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Abstract

Cluster impact induced charge separation was studied with neat and mixed clustepsaoidIPO impinging at hyperthermal velocities
on a SiQ target held at different temperatures. At 750 K, impact of 8l0sters produces positively and negatively charged cluster fragments
of the form [(SQ),, — K, NaJ" and [(SQ),, — SO,]~ which is explained in terms of the known cluster-impact induced pickup of alkali surface
adsorbates. The high sensitivity of this channel promises applications for the analysis of alkali surface contaminations. The dominant fragments
observed during the impact of binary §®1,0 clusters at the same target temperature wergd{i— H]* and [(SQ),, (H.0), — HSOs] ~,
which indicates an intracluster proton transfer reaction. Similar fragments were also detected as minor spectral progressions during the
surface impact of neat S@lusters at a target temperature of 380 K. This is interpreted in terms of an impact-induced pickup of water surface
adsorbates into the neat sulfur dioxide cluster during the surface collision. Upon impact of neat water clusters, fragment ions of the form
[(H20), — H]* and [(H,O), — OH]~ are observed, which can be explained in terms of the autoprotolysis reaction in bulk water.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction the self-ionization of neat nitric aci®]. By using a combi-
nation of mass spectrometry and cluster surface collisions of
Molecular clusters are readily formed through condensa- neutral molecular clusters, these charge transfer processes

tion in supersonic expansions. When seeded jnoH He can be studied under bulk like densities. From the respective
as buffer gas, they typically reach hyperthermal velocities mass spectra also information concerning the microsolva-
corresponding to an energy per molecule of upxtbeV. tion of the respective charge carriers as well as solvent struc-

This energy is sufficient to fragment the cluster during sur- tures of special stability, so called magic nhumbers, can be
face impact by breaking the relatively weak intermolecular obtained. Clearly, our approach is directed towards a mass
bonds, but it is insufficient to break the intramolecular chem- spectrometry of electrolytic solutiori4], but one has to be
ical bonds. However, the observed formation of positive and cautious. Small aggregates have properties that often differ
negative cluster fragments upon cluster impact, termed thesignificantly from those of the bulk and typically display be-
clusterelectric effect (CEE), indicates that low barrier charge havior that is not fully characterized as being due to a solid,
transfer reactions can still proceed, either in the intact clus- liquid or gas[5]. This is mainly caused by the large fraction
ter or during the short time of surface contact which is on the of surface molecule§]. For instance, the diffusion coef-
order of a few picoseconds. Examples are the spontaneousicient, the electrical conductivity, the H-bond arrangement
ionization of alkali atoms in polar solvent$,2] as well as and the viscosity of the water ice surface is not the same as in
the bulk[7]. Also proton transfer reactions can be influenced
mpondmg author. Tel+49-89-32905230: by the finite size of t.he'clus.t@]. Keeping this in mind, nev-
fax: +49-89-32905200. ertheless valuable insight into solution phase charge transfer
E-mail address: Christoph.Gebhardt@mpg.mpg.de (C.R. Gebhardt). reactions can be obtained via cluster surface collisions.
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Using the system water/sulfur dioxide, we investigate bi-  expansion target 7 charged
. . . chamber chamber species |
nary clusters for which normal solution phase chemistry | target
predicts the occurrence of spontaneous charge transfer re- \ }
actions. The proton transfer reaction observed in bulk solu- o — |
tions of SQ in H>O can formally be written as piksed / :
_ + nozzle beam pulsed ' [ | t

) ) o . beam ' | alkali ¢

The chemistry of aqueous solutions of sulfur dioxide is 14" mpar \Tﬁup diagnostic Ubiad;i’me’

however more complicated than might appear fieqm (1)
For the bisulfite ion [HS@|~, actually two different iso-
meric forms have been characterized, namely H;-20Qd
H-OSG [9]. Given the close values for the proton affinity
of water with 7.22 eV and sulfur dioxide with 7.01 eV, the
exclusive formation of HO™ is also surprising and indicates
the importance of the ion microsolvation on the reaction.
The affinity of the OH to sulfur dioxide, however, can be
rationalized with the considerably higher bond strength in
the OH-S@ bisulfite of 2.68eV as compared to 1.15eV
of the OH-RO~ bond. The molecular form of sulfurous
acid HSOs has not been observed experimentally as a sta-
ble compound. This is in accordance with recent quantum
chemical calculations that found,BO; to be thermody-
namically unstable under standard conditi¢t®,11]. Until
now, corresponding calculations for the ionic reaction pat
are not available. Due to its atmospheric relevaii&13],
the system of water and sulfur dioxide has been studied ex-
perimentally via optical spectroscofi4—16] in protonated
binary clusters following laser ionizatiofi7], as well as
in ion clustering experimentd8—-20] Here we investigate
the system using our cluster impact mass spectrometry tec
nigue which starts from all neutral clusters. For neat sulfur
dioxide clusters, we present results on electron transfer re-
actions induced by pickup of alkali surface adsorbates. With ST OE Y X
additional water surface adsorbates offered to the inCidemometrlcal ionization cross section for the clusters has been
taken into account in the cluster size determination. Assum-

SO, clusters, a proton transfer channel, forming the ionic | deal it he b locity has b lculated
species irEq. (1) is clearly observed. We then move on to "9 ld€alcon Itions, the beam velocity has been calculate

binary SQ/H,0 clusters in which the same reaction is di- from. '.che expansion parametg@s3]. In order to control the
rectly observed following cluster fragmentation. Finally, we Stability of the nozzle and to assess the overall performance
show that also in neat water clusters a proton transfer reac—Of a parﬂculay cluster Species, chamber I is equipped with a
tion can be observed which can be explained in terms of thecharged particle probe at a plas VOIt?‘geﬂﬁOV’ to collect
autoprotolysis reaction of water. charges generated at the skimmer rim.

Fig. 1. Experimental setup. The pressures are given with the molecular
beam on.

and the nozzle target distance is 30 cm. A bias grdlQ
lines/in.) placed 10 mm in front of the target allows for mea-
suring total charge yields per pulse by pushing one ion po-
larity against the target for neutralization. It also serves to
transfer fragment ions into the extraction volume of the mass
spectrometer. An oxalate based alkali atom dispenser is op-
tionally used for surface dosing. When applying positive or
negative high voltage pulses, ions from the center of the
extraction volume are accelerated onto the grounded MCP
detector, where they impinge at an energy of 5.2 kV. Where
indicated, the mass dependent detector sensitivity has been
h corrected following21]. The collision target consisted of a
commercial silicon wafer with its natural oxide layer, that
was placed into the chamber, pumped for several hours and
then heated to 750K for several hours. While hydrocarbon
contaminations were detected in mass spectra taken at room
temperature, their amount reduced below our detection limit
hwhen the surface temperature was raised to 380 K. The clus-
ter size distribution of the incident beam is measured with
the retarding field techniqyeé?2] following ionization of the
beam with 30-eV electrons. ThHe?/3 dependence of the ge-

2. Experimental 3. Alkali induced CEE
Fig. 2 represents typical charged fragment spectra from

qour standard reference experiment, in which g S@ster

beam is scattered off an untreated Sitafer surface held at

a temperature of about 750 K. The cluster size distribution

Fig. 1 gives a schematic view of the molecular cluster
beam apparatus. Both chambers are pumped by a combin
tion of turbomolecular pumps with membrane pumps to re-
duce the hydrocarbon contamination. The main components e )
include: a temperature controlled high pressure gas handling" the incident beam is well represented by a log-normal
system, a pulsed nozzle to produce a supersonic free jet exdistribution f(N),
pansion § = 0.5 mm, typical pulse width 30@s), a skim- (—(IN(N) — m)2/(2s2))
mer @ = 1.5mm) for beam clipping and gas load reduc- f(N) = exp TN
tion in the second chamber, a heatable collision target, and a (v 2rNs)
home-designed pulsed Wiley-MacLaren type time-of-flight with the parameters: = 6.0 ands = 0.95, and thus by a
mass spectrometer. The nozzle skimmer distance is 7 cmmean cluster size ofN) = exp(m + 0.5s%) = 0.63 x 10°.

()
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60 = ' ter than any other known techniq{#5]. Furthermore, only
- [(SO,)s Na] cations the analyte atoms are removed, the substrate itself remains
50— “T — iole i i
i unaffected because the energy per cluster particle is quite
40 - i low (<1eV).
2 wf ol -
= i ] 5. Magic numbers
o 20— —
'% 10 [ | i Fig. 3gives peak integrals for the individual progressions
-l II“L“HMLL | in Fig. 2 Dominant peaks, marked by stars, indicate clus-

ter configurations of enhanced stability quite independent
of how they are formed. The solvation of Nawith SO,
-10 = (SO T anions T clearly shows enhanced stabilities f§r= 6, 12. Contrary,
0 512 1024 1536 2048 a fourfold coordlnafuon in the gas pha@6,27]and a rather
rass iU smooth envelope in the range up to 17 water molecules
[28,29], as well as a six-fold coordination in the condensed
Fig. 2. Mass spectr'a of the positively and negatively charged cluster ions phase is observed or predicted in the case of hydration of
generated by the impact of pure $olusters on the target heated to g4, jons, The less structured solvation shell around the
790K potassium core ion is in accordance with similar findings in
water [30]. The late onset of magic numbers for the ;SO
core ion was previously observed[Bi]. It has been shown
in electrospray mass spectromef{B2], that the structure
of an ion pair in an electrolytic solution can be discussed
on the basis of the mass spectrometric analysis of the sol-
vation shell of the ions extracted from the liquid. How-
ever, the observed microstructures, especially the observed
magic numbers, are generally quite different from the situa-
tion in the bulk solvent, due to the large fraction of surface
molecules[6]. Consequently, the observed intensity varia-
tions in the mass spectra reflect the ion—solvent interaction
much stronger than the solvent—solvent interaction, which is
more important in bulk solutions.

The beam velocity of 1.3knT¢ corresponds to a kinetic
energy of 0.52eV per particle, which is a factor of two
larger than the standard heat of vaporization for, Sthe
resultant fragments are of the for8[,), — Na, K] ™ and
[(SO), — SO]~. As has been discussed previougly,

the observed spectra can be explained in terms of pickup
of ubiquitous alkali surface adsorbates during the cluster
impact. Inside the polar molecule cluster, the alkali atom
ionizes spontaneousf4] forming an electron-cation pair
which is subsequently mechanically separated by the colli-
sion induced cluster fragmentation.

4. CEE sensitivity
5 10 15 20 25 5 10 15 20 25 30

T
*

Typical alkali coverages on silicon wafers are on the order
of 10°-101%cm~2. The strong signals and the good signal
to noise ratio of the mass spectrakig. 2 reveal that this
amount of coverage is easily detected with our method and &
indicate its analytical potential regarding alkali contamina- §
tions on surfaces. A typical monomer flux per pulse onto the 5 1
target is 183 cm=2 in our experiments. These monomers are @ soanmnmm T el ||“|"““
condensed into clusters. Using the cluster size distribution g Frrmsag T TH T T T LT T T T T T T T T T
from above, this means that ¥0cm2 clusters per pulse h
are hitting the target. With a mean cluster aregf%/3 =
73 times the cross section of a sulfur dioxide molecule of
nr%oz ~ 10~ 15cn?, this means that 1¢ of the exposed

area of 0.5crhis sampled. Assuming an uptake probabil-
ity of one we expect between 4@&nd 10 charge carri-
ers for the above values for alkali contamination on silicon
wafers. This estimation is confirmed by absolute yield mea-
surements as described in the experimental section. Since
even single charges can technically be measured, the presel,ﬁig. 3. Normalized peal'< height distributiqns for'the various core ion

. . . progressions observed kig. 2 Bar graphs give the integrated peak areas
mEth_Od promises an eXtre_mely h'lgh sens!t|V|ty for adsorb_Ed from the spectra as measured. Solid lines give log-normal envelopes, fitted
alkali atoms. A conservative estimate brings the detection (o the peak height distributions after correcting for the mass-dependent
limit to below 1 cm~2, which is orders of magnitude bet-  detector sensitivityf21]. Stars mark structures of enhanced stability.
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6. Fragment size distribution ~ [(SO,). NaJ'
2'6
[(S0,), Na]'

cations

The fragment size distribution iRig. 3 seems to be un-
usual because it does not exhibit the universal power law de-
pendencd33]. The observed cut off towards small solvent - B
shells can be rationalized in terms of the higher binding ener- ¢
gies of the very small ionic fragments e.g., [SOSO,] ™~ ~ =
leV [(SO)2 — SO]~ ~ 0.35eV [31] which exceed the
binding energy between the neutral cluster constituents. Also
the long tail of the observed size distributions for cations
and even more for anions is remarkable. After correction
for the mass dependent detector sensitivity (solid line in

‘ I - [(SO,);+(H,0),HI"

in kLl

() Mo

i
i

@
<
o
7

[(SO,).H,0-OH]

II\\IlIIII

Fig. 3), a more or less constant yield between [6$4g] ~ -10 <« [(50,),] anions
_anq [(SO)40]~ is observgd. According t{8_4] this _would 0 512 1024 1536 2048
indicate that we are not in the fragmentation regime where N

shattering to small pieces occurs but rather in the damage

regime with the survival of Iarger entities. Inspection of the Fig. 4. Mass spectra of the positively and negatively charged clus_te_r ions

cation and anion envelopeslﬁig. 3reveals that the cations generated by the impact of pure S®@Ilusters on a surface containing

. . .. . water adsorbates (target temperature 380K).

are considerably smaller than the anions. This is quite gen-

erally observed when pickup of alkalis is the origin of the

charge creation. We propose a simple explanation in termsand [SO), — (v = 32) — H,O) — H]* progressions

of the different mobility of alkali ions and electrons. On (» > 3) whereinu = 32 most probably is due to a

the time scale of the surface impact, which lasts only a few methanol molecule from the background gas. Progres-

picoseconds, the alkali ion cannot diffuse into the cluster sions with an increasing water content similar to the sulfur

since a diffusive motion takes typically on the order of some dioxide case are not observed. The dominant peaks in the

10 ps over only one intermolecular distance. Therefore, only anion spectrum ofig. 4 are still [(SOy),, — SO,]~ from

molecules from the contact area are available for the chargedthe (SO)custer + (Na, K)ags — [(SO)m — (Na, K)]T +

fragment formation. Contrarily, the highly mobile electrons [(SO), — SOp]~ reaction but also new progressions such

can accommodate at the most appropriate site within the en-as [SO)1+, — (H20), — CHz3OH — OH]~ (m > 0,0 <

tire cluster. In accordance with this, the envelopes becomern <= 10) have appeared. The strongest members are

comparable when the initial charge transfer does not involve [(SO,) 14, — (H20)1 — OH]~ fragments and(5Gz) 14, —

free electrons, that is the case e.qg. for the self-ionization in CH3OH — OH]~, the [SOQ)14, — (H20)2 — OH]~ frag-

HNO;3 clusters[3]. ments seem to be missing. Obviously, water is the crucial
agent to promote the creation of the additional charge pairs.
At 380K only chemisorbed water can be expected and be-

7. Water covered surface cause at least five water molecules are necessary to yield our
smallest entity (S@p(4H20+H™+OH™) we conclude that

The mass spectra shown fitig. 2 have been taken at a  water islands play the key role. Furthermore, we have some

relatively high surface temperature (750 K) to avoid inter- evidence that when the water channel increases, the alkali

ference with molecular adsorbates. At reduced temperatureschannel decreases or even disappears. This suggests that wa-

molecules from the background gas tI@nbar, mostly wa- ter islands preferentially accommodate on alkali adsorbates

ter) can accumulate on the surface or surface adsorbates havand furthermore that pickup of alkalis is hindered by the

ing their origin in target preparation procedures are not suffi- water overlayer. Alkali coadsorbed water has been reported

ciently removed. The presence of adsorbates at surfaces likdor a number of well studied systerf37]. The clue seems

water or hydrocarbons under high vacuum conditions and atto be that the pristine SiQsurface is hydrophobic, whereas

low to moderate surface temperatures is an established factthe local electric field in the immediate vicinity of adsorbed

It has been employed advantageously in a variety of exper-alkali metal species will attract water molecu[88]. More-

iments e.g., studying the interaction of molecular or cluster over, ion pair or zwitterionic structures are conceivgdB.

ions with the adsorbed species in surface collisi@as36]. Unfortunately, conventional characterization of the water
A typical example spectrum obtained under such con- coverage seems to be challenging owing to the low con-
ditions, again for S@ clusters (N) = 0.63 x 103, v = centration of perhaps less than~fOmonolayers. The ease

1.3kms™1, SiO, at 380K), is given irFig. 4 Overall, less with which such low coverages of water surface adsorbates
charges are observed and the spectra have become notablgre detected using neutral cluster impact again stresses the
more complicated. The assignment reveals that new spectrakurface analytical potential of this method. It represents a
features are superimposed on the alkali based progressionsvariant of the established chemical sputtering metfif]

For the cations we find an addition&§0,),, — (H20)4—H]+ in which surface adsorbates are transferred into the gas
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phase by low energy ion impact and ionized concomitantly ter of active researcid2—44] In the present case, due to
by charge transfer processes. In retrospect, the first expertheir lower vapor pressure, the water molecules in the beam
iment of neat S@ cluster impact on the target surface at condense first. Since the sticking coefficient of,Sfp wa-
750K can be viewed as a surface characterization, giving ter surfaces is only 0.[14] and since above 120K a large
an upper limit of 10% monolayers for the water coverage. part of SQ diluted in water ice escapg46], we expect
We have two possibilities in mind to rationalize the ob- the formed clusters to consist predominantly of water. As
served ionic water dissociation upon SCluster impact. shown inFig. 5, intense cations and anion spectra can be
Water might be available in a sort of preionized precursor recorded for the impinging SZH2O clusters. The over-
state that is picked up by the cluster and subsequently sepwhelming majority of cations are merely protonated water
arated by cluster fragmentation or we are facing a simple molecules [(HO),, —H]* with only a few percent of attached
water uptake followed by fast proton transfer. Uptake ex- SO,. A prominent feature in the cation spectrum is the en-
periments of S@ (g) by aqueous surfaces have shown the hanced stability of [(HO)21 — H]* which is commonly in-
facile formation of a HSQ@ — H* surface complex in equi-  terpreted as a dodecahedron encapsuled hydroniufd @n
librium with the gas phase $(Q14]. Indeed, if this reaction  but we cannot do justice to the vast literature on this point.
would be responsible it must be very fast because the avail-The anion spectrum can be described in terms of a single
able time window between contact and fragmentation is less progression, [(S®, — (H20),, — OH]~, with comparable
than a few picoseconds (cluster diameter/impact velagjty = content of S@ and HO. The smallest discernible anion is
[41]. Charge pairs formed on a longer time scale, e.g., in the [SO, — OH]~, equivalent to the bisulfite ion [HS]D~. This
cluster fragments, would not get separated since stabiliza-onset, however, cannot be correlated with the minimum clus-
tion of the fragments by evaporation of neutral monomers ter size necessary for the proton transfer to take place. The
is the dominant channel due to their smaller binding energy. mass spectra show only the fragments of the original cluster,
Consequently, such ion pairs cannot be detected by our massvhich in addition have undergone considerable stabilization
spectrometric method. by monomer evaporation. Anion fragments with 5 carry
very long water sequences with some intermediate maxima,
whereas for. > 5 only gradually decreasing sequences(0
m <~ 10) are observed. The much higher concentration of
SO, in the solvation shells of the anions can be rationalized
The spectra iifrig. 5represent the seemingly simpler case at least for the smaller fragments in terms of known ion clus-
when binary S@H»0 clusters interact with a hot (750K) tering datg[18]. Having a large quadrupole moment which
SiO, surface, where no influence of water adsorbates wasis attractive towards negative ions, $®ubstitutes water

8. Mixed clusters

detected for cluster impact of neat $Custers. We might

molecules in the hydration shell of OH19]. On the other

regard this as a direct mass spectrometric inspection of ahand, the spectra indicate that it is energetically favorable to

classical acid base reacti¢8]. The clusters were produced
by bubbling a 10 bar 14:1 He/SOnixture through water

solvate HO™ by water molecules instead of sulfur dioxide.
Fig. 5reveals that a proton transfer process is taking place

at room temperature. Understanding the morphology andinside the mixed cluster. Contrary to the case of the water
the exact composition of two-component clusters is a mat- pickup from the surface, a time window of several hundred
microseconds (the flight time of the cluster to the surface)
is now available for the reaction. The observed charge pair
formation may occur either during cluster formation, clus-
ter drift or during cluster impact. While the cluster spends
most time on the drift towards the target, it is rather cold at
this moment, with internal temperatures most likely below
107 K due to the efficient cooling in the carrier gas. However,
thin film infrared spectroscopy between 10 and 200K indi-
cates that S@deposited on a water ice surface or trapped
in the ice bulk shows no observable reaction even after an-
nealing[16]. This observation can be rationalized in terms
of the substantial molecular rearrangement necessary to sol-
vate the ions formed in the reaction, which is impeded by
the low temperature. Yet, from NMR experiments-&@&5 C

we know that the proton hopping time for ice powder is
1092s which is closer to the value in liquid water (1)

[45] than in bulk ice (104) and it was concluded that even
at—100"C the protons in at least the surface monolayer may
move at a rate orders of magnitude faster than in bulk ice
[7]. Recalling that clusters have very large surface to volume

40

cations
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Fig. 5. Mass spectra of the positively and negatively charged cluster ions
generated by the cluster surface impact of mixedS@, clusters. The
target was held at 750K.
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ratios, and that depending on the expansion conditions theySiO, surface at 690 K. Although the overall signal strength
might have an amorphous and defect rich structure, theseis quite low, we observe the expectg@fO),, — H]™ and
findings imply that a charge transfer cannot be excluded dur-[(H20),, — OH]~ features with the enhanced stabilities for
ing the drift phase of the cluster. During cluster formation, [(H20)21—H]* and [H20)17—OH]~. As discussed above,
the charge transfer reaction can take place via the previouslywe cannot exclude the participation of water surface ad-
mentioned HSQ—-H* surface complex. Cluster temperature sorbates to the charge generation. A striking feature of the
at this stage is higher, due to the binding energy releasedspectra shown ifrig. 6 as compared to the oneshig. 2, is
into the cluster during each monomer addition. Finally, re- the absence of strong progressions based on the pickup of
action may take place also during the surface impact whenalkali surface adsorbates. The same is trud=fgr 5 where
the SQ/H,0 mixture experiences a solid—liquid—gas phase the incident clusters consist also predominantly of water. By
transition. Restriction here is mainly the short picosecond increasing the natural alkali contamination using an sodium
time window available to the reaction. While this is gener- oven source, we nevertheless could recover the expected
ally too fast for bimolecular reactions, electron and proton [(H20),, — NaJt progressions, which superimpose on the
transfer processes are conceivable. proton transfer progressions. Two reasons might be respon-
sible for this seemingly lower sensitivity of water clusters
towards the alkali channel as compared to $tDsters. Ei-
9. Water autoprotolysis ther, as mentioned above, a water overlayer accommodating
on the alkali adsorbates hinders the pickup; or, the lower
Finally, experiments have been performed with pure water overall energy available in the cluster surface collision makes
clusters. Also for the neat system a proton transfer reactionthe alkali desorption less probable: for equal velocities, the
is expected, namely the well known autoprotolysis reaction kinetic energy of water clusters is a factor of 3.5 lower
[46] than for sulfur dioxide clusters, due to their lower molecu-
L AL— 4 lar weight. Under our experimental conditions the difference
H20+Hz0 = OH™ + Hs0™. 3) still is 21 factor of 1.9. l\/rl)oreover, the stronger binding be-
Under standard condition this reaction produces about 6 tween water molecules as compared to sulfur dioxide is dis-
103 ions of each polarity per cubic centimeter in the bulk. sipating a larger fraction of this kinetic energy by fragment
Also in clusters spontaneous charge separation into a zwit-formation.
terionic configuration has been predicted, e.g., for some iso-
mers of dodecahedral watpt7,48]. In experiments inves-
tigating the collision of water clusters with a great variety 10. Outlook
of target surface$49-51] water autoprotolysis was used
as explanation for the observed generation of positive and Charge transfer reactions in neat and mixed molecular
negative charge carriers, although a direct mass spectrometelusters of sulfur dioxide and water have been investigated.
ric identification of the reaction products was not available. Besides the known alkali induced electron transfer channel
Fig. 6 shows mass spectra related to the charge carriersin these systems, direct mass spectrometric evidence was
emerging in the impact of water clusters with mean size given for an independent proton transfer channel. In general,
(N) = 2 x 10° having a velocity ofs; = 1.7 kms ™ on a we have shown that cluster fragmentation at hyperthermal
velocities is a simple but useful technique for mass spectro-
20 metric detection of both cations and anions, resulting from
[(H0),HI' Z[(Hzo)ao-Hf cations spontaneous charge transfer reactions. In a sense cluster
(H.0), -H]" impact fragmentation freezes dynamical fluctuations in the
oot charge transfer processes and allows to catch a glimpse
of the dynamicqg52]. Because clusters can be made from
all kinds of molecules and molecular mixtures also salt
solutions or immiscible systems should be amenable to
investigation. It should be emphasized that the charge car-
riers are created without externally providing the respective
ionization energy via electron or laser beams. This implies
a number of technical applications, e.g., for electric propul-
i sion system$53]. In many cases, adsorbed surface species
] like water and alkali metals are involved in charge pair for-
] mation and cluster fragmentation. This effect may be used
360 720 1080 1440 for surface analysis or to transfer larger molecules e.g., of
mass / u biological interest into the gas phase for mass spectrometric
Fig. 6. Direct observation of the self-ionization in water clusters by cluster analysis. In particular alkali contaminants can be detected
surface collisions. The target was held at 690 K. with hitherto unprecedented sensitivity.
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