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Abstract 

Molecular fragmentation and formation processes in PDMS are studied by measuring and discussing positive and 

negative ion spectra of pure carbon or hydrocarbon compounds. Calculations of the hydrodynamic adiabatic expansion 

of the material from the inner track result in the formation of carbon clusters in agreement with the negative ion spectra. A 

universal pattern in the negative ion spectra can thus be explained. Results of molecular breakup calculations are 

compared with the observed positive ions which are assumed to be from the ultratrack. From the comparison we 

conclude that the breakup of the carbon bonds is entropic and takes place during the desorption while the main part 

of the hydrogen separation occurs afterwards. 
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1. Introduction 

The discovery of fast, heavy ion induced desorp- 
tion opened a new field in research and chemical 
analysis [ 1,2]. The physics of the process is basically 
well understood as a fast and violent non- 
equilibrium process leading to a gentle desorp- 
tion. Because of the high initial energy densities 
involved, Macfarlane and co-workers [ 1,2] origin- 
ally thought of the mechanism as a plasma that 
might be formed along the track, which then 
might relax by blowing away and adiabatically 
cooling the atoms. Thus he named the process 
plasma desorption mass spectrometry (PDMS) 
which became generally accepted, although it 
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became clear, finally by quantitative calculations 
[3], that the bulk of the material stems from areas 
far away from the track. The energy is transferred 
mostly by charge-neutral electronic excitation and 
finally by mechanical coherent relaxation of the 
solid (mechanical shock). By this process, the 
usually large number of desorbed particles, as 
well as their large kinetic but little internal 
energy, was finally understood. The process of ion- 
ization of the resulting desorbed particles is rather 
rare despite the huge number of electrons initially 
set free (see ref. 3). 

In the following we present, analyze and inter- 
pret positive and negative ion spectra of fullerenes, 
P-carotene, and some alkanes where negative mole- 
cular and fragment ions are not observed by PDMS 
[4]. For the alkanes a more detailed study is in 
preparation [5]. 

The experimental spectra are complemented by 
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model calculations. For the fragmentation of mole- 
cules in the outer zone we applied the program 
CRUNCHER [6] assuming an entropic breakup of 
the molecule. For the process in the inner part of 
the desorption zone we did a hydrodynamical cal- 
culation of a plasma relaxing into the vacuum by 
adiabatic expansion. The material is assumed to be 
totally atomized and to then recombine to new 
molecules and clusters. An analogous process has 
been well studied in the case of cluster production 
by expansion of a gas beam through a nozzle 

[7,81. 
Thus, finally the name plasma desorption pro- 

posed for the PDMS process by Macfarlane and 
co-workers comes back to life for the inner part 
of the desorption area. 

2. Experimental 

The PDMS spectra of P-carotene and fullerenes 
were recorded in Oldenburg by the spectrometer 
OLDA 1 which was built in close cooperation 
between the two groups in Oldenburg and Darm- 
stadt. OLDA 1 is a linear TOF instrument 
equipped with an 80cm flight tube, a lOpurn 
252Cf-source, two double stage multichannel plates 
for start or stop signals, and a time digital conver- 
ter CTM/M2 connected with a DMI-card, both 
from Y. LeBeyec, IPN Orsay. The mass resolution 
is about 700. The operating voltage was &14 kV, 
the run time 15 min with p-carotene and 300 min 
with fullerenes. The p-carotene and fullerene 
samples were prepared by spraying 15 ~1 of a 

25000 
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Hexane, positive ions 

m/z 
Fig. 1. Positive ion spectra of nonane and hexane. 
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2 x low3 mol 1-l benzene solution on an aluminized 
polyester foil using an air-brush-like apparatus. 

The mass spectra of the alkanes were measured 
at Darmstadt. Details of the experiments will be 
presented in a forthcoming paper [5]. In order to 
produce spectra of clean alkanes, the samples were 
continuously refreshed by blowing the gaseous 
alkanes on the cold (- 180°C) Cu holder during 
the measurement. 

3. Positive ions 

region, but with alkanes mainly [M - HI+ and 
[M - 2H]+ are obtained (m/z 127 and 126 or 85 
and 84). The spectra show a lot of fragments 
which form groups according to the number of 
carbon atoms. The yield for Cl-fragments, contain- 
ing just one carbon atom is very low in all cases. 
The &,-fragment yield is also low. The Cz-, C3- 
and &-fragments appear very clearly in the spectra 
dominated by the C3-fragments. All these spectra 
show several cluster series in the range of higher 
masses not depicted in Fig. 1. 

3.1. Experimental results 

The positive ion spectra of nonane and hexane 
are depicted in Fig. 1. Only the mass region of the 
molecular and fragment ions are shown. Several 
mass peaks are present in the molecular ion 

The positive ion spectra of P-carotene and 
fullerenes are presented in the upper parts of 
Figs. 2 and 3. The isotopic pattern of the large 
peaks at m/z 536 and 720 depicted in the insets of 
these figures show that the molecular mass peak is 
[Ml+ for the Cm compound and [M + H]+ with a 
slight contribution of [Ml+ for P-carotene. The 
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Fig. 2. Positive and negative ion spectra of p-carotene. 
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main fragments are Cz-, C3-, Cq- and C5-fragments 

in both spectra. The yields of the Ci-fragments are 

very low as for the alkanes. Nearly all mass lines 

depicted in the mass region of Fig. 3 between m/z 

200 and 700 are members of A1203-cluster series. 

There are also small lines at m/z 720 f 24 which are 

explained by the presence of small amounts of 

other carbon cluster compounds. The C-l0-com- 

pound gives rise to a large peak at m/z 840. There 

are small peaks on the high mass side of the mole- 

cular ion peak of p-carotene (Fig. 2) arising from a 

few molecular ions which contain one or two addi- 

tional oxygen atoms. 

In general, all these positive ion spectra show: 

(i) conspicuous molecular ion peaks; 

(ii) low mass fragment ions with various inten- 

sities; 

m/z 

Fig. 3. Positive and negative ion spectra of fullerenes. 

(iii) clusters of molecules. 

3.2. Entropic fragmentation calculations 

3.2.1. Introduction. The basic model scheme is 

that ions in ordinary PDMS-spectra stem from a 

large area around the primary ion track. The en- 

ergy is transferred to the bonds by means of a 

secondary electron shower in a rather short time 

compared with thermal vibration times. Thus, the 

fragmentation here is thought to be mainly entro- 

pic, which means that probabilities for breaking 

chemical bonds should be almost independent for 

each bond of a molecule because of the high dE/dt 

value, so that there is no time to distribute the 

enormous amount of energy to other bonds before 

or during desorption, even within a single mole- 
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cule. This basic assumption is supported by the 

experimental observation that the kinetic energies 

of the desorbed molecules are in the order of the 

inverse of&/h, the expression one gains directly for 

the energy transformation time during the process 

from quantum mechanics perturbation calcula- 

tions. The thermal energies, as measured, for 

example, by thermal fragmentation, are normally 

observed to be quite cold, i.e. about two orders of 

magnitude less than the above expression. Thus, 

the velocity of ions gives information on the initi- 

ating process time but contains no thermal infor- 

mation [9]. So the basic idea of the algorithm which 

we will describe below is to simulate this “entropic” 

resp. “independent” fragmentation mechanism. 

3.2.2. CRUNCHER. The program CRUNCHER [6] 

assumes a statistically independent breakup of all 

chemical bonds of a given chemical structure of a 

molecule. The breakup probabilities are para- 

meters which have to be fitted. The fit procedure 

[lo] in the normally high-dimensional parameter 

space is undertaken by Monte-Carlo picking of 

start values and then locally exploring the maxi- 

mum similarity to the experimental spectrum. For 

the similarity measure, several alternative measures 

(linear, quadratic (“Euclidean”)) can be chosen. 

Great care has been taken to find effective algo- 

rithms to allow short enough computing times 

even for large molecules. Thus, CRUNCHER gives 

predictions of the abundances of mass lines by a 

sum of all fragmentation patterns of the molecule 

studied in terms of the purely adiabatic breakup. 

The program turned out to be very useful in pre- 

dicting the numerous mass lines [l l] of large mole- 

cules with known major breakup positions such as 

polypeptides, oligosaccharides, etc. In these mole- 

cules, however, the purely covalent bonds are rela- 

tively strong compared with, for example, 

glycosidic bonds so that they safely can be 

assumed to be small. Here, for the case of very 

light, simple, covalent bound atoms, where the 

hydrogen attachments and bonds determine the 

richness of the mass line groups, we tested the 

usefulness of the program in a limiting case. 

CRUNCHER does not contain any information on 

the charge process. Thus it cannot predict any ions. 

To compare its results with an ion spectrum one 

has to assume a charging mechanism which keeps 

the ratio of fragment abundances. However, from 

the differences of a Crunch-spectrum to an experi- 

mental spectrum one may learn about the ioniza- 

tion mechanism, as well as on the validity of the 

basic assumption of the program that the breakup 

is purely entropic (in contrast to the thermal 

breakup as known, for example, with electron 

impact spectra). 

A breakup of a molecule may be assumed to be 

accompanied by a charge separation onto the two 

resulting fragments; alternatively, in the case to be 

studied here, the charge could be picked by colli- 

sions with H2 and H, prevalent in the expanding 

cloud. This mechanism may be supported by the 

finding that the respective negative fragment ions 

are not present. 

3.2.3. Calculations for alkanes. We applied the 

program CRUNCHER to hexane and nonane, fitting 

to the experimental positive ion spectrum. In con- 

trast to some large molecules such as polysacchar- 

ides, the experimental spectrum of hexane shows a 

lot of fragmentation lines indicating a large 

amount of internal energy deposited. The refer- 

ence data for the fit were taken from the experi- 

mental spectrum by applying the peak-finding 

program PEAKS as described in detail in ref. 6. 

This allows the extraction of characteristic mass 

line data such as content and position by a fast 

and efficient algorithm. Then the experimental 

lines with the same carbon content were summed. 

The results for these fragment series C,H, sum- 

ming over all ,Y are given in Figs. 4(a) and 5(a) 

for hexane and nonane. 

The bond-breakup probabilities of the covalent 

C-C bonds were the input data of CRUNCHER to 

produce the fragments of hexane. We then tried 

several different hypothetical bond structures for 

the carbon-backbone covalent bond chain. In 

Figs. 4 and 5 we give the results of the fit done 

with various assumed bond structures. We tested 
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(a) 
chain-end bonds being allowed to be stronger (Fig. 

4(c)); 
(iii) a symmetric bond structure was assumed 

which gives a three parameter fit; this would be 
expected to simulate the preferred breakup if it 
was purely thermal (Fig. 4(d)); 

(iv) an alternating bond type (acetylenic 
structure) was tried; this could be proposed 
if one thinks that the hydrogen should be 
released as H2 as known from polymer carbon- 
ization (slow thermal degradation) prior to 
desorption; but this gave an ill defined fit with 
no improvement against a simple one parameter 
fit. 

(b) 

123456 

For nonane we tested the following bond 
arrangements by fitting their bond strengths (see 
Fig. 5): 

(i) just one type of bonds was assumed (Fig. 

5(b)); 
(ii) an alternating “acetylenic” bond structure 

was assumed (Fig. 5(c)); 
(iii) a “thermal” bond arrangement was 

assumed, every third bond being allowed to be 
different (owing to the symmetry of nonane being 
different to hexane) (Fig. 5(d)); 

(iv) a chain but with stronger end-bonds was 
assumed (Fig. 5(e)); 

(v) a symmetric bond structure but in add- 
ition with stronger end-bonds (three parameter fit) 
was assumed (Fig. 5(f)); 

(vi) we did a full four parameter fit for a central- 
symmetric bond arrangement (Fig. 5(g)). 

- I 
Fig. 4. Positive hexane spectrum with H-summed Ci tragments. 
(a) Experimental data. CRUNCHER-fit for the following assumed 

C-C bond strengths: (b) one type; (c) stronger end-bonds; (d) 
three central-symmetrically arranged bond types. 

the following bond arrangements: 

(i) just one type of bond was assumed, having 
in mind the chemical structure formula (Fig. 4(b)); 

(ii) two different bond types was assumed, the 

The quantitative results of the fits with regard to 
the respective breakup-probabilities Wi and to the 
similarity measure d are given in Table 1. 

Finally, we skipped the experimental Cr and C2 
fragments to enter the comparison. We then 
adjusted the bond break up probability for the 
end-bond of the chain to be 0.115 and for the 
inner bonds to be 0.2 for hexane and 0.06 and 
0.18 for nonane, respectively. Without any 
detailed further fit the CRUNCHER spectra given in 
Figs. 6 and 7, are obtained. 
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(a) 

(b) 
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Fig. 5. Positive nonane spectrum with H-summed Ci fragments. (a) Experimental data. CRUNCHER fit for the following assumed C-C 
bond strengths: (b) one type; (c) alternating bond types (acetylenic); (d) two bond types, each third one stronger (“thermal”); (e) stronger 

end-bonds; (f) three bond types, symmetric but with stronger end-bonds; (g) four bond types, central symmetric arranged. 

3.3. Discussion 

We conclude that, most likely, the assumption of 
a purely entropic breakup is valid, that is, that the 
breakup process takes place in a time short com- 

pared with an inner-molecular thermal equilibra- 
tion time, and, thus at the desorption. We 
attribute the lack of the smallest fragments, C1 
and CZ, to a later-stage collision neutralization. 
An acetylenic structure assumption is supported 
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Table 1A 

Breakup probabilities w, and similarity measures d to the experimental data: hexane 

Bond type* d WI w2 w3 w4 

One type 0.82 0.110 _ _ _ 

Stronger end bonds 0.89 0.007 0.194 _ _ 

Symmetrical 0.96 0.001 0.127 _ _ 

Acetylenic structure 0.82 Ill defined fit 

Table 1B 
Breakup probabilities wi and similarity measures d to the experimental data: nonane 

Bond typea d WI w2 w3 w4 

One type 

Acetylenic 
Every third 

bond stronger 
Stronger end bonds 

Stronger end bonds; 

symmetric structure 

Central symmetric structure 

0.782 

0.787 
0.922 

0.887 

0.922 

0.958 

0.11 _ _ _ 

0.039 0.193 Mirror symmetric 
0.0038 0.1181 _ _ 

0.0036 0.1612 _ - 
0.0038 0.1173 0.2463 _ 

0.021 0.003 0.256 0.222 

aFor full details, see text. 

by the experimental observation [12] that the spec- 
trum reveals a strong H2 detachment with regard to 
the hydrogen-number substructure, which prob- 
ably serves to reduce the internal energy. 

However, in the case of hexane and nonane this 
assumption leads to a result for the fit to the experi- 
mental spectrum, which is despite its two para- 
meters (two bond types assumed) not at all better 
than the fit with just one parameter. We thus con- 
clude that in PDMS the desorption does not take 
place by breaking up a preformed acetylenic struc- 

Fig. 6. CRUNCHER spectrum (left bars) as compared to the experi- Fig. 7. CRUNCHER spectrum (left bars) as compared to the experi- 

mental data (right bars) of hexane. mental data (right bars) for nonane. 

ture one would get after detachment of hydrogen, 
the detachment of most of the hydrogen occurs 
after the desorption. 

The fits seem to show that the end groups are less 
likely to break and that a symmetric fit is preferred. 
This would hint at a thermal component in the 
breakup. However, in performing the fit and 
leaving off the smallest two lines, we see that the fit 
is excellent with just a purely entropic breakup 
assumption of equal breakup probabilities for all 
bonds. We tend to the latter interpretation: a cold 
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entropic breakup of the original chemical structure 
and subsequent neutralization of the smallest frag- 
ment ions due to their high mobility and thus colli- 
sion probability and also due to their reactivity. 
Simultaneously, the larger fragments detach their 
internal energy by H2 detachment and thus “car- 
bonize”. 

Comparing the results we see that the experimen- 
tal finding of the very small amounts of v = 1 and 
(n - 1) lines, with u = n/2 being the maximum, 
cannot be quantitatively explained by any of 
these assumptions. We thus think that the ioniza- 
tion process leading to positive hydrocarbon frag- 
ments has to be revisited, for example, assuming 
post-desorption collisions in the plume, which 
might lead to neutralizations of initially ionized 
fragments as well, especially for the light and 
most reactive ones. 

above). Negative ion spectra of nonane and hexane 
are given in Fig. 8. For comparison, the p-carotene 
and fullerene spectra are included in this figure 
showing the same mass range (m/z 5-150) for all 
compounds studied here. The same set of carbon 
cluster compounds C,H, (n= 1,2,3,...; 

x=0,1,2,...) are observed with all samples in 
this mass range and only a very few mass peaks 
do not belong to these series. In addition, all 
spectra show nearly the same intensity pattern, in 
particular a very distinct odd-even effect with 
regard to the number of carbon atoms n. This 
result is highly remarkable, because the molecular 

? 
5000- 

I Nonane 

However, only positive ions of the molecules are 
observed, whereas in the negative spectrum these 
are missing. Thus, although we have calculated 
what an entropic breakup calculation would give 
for the examples chosen here, the mechanism of 
ionization cannot be that simple. We think that 
these observations will be a wide open field for 
fast gas phase chemistry and future analysis 
[5,12]. In particular, the de-dihydrogenated mole- 
cular ions could be fragments of the observed mole- 
cular clusters with quite different fragmentation 
patterns. 

6000 

Experiments should be undertaken, for example, 
with position-sensitive detectors, to confirm the 
hypothesis that the positive ion spectra have a 
large initial energy and are desorbed preferrably 
sideways, whereas the negative ions in the case 
studied here are slower and peaked to zero degrees 
[13]. The process of ionization for PDMS needs 
and deserves a much more subtle study. 

:: 
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4. Negative ions 

4.1. Experimental results 2”““” 

Negative ion spectra of P-carotene and fullerene 
are presented in the lower parts of Figs. 2 and 3 (see Fig. 8. Negative ion spectra from m/z 5 to 150. 

I A 1 

Fullerenes 

20 10 60 



110 E.R. Hilfet al./Int. J. Mass Spectrom. Ion Processes 126 (1993) 101-114 

size and structure of the compounds studied here 
are quite different. 

Negative molecular ion peaks are completely 
absent in the case of nonane. The negative molecu- 
lar ion peak of hexane might be among the peaks of 
the group ranging from m/z 84 to 89 in the hexane 
spectrum, but possibly it is also absent, as in the 
case of other alkanes [12]. 

There are clear negative molecular ion peaks of 
P-carotene and CsO (at m/z 537 and 720) but these 
are small if compared with the corresponding posi- 
tive ones. The formation of these molecular ions 
may be due to the presence of small amounts of 
oxygen (see m/z 17 in Fig. 8 on the samples of 
these compounds). The p-carotene ions are 
observed as [M + HI-, but [Ml- is also slightly 
present. In contrast, the negative molecular ions 
of C& are mainly [Ml- with a slight contribution 
of [M + HI- (see isotopic pattern in the inset of 
Fig. 3). In both spectra, there is no clear indication 
of negative fragment ions of P-carotene and C6a. 
The region of low mass fragments is obviously 
dominated by the C,H, series. The negative 
peaks in the fullerenes spectrum between m/z 250 
and 900 belong to the A1203-cluster series and the 
one at m/z 840 represents the negative molecular 
ion peak of the CT0 compound. 

In general, the negative ion spectra are obviously 
different as compared with the positive ones: 

(i) the negative molecular ion peaks are small 
or completely absent; 

(ii) there is a conspicuous set of negative ions 
easily assigned as C, with eventual addition of only 
a few hydrogens; 

(iii) very few negative mass peaks can be inter- 
preted as fragment ions which are counterparts of 
those known from the respective positive ion 
spectra. 

4.2. Adiabatic expansion model 

The observed negative ion spectra are believed to 
be dominated by matter emerging from the ion 
track. One support for this is the absence of mole- 

cular ion peaks in the negative ion spectra. We 
identify three different series of carbon cluster com- 
pounds in the spectra: 

(i) an even n-series of CZ, Cq, C6, . . . , 
(ii) a series of CzH, C4H, C6H, . . . , 

(iii) an odd n-series of Cs, C5, CT, . . . 

We have calculated the relative abundances of 
these three series and compared these with those 
taken from the experimental spectra. The similar- 
ity to the experimental abundance set of these car- 
bon cluster series is striking (see Figs. 9-12). 

Thus, we have obtained evidence for a process 
which is only dependent on the elements contained 
in the substance, but not on its molecular structure. 

We give some reasons for the different abun- 
dances observed for the three series. 

(i) the shape of the Cz,H-series is different 
from the other two because one of the possible C- 
sites is already blocked so that the probability of 
further attachment of carbons to the chain is 
decreased. 

(ii) the C&series has higher overall yields than 
the C 2n+l -series because the energy balance for the 
formation of the even chains is better, owing to a 
higher ratio of triple bonds, which are energetically 
favored in the formation process. In addition the 
even ones have a higher electron affinity [14]. 

The parameters of the calculations used to fit the 
experimental data are the initial matter density in 
the track prior to the incoming ion, which is well 
known, the initial temperature of the gaseous zone, 
which, however, drops out of the formulae owing 
to the adiabatic expansion assumed, and the stick- 
ing coefficient, which is known to be small and 
about constant. Thus, there is little to fit, which 
makes the model predictions so powerful and 
instructive [ 151. 

Theoretically, we calculated the PDMS-abun- 
dance f(n) for C, for the ions coming from the 
innermost zone around the ion impact track by 
assuming a cylindrical area of hot, dense and 
completely atomized matter at the beginning of 
the expansion process, which is then followed by 
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Fig. 9. Peak heights of negative ions extracted by the program PEAKS from the experimental spectrum of fullerenes. 

an adiabatic expansion out of the primary 
impact hole. The sequential addition of carbon 
atoms during the expansion leads to carbon 
“clusters”, the formation of which are stopped 
when the density of the expanding material 
becomes too low. Modeling the aggregation of 
carbon clusters we follow mathematically the 

adiabatic expansion of the material into a cone 
and track the abundance equation network of the 
carbon clusters. Here for simplicity and from 
experience we assume that the monomer (or 
dimer in this case) addition and detachment is 
dominating the cluster aggregation process. We 
thus skip the contributions of eventual cluster- -.--.- 

C(211) -ft- 
C(211)+H t 
c(211+1) -e-- 

I 
0 -J------,-:-,--~--~ -T 

12 24 36 48 60 72 84 
m/z 

Fig. 10. Peak heights for negative ions extracted by the program PEAKS from the experimental spectrum of o-carotene 
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12 24 96 48 60 72 84 96 108 120 132 144 156 l6U 180 lb? 
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Fig. 1 l.Peak heights of negative ions extracted by the program PEAKS from the environmental spectrum of decane (as typical for alkanes). 

cluster collisions. Going from an integral number 
of carbons n to a real variable, the advantage then 
is that we can simplify and analytically solve the 
network equations even on the adiabatically 
expanding gas environment (for the simple geo- 
metry of a cone). We end up with an analytical 

approximation expression [7]: 

f(n) M .1/‘21,,4(n2’3a-‘) exp (- $PI~/~cT-~) (1) 

where (T is a thermohydrodynamical integral 
but proportional to the monomer sticking prob- 
ability, which we take to be proportional to the 

Fig. 12. Peak heights of negative ions as calculated by Eq. (1). 
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number of active ends of the molecule and the 
strength of the binding. We assume that the car- 
bon clusters are actually polyydine-like chains. 11,~ 
is the Bessel-Function of order one quarter. The 
function C(a) has been determined to be 

C(c) = $Ncfl exp -1/20-’ (2) 
The absolute amplitude of the three cases was 
taken [16] to be 1 : l/2: l/4 for C2,H, Czn, and 
C 2n+l, respectively. We are calculating these fac- 
tors theoretically at the moment [15] together 
with a fully-fledged numerical calculation. We 
then hope to apply this algorithm to other related 
experiments such as the formation of fullerenes in 
desorption mass spectrometry [ 17,181. C(o) is being 
calculated at the moment for different experimental 
settings. 

4.3. Discussion 

The observed set of carbon clusters are assumed 
to be acetylenic chains as known from polyydines 
C=C-C. The set of carbon cluster series is about 
the same in all spectra, independent of what the 
original chemical structure of the molecule has 
been. This is emphasized by inspecting the spec- 
trum of hexane, the lighter hydrocarbon, where 
one sees the same series which then reaches even 
far beyond the molecular mass. We are thus led to 
the conclusion that these clusters are formed by 
condensation subsequent to a complete destruc- 
tion of the molecular structures. Energetically this 
can happen only in the area very close to the track 
of the impinging heavy ion. 

As calculated in the fundamental thesis of Kam- 
mer [3] along the track right next to the path of the 
incoming ion, about 40 electrons per Angstrom 
unit are set free. Thus, the atoms there are highly 
ionized and chemical structures with much lower 
binding energies are completely destroyed. As cal- 
culated by Kammer, the dense secondary electron 
cloud, blown into the surrounding solid, leaves a 
positively charged wake, which is then subse- 
quently neutralized by the more slowly moving or 
slowed down part of the electrons. An estimate of 

the amount of neutralization may be inferred by 
inspecting the respective positive spectra. There 
are very little if not no positively charged C, clus- 
ter lines. 

The ions from the inner part of the track are 
often less prevalent in the mass spectrum for geo- 
metrical reasons: the ratio of radii of the inner part, 
where the deposited energy should be large enough 
to lead to a plasma (after the leaving of the second- 
ary electrons, and thermalization), and of the total 
desorption zone is at most lo-‘, thus, the ratio of 
the respective surface areas should be less than 
10e2. Thus, if the surface density of desorbed ions 
were constant, they would be less prevalent by two 
orders of magnitude. 

It should be mentioned that much earlier hints 
have been given to this part of the mechanism: it 
was noted that PDMS spectra look more like elec- 
tron impact mass spectra, the higher the deposited 
energy density along the ion track is [19], that is, 
the higher the charge. In 1987, PDMS experiments 
on uranyl acetate gave the rather strange result that 
only uranyl-clusters were observed [20]. These 
results are now presently revisited in parallel with 
the present carbon cluster spectra. 
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