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Description

[0001] The present invention relates to a mass spec-
trometer and a method of mass spectrometry.

[0002] A known collision cell, as e.g. described in US
5, 206, 506 A, comprises a plurality of electrodes with an
RF voltage applied between neighbouring electrodes so
that ions are radially confined within the collision cell.
lons are arranged to enter the collision cell with energies
typically in the range 10-1000 eV and undergo multiple
collisions with gas molecules within the collision cell.
These collisions cause the ions to fragment or decom-
pose.

[0003] Gas reaction cells are also similarly known
wherein ions are arranged to enter the reaction cell with
energies typically in the range 0.1-10 eV. The ions un-
dergo collisions with gas molecules but instead of frag-
menting the ions tend to react with the gas molecules
forming product ions.

[0004] When anion collides with a gas molecule it may
get scattered and lose kinetic energy. However, the ion
is not lost from the collision cell since itis radially confined
within the collision cell by the applied RF voltage. If an
ion undergoes alarge number of collisions, perhaps more
than 100 collisions, then the ion will effectively lose all its
forward kinetic energy. Such ions will now have a mean
energy substantially equal to that of the surrounding gas
molecules i. e. they will have become thermalized. The
thermalized ions will now appear to move randomly within
the gas due to continuing random collisions with gas mol-
ecules. Some ions may therefore be expected to remain
within the collision cell for a relatively long period of time.
[0005] In practice ions are nonetheless observed to
exit the collision cell after some delay. It is generally
thought that ions continue to move relatively slowly for-
wards through the collision cell due to the bulk movement
of gas which effectively forces ions through the collision
cell. It is also thought that space charge effects caused
by the continual ingress of ions into the collision cell also
act to force ions through the collision cell. lons within the
collision cell therefore experience electrostatic repulsion
fromions arriving from behind and this effectively pushes
the ions through the collision cell.

[0006] As will be appreciated from the above, ion tran-
sit times through known RF collision and reaction cells
can be relatively long due to ions losing their forward
kinetic energy through multiple collisions with the colli-
sion gas. The continued presence or absence of an in-
coming ion beam and any surface charging leading to
axial potential barriers can further adversely affect the
transit time.

[0007] A relatively long ion transit time through a col-
lision cell can significantly affect the performance of a
mass spectrometer. For example, ions are required to
have a relatively fast transit time through a collision cell
when performing Multiple Reaction Monitoring (MRM)
experiments using a triple quadrupole mass spectrome-
ter. Afasttransittime is also required when rapidly switch-
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ing to different product ion spectra acquisitions using a
hybrid quadrupole-Time of Flight mass spectrometer.
When a mass spectrometer switches rapidly between
various different parent ions, then if the resultant frag-
ment ions formed within the collision cell exit the collision
cell relatively slowly then significant quantities of frag-
ment ions may still be present in the subsequent acqui-
sition. This therefore causes a memory effect or cross-
talk.

[0008] A known method of reducing crosstalk is to re-
duce the RF voltage to a low enough level in the period
between measurements so that ions are no longer con-
fined within the collision cell and consequently leak away.
However, it takes a certain amount of time for the collision
cell to re-fill with ions after the RF voltage has been re-
duced and hence if short inter-acquisition times are de-
sired then the collision cell may not be sufficiently full
before the next acquisition commences. This has the ef-
fect of reducing sensitivity which becomes more acute
at shorter acquisition times.

[0009] Another situation where ions need to be rapidly
transmitted through the collision cell is when a mass
spectrometer is operated in a parent ion scanning mode.
According to this mode of operation only a specific frag-
ment ion is set to be transmitted by a mass filter down-
stream of a collision cell of a tandem mass spectrometer
(e.g. a triple quadrupole mass spectrometer) whilst a
mass analyser upstream of the collision cell is scanned.
When a specific fragment ion is observed, the parention
which was fragmented to produce the specific fragment
ion can then be determined. In theory a large humber of
parent ions admitted to the collision cell could have given
rise to the specific fragment ion. The aim of such exper-
iments is to screen for all components belonging to a
particular class of compounds that may be recognised
by a common fragment ion or to discover all parent ions
that may contain a particular sub-component such as the
phosphate functional group in phosphorylated peptides.
However, if the transit time of ions through the collision
cell is relatively long then the parent ions appear to be-
come smeared across a number of masses and conse-
quently resolution is reduced together with sensitivity.
This effect is particularly exacerbated when the mass
analyser upstream of the collision cell is scanned at a
relatively high scan rate when sensitivity may be com-
pletely lost.

[0010] Neutral loss/gain scanning modes of operation
are also used wherein both the mass analyser upstream
of the collision cell and the mass filter/analyser down-
stream of the collision cell are scanned synchronously
with a constant mass offset to identify those parent ions
which fragment through loss of a specific functional group
or react to form a specific production with a specific mass
difference. Along transit time for ions through the collision
cell may cause peak smearing but since the mass ana-
lyser downstream of the collision cell is scanning the
smearing is not observed. The resultant effect is a loss
of sensitivity and resolution (even though the loss of res-
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olution may be obscured) which is again exacerbated at
higher scan rates.

[0011] Long transit times are also a problem with re-
action cells. lons are typically injected into reaction cells
with relatively low energies and RF confinement is used
to cause the ions to interact with a background buffer gas
and/or a reagent gas. Any axial velocity component
above thermal levels is effectively lost and the ions can
become effectively stranded within the reaction cell. In
some situations, such as with short reaction cells, the
ions may be deliberately trapped by application of trap-
ping voltages at the entrance and exit of the reaction cell.
This prolongs the ion-molecule interaction times but
when the trapping voltages are removed the ions have
no specificimpetus towards the exit. Some ions will even-
tually diffuse to the exit but the duty cycle is poor and
there is a risk of crosstalk with subsequent trapping cy-
cles. It is therefore known to reduce the RF voltage ap-
plied to the reaction cell between experiments to a level
such that ions are no longer confined within the reaction
cell.

[0012] US-A-6111250 (DI) discloses a quadrupole
mass analyser wherein an axial field is established in the
quadrupole rod set to speed the transmission of ions
therefrom. When used as a collision cell, the axial field
reduces the delay needed for daughter ions to drain out
of the cell.

[0013] With pulsed ion sources such as Laser Desorp-
tion lonisation ("LDI") and Matrix Assisted Laser Desorp-
tion lonisation ("MALDI") ion sources the impetus of ions
being effectively pushed through the collision cell by the
space charge repulsion from continual ingress of ions is
either not effectively present or is severely reduced. Con-
sequently, ions from one pulse, or laser shot, can become
merged with those from the next pulse and so on. Pulsed
ion sources can advantageously be coupled to a discon-
tinuous mass analyser such as a Time of Flight mass
spectrometer, an ion trap mass spectrometer or a Fourier
Transform lon Cyclotron Resonance ("FTICR") mass
spectrometer so that the operation of the mass analyser
can be synchronised with the pulses of ions emitted from
the ion source. This enables the duty cycle for sampling
ions and therefore sensitivity to be maximised. The
smearing of each pulse of ions and the subsequent merg-
ing of one pulse with the next can compromise the op-
portunity to synchronise the mass analyser with the
pulsed ion source. Hence itis no longer possible to main-
tain a high duty cycle and therefore sensitivity.

[0014] It is therefore desired to provide an improved
fragmentation, collision or reaction cell for a mass spec-
trometer.

[0015] According to an aspect of the present invention
there is provided a mass spectrometer as claimed in
claim 1.

[0016] The present invention is characterized over DI
by the characterising portion of claim 1.

[0017] Anaxialvoltage gradientmay be provided along
atleast a portion of the length of the fragmentation device
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which varies with time whilst ions are being transmitted
through the fragmentation device.

[0018] The fragmentation device may comprise at
least a first electrode held at a first reference potential,
a second electrode held at a second reference potential,
and a third electrode held at a third reference potential,
wherein:

at a first time t; a first DC voltage is supplied to the
first electrode so that the first electrode is held at a
first potential above or below the first reference po-
tential;

at a second later time t, a second DC voltage is sup-
pliedto the second electrode so thatthe second elec-
trode is held at a second potential above or below
the second reference potential; and

at a third later time t3 a third DC voltage is supplied
to the third electrode so that the third electrode is
held at a third potential above or below the third ref-
erence potential.

[0019] Preferably, at the first time t; the second elec-
trode is at the second reference potential and the third
electrode is at the third reference potential;

at the second time t, the first electrode is at the first
potential and the third electrode is at the third refer-
ence potential; and

at the third time t5 the first electrode is at the first
potential and the second electrode is at the second
potential.

[0020] Alternatively, atthe firsttime t; the second elec-
trode is at the second reference potential and the third
electrode is at the third reference potential;

at the second time t, the first electrode is no longer
supplied with the first DC voltage so that the first
electrode is returned to the first reference potential
and the third electrode is at the third reference po-
tential; and

at the third time t5 the second electrode is no longer
supplied with the second DC voltage so that the sec-
ond electrode is returned to the second reference
potential and the first electrode is at the first refer-
ence potential.

[0021] Preferably, the first, second and third reference
potentials are substantially the same. The first, second
and third DC voltages are also preferably substantially
the same. Preferably, the first, second and third poten-
tials are substantially the same.

[0022] According to an embodiment the fragmentation
device comprises 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30 or >30 segments, wherein each segment comprises
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or >30 elec-
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trodes and wherein the electrodes in a segment are main-
tained at substantially the same DC potential. Preferably,
a plurality of segments are maintained at substantially
the same DC potential. According to an embodiment
each segment is maintained at substantially the same
DC potential as the subsequent nth segment wherein n
is3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or >30.

[0023] lons are preferably confined radially within the
fragmentation device by an AC or RF electric field. lons
are preferably radially confined within the fragmentation
device in a pseudo-potential well and are constrained
axially by a real potential barrier or well.

[0024] The transit time of ions through the fragmenta-
tion device is preferably selected from the group consist-
ing of: (i) less than or equal to 20 ms; (ii) less than or
equal to 10 ms; (iii) less than or equal to 5 ms; (iv) less
than or equal to 1 ms; and (v) less than or equal to 0.5 ms.
[0025] According to the preferred embodiment at least
50%, 60%, 70%, 80%, 90% or 95% of the ions entering
the fragmentation device are arranged to have, in use,
an energy greater than or equal to 10 eV for a singly
charged ion or greater than or equal to 20 eV for a doubly
charged ion such that the ions are caused to fragment.
Preferably, at least 50%, 60%, 70%, 80%, 90% or 95%
of the ions entering the fragmentation device are ar-
ranged to fragment upon colliding with collision gas within
the fragmentation device.

[0026] Preferably, the fragmentation device is main-
tained at a pressure selected from the group consisting
of: (i) greater than or equal to 0.0001 mbar; (ii) greater
than or equal to 0.0005 mbar; (iii) greater than or equal
to 0.001 mbar; (iv) greater than or equal to 0.005 mbar;
(v) greater than or equal to 0.01 mbar; (vi) greater than
or equal to 0.05 mbar; (vii) greater than or equal to 0.1
mbar; (viii) greater than or equal to 0.5 mbar; (ix) greater
than or equal to 1 mbar; (x) greater than or equal to 5
mbar; and (xi) greater than or equal to 10 mbar.

[0027] Preferably, the fragmentation device is main-
tained at a pressure selected from the group consisting
of: (i) less than or equal to 10 mbar; (ii) less than or equal
to 5 mbar; (iii) less than or equal to 1 mbar; (iv) less than
or equal to 0.5 mbar; (v) less than or equal to 0.1 mbar;
(vi) less than or equal to 0.05 mbar; (vii) less than or equal
to 0.01 mbar; (viii) less than or equal to 0.005 mbar; (ix)
less than or equal to 0.001 mbar; (x) less than or equal
to 0.0005 mbar; and (xi) less than or equal to 0.0001
mbar.

[0028] Preferably, the fragmentation device is main-
tained, in use, at a pressure selected from the group con-
sisting of: (i) between 0.0001 and 10 mbar; (ii) between
0.0001 and 1 mbar; (iii) between 0.0001 and 0.1 mbar;
(iv) between 0.0001 and 0.01 mbar; (v) between 0.0001
and 0.001 mbar; (vi) between 0.001 and 10 mbar; (vii)
between 0.001 and 1 mbar; (viii) between 0.001 and 0.1
mbar; (ix) between 0.001 and 0.01 mbar; (x) between
0.01 and 10 mbar; (xi) between 0.01 and 1 mbar; (xii)
between 0.01 and 0.1 mbar; (xiii) between 0.1 and 10
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mbar; (xiv) between 0.1 and 1 mbar; and (xv) between 1
and 10 mbar.

[0029] The fragmentation device is preferably main-
tained, in use, at a pressure such that a viscous drag is
imposed upon ions passing through the fragmentation
device.

[0030] One or more transient DC voltages or one or
more transient DC voltage waveforms are preferably in-
itially provided at a first axial position and are then sub-
sequently provided at second, then third different axial
positions along the fragmentation device.

[0031] Preferably, the one or more transient DC volt-
ages or the one or more transient DC voltage waveforms
move in use from one end of the fragmentation device
to another end of the fragmentation device so that ions
are urged along the fragmentation device.

[0032] The one or more transient DC voltages prefer-
ably create: (i) a potential hill or barrier; (ii) a potential
well; (i) multiple potential hills or barriers; (iv) multiple
potential wells; (v) a combination of a potential hill or bar-
rier and a potential well; or (vi) a combination of multiple
potential hills or barriers and multiple potential wells.
[0033] The one or more transient DC voltage wave-
forms preferably comprise a repeating waveform such
as a square wave.

[0034] The amplitude of the one or more transient DC
voltages or the one or more transient DC voltage wave-
forms preferably remains substantially constant with
time. Alternatively, the amplitude of the one or more tran-
sient DC voltages or the one or more transient DC voltage
waveforms varies with time. For example, the amplitude
of the one or more transient DC voltages or the one or
more transient DC voltage waveforms may either: (i) in-
creases with time; (ii) increases then decreases with
time; (iii) decreases with time; or (iv) decreases then in-
creases with time.

[0035] The fragmentation device preferably comprises
an upstream entrance region, a downstream exit region
and an intermediate region, wherein:

in the entrance region the amplitude of the one or
more transient DC voltages or the one or more tran-
sient DC voltage waveforms has a first amplitude;
in the intermediate region the amplitude of the one
or more transient DC voltages or the one or more
transient DC voltage waveforms has a second am-
plitude; and

in the exit region the amplitude of the one or more
transient DC voltages or the one or more transient
DC voltage waveforms has a third amplitude.

[0036] Preferably, the entrance and/or exitregion com-
prise a proportion of the total axial length of the fragmen-
tation device selected from the group consisting of: (i) <
5%; (ii) 5-10%; (iii) 10-15%; (iv) 15-20%; (v) 20-25%; (Vi)
25-30%; (vii) 30-35%; (viii) 35-40%; and (ix) 40-45%.

[0037] The first and/or third amplitudes are preferably
substantially zero and the second amplitude is preferably
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substantially non-zero.

[0038] The second amplitude is preferably larger than
the first amplitude and/or the second amplitude is larger
than the third amplitude.

[0039] Preferably, one or more transient DC voltages
or one or more transient DC voltage waveforms pass in
use along the fragmentation device with a first velocity.
The first velocity preferably either: (i) remains substan-
tially constant; (ii) varies; (iii) increases; (iv) increases
then decreases; (v) decreases; (vi) decreases then in-
creases; (vii) reduces to substantially zero; (viii) reverses
direction; or (ix) reduces to substantially zero and then
reverses direction.

[0040] The one or more transient DC voltages or the
one or more transient DC voltage waveforms preferably
cause ions within the fragmentation device to pass along
the fragmentation device with a second velocity.

[0041] The difference between the first velocity and
the second velocity is preferably less than or equal to
100 m/s, 90 m/s, 80 m/s, 70 m/s, 60 m/s, 50 m/s, 40 m/s,
30 m/s, 20 m/s, 10 m/s, 5 m/s or 1 m/s.

[0042] The first velocity is preferably selected from the
group consisting of: (i) 10-250 m/s; (ii) 250-500 m/s; (iii)
500-750 m/s; (iv) 750-1000 m/s; (v) 1000-1250 m/s; (Vi)
1250-1500 m/s; (vii) 1500-1750 m/s; (viii) 1750-2000 m/s;
(ix) 2000-2250 m/s; (x) 2250-2500 m/s; (xi) 2500-2750
m/s; (xii) 2750-3000 m/s; (xiii) 3000-3250 m/s; (xiv)
3250-3500 m/s; (xv) 3500-3750 m/s; (xvi) 3750-4000
m/s; (xvii) 4000-4250 m/s; (xviii) 4250-4500 m/s; (xix)
4500-4750 m/s; (xx) 4750-5000 m/s; and (xxi) > 5000
m/s.

[0043] The second velocity is preferably selected from
the group consisting of: (i) 10-250 m/s; (ii) 250-500 m/s;
(iif) 500-750 m/s; (iv) 750-1000 m/s; (v) 1000-1250 m/s;
(vi) 1250-1500 m/s; (vii) 1500-1750 m/s; (viii) 1750-2000
m/s; (ix) 2000-2250 m/s; (x) 2250-2500 m/s; (xi)
2500-2750 m/s; (xii) 2750-3000 m/s; (xiii) 3000-3250 m/s;
(xiv) 3250-3500 m/s; (xv) 3500-3750 m/s; (xvi)
3750-4000 m/s; (xvii) 4000-4250 m/s; (xviii) 4250-4500
m/s; (xix) 4500-4750 m/s; (xx) 4750-5000 m/s; and (xxi)
> 5000 m/s.

[0044] Preferably, the second velocity is substantially
the same as the first velocity.

[0045] The one or more transient DC voltages or the
one or more transient DC voltage waveforms preferably
have a frequency, and wherein the frequency: (i) remains
substantially constant; (ii) varies; (iii) increases; (iv) in-
creases then decreases; (v) decreases; or (vi) decreases
then increases.

[0046] The one or more transient DC voltages or the
one or more transient DC voltage waveforms preferably
has a wavelength, and wherein the wavelength: (i) re-
mains substantially constant; (ii) varies; (iii) increases;
(iv) increases then decreases; (v) decreases; or (vi) de-
creases then increases.

[0047] According to an embodiment two or more tran-
sient DC voltages or two or more transient DC waveforms
are arranged to pass simultaneously along the fragmen-
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tation device. The two or more transient DC voltages or
the two or more transient DC waveforms may be ar-
ranged to move: (i) in the same direction; (ii) in opposite
directions; (i) towards each other; or (iv) away from each
other.

[0048] The one or more transient DC voltages or the
one or more transient DC waveforms may be repeatedly
generated and passed in use along the fragmentation
device. The frequency of generating the one or more tran-
sient DC voltages or the one or more transient DC voltage
waveforms preferably: (i) remains substantially constant;
(ii) varies; (iii) increases; (iv) increases then decreases;
(v) decreases; or (vi) decreases then increases.

[0049] According to an embodiment a continuous
beam of ions is received at an entrance to the fragmen-
tation device. Alternatively, packets of ions are received
at an entrance to the fragmentation device.

[0050] According to the preferred embodiment pulses
of ions emerge from an exit of the fragmentation device.
[0051] The mass spectrometer preferably further com-
prises an ion detector, the ion detector being arranged
to be substantially phase locked in use with the pulses
of ions emerging from the exit of the fragmentation de-
vice.

[0052] The mass spectrometer preferably further com-
prises a Time of Flight mass analyser comprising an elec-
trode for injecting ions into a drift region, the electrode
being arranged to be energised in use in a substantially
synchronised manner with the pulses of ions emerging
from the exit of the fragmentation device.

[0053] Other embodiments are also contemplated
wherein the mass spectrometer further comprises an ion
trap arranged downstream of the ion guide, the ion trap
being arranged to store and/or release ions from the ion
trap in a substantially synchronised manner with the puls-
es of ions emerging from the exit of the ion guide.
[0054] Another embodiment is contemplated wherein
the mass spectrometer further comprises an mass filter
arranged downstream of the ion guide, wherein a mass
to charge ratio transmission window of the mass filter is
varied in a substantially synchronised manner with the
pulses of ions emerging from the exit of the ion guide.
[0055] The fragmentation device may comprise anion
funnel comprising a plurality of electrodes having aper-
tures therein through which ions are transmitted, wherein
the diameter of the apertures becomes progressively
smaller or larger. Alternatively, the fragmentation device
may comprise an ion tunnel comprising a plurality of elec-
trodes having apertures therein through which ions are
transmitted, wherein the diameter of the apertures re-
mains substantially constant. The fragmentation device
may comprise a stack of plate, ring or wire loop elec-
trodes.

[0056] The fragmentation device may comprise a plu-
rality of electrodes, each electrode having an aperture
through whichions are transmitted in use. Each electrode
preferably has a substantially circular aperture. Prefera-
bly, each electrode has a single aperture through which
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ions are transmitted in use.

[0057] Preferably, the diameter of the apertures of at
least 50%, 60%, 70%, 80%, 90% or 95% of the electrodes
forming the fragmentation device is selected from the
group consisting of: (i) less than or equal to 10 mm; (ii)
less than or equal to 9 mm; (iii) less than or equal to 8
mm; (iv) less than or equal to 7 mm; (v) less than or equal
to 6 mm; (vi) less than or equal to 5 mm; (vii) less than
or equal to 4 mm; (viii) less than or equal to 3 mm; (ix)
less than or equal to 2 mm; and (x) less than or equal to
1 mm.

[0058] At least 50%, 60%, 70%, 80%, 90% or 95% of
the electrodes forming the fragmentation device prefer-
ably have apertures which are substantially the same
size or area.

[0059] According to a less preferred embodiment the
fragmentation device comprises a segmented rod set.
[0060] Preferably, the fragmentation device consists
of: (i) 10-20 electrodes; (ii) 20-30 electrodes; (iii) 30-40
electrodes; (iv) 40-50 electrodes; (v) 50-60 electrodes;
(vi) 60-70 electrodes; (vii) 70-80 electrodes; (viii) 80-90
electrodes; (ix) 90-100 electrodes; (x) 100-110 elec-
trodes; (xi) 110-120 electrodes; (xii) 120-130 electrodes;
(xiii) 130-140 electrodes; (xiv) 140-150 electrodes; or (xv)
more than 150 electrodes.

[0061] The thickness of at least 50%, 60%, 70%, 80%,
90% or 95% of the electrodes is preferably selected from
the group consisting of: (i) less than or equal to 3 mm;
(ii) less than or equal to 2.5 mm; (iii) less than or equal
to 2.0 mm; (iv) less than or equal to 1.5 mm; (v) less than
or equal to 1.0 mm; and (vi) less than or equal to 0.5 mm.
[0062] The fragmentation device preferably has a
length selected from the group consisting of: (i) less than
5 cm; (i) 5-10 cm; (iii) 10-15 cm; (iv) 15-20 cm; (v) 20-25
cm; (vi) 25-30 cm; and (vii) greater than 30 cm.

[0063] The fragmentation device preferably comprises
a housing having an upstream opening for allowing ions
to enter the fragmentation device and a downstream
opening for allowing ions to exit the fragmentation device.
[0064] The fragmentation device may further comprise
an inlet port through which a collision gas is introduced.
The collision gas may comprise air and/or one or more
inert gases and/or one or more non-inert gases. Prefer-
ably, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, or 95% of the electrodes are connected to
both a DC and an AC or RF voltage supply. Axially ad-
jacent electrodes are preferably supplied with AC or RF
voltages having a phase difference of 180°.

[0065] The mass spectrometer may comprise an ion
source selected from the group consisting of: (i) Electro-
spray ("ESI") ion source; (ii) Atmospheric Pressure
Chemical lonisation ("APCI") ion source; (iii) Atmospher-
ic Pressure Photo lonisation ("APPI") ion source; (iv) Ma-
trix Assisted Laser Desorption lonisation ("MALDI") ion
source; (v) Laser Desorption lonisation ("LDI") ion
source; (vi) Inductively Coupled Plasma ("ICP") ion
source; (vii) Electron Impact ("EI") ion source; (viii) Chem-
ical lonisation ("CI") ion source; (ix) a Fast Atom Bom-
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bardment ("FAB") ion source; and (x) a Liquid Secondary
lons Mass Spectrometry ("LSIMS") ion source.

[0066] The ion source may comprise a continuous ion
source or a pulsed ion source.

[0067] According to another aspect of the present in-
vention there is provided a mass spectrometer compris-
ing a reaction cell, as claimed in claim 74.

[0068] All the preferred features discussed above in
relation to a collision cell are equally applicable to a re-
action cell according to a preferred embodiment.
[0069] Preferably, the mass spectrometer further com-
prises:

an ion source;
a mass filter; and
a mass analyser.

[0070] Anion guide may be arranged upstream of the
mass filter. The ion guide preferably comprises a plurality
of electrodes wherein at least some of the electrodes are
connected to both a DC and an AC or RF voltage supply.
One or more transient DC voltages or one or more tran-
sient DC voltage waveforms may be passed in use along
at least a portion of the length of the ion guide to urge
ions along the portion of the length of the ion guide.
[0071] The mass filter may comprise a quadrupole
mass filter. The mass analyser may comprise a Time of
Flight mass analyser, a quadrupole mass analyser or a
Fourier Transform lon Cyclotron Resonance ("FTICR")
mass analyser. The mass analyser may also comprise
a 2D (linear) quadrupole ion trap or a 3D (Paul) quadru-
pole ion trap.

Preferably, the fragmentation device comprises a
plurality of electrodes having apertures, whereinions
are radially confined within the fragmentation device
by an AC or RF voltage such that adjacent electrodes
have a phase difference of 180°, and wherein ions
are urged towards an exit of the fragmentation device
and have a transit time of less than 20 ms through
the fragmentation device.

[0072] According to another aspect of the present in-
vention there is provided a method of mass spectrometry
comprising:

providing a fragmentation device comprising a plu-
rality of successive electrodes; and characterised by
progressively applying one or more transient DC
voltages or one or more transient DC voltage wave-
forms to the successive electrodes so that ions are
fragmented within the fragmentation device and are
urged along the fragmentation device.

[0073] Preferably, the step of progressively applying
one or more transient DC voltages or one or more tran-
sient DC voltage waveforms comprises maintaining an
axial voltage gradient which varies with time whilst ions
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are being transmitted through the fragmentation device.
[0074] Preferably, the one or more transient DC volt-
ages or the one or more transient DC voltage waveforms
are passed along the fragmentation device with a first
velocity.

[0075] The first velocity is preferably selected from the
group consisting of: (i) 10-250 m/s; (ii) 250-500 m/s; (iii)
500-750 m/s; (iv) 750-1000 m/s; (v) 1000-1250 m/s; (vi)
1250-1500 m/s; (vii) 1500-1750 m/s; (viii) 1750-2000 m/s;
(ix) 2000-2250 m/s; (x) 2250-2500 m/s; (xi) 2500-2750
m/s; (xii) 2750-3000 m/s; (xiii) 3000-3250 m/s; (xiv)
3250-3500 m/s; (xv) 3500-3750 m/s; (xvi) 3750-4000
m/s; (xvii) 4000-4250 m/s; (xviii) 4250-4500 m/s; (xix)
4500-4750 m/s; (xx) 4750-5000 m/s; and (xxi) > 5000
m/s.

[0076] According to another aspect of the present in-
vention there is provided a method of reacting ions and/or
exchanging the charge of ions with a gas comprising:

providing areaction cell comprising a plurality of suc-
cessive electrodes; and characterised by
progressively applying one or more transient DC
voltages or one or more transient DC voltage wave-
forms to the successive electrodes so that ions are
urged along the reaction cell.

[0077] According to one embodiment a repeating pat-
tern of DC electrical potentials is superimposed along
the length of a collision or reaction cell so as to form a
periodic DC potential waveform. The DC waveform may
then be caused to effectively travel along the collision or
reaction cell in the direction and at a velocity at which it
is desired to move the ions.

[0078] Thecollision orreaction cell preferably compris-
es an AC or RF cell such as a multipole rod set or stacked
ring set which is segmented in the axial direction so that
independent transient DC potentials can be applied to
each segment. Such transient DC potentials are prefer-
ably superimposed on top of the RF radially confining
voltage and also on top of any constant DC offset voltage
which may be applied to all the electrodes forming the
cell. The transient DC potentials applied to the electrodes
generate a travelling DC potential wave in the axial di-
rection.

[0079] Atany instantin time a voltage gradient is gen-
erated between segments which has the effect of pushing
or pulling ions in a certain direction. As the ions move in
the required direction the DC voltage gradient also
moves. The individual DC voltages on each of the seg-
ments may be programmed to create a required wave-
form. Furthermore, the individual DC voltages on each
of the segments may be programmed to change in syn-
chronism so that a waveform is maintained but translated
in the direction in which it is required to move the ions.
No constant axial DC voltage gradient is required al-
though less preferably one may be provided.

[0080] Various embodiments of the present invention
will now be described, by way of example only, and with
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reference to the accompanying drawings in which:

Fig. 1 shows a segmented collision or reaction cell
according to a preferred embodiment;

Fig. 2A shows a DC potential barrier waveform, Fig.
2B shows a DC potential well waveform, Fig. 2C
shows a DC potential barrier and well waveform, Fig.
2D shows a DC potential repeating waveform and
Fig. 2E shows another DC potential repeating wave-
form;

Fig. 3 illustrates how a repeating transient DC volt-
age waveform may be generated,;

Fig. 4A shows a partial mass spectrum obtained ac-
cording to the preferred embodiment and Fig. 4B
shows a comparable conventional mass spectrum;
Fig. 5A shows data relating to two channels from a
MRM experiment which were obtained according to
the preferred embodiment and Fig. 5B shows data
relating to two channels which were obtained accord-
ing to a conventional arrangement;

Fig. 6A shows a fragment ion peak obtained by the
fragmentation of Verapamil using a conventional col-
lision cell and Fig. 6B shows a comparable fragment
ion peak obtained according to the preferred embod-
iment;

Fig. 7A shows a parent ion scan according to the
preferred embodiment and Fig. 7B shows a compa-
rable conventional parent ion scan;

Fig. 8A shows a mass spectrum obtained when Ve-
rapamil parent ions having a mass to charge ratio of
455 entered a collision cell having a 150 m/s travel-
ling DC potential waveform with a collision energy
of 9 eV, Fig. 8B shows a mass spectrum obtained
when Verapamil parent ions entered a collision cell
having a 150 m/s travelling DC potential waveform
with a collision energy of 20 eV, Fig. 8C shows a
mass spectrum obtained when Verapamil parent
ions entered a collision cell having a 150 m/s travel-
ling DC potential waveform with a collision energy
of 26 eV, Fig. 8D shows a mass spectrum obtained
when Verapamil parent ions entered a collision cell
having a 150 m/s travelling potential waveform with
a collision energy of 29 eV, Fig. 8E shows a mass
spectrum obtained when Verapamil parent ions en-
tered a collision cell having a 150 m/s travelling DC
potential waveform with a collision energy of 39 eV,
Fig. 8F shows a mass spectrum obtained when Ve-
rapamil parent ions entered a collision cell having a
1500 m/s travelling DC potential waveform accord-
ing to the preferred embodiment with a collision en-
ergy of 2 eV and Fig. 8G shows a mass spectrum
obtained when Verapamil parent ions entered a col-
lision cell having a 1500 m/s travelling DC potential
waveform according to the preferred embodiment
with a collision energy of 10 eV;

Fig. 9A shows a mass spectrum obtained when
Diphenhydramine parent ions having a mass to
charge ratio of 256 entered a collision cell having a
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150 m/s travelling DC potential waveform with a col-
lision energy of 9 eV, Fig. 9B shows a mass spectrum
obtained when Diphenhydramine parent ions en-
tered a collision cell having a 150 m/s travelling DC
potential waveform with a collision energy of 20 eV,
Fig. 9C shows a mass spectrum obtained when
Diphenhydramine parentions entered a collision cell
having a 150 m/s travelling DC potential waveform
with a collision energy of 26 eV, Fig. 9D shows a
mass spectrum obtained when Diphenhydramine
parent ions entered a collision cell having a 150 m/s
travelling DC potential waveform with a collision en-
ergy of 29 eV, Fig. 9E shows a mass spectrum ob-
tained when Diphenhydramine parent ions entered
a collision cell having a 150 m/s travelling DC poten-
tial waveform with a collision energy of 39 eV, Fig.
9F shows a mass spectrum obtained when Diphen-
hydramine parentions entered a collision cell having
a 1500 m/s travelling DC potential waveform accord-
ing to the preferred embodiment with a collision en-
ergy of 2 eV and Fig. 9G shows a mass spectrum
obtained when Diphenhydramine parent ions en-
tered a collision cell having a 1500 m/s travelling DC
potential waveform according to the preferred em-
bodiment with a collision energy of 10 eV;

Fig. 10A shows amass spectrum obtained when Ter-
fenadine parent ions having a mass to charge ratio
of 472 entered a collision cell having a 150 m/s trav-
elling DC potential waveform with a collision energy
of 9 eV, Fig. 10B shows a mass spectrum obtained
when Terfenadine parentions entered a collision cell
having a 150 m/s travelling DC potential waveform
with a collision energy of 20 eV, Fig. 10C shows a
mass spectrum obtained when Terfenadine parent
ions entered a collision cell having a 150 m/s travel-
ling DC potential waveform with a collision energy
of 26 eV, Fig. 10D shows a mass spectrum obtained
when Terfenadine parentions entered a collision cell
having a 150 m/s travelling DC potential waveform
with a collision energy of 29 eV, Fig. 10E shows a
mass spectrum obtained when Terfenadine parent
ions entered a collision cell having a 150 m/s travel-
ling DC potential waveform with a collision energy
of 39 eV, Fig. 10F shows a mass spectrum obtained
when Terfenadine parentions entered a collision cell
having a 1500 m/s travelling DC potential waveform
according to the preferred embodiment with a colli-
sion energy of 2 eV and Fig. 10G shows a mass
spectrum obtained when Terfenadine parent ions
entered a collision cell having a 1500 m/s travelling
DC potential waveform according to the preferred
embodiment with a collision energy of 10 eV;

Fig. 11A shows a mass spectrum obtained when Sul-
fadimethoxine parent ions having a mass to charge
ratio of 311 entered a collision cell having a 150 m/s
travelling DC potential waveform with a collision en-
ergy of 9 eV, Fig. 11B shows a mass spectrum ob-
tained when Sulfadimethoxine parent ions entered
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a collision cell having a 150 m/s travelling DC poten-
tial waveform with a collision energy of 20 eV, Fig.
11C shows a mass spectrum obtained when Sul-
fadimethoxine parent ions entered a collision cell
having a 150 m/s travelling DC potential with a col-
lision energy of 26 eV, Fig. 11D shows a mass spec-
trum obtained when Sulfadimethoxine parent ions
entered a collision cell having a 150 m/s travelling
DC potential waveform with a collision energy of 29
eV, Fig. 11E shows a mass spectrum obtained when
Sulfadimethoxine parentions entered a collision cell
having a 150 m/s travelling DC potential waveform
with a collision energy of 39 eV, Fig. 11F shows a
mass spectrum obtained when Sulfadimethoxine
parent ions entered a collision cell having a 1500
m/s travelling DC potential waveform according to
the preferred embodiment with a collision energy of
2 eV and Fig. 11G shows a mass spectrum obtained
when Sulfadimethoxine parent ions entered a colli-
sion cell having a 1500 m/s travelling DC potential
waveform according to the preferred embodiment
with a collision energy of 10 eV; and

Fig. 12A shows a mass spectrum obtained when Re-
serpine parent ions having a mass to charge ratio of
609 entered a collision cell having a 150 m/s travel-
ling DC potential waveform with a collision energy
of 9 eV, Fig. 12B shows a mass spectrum obtained
when Reserpine parent ions entered a collision cell
having a 150 m/s travelling DC potential waveform
with a collision energy of 20 eV, Fig. 12C shows a
mass spectrum obtained when Reserpine parent
ions entered a collision cell having a 150 m/s travel-
ling DC potential waveform with a collision energy
of 26 eV, Fig. 12D shows a mass spectrum obtained
when Reserpine parent ions entered a collision cell
having a 150 m/s travelling DC potential waveform
with a collision energy of 29 eV, Fig. 12E shows a
mass spectrum obtained when Reserpine parent
ions entered a collision cell having a 150 m/s travel-
ling DC potential waveform with a collision energy
of 39 eV, Fig. 12F shows a mass spectrum obtained
when Reserpine parent ions entered a collision cell
having a 1500 m/s travelling DC potential waveform
according to the preferred embodiment with a colli-
sion energy of 2 eV and Fig. 12G shows a mass
spectrum obtained when Reserpine parent ions en-
tered a collision cell having a 1500 m/s travelling DC
potential waveform according to the preferred em-
bodiment with a collision energy of 10 eV.

[0081] A preferred collision or reaction cell 1 will now
be described in relation to Fig. 1. The collision or reaction
cell 1 comprises a plurality of electrodes 2 provided along
the length of the collision or reaction cell 1. According to
one embodiment the collision or reaction cell 1 may com-
prise a plurality of substantially circular electrodes 2 hav-
ing apertures through whichions are transmitted. Accord-
ing to another embodiment the collision or reaction cell
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1 may comprise a segmented rod set.

[0082] The electrodes 2 forming the collision or reac-
tion cell 1 may be grouped together into a humber of
segments. Each segment may comprise a plurality of
electrodes which are preferably maintained at substan-
tially the same DC potential. The various segments may
be arranged so that, for example, the first, fourth, sev-
enth.... segments are maintained at the same DC poten-
tial, the second, fifth, eighth... segments are maintained
at the same DC potential and the third, sixth, ninth.....
segments are maintained at the same DC potential.
[0083] A transient DC voltage or a repeating transient
DC voltage waveform is progressively applied to the var-
ious segments or individual electrodes 2 forming the col-
lision orreaction cell 1. The transient DC voltage(s) which
is progressively applied to the collision or reaction cell 1
may comprise DC potentials above and/or below that of
a constant (or less preferably non-constant) DC voltage
offset at which the electrodes 2 or segments are normally
maintained at. The transient DC voltage or repeating DC
potential waveform has the effect of urging ions along
the axis of the collision or reaction cell 1 from the entrance
of the collision or reaction cell 3 to the exit 4 of the collision
or reaction cell 1.

[0084] The transient DC voltage or repeating DC po-
tential waveform which is applied to the electrodes 2 or
segments may take several different forms. For example,
Fig. 2A shows a single potential hill or barrier which may
be progressively passed to segments or electrodes 2
along the length of the collision or reaction cell 1. Fig. 2B
shows another potential waveform which comprises a
single potential well. Fig. 2C shows a potential waveform
wherein a single potential well followed by a single po-
tential hill or barrier which may be passed along the col-
lision or reaction cell 1. Fig. 2D shows a DC potential
waveform comprising a repeating DC potential hill or bar-
rier. Fig. 2E shows another preferred DC potential wave-
form. It will be appreciated that other different potential
waveforms apart from those shown in Figs. 2A-2E are
contemplated.

[0085] The DC voltages applied to each segment or
electrode 2 forming the collision or reaction cell 1 may
be programmed to change continuously or in a series of
steps. The sequence of voltages applied to each elec-
trode 2 or segment may repeat at regular intervals or
alternatively at intervals which may progressively in-
crease or decrease.

[0086] The time over which a complete sequence of
DC voltages is applied to a particular electrode 2 or seg-
ment is the cycle time T and the inverse of the cycle time
is the wave frequency f. The distance along the AC or
RF collision or reaction cell 1 over which the travelling
DC potential waveform repeats itself is the wavelength
A. The wavelength divided by the cycle time T is the ve-
locity V,ave Of the travelling DC potential wave (“travelling
wave"). Hence, the travelling wave velocity V,,e:
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[0087] The velocity of the ions entering the collision
cell or reaction 1 is preferably arranged to substantially
match that of the travelling DC potential wave. For agiven
wavelength, the travelling wave velocity may be control-
led by appropriate selection of the cycle time. If the cycle
time T is progressively increased then the velocity of the
travelling wave progressively decreases. The optimum
velocity of the travelling wave may depend upon the mass
of the ions to be fragmented or reacted and the pressure
and composition of the collision gas.

[0088] The collision or reaction cell 1 is preferably op-
erated at intermediate pressures between 0.0001 and
100 mbar, further preferably between 0.001 and 10 mbar.
The gas density is preferably sufficient to impose a vis-
cous drag on the ions being transmitted through the col-
lision or reaction cell 1. At such pressures the gas will
appear as a viscous medium to the ions and will have
the effect of slowing the ions. Viscous drag resulting from
frequent collisions with gas molecules effectively pre-
vents the ions from building up excessive velocity. Con-
sequently, the ions will tend to ride with the travelling DC
wave rather than run ahead of the DC potential wave and
execute excessive oscillations within the travelling po-
tential wells.

[0089] The presence of the gas imposes a maximum
velocity at which the ions will travel through the gas for
a given field strength. The higher the gas pressure, the
more frequent ion-molecule collisions will be and the
slower the ions will travel for a given field strength. The
energy of the ions will also be dependent upon their mass
and the square of their velocity. If fragmentation is re-
quired then conventionally the energy of the ions is kept
above a particular value usually approximately 10 eV.
[0090] In addition to reducing the transit time through
the collision or reaction cell 1 a further particular advan-
tage of the preferred collision or reaction cell 1 is that the
ions will exit the collision or reaction cell 1 as a pulsed
beam of ions. This will be true irrespective of whether the
ion beam entering the collision or reaction cell 1 is con-
tinuous or pulsed. Furthermore, the collision or reaction
cell 1 may in one embodiment transport a series of ion
packets without allowing the ions in one packet to be-
come dispersed and merged with another packet. The
repetition rate of the pulses of ions emitted from the col-
lision or reaction cell 1 may be synchronised with a down-
stream mass analyser in terms of scan rates and acqui-
sition times. For example, in a scanning quadrupole sys-
tem, the repetition rate is preferably high enough to pre-
ventpulsing across the mass range. Inatriple quadrupole
tandem mass spectrometer operating in a MRM mode
the repetition frequency may be compatible with the re-
action monitoring dwell times. In a quadrupole Time of
Flight tandem mass spectrometer the repetition frequen-
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cy may be substantially synchronised with the pusher
pulses of the Time of Flight mass analyser to maximise
the ion sampling duty cycle and hence sensitivity.
[0091] Advantageously, the collision or reaction cell 1
according to the preferred embodiment allows the detec-
tion system to be phase locked with the ion pulses emitted
from the collision or reaction cell 1. The detection system
response may be modulated or pulsed in the same way
that the ion beam is modulated or pulsed. This provides
a means of improving the signal to noise of the ion de-
tection system since any continuous noise, white noise,
or DC offset in the detection system can be substantially
eliminated from the detected signal.

[0092] Another advantage is gained when the travel-
ling wave collision or reaction cell 1 is interfaced with a
discontinuous mass analyser. The pulsing of an orthog-
onal acceleration Time of Flight mass spectrometer, for
example, may be synchronised with the travelling wave
frequency to maximise the duty cycle for ions of a par-
ticular range of mass to charge ratios. The range of mass-
es for which the duty cycle is maximised will be deter-
mined by the distance from the exit of the travelling wave
collision or reaction cell 1 to the orthogonal acceleration
region, the energy of the ions and the phase shift between
that of the travelling waveform and that of the pulsing of
the orthogonal acceleration Time of Flight mass spec-
trometer.

[0093] If the beam of ions arriving at the entrance to
the travelling wave collision or reaction cell 1 arrives as
a pulse of ions then they will also exit the collision, or
reaction cell 1 as a pulse of ions. The pulse ofions arriving
at the travelling wave collision or reaction cell 1 is pref-
erably synchronised with the travelling waveform so that
the ions arrive at the optimum phase of that waveform
i.e. the arrival of the ion pulse preferably coincides with
a particular phase of the waveform. This is particularly
useful when using a pulsed ion source, such as a Laser
Desorption lonisation ("LDI") or a Matrix Assisted Laser
Desorption lonisation ("MALDI") ion source or when ions
are released from an ion trap and where it is desired not
to allow the pulse of ions to become dispersed or other-
wise broadened.

[0094] Under conditions of intermediate gas pres-
sures, where ion-molecule collisions are likely to occur,
ions are positively forced to exit the collision, reaction or
cooling cell 1 which significantly reduces their transit time
though the collision or reaction cell 1. The preferred em-
bodiment also has the advantage of reducing or elimi-
nating memory effects or crosstalk in fast switching ex-
periments where ions are fragmented by or reacted with
gas molecules. The preferred embodiment also address-
es the problem of loss of sensitivity and resolution in par-
ent ion scanning and in neutral loss or gain scanning on
tandem mass spectrometers employing a gas collision
cell which is observed using conventional collision cells.
[0095] The amplitude of a travelling DC potential or
repeating waveform applied to the electrodes 2 or seg-
ments of the collision or reaction cell 1 may be progres-
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sively attenuated towards one end, preferably the en-
trance 3, of the collision or reaction cell 1. The amplitude
of the repeating DC potential waveform may therefore
grow to its full amplitude over the first few electrodes or
segments of the collision or reaction cell 1. This allows
ions to be introduced into the collision or reaction cell 1
with minimal disruption to their sequence.

[0096] According to a particularly preferred embodi-
ment the gas collision or reaction cell 1 comprises a
stacked ring RF ion guide 180 mm long and made from
120 stainless steel rings each 0.5 mm thick and spaced
apart by 1 mm. The internal aperture of each ring is pref-
erably 5 mm in diameter. The frequency of the RF supply
is preferably 1.75 MHz and the peak RF voltage may be
varied up to 500 V. The stacked ring ion guide is prefer-
ably mounted in an enclosed collision cell chamber po-
sitioned between two quadrupole mass filters of a triple
quadrupole mass spectrometer. The pressure in the en-
closed collision cell chamber may be varied up to 0.01
mbar. According to other embodiments higher pressures
may be used.

[0097] According to one embodiment the stacked ring
RF collision or reaction cell 1 may be divided into 15
segments each 12 mm long and consisting of 8 rings.
Three different DC voltages may be connected to three
adjacent segments so that a sequence of voltages ap-
plied to the firstthree segments may be repeated a further
four times along the length of the collision or reaction cell
1. The three DC voltages which are preferably applied
to the three segments may be independently pro-
grammed up to 40 V. The sequence of voltages applied
to the segments creates a waveform with a potential hill
repeated five times along the length of the collision or
reaction cell 1. According to this embodiment the wave-
length of the travelling DC potential waveform is 36 mm
(3 x 12 mm). The cycle time for the sequence of voltages
on any one segment is 23 s, and hence the travelling
wave velocity is 1560 m/s (36 mm/23 w.s)

[0098] The operation of a travelling wave ion guide will
now be described with reference to Fig. 3. The preferred
embodiment preferably comprises 120 electrodes but
only 48 electrodes are shown in Fig. 3 for ease of illus-
tration.

[0099] Alternate electrodes are preferably fed with op-
posite phases of an AC or RF supply (preferably 1 MHz
and 500 V p-p). The collision or reaction cell 1 may be
divided into separate groups of electrodes (6 groups of
electrodes are shown in Fig. 3). The electrodes in each
group may be fed from separate secondary windings on
a coupling transformer as shown in Fig. 3. These are
connected so that all the even-numbered electrodes are
180° out of phase with all the odd-numbered electrodes.
Therefore, at the point in the RF cycle when all the odd
numbered electrodes are at the peak positive voltage, all
the even-numbered electrodes are at the peak negative
voltage.

[0100] Groups of electrodes at each end of the stack
(e.g. electrodes #1-6 and #43-48) may be supplied with
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RF only potentials whereas the central groups (e.g. elec-
trodes #7-12, #13-18, #19-24, #25-30, #31-36 and
#37-42) may be supplied with both RF and DC potentials.
Therefore, electrodes #1, #3, #5, #43, #45 and #47 may
be connected to one pole of the secondary winding CT8,
and electrodes #2, #4, #6, #44, #46, and #48 may be
connected to the opposite end of winding CT7 to ensure
the correct RF phasing of the electrodes. The other ends
of these windings are connected to the 0 V DC reference
so that only RF potentials are applied to the end groups
of electrodes. Electrodes #7, #13, #19, #24, #31 and #37
which are the first electrodes of each of the central groups
are connected together and fed from secondary winding
CT6. Windings CT5, CT4, CT3, CT2 and CT1 respec-
tively supply the second through sixth electrodes of each
of central groups. Each of windings CT1-6 is referred to
a different DC reference point shown schematically by
the 2-gang switch in Fig. 3 so that the first through sixth
sets of electrodes of the central groups can be supplied
with a DC potential selected by the switch, as well as the
RF potentials.

[0101] Inamode of operation only one set of intercon-
nected electrodes comprised in the central groups is sup-
plied with a DC voltage at any given instant. All the other
windings are referenced to OV DC at that particular in-
stant. For example, with the switch in the position illus-
trated in Fig. 3, winding CT6 of the transformer may be
connected to the DC supply biasing all the first electrodes
(e.g. electrodes #7, #13, #19 etc.) of the central groups
relative to all other electrodes.

[0102] If the switch is then moved to the next position,
winding CT5 is connected to the DC supply, biasing all
the second electrodes (e.g. electrodes #8, #14, #20 etc.)
while the first electrodes (e.g. electrodes #7, #13, #19
etc.) are returned to O V DC.

[0103] When used as a travelling wave collision or re-
action cell 1 the switch can be effectively rotated contin-
uously biasing in turn the first through sixth electrodes
and then repeating the sequence without interruption. A
mechanical switch is shown in Fig. 3 for sake of illustra-
tion, however electronic switching may more preferably
be used to carry out the switching. Each transformer
winding CT1-8 may be fed by a Digital to Analogue Con-
verter which can apply the desired DC potential to the
winding under computer control.

[0104] Typical operating conditions may have an RF
peak-to-peak voltage of 500 V, an RF frequency of 1
MHz, a DC bias of +5 V (for positive ions) and a switching
frequency of 10-100 kHz.

[0105] Ifapositive ion enters the electrode stack when
the switch is in the position shown in Fig. 3 and a positive
DC potential is applied to electrode #7 then the ion will
encounter a potential barrier at electrode #7 which pre-
vents its further passage along the collision or reaction
cell 1 (assuming that its translational kinetic energy is not
too high). As soon as the switch moves to the next posi-
tion, however, this potential barrier will shift to electrode
#8 then #9, #10, #11 and #12 upon further rotation of the
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switch. This allows the ion to move further along the col-
lision or reaction cell 1. On the next cycle of operation of
the switch, the potential barrier in front of the ion moves
to electrode #13 and a new potential barrier now appears
on electrode #7 behind the ion. The ion therefore be-
comes contained or otherwise trapped in a potential well
between the potential barriers on electrodes #7 and #13.
Further rotation of the switch moves the potential well
from electrodes #7-13 to electrodes #8-14, then #9-15,
through to #12-18. A further cycle of the switch moves
this potential well in increments of one electrode from
electrodes #12-18 through to electrodes #18-24. The
process repeats thereby pushing the ion along the colli-
sion or reaction cell 1 in its potential well until it emerges
into the RF only exit group of electrodes #43-48 and then
subsequently leaves the collision or reaction cell 1.
[0106] As a potential well moves along the collision or
reaction cell 1, new potential wells capable of containing
more ions may be created and moved along behind it.
The travelling wave collision or reaction cell 1 may there-
fore carry individual packets of ions along its length in
the travelling potential wells whilst the strong-focusing
action of the RF field will simultaneously tend to confine
the ions to the axial region.

[0107] According to a particularly preferred embodi-
ment a mass spectrometer is provided having two quad-
rupole mass filters/analysers and a travelling wave col-
lision orreaction cell 1. Anion guide may also be provided
upstream of the first mass filter/analyser. A transient DC
potential waveform is preferably applied to the collision
or reaction cell 1 and may also be applied to the ion guide
upstream of the first mass filter/analyser. The transient
DC potential waveform applied to the collision or reaction
cell 1 preferably has a wavelength of 14 electrodes. The
DC voltage is preferably applied to neighbouring pairs of
plates and is stepped in pairs hence there are 7 steps in
one cycle. Accordingly, at any one time there are two
electrodes with a transient DC voltage applied to them
followed by 12 electrodes with no transient DC voltage
applied followed by two electrodes with a transient ap-
plied DC voltage followed by a further 12 electrodes with
no transient applied DC voltage etc.

[0108] A buffer gas (typically nitrogen or helium) may
be introduced into the collision or reaction cell 1. The
buffer gas is a viscous medium and will tend to dampen
the motion of the ions and to thermalise the ion transla-
tional energies. Therefore, ions entering the collision or
reaction cell 1 will fragment or react and the fragment or
product ions will become thermalised by collisional cool-
ing irrespective of the kinetic energy possessed by the
ions. The fragment or product ions may be confined in
potential wells as they travel through the collision or re-
action cell 1. Assuming that the potential barriers are suf-
ficiently high to ensure the ions remain in the potential
well, their transit time through the collision or reaction
cell 1 willbe independent of both their initial kinetic energy
and the gas pressure and hence will be determined solely
by the rate at which the potential wells are moved or
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translated along the collision or reaction cell 1 which is
a function of the switching rate of the electrode potentials.
This property can be exploited advantageously in a
number of applications and leads to improvements in per-
formance when compared to instruments using conven-
tional rod-set or ring-set guides in which this control is
unavailable.

[0109] Some experimental data relating to the pre-
ferred collision cell will now be presented.

[0110] In a first experiment the compound Reserpine
was ionised using an Electrospray lonisation source. The
(M+H)* ion for Reserpine has a mass to charge ratio of
609 and is known to fragment into fragment ions having
a mass to charge ratio of 195. Further experimental data
relating to Reserpine is presented in Figs. 12A-G.
[0111] In the first experiment, a parent ion scan for
daughter ions having a mass to charge ratio of 195 was
recorded at a scan rate of 5 Daltons in 1 second. Mass
spectra were recorded with and without the assistance
of a travelling DC potential being progressively applied
along the length of the collision cell 1 according to the
preferred embodiment. As can be seenfrom Fig. 4B, with-
out atravelling DC potential being applied to the collision
cell 1 the mass peak correlating to the parention at mass
to charge 609 was observed to be very broad (at least 3
Daltons wide) and has a low intensity relative to the back-
ground. However, as can be seen from Fig. 4A when a
travelling DC wave was applied to the collision cell (with
a master clock frequency of 130 kHz) the mass peak
corresponding to the parention became significantly nar-
rower (about 1 Dalton wide) and about three times more
intense than the mass peak shown in Fig. 4B which was
obtained using a conventional collision cell.

[0112] In another experiment a two channel Multiple
Reaction Monitoring ("MRM") experiment was set up. A
firstchannel ("Channel 1") monitored the transition of Re-
serpine parent ions having a mass to charge ratio 609
fragmenting into daughter ions having a mass to charge
ratio of 195. A second channel ("Channel 2") monitored
a non-existent transition of ions having a mass to charge
ratio of 612 fragmenting into ions having amass to charge
ratio of 195. The second channel was therefore a dummy
channel and ideally no signal should be observed. For
each measurement the quadrupole mass filter was
scanned over 4 Daltons in 0.5 seconds. As can be seen
from Fig. 5B without a travelling DC potential wave ap-
plied to the collision cell 1 daughter ions having a mass
to charge ratio of 195 were erroneously recorded as being
present in the second (dummy) channel at 89% of the
intensity that they were observed in the first channel. This
is a false result as in fact no such signal should be ob-
served.

[0113] When a travelling wave DC potential was ap-
plied with a master clock frequency of 130 kHz (see Fig.
5A) daughter ions having a mass to charge ratio of 195
were no longer erroneously observed in the second
(dummy) channel. This illustrates that the collision cell
according to the preferred embodiment can advanta-
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geously effectively remove any crosstalk between the
two channels.

[0114] Fig. 6A shows a mass peak at mass to charge
ratio 165 which was obtained conventionally without ap-
plying a travelling DC potential wave to the collision cell
1 and Fig. 6B shows a corresponding mass peak ob-
tained according to the preferred embodiment when a
travelling DC potential wave was applied to the collision
cell 1. As can be readily seen from Fig. 6B, the detected
signal when a repeating DC waveform was applied to the
electrodes 2 of the collision cell 1 has a pulsed nature
and this advantageously enables a phase lock amplifier
to be used. The two mass spectra were taken at a scan
speed of 20 Daltons per second and correspond to the
most intense daughter ion of Verapamil. Verapamil par-
entions have a mass of 455 daltons. The collision energy
was setto be 29 eV and the travelling wave voltage, when
applied, was 0.5 V and the travelling wave velocity was
11 m/s.

[0115] Figs. 7A and 7B show part of a parent ion scan
of Verapamil with and without a travelling DC potential
wave applied to the collision cell 1. The scanning speed
was 1000 Daltons per second and when applied the trav-
elling DC potential wave had a velocity of 300 m/s with
a pulse voltage of 5 V. As can be readily seen from com-
paring Fig. 7A obtained according to the preferred em-
bodiment with Fig. 7B obtained conventionally there is a
significant improvement in the quality of the observed
mass spectrum when a travelling DC potential wave was
applied to the collision cell 1 according to the preferred
embodiment.

[0116] Figs. 8-12 show CID MS/MS data for different
compounds at different collision energies with atravelling
DC potential wave at two different travelling wave veloc-
ities (150 m/s and 1500 m/s). The mass spectra shown
in Figs. 8-12 were all obtained using a collision cell 1
comprised of a stack of 122 ring electrodes each 0.5 mm
thick and spaced apart by 1.0 mm. The central aperture
of each ring was 5.0 mm diameter and the total length of
ring stack was 182 mm. A 2.75 MHz RF voltage was
applied between neighbouring rings to radially confine
the ion beam within the collision cell 1. The pressure in
the collision cell 1 was approximately 3.4 x 10-3 mbar.
The travelling wave which was applied comprised a reg-
ular periodic pulse of constant amplitude and velocity.
The travelling wave was generated by applying a tran-
sient DC voltage to a pair of ring electrodes and every
subsequent ring pair displaced by seven ring pairs along
the ring stack. In each ring pair one electrode was main-
tained at a positive phase of the RF voltage and the other
the negative. One wavelength of the waveform therefore
consisted of two rings with a raised (transient) DC poten-
tial followed by twelve rings held at lower (normal) po-
tentials. Thus, the wavelength A was equivalent to 14
rings (21 mm) and the collision cell 1 therefore had a
length equivalent to approximately 5.8 A.

[0117] The travelling DC potential wave was generat-
ed by applying a transient 10 V voltage to each pair of
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ring electrodes for a given time t before moving the ap-
plied voltage to the next pair of ring electrodes. This se-
guence was repeated uniformly along the length of the
collision cell 1. Thus the wave velocity V., = At was
equal to 3mm/t where t is the time that the transient DC
voltage was applied to an electrode.

[0118] The data shows that at relatively low travelling
DC wave velocities (e.g. 150 m/s) the collision energy
determines the nature of the MS/MS spectrum and opti-
mises at different collision energies for different parent
ion masses. However, at higher travelling DC wave ve-
locities (e.g. 1500 m/s) relatively high collision energy is
not required for some ions and a relatively fast travelling
wave is sufficient to effectively fragment all parent ions
irrespective of their mass.

[0119] Figs. 8A-8G show fragmentation mass spectra
obtained from Verapamil (m/z 455) using different colli-
sion energies and two different travelling DC wave ve-
locities. The travelling DC wave velocity was 150 m/s for
the mass spectra shown in Figs. 8A-8E and 1500 m/s for
the mass spectra shown in Figs. 8F and 8G. The pulse
voltage was 10V and the gas cell pressure was 3.4 x 103
mbar. The collision energy was 9 eV for the mass spec-
trum shown in Fig. 8A, 20 eV for the mass spectrum
shown in Fig. 8B, 26 eV for the mass spectrum shown in
Fig. 8C, 29 eV for the mass spectrum shown in Fig. 8D,
39 eV for the mass spectrum shown in Fig. 8E, 2 eV for
the mass spectrum shown in Fig. 8F and 10 eV for the
mass spectrum shown in Fig. 8G.

[0120] Figs. 9A-9G show fragmentation mass spectra
obtained from Diphenhydramine (m/z 256) using differ-
ent collision energies and two different travelling DC
wave velocities. The travelling DC wave velocity was 150
m/s for the mass spectra shown in Figs. 9A-9E and 1500
m/s for the mass spectra shown in Fig. 9F and 9G. The
pulse voltage was 10V and the gas cell pressure 3.4 x
10-3 mbar. The collision energy was 9 eV for the mass
spectrum shown in Fig. 9A, 20 eV for the mass spectrum
shown in Fig. 9B, 26 eV for the mass spectrum shown in
Fig. 9C, 29 eV for the mass spectrum shown in Fig. 9D,
39 eV for the mass spectrum shown in Fig. 9E, 2 eV for
the mass spectrum shown in Fig. 9F and 10 eV for the
mass spectrum shown in Fig. 9G. Diphenhydramine is
unusual in that it fragments exceptionally easily. It is
sometimes used as a test compound to show how gentle
a source is.

[0121] Figs. 10A-10G show fragmentation mass spec-
tra obtained from Terfenadine (m/z 472) using different
collision energies and two different travelling DC wave
velocities. The travelling DC wave velocity was 150 m/s
for the mass spectra shown in Figs. 10A-10E and 1500
m/s for the mass spectra shown in Figs. 10F and 10G
The pulse voltage was 10V and the gas cell pressure 3.4
x 10-3 mbar. The collision energy was 9 eV for the mass
spectrum shownin Fig. 10A, 20 eV for the mass spectrum
shown in Fig. 10B, 26 eV for the mass spectrum shown
in Fig. 10C, 29 eV for the mass spectrum shown in Fig.
10D, 39 eV for the mass spectrum shown in Fig. 10E, 2
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eV for the mass spectrum shown in Fig. 10F and 10 eV
for the mass spectrum shown in Fig. 10G.

[0122] Figs.11A-11G show fragmentation mass spec-
tra obtained from Sulfadimethoxine (m/z 311) using dif-
ferent collision energies and two different travelling DC
wave velocities. The travelling DC wave velocity was 150
m/s for the mass spectra shown in Figs. 11A-11E and
1500 m/s for the mass spectra shown in Figs 11F and
11G. The pulse voltage was 10V and the gas cell pres-
sure 3.4 x 10-3 mbar. The collision energy was 9 eV for
the mass spectrum shownin Fig. 11A, 20 eV for the mass
spectrum shownin Fig. 11B, 26 eV for the mass spectrum
shown in Fig. 11C, 29 eV for the mass spectrum shown
in Fig. 11D, 39 eV for the mass spectrum shown in Fig.
11E, 2 eV for the mass spectrum shown in Fig. 11F and
10 eV for the mass spectrum shown in Fig. 11G.
[0123] Finally, Figs. 12A-12G show fragmentation
mass spectra obtained from Reserpine (m/z 609) using
different collision energies and two differenttravelling DC
wave velocities. The travelling DC wave velocity was 150
m/s for the mass spectra shown in Figs. 12A-12E and
1500 m/s for the mass spectra shown in Fig. 12F and
12G. The pulse voltage was 10V and the gas cell pres-
sure 3.4 x 10°3 mbar. The collision energy was 9 eV for
the mass spectrum shown in Fig. 12A, 20 eV for the mass
spectrum shownin Fig. 12B, 26 eV for the mass spectrum
shown in Fig. 12C, 29 eV for the mass spectrum shown
in Fig. 12D, 39 eV for the mass spectrum shown in Fig.
12E, 2 eV for the mass spectrum shown in Fig. 12F and
10 eV for the mass spectrum shown in Fig. 12G.

[0124] Although the present invention has been de-
scribed with reference to preferred embodiments, it will
be understood by those skilled in the art that various
changes in form and detail may be made without depart-
ing from the scope of the invention as set forth in the
accompanying claims.

Claims
1. A mass spectrometer comprising:

afragmentation device (1) comprising a plurality
of successive electrodes (2), characterised in
that said mass spectrometer comprises means
for applying one or more transient DC voltages
or one or more transient DC voltage waveforms
progressively to said successive electrodes (2)
so that ions are urged along said fragmentation
device (1).

2. A mass spectrometer as claimed in claim 1, com-
prising means for applying an axial voltage gradient
along at least a portion of the length of said fragmen-
tation device (1) which varies with time whilst ions
are being transmitted through said fragmentation de-
vice (1).
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3. A mass spectrometer as claimed in claim 1 or 2,

wherein said fragmentation device (1) comprises at
least a first electrode held at a first reference poten-
tial, a second electrode held at a second reference
potential, and a third electrode held at a third refer-
ence potential, wherein said mass spectrometer
comprises means for supplying:

at a first time t; a first DC voltage to said first
electrode so that said first electrode is held at a
first potential above or below said first reference
potential;

at a second later time t, a second DC voltage
to said second electrode so that said second
electrode is held at a second potential above or
below said second reference potential; and

at a third later time t5 a third DC voltage to said
third electrode so that said third electrode is held
at a third potential above or below said third ref-
erence potential.

4. Amassspectrometer as claimedin claim 3, arranged

such that:

at said first time t; said second electrode is at
said second reference potential and said third
electrode is at said third reference potential;

at said second time t, said first electrode is at
said first potential and said third electrode is at
said third reference potential; and

at said third time t5 said first electrode is at said
first potential and said second electrode is at
said second potential.

5.  Amassspectrometer as claimed in claim 3, arranged

such that:

at said first time t; said second electrode is at
said second reference potential and said third
electrode is at said third reference potential;

at said second time t, said first electrode is no
longer supplied with said first DC voltage so that
said first electrode is returned to said first refer-
ence potential and said third electrode is at said
third reference potential; and

at said third time t5 said second electrode is no
longer supplied with said second DC voltage so
that said second electrode is returned to said
second reference potential and said first elec-
trode is at said first reference potential.

A mass spectrometer as claimed in claim 3, 4 or 5,
wherein said first, second and third reference poten-
tials are substantially the same.

A mass spectrometer as claimed in any of claims
3-6, wherein said first, second and third DC voltages
are substantially the same.
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A mass spectrometer as claimed in any of claims
3-7, wherein said first, second and third potentials
are substantially the same.

A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) com-
prises 3, 4,5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30
or >30 segments, wherein each segment comprises
1,2,3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or
>30 electrodes and wherein the electrodes in a seg-
ment are maintained at substantially the same DC
potential.

A mass spectrometer as claimed in claim 9, wherein
a plurality of segments are maintained at substan-
tially the same DC potential.

A mass spectrometer as claimed in claim 9 or 10,
wherein each segment is maintained at substantially
the same DC potential as the subsequent nth seg-
ment whereinnis 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30 or >30.

A mass spectrometer as claimed in any preceding
claim, wherein ions are confined radially within said
fragmentation device (1) by an AC or RF electricfield.

A mass spectrometer as claimed in any preceding
claim, wherein ions are radially confined within said
fragmentation device (1) in a pseudo-potential well
and are constrained axially by a real potential barrier
or well.

A mass spectrometer as claimed in any preceding
claim, wherein the transit time of ions through said
fragmentation device (1) is selected from the group
consisting of: (i) less than or equal to 20 ms; (ii) less
than or equal to 10 ms; (iii) less than or equal to 5
ms; (iv) less than or equal to 1 ms; and (v) less than
or equal to 0.5 ms.

A mass spectrometer as claimed in any preceding
claim, wherein at least 50%, 60%, 70%, 80%, 90%
or95% ofthe ions entering said fragmentation device
(1) are arranged to have, in use, an energy greater
than or equal to 10 eV for a singly charged ion or
greater than or equal to 20 eV for a doubly charged
ion such that said ions are caused to fragment.

A mass spectrometer as claimed in any preceding
claim, wherein at least 50%, 60%, 70%, 80%, 90%
or 95% ofthe ions entering said fragmentation device
(1) are arranged to fragment upon colliding with col-
lision gas within said fragmentation device (1).
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A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) is main-
tained at a pressure selected from the group con-
sisting of: (i) greater than or equal to 0.0001 mbar;
(ii) greater than or equal to 0.0005 mbar; (iii) greater
than or equal to 0.001 mbar; (iv) greater than or equal
to 0.005 mbar; (v) greater than or equal to 0.01 mbar;
(vi) greater than or equal to 0.05 mbar; (vii) greater
than or equal to 0.1 mbar; (viii) greater than or equal
to 0.5 mbar; (ix) greater than or equal to 1 mbar; (x)
greater than or equal to 5 mbar; and (xi) greater than
or equal to 10 mbar.

A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) is main-
tained at a pressure selected from the group con-
sisting of: (i) less than or equal to 10 mbar; (i) less
than or equal to 5 mbar; (iii) less than or equal to 1
mbar; (iv) less than or equal to 0.5 mbar; (v) less
than or equal to 0.1 mbar; (vi) less than or equal to
0.05 mbar; (vii) less than or equal to 0.01 mbar; (viii)
less than or equal to 0.005 mbar; (ix) less than or
equal to 0.001 mbar; (x) less than or equal to 0.0005
mbar; and (xi) less than or equal to 0.0001 mbar.

A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) is main-
tained, in use, at a pressure selected from the group
consisting of: (i) between 0.0001 and 10 mbar; (ii)
between 0.0001 and 1 mbar; (iii) between 0.0001
and 0.1 mbar; (iv) between 0.0001 and 0.01 mbar;
(v) between 0.0001 and 0.001 mbar; (vi) between
0.001 and 10 mbar; (vii) between 0.001 and 1 mbar;
(viii) between 0.001 and 0.1 mbar; (ix) between 0.001
and 0.01 mbar; (x) between 0.01 and 10 mbar; (xi)
between 0.01 and 1 mbar; (xii) between 0.01 and
0.1 mbar; (xiii) between 0.1 and 10 mbar; (xiv) be-
tween 0.1 and 1 mbar; and (xv) between 1 and 10
mbar.

A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) is main-
tained, in use, at a pressure such that a viscous drag
isimposed upon ions passing through said fragmen-
tation device.

A mass spectrometer as claimed in any preceding
claim, comprising means for providing said one or
more transient DC voltages or said one or more tran-
sient DC voltage waveforms initially at a first axial
position and then subsequently at second, then third
different axial positions along said fragmentation de-
vice (1).

A mass spectrometer as claimed in any preceding
claim, comprising means for moving said one or
more transient DC voltages or said one or more tran-
sient DC voltage waveforms from one end of said
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fragmentation device (1) to another end of said frag-
mentation device (1) so that ions are urged along
said fragmentation device (1).

A mass spectrometer as claimed in any preceding
claim, wherein said one or more transient DC volt-
ages create: (i) a potential, hill or barrier; (ii) a po-
tential well; (i) multiple potential hills or barriers; (iv)
multiple potential wells; (v) a combination of a po-
tential hill or barrier and a potential well; or (vi) a
combination of multiple potential hills or barriers and
multiple potential wells.

A mass spectrometer in any preceding claim, where-
in said one or more transient DC voltage waveforms
comprise a repeating waveform.

A mass spectrometeras claimedin claim 24, wherein
said one or more transient DC voltage waveforms
comprise a square wave.

A mass spectrometer as claimed in any preceding
claim, wherein the amplitude of said one or more
transient DC voltages or said one or more transient
DC voltage waveforms remains substantially con-
stant with time.

A mass spectrometer as claimed in any of claims
1-25, wherein the amplitude of said one or more tran-
sient DC voltages or said one or more transient DC
voltage waveforms varies with time.

A mass spectrometeras claimedin claim 27, wherein
the amplitude of said one or more transient DC volt-
ages or said one or more transient DC voltage wave-
forms either: (i) increases with time; (ii) increases
then decreases with time; (iii) decreases with time;
or (iv) decreases then increases with time.

A mass spectrometer as claimed in claim 28, wherein
said fragmentation device (1) comprises an up-
stream entrance region, a downstream exit region
and an intermediate region, wherein:

in said entrance region the amplitude of said one
or more transient DC voltages or said one or
more transient DC voltage waveforms has a first
amplitude;

in said intermediate region the amplitude of said
one or more transient DC voltages or said one
or more transient DC voltage waveforms has a
second amplitude; and

in said exit region the amplitude of said one or
more transient DC voltages or said one or more
transient DC voltage waveforms has a third am-
plitude.

A mass spectrometer as claimedin claim 29, wherein
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the entrance and/or exitregion comprise a proportion
of the total axial length of said fragmentation device
selected from the group consisting of: (i) < 5%; (ii)
5-10%; (iii) 10-15%; (iv) 15-20%; (v) 20-25%; (vi)
25-30%; (vii) 30-35%; (viii) 35-40%; and (ix) 40-45%.

A mass spectrometer as claimed in claim 29 or 30,
wherein said first and/or third amplitudes are sub-
stantially zero and said second amplitude is substan-
tially non-zero.

A mass spectrometer as claimed in claim 29, 30 or
31, wherein said second amplitude is larger than said
firstamplitude and/or said second amplitude is larger
than said third amplitude.

A mass spectrometer as claimed in any preceding
claim, wherein said one or more transient DC volt-
ages or said one or more transient DC voltage wave-
forms pass in use along said fragmentation device
(1) with a first velocity.

A mass spectrometer as claimed in claim 33, wherein
said first velocity: (i) remains substantially constant;
(ii) varies; (iii) increases; (iv) increases then decreas-
es; (v) decreases; (vi) decreases thenincreases; (vii)
reduces to substantially zero; (viii) reverses direc-
tion; or (ix) reduces to substantially zero and then
reverses direction.

A mass spectrometer as claimed in any preceding
claim, wherein said one or more transient DC volt-
ages or said one or more transient DC voltage wave-
forms cause ions within said fragmentation device
(1) to pass along said fragmentation device with a
second velocity.

Amass spectrometer as claimedin claim 35, wherein
the difference between said first velocity and said
second velocity is less than or equal to 100 m/s, 90
m/s, 80 m/s, 70 m/s, 60 m/s, 50 m/s, 40 m/s, 30 m/s,
20 m/s, 10 m/s, 5 m/s or 1 m/s.

A mass spectrometer as claimed in any of claims
33-36, wherein said first velocity is selected from the
group consisting of: (i) 10-250 m/s; (ii) 250-500 m/s;
(iii) 500-750 m/s; (iv) 750-1000 m/s; (v) 1000-1250
m/s; (vi) 1250-1500 m/s; (vii) 1500-1750 m/s; (viii)
1750-2000 m/s; (ix) 2000-2250 m/s; (x) 2250-2500
m/s: (xi) 2500-2750 m/s; (xii) 2750-3000 m/s; (xiii)
3000-3250 m/s; (xiv) 3250-3500 m/s; (xv) 3500-3750
m/s; (xvi) 3750-4000 m/s; (xvii) 4000-4250 m/s; (xviii)
4250-4500 m/s: (xix) 4500-4750 m/s; (xx) 4750-5000
m/s; and (xxi) > 5000 m/s.

A mass spectrometer as claimed in any of claims
35-37, wherein said second velocity is selected from
the group consisting of: (i) 10-250 m/s; (ii) 250-500
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m/s; (iii) 500-750 m/s; (iv) 750-1000 m/s: (v)
1000-1250 m/s; (vi) 1250-1500 m/s; (vii) 1500-1750
m/s; (viii) 1750-2000 m/s; (ix) 2000-2250 m/s; (X)
2250-2500 m/s; (xi) 2500-2750 m/s; (xii) 2750-3000
m/s; (xiii) 3000-3250 m/s; (xiv) 3250-3500 m/s; (xv)
3500-3750 m/s; (xvi) 3750-4000 m/s; (xvii)
4000-4250 m/s; (xviii) 4250-4500 m/s; (Xix)
4500-4750 m/s; (xx) 4750-5000 m/s; and (xxi) > 5000
m/s.

A mass spectrometer as claimed in claim 35, wherein
said second velocity is substantially the same as said
first velocity.

A mass spectrometer as claimed in any preceding
claim, wherein said one or more transient DC volt-
ages or said one or more transient DC voltage wave-
forms has a frequency, and wherein said frequency:
(i) remains substantially constant; (i) varies; (iii) in-
creases; (iv) increases then decreases; (v) decreas-
es; or (vi) decreases then increases.

A mass spectrometer as claimed in any preceding
claim, wherein said one or more transient DC volt-
ages or said one or more transient DC voltage wave-
forms has a wavelength, and wherein said wave-
length: (i) remains substantially constant; (ii) varies;
(iii) increases; (iv) increases then decreases; (v) de-
creases; or (vi) decreases then increases.

A mass spectrometer as claimed in any preceding
claim, wherein two or more transient DC voltages or
two or more transient DC waveforms are arranged
to pass simultaneously along said fragmentation de-
vice (1).

A mass spectrometeras claimedin claim 42, wherein
said two or more transient DC voltages or said two
or more transient DC waveforms are arranged to
move: (i) in the same direction; (ii) in opposite direc-
tions; (iii) towards each other; (iv) away from each
other.

A mass spectrometer as claimed in any preceding
claim, wherein said one or more transient DC volt-
ages or said one or more transient DC waveforms
are repeatedly generated and passed in use along
said fragmentation device, and wherein the frequen-
cy of generating said one or more transient DC volt-
ages or said one or more transient DC voltage wave-
forms: (i) remains substantially constant; (ii) varies;
(iii) increases; (iv) increases then decreases; (v) de-
creases; or (vi) decreases then increases.

A mass spectrometer as claimed in any preceding
claim, wherein in use a continuous beam of ions is
received at an entrance to said fragmentation device

Q).
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A mass spectrometer as claimed in any of claims
1-44, wherein in use packets of ions are received at
an entrance to said fragmentation device (1).

A mass spectrometer as claimed in any preceding
claim, wherein in use pulses of ions emerge from an
exit of said fragmentation device (1).

A mass spectrometer as claimed in claim 47, further
comprising an ion detector, said ion detector being
arranged to be substantially phase locked in use with
the pulses of ions emerging from the exit of the frag-
mentation device (1).

A mass spectrometer as claimed in claim 47 or 48,
further comprising a Time of Flight mass analyser
comprising an electrode for injecting ions into a drift
region, said electrode being arranged to be ener-
gised in use in a substantially synchronised manner
with the pulses of ions emerging from the exit of the
fragmentation device (1).

A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) is se-
lected from the group consisting of: (i) an ion funnel
comprising a plurality of electrodes having apertures
therein through which ions are transmitted, wherein
the diameter of said apertures becomes progres-
sively smaller or larger; (ii) an ion tunnel comprising
a plurality of electrodes having apertures therein
through which ions are transmitted, wherein the di-
ameter of said apertures remains substantially con-
stant; and (iii) a stack of plate, ring or wire loop elec-
trodes.

A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) com-
prises a plurality of electrodes (2), each electrode
(2) having an aperture through which ions are trans-
mitted in use.

A mass spectrometer as claimed in any preceding
claim, wherein each electrode (2) has a substantially
circular aperture.

A mass spectrometer as claimed in any preceding
claim, wherein each electrode (2) has a single aper-
ture through which ions are transmitted in use.

A mass spectrometer as claimed in claim 51, 52 or
53, wherein the diameter of the apertures of at least
50%, 60%, 70%, 80%, 90% or 95% of the electrodes
(2) forming said fragmentation device (1) is selected
from the group consisting of: (i) less than or equal to
10 mm; (i) less than or equal to 9 mm; (iii) less than
or equal to 8 mm; (iv) less than or equal to 7 mm; (v)
less than or equal to 6 mm; (vi) less than or equal to
5 mm; (vii) less than or equal to 4 mm; (viii) less than
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or equal to 3 mm; (ix) less than or equal to 2 mm;
and (x) less than or equal to 1 mm.

A mass spectrometer as claimed in any preceding
claim, wherein at least 50%, 60%, 70%, 80%, 90%
or 95% of the electrodes (2) forming the fragmenta-
tion device (1) have apertures which are substantial-
ly the same size or area.

A mass spectrometer as claimed in any of claims
1-49, wherein said fragmentation device (1) compris-
es a segmented rod set.

A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) con-
sists of: (i) 10-20 electrodes; (ii) 20-30 electrodes;
(i) 30-40 electrodes; (iv) 40-50 electrodes; (v) 50-60
electrodes; (vi) 60-70 electrodes; (vii) 70-80 elec-
trodes; (viii) 80-90 electrodes; (ix) 90-100 elec-
trodes; (x) 100-110 electrodes; (xi) 11.0-120 elec-
trodes; (xii) 120-130 electrodes; (xiii) 130-140 elec-
trodes; (xiv) 140-150 electrodes; or (xv) more than
150 electrodes.

A mass spectrometer as claimed in any preceding
claim, wherein the thickness of at least 50%, 60%,
70%, 80%, 90% or 95% of said electrodes (2) is se-
lected from the group consisting of: (i) less than or
equal to 3 mm; (i) less than or equal to 2.5 mm:; (iii)
less than or equal to 2.0 mm; (iv) less than or equal
to 1.5 mm; (v) less than or equal to 1.0 mm; and (vi)
less than or equal to 0.5 mm.

A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) has a
length selected from the group consisting of: (i) less
than 5 cm; (ii) 5-10 cm; (iii) 10-15 cm; (iv) 15-20 cm;
(v) 20-25 cm; (vi) 25-30 cm; and (vii) greater than 30
cm.

A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) com-
prises a housing having an upstream opening for
allowing ions to enter said fragmentation device (1)
and a downstream opening for allowing ions to exit
said fragmentation device (1).

A mass spectrometer as claimed in claim 60, wherein
the fragmentation device (1) further comprises an
inlet port through which a collision gas is introduced.

A mass spectrometerasclaimedinclaim 61, wherein
said collision gas comprises air and/or one or more
inert gases and/or one or more non-inert gases.

A mass spectrometer as claimed in any preceding
claim, wherein at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 95% of said electrodes (2)
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are connected to both a DC and an AC or RF voltage
supply.

A mass spectrometer as claimed in any preceding
claim, wherein axially adjacent electrodes (2) are
supplied with AC or RF voltages having a phase dif-
ference of 180°.

A mass spectrometer as claimed in any preceding
claim, further comprising an ion source selected from
the group consisting of: (i) Electrospray ("ESI") ion
source; (ii) Atmospheric Pressure Chemical lonisa-
tion ("APCI") ion source; (iii) Atmospheric Pressure
Photo lonisation ("APPI") ion source; (iv) Matrix As-
sisted Laser Desorption lonisation ("MALDI") ion
source; (v) Laser Desorption lonisation ("LDI") ion
source; (vi) Inductively Coupled Plasma ("ICP") ion
source; (vii) Electron Impact ("EI") ion source; (viii)
Chemical lonisation ("CI") ion source; (ix) a Fast At-
om Bombardment ("FAB" ) ion source; and (x) a Lig-
uid Secondary lons Mass Spectrometry ("LSIMS")
ion source.

A mass spectrometer as claimed in any of claims
1-64, further comprising a continuous ion source.

A mass spectrometer as claimed in any of claims
1-64, further comprising a pulsed ion source.

A mass spectrometer as claimed in any preceding
claim, further comprising an ion source, a massfilter,
and a mass analyser.

A mass spectrometer as claimed in claim 68, further
comprising an ion guide arranged upstream of said
mass filter.

Amass spectrometer as claimedin claim 69, wherein
said ion guide comprises a plurality of electrodes
wherein at least some of said electrodes are con-
nected to both a DC and an AC or RF voltage supply
and wherein one or more transient DC voltages or
one or more transient DC voltage waveforms are
passed in use along at least a portion of the length
of said ion guide to urge ions along said portion of
the length of said ion guide.

A mass spectrometer as claimed in claim 68, 69 or
70, wherein said mass filter comprises a quadrupole
mass filter.

A mass spectrometer as claimed in any of claims
68-71, wherein said mass analyser comprises a
Time of Flight mass analyser, a quadrupole mass
analyser, a Fourier Transform lon Cyclotron Reso-
nance ("FTICR") mass analyser, a 2D (linear) quad-
rupole ion trap or a 3D (Paul) quadrupole ion trap.
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A mass spectrometer as claimed in any preceding
claim, wherein said fragmentation device (1) com-
prises a plurality of electrodes (2) having apertures,
wherein ions are radially confined within said frag-
mentation device (1) by an AC or RF voltage such
that adjacent electrodes (2) have a phase difference
of 180°, and wherein ions are urged towards an exit
of said fragmentation device (1) and have a transit
time of less than 20 ms through said fragmentation
device (1).

A mass spectrometer comprising:

a reaction cell (1) wherein in use ions react
and/or exchange charge with a gas in said re-
action cell (1), said reaction cell (1) comprising
a plurality of successive electrodes (2), charac-
terised in that said mass spectrometer com-
prises means for applying one or more transient
DC voltages or one or more transient DC voltage
waveforms progressively to said successive
electrodes (2) so that ions are urged along said
reaction cell (1).

A method of mass spectrometry comprising:

providing a fragmentation device (1) comprising
a plurality of successive electrodes (2); and

characterised by

progressively applying one or more transient DC
voltages or one or more transient DC voltage wave-
forms to said successive electrodes (2) so that ions
are fragmented within said fragmentation device (1)
and are urged along said fragmentation device (1).

A method as claimed in claim 75, wherein said step
of progressively applying one or more transient DC
voltages or one or more transient DC voltage wave-
forms comprises maintaining an axial voltage gradi-
entwhich varies with time whilstions are being trans-
mitted through said fragmentation device (1).

A method as claimed in claim 75 or 76, wherein said
one or more transient DC voltages or said one or
more transient DC voltage waveforms are passed
along said fragmentation device (1) with a first ve-
locity.

A method as claimed in claim 77, wherein said first
velocity is selected from the group consisting of: (i)
10-250 m/s; (ii) 250-500 m/s; (iii) 500-750 m/s; (iv)
750-1000 m/s; (v) 1000-1250 m/s; (vi) 1250-1500
m/s; (vii) 1500-1750 m/s; (viii) 1750-2000 m/s; (ix)
2000-2250 m/s; (x) 2250-2500 m/s; (xi) 2500-2750
m/s; (xii) 2750-3000 m/s; (xiii) 3000-3250 m/s; (xiv)
3250-3500 m/s; (xv) 3500-3750 m/s; (xvi) 3750-4000
m/s; (xvii) 4000-4250 m/s; (xviii) 4250-4500 m/s; (xix)
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4500-4750 m/s; (xx) 4750-5000 m/s; and (xxi) > 5000
m/s.

A method of reacting ions and/or exchanging the
charge of ions with a gas comprising:

providing a reaction cell (1) comprising a plural-
ity of successive electrodes (2); and

characterised by

progressively applying one or more transient DC
voltages or one or more transient DC voltage wave-
forms to said successive electrodes (2) so that ions
are urged along said reaction cell (1).

Patentanspriiche

1.

Massenspektrometer, umfassend:

eine Fragmentierungsvorrichtung (1), umfas-
send eine Vielzahl von aufeinander folgenden
Elektroden (2), dadurch gekennzeichnet,
dass das Massenspektrometer Mittel fur die
progressive Anwendung einer oder mehrerer
Ubergangs-Gleichspannungen oder einer oder
mehrerer  Ubergangs-Gleichspannungs-Wel-
lenformen an den aufeinander folgenden Elek-
troden (2) umfasst, so dass lonen entlang der
Fragmentierungsvorrichtung (1) gezwungen
werden.

Massenspektrometer nach Anspruch 1, welches Mit-
tel fir die Anwendung eines axialen Spannungsgra-
dienten entlang wenigstens eines Teils der Lange
der Fragmentierungsvorrichtung (1) umfasst, wel-
cher mit der Zeit variiert, wéhrend lonen durch die
Fragmentierungsvorrichtung (1) weitergeleitet wer-
den.

Massenspektrometer nach Anspruch 1 oder 2, wo-
bei die Fragmentierungsvorrichtung (1) wenigstens
eine auf einem ersten Referenzpotenzial gehaltene
erste Elektrode, eine auf einem zweiten Referenz-
potential gehaltene zweite Elektrode und eine auf
einem dritten Referenzpotenzial gehaltene dritte
Elektrode umfasst, wobei das Massenspektrometer
Mittel umfasst zum Liefern von:

einer ersten Gleichspannung zu der ersten Elek-
trode zu einem ersten Zeitpunkt t;, so dass die
erste Elektrode auf einem ersten Potenzial Uber
oder unter dem ersten Referenzpotenzial gehal-
ten wird;

einer zweiten Gleichspannung zu der zweiten
Elektrode zu einem zweiten spateren Zeitpunkt
t,, so dass die zweite Elektrode auf einem zwei-
ten Potenzial Uber oder unter dem zweiten Re-
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ferenzpotenzial gehalten wird; und

einer dritten Gleichspannung zu der dritten Elek-
trode zu einem dritten spéateren Zeitpunkt ts, so
dass die dritte Elektrode auf einem dritten Po-
tenzial iber oder unter dem dritten Referenzpo-
tenzial gehalten wird.

4. Massenspektrometer nach Anspruch 3, derart aus-

gebildet, dass:

zu dem ersten Zeitpunkt t; die zweite Elektrode
das zweite Referenzpotenzial aufweist und die
dritte Elektrode das dritte Referenzpotenzial
aufweist;

zu dem zweiten Zeitpunkt t, die erste Elektrode
das erste Potenzial aufweist und die dritte Elek-
trode das dritte Referenzpotenzial aufweist; und
zu dem dritten Zeitpunkt t5 die erste Elektrode
das erste Potenzial aufweist und die zweite
Elektrode das zweite Potenzial aufweist.

Massenspektrometer nach Anspruch 3, derart aus-
gebildet, dass:

zu dem ersten Zeitpunkt t; die zweite Elektrode
das zweite Referenzpotenzial aufweist und die
dritte Elektrode das dritte Referenzpotenzial
aufweist;

zu dem zweiten Zeitpunkt t, die erste Elektrode
nicht mehr mit der ersten Gleichspannung ver-
sorgt wird, so dass die erste Elektrode zu dem
ersten Referenzpotenzial zuriick gefiihrt wird
und die dritte Elektrode das dritte Referenzpo-
tenzial aufweist; und

zu dem dritten Zeitpunkt t; die zweite Elektrode
nicht mehr mit der zweiten Gleichspannung ver-
sorgt wird, so dass die zweite Elektrode zu dem
zweiten Referenzpotenzial zurtick gefiihrt wird
und die erste Elektrode das erste Referenzpo-
tenzial aufweist.

Massenspektrometer nach Anspruch 3, 4 oder 5, wo-
bei das erste, das zweite und das dritte Referenz-
potenzial im Wesentlichen gleich sind.

Massenspektrometer nach einem der Anspriche
3-6, wobei die erste, die zweite und die dritte Gleich-
spannung im Wesentlichen gleich sind.

Massenspektrometer nach einem der Anspriiche
3-7, wobei das erste, das zweite und das dritte Po-
tenzial im Wesentlichen gleich sind.

Massenspektrometer nach einem der vorangehen-
den Anspruche, wobei die Fragmentierungsvorrich-
tung (1) 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30
oder >30 Segmente umfasst, wobei jedes Segment
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1,2,3,4,5/6,7,8,9,10,11, 12,13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 oder
>30 Elektroden umfasst und wobei die Elektroden
in einem Segment im Wesentlichen auf dem glei-
chen Gleichspannungspotenzial gehalten sind.

Massenspektrometer nach Anspruch 9, wobei eine
Vielzahl von Segmenten im Wesentlichen auf dem
gleichen Gleichspannungspotenzial gehalten ist.

Massenspektrometer nach Anspruch 9 oder 10, wo-
bei jedes Segment im Wesentlichen auf dem glei-
chen Gleichspannungspotenzial gehaltenistwie das
nachfolgendente Segment, wobei gilt, dass n gleich
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 oder
>30 ist.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei lonen in der Fragmentie-
rungsvorrichtung (1) durch ein elektrisches Wech-
sel- oder RF-Feld radial begrenzt sind.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei lonen in der Fragmentie-
rungsvorrichtung (1) in einem Pseudopotenzialtopf
radial begrenzt sind und axial durch eine reale Po-
tenzialbarriere oder einen Potenzialtopf begrenzt
sind.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die Transitzeit der lonen
durch die Fragmentierungsvorrichtung (1) gewahlt
ist aus der Gruppe, umfassend: (i) weniger als oder
gleich 20 ms; (ii) weniger als oder gleich 10 ms; (iii)
weniger als oder gleich 5 ms; (iv) weniger als oder
gleich 1 ms; und (v) weniger als oder gleich 0,5 ms.

Massenspektrometer nach einem der vorangehen-
den Anspriche, wobei wenigstens 50%, 60%, 70%,
80%, 90% oder 95% der in die Fragmentierungsvor-
richtung (1) gelangenden lonen derart eingerichtet
sind, dass sie bei der Verwendung eine Energie auf-
zuweisen, die gréRer als oder gleich 10 eV bei einem
lon mit einfacher Ladung oder gréRer als oder gleich
20 eV bei einem lon mit doppelter Ladung ist, so
dass die lonen dazu gebracht werden zu fragmen-
tieren.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei wenigstens 50%, 60%, 70%,
80%, 90% oder 95% der in die Fragmentierungsvor-
richtung (1) gelangenden lonen derart eingerichtet
sind, dass sie bei der Kollision mit einem Kollisions-
gas in der Fragmentierungsvorrichtung (1) fragmen-
tieren.

Massenspektrometer nach einem der vorangehen-
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den Anspriiche, wobei die Fragmentierungsvorrich-
tung (1) auf einem Druck gehalten wird, der ausge-
wahlt ist aus der Gruppe, umfassend: (i) groRer als
oder gleich 0,0001 mbar; (ii) gréRer als oder gleich
0,0005 mbar; (iii) groRRer als oder gleich 0,001 mbar;
(iv) grof3er als oder gleich 0,005 mbar; (v) groRRer als
oder gleich 0,01 mbar; (vi) gréRer als oder gleich
0,05 mbar; (vii) groRRer als oder gleich 0,1 mbar; (viii)
groRer als oder gleich 0,5 mbar; (ix) gré3er als oder
gleich 1 mbar; (x) groRer als oder gleich 5 mbar; und
(xi) grofRer als oder gleich 10 mbar.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die Fragmentierungsvorrich-
tung (1) auf einem Druck gehalten wird, der ausge-
wahlt ist aus der Gruppe, umfassend: (i) kleiner als
oder gleich 10 mbar; (ii) kleiner als oder gleich 5
mbar; (iii) kleiner als oder gleich 1 mbar; (iv) kleiner
als oder gleich 0,5 mbar; (v) kleiner als oder gleich
0,1 mbar; (vi) kleiner als oder gleich 0,05 mbar; (vii)
kleiner als oder gleich 0,01 mbar; (viii) kleiner als
oder gleich 0,005 mbar; (ix) kleiner als oder gleich
0,001 mbar; (x) kleiner als oder gleich 0,0005 mbar;
und (xi) kleiner als oder gleich 0,0001 mbar.

Massenspektrometer nach einem der vorangehen-
den Anspriche, wobei die Fragmentierungsvorrich-
tung (1) bei der Verwendung auf einem Druck ge-
halten wird, der ausgewabhlt ist aus der Gruppe, um-
fassend: (i) zwischen 0,0001 und 10 mbar; (i) zwi-
schen 0,0001 und 1 mbar; (i) zwischen 0,0001 und
0,1 mbar; (iv) zwischen 0,0001 und 0,01 mbar; (v)
zwischen 0,0001 und 0,001 mbar; (vi) zwischen
0,001 und 10 mbar; (vii) zwischen 0,001 und 1 mbar;
(viii) zwischen 0,001 und 0,1 mbar; (ix) zwischen
0,001 und 0,01 mbar; (x) zwischen 0,01 und 10 mbar;
(xi) zwischen 0,01 und 1 mbar; (xii) zwischen 0,01
und 0,1 mbar; (xiii) zwischen 0,1 und 10 mbar; (xiv)
zwischen 0,1 und 1 mbar; und (xv) zwischen 1 und
10 mbar.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die Fragmentierungsvorrich-
tung (1) bei der Verwendung so auf einem Druck
gehalten wird, dass lonen, die durch die Fragmen-
tierungsvorrichtung gelangen, einem Reibungswi-
derstand ausgesetzt werden.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, umfassend Mittel zum Vorsehen der
einen oder der mehreren Ubergangs-Gleichspan-
nungen oder der einen oder der mehreren Uber-
gangs-Gleichspannungs-Wellenformen zunéchst
an einer ersten axialen Position und dann nachfol-
gend an einer zweiten, dann dritten weiteren axialen
Position entlang der Fragmentierungsvorrichtung

Q).
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Massenspektrometer nach einem der vorangehen-
den Anspriiche, umfassend Mittel zum Bewegen der
einen oder der mehreren Ubergangs-Gleichspan-
nungen oder der einen oder der mehreren Uber-
gangs-Gleichspannungs-Wellenformen von einem
Ende der Fragmentierungsvorrichtung (1) zu einem
anderen Ende der Fragmentierungsvorrichtung (1),
so dass lonen entlang der Fragmentierungsvorrich-
tung (1) gezwungen werden.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die eine oder die mehreren
Ubergangs-Gleichspannungen erzeugen: (i) einen
Potenzialberg oder eine Potenzialbarriere; (ii) einen
Potenzialtopf; (iii) multiple Potenzialberge oder Po-
tenzialbarrieren; (iv) multiple Potenzialtopfe; (v) eine
Kombination eines Potenzialbergs oder einer Poten-
zialbarriere und eines Potenzialtopfes; oder (vi) eine
Kombination multipler Potenzialberge oder Potenzi-
albarrieren und multipler Potenzialtdpfe.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die eine oder die mehreren
Ubergangs-Gleichspannungs-Wellenformen  eine
sich wiederholende Wellenform umfassen.

Massenspektrometer nach Anspruch 24, wobei die
eine oder die mehreren Ubergangs-Gleichspan-
nungs-Wellenformen eine Rechteckwelle umfas-
sen.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die Amplitude der einen oder
der mehreren Ubergangs-Gleichspannungen oder
der einen oder der mehreren Ubergangs-Gleich-
spannungs-Wellenformen tber die Zeit im Wesent-
lichen konstant bleibt.

Massenspektrometer nach einem der Anspriiche
1-25, wobei die Amplitude der einen oder der meh-
reren Ubergangs-Gleichspannungen oder der einen
oder der mehreren Ubergangs-Gleichspannungs-
Wellenformen Uber die Zeit variiert.

Massenspektrometer nach Anspruch 27, wobei die
Amplitude der einen oder der mehreren Ubergangs-
Gleichspannungen oder der einen oder der mehre-
ren  Ubergangs-Gleichspannungs-Wellenformen
entweder: (i) mit der Zeit zunimmt; (ii) mit der Zeit
zunimmt und dann abnimmt; (iii) mit der Zeit ab-
nimmt; oder (iv) mit der Zeit abnimmt und dann zu-
nimmt.

Massenspektrometer nach Anspruch 28, wobei die
Fragmentierungsvorrichtung (1) stromaufwérts ei-
nen Eingangsbereich, stromabwarts einen Aus-
gangsbereich und einen Zwischenbereich umfasst,
wobei:
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in dem Eingangsbereich die Amplitude der ei-
nen oder der mehreren Ubergangs-Gleichspan-
nungen oder der einen oder der mehreren Uber-
gangs-Gleichspannungs-Wellenformen  eine
erste Amplitude hat;

in dem Zwischenbereich die Amplitude der ei-
nen oder der mehreren Ubergangs-Gleichspan-
nungen oder der einen oder der mehreren Uber-
gangs-Gleichspannungs-Wellenformen eine
zweite Amplitude hat;

und

in dem Ausgangsbereich die Amplitude der ei-
nen oder der mehreren Ubergangs-Gleichspan-
nungen oder der einen oder der mehreren Uber-
gangs-Gleichspannungs-Wellenformen eine
dritte Amplitude hat.

Massenspektrometer nach Anspruch 29, wobei der
Eingangs- und/oder Ausgangsbereich ein GréRen-
verhaltnis der gesamten Axiallange der Fragmentie-
rungsvorrichtung umfasst, das aus der Gruppe ge-
wahlt ist, umfassend: (i) < 5%; (ii) 5-10%; (iii)
10-15%; (iv) 15-20%; (v) 20-25%; (vi) 25-30%; (Vii)
30-35%; (viii) 35-40%; und (ix) 40-45%.

Massenspektrometer nach Anspruch 29 oder 30,
wobei die erste und/oder die dritte Amplitude im We-
sentlichen gleich Null sind und die zweite Amplitude
im Wesentlichen ungleich Null ist.

Massenspektrometer nach Anspruch 29, 30 oder 31,
wobei die zweite Amplitude gréRRer ist als die erste
Amplitude und/oder die zweite Amplitude gréRer ist
als die dritte Amplitude.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die eine oder die mehreren
Ubergangs-Gleichspannungen oder die eine oder
die mehreren Ubergangs-Gleichspannungs-Wel-
lenformen bei der Verwendung mit einer ersten Ge-
schwindigkeit entlang der Fragmentierungsvorrich-
tung (1) gefiihrt werden.

Massenspektrometer nach Anspruch 33, wobei die
erste Geschwindigkeit: (i) im Wesentlichen konstant
bleibt; (i) variiert; (i) zunimmt; (iv) zunimmt und
dann abnimmt; (v) abnimmt; (vi) abnimmt und dann
zunimmt; (vii) sich auf im Wesentlichen Null verrin-
gert; (viii) die Richtung umkehrt; oder (ix) sich aufim
Wesentlichen Null verringert und dann die Richtung
umkehrt.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die eine oder die mehreren
Ubergangs-Gleichspannungen oder die eine oder
die mehreren Ubergangs-Gleichspannungs-Wel-
lenformen bewirken, dass lonen in der Fragmentie-
rungsvorrichtung (1) mit einer zweiten Geschwindig-
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keit entlang der Fragmentierungsvorrichtung gelan-
gen.

Massenspektrometer nach Anspruch 35, wobei der
Unterschied zwischen der ersten Geschwindigkeit
und der zweiten Geschwindigkeit geringer oder
gleich 100 m/s, 90 m/s, 80 m/s, 70 m/s, 60 m/s, 50
m/s, 40 m/s, 30 m/s, 20 m/s, 10 m/s, 5 m/s oder 1
m/s ist.

Massenspektrometer nach einem der Anspriche
33-36, wobei die erste Geschwindigkeit gewahlt ist
aus der Gruppe, umfassend: (i) 10-250 m/s; (ii)
250-500 m/s; (iii) 500-750 m/s; (iv) 750-1000 m/s;
(v) 1000-1250 m/s; (vi) 1250-1500 m/s; (vii)
1500-1750 m/s; (viii) 1750-2000 m/s; (ix) 2000-2250
m/s; (x) 2250-2500 m/s; (xi) 2500-2750 m/s; (Xxii)
2750-3000 mf/s; (xiii) 3000-3250 m/s; (xiv)
3250-3500 m/s; (xv) 3500-3750 m/s; (xvi) 3750-4000
m/s; (xvii) 4000-4250 m/s; (xviii) 4250-4500 m/s; (xix)
4500-4750m/s, (xx) 4750-5000 m/s; und (xxi) > 5000
m/s.

Massenspektrometer nach einem der Anspriche
35-37, wobei die zweite Geschwindigkeit gewahlt ist
aus der Gruppe, umfassend: (i) 10-250 m/s; (ii)
250-500 m/s; (iii) 500-750 m/s; (iv) 750-1000 m/s;
(v) 1000-1250 m/s; (vi) 1250-1500 ml/s; (vii)
1500-1750 m/s; (viii) 1750-2000 m/s; (ix) 2000-2250
m/s; (xX) 2250-2500 m/s; (xi) 2500-2750 m/s; (xii)
2750-3000 m/s; (xiii) 3000-3250 m/s; (xiv)
3250-3500 m/s; (xv) 3500-3750 m/s; (xvi) 3750-4000
m/s; (xvii) 4000-4250 m/s; (xviii) 4250-4500 m/s; (xix)
4500-4750m/s, (xx) 4750-5000 m/s; und (xxi) > 5000
m/s.

Massenspektrometer nach Anspruch 35, wobei die
zweite Geschwindigkeit im Wesentlichen dieselbe
ist wie die erste Geschwindigkeit.

Massenspektrometer nach einem der vorangehen-
den Anspriche, wobei die eine oder die mehreren
Ubergangs-Gleichspannungen oder die eine oder
die mehreren Ubergangs-Gleichspannungs-Wel-
lenformen eine Frequenz aufweisen und wobei die
Frequenz: (i) im Wesentlichen konstant bleibt; (ii) va-
riiert; (iii) zunimmt; (iv) zunimmt und dann abnimmt;
(v) abnimmt; oder (vi) abnimmt und dann zunimmt.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die eine oder die mehreren
Ubergangs-Gleichspannungen oder die eine oder
die mehreren Ubergangs-Gleichspannungs-Wel-
lenformen eine Wellenlange aufweisen und wobei
die Wellenlange: (i) im Wesentlichen konstant bleibt;
(ii) variiert; (iii) zunimmt; (iv) zunimmt und dann ab-
nimmt; (v) abnimmt; oder (vi) abnimmt und dann zu-
nimmt.
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42.

43.

44,

45,

46.

47.

48.

49.
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Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei zwei oder mehr Ubergangs-
Gleichspannungen oder zwei oder mehr Ubergangs-
Gleichspannungs-Wellenformen dazu ausgebildet
sind, gleichzeitig entlang der Fragmentierungsvor-
richtung (1) gefuihrt zu werden.

Massenspektrometer nach Anspruch 42, wobei die
zwei oder mehr Ubergangs-Gleichspannungen oder
zwei oder mehr Ubergangs-Gleichspannungs-Wel-
lenformen dazu ausgebildet sind, sich folgenderma-
en zu bewegen: (i) in derselben Richtung; (i) in
entgegen gesetzten Richtungen; (iii) aufeinander zu;
(iv) voneinander weg.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die eine oder die mehreren
Ubergangs-Gleichspannungen oder die eine oder
die mehreren Ubergangs-Gleichspannungs-Wel-
lenformen wiederholt erzeugt werden und bei der
Verwendung entlang der Fragmentierungsvorrich-
tung gefiihrt werden, und wobei die Erzeugungsfre-
quenz der einen oder mehreren Ubergangs-Gleich-
spannungen oder der einen oder mehreren Uber-
gangs-Gleichspannungs-Wellenformen: (i) im We-
sentlichen konstant bleibt; (ii) variiert; (iii) zunimmt;
(iv) zunimmt und dann abnimmt; (v) abnimmt; oder
(vi) abnimmt und dann zunimmt.

Massenspektrometer nach einem der vorangehen-
den Anspruche, wobei bei der Verwendung ein kon-
tinuierlicher lonenstrahl an einem Eingang zu der
Fragmentierungsvorrichtung (1) aufgenommen
wird.

Massenspektrometer nach einem der Anspriche
1-44, wobei bei der Verwendung lonenpakete an ei-
nem Eingang zu der Fragmentierungsvorrichtung (1)
aufgenommen werden.

Massenspektrometer nach einem der vorangehen-
den Anspruche, wobei bei der Verwendung lonen-
pulse von einem Ausgang der Fragmentierungsvor-
richtung (1) ausgehen.

Massenspektrometer nach Anspruch 47, welches
ferner einen lonendetektor umfasst, wobei der lo-
nendetektor dazu ausgebildet ist, bei der Verwen-
dung mit den von dem Ausgang der Fragmentie-
rungsvorrichtung (1) ausgehenden lonenpulsen
phasenstarr zu sein.

Massenspektrometer nach Anspruch 47 oder 48,
welches ferner einen Flugzeit-Massenanalysator
umfasst, der eine Elektrode zum Injizieren von lonen
in einen Driftbereich aufweist, wobei die Elektrode
dazu ausgebildet ist, bei der Verwendung auf eine
im Wesentlichen synchronisierte Weise mit den von



50.

51.

52.

53.

54.

55.

56.
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dem Ausgang der Fragmentierungsvorrichtung (1)
ausgehenden lonenpulsen mit Strom versorgt zu
werden.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die Fragmentierungsvorrich-
tung (1) gewahlt ist aus der Gruppe, umfassend: (i)
einen lonentrichter mit einer Vielzahl von Elektroden,
welche Offnungen darin aufweisen, durch welche lo-
nen Ubertragen werden, wobei der Durchmesser der
Offnungen nach und nach kleiner oder gréRer wird;
(i) einen lonentunnel mit einer Vielzahl von Elektro-
den, welche Offnungen darin aufweisen, durch wel-
che lonen Ubertragen werden, wobei der Durchmes-
ser der Offnungen im Wesentlichen konstant bleibt;
und (iii) einen Stapel Platten-, Ring- oder Draht-
schleifenelektroden.

Massenspektrometer nach einem der vorangehen-
den Anspruche, wobei die Fragmentierungsvorrich-
tung (1) eine Vielzahl von Elektroden (2) umfasst,
wobei jede Elektrode (2) eine Offnung aufweist,
durch welche lonen bei der Verwendung Ubertragen
werden.

Massenspektrometer nach einem der vorangehen-
den Anspriche, wobei jede Elektrode (2) eine im
Wesentlichen kreisférmige Offnung aufweist.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei jede Elektrode (2) eine ein-
zelne Offnung aufweist, durch welche bei der Ver-
wendung lonen Ubertragen werden.

Massenspektrometer nach Anspruch 51, 52 oder 53,
wobei der Durchmesser der Offnungen von wenig-
stens 50%, 60%, 70%, 80%, 90% oder 95% der die
Fragmentierungsvorrichtung (1) bildenden Elektro-
den (2) gewahlt ist aus der Gruppe, umfassend: (i)
weniger als oder gleich 10 mm; (ii) weniger als oder
gleich 9 mm; (iii) weniger als oder gleich 8 mm; (iv)
weniger als oder gleich 7 mm; (v) weniger als oder
gleich 6 mm; (vi) weniger als oder gleich 5 mm; (vii)
weniger als oder gleich 4 mm; (viii) weniger als oder
gleich 3 mm; (ix) weniger als oder gleich 2 mm; und
(x) weniger als oder gleich 1 mm.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei wenigstens 50%, 60%, 70%,
80%, 90% oder 95% der die Fragmentierungsvor-
richtung (1) bildenden Elektroden (2) Offnungen um-
fassen, welche im Wesentlichen dieselbe Flache
oder GroRRe aufweisen.

Massenspektrometer nach einem der Anspriiche
1-49, wobei die Fragmentierungsvorrichtung (1) ei-
nen Satz segmentierter Stabe umfasst.
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60.
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Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die Fragmentierungsvorrich-
tung (1) umfasst: (i) 10-20 Elektroden; (ii) 20-30 Elek-
troden; (iii) 30-40 Elektroden; (iv) 40-50 Elektroden;
(v) 50-60 Elektroden; (vi) 60-70 Elektroden; (vii)
70-80 Elektroden; (viii) 80-90 Elektroden; (ix) 90-100
Elektroden; (x) 100-110 Elektroden; (xi) 110-120
Elektroden; (xii) 120-130 Elektroden; (xiii) 130-140
Elektroden; (xiv) 140-150 Elektroden; oder (xv) mehr
als 150 Elektroden.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei die Dicke von wenigstens
50%, 60%, 70%, 80%, 90% oder 95% der Elektroden
(2) gewahlt ist aus der Gruppe, umfassend: (i) we-
niger als oder gleich 3mm; (i) weniger als oder gleich
2,5 mm; (i) weniger als oder gleich 2,0 mm; (iv) we-
niger als oder gleich 1,5 mm; (v) weniger als oder
gleich 1,0 mm; und (vi) weniger als oder gleich 0,5
mm.

Massenspektrometer nach einem der vorangehen-
den Anspruche, wobei die Fragmentierungsvorrich-
tung (1) eine Lange aufweist, die gewahlt ist aus der
Gruppe, umfassend: (i) weniger als 5 cm; (ii) 5-10
cm; (iii) 10-15 cm; (iv) 15-20 cm; (v) 20-25 cm; (vi)
25-30 cm; und (vii) groRer als 30 cm.

Massenspektrometer nach einem der vorangehen-
den Anspruche, wobei die Fragmentierungsvorrich-
tung (1) ein Geh&use mit einer stromaufwarts ange-
ordneten Offnung umfasst, die lonen erlaubt, in die
Fragmentierungsvorrichtung (1) zu gelangen, und
mit einer stromabwérts angeordneten Offnung, die
lonen erlaubt, aus der Fragmentierungsvorrichtung
(1) hinaus zu gelangen.

Massenspektrometer nach Anspruch 60, wobei die
Fragmentierungsvorrichtung (1) ferner eine Einlas-
s6ffnung umfasst, durch welche ein Kollisionsgas
eingefihrt wird.

Massenspektrometer nach Anspruch 61, wobei das
Kollisionsgas Luft und/oder ein oder mehrere inerte
Gase und/oder ein oder mehrere nicht inerte Gase
umfasst.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei wenigstens 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90% oder 95% der Elek-
troden (2) sowohl mit einer Gleich- als auch mit einer
Wechsel- oder RF-Spannungsversorgung verbun-
den sind.

Massenspektrometer nach einem der vorangehen-
den Anspriiche, wobei axial benachbarte Elektroden
(2) mit Wechsel- oder RF-Spannungen mit einer
Phasendifferenz von 180° versorgt werden.
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Massenspektrometer nach einem der vorangehen-
den Anspruche, welchesferner eine lonenquelle um-
fasst, die gewabhlt ist aus der Gruppe, umfassend: (i)
Elektrospray-lonenquelle ("ESI"); (i) "APCI"-lonen-
quelle (chemische lonisation unter Atmosphéren-
druck); (iii) Atmospharendruck-Photo-lonisation
("APPI")-lonenquelle; (iv) Matrix-unterstitzter La-
ser-Desorptions-lonisation ("MALDI")-lonenquelle;
(v) Laserdesoptions-lonisations ("LDI")-lonenquel-
le; (vi) Induktiv-gekoppeltes-Plasma ("ICP")-lonen-
quelle; (vii) Elektronenstol3 ("El")-lonenquelle; (viii)
Chemische-lonisation  ("CI")-lonenquelle;  (ix)
Schneller-Atombeschuss ("FAB")-lonenquelle; und
(x) eine Flussig-Sekundarionen-Massenspektrome-
trie ("LSIMS")-lonenquelle.

Massenspektrometer nach einem der Anspriiche
1-64, welches ferner eine kontinuierliche lonenquel-
le umfasst.

Massenspektrometer nach einem der Anspriiche
1-64, welches ferner eine gepulste lonenquelle um-
fasst.

Massenspektrometer nach einem der vorangehen-
den Anspriche, welches ferner eine lonenquelle, ei-
nen Massenfilter und einen Massenanalysator um-
fasst.

Massenspektrometer nach Anspruch 68, welches
ferner eine stromaufwarts des Massenfilters ange-
ordnete lonenfihrung umfasst.

Massenspektrometer nach Anspruch 69, wobei die
lonenfuhrung eine Vielzahl von Elektroden umfasst,
wobei wenigstens einige der Elektroden sowohl mit
einer Gleich- als auch mit einer Wechsel- oder RF-
Spannungsversorgung verbunden sind, und wobei
eine oder mehrere Ubergangs-Gleichspannungen
oder eine oder mehrere Ubergangs-Gleichspan-
nungs-Wellenformen bei der Verwendung entlang
wenigstens eines Teils der Lange der lonenfiihrung
gefiihrt werden, um lonen entlang dem Teil der Lan-
ge der lonenfiihrung zu zwingen.

Massenspektrometer nach Anspruch 68, 69 oder 70,
wobei der Massenfilter einen Quadrupol-Massenfil-
ter umfasst.

Massenspektrometer nach einem der Anspriiche
68-71, wobei der Massenanalysator einen Flugzeit-
Massenanalysator, einen Quadrupol-Massenanaly-
sator, einen Fourier-Transform-lonencyclotronreso-
nanz ("FTICR")-Massenanalysator, eine 2D (linea-
re) Quadrupol-lonenfalle oder eine 3D (Paul) Qua-
drupol-lonenfalle umfasst.

Massenspektrometer nach einem der vorangehen-
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den Anspruche, wobei die Fragmentierungsvorrich-
tung (1) eine Vielzahl von Elektroden (2) umfasst,
welche Offnungen aufweisen, wobei lonen durch ei-
ne Wechsel- oder RF-Spannung radial in der Frag-
mentierungsvorrichtung (1) begrenzt sind, so dass
benachbarte Elektroden (2) eine Phasendifferenz
von 180° aufweisen, und wobei lonen zu einem Aus-
gang der Fragmentierungsvorrichtung (1) gezwun-
gen werden und eine Transitzeit von weniger als 20
ms durch die Fragmentierungsvorrichtung (1) auf-
weisen.

74. Massenspektrometer, umfassend:

eine Reaktionszelle (1), in welcher bei der Ver-
wendung lonen reagieren und/oder Ladung mit
einem Gas in der Reaktionszelle (1) austau-
schen, wobei die Reaktionszelle (1) eine Viel-
zahl aufeinander folgender Elektroden (2) um-
fasst, dadurch gekennzeichnet, dass das
Massenspektrometer Mittel fir die progressive
Anwendung einer oder mehrerer Ubergangs-
Gleichspannungen oder einer oder mehrerer
Ubergangs- Gleichspannungs- Wellenformen
auf die aufeinander folgenden Elektroden (2)
umfasst, so dass lonen entlang der Reaktions-
zelle (1) gezwungen werden.

75. Verfahren der Massenspektrometrie, umfassend:

das Vorsehen einer Fragmentierungsvorrich-
tung (1), welche eine Vielzahl aufeinander fol-
gender Elektroden (2) umfasst; und
gekennzeichnet durch

ein progressives Anwenden einer oder mehre-
rer Ubergangs-Gleichspannungen oder einer
oder mehrerer Ubergangs-Gleichspannungs-
Wellenformen an den aufeinander folgenden
Elektroden (2), so dass lonen in der Fragmen-
tierungsvorrichtung (1) fragmentiert werden und
entlang der Fragmentierungsvorrichtung (1) ge-
zwungen werden.

76. Verfahren nach Anspruch 75, wobei der Schritt des

progressives Anwendens einer oder mehrerer Uber-
gangs-Gleichspannungen oder einer oder mehrerer
Ubergangs-Gleichspannungs-Wellenformen  das
Beibehalten eines axialen Spannungsgradienten
beinhaltet, welcher mit der Zeit variiert, wahrend lo-
nen durch die Fragmentierungsvorrichtung (1) tber-
mittelt werden.

77. Verfahren nach Anspruch 75 oder 76, wobei die eine

oder die mehreren Ubergangs-Gleichspannungen
oder die eine oder die mehreren Ubergangs-Gleich-
spannungs-Wellenformen mit einer ersten Ge-
schwindigkeit an der Fragmentierungsvorrichtung
(1) vorbei gefuhrt werden.
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Verfahren nach Anspruch 77, wobei die erste Ge-
schwindigkeit gewahlt ist aus der Gruppe, umfas-
send: (i) 10-250 m/s; (ii) 250-500 m/s; (iii) 500-750
m/s; (iv) 750-1000 m/s; (v) 1000-1250 m/s; (vi)
1250-1500 m/s; (vii) 1500-1750 m/s; (viii) 1750-2000
m/s; (ix) 2000-2250 m/s; (x) 2250-2500 m/s; (xi)
2500-2750 m/s; (xii) 2750-3000 m/s; (xiii) 3000-3250
m/s; (xiv) 3250-3500 m/s; (xv) 3500-3750 m/s; (xvi)
3750-4000 m/s; (xvii) 4000-4250 m/s; (xviii)
4250-4500 m/s; (xix) 4500-4750 m/s, (xx) 4750-5000
m/s; und (xxi) > 5000 m/s.

Verfahren fir das Reagieren von lonen und/oder das
Austauschen der Ladung von lonen mit einem Gas,
umfassend:

das Vorsehen einer Reaktionszelle (1), welche
eine Vielzahl aufeinander folgender Elektroden
(2) umfasst; und

gekennzeichnet durch

ein progressives Anwenden einer oder mehre-
rer Ubergangs-Gleichspannungen oder einer
oder mehrerer Ubergangs-Gleichspannungs-
Wellenformen an den aufeinander folgenden
Elektroden (2), so dass lonen entlang der Re-
aktionszelle (1) gezwungen werden.

Revendications

1.

Spectrométre de masse qui comprend :

un dispositif de fragmentation (1) qui présente
plusieurs électrodes (2) successives, caracté-
risé en ce que ledit spectromeétre de masse
comprend un moyen pour appliquer progressi-
vement une ou plusieurs tensions électriques
continues transitoires ou une ou plusieurs for-
mes d’onde de tension électrique continue tran-
sitoire sur lesdites électrodes (2) successives
de telle sorte que les ions soient repoussés le
long dudit dispositif de fragmentation (1).

Spectromeétre de masse selon larevendication 1, qui
comprend un moyen pour appliquer sur au moins
une partie de la longueur dudit dispositif de fragmen-
tation (1) un gradient de tension électrique axial qui
varie avec le temps pendant que les ions sont trans-
mis a travers ledit dispositif de fragmentation (1).

Spectromeétre de masse selon les revendications 1
ou 2, dans lequel ledit dispositif de fragmentation (1)
comprend au moins une premiere électrode mainte-
nue a un premier potentiel électrique de référence,
une deuxiéme électrode maintenue a un deuxiéme
potentiel électrique de référence et une troisieme
électrode maintenue a un troisieme potentiel électri-
que de référence, ledit spectrométre de masse com-
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prenant des moyens qui appliquent :

a un premier instant t;, une premiere tension
électrique continue sur ladite premiére électrode
de telle sorte que ladite premiere électrode soit
maintenue a un premier potentiel électrique in-
férieur ou supérieur audit premier potentiel élec-
trique de référence,

aun deuxiéme instant t,, une deuxieme tension
électrique continue sur ladite deuxiéme électro-
de de telle sorte que ladite deuxiéme électrode
soit maintenue a un deuxieme potentiel électri-
gue inférieur ou supérieur audit deuxieme po-
tentiel électrique de référence et

a un troisiéme instant t, une troisieme tension
électrique continue pour ladite troisieme élec-
trode de telle sorte que ladite troisieme électrode
soit maintenue a un troisieme potentiel électri-
gue inférieur ou supérieur audit troisieme poten-
tiel électrique de référence.

4. Spectromeétre de masse selon la revendication 3,

agencé de telle sorte que:

audit premier instant t;, ladite deuxiéme électro-
de est audit deuxieme potentiel électrique de
référence et ladite troisieme électrode est audit
troisieme potentiel électrique de référence
audit deuxiéme instant t,, ladite premiére élec-
trode est audit premier potentiel électrique et la-
dite troisiéme électrode est audit troisieme po-
tentiel électrique de référence et

audit troisieme instant t,, ladite premiere élec-
trode est audit premier potentiel électrique et la-
dite deuxieme électrode est audit deuxieme po-
tentiel électrique.

5. Spectrométre de masse selon la revendication 3,

agenceé de telle sorte que :

audit premier instant t;, ladite deuxieme électro-
de est audit deuxieme potentiel électrique de
référence et que ladite troisiéme électrode est
audittroisiéme potentiel électrique de référence,
audit instant t,, ladite premiere électrode ne re-
¢oit plus ladite premiére tension électrique con-
tinue de telle sorte que ladite premiére électrode
retourne audit premier potentiel électrique de ré-
férence et que ladite troisieme électrode est
audit troisiéme potentiel électrique de référence
et

audit troisiéme instant t;, ladite deuxiéme élec-
trode ne recoit plus ladite deuxiéme tension
électrique continue, de telle sorte que ladite
deuxiéme électrode retourne audit deuxieme
potentiel électrique de référence et que ladite
premiére électrode est audit premier potentiel
électrique de référence.
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Spectromeétre de masse selon I'une quelconque des
revendications 3, 4 ou 5, dans lequel ledit premier,
ledit deuxiéme et ledit troisieme potentiel électrique
de référence sont essentiellement identiques.

Spectromeétre de masse selon I'une quelconque des
revendications 3 a 6, dans lequel ladite premiére,
ladite deuxieme et ladite troisieme tension électrique
continue sont essentiellement identiques.

Spectromeétre de masse selon I'une quelconque des
revendications 3 a 7, dans lequel ledit premier, ledit
deuxieme et ledit troisieme potentiel électrique sont
essentiellement identiques.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) comprend 3, 4, 5, 6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30 ou > 30 segments,
chaque segment comprenant 1, 2, 3,4,5,6,7, 8, 9,
10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30 ou > 30 électrodes, les
électrodes d’'un segment étant maintenues essen-
tiellement au méme potentiel électrique continu.

Spectrométre de masse selon la revendication 9,
dans lequel plusieurs segments sont maintenus es-
sentiellement au méme potentiel électrique continu.

Spectromeétre de masse selon les revendications 9
ou 10, dans lequel chaque segment est maintenu
essentiellement au méme potentiel électrique conti-
nu gque les n segments suivants, n pouvant valoir 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 ou > 30.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel les ions
sont confinés radialement a I'intérieur dudit dispositif
de fragmentation (1) par un champ électrique alter-
natif ou a fréquence radio (RF).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel les ions
sont confinés radialement a I'intérieur dudit dispositif
de fragmentation (1) dans u puits de pseudo-poten-
tiel électrique et sont confinés axialement par une
barriére ou un puits de potentiel électrique réels.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ladurée de
transit des ions a travers ledit dispositif de fragmen-
tation (1) est sélectionnée dans I'ensemble de du-
rées constitué de : (i) inférieure ou égale a 20 ms,
(i) inférieure ou égale a 10 ms, (iii) inférieure ou éga-
le a 5 ms, (iv) inférieure ou égale a 1 ms et (v) infé-
rieure ou égale a 0,5 ms.
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Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel au moins
50 %, 60 %, 70%, 80 %, 90 % ou 95 % des ions qui
pénetrent dans ledit dispositif de fragmentation (1)
sont amenés a présenter en utilisation une énergie
supérieure ou égale a 10 eV pour un ion présentant
une seule charge supérieure ou égale a 20 eV pour
un ion a double charge, de telle sorte que lesdits
ions soient amenés a se fragmenter.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel au moins
50 %, 60 %, 70%, 80 %, 90 % ou 95 % des ions qui
entrent dans ledit dispositif de fragmentation (1) se
fragmentent par collision avec du gaz de collision
présent a I'intérieur dudit dispositif de fragmentation

Q).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) est maintenu a une pression
sélectionnée dans I'ensemble constitué des
pressions : (i) supérieures ou égales & 0,0001 mbar,
(i) supérieures ou égales a 0,0005 mbar, (iii) supé-
rieures ou égales & 0,001 mbar, (iv) supérieures ou
égales a 0,005 mbar, (v) supérieures ou égales a
0,01 mbar, (vi) supérieures ou égales a 0,05 mbar,
(vii) supérieures ou égales a 0,1 mbar, (viii) supé-
rieures ou égales a 0,5 mbar, (ix) supérieures ou
égales a1 mbar, (x) supérieures ou égales a5 mbars
et (xi) supérieures ou égales a 10 mbars.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) est maintenu a une pression
sélectionnée dans I'ensemble des pressions consti-
tué des pressions : (i) inférieures ou égales 10
mbars, (ii) inférieures ou égales 5 mbars, (iii) infé-
rieures ou égales 1 mbar, (iv) inférieures ou égales
0,5 mbar, (v) inférieures ou égales 0,1 mbar, (vi) in-
férieures ou égales 0,05 mbar, (vii) inférieures ou
égales 0,01 mbar, (viii) inférieures ou égales 0,005
mbar, (ix) inférieures ou égales 0,001 mbar, (x) in-
férieures ou égales 0,0005 mbar, et (xi) inférieures
ou égales 0,0001 mbar.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) est maintenu, en utilisation,
a une pression sélectionnée dans I'ensemble cons-
titué des pressions : (i) comprises entre 0,0001 et
10 mbars, (ii) comprises entre 0,0001 et 1 mbar, (iii)
comprises entre 0,0001 et 0,1 mbar, (iv) comprises
entre 0,0001 et 0,01 mbar, (v) comprises entre
0,0001 et 0,001 mbar, (vi) comprises entre 0,001 et
10 mbars, (vii) comprises entre 0,001 et 1 mbar, (Vviii)
comprises entre 0,001 et 0,1 mbar, (ix) comprises
entre 0,001 et 0,01 mbar, (X) comprises entre 0,01
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et 10 mbars, (xi) comprises entre 0,01 et 1 mbar,
(xii) comprises entre 0,01 et 0,1 mbar, (xiii) compri-
ses entre 0,1 et 10 mbars, (xiv) comprises entre 0,1
et 1 mbar et (xv) comprises entre 1 et 10 mbars.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) est maintenu en utilisation
a une pression telle qu’une trainée de viscosité soit
exercée sur les ions qui traversent ledit dispositif de
fragmentation.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, qui comprend des
moyens pour appliquer initialement ladite ou lesdites
tensions électriques continues transitoires ou ladite
ou lesdites formes d’onde de tension électrique con-
tinue transitoire en une premiére position axiale, en-
suite en une deuxiéme et ensuite en une troisieme
position axiale différente le long dudit dispositif de
fragmentation (1).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, qui comprend des
moyens pour déplacer ladite ou lesdites tensions
électriques continues transitoires ou ladite ou lesdi-
tes formes d’'onde de tension électrique continue
transitoire d’'une extrémité dudit dispositif de frag-
mentation (1) vers une autre extrémité dudit dispo-
sitif de fragmentation (1) de telle sorte que les ions
soient pousseés le long du dispositif de fragmentation

.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ladite ou
lesdites tensions électriques continues transitoires
créent : (i) une barriere de potentiel électrique, (ii)
un puits de potentiel électrique, (iii) plusieurs barrie-
res de potentiel électrique, (iv) plusieurs puits de po-
tentiel électrique, (v) une combinaison de barriéres
de potentiel électrique et de puits de potentiel élec-
trique ou (vi) une combinaison de plusieurs barriéres
de potentiel électrique et de plusieurs puits de po-
tentiel électrique.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ladite ou
lesdites formes d’onde de tension électrique conti-
nue transitoire comprennent une forme d’onde qui
se répete.

Spectromeétre de masse selon la revendication 24,
dans lequel ladite ou lesdites formes d’onde de ten-
sion électrique continue transitoire comprennentune
onde carrée.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel I'amplitude
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de ladite ou desdites tensions électriques continues
transitoires ou de ladite ou desdites formes d’'onde
de tension électrique continue transitoire restent es-
sentiellement constantes dans le temps.

Spectromeétre de masse selon I'une quelconque des
revendications 1 a 25, dans lequel I'amplitude de
ladite ou desdites tensions électriques continues
transitoires ou de ladite ou desdites formes d’onde
de tension électrique continue transitoire varient
dans le temps.

Spectrométre de masse selon la revendication 27,
dans lequel 'amplitude de ladite ou desdites ten-
sions électriques continues transitoires ou de ladite
oudesdites formes d’onde de tension électrique con-
tinue transitoire : (i) augmente avec le temps, (ii)
augmente et ensuite diminue avec le temps, (iii) di-
minue avec le temps ou (iv) diminue et ensuite aug-
mente avec le temps.

Spectrometre de masse selon la revendication 28,
dans lequel ledit dispositif de fragmentation (1) com-
prend une région d’entrée en amont, une région de
sortie en aval et une région intermédiaire, et dans
lequel :

dans ladite région d’entrée, 'amplitude de ladite
ou desdites tensions électriques continues tran-
sitoires ou de ladite ou desdites formes d'onde
de tension électrique continue transitoire pré-
sente une premiere amplitude,

dans ladite région intermédiaire, I'amplitude de
ladite ou desdites tensions électriques conti-
nues transitoires ou de ladite ou desdites formes
d’onde de tension électrique continue transitoire
présente une deuxieme amplitude et

dans ladite région de sortie, 'amplitude de ladite
ou desdites tensions électriques continues tran-
sitoires ou de ladite ou desdites formes d'onde
de tension électrique continue transitoire pré-
sente une troisiéme amplitude.

Spectromeétre de masse selon la revendication 29,
dans lequel la région d’entrée et/ou de sortie com-
prend un pourcentage de la longueur axiale totale
dudit dispositif de fragmentation sélectionné dans
I’'ensemble constitué des pourcentages de: (i) <5 %,
(i) 5 a 10 %, (iii) 10 a 15 %, (iv) 15 a 20 %, (v) 20 a
25 %, (vi) 25 a 30 %, (vii) 30 a 35 %, (viii) 35240 %
et (ix) 40 a 45 %.

Spectromeétre de masse selon les revendications 29
ou 30, dans lequel ladite premiére et/ou ladite troi-
siéme amplitudes sont essentiellement nulles et la-
dite deuxieme amplitude est essentiellement non
nulle.
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Spectrométre de masse selon les revendications 29,
30 ou 31, dans lequel ladite deuxieme amplitude est
plus grande que ladite premiére amplitude et/ou la-
dite deuxieme amplitude est plus grande que ladite
troisieme amplitude.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel, en utilisa-
tion, ladite ou lesdites tensions électriques continues
transitoires ou ladite ou lesdites formes d’'onde de
tension électrique continue transitoire passent le
long dudit dispositif de fragmentation (1) & une pre-
miére vitesse.

Spectromeétre de masse selon la revendication 33,
dans lequel ladite premiére vitesse : (i) reste essen-
tiellement constante, (ii) varie, (iii) augmente, (iv)
augmente et ensuite diminue, (v) diminue, (vi) dimi-
nue et ensuite augmente, (vii) se réduit essentielle-
ment a zéro, (viii) change de sens ou (ix) diminue
essentiellement & zéro et ensuite change de sens.

Spectromeétre de masse selon I'une quelconques
des revendications précédentes, dans lequel ladite
ou lesdites tensions électriques continues transitoi-
res ou ladite ou lesdites formes d’onde de tension
électrique continue transitoire aménent les ions pré-
sents a l'intérieur du dispositif de fragmentation (1)
a passer le long du dispositif de fragmentation a une
deuxiéme vitesse.

Spectromeétre de masse selon la revendication 35,
dans lequel la différence entre ladite premiére vites-
se et ladite deuxieme vitesse est plus petite ou égale
a 100 m/s, 90 m/s, 80 m/s, 70 m/s, 60 m/s, 50 m/s,
40 m/s, 30 m/s, 20 m/s, 10 m/s, 5 m/s ou 1 m/s.

Spectromeétre de masse selon I'une quelconque des
revendications 33 a 36, dans lequel ladite premiére
vitesse est choisie dans I'ensemble constitué des
vitesses de : (i) 10 a 250 m/s, (i) 250 a 500 m/s, (iii)
500 a 750 m/s, (iv) 750 a 1 000 m/s, (v) 1 000 a 1
250 m/s, (vi) 1 250 a 1 500 m/s, (vii) 1 500 & 1 750
m/s, (viii) 1 750 a 2 000 m/s, (ix) 2 000 a 2 250 m/s,
(x) 2 250 & 2 500 m/s, (xi) 2 500 & 2 750 m/s, (xii) 2
750 a 3 000 m/s, (xiii) 3 000 a 3 250 m/s, (xiv) 3 250
a 3500 m/s, (xv) 3500 a 3 750 m/s, (xvi) 3750 a 4
000 m/s, (xvii) 4 000 a 4 250 m/s, (xviii) 4 250 a 4
500 m/s, (xix) 4 500 a 4 750 m/s, (xx) 4 750 a 5 000
m/s et (xxi) > 5 000 m/s.

Spectromeétre de masse selon I'une quelconques
des revendications 35 a 37, dans lequel ladite
deuxiéme vitesse est choisie dans I'ensemble cons-
titué des vitesses de : (i) 10 a 250 m/s, (ii) 250 a 500
m/s, (iii) 500 a 750 m/s, (iv) 750 a 1 000 m/s, (v) 1
000 a 1 250 m/s, (vi) 1 250 a 1 500 m/s, (vii) 1 500
a 1 750 m/s, (viii) 1 750 a 2 000 m/s, (ix) 2 000 & 2
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250 m/s, (x) 2 250 & 2 500 m/s, (xi) 2 500 a 2 750
m/s, (xii) 2 750 a 3 000 m/s, (xiii) 3 000 a 3 250 m/s,
(xiv) 3 250 a 3500 m/s, (xv) 3500 a 3 750 m/s, (xvi)
3750 a 4 000 m/s, (xvii) 4 000 a 4 250 m/s, (xviii) 4
250 a 4 500 m/s, (xix) 4 500 a 4 750 m/s, (xx) 4 750
a 5000 m/s et (xxi) > 5 000 m/s.

Spectrométre de masse selon la revendication 35,
dans lequel ladite deuxiéme vitesse est essentielle-
ment égale a ladite premiere vitesse.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ladite ou
lesdites tensions électriques continues transitoires
ou ladite ou lesdites formes d’onde de tension élec-
trigue continue transitoire ontune fréquence, etdans
lequel la fréquence : (i) reste essentiellement cons-
tante, (ii) varie, (iii) augmente, (iv) augmente et en-
suite diminue, (v) diminue ou (vi) diminue et ensuite
augmente.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ladite ou
lesdites tensions électriques continues transitoires
ou ladite ou lesdites formes d’onde de tension élec-
trique continue transitoire ont une longueur d’onde,
et dans lequel ladite longueur d’onde : (i) reste es-
sentiellement constante, (ii) varie, (iii) augmente, (iv)
augmente et ensuite diminue, (v) diminue ou (vi) di-
minue et ensuite augmente.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel deux ou
plusieurs tensions électriques continues transitoires
ou deux ou plusieurs formes d’onde de tension élec-
trigue continue transitoire sont amenées a passer
simultanément le long dudit dispositif de fragmenta-
tion (1).

Spectrometre de masse selon la revendication 42,
dans lequel lesdites deux ou plusieurs tensions élec-
triques continues transitoires ou lesdites deux ou
plusieurs formes d’onde de tension électrique con-
tinue transitoire sont amenées a se déplacer : (i)
dans le méme sens, (ii) dans des sens opposés, (iii)
I'une vers l'autre, (iv) en s’éloignant I'une de I'autre.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel, en utilisa-
tion, ladite ou lesdites tensions électriques transitoi-
res ou ladite ou lesdites formes d’onde de tension
continue transitoire sont générées de fagon répétiti-
ve et passent le long dudit dispositif de fragmenta-
tion, etdans lequel la fréquence de création de ladite
ou desdites tensions électriques continues transitoi-
res ou de ladite ou desdites formes d’'onde de tension
électrique continue transitoire : (i) reste essentielle-
ment constante, (ii) varie, (iii) augmente, (iv) aug-
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mente et ensuite diminue, (v) diminue ou (vi) diminue
et ensuite augmente.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel, en utilisa-
tion, un faisceau continu d’ions est amené a I'entrée
dudit dispositif de fragmentation (1).

Spectromeétre de masse selon I'une des revendica-
tions 1 a 44, dans lequel, en utilisation, des paquets
d’ions sontregus a une entrée dudit dispositif de frag-
mentation (1).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel, en utilisa-
tion, des impulsions d'ions sortent par une sortie du-
dit dispositif de fragmentation (1).

Spectromeétre de masse selon la revendication 47,
qui comprend de plus un détecteur d’ions, ledit dé-
tecteur d'ions étant agencé pour étre essentielle-
ment verrouillé en phase en utilisation, les impul-
sions d’ions sortant par la sortie du dispositif de frag-
mentation (1).

Spectromeétre de masse selon les revendications 47
ou 48, qui comprend de plus un analyseur de masse
en fonction de la durée de vol qui comprend une
électrode qui injecte les ions dans une région de dé-
rive, ladite électrode étant disposée de maniére a
étre en utilisation rechargée en énergie d'une ma-
niere essentiellement synchronisée sur les impul-
sions d'ions qui sortent par la sortie du dispositif de
fragmentation (1).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) est choisi dans I'ensemble
constitué de : (i) un entonnoir & ions qui comprend
plusieurs électrodes qui présentent des ouvertures
atravers lesquelles les ions sont émis et dont le dia-
metre augmente progressivement, (ii) un tunnel a
ions qui comprend plusieurs électrodes qui présen-
tent des ouvertures a travers lesquelles les ions sont
émis et dont le diamétre reste essentiellement cons-
tant, et (iii) un empilement d’électrodes en plaque,
en anneau ou en boucle de fil.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) comprend plusieurs élec-
trodes (2), chaque électrode (2) présentant une
ouverture a travers laquelle les ions sont émis en
utilisation.

Spectrometre de masse selon I'une quelconque des
revendications précédentes, dans lequel chaque
électrode (2) présente une ouverture essentielle-
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ment circulaire.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel chaque
électrode (2) présente une ouverture simple a tra-
vers laquelle les ions sont émis en utilisation.

Spectromeétre de masse selon les revendications 51,
52 ou 53, dans lequel le diamétre des ouvertures
d’au moins 50 %, 60 %, 70 %, 80 %, 90 % ou 95 %
des électrodes (2) qui forment ledit dispositif de frag-
mentation (1) est choisi dans I'ensemble constitué
des diametres: (i) inférieurs ou égaux a 10 mm, (ii)
inférieurs ou égaux a 9 mm, (iii) inférieurs ou égaux
a8 mm, (iv) inférieurs ou égaux a7 mm, (v) inférieurs
ou égaux a 6 mm, (vi) inférieurs ou égaux a 5 mm,
(vii) inférieurs ou égaux a 4 mm, (viii) inférieurs ou
égaux a 3 mm, (ix) inférieurs ou égaux a 2 mm et (x)
inférieurs ou égaux & 1 mm.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel au moins
50 %, 60 %, 70 %, 80 %, 90 % ou 95 % des électrodes
(2) qui forment ledit dispositif de fragmentation (1)
présentent une ouverture qui a essentiellement la
méme taille ou la méme superficie.

Spectrometre de masse selon I'une quelconque des
revendications 1 a 49, dans lequel ledit dispositif de
fragmentation (1) comprend un ensemble de tiges
segmentées.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) est constitué de : (i) 10 a
20 électrodes, (ii) 20 a 30 électrodes, (iii) 30 a 40
électrodes, (iv) 40 a 50 électrodes, (v) 50 a 60 élec-
trodes, (vi) 60 a 70 électrodes, (vii) 70 a 80 électro-
des, (viii) 80 290 électrodes, (ix) 90 2 100 électrodes,
(x) 100 a 110 électrodes, (xi) 110 a 120 électrodes,
(xii) 120 & 130 électrodes, (xiii) 130 & 140 électrodes,
(xiv) 140 a 150 électrodes, ou (xv) plus de 150 élec-
trodes.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel I'épaisseur
d’au moins 50 %, 60 %, 70 %, 80 %, 90 % ou 95 %
desdites électrodes (2) est choisie dans I'ensemble
constitué des épaisseurs : (i) inférieures ou égales
a 3 mm, (ii) inférieures ou égales a 2,5 mm, (iii) in-
férieures ou égales a 2,0 mm, (iv) inférieures ou éga-
les a 1,5 mm, (v) inférieures ou égales a 1,0 mm et
(vi) inférieures ou égales a 0,5 mm.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) présente une longueur sé-
lectionné dans I'ensemble constitué des longueurs :
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(i) inférieures a 5 cm, (ii) de 5 a 10 cm, (iii) de 10 &
15 cm, (iv) de 15420 cm, (v) de 20 & 25 cm, (vi) de
25 & 30 cm, et (vii) supérieures a 30 cm.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) comprend un logement qui
présente une ouverture amont qui permet aux ions
d’entrer dans ledit dispositif de fragmentation (1) et
une ouverture aval qui permetauxions de sortir dudit
dispositif de fragmentation (1).

Spectromeétre de masse selon la revendication 60,
dans lequel le dispositif de fragmentation (1) com-
prend de plus un orifice d’entrée par lequel un gaz
de collision est introduit.

Spectromeétre de masse selon la revendication 61,
dans lequel ledit gaz de collision comprend de l'air
et/ou un ou plusieurs gaz inertes et/ou un ou plu-
sieurs gaz non inertes.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel au moins
10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 %,
90 %, ou 95 % desdites électrodes (2) sont reliées
a une source de tension électrique non seulement
continue ou alternative mais méme a fréquence ra-
dio (RF).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel les électro-
des (2) adjacentes axialement sont alimentées en
tensions électriques alternatives ou a fréquence ra-
dio (RF) qui sont déphasées de 180°.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, qui comprend de plus
une source d'ions sélectionnée dans I'ensemble
constitué de : (i) une source d'ions par électropulvé-
risation ("ESI"), (ii) une source d’ions par ionisation
chimique a pression atmosphérique ("APCI"), (iii)
une source d'ions par photo-ionisation a pression
atmosphérique ("APPI"), (iv) une source d’ions par
ionisation par désorption laser assistée par matrice
("MALDI"), (v) une source d’ions par ionisation par
désorption laser ("LDI"), (vi) une source d’'ions par
plasma couplé par induction ("ICP"), (vii) une source
d’ions par impact d’électrons ("EI"), (viii) une source
d’ions par ionisation chimique ("CI"), (ix) une source
d'ions par bombardement rapide des atomes
("FAB") et (x) une source d'ions par spectrométrie
de masse d’ions liquides secondaires ("LSIMS").

Spectromeétre de masse selon I'une quelconque des
revendications 1 a 64, qui comprend de plus une
source continue d’ions.
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Spectromeétre de masse selon I'une quelconque des
revendications 1 a 64, qui comprend de plus une
source pulsée d’ions.

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, qui comprend de plus
une source d'ions, un piége a ions et un analyseur
de masse.

Spectrométre de masse selon la revendication 68,
qui comprend de plus un guide d’'ions disposé en
amont dudit piege a ions.

Spectromeétre de masse selon la revendication 69,
dans lequel ledit guide d’'ions comprend plusieurs
électrodes, au moins certaines desdites électrodes
étant reliées & la fois & une source de tension élec-
trigue continue et & une source de tension électrique
alternative ou a fréquence radio (RF) et dans lequel
une ou plusieurs tensions électriques continues tran-
sitoires ou une ou plusieurs formes d’onde de ten-
sion électrique transitoire se déplacent, en utilisa-
tion, le long d’au moins une partie de la longueur
dudit guide d'ions afin de repousser les ions le long
de ladite partie de la longueur dudit guide d’ions.

Spectromeétre de masse selon les revendications 68,
69 ou 70, dans lequel ledit piege a ions comprend
un piége a ions quadripolaire.

Spectromeétre de masse selon I'une quelconque des
revendications 68 a 71, dans lequel ledit analyseur
de masse comprend un analyseur de masse en fonc-
tion de la durée de vol, un analyseur de masse qua-
dripolaire, un analyseur de masse par résonance de
cyclotron d'ions a transformation de Fourier ("FTI-
CR"), un piége a ions quadripolaire a deux dimen-
sions (linéaire) ou un piege aions quadripdles a trois
dimensions (Paul).

Spectromeétre de masse selon I'une quelconque des
revendications précédentes, dans lequel ledit dispo-
sitif de fragmentation (1) comprend plusieurs élec-
trodes (2) qui présentent des ouvertures, les ions
étant confinés radialement a l'intérieur dudit dispo-
sitif de fragmentation (1) par une tension électrique
alternative ou a fréquence radio (RF) de telle sorte
que les électrodes (2) adjacentes présentent un dé-
phasage de 180°, les ions étant repoussés vers une
sortie dudit dispositif de fragmentation (1) et mettant
moins de 20 ms pour leur transit a travers ledit dis-
positif de fragmentation (1).

Spectromeétre de masse qui comprend :
une cellule de réaction (1) dans laquelle, en uti-

lisation, les ions réagissent et/ou échangentdes
charges avec un gaz dans ladite cellule de réac-



75.

76.

77.

78.
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tion (1), ladite cellule de réaction (1) comprenant
plusieurs électrodes (2) successives, caracte-
risée en ce que ledit spectrométre de masse
comprend des moyens qui applique progressi-
vement une ou plusieurs tensions électriques
continues transitoires ou une ou plusieurs for-
mes d’onde de tension électrique continue tran-
sitoire sur lesdites électrodes (2) successives
de telle sorte que les ions soient repoussés le
long de ladite cellule de réaction (1).

Procédé de spectrométrie de masse qui comprend
les étapes qui consistent a :

prévoir un dispositif de fragmentation (1) qui
comprend plusieurs électrodes (2) successives
et

caractérisé en ce que

on applique progressivement une ou plusieurs ten-
sions électriques continues transitoires ou une ou
plusieurs formes d’onde de tension électrique con-
tinue transitoire sur lesdites électrodes (2) succes-
sives, de telle sorte que les ions soient fragmentés
a l'intérieur dudit dispositif de fragmentation (1) et
soient repoussés le long dudit dispositif de fragmen-
tation (1).

Procédé selon larevendication 75, dans lequel ladite
étape d’'application progressive d’'une ou plusieurs
tensions électriques continues transitoires ou d’'une
ou plusieurs formes d’onde de tension électrique
continue transitoire comprend I'opération qui consis-
te a établir un gradient axial de tension électrique
qui varie dans le temps pendant que les ions sont
transmis a travers ledit dispositif de fragmentation

).

Procédé selon les revendications 75 ou 76, dans le-
quel ladite ou lesdites tensions électriques continues
transitoires ou ladite ou lesdites formes d’onde de
tension électrique continue transitoire passent le
long dudit dispositif de fragmentation (1) a une pre-
miére vitesse.

Procédé selonlarevendication 77, dans lequel ladite
premiére vitesse est choisie dans I'ensemble cons-
titué des vitesses de : (i) 10 a 250 m/s, (ii) 250 a 500
m/s, (iii) 500 a 750 m/s, (iv) 750 a 1 000 m/s,

(v) 1000 a 1 250 m/s, (vi) 1 250 a 1 500 m/s,
(vii) 1 500 & 1 750 m/s, (viii) 1 750 & 2 000 m/s,
(ix) 2 000 & 2 250 m/s, (X) 2 250 & 2 500 m/s,
(xi) 2 500 & 2 750 m/s, (xii) 2 750 & 3 000 m/s,
(xiii) 3000 a 3 250 m/s, (xiv) 3 250 & 3 500 m/s,
(xv) 3500 a 3 750 m/s, (xvi) 3 750 a 4 000 m/s,
(xvii) 4000 & 4 250 m/s, (xviii) 4 250 & 4 500 m/s,
(xix) 4500 a 4 750 m/s, (xx) 4 750 a5 000 m/s et

10
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35

40
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50

55

31

(xxi) > 5 000 m/s.

79. Procédé pour faire réagir des ions et/ou pour échan-

ger les charges d'ions avec un gaz, lequel procédé
comprend les étapes qui consistent a :

prévoir une cellule de réaction (1) qui comprend
plusieurs électrodes (2) successives, et

caractérisé par

I'application progressive d’'une ou plusieurs tensions
électriques continues transitoires ou d’'une ou plu-
sieurs formes d’onde de tension électrique continue
transitoire sur lesdites électrodes (2) successives,
de telle sorte que les ions soient repoussés le long
de ladite cellule de réaction (1).
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