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Abstract. Here we present a combined theoretical and experimental study on dissociative ionization of
(η3-allyl)Ru(CO)3Br, a potential precursor for focused electron beam induced deposition. Experimental
appearance energies are determined by electron impact ionization and relative cross sections for selected
fragmentation channels are presented from their respective thresholds to about 70 eV incident electron
energy. Threshold energies for individual fragmentation channels are computed at the hybrid density func-
tional and coupled cluster level of theory and compared to the respective experimental appearance energies.

1 Introduction

Focused electron beam induced deposition (FEBID) is a
nanofabrication technique with the capability of directly
writing three-dimensional nanostructures by metal depo-
sition on uneven surfaces with a tightly focused, high-
energy electron beam [1–3]. Deposition is the result of
electron induced reactions causing fragmentation of the
precursor molecules, which are continuously supplied to the
substrate surface. Ideally, FEBID precursors should dis-
sociate completely upon interaction with the high-energy
electron beam, creating pure deposits of well-defined com-
position confined to the area exposed to the electron beam.
However, the interaction of a high-energy primary elec-
tron beam with a substrate produces backscattered and
secondary electrons with a broad energy distribution. The
energy distribution of the secondary electrons produced in
this process generally ranges from close to 0 eV to about
100 eV, peaks below 10 eV and has a substantial value at
energies close to 0 eV [4,5]. These low-energy secondary
electrons may be significantly more plentiful at the point of
interaction on the substrate surface than the high-energy
primary electrons [1,6] and may cause fragmentation of the
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precursor molecules [7–11]. Further, the low-energy elec-
tron induced fragmentation processes may have consider-
able cross sections (see e.g. Refs. [11,12] and references
therein). Such low-energy electron induced fragmentation
typically results in incomplete decomposition and ligand
co-deposition, and is thus relevant to deposit purity. In
fact, currently used FEBID precursors commonly lead to
low purity deposits and deposits broadening beyond the
dimension of the primary beam [1,2]. This is mainly due to
the spatial distribution of the backscattered and thus low-
energy secondary electrons. Generally, low-energy electrons
can induce fragmentation through four distinct processes,
as shown in equations (1)–(4): Dissociative Ionization (DI,
(1)), Dissociative Electron Attachment (DEA, (2)), Neutral
Dissociation (ND, (3)) and Dipolar Dissociation (DD, (4)).

AB + e− → AB#+ + 2e− → A#+ +B# + 2e− (1)

AB + e− → AB#− → A#− +B# (2)

AB + e−(ε1)→ [AB]? + e−(ε2 < ε1)→ A# +B# (3)

AB+ e−(ε1)→ [AB]? + e−(ε2 < ε1)→ A#+ +B#−. (4)

Here the hash, #, indicates that the transient negative
ion (TNI) and/or the fragments produced may be in an
electronically and/or vibrationally excited state, while the
asterisk, ?, indicates an electronic excitation. In support
of the efforts to develop high performance FEBID pre-
cursors, it is important to understand the energy depen-
dence and the extent of these electron-induced processes
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with current and potential FEBID precursors, and to com-
pare such data with their decomposition on surfaces and
their actual performance under real FEBID conditions. In
this context several studies on electron-induced decompo-
sition of FEBID precursors in the gas phase under sin-
gle collision conditions (see e.g. Refs. [11,13–16] and Refs.
therein) and at surfaces under controlled UHV conditions
have been conducted (see e.g. Refs. [17–19] and Refs.
therein). The comparison of such gas phase and surface
data has also been reported in collaborative studies (see
e.g. Refs. [11,20]) and most recently this approach has
been extended by comparing the gas phase decomposi-
tion of the bimetallic precursor HFeCo3(CO)12 with its
decomposition under electron exposure at surfaces under
controlled UHV conditions and its deposition performance
under actual high-vacuum FEBID conditions [21].

In this context we have studied dissociative electron
attachment (DEA) to (η3-allyl)Ru(CO)3Br in detail
[22,23], using this potential precursor as a model compound
with three different types of ligands with distinctly different
properties. The same compound has also been studied with
regards to its fragmentation and deposition properties
when adsorbed on a substrate surface and exposed to
500 eV electrons under controlled UHV conditions [24].
Most recently FEBID and reductive post purification of
π-allyl ruthenium(II) tricarbonyl has also been reported
[25], showing 23 at. % content in the initial deposition and
83 at. % after treatment with 2% hydrogen in a nitrogen
gas. However, in these experiments significant volume
reduction was observed after the purification step. These
studies are particularly interesting as FEBID has been
developed on a commercial scale for photo mask repair, and
due to its fairly high transparency in the extreme ultraviolet
regime, ruthenium is commonly used as a capping layer
in the currently emerging EUVL masks [26]. Current Ru
precursors are limited, and the only ones we are aware
of are Ru3(CO)12 [27] and bis(ethylcyclopentadienyl)
ruthenium(II) [26,28] thus providing an additional motiva-
tion for our current study of (η3-allyl)Ru(CO)3Br. In the
current contribution, we extend our previous studies on
(η3-allyl)Ru(CO)3Br by presenting the energy dependence
of the relative cross sections for electron impact ionization
and dissociative ionization of this potential FEBID precur-
sor. Furthermore, we use the onset of the positive ion yield
curves to estimate the ionization energy and appearance
energies (AEs) for the principal dissociative ionization
fragmentation channels. Further, threshold energies for the
principal fragmentation channels, at the PBE0 [29,30] and
DLPNO-CCSD(T) [31–33] level of theory are reported and
compared to the respective experimental AEs.

2 Method

2.1 Quantum chemical calculations

All calculations were performed using ORCA [34]. All
structures were optimized at the PBE0 (hybrid GGA
functional) [29,30]/def2-TZVP [35] (using the def2 effec-
tive core potential [35] for the ruthenium core electrons),
including the D3(BJ) dispersion correction by Grimme

et al. [36,37]. PBE0 and BP86 [38,39] (GGA functional)
have both been found to give very reliable structures of
transition metal complexes [40–42]. However, in thermo-
chemical studies on transition metal compounds, PBE0 is
often among the best performers [43–45]. Thus, for com-
parison PBE0 threshold values are reported along with
the threshold values calculated at the coupled cluster
level of theory. Also a comparison with threshold val-
ues calculated at the BP86 level of theory is given as
Supplementary Material (Tab. SI1). Harmonic vibrational
frequencies were calculated at the PBE0/def2-TZVP level
of theory. They were confirmed to be positive and were
used to derive zero point vibrational energy and thermal
energy corrections. Potential alternate isomers and spin
states were investigated in order to make sure that the low-
est energy state was indeed determined for each fragment.
Coupled cluster calculations were performed on optimized
geometries at the DLPNO-CCSD(T) [31–33] level of the-
ory, using DZ/TZ extrapolation (def2-SVP [35] and def2-
TZVP), auxiliary def2-QZVPP/C [46] basis set and ECPs:
def2-ECP (for Ru). Quasi-restricted orbitals [47] were
used as a reference in the coupled cluster calculations,
which reduces spin contamination from the UHF step.

2.2 Experimental

Positive ion yield curves and mass spectra were recorded
with an electron-molecule crossed beam setup that has
been previously described in detail [48]. Only a brief
description is given here. The crossed beam setup con-
sists of a trochoidal electron monochromator (TEM),
an effusive gas inlet and a commercial quadrupole mass
spectrometer (QMS) (Hiden EPIC1000, Hiden Analyti-
cal, Warrington UK). The quasi mono-energetic electron
beam is crossed with the effusive target gas, generated by
sublimation of solid (η3-allyl)Ru(CO)3Br at room tem-
perature, entering the reaction region through a capil-
lary tube. The typical background pressure was around
4 × 10−8 mbar and experiments were carried out with a
target gas pressure in the range from 3 to 6×10−7 mbar in
order to assure single collision conditions. The gas temper-
ature is assumed to be that of the inlet system (room tem-
perature), but the monochromator was heated to 120◦C
with two halogen lamps in order to avoid deposition of the
target compound on the electrical lens components. The
electron energy was calibrated using the SF6

− formation
from SF6 at 0 eV electron energy and the energy resolution
was estimated from the full width at half maximum of that
signal and was found to be in the range from 120–140 meV
in the current study. Mass spectra were recorded at fixed
electron impact energy, typically 70–75 eV, by scanning
through the relevant m/z range and ion yield curves were
recorded at fixed m/z ratios by scanning through the rele-
vant electron energy range. The ions formed in the crossed
beam region were extracted by a small electric field (typi-
cally <1 V/cm) and focused onto the entrance aperture of
the quadrupole mass spectrometer. The extraction time
from the point of origin to the entrance of the QMS was
in the range of 20−30µs, depending on the voltage set-
ting and the mass of the respective ions. To allow better
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Table 1. Experimentally determined ionization and AEs for the principal fragments observed in electron impact ionization and
fragmentation of (η3-allyl)Ru(CO)3Br compared to the respective threshold values calculated at the PBE0/ def2-TZVP and at
the DLPNO-CCSD(T) Extrapolate(2/3,def2) def2-TZVP/C level of theory (including ZPE and thermal energy of the neutral
molecules).

Fragment m/z AE PBE0 / def2-TZVP DLPNO-CCSD(T) Extrapolate(2/3,
def2) def2-QZVPP/C

[(π−C3H5)Ru(CO)3Br]+ 306 8.6 ± 0.6(±0.6) 7.99 8.20
[(π−C3H5)Ru(CO)2Br]+ 278 9.9 ± 0.5(±0.1) 9.43 9.57
[(π−C3H5)Ru(CO)Br]+ 250 10.8 ± 0.5(±0.2) 10.76 10.58
[(π−C3H5)RuBr]+ 222 13.3 ± 0.5(±0.5) 12.77 12.34
[Ru(CO)3Br]+ 265 12.9 ± 0.6(±0.6) 10.13 10.40
[Ru(CO)2Br]+ 237 13.4 ± 0.5(±0.5) 12.24 12.29
[Ru(CO)Br]+ 209 15.7 ± 0.5(±0.5) 15.31 15.59
[RuBr]+ 181 16.6 ± 0.6(±0.6) 17.65 17.02
[(π−C3H5)Ru]+ 143 15.9 ± 0.5(±0.1) 15.15 14.33
[RuC]+ 114 17.4 ± 0.5(±0.4) 21.96?(18.6??) 20.44?(17.11??)
[Ru]+ 102 18.8 ± 0.5(±0.5) 18.74 17.81

?Assuming that the carbon originates from the allyl group and that H2 is formed in the fragmentation process (see Eq. (7))
?? Assuming Br- formation through dipolar dissociation, but otherwise as shown in equation (7).

comparison between the relative cross sections for
individual fragmentation channels, the respective ion
yields were normalized to the pressure, and the Ar+ ion
yield from Ar at 70 eV incident electron energy recorded
for each specific experiment:

INorm. =

(
Im/z

IAr+
70 eV

)(
pAr

pRu

)
. (5)

Here Im/z is the spectral intensity of a particular m/z

fragment from the (η3-allyl)Ru(CO)3Br and pRu is the
partial pressure of (η3-allyl)Ru(CO)3Br during a particu-
lar measurement. IAr+

70 eV
and pAr are the measured Ar+

ion yields at 70 eV and the Ar pressure during the same
measurement, respectively.

For determination of the appearance energies, the
energy scale was recalibrated using the AE of Ar+ with
Ar as the target gas [49]. The onset of the ion yields were
fitted with a Wannier type function [50] of the form:

E ≤ AE, f(x) = b
E > AE, f(x) = b+ a(E −AE)d.

(6)

Here, E represents the energy of the incident electron,
AE represents the appearance energy, b is a constant that
considers the background signal, a is a scaling coefficient,
and d is an exponential factor. Examples of these fits can
be found in the ESI. The resulting ion yield curves for
each fragment were obtained with the average of mul-
tiple scans recorded after each other. The fitting error
from fitting equation (6) to these data sets ranges from
<0.1 eV to about 0.6 eV. We, however, estimate the confi-
dence limit to rather be in the range of 0.5 eV, as only one
data set is behind each fit. These are the confidence limits
reported, but in Table 1 and Table SI1 the fitting errors
are also reported in parenthesis. The (η3-allyl)Ru(CO)3Br
was synthesized as previously reported [51], purified by
sublimation at 30◦C and 90 mTorr and characterized by
comparison with literature values [51,52].

3 Results and discussion

Figure 1 shows a positive ion mass spectrum result-
ing from electron impact ionization and dissociation of
(η3-allyl)Ru(CO)3Br at 75 eV incident electron energy.
The mass spectrum is characterized by three progressions:
i) loss of 1-3 CO ligands, ii) loss of the allyl group and 0-3
CO ligands, and iii) the loss of bromine and 0-3 CO lig-
ands. The most prominent of these progressions is that of
the loss of 1-3 CO ligands and interestingly, most of the
intensity in the other two progressions is in the m/z ratios
reflecting the loss of all three CO units along with the loss
of the allyl group and bromine, respectively. In addition
to these three regressions, RuCO+, RuC+ and Ru+ are
observed with fair intensities. Figure 2 shows the respec-
tive positive ion yield curves for (a) the loss of 1-3 CO
units and (b) the loss of the allyl group and 0-3 CO units.
Such progressions of CO loss are commonly observed in
dissociative ionization of carbonyl containing FEBID pre-
cursors. The formation of the bare metal ion with appre-
ciable intensity is common in dissociative ionization of
pure metal carbonyls, but is generally less efficient for
other organometallic species (see for example Refs [53–55]
and Refs therein). The ion yield in the energy range from
0–70 eV electron incident energy and an expansion of the
threshold region is shown in the lower panels (c and
d). For better comparison, the ion yield curve for the
formation of the parent ion is shown in all panels and
all ion yields are normalised with respect to pressure and
the Ar+ ion yield measured at 70 eV, see equation (5).
The experimental AEs for these fragments, determined
by fitting equation (6) to the threshold region, are shown
in Table 1 along with the respective threshold values cal-
culated at the PBE0/ def2-TZVP and at the DLPNO-
CCSD(T) Extrapolate(2/3,def2) def2-QZVPP/C level of
theory. Also shown are the calculated threshold values
for the loss of bromine (or bromide), three CO units
and for the formation of Ru+, RuC+ and RuCO+. The
experimental AEs and the calculated threshold values are
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Fig. 1. Electron impact ionization mass spectrum of (η3-allyl)Ru(CO)3Br recorded at 75 eV incident electron energy. The
main channels observed are sequential carbonyl loss (1-3 CO), allyl loss accompanied by sequential carbonyl loss (0-3 CO),
and bromine loss accompanied by sequential carbonyl loss (1-3 CO). Reproduced from reference [22] with permission from the
PCCP Owner Societies.

Fig. 2. Positive ion yield curves for (a) the loss of 1-3 CO units and (b) the loss of the allyl group and 0-3 CO units.
The ion yield curves are shown in the incident electron energy range from below threshold to about 70 eV and an expansion
of the threshold region is shown in the lower panels (c and d). All ion yields are normalised with respect to the pressure and
the Ar+ ion yield from Ar at 70 eV incident electron energy recorded for each specific experiment, see equation (5). For better
comparison the ion yield curve for the formation of the parent ion is shown in all panels.

further compared in Figure 3, which also shows the opti-
mized structures of the respective cationic fragments (the
x,y,z files are provided with SI). Here, the AE for m/z
306 corresponds to the IE of (η3-allyl)Ru(CO)3Br and is

experimentally determined to be 8.6 eV. The adiabatic IE
calculated at the DLPNO-CCSD(T) Extrapolate(2/3,
def2) def2-QZVPP/C level of theory is 8.20 eV. Consid-
ering the confidence limits of the experimental values, the
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Fig. 3. Optimized structures and threshold energies for charged fragments observed in dissociative ionization of
(η3-allyl)Ru(CO)3Br. Also shown are the experimentally determined AEs for the respective fragments. The structural opti-
mization was carried out at the PBE0/def2-TZVP level of theory and the threshold energies were calculated at the PBE0/def2-
TZVP and at the DLPNO-CCSD(T) Extrapolate(2/3,def2) def2-TZVP/C levels of theory. The optimized structure of the
neutral molecule is shown as the origin (0 eV) of the energy axis. All numbers are in eV.

agreement is fairly good. The same is true for the thresh-
old values for sequential CO loss, except for the coupled
cluster value for the loss of 3 CO units, which is about 1 eV
below the experimentally determined AE. The calculated
values for the allyl loss and the allyl loss and one CO loss,
on the other hand, are considerably lower than the exper-
imental AEs for the loss of the allyl and the allyl and one
CO unit. The calculated threshold value for the allyl loss
and the loss of two CO units, on the other hand agrees
comparably well with the experimentally determined AE.
Turning back to the mass spectra shown in Figure 1 and
the ion yield curves shown in Figure 2 it is clear that most
of the intensity in this regression is from the loss of the
allyl group and all three CO units. This may be due to a
considerable kinetic shift in the allyl loss channel, making
the allyl loss too slow to be observed at threshold in the
current experimental setup. We note that this must be a
substantial effect, as the observation window in the cur-
rent setup is about 20–30µsec and the calculated thresh-
old values are about 2.5 eV below the experimental AE
for the allyl loss. However, presuming that all observed
dissociation channels are from the cationic ground state,
the allyl loss would compete with the energetically much
more favourable, and presumably faster CO loss. This is
further supported by the fact that the (η3-allyl) group is
a polyhapto ligand with a π-facial interaction of all three
allyl carbons with the central Ru atom. Another possible
explanation is that the initial allyl loss proceeds from an
electronically excited cationic state that is considerably
higher in energy than the ground state. In both of these
cases, the excess energy is readily available for further CO
loss after the initial allyl loss, which provides a rationale
for the bulk of the intensity for this regression represent-
ing loss of the allyl group and all three CO units. Hence,
reflecting the resilience of the allyl group and the lability
of the CO units toward dissociation from the complex.

The remaining fragments, m/z 130, 114 and 102, are
assigned to RuCO+, ruthenium carbide RuC+ and Ru+,
respectively. For RuC+ we find the AE to be 17.4±0.4 eV
and the calculated threshold value, assuming that the car-
bon originates from the allyl group and that H2 is formed
in the process, is 20.44 eV;

(η3 − allyl)Ru(CO)3Br + e− →
[RuC]+ + Br + 3CO + CH2CH + H2 + 2e−.

(7)

However, presuming that this fragment results from
dipolar dissociation leading to bromide formation, the
threshold calculated at the coupled cluster level is found
to be 17.11 eV, which is in good agreement with the
experimental value. Previously we have reported gas
phase DEA studies to (η3-allyl)Ru(CO)3Br [22,23], and
recently Spencer et al. [24] reported a study on the
electron-induced decomposition of this compound when
adsorbed on surfaces at low temperature under controlled
UHV conditions. In the surface study by Spencer et al.
[24], attention was given to comparison of the different
ligands in the context of their suitability as leaving
groups in FEBID precursors. The authors found that the
electron-induced fragmentation of (η3-allyl)Ru(CO)3Br
adsorbed on surfaces, is characterized by an initial CO
loss. Judging from the intensity in the O (1s) signal in
their XPS spectra, about 80% of the CO is lost already
after an irradiation of about 4 × 1016 e− cm−2. Further
electron irradiation of about 5 × 1018 e− cm−2 effectuated
removal of the bulk of the bromine, but the carbon from
the allyl group remained on the surface. Under gas phase
single collision conditions, we find the most significant
electron induced dissociation channel to be the loss of a
single CO. In fact, the loss of CO ligands per incident
electron in DI is about 2, while the CO loss per DEA
incident is about 1 [22]. Further, other channels than
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CO loss are insignificant in DEA, while both allyl and
bromine loss is observed in DI of (η3-allyl)Ru(CO)3Br in
the gas phase. Thus neither the ligand loss as observed
in DI in the gas phase under single collision conditions,
nor that observed in DEA reflects the observations when
(η3-allyl)Ru(CO)3Br is adsorbed on surfaces and is
exposed to 500 eV electrons [24]. Interestingly, in a very
recent FEBID study [25] on π-allyl ruthenium(II) tricar-
bonyl bromide at room temperature, a reduction of the
C:Ru ratio from the initial 6:1 found in the precursor to
2:1 in the deposit is observed; i.e., an average of 4 carbon
atoms are lost during the deposition process. The O:Ru
ratio in the deposit is similarly reduced to 0.3:1 from the
initial 3:1. The authors interpret these observations as
due to essentially complete CO loss, but also a partial
allyl loss. They point out that the reason for the lack of
allyl loss in the surface experiments may be due to the
low temperature these are conducted at (−168◦C). No
bromine loss is observed in the FEBID experiments, which
is readily understandable as the FEBID experiments
are conducted under quasi steady state conditions and
bromine loss is only observed in the surface experiment
after prolonged irradiation of the static monolayers ini-
tially deposited. In principle both DEA and DI may be
active and one would expect their efficiency to reflect
the energy dependence of their relative cross sections,
convoluted with the energy distribution of the secondary
electrons (see e.g. Ref. [11]). However, no desorption of
bromine or the allyl group is observed from the initial
fragmentation of (η3-allyl)Ru(CO)3Br, when adsorbed on
surfaces, and no bromine loss is observed in the FEBID
experiments. This may in part be due to alteration of
the dissociation efficiency when (η3-allyl) Ru(CO)3Br is
adsorbed on surfaces and/or be the result of hindered
desorption of ligands through ligand-surface interaction or
the compounds orientation on the surface. Furthermore,
the surface may offer an efficient heat bath for vibrational
cooling, quenching the presumably slower allyl loss more
efficiently than the CO loss. Such ligand stabilization
has been observed for clusters in general [56], but more
relevant for the current study, this effect has also been
observed in clusters of the FEBID precursor Fe(CO)5 [57].
We also note that no information on ND is provided here
and this may also be a very effective channel, as has been
shown in the case of Pt(PF3)4 [58].

4 Conclusion

In the current contribution we have determined threshold
energies for positive ion formation from (η3-allyl)Ru (CO)3
Br, computed at the PBE0/def2-TZVP and DLPNO
-CCSD(T) Extrapolate(2/3,def2) def2-QZVPP/C level
of theory. These were compared to the respective exper-
imental IE and AEs estimated from the onsets of the
respective electron impact ion yield curves. The com-
puted structure of the molecular cation and the respective
fragments, optimized at the PBE0/def2-TZVP level of
theory, were also presented as well as the experimentally
acquired ion yields for sequential CO loss and the loss of
the allyl group and 1-3 CO ligands. The presented data

were discussed in the context of previous DEA studies on
(η3-allyl)Ru(CO)3Br[22,23],andinthecontextofastudyon
electron-induced decomposition of this precursor adsorbed
on surfaces at low temperature under controlled UHV
conditions [24], and in context to a very recent FEBID
study on this compound [25]. Dissociative ionization of
(η3-allyl)Ru(CO)3Brischaracterizedbythreeprogressions:
sequential loss of the CO ligands, loss of the allyl group and
0-3 CO ligands and loss of the bromine and 0-3 CO ligands.
Among these, the sequential CO loss has the highest integral
intensity, but the loss of the allyl group and the bromine
along with 3 CO units is also significant. Further fragments
observed in DI of (η3-allyl)Ru(CO)3Br are the bare ruthe-
nium cation Ru+, the ruthenium carbide cation RuC+, and
RuCO+. In general, the coupled cluster calculations agree
better with the experimental results than the calculations
using the PBE0 functional. The agreement with the experi-
mental AEs for sequential CO loss is fairly good, considering
the confidence limits on the experimental data. However,
the AE for the allyl loss alone is more than 2.5 eV above the
calculated values. The difference is smaller (1.0 eV) for
the loss of the allyl group along with three additional CO
ligands and is only 0.4 eV for the loss of the allyl group and
two CO ligands (calculated at the coupled cluster level of
theory). We tentatively attribute this effect to delayed dis-
sociation of the allyl group due to the trihapto nature of the
η3-allyl-ruthenium bond. This effect is strengthened
through competition with the singly coordinated, presum-
ably faster, direct CO loss channels. As has been discussed
previously, DI of (η3-allyl)Ru(CO)3Br leads to consider-
ably more extensive fragmentation than DEA [22], and
in contrast to DEA, DI leads to both significant allyl and
bromide loss. In the previous surface study [24] the initial
electron induced decomposition of (η3-allyl)Ru(CO)3Br
was found to be characterized by CO loss. Bromine loss was
only observed in a second step after prolonged irradiation
while loss of the allyl group was not observed. In the recent
FEBID study [25] loss of all three CO ligands was observed
as well as partial allyl loss, but no bromine loss was observed.
The extent of the ligand loss in these experiments does not
match directly with DEA or DI of this compound in the
gas phase under single collision conditions, demonstrating
the additional complexity introduced through surface
interaction and eventual desorption barriers. Nonetheless
similar to the observations in the surface experiments, CO
loss is the dominating channel in both DI and DEA in the
gas phase and much more efficient than the allyl loss. This
further supports the assertion that polyhapto ligands are
not suitable in FEBID precursors.
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