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A B S T R A C T

Kinetic energy distributions of secondary ions produced by fast heavy primary ions (3 – 10 MeV 35Cl, charge states 4+, 5+ and 7+) were measured to interpret the 
dynamics of ion desorption and formation under electronic stopping regime. All measurements were done on organic targets, such as various amino-acids and 
polymers, and were conducted using a reflectron mass spectrometer with a reflector electrode used as a tool to discriminate ions below the selected kinetic energy. 
Typical average kinetic energies of molecular ions range from 0.5 to 5 eV, with some smaller monoatomic ions or ion clusters, such as H+ and H2

+, exceeding 5 eV in 
average energy and exhibiting broader distributions. The type of cation was found to significantly affect kinetic energy distributions of organic molecules, with Ag 
adducts resulting in significantly lower kinetic energies and more pronounced “negative tailing” than e.g. protonated species. Systematic measurements across 
different target voltages ruled out gas-phase ion formation as a significant source of this tailing, which is more likely due to strong surface interactions or delayed 
ejection dynamics, specific to several secondary ion species. Additionally, fragmentation was found as a source of redistribution of internal energy into translational 
motion. On the other hand, the primary ion energy did not significantly affect the kinetic energy distributions of any analyzed species, thus confirming the dominance 
of the electronic stopping over nuclear stopping within the selected primary ion energy domain.

1. Introduction

Secondary ion formation in Secondary Ion Mass Spectrometry (SIMS) 
[1] arises from a complex sequence of processes initiated by primary ion 
impact, which leads to excitation, material ejection and ionization of 
sputtered species. While the common SIMS is dominated by nuclear 
stopping and collision cascades, sputtering induced by swift heavy ions 
in the MeV energy range domain occurs primarily within the electronic 
stopping regime. The fundamental physics of such electronic sputtering 
was extensively investigated in the 1980s and 1990s through Plasma 
Desorption Mass Spectrometry (PDMS) and accelerator-based heavy-ion 
desorption studies [2,3]. These works established that (for insulating 
and organic materials), ion emission correlates strongly with electronic 
energy loss along the ion track, while the contribution of nuclear stop
ping is minor.

Within this established framework, MeV-SIMS [4] [5–7] can be 
regarded as a modern implementation of swift heavy ion induced 
desorption, using focused accelerator beams and Time-of-Flight mass 
spectrometers for mass spectrometry imaging purposes. Compared to 
keV-SIMS, the desorption process is generally considered “softer”, 
resulting in higher survival probabilities of large molecular ions [8–10]. 
Nevertheless, nuclear stopping still contributes at the levels of one 

percent (typically Se ranges between 100 and 250 eV/Å, while Sn ranges 
between 1.4 and 3.4 eV/Å for 3-10 MeV Cl ions used in this work), and 
can influence fragmentation pathways and internal excitation of des
orbed ions. Understanding how the deposited electronic energy is par
titioned between translational motion, internal excitation and 
fragmentation remains an important question for MeV-SIMS and related 
techniques.

One important observable of desorption dynamics is the initial ki
netic energy distribution (KED) of secondary ions [11]. KEDs have been 
widely investigated in keV-SIMS [12,13], gas cluster ion bombardment 
(GCIB) SIMS [14], MALDI [15], and PDMS [16–18], where they provide 
insight into energy transfer mechanisms, delayed emission and meta
stable decay [19,20]. For swift heavy-ion desorption, earlier studies 
reported characteristically low mean kinetic energies [21], however 
systematic measurements for molecular ions addressing the role of 
ionization pathway, adduct chemistry and extraction-field effects 
remain comparatively scarce.

In addition to the translational energy, the internal excitation of 
secondary ions plays a key role in determining their stability and frag
mentation behavior. Previous research has shown that metastable decay 
rates depend strongly on the type of ionization [22] and on primary ion 
parameters [23], indicating that the internal energy content of emitted 
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ions is sensitive to both electronic excitation and desorption dynamics. 
Since translational and internal energies are both derived from the same 
deposited energy, a systematic study of kinetic energy distributions can 
provide complementary information on energy partitioning during the 
emission process.

Another open question concerns the origin of kinetic-energy deficits 
(“negative tailing”) observed in some KEDs, where ions exhibit energies 
lower than the nominal extraction energy. Such features have been re
ported in various desorption techniques and may arise due to several 
factors.

The present work therefore investigates the kinetic energy distribu
tions of secondary ions produced by MeV heavy-ion bombardment of 
organic films, focusing on amino acids and polyethylene glycol (PEG) 
with various alkali and Ag cation adducts. Using a reflectron ToF mass 
spectrometer with adjustable reflector potential, we obtain KEDs for a 
broad range of atomic and molecular ions. By varying the cationization 
pathway, target potential and primary ion energy, we aim to clarify how 
these parameters influence translational energy.

2. Methods

2.1. Sample preparation

All samples were purchased from SigmaAldrich. We analyzed several 
amino-acids, such as glycine, leucine and arginine, and also polymer 
polyethylene glycol (PEG) 600. In order to test the effect of the adduct, 
some analytes (arginine and PEG 600) were mixed with trifluoroacetate 
salts X-TFA, with X being Li, Na, K and Ag. The volume ratio of the 
mixture was 1:1 and it was dissolved in water at approx. 5 mg/mL. The 
droplets of approx. 5 μL were deposited on a silicon wafer (size of 1 × 1 
cm2) and spin-coated with 2000 rpm for 30 s, giving an approximate 
thickness of a film of 50-200 nm, depending on the analyte.

2.2. MeV-SIMS analysis

Analysis was performed at the 2 MV tandem accelerator at micro
analytical center of Jožef Stefan Institute, Ljubljana, Slovenia. Due to the 
compromise between the stopping power within the accessible energy 
range, and the focusing power of the magnetic quadrupole lenses, 35Cl 
ions with energies between 2 and 10 MeV (50 to 400 keV/u) are typi
cally used for MeV-SIMS. For these measurements, we have generated 
35Cl− ions in the sputtering ion source, accelerated them in the tandem 
accelerator by voltages between 640 kV and 1.25 MV, and steered the 
ions with the selected charge state (4+, 5+ or 7+) towards the beamline. 
This resulted in corresponding energies of ions 3.2 MeV (Se = 125 eV/Å, 
Sn = 3.4 eV/Å), 5.0 MeV (Se = 170 eV/Å, Sn = 2.4 eV/Å) and 10.0 MeV 
(Se = 250 eV/Å, Sn = 1.4 eV/Å), all of them possessing very similar 
magnetic rigidity, which made the transition between different beams 
faster.

All ion beams were focused to dimensions of approx. 15 × 15 μm2, 
first by reducing the size of the slits (apertures) within the beamline, and 
finally by using triplet quadrupole magnetic lenses. The size of the beam 
was measured on a 200 periods per inch copper grid by positioning a 
channel electron multiplier (CEM) detector behind it. CEM was also used 
to measure the intensity of the primary ion beam.

2.3. KED measurement

Secondary ions were accelerated with a target voltage VT of 3 kV to a 
Time-of-Flight mass spectrometer. The spectrometer has an installed 
Einzel lens, a reflection electrode, and two microchannel plate (MCP) 
detectors, one at the end of the linear stage, and the second at the end of 
the reflectron stage. Voltage on the reflection electrode VR was used for 
the measurement of the initial kinetic energy distribution of the sec
ondary ions. Due to several factors, such as a slight tilt of the reflection 
electrode, fringe fields and alignment tolerances, a careful calibration 

was needed in order to determine the VC, a voltage where an ion with an 
energy of precisely e0VT would completely stop. The calibration was 
done for target voltages between 1 kV and 5 kV. The measured slope of 
the linear function VC (VT) was 1.003.

For each sample or primary ion energy, VR was scanned from VC - 20 
V to VC + 20 V. On the lower limit, the intensity of molecular peaks 
remained the same as the intensity with VR = 0, while on the higher 
limit, the signal was reduced to the background only. Each measurement 
lasted 3-5 min, depending on the initial intensity for each analyte, and 
all measurements for the same analyte were of equal length.

The intensity of the peaks was determined through their integration 
and reducing the background. From this data, the secondary ion yield 
(Y) could be extracted. The function of Y(VR) has a monotonous, nega
tive slope, and sees an accelerating decay beyond the point of VC. 
Therefore, the function of Y(VR) was separated into a slow decay (for VR 
< VC) and fast decay (for VR > VC). For the fitting purposes, we applied 
an empirical function to the normalized secondary ion yield as: 

Y(VR)
/

Y0 =
[
1 − k1(VR − V0)

2]
[1 − S(VR)]

+Ae− [(VR − Vc)/k2 ]
2
S(VR)

where k1 is the decay rate at VR < VC, k2 is the decay rate at VR > VC, A is 
the normalized intensity at VC, and 

S(VR)=
1

1 + e
−

(
VR − Vc

w

)

is the logistic transition function from slow to fast decay, where a 
parameter w defines the width of the transition region. Since the reso
lution of the power supplies was±0.5 V, this parameter was set to 0.5.

The function from Eq. (1) was fitted to the data, obtaining parame
ters k1 , k2 and A. Finally, a negative derivative of Eq. (1) is proportional 
to the KED.

3. Results

Fig. 1 displays the normalized secondary ion yield for various peaks – 
H+, Li+, 107Ag+ and (M + Ag)+, where M is PEG n = 14 (molecular 
weight without the adduct 632 Da). The maximum intensity of these 
peaks ranged between 2 × 104 and 1 × 105, where the relative error due 
to randomness was typically very low – less than 1 %. Samples exhibited 
the decrease in the secondary ion yield at as early as VR ≈ Vc – 8 V for the 
observed molecular peaks, so the parameter V0 was set to VC-10 V. The 
intensity of some samples (such as H+ and Li+) has no significant 

Fig. 1. Normalized secondary ion yield of secondary ions H+, Li+, Ag+ and 
[M + Ag]+ (M = PEG n = 14) as a function of VR-VC. Negative tailing is evident 
especially for the latter two species.
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decrease up to VR=VC, which caused some irregularities with the de
rivatives of the fitted functions at the transition point. However, these 
deviations were found to be small and should be ignored. As can be 
observed in Fig. 1, the differences between the fitted parameters k1, k2 
and A are quite clear.

The kinetic energy distributions were afterwards estimated as a de
rivative of the fitted function. The signal from both X-TFA mixtures of 
samples (arginine and PEG 600) was sufficient for all molecular peaks, 
and also for protonated molecular peaks for arginine (when prepared 
solely as solution in water). With unmixed PEG samples, the signal from 
the protonated peaks was significantly lower than with other adducts. 
The SIY on a protonated PEG n = 14 peak was measured at approx. 5 ×
10− 3, which is one order of magnitude lower that the SIY of the same 
peak, cationized with Li, Na, K or Ag. This led to longer measurement 
times (10 min per point), which still yielded lower, but sufficient in
tensity of approx. 1 × 104 counts. The cumulative beam fluence on the 
spot was therefore considered as a possible source of error, however it 
was still in the range of 1 × 109 ions/cm2, which is three orders of 
magnitude below the static limit measured for MeV-SIMS [24]. We 
tested this by starting the measurements at the lowest VR and the pro
ceeded to the highest (with the secondary ion yield decreasing), and 
then finalizing the measurements with measuring for VR near the V0 
value again. The second measurement yielded the same result (±2%) as 
in the initial stages of the measurement procedure.

An overview of average kinetic energies for various ion species is 
presented in Table 1.

As can be deducted from the table, hydrogen ions have typically the 
highest average kinetic energies, exceeding 5 eV. The variation of their 
distributions was very low for different samples, including arginine and 
PEG in various matrices (mixtures with X-TFA), leucine and glycine. For 
all samples, the average kinetic energy range between 5.4 and 5.6 eV. 
Similarly, low variation of KED was observed in protonated arginine 
secondary ions, which were analyzed for all arginine related matrices, 
and also for Na+ and Ag+ peaks from Na- and AgTFA mixtures with PEG 
and arginine. On the other hand, Li+ and K+ exhibited slightly different 
characteristics in arginine and PEG samples, which cannot be explained 
by the measuring error alone. Generally, the role of the matrix was 
considered low, with some other common peaks, such as fragments 
C4H8N+ (m/z = 70, common in arginine samples), and C2H4O (m/z =
45, common in PEG samples) also having similar KED for all matrices, 
but it was still relevant to some degree, as evidenced in Li and K.

Although this study focused more on positively charged secondary 
ions, a brief examination was also done on negative ions. Negative ions 
were found to have smaller average kinetic energy. While hydrogen does 
not exhibit any negative tailing in either charge state, average energies 
of molecular ions are significantly smaller in negative mode also due to 
the strong presence of negative tails. This applies for all three analyzed 

amino acids, arginine, leucine and glycine.
The role of the cation was studied in arginine and PEG samples. In 

both cases, the KED of [M + X]+ peaks closely followed the KED of X+

ions, when X = Li, Na, K (Fig. 2). With hydrogen, the KED of protonated 
peaks is much narrower, having lower average kinetic energy. On the 
other hand, for the case of Ag, the KED of molecular peaks differs 
significantly and exhibits much greater negative tailing, especially for 
PEG.

Average kinetic energies (KE) of measured molecular peaks range 
between 0.6 eV for [M14 + Ag]+, and 4.6 eV for [M14 + H]

+ (Table 2). 
While for alkali cations and hydrogen the differences are small and no 
significant trends can be observed, the samples with Ag have noticeably 
lower average KE, which is primarily a result of more pronounced 
negative tailing. The phenomenon of negative tailing is commonly 
known [18] and is prominent especially in MALDI, where average KE for 
large proteins can shift significantly into the negative energy domain. 
The reasoning behind it is not yet clearly understood, but it is speculated 
that such onset is related to the gas phase formation of specific sec
ondary ions, which can lead to the lower than nominal (e0VT) kinetic 
energy. However, other factors, such as sample charging, can also 
contribute to the energy deficit.

The intensity of negative tailing can be best presented through the 
parameter A (from Eq. (1)). Table 2 summarizes values of A for various 
ions. Evidently, the strongest negative tailing is always in samples with 
Ag, however with other adducts, negative tails occur less universally. 
For PEG samples, significant tailing was observed also with K, while 
with arginine samples, Li and also H have moderately pronounced 
negative tailing, rising significantly above the KED of sole adduct ion in 
the negative energy domain.

In several cases, the KEDs are not strictly single-peaked but exhibit a 
weak secondary maximum, which does not come from the transition of 
the fitted function, preceding the onset of the negative-energy tail, 
indicating that the observed distributions may contain contributions 
from more than one emission component.

Contrary to PEG, Arginine has two strong cation-binding sites, and 
can therefore also form [M + 2X − H]

+ secondary ions with high prob
ability, if mixed with adduct containing matrices of proper concentra
tion. The exemption is Ag, where the intensities of such peaks were too 
low measure reliably. The ratio between the intensities of [M + X]+ and 
[M + 2X − H]

+ depends on the ratio between molecular and X-TFA 
concentrations, but with our samples, the two intensities were typically 
very similar for all alkali metals.

Although the KED of [M + X]+ is very similar to the KED of X+, the 
differences between KED of [M + X]+ and [M + 2X − H]

+ peaks are 
apparent for all analyzed adducts. Fig. 3 demonstrates the differences 
between the KED of the two molecular peaks. The KED of [M + 2X − H]

+

is shifted towards lower kinetic energies, with more prominent negative 
tailing and lower reach in the positive energy domain. Such differences 
might be well explained by the universal energy loss of such ions. This 
may arise either from distinct gas-phase formation dynamics or from 

Table 1 
Average kinetic energies, and strength of negative tailing for various ion species. 
The measured kinetic energies are in good agreement with earlier measurements 
of emission under MeV heavy ion-bombardment, which reported weak substrate 
dependence and similar energy ranges of a few eV [25,26].

Ion species Avg. KE [eV] Neg. tailing

H+ 5.4-5.6 None
H− 4.1 None
Li+ 4.1-4.6 Low
Na+ 3.5-4.0 None
K+ 2.6-4.1 Varies
Ag+ 1.9-2.0 Strong
Arg + H 3.4-3.5 Moderate
Arg -H 2.1 Strong
Gly + H 2.7 None
Gly – H 0.6 Strong
Leu + H 3.0 None
Leu – H 1.4 Strong
PEG + H (n 10-20) 4.2-4.6 None

Fig. 2. Kinetic energy distributions of X+ and [M + X]+ secondary ions (X = H, 
Li, Na, K and Ag, M being PEG n = 14 or arginine). Plots exhibit clear corre
lation between X+ and [M + X]+ ions and demonstrate the onset of negative 
energy tails for several species.
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enhanced electrostatic attraction to the sample surface.
KED measurements across different target potentials (VT) were per

formed to clarify the onset of negative tailing and to understand the shift 
observed in the doubly cationized arginine peaks. By the gas phase 
formation hypothesis, one assumes, that a significant percentage of 
secondary ions, which are formed in such fashion, lose a certain amount 
of the nominal kinetic energy due to them not being formed precisely at 
the target potential. E.g. if the distance from the target to the nozzle of 
the spectrometer is 5 mm, and ions are formed at 5 μm [18] from the 
sample surface, then the lost potential is 0.1 % of the target voltage. This 
leads to a different KED when measuring with different target potentials, 
since the shift due to the gas phase formation is lower with lower target 
voltages.

The results in Fig. 4 show the distributions of Arg + H and Arg+2Na- 
H for various voltages. While the measured distributions of protonated 
arginine peak remain similar within the margin of error, the distribution 
of the doubly cationized arginine peak shift towards higher energies for 
higher target voltages. This result goes against the gas phase formation 
theory, where kinetic energy distributions should shift towards smaller 
values with an increase of target voltage. It is more likely that specific 
molecules have stronger bonding with the surface, and higher target 
voltages provide a more efficient separation with the lesser loss of ki
netic energy.

The KED of various peaks within the same spectra varies signifi
cantly, and depends on the size of the secondary ion, and also on the 
fragmentation level of a specific secondary ion species. These variations 
can be best demonstrated on PEG samples, since they consist of three 

different series of peaks: “A series” ([M + X]+), “B series” 
([M + X − H2O]

+), and “C series” ([M + X − H2]
+). The KED of the C- 

series could not be measured because the spectral peaks were broadened 
when the reflectron electrode potential was closely matched to the 
target voltage, resulting in interference from the more intense A-series 
signals. In contrast, the B-series ions were clearly resolved and exhibited 
a shifter KED relative to the A-series, as shown in Fig. 5.

Fig. 5 shows the intensities of secondary ions within the PEG 
600+AgTFA spectra with a given kinetic energy. Here, the dominant 
molecular peaks are between m/z = 550 and 900, as marked in the 
picture, where the periodic nature of both A series and B series can be 
clearly observed. The map shows the differences between the KED of A 
series and B series, such as much more prominent negative tailing of A 
series, and broader distribution of B series with less intense maximums.

Average kinetic energies and the strength of negative tailing across 
the PEG spectra are presented in Fig. 6. Once again, the prominence of 
negative tails is represented through the parameter A. The separation 
between A series and B series can be clearly observed in both plots.

Hydrogen and its clusters (H2 and H3) exhibit the highest average 
kinetic energies, above 5 eV. In the low-mass region (m/z 0-100), both 
the average and most probably kinetic energies decrease systematically. 
Most species in this range are formed through direct physical ionization 
rather than protonation. Later, however, the trend ends, and clear 
arrangement of KED can only be observed for molecular peaks, where A 
series peaks have an average kinetic energy between 0.6 and 1.1 eV, and 
B series peaks are between 2.9 and 3.4 eV.

Varying the energy of 35Cl primary ions between 3 and 10 MeV 
resulted in very minor differences between kinetic energy distributions 
of same peaks. Kinetic energy distribution for three peaks in the PEG 600 
+ Ag sample is presented in Fig. 7. The additional measurement with 5 
MeV primary ion beam, which was done on a different sample, during a 
different beamtime slot and therefore under slightly different measuring 
conditions, such as beam intensity and beam resolution, exhibited good 
repeatability of the previously obtained (and discussed) results. All pa
rameters remained within the margin for error. k1 was measured at 0.27 
V-2 (previously 0.29 V-2), A was 0.50 (previously 0.52), and k2 2.9 V 
(previously 2.9 V).

Table 2 
Average kinetic energies, parameters A (amount of secondary ions with positive 
KE) and k2 (extension of positive KE) for X+ an [M + X]+ secondary ions (X = H, 
Li, Na, K and Ag, M = PEG n = 14).

X H Li Na K Ag

Avg KE (Arg) [eV] 3.4 3.6 3.3 3.9 2.3
Avg KE (PEG) [eV] 4.6 4.1 4.1 2.7 0.6
A (Arg) 0.83 0.80 0.94 0.96 0.78
A (PEG) 0.97 0.93 0.92 0.80 0.52
k2 (Arg) [V] 4.6 5.0 3.7 4.3 3.2
k2 (PEG) [V] 5.3 4.6 4.8 4.0 2.9

Fig. 3. Kinetic energy distributions of [M + X]+ and [M + 2X − H]
+ secondary 

ions for Li, Na and K (M = arginine). A shift in KED distribution can be observed 
for all three adducts.

Fig. 4. Kinetic energy distributions of for protonated arginine (left) and doubly 
cationized arginine (right) peaks at target voltages of 1 kV, 2 kV, 3 kV and 4 kV. 
No significant differences in KED were observed for the protonated peak, while 
the distribution of the doubly cationized peak is shifted towards higher kinetic 
energies at higher target voltages.

Fig. 5. KED map of the PEG + AgTFA spectra for mass range between 300 and 
900. A visible difference can be seen between kinetic energies of A series 
([M + Ag]+) and B series ([M + X − H2O]

+). For A series, most of the secondary 
ions seem to have kinetic energies between 1 and 3 eV, while for B series, the 
distribution is broader and spans between 2 and 6 eV. A series also has a much 
more prominent negative tailing.
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While no significant differences can be observed for the KED of 
secondary ions under different primary ion energies, there are some 
minor distinctions, which can be observed. The strength of negative 
tailing decreases when the primary ion energy is increasing for all three 
peaks. Also, the parameter k2 increases with increasing energy, resulting 
in slower decay on the positive kinetic energy side. This was evident 
only with H+ and M+Ag peaks. Both of the two trends contribute to 
lowering the average kinetic energy of primary ions. However, these 
differences are very minor, and larger interval of primary ion energy 
should be included in analysis to confirm the trends. Additionally, the 
charge state of the primary ions might be another contributing param
eter for these mild differences. However, our past analysis of SIY de
pendency on energy and charge state revealed energy to be the 
dominant parameter within the relatively small range of charge states 
provided [8].

4. Discussion and conclusion

The kinetic energy distributions (KEDs) of secondary ions in MeV- 
SIMS reveal that desorption is primarily driven by electronic stopping, 
resulting in soft, low-damage emission with limited fragmentation. 
Measured average kinetic energies range from 0.5 to 5 eV, reflecting 
modest translational energy transfer and energy partitioning governed 

by surface interactions and molecular structure. Such characteristics 
align well with the thermal spike model [27,28], where similar trans
lational energies, quick decay at higher energies and strong species 
dependence are predicted. These observations are also consistent with 
earlier studies on insulating and organic films [21].

Hydrogen and its cluster ions (H2
+, H3

+) display the highest average 
kinetic energies, around 5.5 eV, with broad distributions indicative of 
diverse emission pathways near the sample surface. Heavier atomic 
cations and cationized molecular ions show lower average kinetic en
ergies and, in some cases, pronounced negative tailing, reflecting 
stronger surface binding and partial energy loss during emission. The 
type of cation significantly influences the KEDs: cationized molecular 
ions closely follow the KED of the corresponding atomic cation for Li+, 
Na+ and K+, whereas Ag+ adducts exhibit broader distributions and 
more extensive negative tailing, indicative of stronger surface binding 
and more complex desorption dynamics.

Fragmentation plays an additional role in energy partitioning. In 
PEG samples, B-series ions exhibit higher kinetic energies than the 
parent A-series, indicating that internal energy released during partial 
fragmentation contributes to translational motion.

Negative tailing of certain molecular ions, particularly for Ag+ ad
ducts and doubly cationized arginine, can arise from multiple processes 
that are not distinguishable by KED shape alone. Besides gas-phase 
formation, several other mechanisms which result in energy deficits 
are reported in relevant MALDI and SIMS literature, such as collisions 
and field shielding in a dense desorption plume [13,29]. In the present 
data, varying VT does not produce the shift expected for a dominant 
gas-phase formation of secondary ions, where the deficit scales with VT. 
Instead, for [M + 2X − H]

+ the distribution shifts to higher apparent 
energies at higher VT, suggesting the extraction-field dependent sepa
ration from the surface, and/or plume-related processes contribute more 
strongly than ion formation at a fixed reduced potential. We therefore 
interpret negative tailing as reflecting species-dependent surface/plume 
dynamics and fragmentation-related kinematics, while noting that 
further measurements would be required for a unique mechanistic 
assignment.

In addition to the lack of the expected VT scaling for a fixed-distance 
gas-phase formation picture, the strong similarity between KED of X+

and [M + X]+ for X = Li, Na and K suggests that these ions share a 
common early desorption history and that formation occurs very close to 
the surface or within the film.

The appearance of a secondary maximum in some KEDs suggests a 
combination of at least two emission channels (prompt emission or 
delayed/fragmentation-related emission). Correlation/coincidence 
measurements between cations and cationized molecular ions would be 
an excellent future test regarding the origin of these species, however, 
this is beyond the scope of this work.

KEDs show minimal dependence on primary ion energy between 3 
and 10 MeV, confirming that electronic stopping dominates over nuclear 
collisions in this regime. The small addition of nuclear stopping does not 
contribute significantly to the ejection dynamics, contrary to the case of 
fragmentation rate, where such range of primary ion energies results in 
large differences.

In conclusion, MeV-SIMS is characterized by soft, electronically 
driven desorption, where the kinetic energy of secondary ions is pri
marily governed by ion mass, cationization type and surface in
teractions. Hydrogen and its clusters show high, broadly distributed 
energies, whereas heavier cations and molecular adducts display lower 
energies and pronounced negative tailing. Fragmentation redistributed 
internal energy into translational motion, as observed in PEG samples. 
The lack of dependence on primary ion energy and the demonstration 
that gas-phase formation does not contribute noticeably to the tailing, 
suggest that surface binding and desorption dynamics are the dominant 
factor shaping KEDs. These findings provide mechanistic insight into 
energy partitioning and ion formation in MeV-SIMS, highlighting its 
utility for gentle, high-mass molecular analysis with minimal 

Fig. 6. Parameter A (above) and average kinetic energy (below) for various 
peaks in the PEG + AgTFA mass spectra.

Fig. 7. KED of H+, Ag+ and (M + Ag)+ of PEG (n = 14) for 3, 5 and 10 MeV 
primary ions. The distributions exhibit no significant differences, while the 
lower energy beams produce secondary ions with (on average) slightly more 
pronounced negative tailing and lower average KE.
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fragmentation.
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