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Abstract

The influence of mass-over-charge ratig/¢) changing reactions on the motion of stored ions in a Penning trap (ion cyclotron resonance
cell) is investigated. For all three motional modes, the cyclotron, the magnetron and the axial (trapping) motion, the influena¢zof the
change on the amplitude is discussed. In cases of spontamgouiscrease, as for electron loss from a polyanionic particle, the extension of
the radial ion motion is increased and thus the ions may be lost from the trap. As an example, measurements on the electron emission from
doubly charged cluster anions are discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction access or which are incompatible with the ultra high vacuum
requirements of the ICR trap could produce the ions outside
lon cyclotron resonance mass spectrometry (ICR MS) has of the region of the trap’s high magnetic field. The ions are
a long and successful histofy,2]. After initial experiments transferred and injected into the trap where they are cap-
on ion molecular reactions with drift cell3,4] a major mile- tured in flight. Thus, FT-ICR MS was well-prepared when
stone was the introduction of the trapped ion §&]lwhich MALDI [18,19]and electrospraj20] took the stage of ion
led to a partial merger of technical developments in the more production for bio-molecular mass spectrometry. The latter
chemistry and in the more physics related research. In thealso at least partly removed a disadvantage of FT-ICR MS
latter the ICR cells are usually referred to as Penning traps(as compared to the rival technique of time-of-flight mass
and are extensively used for mass spectrometric and lasespectrometry): the limited mass range for the storage of ions
spectroscopic experiments of highest accurfiy8]. For in an ICR (Penning) trap, due to the electric repulsion of
analytical chemistry the next major step was the introduc- the ions from the trap’s center in the radial direction. This
tion of Fourier transform ICR mass spectrometry (FT-ICR is often referred to as a “critical mass” limit, while in fact
MS) [9] which makes use of fast Fourier transform methods it should rather be called the critical/z limit, where m
[10,11] and thus gives an immediate access “in one shot” stands for the mass andfor the charge state of the ions.
to the whole spectrum of stored ions from the smallest to Since electrospray allows to put many charges onto the ions
the very big massd42-14] Further experimental progress (mostly by multiple protonation), large biomolecules with
followed in the form of the capturing of externally created high masses are thus accessible to FT-ICR MS.
ions [15-17] This meant that sources which need an easy Similarly, high-mass atomic clusters may be stored in a
Penning trap. Even far = 1, gold clusters made up of 145
_— atoms, Aq4‘5, i.e. with a mass-over-charge ratio of almost
* Corresponding author. Tel+49-3834-86-4750; m/z = 30,000 have been trappédll]. We note in pass-
fax: +49-3834-86-4701. ing, that in contrast to other ion trapping devices, thé;

E-mail address: lutz.schweikhard@physik.uni-greifswald.de . . . . .
(L. Schweikhard). range for simultaneous trapplng n Pennlng traps IS enor-

1387-3806/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/}.ijms.2004.02.017



162 A. Herlert, L. Schweikhard/ International Journal of Mass Spectrometry 234 (2004) 161-169

mous: Since there is no lower mass limit electrons and heavy (a)
clusters can be stored at the same time and in these kinds of
recent experiments the/z range has exceeded seven orders
of magnitudg22].
In this contribution the influence of a spontaneous change
in the mass-over-charge ratio,/z, on the motion of an ion
stored in a Penning trap is investigated. As discussed in de-
tail, the ion trajectory can change significantly. In particu-
lar when the ion has been prepared in a pure cyclotron or
magnetron motion prior to the:/z-change it will in gen- (®)
eral acquire a mixed motion after the reaction. This can
lead to a significant increase in the extension of the or-
bit from the trap’s axis and can thus result in severe ion
loss. This loss of signal intensity is solely based on the
ion-trajectory change by a unimolecular reaction, i.e. not due
to any “external” influence as rf excitations, trap imperfec-
tions or momentum-transferring collisions. A short report of
the effect on the radial ion motion in the case of electron z
loss from a dianion and some experimental illustration by
collision-induced activation of dianionic gold clusters has
already been given if23,24] In the following this discus-
sion is refined and extended. X

Fig. 1. (a) Penning trap electrodes with the indication of the radial and
axial dimensionsg andzp. (b) Trajectory of a gold cluster ion ég for

2. Description of trapped ion motion experimental parametefgyap = 0.1, ry = 0.2, r_ = 1.2, andzmax = 0.4,
where the three motional modes are superposed consecutively for clarity.

2.1. Overview of ion motion in the Penning trap The lower trajectory shows the projection of the radial plane.

The ideal Penning trap and its properties have been dis-Uo, and the trap dimensiafy (for cubic, cylindric and other
cussed extensively by Brown and Gabridig8]. In Fig. 1a geometries a respective dimensionless numerical factor is

ratio) have a stable trajectory, i.e. a path which forever keeps

. _ 2 2 . . _
characterized byo = /75 + 225/2 where 2o is the diame within a finite distance from the trap’s center:

ter of the ring electrode andgis the distance of the endcap b
electrodes. For ion storage a static potentiglis applied m _ Bedy m 3)
between the ring and the endcap electrodes together with ¢ 2Ug crit

-, q
a homogeneous magnetic fiel along thez-axis. Thus, Fia. 1bai . . £ th binati f th
the motion of an ion with masa and charge; = ze in a Ig. 1bgives an impression of the combination of the mo-

Penning trap is a linear superposition of three independenttlonal modes. The particular amplitudes and phases depend

modes: A harmonic oscillation along the magnetic field lines on the |_n|t|alfcor;]d|t|(;]ns : For_ Ia_te][ use we_ref(_)rmulate t?eh
(z-direction) at an angular frequency of: expressions for the characteristic frequencies in terms of the

trapping parametd@i]:

[aUo 2

wz = 2 (1) Tirap = 2‘0_2 _m 2UO2 _ m/q @)
0 w¢ g B2d§  (m/q)ciit
and two radial circular modes, in thxg-plane perpendicular  \which has to fulfill the condition O< Trap < 1 for stable
to the magnetic field at frequencies: trajectories:
2 2 Ttray
_ e wg w3z — p 5

or="g L= ) wz = we [ —= (5)
where w, is called reduced cyclotron frequency and Wt = ﬂ(lﬂ: /1 — Trap) (6)
magnetron frequencys. = qB/m is the frequency of the 2
free cyclotron motion in the magnetic fiell Fig. 2 shows these frequencies in units of the cyclotron fre-

Thus there is an upper mass limit, sometimes also calledquencyw. as a function of the trapping parameter. An ion
critical mass for a given set of trapping conditions, Bg. thus follows a path described by:
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Fig. 2. Frequencies (in units of the cyclotron frequeagy of the cyclotron
motion (), magnetron motion«f_) and axial motion &) as a function
of the trapping parametetirap.

x(f) = rySin(w4t + ¢4) +r—sin(w—t + ¢-) (7)
y(t) = ry coS(wyt + ¢4) +r_coS(w_t + ¢_) (8)
2(1) = zmaxSin (w2t + ¢2) )

163
§2¢ P ——
24 = 7(1i 1—Htrap)
mZ w¢ M z
=———(1£,/1-——=— 17
‘M2 ( Zm”trap) (17)

A sudden change in the trapping conditions results in an im-
mediate change in the amplitudes of the motional modes.
Note, that throughout this contribution additional effects on
the ion motion due to a kinetic energy release or a Coulomb
interaction between the products are neglected. We only con-
sider the effect of a sudden change in mass and/or charge
state.

2.3. Change of radial motion

While the axial mode can be treated separately, an
m/z-changing process leads to a redistribution of the am-
plitudes of the two radial motional modes. In the following
two cases are considered in detail: The ion initially per-
forms either a pure cyclotron or a pure magnetron maotion,
i.e. the amplitudes of the magnetron, respectively cyclotron,
motion are negligible. Under these assumptions the initial

where for simplicity the phase terms of the radial modes can phasesp, and¢_ can be set to zero without any loss of

be set to zerog;, = ¢_ = 0) as allowed by a respective
choice of the orientation of the coordinate system.

2.2. Sudden change of n/z

generality. (The general case is a straightforward extension,
although it is more tedious and leads to complicated ex-
pressions since the relative phase of the modes at the time
of them /z-changing process has to be taken into account.)

In the following a sudden change of the mass-over-charge2.3.1. Pure cyclotron motion

ration of the stored ion fromw/z to M/Z is considered

With r_ = 0 the ion trajectory before the reaction is given

with respect to the influence on its trapping conditions. In py:

general, the ion will follow a new path with new motional
amplitudes, frequencies and phases:

X({) = Rysin(24t+ @)+ R_sin(2_t+ &) (20)
Y(t) = Ry cos(§24t + @4) + R_cos(2_t+ ) (11
Z() = ZmaxSiN (8221 + @) (12)

The ratios between the free cyclotron frequencies and theY(®) = —7+@4 Sin(w41)

trapping parameters before and after the change/inare
given by:
2 mQ mZ

=—==2Z 13)
we q M M

Mirap — M q — Mz (14)
Ttrap Om Zm

and thus

Le _ muap (15)
Wc ntrap

where capital letters are used to indicate variables after the
reaction. For the characteristic frequencies the result of the

m/z change is:

1T Z
QZ = Qc\/_;ap = C()Z\/%M

(16)

x(#) = ry sin(w41) (18)

y(1) = ry COS(w1) (19)

i.e. the velocity components are

X(f) = rywy cos(w4 1) (20)
(21)

The time of the change frome/z to M/Z may be chosen
to ber = 0. Thus

x(t =0)=0= Ry sin(®y) + R_sin(P_) (22)
y(t=0)=ry = Ry cos(Py) + R_cos(P_) (23)
and
xX(t=0)=rywy = Ry 24 coS(Py) + R_$2_ cos(P_)
(24)
Yyt =0 =0=—R 2, sin(®;) — R_2_sin(P_)
(25)

are the relations that determine the amplitudes and phases
after the reaction. Before the respective equations are pre-
sented, it is useful to get an intuitive understanding of the
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process. If the ion loses some mass, its reduced cyclotron  (a)
frequency is increased2; > w4. Since the velocity

(which is mainly determined by the cyclotron motion) has

not changed2, Ry ~ w,ry, the cyclotron radii have to
compensate the frequencies and thius < r. However,

the position also has not changed instantaneously and thus

the change of the cyclotron radius has to be compensated R +R

.
22
SESS
7z

et

by the introduction of a finite magneton radius. 3 il
The full solution is given by the new amplitudes: 10 R
w4 — 2_ ]
R+ = ml’.ﬂr (26) 0.0
wy — 24 Tyan 0.
R_ = —.Q+ —Q r4 (27) trap 10 0.0
and initial phasesp, = 0 and®_ = 7. In the case of
M/Z > m/z the sum of both amplitudes is given by: (b)
2(,()+ — QC
R RL=— = 28
++ 2, -2 It (28)

It is a measure of how far from the trap axis the ion motion
extends. FoM/Z < m/z this maximum distance from the
trap’s axis is not changed by the reaction, i.e. it is given by
the original cyclotron radiuskR, + R_ = r. ForM/Z >
m/z, however, the trajectories’ extensions are increased. In
terms of the trapping parametegap < ITirap the sum of the
amplitudes can be rewritten as: 10

o
SRRl
S

> Rt
Ry +R_ (Iyrap/7wtrap) (1 + /1 — 7rap) — 1 29 6 o ‘:8%83{?\‘\\&“\‘ 0.6
r B V1= Myap (29) Fé A 04 Mip
+ — Iltrap Wi
This result is summarized iRig. 33 where the increase of 0 0.0
the _lo_n_ motion(R . .+ R—)/r‘*j is shown as a function of Fig. 3. (a) Relative increasgr; + R_)/r; of the ion motion extension
the initial and the final trapping paramet@fap and ITirap, as a function of the trapping parameterigy, and ITyap before and after

respectively. Only in the casHyap > 7yrap the change of the change ofn/z, respectively. (b) Relative increase of the ion motion

m/z may lead to an increase, largest fmd‘ap < 0.2 and extension as a function of the trapping parametgg, and the ratio

IMyap > 0.8. For further illustration the extension of the new /= M/2)/(m/2).

ion motion (R4 + R_)/r4+ is plotted inFig. 3bas a func-

tion of the initial trapping parameterap and the ratio of _ o o

the mass-over-charge ratigs= (M/Z)/(m/z). The upper Another example is the fission of the cation 1I§U|nto

plateau shows the region of instable trajectories after the the products Ag and AU as observed earlier in the Clus-

change ofn /z. For f < 1 no change occurs while fgf > 1 ter Trap[27,28] Fig. 5shows how the two product clusters

and depending Ofap, i.e. the particular initial experimen-  Aug and Al continue to move in they-plane of the trap

tal parameters, the same rafionay or may notleadtoaloss  (7trap = 0.2). In the case of Ay the new cyclotron radius is

of the product ion, when the new extension of the ion motion Ry =~ 0.47r and the new magnetron radifs. >~ —0.53r

relative to the ring electrode dimension is taken into account. (the minus sign indicates an initial phasemobf the mag-
As an example, which will be of relevance in the experi- netron motion) which in total does not change the ion mo-

mental section below, consider the case of electron emissiontion extension. This behavior is expected SIMEZ < m/z.

from a doubly charged cluster anion @fatoms, A@*. In However, for Alj; the new radii areR, ~ 1.6ry andR_ ~

Fig. 4athe change of the radial frequencies is plotted as a 0.6r_, which leads to an increase &f, + R_ >~ 2.2r, and

function of the trapping parameter. It is obvious, that only possibly to a loss of the product ion.

for myap < 0.5 stable trajectories may be acquired for the

product monoanion. The extension of the new trajectory de- 2.3.2. Pure magnetron motion

pends onmirap. FOr mrap = 0.1 the resulting change in the Compared to the cyclotron motionsa/z-change during

ion motion is shown irFig. 4h The pure cyclotron motion  a pure magnetron motion is not very spectacular. In analogy

of the dianion (solid line) is transformed into a new ion mo- to the last section, at time= 0 the initial motion:

tion of the monoanion witlR, ~ 2.1r, and R_ >~ 1.1ry

and thus an extension &, + R_ ~ 3.2r,. x(t) = r_sin(w-1) (30)
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(b)

0
X(t)/ﬂ,

Fig. 4. (a) Frequencies of the cyclotron and magnetron motion ﬁfAu
before (solid line) and of A}r after the emission of an electron (dashed
line). (b) Trajectory of a cluster ion A§U before (solid line) and of Ajr

after loss of one surplus electron (dashed line) for a trapping parameter
mrap = 0.1. The time intervals before and after the decay process are
equal.

y(t) = r— coS(w_r) (32)
with velocity components
x(t) = r_w_ cos(w_t) (32)

2]
1
Y(t)/a 0]
11
_2< .......
2 0 1 2
X(t)/E,

Fig. 5. Trajectories of Af§ (solid line), A" (dotted line), and Ak
(dashed line) before and after asymmetric fission for a trapping parameter
mrap = 0.2. The time intervals before and after the decay process are
equal.
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Fig. 6. Relative increase of the ion motion extension as a function of the
trapping parametersyap and ITyap before and after the change af/z,
respectively. The initial ion motion is purely a magnetron motion.

y(#) = —r_w_ sin(w_t) (33)
is converted to a combined motion as describedByg.
(22)—(25)wherer; andrw, are to be replaced by and
r_w_, respectively. Thus the amplitudes afiefz conver-
sion are given by:

2 —w_

Ry = =%, (34)
2. -2
2 —w_

Ro= "%, (35)
2, -2

|n analogy toEgs. (26) and (27\ith phasesp, = 7 and

_ = 0. Obviously, in most cases of general interest, i.e. for
w_ K 24 and2_ « 24, the ion continues on its earlier
trajectory with almost identical magnetron amplitude and a
negligible new cyclotron component.

Again, the sum of both amplitudes is a measure of the
extension of the ion motion: Fai//Z < m/z it is given
by the original magnetron radiu®; + R_ = r_ and for
M/Z > m/z the trajectories are increased:

(36)

In terms of the trapping parametefap < ITirap the sum of
the amplitudes can be rewritten as:

Ry+R_ 1 — (Iyap/mtrap) (1 — /1 — 7trap) 37)
r— V31— Iirap

In Fig. 6the extension of the ion motion after the change of
m/z is plotted as a function of the trapping parameters before
and after the reactionyyap and IMyap, respectively. Only

in case of valuegdTyap close to one, a significant increase
of the radii is observed, which is, however, several orders
of magnitude smaller than in the case of a pure cyclotron
motion.
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2.4. Change of axial motion @ 4
In contrast to a pure cyclotron or a pure magnetron motion 08] Alfé - .
the phase anglesZ,r + &;) of the axial oscillation in the Au,
moment ofm/z conversion has to be considered. Since the < 081 _
phase angle has been introduced explicitly above, the time N Au
of m/z-change can be chosen to be- 0. Thus, from the S 04y 1 °
spatial position at that time it can be followed: <
; : 024,/ /"
z(t = 0) = zmaxSiN(¢z) = ZmaxSiN(Pz) (38) v
and from the velocity in the axial direction o 02 o o6 o8 1o
2(t = 0) = Zmaxwz COS(¢z) = Zmaxs2z COS(P) (39) (b) Tirap
These two relations lead to the amplitude and phase after AU AU -
m/z conversion: " 12
Zmax= M2z o2 in2 40
max = Zmaxy/ COS(¢z) + sin“(¢z) (40) Z(t) N 'll.::.::.flj :
_ . T T VEE R
arcsm( “max sm(¢z)) for — = <¢, < = PR
& — Zmax 2 2 1 /
z= . Zmax . . e - 3 Au;
7T — arcsin — sin(¢z) or 7= ¢z < 57 B raanry t[?ﬁs] T o
For an increase im/z, i.e. M/Z > m/z, the amplitude will .
in general increase; fa¥l/Z < m/z it will decrease. 1.2 AU9
As an example, the fission of a doubly charged gold cluster S
cation Atﬁr [27,28]is studied. IrFig. 7athe axial frequency Z nax . o y
wy of the precursor cluster ,%g and its products Aifr and Znax 10 N /
AuéJr is plotted as a function of the trapping parameter. In P
accordance witlieq. (16) the frequency increasesM/Z < 0.8 o
m/z and decreases i#//Z > m/z. For a phasey; = 0 A N
the axial part of the ion motion follows the path shown in : ‘ ‘ ‘ ‘
Fig. 7hh where the fission process takes place &t0. 0500 42; 10
T

In general, the new axial amplitude is a function of
the phase angle in the instant af/z-change as plotted  Fig. 7. (a) Axial frequency of A% (solid line), A" (dashed line)
in Fig. 7cfor the casesM/Z)/(m/z) = 9/6 = 3/2 and and A" (dotted line) as a function of the trapping parametgsp. (b)
(M/Z)/(m/z) = 3/6 = 1/2 for the products Aéf" and Change of the axial motion after fission of #u (solid line) into Akt

Au%+, respectively. Note, that fas, = /2 ande, = 3n/2 (dashed line) and Aé.T (d(?tted line) atr = O with phase¢, = 0. (c)
the ion is at a turning point of its oscillatory motion. There- Amplitude of the axial motiorZmax of the fission products Aff (dashed
fore the amplitude will not Change i.&max = Zmax FOr line) and AL&+ (dotted line) relative to the initial amplitudgnax as a

. . . function of the phase,.
; = 0 and¢; = 7 the amplitude’s change is maximal, phase.

since at these times the ion crosses the trap’s center (see
Fig. 7. 3. Experimental procedure and results

With respect to the ion’s energy the situation may be just
the opposite from that of the change of amplitude: Con-  The influence of a sudden change of the mass-over-charge
sider the case of a change in charge state with no changeatiom/z on the ion motion will be demonstrated by a partic-
in mass, for example, electron emission of dianions as dis-ular example: the electron emission from a dianionic metal
cussed above. At the turning points (where the amplitude cluster after collisional activation. The experimental setup
stays the same) the potential energy change due to the elecis described if29] and references therein: Singly charged
tric trapping field is maximal. In contrast, the total energy metal clusters are produced in a pulsed laser vaporization
stays the same if the ion decays while crossing the trap’s source, transferred to a Penning trap and captured in flight. In
center; in this moment all the energy is concentrated in the the trap the stored ions may be subjected to a variety of inter-
kinetic energy contribution, which is almost unchanged by actions, for examplen /z-selective rf-excitations, photoex-
the electron loss. citation, collisions or reactions with gas atoms or molecules,
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CLUSTER SIZE/CHARGE STATE [n/z] . Vo = [i4
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Fig. 8. TOF spectra (a) of size selected gold cluster iongA(b) after * 104 IE%} +0.10
application of an electron bath, (c) of charge selected dianiorﬁg Aand Cu;
(d) after photoexcitation (fronf24]). 081 r0.08
. . 0.6 . L 0.06
and collisions with electrons from an external electron gun. S
The reaction product ions as well as the remaining precursor 0.41 - 0.04
ions are finally ejected into a time-of-flight mass spectrom- 02] Cup, 002
eter for single-ion-counting mass analysis. 5
. . . . e} *
In the case of metal cluster dianions, size-selected singly 0-000 %O;iﬁ 0 Uﬁﬁfs o 20 0.00

charged clusters are bathed in a sea of electrons that are
stored simultaneously in the ion trap and eventually attach
to the monoanionf22,30] These low energy electrons are  Fig. 9. Collisional activation of dianions Ay (top), A, (middle), and
produced by ionization of argon gas that is pulsed into the Cg, (bottom). The ion yield of the remaining precursor (full symbols)
trap volume. After a reaction time of one second the re- and proc_iuct cluster anions (open symbols, ngte _expanded scale) is plot-
maining singly charged clusters are removed from the trap tgd relatlve'to a reference m_easurement (which is p_erformed_ alternately
. L . without excitation) as a function of the cyclotron radius that is reached
by dipolar rf-excitation of the corresponding cyclotron mo-  agter dipolar excitation of the dianions.
tion. The size and charge-state selected dianions are thus
prepared to be investigated by, for example, photoexcitation
or collisional activation. B = 5T. The radius of the ring electrodeg = 20 mm,
The production sequence is shown Fig. 8 in form is an upper limit for the possible values of. In order to
of TOF-spectra that are taken after (a) size-selection of aminimize the initial amplitude of the ion motion prior to the
monoanion Aég, (b) reaction with an electron bath in the excitation, the ions are centered in the middle of the trap
trap for one second, i.e. production of dianions2gu(c) DY application of the buffer gas cooling meth[g2,33} In
removal of the monoanions by dipolar excitation, and (d) addition, the electrons from the electron bath are removed
irradiation with a Nd:YAG laser pulse at = 355nm. In from the trap to avoid a distortion of the electrostatic trap-
the given example about 7% of the dianions decayed by ping potential and thus a shift of the motional f_requencies
single electron emission and monoanions reappeared in thedue to the space charg@]. The electron removal is accom-
mass spectrum. plished by lowering the potential of an endcap electrode for
In case of collisional activation the energy that is needed A7 = 1us (suspended trappiri§5]): The electrons leave
for the decay process is incorporated by transforming kinetic the trap whereas the cluster anions, which are several orders
energy of the ion into internal energy by multiple collisions Of magnitude heavier, stay trapped. o
with inert gas, for example, argon atoms. To this effect, the ~FOr @ systematic study the excitation amplituggis var-
radius of the ions’ cyclotron motion is increased by dipolar 1€d- As an exampléig. 9 shows the relative abundance of
rf-excitation at a fixed frequency, = w, /27. The ions metal cluster dianions of a similar mass-over-charge ratio

CYCLOTRON RADIUS [cm]

EnT the cyclotron radius.. that is reached by dipolar excitation
ry = D°D 42) before the collision gas is pulsed into the trap. The open
2B symbols denote the relative abundance of the product ions

where Ep is the amplitude of the dipolar rf-field anth AU%I, Ag}la, and Cléa. Note, that the scale for the monoan-

the duration of the excitation. In this wokh = 1 ms and ions is expanded by a factor of 10 relative to the dianions.
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Fig. 10. Comparison of the collisional activation of i%g(top) and Agia (bottom) with the relative ion yields as a function of (a) the cyclotron radius
after excitation, and (b) the collisional excitation energy. (Note the expanded scales of the product yields.)

For all three metals a decrease of the dianion yield is ob- which is transformed into the collisional excitation energy:
served for radii larger than about 1/3 of the maximum ra- MAr
dius ro. The product anions, however, only reach a maxi- Ecoll Cmatmlfkin,+ + Eth (44)
mum value of the relative ion yield of about 1-3% and no
further product anions, i.e. fragmentation products are ob-
served. InFig. 10 the result for the collisional activation
of Agia is compared to the result of collision-induced dis-
sociation of the monoanionic precursor}gg Whereas no
fragmentation product are observed in case of the excitation
of dinaions A&a, the excitation of the monoanions leads to
fragmentation into Aég and Aig. The evaporation occurs
at cyclotron radii close to the maximum raditgss= 2.0 cm,
i.e. at radii, where no dianion signal is observed.

by use of the impulsive (multi-)collision theof$7,38] An
empirical correction facto€ gt = 0.4 is applied to account

for the actual energy transfer in each collisi@9] and Ei,

is the thermal energy of the cluster prior to the collision
where room temperature is assumedrig. 10bthe relative
abundance ofAig, Ag}la and their products after collisional
activation is plotted as a function of the collisional excitation
energy. (Note, that the scale for the products is expanded by
afactor of 20 and 2, respectively.) The intensity of clusters of
both charge states decreases within a similar energy range.
In case of the dianions Ag, the first product, Af, should

) ) decay via fragmentation and not electron emission and thus
4. Discussion at higher energies if not Ag then Ady should appear in

] ) the mass spectrum. Obviously, the change of the ion motion
At first glance the low number of product monoanions g,e to the drastic change in/z, i.e. M/Z = 2m/z, leads
after collisional activation of the metal cluster dianions may {5 the loss of the cluster ions from the trap.

be interpreted as a sequential emission of electrons. Since Erom the description of the ion motion given above (see
neutral particles cannot be stored in the ion trap, they are notgection 3, a maximum radius of . ~ 0.62cm for ALEI
observed at the detector. Some electron emission has beerrw+ ~ 0.61cm for A@ﬁa andr, ~ 0.62cm for Clia is de-
reported for singly charged silver cluster anid@$], but

thel ionificant b f L d trived for the moment of electron emission if ion loss is to be
nevertheless a signiticant nUmMuer of monoanionic produc avoided, i.e. the new trajectory of the monoanionic products
clusters should be observed after electron emission from

the dianioni lust Th llisional activati does not exceed the radial dimension of the ion trap. For the
€ dianionic preécursor ciusters. The coflisional activation gold and silver cluster dianions the decrease of the monoan-
of singly charged metal clusters, as for example, in case of

AdL- sh " the dominant d ionic clusters is described well within these assumptions. For
9g0, SNOWS MONOMET evaporation as the dominant decayy, o copper cluster dianions the relative product yield seems
process (se€ig. 10).

Th It furth hasized by i tigating th to decrease at larger initial cyclotron radii (4&g. 9). Note
e Tesulls are further emphasized by investigating the however, that the calculated values are only very rough
relative ion yield as a function of the collisional excitation

The Kineti £ th . tter diol . estimates. In particular, the decrease of the cyclotron radius
energy. The kinetic energy ot tne anions atter dipolar €xcl- gy f excitation due to the collisions (which are by nature
tation is given by:

a necessary component of the collisional activation) is not
1 5, 14%E3TZ taken into account. Since gahas a higher number of inter-

Ekin,+ = smoiri ~ o ———— (43) nal degrees of freedom than nd Aw1, a higher excita-
2 8 m g g
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