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(57) Abréegée/Abstract:

A mass spectrometer Is disclosed comprising an Electron Transfer Dissociation cell (1). Positive analyte ions are fragmented into
fragment lons upon colliding with singly charged negative reagent ions with the cell (1). The cell comprises a plurality of ring
electrodes (1) which form a spherical trapping volume. lons experience nedligible RF heating over the majority. of the trapping
volume which enables the kinetic energy of the analyte and reagent ions to be reduced to just above thermal temperatures. An
Electron Transfer Dissociation cell (1) having an enhanced sensitivity Is thereby provided. Fragment ions created within the cell (1)
may be cooled and may be transmitted onwardly to an orthogonal acceleration Time of Flight mass analyser enabling a significant
iImprovement In the resolution of the mass analyser to be obtained.
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stract: A mass spectrometer 1S disclosed comprising an Blectron lransfer 1Jissociation ce . Positive analyte 10ns are
(57) Abstract: A P is disclosed prising an El Transfer Di lati 11 (1). Positi lyte i

& fragmented into fragment ions upon colliding with singly charged negative reagent ions with the cell (1). The cell comprises a
& plurality of ring electrodes (1) which form a spherical trapping volume. Ions experience negligible RF heating over the majority. of
N he trapping volume which enables the kinetic energy of the analyte and reagent ions to be reduced to just above thermal temperatures.

An Electron Transfer Dissociation cell (1) having an enhanced sensitivity is thereby provided. Fragment ions created within the cell

(1) may be cooled and may be transmitted onwardly to an orthogonal acceleration Time of Flight mass analyser enabling a significant

improvement in the resolution of the mass analyser to be obtained.
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MASS SPECTROMETER

The preseﬁt invention relates to a mass spectrometer. The.
preferred embodiment relates to an Electron Transfer Dissociation

(Y“ETD"”) reaction or fragmentation device wherein positively

charged analyte ions are fragmented upon reactling Or interacting
with negatively charge reagent ions. The analyte 1lons and reagent
ions are preferably cooled to near thermal temperatures within a
spherical ion trapping volume formed within a modified ion tunnel
ion trap. As a result, analyte ions are fragmented with a greater
efficiency. The resulting fragment or product ions are also
preferably cooled to near thermal temperatures and may then be
mass analysed by a Time of Flight mass analyser.

It is known to contain ions having opposite polaritiés
simultaneously within an ion trap. It is also known that the
effective potential within an ion trap is independent of the
polarity of the ioﬁs so that, for example, a quadrupole ion trap
may be arranged to store simultaneously both positive and negative
irons. |

Ion-ion reactions such as Electron Transfer Dissociation
(“ETD”),and Proton Transfer Reaction (“PTR”) have been studied in
a modified commercilal 3D ion trap. Electron Transfer Dissociation
involves causing highly charged positive analyte ions to interact

or collide with negatively charged reagent ions. As a result of

an ion-ion reaction the positively charged analyte ions are caused

to fragment into a plurality of fragment or product i1ions. The
fragment or product ions which are produced enable the parent
analyte biomolecule ion to be sequenced. |
Electron Capture Dissoclation is also known wherein analyte
ions are fragmented upon interacting with electrons. However, a

particular advantage of Electron Transter Dissoclation reaction Or

fragmentation as compared with Electron Capture Dissoclation 18

that i1t 1s not necessary to proQide a relatively strong magnetic
field in order to constrain the path of electrons so as to induce
ion-electron collisions.

Electron Transfer Dissociation experiments have been
attempted in a 3D or Paul ion trap. A 3D or Paul 1on trap
comprises a central ring electrode and two end-cap electrodes
having a hyperbolic éurface. Tons are confined within the 3D or

Paul ion trap in a quadrupolar electric field in both the axial
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and radial dimensions. However, although Electron Transfer

Dissociation has been investigated using a 3D or Paul ion trap

- very little 1f any actual fragmentation of positively charged

analyte ions has been observed within such a 3D ion trap.

It 1s therefore desired to provide an improved Electron

Transfer Dissociliation reaction or fragmentation device.

According to an aspect of the present invention there 1is
provided an Electron Transfer Dissociation reaction or |
fragmentation device comprising a plurality of electrodes, wherein
the device comprises at least five electrodes each having at least
one aperture through which i1ons are transmitted in use.

Analyte i1ons and/or reagent ions-and/or~fragment Oor product
ions created within the device are preferably?arranged to assume a
mean kinetic energy within the device selected from the group
consisting of: (i) < 5 meV; (ii) 5-10 meV; (iii) 10-15 meV; (1v)
15-20 meV; (v) 20-25 meV; (vi) 25—30'mev; (vii) 30-35 meV; (viil)
35-40 meV; (1x) 40-45 meV; (x) 45-50 meV; (x1) 50-55 meV; and
(xii) 55-60 meV. The mean kinetic energy of the ions is
advantageously arranged to be relatively ldw.

According to the preferred embodiment a neutrally charged
bath gas 1s preferably provided within the device. Gas molecules
of the neutrally charge bath gas are preferably arranged to assume
a first mean kinetic energy and analyte ions and/or reagent ions
and/or fragment or product ions created within the device are
preferably arranged to assume a second mean kinetic energy within
the device. The difference between the second mean Kkinetic energy
and the first mean kinetic energy 1s preferably selected from the
group consisting of: (1) < 5 meV; (1i) 5-10 meV; . (iii) 10-15 meV;
(iv) 15-20 meV; (v) 20-25 meV; (vi) 25-30 meV; (vii) 30-35 mev;
(viii) 35-40 meV; (ix) 40-45 meV; (x) 45-50 meV; (x1i) 50-55 meV;
and (xi11) 55-60 meV;

According to an embodiment an Electfon Transfer Dissociation
reaction or fragmentation device 1s provided wherein, 1n use, a
neutrally charged bath gas 1i1s provided withiﬁ the device. Gas
molecules of the neutrally charged bath gas preferably possess a
thermal energy and analyte i1ons and/or reagent i1ons and/or

fragment or product 1ons created within the device are preferably
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arranged to assume a mean kinetic energy within the device,
wherein either:

(a) the difference between the mean kinetic energy of the
ions and the thermal energy of the bath gas is selected from the

5 group consisting of: (i) < 5 meV; (ii) 5¥10 meV; (iii) 10-15 meV;
(iv) 15-20 meV; (v) 20-25 meV; (vi) 25-30 meV; (vii) 30-35 meV;
(viii) 35-40 meV; (ix) 40-45 meV; (x) 45-50 meV; (x1) 50-55 meV;
and (xi11) 55-60 meVv; and/or

(b) the ratio of the mean kinetic energy of the ions to the

10 thermal enerdgy of thé bath gas 1s selected from the group
consisting of: (i) < 1.05; (ii) 1.05-1.1; (iii) 1.1-1.2; (iv) 1.2-
1.3; (v) 1.3-1.4; (vi) 1.4-1.5; (vii) 1.5-1.6; (viii) 1.6-1.7;
(ix) 1.7-1.8; (x) 1.8-1.9; (xi) 1.9-2.0; (xii) 2.0-2.5; (xiii)
2.5-3.0; (xiv) 3.0-3.5; (xv) 3.5-4.0; (xvi) 4.0-4.5; (xvii) 4.5-
15 5.0; and (xviii) > 5.0.

.According to an embodiment the device may comprise 5-10, 10-
15, 15-20, 25-30, 30-35, 35-40, 40-45, 45-50, 50-55, 55-60, 60-65,
65-70, 70-75, 75-80, 80-85, 85-90, 90-95, 95-100, 100-110, 110-
120, 120-130, 130-140, 140-150, 150-160, 160-170, 170-180, 180-

20 190, 190-200 or > 200 electrodes each having at least one aperture
Ehrough'which 10ns are transmitted.in use.

According to an embodiment the internal diameter of the
apertures of the plurality of electrodes 1is érranged to
progressively increase and then progressively decrease one or more

25 times aloﬁg the longitudinal axis of the device.

According to an embodiment the plurality of electrodes
define a geometric volume, wherein the geometric volume 1s
selected from the group consisting of: (1) one or more spheres;
(11) one or more oblate spheroids; (111) one or more prolate

30 spheroids; (1iv) one or more.ellipsoids; and (v) one or more
scalene ellipsoids..

The Electron Transfér Dissociation reaction or fragmentation
device preferably comprises a geometric volume defined by the
internal diameters of the apertures of the plurality of electrodes

35 wherein the geometric value 1s selected from the group consisting
of: (i) < 1.0 cm’; (ii) - 1.0-2.0 cm’; (iii) 2.0-3.0 cm’; (iv) 3.0-
4.0 cm’; (v) 4.0-5.0 cm’; (vi) 5.0-6.0 cm’; (vii) 6.0-7.0 cm’;
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(viii) 7.0-8.0 cm’; (ix) 8.0-9.0 cm’; (x) 9.0-10.0 cm®; (xi) 10.0-
11.0 em’; (xii) 11.0-12.0 cm?®: (xiii) 12.0-13.0 cm®; (xiv) 13.0-
14.0 cm’; (xv) 14.0-15.0 cm®; (xvi) 15.0-16.0 cm®; (xvii) 16.0-17.0
cm’; (xviii) 17.0-18.0 cm®; (xix) 18.0-19.0 cm®; (xx) 19.0-20.0
cm®; (xxi) 20.0-25.0 cm’; (xxii) 25.0-30.0 cm’; (xxiii) 30.0-35.0
cm’; (xxiv) 35.0-40.0 cm’; (xxv) 40.0-45.0 cm?; (xxvi) 45.0~50.0

cm®; and (xxvii) > 50.0 cm’.

The device preferably compfisgs an effective ion trapping.
volume or regién for an 1on having a mass to charge ratio of 100,
200, 300, 400, 500, 600, 700, 800, 900 or 1000. The ion trapping
volume or region within the device is preferably selected from the
group consisting of: (i) < 1.0_cm3; ('ii) 1.0-2.0 cm’; (iii) 2.0-
3.0 cm’; (iv) 3.0-4.0 cm’; (v) 4.0-5.0 cm’; (vi) 5.0-6.0 cm®; (vii)
6.0-7.0 cm’; (viii) 7.0-8.0 cm®; (ix) 8.0-9.0 cm®; (x) 9.0-10.0
cm’; (xi) 10.0-11.0 cm®; (xii) 11.0-12.0 cm®; (xiii) 12.0-13.0 cm?;
(xiv) 13.0-14.0 cm’; (xv) 14.0-15.0 cm®; (xvi) 15.0-16.0 cm’;
(xvii) 16.0-17.0 cm’®; (xviii) 17.0-18.0 cm®; (xix) 18.0-19.0 cm’;
(xx) 19.0-20.0 cm’; (xxi) 20.0-25.0 cm’; (xxii) 25.0-30.0 cm’;
(xxiii) 30.0-35.0 cm’; (xxiv) 35.0-40.0 cm?®; (xxv) 40.0-45.0 cm?;

(xxvi) 45.0-50.0 cm’; and (xxvii) > 50.0 cm’. The ion trapping

volume or region 1s preferably significantly greater than that of
a known 3D ion trap. |

According to an embodiment the Electron Transfer
Dissociation reaction or fragmentation device further comprises a
device arranged and adapted to supply a first AC or RF voltage to
the plurality of electrodes, wherein either: |

(a) the first AC or RF voltage has an amplitude selected
from the groﬁp consisting of: (i) < 50 V peak to peak; (ii) 50—100.
V peak to peak; (iii) 100-150 V peak to peak; (iv) 150-200 V peak
to peak; (v) 200-250 Vv peak to peak; (vi) 250-300 Vv peak to peak;
(vii) 300-350 V peak to peak; (viii) 350-400 V peak to peak; (ix)
400-450 V peak to peak; (x) 450-500 V peak to peak; and (xi) > 500
V peak to peak; and/or

(b) the first AC or RF voltage has a freguency selected from
the group consisting of: (i) < 100 kHz; (ii) 100-200 kHz; (iii)
200-300 kHz; (iv) 300-400 kHz; (v) 400-500 kHz; (vi) 0.5-1.0 MHz:;
(vii) 1.0-1.5 MHz; (viii) 1.5—2.0 MHz; (ix) 2.0—2;5 MHz; (x) 2.5-
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3.0 MHz; (xi) 3.0-3.5 MHz; (xii) 3.5-4.0 MHz; (xiii) 4.0-4.5 MHz;

(xiv) 4.5-5.0 MHz; (xv) 5.0-5.5 MHz; (xvi) 5.5-6.0 MHz; (xvii)

6.0-6.5 MHz; (xviii) 6.5-7.0 MHz; (xix) 7.0-7.5 MHz; (xx) 7.5-8.0

MHz; (xxi) 8.0-8.5 MHz; (xxii) 8.5-9.0 MHz; (xxiii) 9.0-9.5 MHz;
5 (XX1V) 9.5~10.0 MHz; and (xxv) > 10.0 MHz.

According to the preferred embodiment in a mode of operation
"adjacent or neighbouring electrodes are supplied with opposite
phases of the first AC or RF voltage.

ACcording to an embodiment in a mode of operation the deﬁice

10 may be Operated:in a quadrupolar or analytical mode of operation
wherein either: ’

(a) a quadrupolar or substantialiy quadrupolar electric
field is maintained along the axial direction of the device;
and/or ‘ | .

15 (b) a quadrupolar or substantially quadrupolar electric
field is maintained along the radial'direction of the device.

In a mode of'operation an additional or auxiliary AC voltage
may be applied between one or more upstream electrodes and one'or

more downstream electrodes in order:

20 - (1) to excite ions resonantly or parametrically within the
device; and/or

(11) to eject ions resonantly or parametrically from the
device; and/or

(111) to fragment ions resonantly or parametrically within
25 the device.

The‘Electron Transfer Dissociation reaction or fragmentation
device may further comprise either:
(a) a device arranged ahd adapted to maintain a DC voltage
~or potential gradient along at least 5%, 10%, 15%, 20%, 25%, 30%,
30 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or
100% of the length of the Electron Transfer Dissociation reaction
or fragmentation device in a mode of operation; and/or
(b) AC or RF voltage means arranged and adapted to apply two
or more phase-shifted AC or RF voltages to electrodes forming at
35 least part of the Electron Transfer Dissociation reaction or
fragmentation device in order to urge, force, drive or‘propel at

least some ions along at least 5%, 10%, 15%, 20%, 25%, 30%, 35%,
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40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100%
of the length of the Electron Transfer Dissociation reaction or
fragmentation device.

The DC voltage or potential gradient is preferably arranged
in order to urge, force, drive or propel at least some i1ons along
at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or.100% of the length ot
tﬁe Electron Transfer Dissociation reaction or fragmentation
device. _

According to an embodiment the device further comprises
transient DC voltage means arranged and adapted to apply one Or
more transient DC voltages or potentials or one or more transient
DC voltage or potential waveforms to at least some of the
plurallty of electrodes in .order to urge, force, drlve or propel
at least some ions along at least 5%, 10%, 15%, 20%, 25%, 30%'

359, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or

100% of the length of the Electron Transfer Dissociation reaction

or fragmentatlon device in a mode of operation.

The Flectron Transfer Dissociation reaction or fragmentation
device may further comprise means arranged and adapted to vary,
increase orodeorease the amplitude and/or velocity of the one or
more transient DC voltages or potentials or the one Or more
transient DC voltage or potential waveformS'W1th time. The
amplitude and/or velocity of the one or more transient DC Voltages
or potentials or the one or more transient DC voltage or potential
waveforms may be ramped, stepped, scanned or varied linearly or‘
non-linearly with time. |

" In a mode of operation the one or more transient DC voltages
or potentials or the one or more transient DC voltage or potential
'wavefofms may be translated along the length of the Electron
Transfer Dissociation reaction or fragmentation device at a
velocity selected from the group consisting of: (1) < 100 m/s;

(1i) 100-200 m/s; (iii) 200-300 m/s; (iv) 300-400 m/s; (v) 400-500
m/s;: (vi) 500-600 m/s; (vii) 600-700 m/s; (viii) 700-800 m/s; (1X)
800-900 m/s: (x) 900-1000 m/s; (xi) 1000-1100 m/s; (xii) 1100-1200
m/s: (xiii) 1200-1300 m/s; (xiv) 1300-1400 m/s; (xv) 1400-1500
m/s; (xvi) 1500-1600 m/S; (xvii) 1600-1700 m/s; (xviii) 1700-1800
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m/s; (xix) 1800-1900 m/s; (xx) 1900-2000 m/s; (xxi) 2000-2100 m/s;
(xxii) 2100-2200 m/s; (xxiii) 2200-2300 m/s; (xxiv) 2300-2400 m/s;
(xxv) 2400-2500 m/s; (xxvi) 2500-2600 m/s; (xxvii) 2600-2700 m/s;
(xxviii) 2700-2800 m/s; (xxix) 2800-2900 m/s; (xxx) 2900-3000 m/s;
and (xxxi) > 3000 m/s. ' ‘

The Electron Transfer Dissociation reaction or fragmentation
device is preferably maintained 1n use 1in a mode of operation at a
pressure selected from the group consisting of: (1) > 100 mbar;
(ii) > 10 mbar; (iii) > 1 mbar; (iv) > 0.1 mbar; (v) > 107% mbar;
(vi) > 107° mbar; (vii) > 107 mbar; (viii) > 10°° mbar; (ix) > 107
mbar; (x) < 100 mbar; (xi)’< 10 mbar; (xii) < 1 mbar; (xi11i) < 0.1

mbar: (xiv) < 107 mbar; (xv) < 107° mbar; (xvi) < 107" mbar; (xvii)

< 107° mbar; (xviii) < 10°® mbar; (xix) 10-100 mbar; (xx) 1-10

mbar; (xxi) 0.1-1 mbar; (xxii) 107 to 107" mbar; (xxiii}'lod to
1072 mbar: (xxiv) 107* to 107 mbar; and (xxv) 10™° to 107¢ mbar.

In a mbde.of operation singly charged 1ons héving a mass to
charge ratio in the range of 1-100, 100-200, 200—300{ 300-400,
400-500, 500-600, 600-700, 700-800, 800-900, 900-1000 or > 1000
are preferably arranged to have an 10n residence time within the
Flectron Transfer Dissociation reaction or fragmentation device 1n
the range: (1) 0-1 ms: (ii) 1-2 ms; (iii) 2-3 ms; (iv) 3-4 ms; (V)
4-5 ms: (vi) 5-6 ms; (vii) 6-7 ms; (viii) 7-8 ms; (ix) 8-9 ms; (X)
9—10mS;b(Xi) 10-11 ms; (x1i) 11-12 ms; (xiii) 12-13 ms; (xiv) 13-
14 ms: (xv) 14-15 ms; (xvi) 15-16 ms; (xvii) 16-17 ms; (xviii) 17-
18 ms; (xix) 18-19 ms; (xx) 19-20 ms; (xx1) 20-21 ms; (xxii)‘21~22
ms; (xxiii) 22-23 ms; (xxiv) 23-24 ms; (xxv) 24-25 ms; (xxvi) 25-
26 ms; (xxvii) 26-27 ms; (xxvill) 27-28 ms; (xgix) 28-29 ms; (x%XxX)
29-30 ms; (xxxi) 30-35 ms; (xxxii) 35-40 ms;  (xxxiii) 40-45 ms ;
(xxxiv5'45—50 ms;: (xxxv) 50-55 ms; (xxxvi) 55-60 ms; (xxxvii) 60-
65 ms: (xxxviii) 65-70 mg; (xxxix) 70-75 ms; (x1) 75-80 ms; (x1i)
80-85 ms; (x1ii) 85-90 ms; (x1l1ii1) 9Q—95 ms; (x1iv) 95-100 ms; and
(x1lv) > 100 ms.

In a mode of operation ions are preferably collisionally
cooled and/or thermalised by collisions with a gas within the
Electron Transfer Dissociation feaction‘Qr-fragmentation device.

According to an embodiment the Electron Transfer

Dissociation reaction or fragmentation device preferably further



10

15

20

25

30

35

CA 02681892 2009-09-25

WO 2008/117040 PCT/GB2008/001028

- comprises a coollng device for cooling the plurality of electrodes

and/or a gas present‘W1th1n the device to a temperature selected
from the group consisting of: (1) < 20 K; (i11i) 20-40 K; (iii) 40—
60 K; (1iv) 60-80 K; (v) 80-100 K; (vi) 100-120 K; (vii) 120-140 K;
(viii) 140-160 K; (ix) 160-180 K; (x) 180-200 K; (xi) 200-220 K;

.(xii) 220-240 K; (xiii) 240-260 K; (xiV)‘260—280 K; and (xv) 280-

300K. ’

The device preferably further comprises a laser port
wherein, in use, a laser beam is preferably transmitted via the
laser port so as to fragment ions‘located within the device.

According to another aspect of the present invention there
1s provided a mass spectrometer comprising an Electron Transfer
Dissociation reaction or fragmentation device as described above.

The mass spectrometer preferably further comprises a first
ion guide arranged upstream of the Electron Transfer Dissociation
reaction.or fragmentation device and/or a second ion guide
arranged downstream of the Electron Transfer Dissociation reaction
or fragmentation device. 'The first ion guide and/or the second
1on guide preferably comprise: |

(a) a quadrupole, hexapole, octapole or higher order rod set
1on guide; and/or J | |

(b} a plurality of plate electrodes arranged generally in

the plane of ion travel wherein adjacent electrodes are preferably

maintained at opposite phases of an AC or RF voltage and wherein

one or more ion guiding regions are formed within the ion guide;

and/or

(C) an 1on guide having a Y-shaped coupling region wherein

1ions from a first ion source are transmitted, in use, to an outlet

port of the ion guide and ions from a second separate ion source

are transmitted, in use, to the outlet port of the ion guide.
The first ion guide and/or the second ion guide may comprise
an 1on tunnel ion guide comprising a plurality of electrodes

haying apertures through which i1ons are transmitted in use. The

mass spectrometer preferably further comprises a device arranged

and adapted to supply a second AC or RF voltage to the plurality
Oof electrodes forming the first ion guide' and/or the second ion

gulde, wherein either:
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(a) the second AC or RF voltage has an amplitude selected
from the group consisting of: (i) < 50 V peak to peak; (ii) 50-100
V' peak to peak; (iii) 100-150 V peak to peak; (iv) 150-200 V peak
to peak; (v) 200-250 V peak to peak; (vi) 250-300 V peak to peak;

5 (vii) 300-350 V peak to peak; (viii) 350-400 V peak to peak; (1ix)
400-450 V peak to peak; (x) 450-500 VvV peak to peak; and (x1) > 500
V peak to peak; and/or |

(b) the second AC or RF voltage has a frequency selected
from the group consisting of: (i) < 100 kHz; (ii) 100-200 kﬁz;

10 (iii) 200-300 kHz; (iv) 300-400 kHz; (v) 400-500 kHz; (vi) 0.5-1.0
MHz; (vii) 1.0-1.5 MHz; (viii) 1.5-2.0 MHz; (ix) 2.0-2.5 MHz; (x)
2.5-3.0 MHz; (xi) 3.0-3.5 MHz; (xii) 3.5-4.0 MHz; (xiii) 4.0-4.5
MHz:; (xiv) 4.5-5.0 MHz; (xv) 5.0-5.5 MHz; (xvi) 5.5-6.0 MHz;
(xvii) 6.0-6.5 MHz; (xviii) 6.5-7.0 MHz; (xix) 7.0-7.5 MHz; (XX)

15 7.5-8.0 MHz; (xxi) 8.0-8.5 MHz; (xxii) 8.5-9.0 MHz; (xxii1i) 9.0-
9.5 MHz; (xxiv) 9.5-10.0 MHz; and (xxv) > 10.0 MHz.

In a mode of operation adjacent or neighbouring electeres
of the first ion guide and/or the second ion guide are supplied
with opposite phases of the second AC or RF voltage.

20 The mass spectrometer pfeferably fufther comprises a first
mass filter arranged upétream of the Electron Transter
Dissociation reaction or fragmentation device and/or a second mass
filter arranged upstream of the Electron Transfer Dissociation
reaction or fragmentation device. The first mass filter and/or

25 the second maés filter are preferably seleéted from the group
consisting of: (i) a quadrupole rod set mass filter; (ii) a Time
of Flight mass filter; ahd (111) a magnetic sector mass filter.

The mass spectrometer preferably further comprises either:

(a) a first ion source arranged upstream and/or downstream

30 of the Electron Transfer Dissociation reaction or fragmentation
device, wherein the first ion source 1s selected from the group
consisting of: (i) an Electrospray ionisation ("ESI") 1on source;
(ii) an Atmospheric Pressure Photo ionisation_("APPI") 10n source;
(iii) an Atmospheric Pressure Chemical Ionisation ("APCI") 1on

35 source; (iv) a Matrix Assisted Laser Desorption Ionisation

("MALDI") ion source: (v) a Laser Desorption Ionisation ("LDI")

ion source; (vi) an Atmospheric Pressure Ionisation ("API") 1o0n
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source; (vii) a Desorption Ionisation on Silicon ("DIOS") ion
source; (viii) an Electron Impact ("EI") ion source; (ix) a
Chemical Ionisation ("CI") ion source; (x) a Field Ionisation

("FI") 1ion source; (xi1) a Field Desorption ("FD") ion source;

5 (x11) an Inductively Coupled Plasma ("ICP") 1on source; (x1iii) a

Fast Atom Bombardment ("FAB") 1on source; (xiv) a Ligquid Secondary
Ion Mass Spectrometry ("LSIMS") 1on source; (xv) a Desorption
Electrospray Ionisation ("DESI") ion source; (xvi) a Nickel-63
radioactive ion source; (xvii) an Atmospheric Pressure Matrix

10 Assisted Laser Desorption Ionisation ion source; and (xviii) a
Thermospray 10n source; and/or |
| (b) a second ion source arranged_upstream and/or downstream
of the Electron Transfér Digsbciation reaction or fragmentation
device, wherein the second ion source is selected from the group

15 consisting of: (i) an Electrospray ionisation ("ESI") ion source;
(ii) an Atmospheric Pressure Photo Ionisation ("APPI") 1ion source;

(11i) an Atmospheric Pressure Chemical Ionisation ("APCI") 1ion .

source; (iv) a Matrix Assisted Laser Desorption Ionisation
("MALDI") ion source; (v) a Laser Desorption Ionisation ("LDI")
20 ion source; (vi) an Atmospheric Pressure Ionisation ("API") 1on
'source; (vii) a Desorption%ionisation on Silicon ("DIOS") 1o0n
source; (viii) an Electron Impact ("EI") ion source; (i1x) a
Chemical Ionisation ("CI") ion source; (x) a Field Ionisation
("FI") ion source; (xi) a Field Desorption ("FD") ion'source;
25 (xii) an Inductively Coupled Plasma ("ICP") ion source; (xl1il) a
Fast Atom Bombardment ("FAB") ion source; (xiv) a'Liquid Secondary
Ion Mass Spectrometry ("LSIMS") ion source; (xv) a Desorption
Electrospray Ionisation ("DESI") ion source; (xvi) a Nickel-63
radiocactive 1on source; (Xvii) an Atmospheric Pressure Matrix
30 Assisted Laser Desorption Idonisation ion source; and (xviiil) a
Thermospray 1on source; and/or
(c) an 1on source arranged upstream and/or downstream of the
Electron Transfer Dissociation reaction or fragmentation device
which 1s arranged, in use, to produce positively charged analyte
35 10ns; and/or
(d) an 1on source arranged upétream and/or downstream of the

Electron Transfer Dissociation reaction or fragmentation device



10

15

20

25

30

35

CA 02681892 2009-09-25

WO 2008/117040 PCT/GB2008/001028

- 11 -

which is arranged, in use, to produce negatively charged reagent
10NS.
The mass spectrometer may further comprise:

(a) an 1on mobility separation device and/or a Field

‘Asymmetric Ion Mobility Spectrometer device arranged upstream

and/or downstream the Electron Transfer Dissociation reaction or
fragmentation device; and/or

(b) an ion trap or ion trapping region arranged upstream
ahd/or downstream of the Electron Transfer Dissociation reaction
or fragmentation device; and/or

(c) a collision, fragmentation or reaction cell arranged

upstream and/or downstream of Electron Transfer Dissociation

"reaction or fragmentation device, wherein the collision,

fragmentation or reaction cell is selected from the group

consisting of: (i) a Collisional Induced Dissociation ("CID")
fragmentation device; (ii) a Surface Induced Dissociation ("SID")
fragmentation device; (111) an Electron Trénsfer Dissoclation
fragmentation device; (iv) an Electron Capture Dissociation
fragmentation device; (v) an Electron Collision or Impact
Dissociation fragmentation device; (vi) a Photo Induced
Dissociation ("PID") fragmentafion dévice; (vili) a Laser Induced
Dissociation fragmentation device; (vili) an infr?red radiation |
induced dissociation deﬁice; (1x) an ultraviolet radiation induced
dissociation device; (x) a nozzle-skimmer interface fragmentation
device; (xi) an in-source fragmentation device; (xii) an ion-
source Collision Induced Dissociation fragmentation device; (xii1i)

a thermal or temperature source fragmentation device; (x1v) an

electric field induced fragmentation dévice; (xv) a magnetic field

induced fragmentation device; (xvi) an enzyme digestion or enzyme
degradation fragmentatioh device:; (xvii) an ion-ion reaction
fragmentation device; (xviii) an ion-molecule reaction
fragmentation device; (Xix) an ilon-atom reaction fragmeﬁtation
device; (xx) an ion-metastable ion reaction fragmentation device;
(xx1) an ion-metastable molecule reaction fragmentation device;
(xxii) an ion-metastable atom reaction fragmentation device;
(xx11i) an ion-ion reaction device for reécting ions to form

adduct or product ions; (xxiv) an ion-molecule reaction device for
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reacting ions to form adduct or product ions; (xxv) an ion-atom
reaction device for reacting ions to form adduct or product ions;
(xxv1i) an ion-metastable 1on reaction device for reacting ions to

form adduct or product i1ons; (xxvii) an ion-metastable molecule

"reaction device for reacting ions to form adduct or product 1ons;

and (xxviii) an i1on-metastable atom reaction device for reacting
ions to form adduct or product 1ons. |

The mass Spectrometei preferably further comprises a mass
analyser selected from the-group consisting of:. (1) a gquadrupole
mass ahalyser;-(ii) a 2D or linear qguadrupole mass analyser; (111)
a Paul or 3D quadrupo1e mass analyser; (iv) a Penning trap mass
analyser; (v) an ion trap mass analyser; (vi) a magnetic sector
mass anaiyser; (vii) Ion Cyclotron Resonance ("ICR") mass
analyser; (viii) a Fourier Transform Ion Cyclotron Resonance

("FTICR") mass analyser; (ix) an electrostatic. or orbitrap mass

‘analyser; (x) a Fourier Transform electrostatic or orbitrap mass

analyser; (x1) a Fourier Transform mass analyser; (xii) a Time of
Flight mass analyser; (xii1ii) an orthogonal acceleration Time of
Flight mass analyser; and (xiv) a linear acceleration Time of
Flight mass analyser.

According to another aspect df the present invention there
18 pfovided a mass spectrometer comprising:

an Electron Transfer Dissociation reaction or fragmentation
device comprising a plurality of electrodes; and

an axial or orthogonal acceleration Time of Flight mass
analyser arranged to receive ions from the Electron Transfer

Dissociation reaction or fragmentation device;

whereln, in use, positively charged analyte ions are reacted
and/or fragmented upon interaction with negatively charged reagent .
ions within the Electron Transfer Dissociation reaction or
fragmentation device to form a plurality of fragment or product
ions; and |

wherein the analyte ions and/or the reagent ions and/or the
fragment or product ions are arranged to assume a mean kinetic
energy selected from the group consisting of: (i) < 5 meVv; (ii) 5-
10 meV; (iii) 10-15 meV; (iv) 15-20 meV; (v) 20-25 meV; (vi) 25-30
meV; (vii) 30-35 meV; (viii) 35-40 meV; (ix) 40-45 meV; (x) 45-5C
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meV; (x1i) 50-55 meV; (xii) 55-60 meV; (xiii) 60-65 meV; (xiv) 65-
70 meV; and (xv) > 70 meV; and
wherein the fragment or product ions are then transmitted to
the Time of Flight mass analyser in order to be mass anaiysed.
According to another aspect Qf ﬁhe present invention ;here

is provided a method of reacting or fragmenting ions by Electron

Transfer Dissociation, comprising:

'providing a reaction or fragmentation device comprising a
plurality of electrodes,.wherein the device comprises at least
five electrodes each héving at least one aperture through which
ions are transmitted; and

reacting ogﬂfragmenting_ions wlth reagént ions to form
fragment or product ions with the device.

According to another aspect of the present invention there

is provided a method of mass spectrometry, comprising a method as

described above.

According to another aspect of the present invention there
1s provided a method of mass spectrometry comprising:

providing an Electron Transfer Dissociation reactibn or
fragmentation device comprisiné a plurality of electrodés; and

providing an axial or orthogonal\écceleration Time of Flight

mass analyser arranged to receive ions from the Electron Transfer

Dissociation reaction or fragmentation device;

' reacting and/or fragmenting-positively charged analyte 1o0ns
with negatively charged reagent ions within the Electron Transfer
Dissociation reaction or fragmentation device to form a plurality
of fragment or product ibns{wherein the analyte 1ons and/or
reagent ions and/or fragment or product ions are arranged to
assume a mean kinetic energy selected from the group consisting
of: (1) < 5 meV; (ii) 5-10 meV; (iii) 10-15 meV; (iv) 15-20 meV;
(v) 20-25 meV; (vi) 25-30 meV; (vii) 30-35 meV; (viii) 35-40 meV;
(ix) 40-45 meV; (x) 45-50 meV; (xi) 50-55 meV; (xii) 55-60 meV;
(x111) 60-65‘mev;‘(xiv) 65-70 meV; and (xv) > 70 meV; and

transmitting.the fragment or.product'ions to the Time of
Flight mass analyser in order to be mass analysed.
According to another aspect of the present invention there

1s provided a Proton Transfer reaction or fragmentation device
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comprising a plurality of electrodes,wherein.the device comprises
at least five electrodes each having aé least one aperture through
which ions are transmitted in use.

According to another aspect of the present invention there
is provided a method of reacting or fragmenting ions by Proton
Transfer reaction or fragmentation, comprising:

providing a reaction or fragmentation device comprising a
plurality of electrodes, wherein the device comprises at least
five electrodes each having at least one aperture through which
ions are transmitted; and |

reacting or fragmenting ions with reagent ions to form
fragment or product ions with the device.

All of the preferred features described above 1in rela;ion to

an Flectron Transfer Dissociation reaction or fragmentation device

are equally applicable to a Proton Transfer reaction or
fragmentation device as described above and hence for reasons of
economy will not be repeated.

According to an aspect of the present invéntion there 1s
provided an ion—ioh reaction or fragmentation device comprising a
plurality of electrodes having one Or more apertures through which
ions are transmitted in use wherein analyté_ions and/or reagent

ions and/or fragment or product ions created within the device are

.arranged to assume a mean kinetic energy selected from the group

consisting of: (1) < 5 meV; fii) 5-10 meV; (111) 10—15 meV; (1iv)
15-20 meV; (v) 20-25 meV; (vi) 25-30 meV; (vii) 30-35 meV; (viii)
35-40 meV: (ix) 40-45 meV; (x) 45-50 meV; (xi) 50-55 meV; and
(x11) 55-60 meV.

The reaction or fragmentation device preferably comprises an
Electron Transfer Dissociation reaction or fragmentation device
and/or a Proton Transfer reaction or fragmentation device.

According to an aspect of the present invention there 1S
provided a method of reacting or fragmenting ions by 1on-10on
interaction comprising:

providing a plurality of electrodes having one Or more
apertures through which ions are transmitted; and

causing analyte ions and/or reagent ions and/or fragment or

product ions created within the device to assume a mean kinetic
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energy selected from the group consisting of: (1) < 5 meV; (1i1) She
10 meVv; (111) 10-15 meV; (iv) 15-20 meV; (v) 20-25 meV; (vi) 25-30
meV; (vii) 30-35 meV; (viii) 35-40 meV; (ix) 40-45 meV; (x) 45-50
meV; (x1i) 50-55 meV; and (xii) 55-60 meV.

' According to an aspect of the present invention there is
provided a method of Electron Transfer Dissociation reaction or
fragmentation and/or Proton Transfer reaction or fragmentation

comprising a method as described above.

According to an aspect of the present invention there is
provided an Electron Transfer Dissociation device, a Proton
Transfer reaction device or an ion-ion interaction device
comprising a plurality of electrodes each having an aperture
through which ions are transmitted in use and wherein in a mode of
operation ions are confined radially and/or axially within the
device and a substantially electric field free region is formed or
created within or throughout at least 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85% or 90% of
the volume defined by the internal diameters of the plurality of

electrodes.

According to an aspect of the present invention there is

provided a method of Electron Transfer Dissociation, Proton
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Transfer reaction or ion-ion interaction comprising:‘

providing a plurality of electrodes each having an aperture
through which ions are transmitted:

confining ions radially and/or axially within the device;
and

forming or creating a substantially electric field free |
region within or throﬁghout at least 0%, 10%, 15%, 20%,'25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85% or 90% of
the volume defined byuthe internal diameters of the plurality of
electrodes.

According to the preferred embodiment of the presenf
invention there 1s provided a reaction or fragmentation chaﬁber or
cell which preferably has a relatively high charge capacity (in
contrast to a conventional 3D ion trap which has a limited charge
capacity). |

According to the preferred embodiment the pfeferred reaction;~
or fragmentation device traps or confines ions such that ions
preferably exhibit very low (or effectively zero) micro-motion at
the centre of the device and throughout most of the ion
confinement volume. 1Ions at the centre of the preferred device
and throughout the central volume of the device are Cherefore
preferably unaffected by RF confining electric fields and hence
the 1ons preferably do not suffer from RF heating effects. RF
heating is where ions experience an RF electric field and are
caused to undergo micro-motion. The resulting agitation or
excitation of the ions within the RF electric field causes the
mean kinetic energy of the ions to fise above thermal levels.

The reaction or fragmentation device according to the
preferred embodiment preferably overcomes problems with the very
1ow frégmentation Cross-section which is observed in a
conventional 3D ion trap. Furthermore, the preferred reaction or
fragmentation device also provides a larger ion trapping volume
than conventional 2D or linear ion traps and 3D ion traps.

According to an embodiment the preferred reaction or
fragmentation device or chamber comprises a spherical or ellipsoid
chamber formed within a stacked ring ion gulde or ion tunnel ion

guide.
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Various embodiments of the present invention will now be
described, by way of example only, and with reference to the:
acCompanying drawings in which: |

Fig. 1 shows a prefer:ed reaction or fragmentation cell
formed within a plurality of ring electrodes together with an
upstream ion tunnel ion guide and a downstream ion tunnel 1on
gulide; ‘

Fig. 2A shows a pseudo-potential plot across a preferred
reaction or fragmentation cell and Fig. éB shows a pseudo-
potential plot in greater detail across the central region of the
preferred reaction or fragmentatioﬁ cell; .

Fig. 3A shows the‘reéult of a simulation of ion motion of
ions provided within a preferred reaction or fragmentation cell in
the absence of any background gas and Fig. 3B shows the result of
a simulation of ion motion of ions provided within a preferred
reaction or fragmentation cell wherein background gas having a
pressure of 5 mTorr is modelled as being present Within the
preferred reaction or fragmentation cell;

Fig. 4 shows a preferred reaction or fragmentation cell

-operated in a second or analytical mode of operation after ions

have been reacted or fragmented so as to form fragment or product
1ons by Electron Transfer Dissociation wherein in the second or
analytical mode a quadrupolar electric field is established across
the 1on confinement volume: and

Fig. 5 shows an embodiment of the present invention wherein
a preferfed reaction or fragmentation cell is incorporated into a
mass spectrometer comprising separate anion and cation sources, a
Y-shaped ion guide upstream of the preferred reaction or
fragmentation cell and a Time of Flight mass analyser arranged
downstream of the preferred reaction or fragmentation cell.

A preferred embodiment of the present invention will now be
described with reference to Fig.'l. Fig. 1 shows a cutaway image
of a preferred reaction or fragmentation cell 1 formed by a
plurality of electrodes having internal apertures which define an
lon trapping volume. An upstream ion tunnel ion gulde 2
comprising a plurality of electrodes having apertures through

which ions are transmitted in use is shown. A downstream ion



10

15

20

25

30

35

CA 02681892 2009-09-25

WO 2008/117040 | PCT/GB2008/001028

- 18 -

tunnel ion guide 3 comprising a plurality of electrodes having
apertures through which ions are transmitted in use is also shown.

The preferred reaction or fragmentation cell 1 as shown in
Fig. 1 is taken from a SiMiON (RTM) model and 1llustrates the
geometry pf a reaction or fragmentation cell 1 according to a
preferred embodiment of the présent invention whérein the reaction .
or fragmentation cell is coupled to stacked ring ion tunnel ion.
guldes 2,3 whigh are arranged upstream and downstream of the
preferred reaction or fragmentation cell 1. According to the
preferred embodiment thevvolume defined by the internal apertures
of the electrodes i1s preferably spherical. However, othe;
embodiments are contemplated wherein the ioﬁ trapping volume may
have a general ellipsoid or other shape or volume profile;

An AC or RF voltage 1s preferably applied to the electrodes
forming the preferred reaction or fragmentation device or cell 1.
In a first of Electron Transfer Dissociation fragmentation or
reaction mode of operation opposite phases of the AC or RF voltage
are pretferably applied to adjacent electrodes.

The diameter of the internal sphere or ion trapping volume
Or region 1is prefe:ably sufficiently large such that the pseudo-
pbtential generated by the application of the AC or RF voitage to
the electrodes merely acts as an RF barrier or pseudo-potential at
the surface of the reaction Volﬁme. The geometry of the reaction
cell 1 and the depth of penetration of the RF electric field into
the ion confinement volume is preferably such that ion micro-
motion as a result of ions interacting within the AC or RF voltage
effectively decays to zero over the central vdlﬁme or region of |
the fragmentation or reaction device 1. According to the
preferred embodiment the central reglion and the majority of the
ion confinement volume of the fragmentation or reaction device 1
1s essentially field free. Ion micro-motion is proportional to
the'strength éf'a pseudo-potential experienced by an ion and hence
1f the pseudo-potential experienced by an ion within the ion
trapplng region is essentially zero then the ion does not exhibit
any micro-motion. AS a‘result of the lack of ion micro-motion the
mean kinetic energy of the ions drops to‘a relatively low level

which 1s preferably just above the thermal temperature of any
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background gas present within the ion trap or fragmentation or
reaction device 1. |
With reference to the embodiment shown in Fig. 1, positively

charged analyte 1ons may be introduced into the preferred ion trap

or ion fragmentation or reaction device 1 via a first (upstream)

1on guide 2 and negatively charged reagent ions may be introduced
into the preferred ion trap or ion fragmentation or reaction
device 1 via a second (downstream) ion guilde 3 or wvice versa.
Other embodiments .are contemplated wherein positively and
negatively charged ions may be introduced into the ion trap 1 via
the same 1on guide 2;3. For example, positive and negative 1ions
may be introduced into the ion trap 1 via the first (upstream) ion
gulde 2 and/or the second (downstream) ion guide 3.

One or more transient DC voltages or DC voltage wa&eforms
may be applied to either the first (upstream) ion guide 2 and/or
the second (downstream) ion guide 3 in order to- force, urge, drive
Or propel ions'along the length of the ion guide 2,3 and into the
1on trap 1. Alternatively or in addition, one or more DC voltages
may be applied along atlleast a portion of the first and/or second
ion guides 2,3 1n order to force, urge, drive or brOpel ions along
the length of the ion guide 2,3 and into the ion trapping region
1. |

Figs. 2A and 2B show the results of SIMION (RTM) modeling of
the pseudo-potential surface within the preferred ion trap 1. The_
pseudo-potential in Volts is shown along the vertical scale
relative to the XY plane position (mm) within the preferred
reaction cell 1. As can be seen from.Figs. 2A and 2B, according
to the preferred embodiment a substantial proportion of the 1on
trapping volume of the preferred 1on trap has a zero or negligible
pseudo-potential. Therefore, ions for a majority of their time
within the ion trappling region do not experlience an RF electric
field. The ions are therefore enabled to assume mean kinetic
energlies which are substantially similar to those of the
background gas molecules‘present within the ion trap 1.

Fig. 3A 1illustrates ion motion as modelled by SIMION (RTM)
within the preferred reaction cell 1 in the absence of background

gas. - As shown in Fig. 3A, with no gas present in the model, ions
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travel in straight lines across the ion trapping region indicating
that the only significant electric fields which the ions experience
is the pseudo-potential electric field present at the edge or outer
surface of the spherical ion confinement volume wherein ions are
reflected back towards the centre of‘the ion trap 1. Fig..BA
therefore illustrates that a very low or negligible pseudOHpoténtial
is present over the majority of the ion trapping region of the |
device 1 i.e. ions travel in straight lines between reflections at
the outer surface of the ion‘tfapping volume in the absence of._
background gas. |

Fig. 3B shows the result of simulated ion motion as modelled
by. SIMION (RTM) wherein ions are modelled as being confined within
the ion trap 1 and wherein 5 mTorr of helium background gas 1S
modelled as being present. When background gas is included in the
model then ions generally attain the thermal energy of the collision
gas present within the ion trap 1. Ion motion is substantially
dominated by collisions with the background gas molecules and 10ns
exhibit very 1little RF heating effects.

In order‘to quantify the relative collision rate constant

* for a conventional 3D ion trap, a conventional 2D ion trap and a

r

reaction cell 1 according to a preferred embodiment ion-ion.
collisions within a 3D ion trap, a 2D 10n trap and a reaction'cell'
1 according to the preferred embodiment were modelled using SIMION
(RTM). The mean kinetic energy and the mean relative speed
between a pair of opposing polarity ions was recorded in each
case. The model assuméd that two ions were present. One of the
ions had 3+ charge and a mass of 2500 and the other ion had a
charge of -1 and a mass of 80. 1In ali cases a bath gas was
modelled as being present. The bath gas was modelled as
comprising helium gas which was presené at a pressure of 5 mTorr.
Forbthe model of the conventional 3D 1on trap +/- 60V RF was
modelled as being applied to the ring electrode at a frequency of

1 MHz. For the model of the conventional 2D 1ion trap +/- 60V RF

- was modelled as being applied at a frequency of 1 MHz to opposing

poles with end plates supplied with.+/-60V at a frequency of 200

KHz. Iﬁ order to simulate.a reaction cell 1 according to a
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preferred embodiment +/-100V RF was modelled as being applied to
adjacent plates or ring electrodes forming the ion trap 1.

The relative colliéion rate constant was then calcuiated_
based on the mean ion-ion speed measurements. The following table

summarises the SIMION (RTM) results where i1ons were flown for 100

ms .
" IMean KE [|Mean ion-ion Relative Collision
(meV) ISpeed (m/s) Rate Constant
3D Trap | 90.6  434.5 0.8
oD Trap | 74.7 | 407 .4 1
Preferred 43.4 : f" T 304.4 | 2.4

Reaction Cell |

The above table shows that there is a slight improvement 1n

using a conventional 2D ion trap compared with a conventional 3D

ion trap when seeking to induce ion-ion fragmentation. More

significantly, there is a significant improvement 1in the i0on-10n

.collision rate and hence the number of analyte ions which are

fragmented when using a reaction or fragmentation cell 1 according
to the preferred embodiment as compared with using a conventional
2D ion trap.

Ion micro-motion and RF heating effects of ioﬁs within the
preferred reaction cell 1 is significantly lower than is the case
when using a conventional 2D or 3D quadrupole ion trap. The
SIMION (RTM) results indicaté that the mean kinetilc 10on energy
(43 .4 meV) of the ions .within the preferred reaction cell 1 is
almost as low as the thermal energy of the helium bath gas (38
meV) .- This is because with conventional 2D and 3D quadrupole 1ion
traps the randomised motion caused by the gas collisions pushes
ions into the RF fields which has the effect of magnifying the
effect of RF.heating. However, ions within the preferred ion trap
1 are substantially immune from the effects of RF heatingi

As a consequence of the reduced relative ion speed, the 10N-
ion collision rate constant for Electron Transfer Dissociation 1S
significantly higher for the preferred reaction cell 1’than for

either a conventional 2D or 3D quadrupole 1ion trap. Electron
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Transfer Dissociation performed within the preferred ion trap 1 is
therefore significantly more'sensitive than comparable experiments
performed within a conventional 2D or 3D ion tfap.

According to-an embodiment of the présent invention analyte
and reagent ions may bé’sent oY ejected into the preferred
reaction cell from either end of the fragmentation or reaction
device 1. 1Ions may be transmitted to the preferred reaction cell
1 by, for example, applying travelling wave DC potentials élong
the ion tunnel/reaction chamber/ion tunnel combination. According
to this embodiment one or more transient DC voltages or potentials
or one or more transient DC voltage or potential waveforms are
preferably applied to the electrodes comprising the ion guides 2,3
and/or the preferred reaction chamber 1. A particularly
advantageous feature 6f such travelling wave devices 1is that both
positive and/or negative polarity ions may be carried along the
length of the ion guide(s) 2,3 and/or the preferred reaction
chamber 1 by a travelling wave moving in the same direction.
Positive ions may be carried in the troughs of the travelling wave

and negative l1ons may be carried in the crests of the travelling

- wave,

According to another embodiment a DC bias voltage may be
applied to the electrodes comprising the 1ion guidés 2,3 and/or the
electrodes comprising the reaction chamber 1 in order to cause
ions to drift into and/or out from the preferred reaction chamber
1.

According to an embodiment the RF voltages applied to the
rings of the reaction chamber 1 may be switdhed elec;ronically
from a first mode of operation to a second mode of operation. 1In
the first mode of operation the reaction chamber 1 i1is preferably
operated in a cold trap mode of operation wherein +/- 100V is
applied to adjacent plate electrodes. 1In this mode of operation
ion-ion reactions are preferably optimised.

In the second or anaiytical mode of operation the reaction
chamber 1 is preferably switched to operate in an analytical
trapping mode wherein the AC or RF voltages applied to the
reaction chamber 1 are preferably rearranged so that a quadrupolar

RF electric field 1is preferably provided throughout the ion
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trapping region. In the second mode of operation ions may be
scanned out of the preferred reaction chamber 1 by mass selective
instability or resonance excitation.

According to an embodiment the reaction chamber 1 may be
operated 1in the second (analytical) mode of opera;ion prior'to
operating the reaction chamber 1 in the first mode of operation
wherein analyte ions are fragmented by Electron Transfer -
Dissociation. Acéording to an embodiment only desired reagent
ions may be retained within the reaction chamber 1 prior to _

Electron Transfer Dissociation of analyte i1ons. All other

' potential reagent ions may be mass selectively ejected from the

preferred 1on trap 1 prior to Electron Transfer Dissociation
reaction or fragmentation being performed i.e. operating the
preferred device in the first mode of operation.

The preferred ion trap 1 may be switched into thé second
(analytical) mode of operation after or Subsequent to performing
Electron Transfer Dissociation ;eactidn or fragmentation within
the preferred ion trap 1 (i.e. operating the ion trap 1 in the
first mode of operation). Product or fragment ions formed within
the 1on trap 1 can be scanned out from the preferred reaction or
fragmentation device 1 into or towards an ion detector or a Time
of Flight mass spectrometer or mass anélyser. |

According to an embodiment a pseudo potential driving force
may be used to drive 1ions into and/or out from the preferred
reaction cell 1. This may be achieved by changing the shape of
the sphere-elliptical or ion trapping volume where the changes in
field are more gradual into and out of the ion trap. |

When the preferred fragmentation or reaction device 1 is
operated in the first or Electron Transfer Dissociation mode of

operation wherein it is desired to minimise the relative ion

motion between anions and cations then alternate phases of an AC

or RF voltage are preferably applied to alternate ring electrodes

throughout the device. This is illustrated in Fig. 4 wherein

opposite phases of the AC or RF voltage are denoted by +,-
symbols.

As discussed above, the preferred fragmentation or reaction

device 1 may also be operated in a second different mode of.



10

15

20

25

30

35

CA 02681892 2009-09-25

WO 2008/117040 | PCT/GB2008/001028

- 24 -

operation wherein the preferred fragmentation or reaction device 1
1s operated in an analytical mode of operation. According to this
mode of operation the AC or RF voltage which is otherwise applied
to alternate ring electrodes which form or define the
fragmentation or reaction device 1 ie preferably switched OFF. 1In.
the second or analytical mode of operation a different voltage
function may preferably be applied to the electrodes so that a
quadratic potential or a substantially quadratic potential 1is
preferably created or maintained within the preferred
fragmentation or reaction device 1. According to this embodiment

the potential within the preferred fragmentation or reaction

‘device 1 is preferably proportional to the axial dimension x° and

the radial dimension r?.

In the second or analytical mode of operation a plurality of
voltages Vn may be applied to the ring electrodes forming the
preferred fragmentation or reaction device 1. The voltages are
preferably maintained or applied to the ring electrodes using or
via a resietive and capacitative network wherein the highest
voltage applied to the ring electrodes is Vng.,, and the lowest
voltage applied to the ring electrodes is V1. As shown in Fig. 4,
V1 preferably corresponds te the voltage applied to the electrode
at the upstream and downstream end of the preferred reaction or
fragmentation'device 1. 1In the particular example shown 1n Fig.
4, n.., equals eight. However, other embodiments are contemplated
wherein the preferred ion trap 1 may comprise fewer or greater
than 16 electrodes. '

Models of the preferred fragmentation or reaction deviee 1
using SIMION (RTM) indicate that a substantially quadratic
electric field may be obtained in both the axial (x) and radial
(1) directione when the Voltéges Vn are applied proportionelly‘
with n. In order to generate a pseudo-potential wherein ions are
trapped within the preferred fragmentation or reaction device 1
the voltages Vn are preferably multiplied by a sin(w*t) function
wherein w is the frequency of the voltage function with time (t).

According to the preferred embodiment when the preferred
fragmentation or reaction device 1 is operated in the second or

analytical mode of operation the device behaves like a 3D
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quadrupolar (or Paul) i1ion trap. Further supplémentary voltage
functions may be applied to the plates or electrodes forming the
preferred i1on trap 1 in order to cause ions to be mass selectively
ejected by resonance ejection in an axial direction when the ion
trap 1 is operatedﬁin the‘second or analytical mode of operation.

The analytical mode bf opération described above provides an
additional mode of operation whereby Electron Transfer
Dissociation product or precursor ions may be further manipulated
and swept out 1n a mass selective manner into or towards either an
ion detector or a mass analyser.

Embodiments are also contemplatéd wherein the preferred
reaction cell 1 may be filled with a lower temperature gas by, for
example, admitting vapour from liquid nitfogen (77K) or by cooling
the plates of the ion tunnel or ion trap 1 directly with liquid
nitrogen. Accordihg to this embodiment the mean kinetic energy otf

1ons within the preferred reaction cell 1 is preferably arranged

to be very low relative to conventional 2D or 3D 1on traps. The

preferred reaction cell 1 is particularly advantageous in terms.of
conditioning ions by cooling them to near thermal levels before
transmitting the i1ons onwardly to a mass analyser such as an
orthogdnal acceleration Time of Flight (TOF) mass analyser. The
ultimate mass resolving power of an orthogonal acceleration Time
of Flight mass analyser is limited by the orthogonal energy spread
within the ion beam which 1s sampled periodically by the mass
analyser.

According to the preferred embodiment 1ons may be
collisionally damped at room or lower temperatures upstream of the
orthogonal acceleration stage of an orthogonal acceleration Time
of Flight mass analyser or mass spectrometer and prior to |
application of a pushout field or orthogonal acceleration pulse to
a packet of ions or an ion beam. The cooling of the 1ions to near
thermal temperatures advantageously reduces the orthdgonal‘energy
spread of the i1ons. This has the effect of reducing the turn
around time aberration in the Time of Flight mass analyser. As a
result, the resolution of the mass analyser 1is preferabiy

significantly i1mproved.
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If the RF heating of ions is negligible within the preferred
reaction or fragmentation device 1 then the turn around time
aberration will be proportional to the velocity spread which will
be proportional to the square root of the temperature of the
cooling gas. ' Therefore, reducing the thermal energy by a factor
x4'(e.g. by reducing the temperature from room temperature to
liquid nitrogen temperature) will reduce the ion velocity spread
and hence the turn afound time by a factor x2 and hence will
increase the ultimate mass resolving power of the orthogonal
acceleration mass spectrometer by a factor of x2.

‘According to the preferred.embodiment the preferréd reaction
cell 1 1s able to produce high quality Electron Transfer
Dissociation MS/MS data and enables increased resolution mass
spectral data to be obtained when the preterred reaction cell is
coupled to an orthogonal acceleration Time of Flight mass
épectrometer.

Further embodiments of the present invention are
contemplated wherein a laser port may be provided to énable photo-
fragmentation of ions within the preferred ion trap 1.

According to an'embodiment one or more dipolar fields maf'be
used to control (e.g. increase or decrease) kinetic energies
within the preferred ion trap 1. Therefore, for example,
according to an embodiment the ion trap 1 may be operated in a
mode of operation wherein an additional AC voltage 1s applied
across the ends of the ion trap 1 which caﬁses ions to be excited
resonantly. Ions may therefore be caused to undergo Collision
Induced Dissociation or Decomposition (CID) within the preferred
1on trap 1.

It 1s advantageous although not essential to generate cation
analytes (1.e. positively charged analyte ions) ‘and reagent anions
(L.e. negatively charged reagent ions) from different ion sources.
According to an embodiment an ion guide may be utilised which
preferably simultaneously and continuously receives and transfers
ions of either polarity from multiple ion sources at different
locations. The 1ion guide'may, for example, comprise an ion guide
comprising a plurality of plate electrodes arranged generally in

the plane of ion travel. Opposite phases of an AC or RF voltage
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may be applied to adjacent electrodes. One or more ion guiding

regions may be shaped or formed within the ion gulde. The ion

source pass through the Y-shaped ion guide before being injected
via a common ion injection port into a preferred reaction or
fragmentation cell 1.

| A mass spectrometer according to a preférred embodiment 1is
shown in Fig. 5. As shown in Fig. 5, an ion guide 8 may be .
utilised to introduce both cations and anions into the entrance
region of a preferred fragmentation or reaction device 1. A maés
Or mass Lo charge ratio selective quadrupole 7a may be provided
between an anion source 5 and the ion guide 8. Additionally or
alternatively, a mass or mass to charge ratio selective quadrupole
/b may be provided between a cation source 6 and the ion guide 8.
The two quadrupole rod sets 7a,7b preferably enable appropriate or
desired analyte ions and/or appropriate or desired reagent ions
produced from the ion sources 5,6 to be transmitted onwardly to
the ion guide 8 and hence to the preferred ion trap 1.

According to a preferred embodiment an orthogonal
acceleration Time of Flight mass analyser 9 may be arranged
downstream of the preferred reaction or fragmentation device 1 in
order to receive and mass analyse prodﬁct or fragment ions 10
which are created within the preferred ion-ion reaction device 1
and which are then ejected from the ion-ion reaction device 1 for
subsequent mass analysis.

Although the present invention has been described 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 to the particular embodiments discussed above without
departing from the scope of the invention: as set forth in the

accompanyilng claims.
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Claims

S 1. An Electron Transfer Dissocilation fragmentation device comprising

a plurality of electrodes, wherein said device comprises at least five
electrodes each having at least one aperture through which ions are
transmitted 1n use, and wherein:
the internal diameter of the apertures of said plurality of
10 electrodes progressively 1ncreases and then progressively decreases
one or more times along a longitudinal axis of said device; or
salid plurality of electrodes define a geometric volume, whereiln
sald geometric volume 1is selected from the group consisting of: (i)
one or more spheres; (11) one or more oblate spheroids; (iii) one or
15 more prolate spheroids; (i1iv) one or more ellipsoids; and (v) one or

more scalene elllipsoids.

2 . An Electron Transfer Dissociation fragmentation device as claimed

in claim 1, wherein:

20 (a) analyte ions or reagent ions or fragment or product ions
created within said device are arranged to assume a mean kinetic
energy within said device selected from the group consisting of: (i) <
5 meV; (11) 5-10 meV; (i1i1i) 10-15 meV; (iv) 15-20 meV; (v) 20-25 meV;:
(vi) 25-30 meV; (vii) 30-35 meV; (viii) 35-40 meV; (ix) 40-45 meV; (x)

25 45-50 meV; (xi) 50-55 meV; and (xii) 55-60 meV: or

(b) in use, a neutrally charged bath gas is provided within
sald device and wherein gas molecules of said neutrally charged bath
gas are arranged to assume a first mean kinetic energy and wherein
analyte i1ons or reagent ions or fragment or product ions created

30 within said device are arranged to assume a second mean kinetic energy
within said device, wherein the difference between said second mean
kinetic energy and said first mean kinetic energy 1s selected from the
group consisting of: (1) < 5 meV; (i1ii) 5-10 meV; (iii) 10-15 meV; (iv)
15-20 meV; (v) 20-25 meV; (vi) 25-30 meV; (vii) 30-35 meV; (viii) 35-

35 40 meV; (ix) 40-45 meV; (x) 45-50 meV; (xi) 50-55 meV; and (xii) 55-60
mevV; Oor

(c) 1n use, a neutrally charged bath gas is provided within

said device and wherein gas molecules of said neutrally charged bath
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gas possess a thermal energy and wherein analyte i1ons or reagent ions
or fragment or product 1ons created within said device are arranged to
assume a mean kinetic enerqgy within said device, wherein either:

(1) the difference between the mean kinetic energy of said ions
and sald thermal energy of said bath gas is selected from the group
consisting of: (i) < 5 meV; (11) 5-10 meV; (1ii) 10-15 meV; (iv) 15-20
meV; (v) 20-25 meV; {(v1i) 25-30 meV; (vii) 30-35 meV; (viil) 35-40 meV;
(1x) 40-45 meV; (x) 45-50 meV; (x1) 50-55 meV; and (xii) 55-60 meV; or

(11) the ratio of the mean kinetic energy of said ions to the
thermal energy of said bath gas 1s selected from the group consisting
of: (1) < 1.05;, (11) 1.05-1.1; (21211) 1.1-1.2; (iv) 1.2-1.3; (v) 1.3-
1.4; (vi) 1.4-1.5; (vii) 1.5-1.6; (vii11i) 1l.0-1.7; (ix) 1.7-1.8; (x)
1.8-1.9; (x1) 1.9-2.0; (xii) 2.0-2.5; (xii1i) 2.5-3.0; (xiv) 3.0-3.5;
(xv) 3.5-4.0; (xvi) 4.0-4.5; (xvii) 4.5-5.0; and (xviii) > 5.0.

3. An Electron Transfer Dissociation fragmentation device as claimed
in claim 1 or 2, wherein:

the device comprises 5-10, 10-15, 15-20, 25-30, 30-35, 35-40, 40-
45, 45-50, 50-55, 55-60, 60-65, 65-70, 70-75, 75-80, 80-85, 85-90, 90-
95, 95-100, 100-110, 110-120, 120-130, 130-140, 140-150, 150-160, 160-
170, 170-180, 180-190, 190-200 or > 200 electrodes each having at

least one aperture through which 1ons are transmitted in use.

4, An Electron Transfer Dissociation fragmentation device as claimed
1n claim 1, 2 or 3, wherein either:
(a) a geometric volume defined by the internal diameters of the

apertures of said plurality of electrodes is selected from the group

consisting of: (1) < 1.0 cm’; (1i) 1.0-2.0 cm’; (iii1) 2.0-3.0 cm’; (iv)

3.0-4.0 cm’; (v) 4.0-5.0 cm’; (vi) 5.0-6.0 cm’; (vii) 6.0-7.0 cm’;
(viii) 7.0-8.0 cm’; (ix) 8.0-9.0 cm’; (x) 9.0-10.0 cm’; (xi) 10.0-11.0
cm’; (xii) 11.0-12.0 cm’; (xiii) 12.0-13.0 cm’; (xiv) 13.0-14.0 cm’;
(xv) 14.0-15.0 cm’; (xvi) 15.0-16.0 cm’; (xvii) 16.0-17.0 cm’; (xviii)
17.0-18.0 cm’; (xix) 18.0-19.0 cm’; (xx) 19.0-20.0 cm’; (xx1) 20.0-25.0
cm’; (xxii) 25.0-30.0 cm’; (xxiii) 30.0-35.0 cm’; (xxiv) 35.0-40.0 cm’;
(xxv) 40.0-45.0 cm’; (xxvi) 45.0-50.0 cm’; and (xxvii) > 50.0 cm’; or
(b) an effective 1on trapping volume or region, 1in use, for an
1on having a mass to charge ratio of 100, 200, 300, 400, 500, 600,
700, 800, 900 or 1000 within said device 1is selected from the group

consisting of: (i) < 1.0 cm’ ; (i1) 1.0-2.0 cm’; (1iii1) 2.0-3.0 cm’:  (1v)
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3.0-4.0 cm’; (v) 4.0-5.0 cm’; (vi) 5.0-6.0 cm’; (vii) 6.0-7.0 cm’;
(viii) 7.0-8.0 cm’; (ix) 8.0-9.0 cm’; (x) 9.0-10.0 cm’; (xi) 10.0-11.0
cm’; (xii) 11.0-12.0 cm’; (xiii) 12.0-13.0 cm’; (xiv) 13.0-14.0 cm’;
(xv) 14.0-15.0 cm’; (xvi) 15.0-16.0 cm’; (xvii) 16.0-17.0 cm’; (xviii)
17.0-18.0 cm’; (xix) 18.0-19.0 cm’; (xx) 19.0-20.0 cm’; (xxi) 20.0-25.0
cm’; (xxii) 25.0-30.0 cm’; (xxiii) 30.0-35.0 cm’; (xxiv) 35.0-40.0 cm’;

(xxv) 40.0-45.0 cm’; (xxvi) 45.0-50.0 cm’; and (xxvii) > 50.0 cm’.

5. An Electron Transfer Dissociliation fragmentation device as claimed
in any one of claims 1 to 4, further comprising transient DC voltage
means arranged and adapted to apply one or more transient DC voltages
or potentials or one or more transient DC voltage or potential
waveforms to at least some of said plurality of electrodes in order to

urge, force, drive or propel at least some 1ons along at least 5% of

the length of said Electron Transfer Dissociation fragmentation device

1in a mode of operation.

0. An Electron Transfer Dissociation fragmentation device as claimed
in any one of claims 1 to 5, wherein either:

(a) 1n a mode of operation ions are collisionally cooled or

thermalised by collisions with a gas within said Electron Transfer

Dissociation reaction or fragmentation device; or

(b) said Electron Transfer Dissociation reaction or fragmentation
device further comprises a cooling device for cooling said plurality
of electrodes or a gas present within said device to a temperature
selected from the group consisting of: (1) < 20 K; (1i1i) 20-40 K; (iii)
40-60 K; (1v) 60-80 K; (v) 80-100 K; (vi) 100-120 K; (vii) 120-140 K;
(viii) 140-160 K; (1x) 160~-180 K; (x) 180-200 K; (xi) 200-220 K; (xii)
220-240 K; (x111) 240-260 K; (xiv) 2060-280 K; and (xv) 280-300K.

7. A mass spectrometer further comprising an Electron Transfer

Dissociation fragmentation device as claimed in any one of claims 1 to

o, further comprising a first 1on guide arranged upstream of said

Electron Transfer Dissociation reaction or fragmentation device or a

second 1on guilde arranged downstream of said Electron Transfer

Dissociation reaction or fragmentation device.

8. A mass spectrometer as claimed 1n claim 7, further comprising a

first mass filter arranged upstream of said Electron Transfer
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Dissociation fragmentation device or a second mass filter arranged

upstream of said Electron Transfer Dissociation fragmentation device,
wherein said first mass filter or said second mass filter are selected
from the group consisting of:

(1) a quadrupole rod set mass filter;

(11) a Time of Flight mass filter; and

(111) a magnetic sector mass filter.

9. A mass spectrometer as claimed 1in claim 7 or 8, further
comprising eilther:

(a) a first 1on source arranged upstream or downstream of said

Electron Transfer Dissociation fragmentation device, wherein said

first 1on source 1s selected from the group consisting of: (1) an

Electrospray 1onisation ("ESI"™) ion source; (ii) an Atmospheric
Pressure Photo Ionisation ("APPI") 1on source; (iii) an Atmospheric
Pressure Chemical Ionisation ("APCI") ion source; {(iv) a Matrix
Assisted Laser Desorption Ionisation ("MALDI") ion source; (v) a Laser
Desorption Ionisation ("LDI") 1ion source; (vi) an Atmospheric Pressure

Tonisation ("API") 1ion source; (vii) a Desorption Ionisation on

Silicon ("DIOS") 1on source; (viii) an Electron Impact ("EI") ion
source; (ix) a Chemical TIonisation ("CI") ion source; {(x) a Field
Tonisation ("FI") 1ion source; (x1i) a Field Desorption ("FD") ion
source; (x11) an Inductively Coupled Plasma ("ICP") ion source; (xiii)
a Fast Atom Bombardment ("FAB") 1on source; (xiv) a Liquid Secondary
Ilon Mass Spectrometry ("LSIMS") 1on source; (xv) a Desorption
Electrospray Ionisation ("DESI") ion source; (xvi) a Nickel-63
radiocactive 1on source; (xvil) an Atmospheric Pressure Matrix Assisted
Laser Desorption Ionilisation ion source; and (xviii) a Thermospray ion
source; oOr

(b) & second 1on source arranged upstream or downstream of said

Electron Transfer Dissociation fragmentation device, wherein said

second 1on source 1S selected from the group consisting of: (i) an
Electrospray 1onisation ("ESI"™) ion source; (ii) an Atmospheric
Pressure Photo Ionisation ("APPI"™) ion source; (iii) an Atmospheric
Pressure Chemical Ionisation ("APCI") ion source; (iv) a Matrix
Assisted Laser Desorption Ionisation ("MALDI"™) ion source; (v) a Laser
Desorption Ionisation ("LDI") 1ion source; (vi) an Atmospheric Pressure
Ionisation ("API"™) 1ion source; (vii) a Desorption ITonisation on

Silicon ("DIOS") ion source; (viii) an Electron Impact ("EI") ion
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source; (1x) a Chemical Ionisation ("CI") 1on source; (x) a Field
Tonisation ("FI") 1on source; (x1) a Field Desorption ("FD") 1ion
source; (x11i) an Inductively Coupled Plasma ("ICP") 1on source; (x111)
a Fast Atom Bombardment ("FAB") 10on source; (x1v) a Liquid Secondary

ITon Mass Spectrometry ("LSIMS") 1on source; (xv) a Desorption

Electrospray Ionisation ("DESI") 1on source; (xvi) a Nickel-63
radlioactive 1on source; (xvii) an Atmospheric Pressure Matrix Assisted
Laser Desorption Ionisation i1on source; and (xviiili) a Thermospray 10n

source, or

(c) an i1on source arranged upstream or downstream of said

Electron Transfer Dissociation fragmentation device which 1s arranged,
1n use, to produce positively charged analyte 1ons; or

(d) an 1on source arranged upstream or downstream of said

Electron Transfer Dissociation fragmentation device which 1s arranged,

1in use, to produce negatively charged reagent i1ons.

10. A method of fragmenting 1ons by Electron Transfer Dissociation,
comprilising:

providing a fragmentation device comprising a plurality of
electrodes, wherein said device comprises at least five electrodes
each having at least one aperture through which ions are transmitted,
wherein:

the internal diameter of the apertures of said plurality of
electrodes progressively increases and then progressively decreases
one or more times along a longitudinal axis of said device; or

said plurality of electrodes define a geometric volume, wherein
sald geometric volume 1is selected from the group consisting of: (1)
one or more spheres; (11) one or more oblate spheroids; (iii1) one or
more prolate spheroids; (iv) one or more ellipsoilds; and (v) one or
more scalene ellipsoids; and

fragmenting i1ons with reagent ions to form fragment or product

10ons with said device.

11. A method of mass spectrometry comprising:

providing an Electron Transfer Dissociation fragmentation device
comprising a plurality of electrodes; and

providing an axial or orthogonal acceleration Time of Flight mass

analyser arranged to receive 1ons from said Electron Transfer

Dissociation fragmentation device;
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fragmenting positively charged analyte ions with negatively

charged reagent 1ons within said Electron Transfer Dissociliation
fragmentation device to form a plurality of fragment or product ions,
wherein said analyte 1ons or reagent ions or fragment or product ions
are arranged to assume a mean klnetic energy selected from the group
consisting of: (1) < 70 meV; and

transmitting fragment or product i1ons to said Time of Flight mass

analyser 1n order to be mass analysed.

12. An Electron Transfer Dissociation device, a Proton Transfer
reaction device oOor an 1on-ion 1lnteraction device comprising a
plurality of electrodes each having an aperture through which ions are
transmitted 1n use and wherein 1n a mode of operation i1ons are
confined radially or axially within said device and a substantially
electric field free region 1s formed or created within or throughout
at least 5% of the volume defined by the internal diameters of said

plurality of electrodes.

13. A method of Electron Transfer Dissociation, Proton Transfer
reaction or 1on-ion interaction comprising:

providing a plurality of electrodes each having an aperture

through which ions are transmitted;
confining 1ons radially or axially within said device; and
forming or creating a substantially electric field free region
within or throughout at least 5% of the volume defined by the internal

diameters of said plurality of electrodes.

14. An electron transfer dissociation reaction or fragmentation
device or a proton transfer reaction or fragmentation device
comprising a plurality of electrodes, wherein said device comprises at
least five electrodes each having at least one aperture through which
ions are transmitted in use, and further comprising:

a transient DC voltage supply arranged and adapted to apply one
or more transient DC voltages or one or more transient DC voltage
waveforms to at least some of said plurality of electrodes in order to

drive at least some ions along a length of said device.
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15. A method of reacting or fragmenting 1ons by electron transfer
dissociation or proton transfer fragmentation, comprising:

providing a reaction or fragmentation device comprlising a
plurality of electrodes, wherein said device comprises at least five

electrodes each having at least one aperture;

transmitting i1ons through the at least five electrodes;

reacting or fragmenting 1ons with reagent ions to form fragment
or product 1ons with said device;

applying one or more transient DC voltages or one or more
transient DC voltage waveforms to at least some of said plurality of
electrodes 1n order to drive at least some 1ons along the length of
sald device; and

varying, 1lncreasing or decreasing an amplitude or velocity of
sald one or more transient DC voltages or potentials or sald one or

more transient DC voltage or potential waveforms with time.
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