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Abstract

Langmuir-Blodgett films of tricosenoic acid deposited on gold have been bombarded by Ga™ and Cs™ ions and
secondary ion mass spectra were measured by a Time-of-Flight spectrometer. The energy distributions of atomic ions are

found to follow the Qlomnnd_"rhnmr\cr\n law u;l—mrpac for the molecular
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C,H, positive and negative ions, the energy
distributions have a much more intriguing structure. Wlthm a given C;H, cluster, the energy distributions become broader
for the ions that are more unsaturated. This effect is more important for the smaller clusters. The more saturated ions which
have a structure close to that of the original molecule have the thinner energy distributions and these are only slightly
dependent of the fragment mass. The results are tentatively interpreted on the basis of the chemical and molecular structure

of the fragments as compared to that of the original hydrocarbon chains.

1. Introduction

Amongst the secondary ion properties, the kinetic en-
ergy distribution (KED) is of particular interest as it gives
a direct insight into the energy transfer processes govern-
ing the emission. Although the study of the KED of
secondary atomic and cluster ions has played a great role
in the modelization of the emission process in keV bom-
bardment of inorganic targets [1-7], the literature in which
the KED of organic secondary ions are reported is less
exhaustive [8-10] and rare are the cases where they are
used for modelization [11,12]. Most of the models describ-
ing the emission process from inorganic targets are based
on uncorrelated collision events that may be valid in the
case of organic targets too. However, it is hard to believe
that these models may explain every experimental data
related to organic surfaces. Indeed the ejection of the
result of a smgle or multlple collxsmn w1th cascadc atoms
in uncorrelated motion as it may be the case for atomic
and small organic ions. These particular features require a
completely different treatment assuming the correlated mo-
tion of several atoms [13—15]. The fact that this may be a
consequence of nuclear stopping is not unreasonable [14].

On the other hand, the molecular structure of the
material (inciuding the nature, orientation and strength of
the bonds), which is often neglected in the above theoreti-
cal models for simplification reasons, may play an impor-
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tant role in the emission process, as pointed out by MD
simulations [16]. This last approach will give us the key
for a realistic interpretation of our results.

In this study, tricosenoic acid has been chosen as

organic target for several reasons: (1) its properties, includ-

ing its ability to transfer as homogeneous organized layers,
are well known; (2) its structure constitutes a good model
of hydrocarbon chains, suggesting that the observations
may be extended to a lot of organic systems including

polymers; (3) its weak bonding to the substrate gold atoms

gives the opportunity to measure parent ions energy spec-

The sample substrates were realized by evaporating
gold onto clean silicon wafers under vacuum. The solution
of tricosenoic acid (Cp,H,;COOH) was then sprayed on
the water subphase and transferred as LB film onto the
substrates owing to a Lauda 2 apparatus (20 N /m?, 25°C).
For the KED measurements, only two layers were de-
posited in order to avoid sample charging under ion bom-
bardment.

3. Experimental setup

The KED measurements were perfomed in a Time-of-
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assoc.) using (5 kHz) pulsed Ga* beam (15 kV, 400 pA
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DC) and Cs™ beam (11 kV, 200 pA DC) [17]. The angle
between the source and the spectrometer axis (perpendicu-
lar to the surface) is —35° for Ga™ and +42° for Cs™. In
order to avoid sample degradation, the primary beam is
rastered onto a (100 X 100 p.m) area, allowing to keep the
total ion fluence below 10'3 jons/cm? for a set of energy
spectra covering ions across the whole accessible mass
range. During the secondary ions extraction periods, a
(3000-A) V potential is applied to the sample where A is
adjustable in order to acquire a selected part of the KED.
The departing secondary ions are accelerated and focused
before to enter a field free drift region. They are then 270°
deflected by three hemispherical electrostatic analyzers
(ESA) before reaching the detector. At the first ESA
{+90° with respect to the spectrometer axis), the energy
distribution is converted into a spatial distribution. The
jons are then energy selected by a slit of known width (100
pm corresponding to a passband of 1.5 eV) placed at the
crossover following the first ESA. Indeed, in this point, the
spatial distribution is influenced only by the energy and
angular distributions of the particle, and not by the initial
position of the particle on the sample surface. The acquisi-
tion of mass spectra for different sample voliages (A)
allows the collection of a complete KED. The determina-
tion of the zero energy point (3000 + C) V in this configu-
ration is not trivial. This is why we prefer to characterize
the KEDs by their FWHM in the following rather than by
the position of the maximum or by the coefficient of the
exponential dependence (n).

4. Results and discussion
4.1. Ga primary ions

We have recorded the KED of some atomic ions under
Ga™, 15 keV bombardment. Fig. 1a shows the raw distri-
butions of negative atomic ions coming from the substrate
and from the acid layer. The experimental points are well
described by a Sigmund—Thompson law [1,2], in agree-
ment with a simple collisional mechanism. The FWHMs of
the distributions of Au, O, C are respectively 4.4, 6.9 and
11.4 eV and the binding energies (E,) given by the curve
fitting 3.8, 5.5, and 8.6 eV. In the case of gold, there is a
good agreement between Ey and the heat of sublimation
(3.6-3.8 eV [18]), which is usually considered as a good
approximation of the surface binding energy. In the case of
carbon, E, is of the order of the heat of sublimation of
graphite (7.4 eV),

Table 1 displays the FWHM values for most of the
positive organic secondary ions. The most striking effect
concerns the C,H, ions. As shown in Fig. 1b, their KED
shifts and broadens when the number y of hydrogen atoms
decreases, e.g. the more saturated ions peak at a lower
energy and their tail factor (n) is greater than the one of
unsaturated ions (unsaturation effect). On the other hand,
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Fig. 1. (a) KED of atomic secondary ions (negative mode) coming
from the substrate (Au) and from the acid layer {C, O). The full
lines represent the Sigmund--Thompson fitting {Y(E) = CE /(E +
Ep)®). (b) KED of the C,H,” ions (x=3; y=1,2,3,5and 7).
{c) KED of the parent ion (M -+ H)"*. The zero energy corresponds
to the fitting of the KED of the atomic secondary ions.

the spreading of the FWHMs within a C;H, series in-
creases and the KED of equally saturated fragments (C/H
constant) broadens when the number of carbon atoms (i) of
the ion decreases (size effect). It seems that the regularity
with which the unsaturation effect is occurring within the
different C,;H , series may be a very important clue for the
interpretation of this result. In addition, the existing mod-
els are not able to reproduce the regular distribution broad-
ening within the C,H, series, which is in favor of an
interpretation based on the structure of the material. This
point will be emphasized in the following. The KED of the
parent-like ion (M + H)™" is displayed in Fig. lc. Though
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the width of the slit may be a limiting factor here, the
distribution is similar to the one of the most saturated ions.

Considering that the ionization processes may influence

the KED of secondary ions, we may expect a distinct
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show that it is not the case for the C,H, ions. In Fig. 2,
we report the FWHMs of positive and negative ions as a
function of their mass. The two sets of data merge together
showing that the ‘‘unsaturation broadening’’ is observed

nd +1 ar that
whatever the ions polarity and suggesting moreover that

the energy transfer mechanisms may be similar and little
affected by the ionization processes. The distributions of
the negative ions containing oxygen and reflecting the

structure of the chain are very similar with a FWHM
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4.2. Cs primary ions
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process in this system, and pamcularly to ev1dence a
possible asymmetry in the secondary ions angular distribu-
tions, the KEDs of the C,H, ions have been recorded
under Cs™*, 11 keV bombardment. The different geometry
of the Cs gun allows us to isolate the effect due to the
angular distribution from that of the KED in the measured
distributions. Indeed, at the energy slit position, the effect
of the first ESA is to deflect the jon with an initial axial
energy of an angle less than 90°, which is assumed only
for ions emitted with zero kinetic energy along the spec-
trometer axis. An additional term of radial kinetic energy
due to the angular distribution causes either an increase
(> 90°) or a decrease of the deflection, thus interferring
with the KED to be measured. Since Ga* and Cs* beam
line are mounted in opposite direction with respect to the
spectrometer axis, if an anisotropic angular distribution of
the secondary ions oriented with respect to the primary
beam leads to a relative broadening of the distribution in
the Ga* bombardment configuration, it will result in a
relative narrowing of the distribution in the Cs* bombard-
ment configuration (see experimental setup).

The results for the Cs* bombardment are summarized
in Table 1. For a given ion, the FWHM is in general
greater for Cs™ than for Ga* bombardment. This may be
due to an angular effect affecting every secondary ions in
the same way or to the nature of the primary beam itself.
The differences of nuclear stopping power and lateral

crmaollna of the pnmary ions HQ] could account for an

increase of the energy transmitted to the surface atoms and
hence for a broader KED of the secondary ions in the Cs™
mode. A slightly inhomogeneous surface potential can not
be excluded too. Anyway, the broadening of the KED
when the unsaturation of the ion increases is confirmed
below mass 50 D, showing that the angular distribution is
certainly not the reason of this effect in the low mass
range.

4.3. Modelization of the C, H, ions behavior

On the basis of the structure of the target, we have
developed a model explaining the C H, behavior. In our
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between an atom of the cascade and one of the carbon
atoms belonging to the fragment precursor (by a mecha-
nism which is not yet precised). The total energy transmit-
ted to the departing fragment is then distributed as kinetic
and internal enaroy The intarnal anarau fraction {vikration
Qi jniweiiial \/ll\/ls.’. A 1iv 11iuneiiial Ull\alsy 1Havuwuvil \viviauvil
and rotation) is increasing with the fragment size [5]. In
addition, we consider this internal energy as an excess
energy able to lead to the rearrangement of the fragment if
it is superior to the corresponding potential barrier for
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important consequences: (i) for a given impact energy, the
greater is the departing fragment, the lower will be its
kinetic energy (size effect) and (ii) for a given precursor
fragment, the greater is the total energy transmitted, the

nd tha
g"ﬂf)fnf will be the kinetic and the internal uuurgies and tne

more important the reorganization, in agreement with Ref.
[20] (reorganization effect).
In the case of tricosenoic acid, the single breaking of a

C-C bond due to the collision with an atom of the cascade
will produce a precursor P I—l where y=2x— 1, If the

total energy transmmed to the fragment is great enough, it
will have an important kinetic energy and, in parallel, an
excess of internal energy that may be sufficient to lead to
reorganization by hydrogen elimination [21] (ii). The reor-
ganized fragments, C H _,. will have a greater mean
kinetic energy than the remaining C _H ions, resulting
from a softer collision. A very energetic initial collision
will result in a more pronounced reorganization of the
sputtered fragment. The general consequence will be valid
for each C H; cluster: the less saturated are the fragments,
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Fig. 2. FWHM of the distributions of the positive and negative
C.H, ions as a function of their mass.
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Table 1

FWHM of the distributions of the positive C,H, ions (Ga*, 15 keV; Cs™, 11 keV)

lIon Mass FWHM FWHM Ion Mass FWHM FWHM

formula (D) [evV](Ga*t) [ev](Cs™) formula [D] [eVI(Ga™t) [evI(Cs™)

CH,*

o 12 12.4 H," 63 40 3.9

CH* 13 9.0 H" 65 3.0 35

CH," 14 6.5 H," 67 2.6 31

CH,” 15 3.1 4.6 H," 69 2.4 3.0

H,~ 71 2.4

c,” 24 6.4

C,H, 26 4.0 6.0 CeH,” 76 3.2

C,H, 27 2.9 3.7 CHs™" 77 3.1 38

C,H" 29 26 3.1 Ce¢H, ™ 79 2.8 3.3
C,H," 81 25 3.1

C,H” 37 44 59 CeH,,~ 83 24 35

C.H," 38 3.7 49

CH," 39 29 3.8 c,H," 91 3.0 3.7

C,H;" 41 2.7 3.1 C,H," 93 26 33

C.H," 43 2.4 2.9 C,H," 95 2.5 3.5
C,H,;" 97 2.5 3.7

Cc.H," 50 35

C,H," 51 2.8 31 CH," 103 23

C,H," 52 2.7 CgHy* 105 3.8

C.H" 53 2.8 3.4 CH,, " 107 4.1

C.H,;" 55 2.6 3.1 CzH;" 109 2.8 37

C,H," 57 23 3.8 CeH 5" 11 3.1 3.9
CgH,,” 13 2.8

Cc.H0,*

CHO™ 29 32 4.2 C,H,,0" 335 2.4 3.2

CH,0* 31 2.8 33 C,,H,;0,7 351 32

C,H,0" 43 31 3.0 C,H,0," 353 2.4

C,H;0" 45 29 2.7

C,H,0" 59 24 3.1

the greater will be their kinetic energy (unsaturation effect).
Together with the effect of the size (i), this explains
qualitatively the behavior of the C H, ions. The quantita-
tive details of the model will be given elsewhere [22].

5. Conclusion

The results are in agreement with a predominant effect
of the chemical structure of the bombarded species on the
kinetic energy distributions of the secondary molecular
ions. The ions resembling the structure of the tricosenoic
acid have indeed very narrow distributions whereas the
less characteristic ones exhibit broader distributions. Our
model, focusing on the structure of the bombarded hydro-
carbon chains, helps to understand the rearrangement and
fragmentation reactions affecting the C H, ions. It sug-
gests that hydrogen elimination may be an important
mechanism for the deexcitation of the C H, ions having
an excess of internal energy. In order to interpret the

kinetic energy distributions of secondary ions formed from
organic samples, our work shows that the future theoretical
developments will have to take into account the chemical
and molecular structure of the target.
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