconds (in the most widely used separation methods).



- 5 Further, the use of peak parking nethods can
greatly increase the tine to acquire spectra.
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spectroneter nmethod and apparatus using an 5

el ectrostatic trap. A brief description is provided

of some MS/ M5 nodes availabPe~for this arrangenent.
However, it does not address any problens aSSOC|ated
with aII-nass M5/ M5 anal ysis in the trap
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as they enter to trap). Thus, the axial frequency of

ion motion is used for mass analysis.

SUMMARY OF THE INVENTION

The present invention provides a method of mass
spectrometry using an lon trap, the method comprising:
a) generating a plurality of precursor ions from a
sample, each ion having a mass to charge ratio
selected from a first finite range of mass to charge
ratios M;/2;, M2/%,, M2/Z3...My/Zy; b) causing at least
some of the plurality of precursor ions to dissociate,
so as to generate a plurality of fragment ions, each
of which has a mass to charge ratio selected from a
second finite range of mass to charge ratios

m/zy, mpx/z3, m3/23...mn/Zy; c) directing the fragment



ions into an ion trap, the ion trap including neans
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group. Thus, where the two ion groups were previous
undistinguishable from one another, their change of

25 axial frequency relative to each other now renders

them distinguishable. The location might be either
the location of ion formation (for instance, if MALDI
ion sources are used), or the location at which ions
are released from intermediate storage in an RF

30 trapping device, for example.

It is possible to “label” each ion group derived
from different precursor ions because any one of the
parameters (e.g. amplitude of movement of each group
in the electrostatic trap, or ion energy in each

35 group, or the initial phase of oscillation of each

group in the electrostatic trap) is dependent on T, in
the electrostatic trap (where T is the TOF of an ion
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ions. The nmethod has further advantages of being able
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precursor ions in one indirvi’doal spectrum if for

exanpl e, detection is performed in the electrostatic

field using image current detection nethods
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axial oscillation frequency of the other fragmented
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fragment ions with the same mass to charge ratio
25 my/z1, but being derived from precursor ions with
different mass to charge ratios M;/Z; and M;/Z, can be
distinguished from one another. A method for all-mass
MS/MS is therefore achieved.
Embodiments of the present invention are capable
30 of improving the speed of analysis by ' five to ten
times, at least, compared to LC peak parking
techniques.
The present invention also provides a mass
spectrometer comprising: an ion source, arranged to
35 supply a plurality of sample ions to be analysed;
means for directing the sample ions towards a

dissociation location, the sample ions arriving at the
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so as to permit the detection means to detect separate
groups of fragment ions in the ion trap which have the
same mass to charge ratio, mi/z;, but which have
derived from precursor ions having at least two

25 different mass to charge ratios M;/Z1, Ma/Z.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is now described by way of
30 example, and with reference to the following drawings,
in which;
Figure 1 is a schematic diagram of an apparatus
used by the present invention;
Figure 2 is a schematic diagram showing details
35 of the electrostatic trap shown in Figure 1;
Figure 3 is a schematic diagram showing the

orbital paths of two ions having the same m/z, but



- 9 different energy; Figure 4 is a schematic di agram

showi ng the variation of voltage applied to an
web@atosee over time; 5 Figure 5 is a schematPCI/GB2004/002289

di agram showi ng the envelope of a detected transient

ion in the orbitrap; Figure 6 is a schematic di agram

of a mass spectrum acqui red before TD usi ng

enbodi ments of the present invention; 10 Figure 7 i's

a schematic di agram showi ng a nass spectrun1re|at|ng

t i spectengt @f/ fi gure 6, except that the phase of

:Sggt peak deat e@tﬁg %fsm”ﬁ QL rémi Shewimgsthe
run1ach|re after using an e t t he
predetier et i Bt ﬁ%eF?%%D]rjee% Vg ggna%?@gdlg%]rfam
showh&g the mass spectrum of flgure 8, except that
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'nVent'?D uVe baye 5e@bhéﬁgtlbaalE@ﬂamebfTaamséerm
nmass %troneters have t he potentl r ac ir%n@he

anSPRE#REmS%%%P%HﬁgfP%ﬁ?ﬁﬁl?Ppﬁigﬁﬁ % $hs $h &
S|pgg§e§§annv@ht@hncan greatly reduce the tinme burden

25 on a quirin e ay a
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herein an ‘hese references her .,
el ect r ostiguire tlape rh%@@qhn@lh@&’e Vérrﬂ‘&ﬁ’gseﬁé%esmatlve

arrangements of an electrostatic trap embodying the
20 present invention.

We have realised that Fourier Transform mass
spectrometers have the potential for acquiring an
MS/MS spectrum from multiple precursor ions in a
single scan, which can greatly reduce the time burden

25 on acquiring a spectrum to a level at least comparable
with, or better than LC.

The present invention is described with reference
to an electrostatic trap according to the trap
disclosed in GB-A-2,378,312, WO-A-96/30930 and

30 Makarov's paper (referred to previously) and these
documents are hereby incorporated by reference.
Reference -is made to this trap throughout the
description as an “orbitrap”. Of course, other
arrangements of electrostatic traps can be used and

35 this invention is not limited to use with the specific
embodiment disclosed herein and in these references.

Other electrostatic traps might include arrangements
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the present invention could be applied to any

el ectrode structure sustained at high vacuum which 5
provides nultiple refl ecttoh@ and i sochronous ion
notion in at least one direction. It is not necessary
to describe the orbitrap in great detail in this
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S|n1lar effect. 35 Referring to Figur , a nass
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25

30

35

comrpr ieséd ghtdgntforussed bunch at, or adjacent to, the
electrostatic trap entrance. Such bunches or packets
are ideally suited for electrostatic traps, because
the full width half maximum (FWHM) of each of the ion
packet’s TOF distribution (for a given mass to charge
ratio) is less than the period of oscillation of
sample ions having that mass to charge ratio when in
the electrostatic trap. Reference is made to US
5,886,346 and GB-A-2,378,312 which describes
particular restrictions on the release potential and
these two documents are hereby incorporated by
reference. Alternatively, a pulsed ion source (for
example using short laser pulses) can be employed with
similar effect.

Referring to Figure 1, a mass spectrometer 10 is

shown. The mass spectrometer comprises a continuous

or pulsed ion source 12, such as an electron impact



or pul sed ion source 12, such as an electron inpact WO
2004/ 107388 PCT/ GB2004/ 002289 - 11 source, an
web@aiosspray source (wth or without a Col | i BCDGBERB4/002289

mul tipole), a matrix assisted |aser desorption and

i oni zation (MALDI) source, agaln with or wthout a
Collision RF nultipole, ané so forth. In 5 Figure 1 an

el ectrospray ion source 12 is shown. Nebulised ions
fromthe ion source 12 enter an |on source, bl ock 16
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The ion tr?g 30 is segnented, in the enbodi nent shown

i n“BI"§GFE€"I°into an entrance segnent 40 and an exit

25, segﬁeﬁurSG cPmpagRNENEPVRGES reagneht $har exdfowren 18
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i ons, whi ch (as w Il be understaq from
20th§hﬂ§|m@@snéylﬁﬁébgﬁggﬁcts only those lons wi

window of mass to charge ratios of interest, and the
chosen ions are then released into linear trap 30.
The ion trap 30 is segmented, in the embodiment shown
in Figure 1, into an entrance segment 40 and an exit
25 segment 50. Though only two segments are shown in
Figure 1 it is understood that three or more segments
could be émployed.
As is familiar to those skilled in the art, the
linear trap 30 may also contain facilities for
30 resonance or mass selective instability scans, to
provide data dependant excitation, fragmentation or
elimination of selected mass to charge ratios.
Ions are ejected from the trap 30. In accordance
with a convention now defined, these ions, which are
35 (as will be understood from the following) precursor
ions, have one of a range of mass to charge ratios
Ma/Za, Ms/Zs, Mc/Zc...My/Zy, where My is mass and Zy is



ions, have one of a range of nass to charge ratios
MV ZA, MBI ZB, MC/ Zc...MV ZN, where MN is mass and ZN
w0 200073804/ 107388 PCT/ GB2004/ 002289 12 charBeT/oB2@n/002289
Nt h one of the range of MZ ratios of the precursor
ions. Downstream of the exit electrode is a deflection
| ens arrangenent 90 incl udibgy deflectors 100, 110. 5
The defl ection | ens arrangenent is arranged to defl ect
the ions exiting\“tgrap 30_in such a V\g% that there is
no CBRrE6t A5 @ &F SPRhtok o cEanEe toe N A% exdbionfof highe
i peaculrsapr 3Gne.th the interior of an electrostatic
orbitrap 130, downst m of .the _deflectign lens 10 |
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el,ectr ode

20 B 598 130,058 ,ceniialclisel sode 140,05 oy e .
cehdenal aglreageodeti $0conHeckedthe ions collide with the
surface 192 and dissociate into fragment ions having a
mass.to charge ratio which will be in general
different to that of the precursor ion. In keeping

25 with the convention defined above for the precursor
ions, the mass to charge ratio of the resultant
fragment ions is one of my/z,, Mmp/Zp, Me/Zc... My/Zn,
where m, and z, are the mass and charge of an n*® one
of the range of m/z ratios of the fragment ions.

30 The fragment ions, and any remaining precursor
ions are reflected from the surface and arrive at the
orbitrap entrance. The orbitrap 130 has a central
electrode 140 (as may be better seen with reference
now to Figure 2). The central electrode is connected

35 to a high voltage amplifier 150.

The orbitrap also preferably contains an outer
electrode split into two outer electrode parts 160,



35 to a high voltage anplifier 150. The orbitrap al so
preferably contains an outer electrode split into two
W(mmue/m)'ek:ectrode parts 160, WD 2004/ 107388 PCT/GB2004/002289

PCT/ GB2004/ 002289 - 13 170. Each of the two outer

el ectrode parts is connected to a differentia

anplifier 180. Preferably 1ehis differenti al anplifier

is maintained at virtual ground. 5 Referring once

nore to Figure 1, downstreamof_ the orbitrap is a
sebofdarfaeheefr bRentivei prFer 950CtradatBartEs the side

of bR QLU £3Pa130f fAk st shovampl hfFegureol | prafieBebBly
surf ace v?%g e su an aI ernat ve

pl .
anbbds ek 2 SOREEER oPHPT o' Ghp BN baC 0 oy Cagdrtual

begweenda grid (placed in front of the CID surface)
sand thegspitacey LABS RBSS LBrOYGN-Lhe, dbbdnskbant Be

gap, where ey ex érience a decéleration. force
cabb@dObplaﬁa@f#§eﬁ v6FPREar¥pplLlrEd TP eﬁétgpﬂaer|ﬂ90

thigcueyg thetrel ghateoefeeaégmbetm@pnltsbe IamSoléhaﬂd
the surface can be rgg ced i_n a cog%ro

ThéPsy$PBRT andSi A% EHF&PCEREC F?ﬁgé&p glled In
tOahhelvethauivpaembodﬁmbhe sysdenelesat@ontg@pl@dnb@e

02 gatgiBeauLsklian Sygten g@n&geeﬁ%g 2oL AkOLP R cab
th8 Sresent rnven vacuun1enve|ope
i ssakfecp ovhdedheo salrifowedi f fePenbrar tHERpioRg toe ©Fdd

SY§h%H1tﬁgabﬁ thM%e&% Rek S@QW@rh%nE@ea Ub@@ﬂ%&atlon
al t hough the %lca pressures _are |nd|ﬁeted
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pumping of the system. Again this is not shown in the
figures although the typical pressures are indicated
in Figure 1.
The operation of the system, from ions leaving
25 the ion source 12, entering the segmented linear trap
30, being released from the trap and deflected by the
lens arrangement 90 are described in GB 0126764.0.
The operation of the system up to release of the ions
from a linear trap does not form part of the present
30 invention. Accordingly no further detailed discussion
of this aspect of the apparatus is necessary in this
document.
The embodiment shown in Figure 1 has the SID
surface placed behind the trap, in a reflective
35 geometry, so that ions pass through the orbitrap
without being deflected into the trap entrance (there

being no voltage applied to the deflection electrode



surface placed behind the trap, in a reflective 35
geonetry, so that ions pass through the orbitrap

wowdohoot3shei ng defl ected into the trap entranckCl/GBew0a/002289
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bei ng no voltage applied to the deflection el ectrode
WD 2004/ 107388 PCT/ GB2004/ 002289 - 14 200 or

el ectrode 140 at this stage)? “The ions interact with
the collision surface 192, dissociating into fragnent
ions and are reflected back fromthe surface into the
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the orbitrap’s entrance. The SID is located as close
to the orbitrap’s entrance as is practical so that any
spreading or smearing of ions is minimised. The
distance L between the SID site and the entrance is
preferably between 50-100mm. As a result, the
additional broadening of an ion packet, dL, from the
SID surface to the orbitrap's entrance is negligible,
and typically less than 0.5 to lmm (as the energy
distribution of fragment ions leaving the SID is 10-20
eV and the acceleration voltage is of the order of
lkeV). It is to be understood, of course, that this
arrangement is merely a preferred embodiment and other
forms of dissociation known in the art may also be
used. The principles of reducing smearing by
maintaining a short distance between the dissociation
site and the orbitrap's entrance remain the same,
whatever the form of dissociation.
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site and the orbitrap's entrance remain the sane,

what ever the form of dissociation. WO 2004/ 107388
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appreci ate that photo- induced dissociation (PlID),
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In the operation of the preferred embodiment, a
pulse of precursor (or “parent”) ions is released from’

25 the linear ion trap 30. The ions separate into discrete
groups according to their times-of-flight during their
transition from the storage quadrupole or sample plate
to the dissociation site, the TOF separation in turn
being related to the value, n, in the mass to charge

30 ratio My/Zy as defined previously.

Each group, or packet of ions (which now
comprises ions of substantially the same mass to
charge ratio M/Z) collides with the dissociation site.
Here, some precursor ions are fragmented into fragment

35 ions with lower energy (in the order of several eV)
than the precursor ions' energy. Fragmentation using

SID is essentially an instantaneous process. Thus,
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ions to be trapped.

During normal operation, the (ideal) electric
field in the orbitrap is hyper-logarithmic, due to the
shape of the central and outer electrodes. Such a
field creates a potential well along the longitudinal
axis direction which causes ion trapping in that
potential well provided that the ion incident energy
is not too great for the ion to escape. As the voltage
applied to the centre of electrode 140 increases, the
electric field intensity increases and therefore the
force acting on the ions towards the longitudinal axis
increases, thus decreasing the radius of spiral of the
ions. As a result, the ions are forced to rotate in
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precursor ions of mass to charge ratio MV ZN (i.e. the
same nmass to charge ratio as the ions_incident upon

o B )5 FERORRE e B Gihage 1o the

(1)

20 where t, is the moment of ion formation or release
from the trap; TOF; (My/Zy) is the time-of-flight of
precursor ions of mass to charge ratic My/Zy from the
place of ion release or ion formation to the collision
surface; TOF;(My/Zy) 1s the time-of-flight of

25 precursor ions of mass to charge ratio My/Zy (i.e. the
same mass to charge ratio as the ions incident upon
the collision surface but which have failed to
dissociate), from the collision surface to the
entrance to the orbitrap; and m,/z, is the mass to

30 charge ratio of fragment ions produced upon collision,
from the precursor ions of mass to charge ratio My/Zy.
It will also be understood that equation 1 links
precursor ions of one specific mass to charge ratio
My/Zy to a single packet of fragment ions each having

35 a mass to charge ratioc m,/za, although a similar
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parameters can be used to “label” the precursor or
fragment ions.

It is preferable that the fragment ions are
formed on a timescale such that TOF effects do not
disrupt the fragmented ion package coherence to an
extent which might affect detectlon (eg. because of
smearing caused by energy spread). The parameters of
the fragment ions may differ from those of the
precursor ions. However, the fragment ions can be
unequivocally related to their precursor ion's
parameters. This is achieved in the following manner.

In a preferred embodiment, detection of the ion's
axial oscillation frequencies in the trap starts at a
predetermined detection time Tger after tp. Tger is
typically several tens of milliseconds (for instance
60ms or more) after ty and the TOF of ions from the
storage trap is typically 3 to 20 microseconds (for



30 unequivocally related to their precursor ion's
paraneters. This is achieved in the foll ow ng manner.
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equation 3 below:

()
Fyee () = t
20
and using the relation between the axial frequency of
motion of ions w and my/z, for the orbitrap
o(m [z )=
(m,/2,) (4)
25
where k is a constant derived from the orbitrap’s
electric field. The period of ion oscillations
Taxia1 (Mn/2,) is linked to the axial frequency ® as
2
a.xlal(m /Z )= a)(m / )
30 n ! Zn (5)
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The initial phase of oscillation of the precursor

and fragment ions in the orbitrap is dependant on T
which can be deduced from, for example, the real and
imaginary parts of the Fourier Transform of the

25 fragment ion’s axial oscillation fregquency.
Alternatively, T can be measured directly using TOF
spectra acquired by the electron multiplier 190. The
mass to charge ratio m,/z, could then be deduced using
an appropriate calibration curve for the orbitrap. In

30  this manner, all-mass MS/MS spectroscopy is
achievable.

However, the situation can be more complicated if

two (or more) precursor ion groups having different
M/Z (say, Ma/Zx and My/Zy produce a plurality of

35 fragment ion groups having the same m/z (say, my/zZn) .

In any case, if fragment ions of the same mass to

ratio my/z,, (but derived from different precursor
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frh@ﬁﬁﬁ?ruoﬁoﬁﬁpwhn@vertakes any MA ZA precursor ions
whi ch di d not fragnent at the SID. Thus, according to
equation,5 above, fragnment ions with a nass to charge
r atf@F§PhA)y s 4PV V% .at  the orbitrap's entrance (5)
before the unfragnented 35 precursor ions. The tine

di fference of arrival at the entrance is governed by

20 eqBat eomegulty isnpos$i hhes to charge ratio Ma/Za

arrives at the SID surface earlier than ions of mass
to charge ratio Mp/Zpz. Here, the ions of mass to
charge ratio Mp/Za promptly fragment, so that a
fragment ion with mass to charge ratio mn/z, is

25 produced (along with other ions, of course). The
specific ion under consideration, that is, the ion
with mass to charge mn/z,, starts moving towards the
orbitrap’s entrance. If, for example, my/z,<Ma/Za
(which is not always the case, for instance when

30 my<Ma, but z,<<Zp), then fragment ion m,/z, overtakes
any Ma/Zp precursor ions which did not fragment at the
SID. Thus, according to equation 5 above, fragment
ions with a mass to charge ratio of m,/z, arrive at
the orbitrap’s entrance before the unfragmented

35 precursor ions. The time difference of arrival at the

entrance is governed by equation 1. It is possible
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phases of the two fragment ion groups can cancel one
another out, resulting in no signal being detected).
25 If the electric field in the orbitrap is ideal
(that is, perfectly hyperlogarithmic) then both groups
give a single spectral reading for the same my/z,,
regardless of the identity of the precursor ions from
which they derive, since (as explained previously), 'in
30 an ideal hyperlogarithmic field, the axial frequency
of motion which is detected is dependent only on m,/z,
which is the same for each group of fragment ions) and
is not affected by any relative phase or energy
difference between the two such groups This is
35 undesirable since it is then difficult to attribute
the detected fragment ions (with mass to charge ratio
m/z), to one or other of a plurality of different
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radius (or linear velocity as the ions enter the
orbitrap), the first and second fragment ion groups
have the same axial frequency. As a result, they are
still not resolved from one another in conventional
mass analysis using the ideal E-field. Thus, using a
calibration curve to determine the mass to charge
ratio My/Zy of the precursor ions (from equation 2)

may produce a wrong assignment of a given fragment ion
to a precursor ion.

An aspect of the present invention provides a way
to assign the fragment ions to their correct precursor
ions. This is achieved by assessing differences in
amplitudes of movement and energies of the ions in the
orbitrap. This can be done by shifting the frequency
of oscillation of one group relative to the other
(although as noted above the frequency of axial

oscillations in the orbitrap is normally independent
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orbitrap. As a result, the detected axial frequency
of ions oscillating relatively close to the distortion
(that is, the group of fragment ions of m,/z, which
entered the orbitrap later resulting from the
precursor ions of mass to charge ratio Mz/Zz, these
fragment ions having a larger orbit radius), is
different from the fragment ions with the same m,/zj
oscillating further away from the distortion (that is,
the group of fragment ions which entered the orbitrap
at an earlier time, and derived from precursor ions of
mass to charge ratio Mp/Za) .

With reference to Figure 3, a schematic diagram
of the orbital paths 122, 124 of two ions in an
orbitrap 130 are shown. Both the ions have the same
mass to ratio; in the example outlined above, the two

ions in Figure 3 would be ions in the two groups of
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mass to ratio; in the exanple outlined above, the two
WO 00v3/10738%i gure 3 would be ions in the two gr oRPQEEGBR00MITN2289
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each of mass to charge ratio mM/zn.but deriving from

precursor ions of mass to charge ratio MV ZA and

MB/ ZB respectively. Again, follow ng the exanple

above, the ion having a Iarger orbital radius 5
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ph@%%nOfthlaQn&o@%SQCﬂ ate@ wilghegachtpeak d=an 124
O;S%%%éggkgce t%e dls S?yg% %geﬁbg%o a’greggggi% %ent
than ions in the lower orbital path 122. Hence, the
axial oscillation frequency (and phase) of ions in the
higher oscillation amplitude path is affected (and
shifted) to a greater extent than oscillation
25 frequencies of ions in lower oscillation amplitude
orbital paths. Thus, the detected mass spectrum peaks
for ions of the same mass to charge ratio m,/z,, but
having different precursor ions of mass to charge
ratios Ma/Zp and Mp/Zp respectively, are split into
30 separated, resolvable peaks. Further, the initial
phase of ions associated with each peak are
resolvable.
With reference to Figure 4, a voltage applied to
the electrode used for introdﬁcing the electric field
35 distortion in the electrostatic trap, with respect to
time, is shown. The voltage has two distinct stages,
a low voltage stage 310 and a high voltage stage 320.
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stages, a low voltage stage 310 and a hi gh voltage
stage 320. WD 2004/ 107388 PCT/ GB2004/ 002289 - 26 The
step 330 at time Tstep betweéerm stage 1 and 2 is
relatively rapid so that the electric field
perturbations_are introduced al nost instantaneously.
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t ofohacgesiatensy With tékeeegpienation so far, these

would be fragmentations of mass to charge ratio my,/z,
is shown with respect to time. It can be seen that
the amplitude decays relatively slowly when the ions
are trapped by an ideal Electric field. However, the
amplitude decays at a very much faster rate when the
ideal field is distorted after Tj.

Referring to Figure 6, a graph 400 of a mass
spectrum resolved during stage 1 (that is, no field
perturbation in the orbitrap) is shown. Two peaks 410
and 420 are shown, each having different intensities
and different mass to charge ratios. With reference
to the previous example and the labelling conventions
defined there, these mass to charge ratios are for
fragment ions, having mass to charge ratios m./z. and
my/ Zp respectively. Figure 7 shows a representation of
the spectrum shown in Figure 6 where the phase of the
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nb/ zb respectively. Figure 7 shows a representation of

the spectrum shown in Figure 6 where the phase of the
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Figure 6 is shown against nass to charge ratio. The

poi nt 510 corresponds wth peak 410 in Figure 6 and

t héWRoPREKS26 N SR pESFoRd S St 6hpeak agad nisk mRisgurte &hagge

SI Reeibhe &’ﬁ@Cben%h@\M@ clo&r@s%he% ﬁzl%d péaacr g 10 aken
th flrs% |S|t|%§ sta i S not
CoeiBirE ", ool 3 FoateeRensis: s ReRk e in

spéﬁgmaegénU|nely represent a single bunch of fragnent

51ons, ok W?% het ‘s%%%t'r% AL h’ t%%g‘&tre@o%e RN Qe

10 bunc i ons, havi Safe Mass t'o
ch&pgen ﬂ&ﬂfnagb hebéllﬁr@td@rclqve@l Aem ditlidererdtt is not

Pr @edkson i €8S ded@icd feierl: BRYS olf0 tGHRALYS Hal 1195 these
nd MB/ ZB which will no i n_stage one,_ be

re§8@€§6?e9§PH&86&NeF§pFﬁ§e@Fe@tFﬂ@gﬂﬁeP@WQQ of fragment
hypenkogari theitapr iﬁe&xnmesaed ephe skhe aie! ahiaen one

as fin t Si e 41Q_of Fi gure 6
10 bgg h 8% @?gghgnt E%ns E% f%ggneﬁFE 8?’%h§i ﬁ@§§ge
or@ﬁapgburtabre@nfgr dmrlazegh rfgIO@ piédersort pfrermgsaro ions

Ch@&Q@lE@Ek@nwﬂﬁgésoQbychaQ@e'Ea%@%s'ﬂi?@aéuﬁ? %7ZB

unre oIve ak representing 20 fragnment _I ons,
mas¥E6RcHa éenP5V|6nn§Ff§e BGE / @@rﬁ@ﬁﬁéW@h&%lﬁk@Q%

noherpr egur 80Ectens CffleIIBISS_st @ype&ab@errl@hm cMN ZA,
o Fiqure

15 D EE P aNe S AP § AP AR OGP TirhuPe Berd Refoetein, the
Howeungle phrekspédt odmEEQrien 625aFi (er @t8m,gz} akemn

duwggl%t eeefkggmetaf& t JeSrnaen. as vol %%%%191 elr%%' | %q_-om

to the electro istort the “electr
el 8cELBILEt PESEHEFOLr30L TRES FPoGhashepaalcd 60/ Eo cao]zw

coe&eemoma Whish eble pReak u@&e@eu%ed \é!latkh I‘e%)(}.e%fenttl'i%
ctra t aken_during sta 30, one u
o TEEARE P B D B Ipedkdaca1 0 GHEEA are tabsde Aredit
mndhruhengeékom2®wofothmore precursor ions of mass to
charge ratio Ma/Za; Ms/Zs; Mc/Zc... My/Zy-
Referring to Figure 8, a speetrum similar to that
of Figure 6 is shown. However, the spectrum 600 in
25 Figure 8 is taken during stage two, that is, when a
voltage is applied to the electrode to distort the
electric field in the electrostatic trap 130. The
group of peaks 601 to 604 corresponds with the peak
associated with 410 of the spectra taken during stage
30 one. Likewise, the group of peaks made up of peaks
611 to 614 are associated with the peak 420 of the
spectra taken during stage one. Thus, it can be seen
that each of the peaks of the spectra taken in stage
one (when the electric field in the electrostatic trap
35 was homogeneous) is in fact revealed to be the
unresolved consequence of a single mass to charge

ratio my/z; in the case of peak 410, and my/zy, in the
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that each of the peaks of the spectra taken in stage
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unresol ved consequence of a single nmass to charge

ratio ma/za in the case of %®ak 410, and nmb/zb in the
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ratio are within a few percent of one another. If
individual spectral peaks cannot be resolved then the
corresponding fragment or precursor ion associated
with the peaks can be flagged as unidentifiable.

25 It is preferable to acquire the data in two
stages, as shown in Figure 4. 1In stage one, the
electrostatic field is maintained at an ideal state
(or as close to this ideal as possible) so that the
highest possible resolving power and mass accuracylare

30 obtained from the spectrometer. During stage one, the
masses are measured to a high accuracy and any
possible isobaric interferences are also measured.

The system then switches to the second stage in
which the electric field is perturbed by applying a

35 voltage to an electrode close to one of the orbitrap
electrodes. This perturbation causes spectral peaks
to split and thus facilitates fragment assignment.



masses are neasured to a high accuracy and any
possi bl e isobaric interferences are al so neasured. The

wayaamsshen switches to the second stage in IMII/CB200A©02289
electric field is perturbed by applying a 35 voltage
to an electrode close to one of the orbitrap
el ectrodes. This perturbati®h tauses spectral peaks
to split and thus facilitates fragnment assignnment. WO
2004/ 107388 PCT/ GB2004/ 002289 - 29 Preferably, the
sedoref esedgde i $heuEe oSSt tsdradendrd THICh fShastt et dgean the

BOtﬂlxsstta%%a@%e amd v i RIrRf embltio perd givetkrably

within a si pect rumacqui Si t| on. The errbodl nment s
e PO HB & S T LS S GG b A

el ect r ogthat |au1kidoamamﬂ<s &pxea:tu’a)sadnme addovdveery ilidre with
met h .0 S
specet?;edrseé%g{)y ari a tf%o%steao% *% he ppaa?“%sj'tTﬁssp étd% ﬁ%?d
dedbvieveat, ey eatdyedd g@}béoeemnpslalg@bl@ o pelyein forms
skid{ adf mddie solk@idscdif, i nstance, it may be

preferableto,prowdea edicated electric field
di stort i'\Griad@roRE tHE §pR,aéCrfitB'bS REH RN ofegfibed
gh%mﬂa tnraq,plfﬂs&ﬂuﬁ agrial sagped Soy Eheoetsan rocel fad in the

istarti t he ectric field I,.Sposed .
10y a3 %us InEgDcratJ] ecar}cn 1 et S 9% rekll%rgaob%e e{g%n%%%‘él%? a
V\hldﬂdlarad:eshm/ﬂreq’trrlm giireslsd 1@3@4@011 Refegtiode t oThis

1 tort S

F o annlﬁl%sdéé 400 £ Old Ol 1 B0 LS BLERAGEH )

ect ro at either

cert¥idl - elBra rRe 11”4%jle Weh ¢etlerenins tt'ohe P?Jg@ﬁ'*'e“l‘i field
t hesgh %@rdléﬁbﬁicﬁﬁﬁ' ogter HO0s |§o@ﬁt$i&$§dlrast12@ &rbitrap,
15rad| al rin ahee?ut ekbf ntre of the Oﬁ” el ectﬁ})d 13.
160'5°“§‘/9t9rf‘ Trite ¥ fire TP He FrEr-ef el r ode
160 | s Spfidriinte tfcmuwlqpam sl @onpre sdigt ool ngneleahdode

ach|S| i on

eg aehea%ﬁeocﬁieas? 4 g%@lg%féfglelﬁ &Pl BrSRECLE AL ther

ectrode conponents can

25 dred 0% aﬁg%dcqut@br%i%cﬁo@%el%%ﬁe"w@t%%€e¥%nce to

progisere the, ideal qpdest€ién féebd: rbneyeo 1§Uﬁiﬁﬁosed as
staetvvo a, di f ferent voltaels%ap{)}h%edtot

out%rlf%@ﬂta et rdorRst 54le t oo EE o?

Subsr fraphode

Thelo®] ectitie féBdteist oot Fhgued ety odee 5d0tshoal dcbeode

25

30

35

160 is split into four parts comprising two inner and
two outer electrodes. During stage one of a spectral
acquisition, all of the outer electrode components can
be arranged to operate at the same voltage to produce
the ideal electric field. However, during stage two,
a different voltage is applied to the two outermost
electrodes 510 to distort the ideal field. The
electric field distorting electrode 510 should be
arranged so that axial oscillations of ions in the
ideal field are generally within the inner edge of the
distortion electrode. Of course, the distortion
electrode may also be applied to the inner electrodes
as well. Referring to Figure 13, the distorting
electrode 520 is disposed on the central electrode. In
this example, the distorting electrode is shown at a

central position, but it could also be arranged in any



30 arranged so that axial oscillations of ions in the
ideal field are generally within the inner edge of the
wale@uoo3Bson el ectrode. OF course, the distortiPCI/GB2004/002289

el ectrode may al so be applied to the inner el ectrodes

as well. Referring to Flgure 13, the distorting 35

el ectrode 520 is disposed” oi’the central electrode. In
this exanple, the distorting electrode is shown at a
central position, but it cquld also be .arranged i n any
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froma sanple, each ion having a mass to charge ratio

selected froma first range of mass to charge ratios
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some of the plurality of precursor ions to

di ssociate, so as to generate a plurality of fragment

i ons, each of which has a mdss- to charge ratio

selected froma second range of nass to charge ratios

ml/z1,, nR/z2, nB8, z3...m/zn; 15 c) directing the

fragnent ions into an ion trap, the ion trap

I neadiag neans for generating an el ectromagnetic

fierawnhich allows trapping of ions in at |east one

direction thereof, the ions entering the trap in
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d) determining the mass to charge ratio of ions
in at least one of the groups of ions, based upon a
parameter of motion of the ions in that or those
groups in the said electromagnetic field in the trap;
25 and
e) distorting the electromagnetic field in the
trap so as to permit separate detection of fragment
ions within the trap which have the same mass to
charge ratio, but which are derived from different,

30 precursor ions.

2. The method according to claim 1, wherein:
the step of generating a plurality of fragment
ions comprises generating, from a first group of
35 precursor ijons having a first mass to charge ratio
Mi/Z1 a first group of fragment ions having a mass to
charge ratio m;/z;, and generating, from a second



the sane mass to charge ratio nil/zir into the ion
trap, the groups arriving at the ion trap at
waledoraoBeEe ti nes because M/ Z10w/ Z2. 10 3. TheT/GBRI1a6102289
of claim2, wherein the step of generating an
el ectromagnetic field conprises generating an axi al
ion trapping field in whircB2ions oscillate in an
axial direction of a potential well; 15 and wherein
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20 trap having a mass to charge ratio m;/z; oscillate at

10

the same frequency ®, regardless of the parameters of
the precursor ion from which they derive, prior to the

said step of distorting the electromagnetic field.

25 4, The method of claim 3, wherein the step (e) of
distorting the electromagnetic field comprises
introducing a field component which causes the motion
of the ions in the said potential well to become
dependent upon at least one further parameter so that

30 fragment ions having the same mass to charge ratio
m;/z1, but deriving from different precursor ions
become distinguishable as a consequence of the
dependence of each separate group of fragment ions
upon the said at least one further parameter.

35
5. The method of claim 4, wherein the at least one

further parameter includes a parameter selected from



the ion trap is an electrostatic trap, and wherein the
step of generating an el ectronagnetic field therein
w@oimpnioses generating a substantially hyperl ogeeT/GBi0a/002289

10 field. 7. The nmethod of any one of the preceding
clainms, wherein the step (e) of distorting the

electric field conprises I'yi ng an additional | ocal
distortion to 15 the electric field, such that ions
approaching the 1local distortions d| stant fromthe
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di ssoci at e i ncludes a technique selected fromthe
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electrostatic trap further comprises a distortion
electrode, the method further comprising applying a
voltage to the distortion electrode so as to cause the
sald distortion of the electromagnetic field.

25
9. A method according to claim 8 further comprising
applying the distortion voltage to the distortion
electrode after a predetermined time has elapsed
following the injection of ions into the ion trap.

30 10. A method according to any one of claims 1 to 9,
wherein the mass spectrum is obtained in two stages: in
a first stage, the trap electromagnetic field 1is
undistorted, and in a second stage, the electromagnetic
field is distorted so that fragment ions having the same

35 mass to charge ratio, m;/z;. but which are derived from
precursor ions with different mass to charge ratios

Mi/Z1, M2/M; can be distinguished from one another.



10 dissociation (CID), and photon induced dissociation
(PID). 13. The nethod according to claim 12, wherein

wo b@4/18136p (b) of causing at | east sonme precur BOT/GBoE/002289
to 15 dissociate is through SID, the nmethod further
conprising applying a retarding voltage to a collision
surface. 14. The method atcdfdifng to claim 13, wherein
there 20 is provided a collision surface, the
collision surface being arranged in a reflection
geonetry. 15. A nmass spectronmeter conprising: an ion
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electrodes conflgured to generate a trapping field
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thesyusmss. to charge ratio of an ion group based upon
the 10 said paraneter of novenent; and at |east one
electric field distorting el ectrode
14. The method according to claim 13, wherein there

20 is provided a collision surface, the collision surface

being arranged in a reflection geometry.

15. A mass spectrometer comprising:
an ion source, arranged to supply a plurallty of
25 sample ions to be analysed;
means for directing the sample ions towards a
dissociation location, the sample ions arriving at the
said dissociation location as a plurality of groups of
precursor ions in accordance with their mass to charge
30 ratios selected from the range Mi/Zi, Ma/Z2,
M3/Z3...My/Zy;
an ion trap having a trap entrance, the ion trap
being arranged to receive groups of fragment ions
generated by dissociation of the precursor ions at the
35 dissociation location, each group of fragment ions
having a mass to charge ratio selected from the range
m/z1, mp/zy, m3/z3...my/2zn, the ion trap further



arranged to provide a distortion of the trapping field

so as to permt the detection neans to detect separate
w@eedne73gd fragnent ions in the ion trap whi chPOEGB260©02289

15 sane mass to charge ratio, m/z1, but which have

derived from precursor ions_having at |east two

different nmass to charge‘r%@i(‘)s ML/ Z1, MR/ Z2.

comprising trap electrodes configured to generate a
trapping field within the ion trap, so that
uﬁfragmented precursor ions and/or fragment ions
entering the trap are trapped in at least one axial
5 direction thereof by the said trapping field and have
a parameter of movement related solely to the mass to
charge ratio of the ion;
detection means to permit determination of the
mass to charge ratio of an ion group based upon the
10 said parameter of movement; and
at least one electric field distorting electrode
arranged to provide a distortion of the trapping field
so as to permit the detection means to detect separate
groups of fragment ions in the ion trap which have the
15 same mass to charge ratio, mi/z:, but which have derived
from precursor ions having at least two different mass
to charge ratios Mi/Zi, My/Z,.



