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Abstract

Electron stimulated desorption (ESD) of fragment anions and thermal desorption spectroscopy (TDS) is applied to study reactions in thin films of
a few CF COOH/CF COOD monolayers following low energy electron impact (0–20 eV). In ESD, the fragment ions H−/D− and F− are observed
v
E
e
r
t
S
0
©

K

1

o
d
s
a
w
l
N
f

A

7

M

1
d

3 3

ia resonant features in the energy range 5–12 eV similar to the dissociative electron attachment (DEA) resonances present in gas phase CF3COOH.
xtended electron irradiation of the film at energies above 9 eV generates CO2 and CHF3/CF4 as revealed by a combination of TDS and ESD
xperiments. The yield for these reactions continuously increases with energy indicating that they are initiated via electronically excited neutrals
ather than negative ion resonances. No reactions induced by sub-excitation electrons (≈1 eV) could be observed using the present experimental
echniques. In a very recent study on electron attachment to clusters of CF3COOH [J. Langer, I. Martin, G. Karwasz, E. Illenberger, Int. J. Mass
pectrom. Ion Processes 249/250 (2006), 477], the ion–molecule complex CF3COO−·H2O appeared as strongest signal via a resonance located at
.4 eV.

2006 Elsevier B.V. All rights reserved.

eywords: Electron stimulated desorption; Thermal desorption; DEA; Chemical reaction

. Introduction

We study electron driven reactions in thin films of perflu-
roacetic acid (CF3COOH) by means of electron stimulated
esorption of fragment anions (ESD) and thermal desorption
pectroscopy (TDS), the latter following irradiation of the film
t defined electron energies in the range 0–20 eV. The present
ork is the outcome of a collaborative study between the Berlin

aboratory and the Orsay laboratory in the framework of the EU
etwork EPIC (Electron and Positron Induced Chemistry). It

ollows previous experiments on electron driven reactions in sin-
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gle gas phase molecules (under single collision conditions) [1]
and in gas phase clusters generated by supersonic beam expan-
sion [2]. CF3COOH is frequently used in organic synthesis as
solvent [3] and also as catalyst for polymerization reactions [4].
It can be detected in trace amounts around the globe in soils,
plants and waters. It is believed that it is formed from the decom-
position of halocarbons [5].

In the previous gas phase experiments [1] two resonant fea-
tures were observed located near 1 eV and around 8 eV, assigned
as shape resonance and core excited resonance, respectively. The
dominant decomposition products of the shape resonance are
identified as CF3COO− and CF2COO− arising from the disso-
ciative electron attachment (DEA) reactions:

e− + CF3COOH → CF3COO− + H (1)

e− + CF3COOH → CF2COO− + HF (2)

associated with the loss of an H atom and an HF molecule,
respectively. The core excited resonance additionally decom-
poses into F−, CF3

− and CO2
−. The latter ion is considered
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metastable having a sufficiently long lifetime for mass spectro-
metric detection [6].

Electron attachment to clusters of trifluoroacetic acid
revealed interesting features as (a) the cross section for negative
ion formation at low energies (0–1 eV) significantly increases
and (b) in addition to the ions known from DEA to single
CF3COOH molecules a variety of larger complexes is observed.
The underlying reactions are assigned as intracluster DEA lead-
ing to solvated fragment ions, and (evaporative) associative
electron attachment resulting in non-decomposed cluster ions
including the monomer. The most intense signal, however, is
due to the ion–molecule complex CF3COO−·H2O which is the
result of a chemical reaction initiated by the attachment of elec-
trons at an energy of 0.4 eV to the neutral hydrogen bonded
dimer.

The goal of the present investigation is to study the response
of the CF3COOH system towards low energy electrons when
going to the condensed phase. It is well established that nega-
tive ion resonances are often preserved when proceeding from
the gas phase to the corresponding molecular films [7,8]. Such
resonances can directly be observed by mass spectrometric tech-
niques under conditions when the ionic DEA product is ejected
into vacuum (electron stimulated desorption). Extended elec-
tron irradiation of the film can lead to a chemical transformation
which can be followed by the evolution of the ESD signal dur-
ing irradiation [9] but also by analysis of the irradiated film via
t
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and is also calibrated by the onset of the injection curve. Film
charging in the course of electron irradiation results in a shift of
the onset of the injection curve with respect to the monochro-
mator potential. Since the onset is taken as reference, charging
of the film will not affect the energy scale.

The Orsay apparatus [12] consists of an electron monochro-
mator, an electrically insulated hydrogenated diamond substrate
fixed on the cold end of a He-cryostat, a QMS in line with an
energy selective filter (referred to as the energy mass analyser)
to detect electrons or desorbing ions, and an additional indepen-
dent fixed QMS. These different elements are housed in an UHV
chamber (base pressure below 8 × 10−11 mbar) equipped with
two �-metal foils to reduce the magnetic field to below 5 mG.
The electron source is a hemispherical monochromator. A com-
puter controlled electrostatic zoom lens focuses the 1–10 nA
electron beam onto the sample. The desorbed ions are either
energy selected with a hemispherical analyser and separated
from the electrons by means of the in line QMS or directly
mass analyzed with the fixed QMS. The energy of the incident
electron beam and of the desorbing ions were calibrated with
respect to the vacuum level to within ±0.2 eV by a measure-
ment of the electron energy loss spectra of the substrate covered
by the condensed trifluoroacetic acid. The electron gun and the
energy mass analyzer are mounted on rotatable stages having the
cryostat on axis, the other QMS is fixed normal to the substrate.

Trifluoroacetic acid (or its deuterated analogue CF COOD)
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hermal desorption spectroscopy [10].
It should be noted that the present CF3COOH film can-

ot be viewed as an assembly of single molecules coupled by
eak intermolecular forces (like in many films of small organic
olecules [8]). From the tendency of the present acid to form
–H and F–H bridges we can rather expect that the film and its

urface consist of a molecular network coupled by the compar-
tively stronger hydrogen bonds.

. Experimental

The experiments were performed within a coordinated study
t the Berlin and at the Orsay Laboratory. While at Orsay the
SD data on freshly deposited films of CF3COOH/CF3COOD
ere carried out, extended electron irradiation of the films and

nalysis via TDS was conducted in the Berlin laboratory. The
erlin ultra high vacuum (UHV) apparatus consists of a tro-
hoidal electron monochromator [11], a cryogenically cooled
u (1 1 1) mono-crystalline substrate mounted on a manipulator

nd a commercial quadrupole mass spectrometer (QMS) with
n ion extraction system as described earlier [8]. The substrate
an be cooled down to approximately 40 K (as measured by a
hermocouple mounted directly on the crystal) by means of a
losed-cycle He refrigerator and heated resistively up to 800 K.

The electron monochromator uses a weak homogeneous
agnetic field (15 G) which prevents the spreading of the elec-

ron beam. The background pressure is in the 10−10 mbar range,
ising after a longer series of measurements to 2 × 10−9 mbar.
he energy resolution is about 0.3 eV as derived from the steep-
ess of the onset of the electron injection curve into the uncov-
red substrate. The electron energy scale refers to vacuum zero
3
s condensed by exposing the substrate to a volumetrically cali-
rated effusive outflow from a capillary located 7 mm from the
rystal. For the evaluation of the film thickness we assume 100%
ticking of the gas on the crystal. Typically three monolayers
ML) were used.

Electron stimulated desorption is performed by recording the
egative ion yield at a defined mass as a function of the energy
rom a freshly deposited film. Successive scans can change the
hape and intensity of the signal and contain information on reac-
ions due to electron irradiation. In addition to ESD, samples
f CF3COOH and CF3COOD are irradiated at a fixed elec-
ron energy and dose and then studied by thermal desorption
pectroscopy. The evaporated material is ionized by 70 eV elec-
rons and analyzed by the quadrupole mass spectrometer. Since
he ionization process is generally associated with fragmenta-
ion of the parent cation the mass spectrum alone is generally
mbiguous. Observation of mass 44 (CO2

+) can arise from frag-
entation of CF3COOH molecules following electron impact

onisation:

−+ CF3COOH → 2e−+ CF3COOH+# → CO2
+ + · · · (3)

r as a result from ionization of neutral CO2 previously formed
y a chemical reaction in the film during electron irradiation.
hese two cases, however, can easily be distinguished by their
ifferent evaporation temperature. In the present measurements
he temperature rise was about 0.7 K s−1. The accuracy of the
emperature scale was accurate within about 10 K.

We also use the deuterated analogue CF3COOD to discrimi-
ate against possible reactions from some background H2O. The
bservation is that in the inlet system CF3COOD is effectively
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transferred into CF3COOH due to D/H exchange during colli-
sion with the walls covered by the previously used CF3COOH
and other hydrogen containing molecules. To minimize this
effect the inlet system has to be heated and several fill and pump
cycles using CF3COOD have to be applied. By this means, the
degree of deuteration in the condensed sample can be increased
to more than 50%. CF3COOH and CF3COOD were purchased
from Fluka and Sigma–Aldrich (stated purity 99 and 99.5%,
respectively) and used as delivered.

3. Results and discussion

In order to extract information on electron driven reactions
in the CF3COOH film we use electron stimulated desorption of
fragment ions and thermal desorption spectroscopy. ESD at a
freshly deposited film gives direct access to the primary reac-
tion induced by electron impact. If a molecule is subjected to
DEA at or near the surface, the associated fragment ion may
be observed by a mass spectrometer as desorbed ion under
particular kinematic and structural prerequisites (see below).
On the other hand, extended irradiation of the molecular film
(either via successive ESD scans or irradiation at a particular
electron energy) can lead to a chemical transformation of the
film, which will generally affect the ion yield in ESD (inten-
sity and shape). In a few special cases, the transformation of a
molecular film following electron irradiation can completely be
m
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Fig. 1. Comparison between two abundant fragment ions (a) CF3COO− and
(b) F− obtained from dissociative electron attachment (DEA) to gas phase
CF3COOH and the two fragment ions (c) D− and (d) F− observed from electron
stimulated desorption from a 3 ML CF3COOD film.

energies are preserved in the condensed phase as obvious by
comparing the F− signal from both phases. They appear, how-
ever, at different relative intensities. The F− desorption signal is
relatively enhanced on the higher energy part of the core excited
feature. The origin of this behaviour is not directly obvious as
the relative intensity of the signal is nearly independent from
the orientation of the sample with respect to the electron beam
and the quadrupole axis. Also the analysis of the kinetic energy
distributions of F− revealed that they do not noticeably change
with the incident electron energy. The most probable energy is
at 0.8 eV and hence the difference between the shape of the ion
yield between gas phase DEA and ESD is not due to particular
kinetic energy release effects.

We have no information on H− formation from the gas
phase molecule since the mass spectrometer used in the gas
phase experiment [1] was not capable to analyse H−. In recent
DEA experiments on formic acid (HCOOH) [15] and acetic
acid (CH3COOH) [16] performed at the Innsbruck laboratory,
no H− formation could be detected while in experiments with
much higher sensitivity (non-monochromatized electron beam)
onitored via ESD. By this method, we have recently followed
he transformation of C2F4Cl2 into Cl2 (plus perfluorinated
y-products) [9]. By irradiating the film sufficiently long with
lectrons at sub-excitation energies, such a transformation can
e made complete [13]. In TDS we analyse the desorbing neutral
aterial as a function of the temperature of desorption by pos-

tive mass spectrometry. TDS is usually applied after extended
rradiation of the sample at a defined electron energy and
ose.

.1. Electron stimulated desorption (ESD) of fragment Ions

The interaction of a freshly deposited CF3COOD film (3 ML)
ith low energy electrons leads to desorption of F− and D−, see
ig. 1c and d. Both signals show a resonant structure indicat-

ng that DEA at or near the surface is the underlying reaction.
or comparison, Fig. 1 also presents the two prominent ionic
roducts arising from DEA to single CF3COOH molecules,
amely CF3COO− (Fig. 1a) originating from hydrogen loss (1)
ia the low energy shape resonance near 1 eV and F− (Fig. 1b)
hich is mainly formed through a broader resonant like feature

n the energy range between about 5 and 12 eV. The structure
f the ion yield at higher energies (gas phase and condensed
hase) indicates that different energetically overlapping reso-
ances contribute to the overall ion yield. It remains under
uestion whether the corresponding precursor states are core
xcited resonances or shape resonances. We mention here that
uantum scattering calculations [14] carried out on the formic
cid dimer in fact predict shape resonances also at higher ener-
ies. Irrespective of the detailed classification of these electronic
tates, the comparison indicates that the resonances at higher
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H− was readily observed from acetic acid within a series of
three overlapping resonances peaking at 6.7, 7.7, and 9.1 eV
[17].

As mentioned above, CF3COOH has the tendency to form
hydrogen bridges with the dimer as a particular stable configura-
tion. Under the conditions of an effusive beam, the data indicate
that only monomers of CF3COOH are present [1] (which is also
consistent with a thermodynamic treatment of the system under
the correspondingly low pressure). In the supersonic beam, the
dimer is the predominant species [2] although larger complexes
(possibly associated via F–H bridges) are present. We can hence
expect that the condensed film also consists of a network of
CF3COOH molecules coupled by hydrogen bonding. Under
such conditions the resonances at higher energies are obviously
preserved as Figs. 1c and 1d show.

The two prominent ions observed in gas phase DEA
(CF3COO−, CF2COO−) are not detected as desorption prod-
ucts as expected from the energetic and kinematic requirements
for desorption. Apart from the orientation of the molecule at
the surface, a fragment ion can only escape into vacuum if its
kinetic energy exceeds its polarization energy with the environ-
ment, i.e., the fragment ion must gain sufficient kinetic energy
from the decomposition process. For a molecular film consist-
ing of molecules which are coupled through weak intermolecular
forces one can describe the reaction as resonant electron capture
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Table 1
Gas phase heats of formation (�H◦

f ) and electron affinities (EA) for compounds
relevant in the present reactions, taken from Ref. [21]

Compound �H◦
f (kJ mol−1)

CF3COOH −1031.4
CHF3 −697
CF4 −930
C2F6 −1344
H2O −241.8
CO2 −393.5
CF2H2 −450.6
CO −110.5

Compound EA (eV)

F 3.4
H 0.75

is energetically only accessible within the high energy tale of
the low energy shape resonance. In addition, this resonance has
�* character with the excess electron initially localized on the
COO site. F− formation then proceeds through intra-molecular
charge and energy transfer (vibrational predissociation) which
explains its low intensity in the gas phase. Accordingly, such
a rather indirect dissociation mechanism hardly provides
sufficient kinetic energy for the F− ion to escape from the
surface.

As already mentioned above, the maximum of the F− des-
orption yield peaks at higher energy compared to the prominent
peak in the gas phase DEA spectrum. This effect is not due to a
particular orientation of the surface or the appearance of a par-
ticular kinetic energy release. At this point we shall not discuss
this problem in more detail but only state that the probability
distribution in ESD (the ion yield) is principally the result of
the initial Franck–Condon transition creating the transitory ion
convoluted with the (energy dependent) probability for desorp-
tion. This can lead to a maximum in the ESD yield which is
shifted to either higher or lower energies with respect to that of
the gas phase DEA yield, dependent on which effect dominates.
It should finally be noted that the coupling of an excited reso-
nance to its environment is a complicated matter and does not
necessarily result in the usual polarization shift to lower ener-
gies as this is the case for ground state ions. The overall ion yield
above 5 eV most likely originates from different, energetically
o
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f an individual molecule at the surface following unimolecular
ecomposition of the transient negative ion (TNI) finally lead-
ng to desorption of the ionic fragment. Taking into account that
oth the TNI and the fragment ion are subjected to the (same)
olarization energy Va, and applying the principle for conser-
ation of energy and momentum one obtains a simple relation
xpressing the threshold energy for desorption Ed as [18]:

d = (mi/m)Va + �H0 (4)

ith mi and m are the mass of the ionic and neutral fragment,
espectively, and �H0 is the thermodynamic threshold of the
orresponding gas phase DEA process. Note that in this context
a is a positive number with ≈1 eV a reasonable number for
any organic molecules [19]. Irrespective of the detailed struc-

ure of the compound at the surface, expression (4) indicates that
esorption of light ions is in any case preferred. The fact that the
− desorption signal is even lower than that of F− then in fact

ndicates that the cross section for the intrinsic DEA reaction
−/CF3COOD is extremely weak.
The gas phase F− spectrum shows a signal in the range of the

ow energy shape resonance (1.5 eV), appreciably weaker than
hat at higher energy (7.5 eV). On first sight, such a behaviour
or a gas phase DEA signal appears surprising since the general
endency of the electron attachment cross section is to increase
owards low energies [20]. In fact, a closer look on the energetics
nd also the underlying mechanism of the reaction provides a
easonable explanation: The thermodynamic threshold for F−
s dictated by the relation �H0 = D(C − F) − EA(F), with D
he bond dissociation energy and EA the electron affinity. By
aking D(C − F) ≈ 5 eV and EA(F) = 3.4 eV (Table 1 [21]) we
rrive at �H0 = 1.6 eV. Hence, the DEA channel yielding F−
verlapping resonances with their electronic structure not yet
ssigned.

To summarise the ESD results it is evident that both D− and
− are formed via DEA involving resonances which are also
resent in gas phase CF3COOH/CF3COOD. No ESD signal in
he energy range of the low energy shape resonance is observed.
his does, however, not necessarily imply that in the condensed
aterial low energy electron driven reactions are not operative.
o track this problem, we have carried out extended irradiation
xperiments with subsequent analysis of the adsorbate by ther-
al desorption spectroscopy. In addition, further studies of low

nergy electron induced processes by means of high resolution
lectron energy loss spectroscopy (HREELS) are currently per-
ormed at the Orsay Laboratory.
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3.2. Reactions induced by extended electron
irradiation/thermal desorption spectroscopy (TDS)

Reactions in condensed material induced by low energy elec-
trons (<20 eV) have been the subject of many investigations
within the last years. Among these, we mention ozone synthesis
in an oxygen film [22], CO formation in condensed acetone [23],
Cl2 formation from a C2F4Cl2 film [9,13] or CO2 formation in
formic acid, HCOOH [10]. At least for ozone synthesis from O2
and Cl2 synthesis (from C2F4Cl2) it was clear that the reaction is
initiated by DEA. In C2F4Cl2 a complete transformation of the
film was obtained by using electrons at sub-excitation energies
[13].

Fig. 2 shows two thermal desorption spectra after the
CF3COOH film (freshly deposited in both cases) has been irra-
diated by electrons at 9 and 15 eV, respectively (40 nA, 600 s).
The spectra are recorded via the 44 amu signal (CO2

+) which is a
representative member of the fragmentation pattern in the mass
spectrum of CF3COOH at 70 eV electron impact [24]. Since the
non-irradiated film only shows a feature around 160 K (not pre-
sented here) we ascribe the peak near 160 K in Figs. 2a and 2b
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to desorption of intact CF3COOH molecules. After irradiation
with electrons at energies above 9 eV a new structure gradually
appears in the TDS corresponding to material already desorbing
at distinctly lower temperatures (around 70 K, see Fig. 2b). This
new feature can be ascribed to the desorption of CO2 produced
during irradiation: CO2

+ is the dominant ion in the mass spec-
trum of gas phase CO2 and the vapour pressure of condensed
CO2 increases from 10−11 at 65 K to 10−8 mbar at 76 K [25].
This corresponds to the experimental situation with the cham-
ber background pressure at 10−10 mbar rising into the 10−8 mbar
range during thermal desorption.

During irradiation the ratio in the intensity of the two desorp-
tion peaks (75/165 K) levels off already at an irradiation time
of about 10 min corresponding to a dosage of 24 �C or about
1014 electrons impinging on an area of about 0.3 cm2. This mir-
rors some equilibrium between CF3COOH and CO2, already
established at that dosage. A search in the energy range around
1 eV, where the pronounced shape resonance is present (visi-
ble in DEA to single CF3COOH molecules and clusters), did
not show any signature of CO2 formation. We note, however,
that current HREELS experiments at Orsay in fact show CO2
formation at an irradiation energy of 1 eV [26] indicating that
the low energy resonance is involved in CO2 formation and at
higher irradiation dose that HREELS is more sensitive than the
presently applied desorption technique.

The energetically lowest pathway for carbon dioxide for-
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ig. 2. Thermal desorption spectrum from CF3COOH films recorded on the
4 amu ion (CO2

+) following irradiation with electrons of (a) 9 eV and (b) 15 eV
film thickness: 3 ML; electron intensity: 40 nA; irradiation time: 600 s). The
pectrum at 9 eV closely resembles that of a non-irradiated film and the feature
ear 160 K is due to desorption of CF3COOH. The new feature appearing at
ow temperature after 15 eV irradiation is considered to arise from desorption
f CO2 formed under electron impact to the film (see the text).
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ation from CF3COOH is coupled with formation of trifluo-
omethane according to

F3COOH → CO2 + CHF3 (5)

n the gas phase this reaction is exothermic by −59 kJ mol−1

Table 1), but subject to an appreciable activation barrier.
To check whether also trifluoromethane is formed we per-

ormed thermal desorption spectroscopy by recording CF3
+

69 amu), the dominant ion in the mass spectrum of CHF3 and
he second intense in CF3COOH, and also ESD on a pure CHF3
lm.

Fig. 3 shows a sequence of desorption spectra obtained at
9 amu. The non-irradiated film exhibits the usual desorption
haracteristics of CF3COOH with a peak near 165 K. At 130 K
small satellite peak is visible, the origin of which is not clear.

t may arise from molecules with lower adsorption energy (not
oupled in the hydrogen bonded network). At an irradiation
nergy of about 3 eV this satellite peak appears at lower tem-
erature (120 K) and one can speculate whether this signal is
ue to the homolytic C–C bond cleavage generating the neutral
adicals CF3 and COOH.

Near 10 eV, finally, a new CF3
+ desorption feature appears at

istinctly lower temperature (≈60 K) indicating the generation
f a more volatile compound. This signal may be attributed to
esorption of CHF3, which is supported by the observation that
esorption of a pure CHF3 film (not shown here) occurs at ≈60 K
s observable on the CF3

+ signal.
To obtain complementary information we have applied ESD

n pure CHF3. Fig. 4c shows the F− desorption signal from
freshly deposited CHF3 film yielding a comparatively weak
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Fig. 3. Thermal desorption spectra from a 3 ML film of CF3COOH obtained
on the 69 amu signal (CF3

+) after irradiation with different energies: (a) with-
out irradiation, (b) with 3 eV and (c) with 15 eV. The feature appearing at low
temperature after irradiation with 15 eV electrons is considered to arise from
desorption of CHF3 and/or CF4 (see the text).

signal in the range 12–16 eV. After successive scans a new
desorption feature peaking at 5.5 eV appears which gradually
becomes the dominant contribution, see Fig. 4b. This low energy
feature closely resembles the F−/CF4 ESD yield obtained from
a freshly deposited pure CF4 film (Fig. 4a). We hence conclude
that CHF3 is rapidly transformed into the thermodynamically
more stable compound CF4. It should be mentioned that both
CF4 and CHF3 generate a very similar TDS feature (recorded on
the CF3

+ signal representing the dominant peak in the mass spec-
trum of both compounds). We finally note that a series of more
cations are observed in the mass spectrum of the desorbed mate-
rial (CF+, CF2

+, CF3
+, CF2H+) arising from the initial molecule

or electron induced products. They show similar desorption fea-
tures as those discussed above.

For the chemical reactions induced in the CF3COOH film
as observable via ESD and TDS we finally propose the follow-
ing reactions. At a threshold near 3 eV electron impact leads to
homolytic C–C bond cleavage:

CF3COOH → CF3 + COOH (6)

with both radicals desorbing at some lower temperature than
the initial molecule. In addition, transformation into CO2 and
CHF3 (reaction (5)) occurs via secondary reactions induced by
electrons. The evolution of the F−/CHF3 ESD spectra further

Fig. 4. F−/ESD yields: (a) first scan from a freshly deposited film of CF4 (#1),
(b) third scan from a freshly deposited film of CHF3 (#3) and (c) first scan from
the same film. The sequence indicates fast transformation of CHF3 into CF4

under electron impact in the range 0–17.5 eV.

indicates the transformation of CHF3 into CF4 (Fig. 4). The
resulting overall reaction can then be summarized as

2CF3COOH → 2CO2 + CF4 + CF2H2 (7)

In the gas phase this reaction is exothermic (−105 kJ mol−1,
Table 1. We will not speculate on the detailed mechanisms and
sequences of these reactions but note that they are most likely ini-
tiated through electronically excited states of neutral CF3COOH.

As mentioned above, electron attachment in clusters gen-
erates the ion molecule complex CF3COO−·H2O as strongest
signal peaking at 0.4 eV via the low energy shape resonance. To
obtain information whether such a reaction also takes place in
condensed CF3COOH, we have performed extended irradiation
experiments on CF3COOD. We used the deuterated analogue
to distinguish from possible signals due condensation of H2O
which is always present to some extend in the background gas.
The observation is that the TDS spectrum in fact gives a sig-
nal at 20 amu (D2O+), arising within a desorption feature in the
same temperature range where CF3COOD desorbs. This signal,
however, is already present by desorbing the non-irradiated film.
It should be mentioned that from the thermodynamic point of
view, CF3COOD is an unstable species and the reaction gener-
ating water:

2CF3COOD → D2O + CO2 + C2F6 + CO (8)
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is slightly exothermic (−27 kJ mol−1), but in the gas phase kinet-
ically hindered by large activation barriers. One can hence not
exclude that the metal surface acts as a catalyst for reaction (8).
Desorption of the non-irradiated film, however, does not give evi-
dence for the presence of CO2 and the presence of C2F6 would
generate an F− resonance in ESD peaking at 3.9 eV [27]. The
absence of this resonance does not point to a catalytic reaction
in the non-irradiated film.

On the basis of the material available so far we have no indi-
cation that H2O is generated at low energies. In fact, the cluster
experiments showed that this reaction is essentially restricted to
the dimer [2] and it is hence likely, that this channel is completely
quenched by a larger dissipative environment.

4. Conclusions

In conclusion the present system CF3COOH apparently
shows remarkable effects at any stage of aggregation on the route
from single gas phase molecules over clusters to the condensed
material. While the gas phase molecules possess a pronounced
low energy shape resonance leading to the loss of H and HF, elec-
tron attachment to dimers of CF3COOH triggers water formation
observable on the ion-molecule complex CF3COO−·H2O as the
most abundant ion of the negative ion mass spectrum recorded
at 0.4 eV. Electron impact to condensed CF3COOH/CF3COOD
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