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The specific effect of initial internal energy of GH C,H,t, C;Hs™, and GHe™" ions on the extent of surface-

induced fragmentation was investigated. The ions were prepared either in a gas discharge Colutron type
(using a hydrogen-methane mixture at-06@®5 Torr) or in a low-pressure Nier-type electron impact ion source
using various target gases. Whereas projectile ions from the Colutron source are thermalized due to collisions
in the high pressure environment and thus contained a negligible amount of internal energy, projectile ions
from the Nier-type ion source resulting from direct electron impact ionization reactions have internal energies
up to several eV. Their internal energy content was estimated using break-down curves and photoelectron
spectra from literature. Results obtained here show that their different initial internal energy content had a
considerable effect on the extent of fragmentation of the surface-excited projectile ions: ions with initial
internal energy fragmented at much lower collision energies than internally relaxed projectile ions. It appears
that the initial internal energy content of the projectile ions is entirely preserved in the projectile ion during
the ion/surface collision, and thus is available in the subsequent dissociative processes as additional energy

to the internal energy acquired by the projectile ion in the surface-excitation process.

I. Introduction to modify their properties, and to investigate chemical reactions

Surface-induced dissociation (SID) of polyatomic ions has at Surfaces:® In addition to fundamental importance, inter-
received considerable attention in recent years. On one handactions of molecular ions, especially small hydrocarbon ions,
surface-induced dissociation has been investigated as an alterna2re relevant to technological applications such as plasmzdl
tive method to gas-phase collision-induced dissociation (CID) interactions in electrical discharges and fusion plastés.
to characterize organic ions by their fragmentation pathways Hydrocarbon molecules are also emitted in large quantities into
in the mass spectrometric analy’i8.Alternatively, ion-surface the Earth’s atmosphere, and some of them may be ionized in
collisions have been used to characterize the nature of surfacesthe upper layers of the atmosphere and react with surfaces of

- _ . — , aerosol$. An analogous situation occurs in the interstellar

' chéL%Slg_oggggeﬁgﬂ&%’vggf;"‘ timann.maerk@uibk.ac.at. medium, where interactions of ions with surfaces of dust are of
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surface collisions. The overall energy balance in ar-gurface energy was found to be as much as 10 times more effective
collision is than translational energy in forming the @issociation product.
To address this question, we carried out here a series of
+E,+E @) experiments on surface dissociation of several simple polyatomic
hydrocarbon ion projectiles, prepared with different internal
whereE; is the translational energy of the incident projectile, ENergy contents (see also a recent short réamtsimilar results
Eint is the initial internal excitation energy of the projectiti, for the simple ions Ck" and CH™). In particular, we
is the internal energy of the surface-excited projectile ion after investigated the influence of their initial internal energy on the
the collision,E'y is the translational energy of the product ions, Surface-induced decomposition of the projectile ion by measur-
andEyis the fraction of energy absorbed by the surface. Over iNd (secondary) mass spectra of the product ions as a function
the past fifteen years, several terms in eq 1 were investigated®f the collision energy in the low energy range of about 0 to 80
to specify their effect on the fragmentation of a polyatomic ev.
projectile. The influence of the translational energy of the ) )
projectiles on the fragmentation process was obtained from 2- Experimental Section
studies of collision energy resolved_ mass spectra (CERMS), and Experiments were carried out with the tandem mass spec-
CERMS curves have been obtained for a large number of yrometer apparatus BESTOF described in detail in our earlier
projectilest™10722 The fraction of collisional energy trans-  aperg 101t consists of a double focusing two-sector-field mass
formed in a surface collision into the internal energy of the gpectrometer (reversed geometry) combined with a linear time-
projectile ion was also subject of several studies for a variety of flight mass spectrometer. Projectile ions were produced either
of projectiles and for a number of different surfaéés®® in a low-pressure Nier-type electron impact ion source or at
Moreover, information on the translational energy of the product g|eyated pressures in a Colutron gas discharge source. The ions
ions and their angular distributions have been obtained from produced were extracted from the ion source region and
ion—surface scattering experimenfs® Finally, the fraction  gccelerated to 3 keV for mass (and energy) analysis by a double-
of total energy absorbed by the surface has been calculated fromyocysing two-sector-field mass spectrometer. After passing the
theoretical models or determined experimentally either dirféctly 455 spectrometer exit slit, the ions were refocused by an Einzel
or from the overall balance of eq'4° The least addressed  |ens and decelerated to the required collision energy by a system
problem so far appears to be the role of the initial internal energy of geceleration lenses before interacting with the target surface.
of the polyatomic projectileEin, in the surface-excited projectile  shjelding the target area with conical shield plates minimized
ion fragmentation. field penetration effects. The incident impact angle of the
The surface collision of a polyatomic ion has been character- projectile ions was kept at 45and the scattering angle (defined
ized as a multimode excitation process in which energy is as a deflection from the incident beam direction) was fixed at
exchanged between surface modes and polyatomic projectile91°.
ion modes. The question is how efficient is this energy exchange. The collision energy of ions impacting on the surface is
The internal energy of a polyatomic projectile ion has been defined by the potential difference between the ion source and
usually kept as low as possible in the experiments in which the surface. The potential difference (hence, the collision energy)
energy partitioning according to eq 1 was investigéted in can be varied from about zero to about 2 keV with a typical
order to allow an easier overall balancing of the different terms resolution of about 200 meV (full width at half-maximum in
in eq 1. Thus, the question remains what is the role of a possiblethe case of the Nier-type ion source and of about 1 eV in the
initial internal energy content in the projectile ion in surface case of the Colutron-type ion source). The collision energy and
reaction processes such as surface-induced dissociation (SID)a measure of the projectile beam energy spread was obtained
For instance, is the initial energy content fully randomized by applying to the target a retarding potential and measuring
between the surface modes and internal modes of the projectilethe (reflected) total ion signal as a function of the target
ion, or is it at least partly retained within the projectile ion and potential.
thus influences the subsequent dissociation processes after the A fraction of the product ions formed at the surface exited
surface collision? the shielded chamber througa 1 mmdiameter orifice. The
The effect of initial internal energy of the projectile ion on ions were then subjected to a pulsed extraction-and-acceleration
surface-induced dissociation was examined in a careful studyfield that initiated the time-of-flight analysis of the ions. The
of Ceo™ fragmentation on HOP@& The projectile ions were  second mass analyzer was a linear time-of-flight mass selector
prepared either by laser desorption/ionization (LDI) or by with a flight tube of about 80 cm length. The mass selected
evaporation and ionization by 7.9 eV VUV laser radiation. In ions were detected by a double-stage multichannelplate, con-
the former case, the average internal energy contentggf C  nected to a multichannel scaler (time resolution of 5 ns per
was estimated to about 27%81.4 eV, while in the latter case  channel) and a laboratory computer. The product ion intensities
it was below 0.3 eV. The surface-induced fragmentation of the to be used in the CERMS plots were obtained by integration of
“hot” Ceot prepared by LDI was indeed larger than the the recorded mass spectral ion signals; this removed instrumental
fragmentation of the “colder”, oven-evaporated and single- effects such as those due to the minima present in the center of
photon ionized G*. Quantification of this effect by fitting the ~ the measured product ion mass peaks and the different widths
experimental spectra with simulated spectra based on RRKM of the peaks for different masses (see mass spectra in Figure
calculations led to a difference in average energy content of 1).
about 12 eV and to the conclusion that a significant fraction (at  The Nier-type source was a commercial CH5 mass spec-
least 50%) of the internal energy is retained during the surface trometer sourc® operated at pressures of aboutiTorr and
collision and contributes toward fragmentation of the surface- at temperatures of 100 to 200 C. lons were prepared by
scattered " These findings were consistent with the results interaction of 120 eV electrons with ethylene (producing the
of the effect of vibrational excitation on surface-induced projectile ion GH4"), ethane (yielding éH4t, CoHs™, CoHe™),
dissociation of NO on GaAs(110¥! The incident vibrational or propane (@Hs™). The projectile ion ClH" was produced in

ETOT = Etr + Eint =F

int
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Figure 1. Mass spectra of product ions from collisions of £Hvith

a hydrocarbon-covered stainless steel surface at collision energies o
10, 20, 30. Spectra on the left side: €Hrom the Colutron source.
Spectra on the right side: GH from the Nier-type source. In the
Colutron source data, at 30 eV, the signatrét 18 is evidently HO™,
presumably from H-atom transfer surface reaction of a small amount
of impurity OH" ions in the CH" beam.

the same source via iermolecule reactions CH + CH; —
CHz + CHs™ by using a methane target gas and increasing the
ion source pressure to abou510~4 Torr. The Colutron source
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Figure 2. Collision energy resolved mass spectra (CERMS curves)
for CHs" projectile ions. (a) Ckt from the Colutron source. (b) Gi
from the Nier-type source.

fcorresponding discussion concerning a quantification of the
internal energy content of these projectile ions produced in the
two different ion sources will be given in section 3.2, followed
by a discussion of the CERMS in light of this information in
section 3.3.

CHs". Figure 1 shows product ion mass spectra obtained at
collision energies of 10, 20, and 30 eV for the projectile ion
CHs™ produced in the Colutron- and the Nier-type ion source,
respectively. In addition to the fragment ions £HCH,", and
CHT, the reaction products 83" and GHs" were observed

was operated with a 9:1 hydrogen/methane mixture at a pressure,, oih cases in the collision energy range up to 50 eV. The

of 0.2—0.5 Torr. The main process is evidently ionization of

latter two G-group ions were shown earligi#2:2426 ysing the

hydrogen and subsequent charge transfer between hydrogen ionsy me surface and deuterated molecular projectile ions to result

and methane; a variety of hydrocarbon ions including @,
and G group ions are then formed by successive-iorolecule
reactions.

The surface used here was a polished stainless steel surfacg,

maintained under ultrahigh vacuum conditions @Torr) in a

bakeable turbo-pump evacuated target collision chamber. How-

ever, even these conditions did not exclude deposition of
multilayers of hydrocarbon contaminants on the surface, when-

partly from surface chemical sputtering reactions and partly by
chemical reactions of the projectile ion with terminal £H
groups of surface hydrocarbons. Surface-induced chemical
actions (SIR) and surface sputtering are not the subject of
this paper and will not be discussed further (for more details
see refs 16, 22, 2426). Figure 2 summarizes the SID data for
CHs*' surface-induced dissociations in the form of CERMS
curves. Surface-induced dissociation leads to product iong CH

ever the valve between the mass spectrometer and the targegp,+ and CH: however, for the projectile ion from the

collision chamber was opened and the pressure in the targe
region increased to the 1®Torr range. The surface was thus
a hydrocarbon-covered metal surface as in our earlier studies
thereby mimicking a “real” surface as occurring in many
situations dealing with plasmavall interactions in low and high
pressure and low and high-temperature plasinés.

3. Results
3.1. Collision Energy Resolved Mass Spectra (CERMS).

'Colutron source the thresholds are shifted to higher collision
energies by about-515 eV. As will be demonstrated in detail
below, the ions from the Nier type ion source have a consider-
ably higher internal energy content than those from the Colutron
source, and it is this difference in internal energy content which
manifests itself dramatically in the extent of the projectile ion
fragmentation at the same collision energy.

C.H4™. The CERMS curves for the £, projectile ion
extracted from the Colutron source and from the Nier-type

This section summarizes data obtained for the projectile ions source (produced by electron impact ionization of either ethylene
CHs*, C;Hst, CoHst, and GHe™. We will first present the data  or ethane) are shown in Figure-3e, respectively. The product

by plotting the relative abundance of the product ions as a ions of surface-induced dissociation processes are in all cases
function of collision energy of the particular projectile ions in  CoHz™ and GH,*. The product ion @Hs™ results evidently from

the form of CERMS plots. For most of the projectile ions we a hydrogen pick-up reaction, when the reactive radical cation
have measured data by producing the respective projectile ionC,H4" collides with the hydrocarbon-covered metal surface. A
in the Nier-type and in the Colutron type ion source. A fraction of the product ion &:™ and the product ion Cgt
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Figure 3. Collision energy resolved mass spectra (CERMS curves) T T y T y y y
for C,H4™ projectile ions. (a) gHs™ from the Colutron source. (b)84" 0 10 20 30 40 50 60
from the Nier-type source by electron impact ionization of ethylene. Collision energy (eV)
A o . L
() GH,* from the Nier-type source by electron impact ionization of Figure 4. Collision energy resolved mass spectra (CERMS curves
ethane

for C;Hs" projectile ions. (a) @Hs™ from the Colutron source. (b)Bs"
from the Nier-type source by electron impact ionization of ethane. (c)
. L . . . CyHs™ from the Nier-type source by electron impact ionization of
are presumably dissociation products of this chemical reaction prZOSane. P Y P

product ion GHs*. For the Colutron-produced,8,*, most of

the secondary ions appear at collision energy of abotit350 —a—CH,
eV, while for ions from the Nier-type source the dissociative 100 —o—CH,
and the reactive channels set in at considerably lower collision —A—CH,
energies. Again, the lower onsets of fragmentation thresholds & 804 GRS
for projectile ions produced by electron impact in the Nier- ] G,
type source suggest a higher internal energy content of these & go o
projectile ions in comparison with 84" formed in the Colutron §

source. An increased amount ok in the CERMS curves ® 404

of C;Hst from the Nier-type source may indicate a more g

efficient surface reaction yielding8s* (which subsequently % 20+

fragments to @Hsz* + H,) than in the case of ions produced in o

the Colutron ion source. 0-

0 10 20 30 40 50

C;Hs". Figure 4a-c summarizes the CERMS curves obtained
with the projectile ion GHs™ produced either in the Colutron .
source at rather high hydrogen/methane mixture pressures (a), Collision energy (eV)
or produced by electron impact in the low-pressure Nier-type Figure 5. Collision energy resolved mass spectra (CERMS curves)
source either from ethane (b) or propane (c). Higher onsets of for C2Hgs™ projectile ions produced in the Nier-type source by electron
dissociative processes and a considerably higher relative amountmpact ionization of ethane.
of the main dissociation product.8s" with the Colutron-  They are thus the same ion species as produced by fragmentation
produced GHs" in comparison with gHs* from the Nier-type  of the ethane molecular ion after electron or photon impags.
source again indicate a higher internal energy content of the |ndeed, the CERMS curves in Figure 5 resemble somewhat the
latter projectile ions. break-down pattern of the ethane molecular ion, as known from

C,Hg'. These projectile ions could be produced only by coincidence photoelectron spectroscopy sti#diesmd from
electron impact ionization from ethane in the Nier-type source, theoretical calculatior® however, they are considerably smeared
and thus no comparison with Colutron-produced projectile ions out by a rather broad distribution of translational-to-internal
is possible. The product ions formed by surface-induced energy transferred in the surface collision (for more information
fragmentation are fHs*, CoHs™, CoHs™, CoHo™, and CHTY. on this subject see refs 4438, 30, 31 and references therein).
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In general, this confirms earlier suggestions that, due to the
character of the translational-to-internal energy transfer in the
ion—surface collisions, the CERMS curves contain information 1
on the break-down patterns of the projectilé’-30

3.2. Internal Energy of the Projectile lons. The CERMS
curves shown in the previous section clearly indicated that there
is a difference in the extent of projectile ion fragmentation
between the projectile ions formed in the hydrogen/methane
mixture in the Colutron ion source at pressures of-@2 Torr

and the same projectile ions formed by electron impact in the 1 5 CzH6+

low pressure £1075—10"* Torr) Nier-type ion source. This . '

different fragmentation behavior must be related to different ___ i

properties, and one obvious property in which these two £ |

categories of projectile ions differ is their internal energy content. 5= S 1 2 348
9 proj ay O 0 1 2 3 4 5 6

The two components that determine the internal energy content - E
of the projectile ions are the internal energy acquired in the
surface collision from the translational-to-internal energy transfer
from the translational energy of the projectile ion and the initial
internal energy of the projectile ion from the initial preparation ]
process (ionization, chemical reaction etc.). In the following,
an attempt will be made to estimate quantitatively this initial
internal energy from general information available on the two
different production routes. 1
For the ions formed in the low-pressure Nier-type source by -
electron impact ionization, the projectile ions originate from
ionization of the neutral molecule or from possible subsequent
unimolecular dissociation of the excited molecular ion. There-
fore, their internal energy content can be estimated from the 3 4 5 E 6
break-down pattern of the respective molecular ion and the int
photoelectron spectrum of the particular molecule. The break- Figure 6. Estimation of the internal energy distribution of the projectile
down pattern specifies the range of excitation energies of the ions GHs", C;Hs", and GHs", produced by electron impact ionization
molecular ion, over which a particular ion is stable, and the of ethane in the Nier-type source. Upper part: photoelectron spectrum
hotoelectron spectrum indicates the probability of deposition of ethane (EES) and break-down curves of_the ethane molecular ion.
P . Pec : P Yy P Below: estimatedP(En) of the molecular ion @Hs" and of the
of a certain excitation energy into the molecular ion during the fragment ions @Hs* and GHs", respectively. Vertical dashed lines
Franck-Condon-governed ionization process. It is assumed in mean value of;,. Dashed parts of curves mean extrapolated simplified
this estimation that the impact of electrons of energies above form of P(Ein).
70 eV leads to the same energy deposition as photon impact,
i.e., autoionization processes are neglected. The internal energyy 1A= (3Nw — 6)/(3N¢ — 6), whereNy andNr is the number

distribution of a nonfragmenting molecular id(E;y), is then ~ Of atoms in the molecular and fragment ion, respectively.
given by In Figure 6 we show the internal energy fosHg™, CoHs™,
and GH,4* formed by electron impact ionization of ethane using
PE, ) = wu(Ein) Wor(Eord ) these considerations. The figure gives in the top panel the break-

down pattern of the molecular ethane3band the photoelectron
spectrum of ethaf&32and in the lower three panels tRéEq)
derived for the projectile ions £g", C;Hs™, and GH4™. It
becomes immediately apparent that these ions formed by
electron impact in the low-pressure Nier-type source (see Figure
6) contain an appreciable amount of internal energy. For
instance, the average internal ener@n)ay for CoHg' is about

0.4 eV and it extends up to 0.8 e\Ef)a for CoHs™ is about

0.8 eV and it extends up to 2.2 eV, ani()ay for CoHs™ is

P(Endr = Ine(E'ind) WorE'exd ®) about 1.1 eV and it extends up to 2.4 eV.

Analogously, for the molecular iong,", formed by electron
except thatE'exc = A(Epn — AE), whereAE is the appearance  impact on ethylene, the initial internal energy distribution was
energy of the fragment ion. We assume that at this threshold estimated from the break-down pattern of this moleculaf3on
the entire excitation energy of the molecular ion is used to drive and the photoelectron speci&a*(Figure 7). It is characterized
the dissociation process and the fragment ion is formed by two groups of internal energieEi{)ay (CoHs™) = 0.25 eV
practically without excitation energy. At higher energies, the and®;1.0Jand Ein)ay (CoH4T) = 2.4 eV and2.0;2.81Finally,
original excitation energy of the molecular ion is statistically for the fragment ion gHs* from propane, the valueE(y)av
distributed over the internal degrees of freedom of the ion and (C;Hs™) = 1.1 eV and(0;2.5]was obtained from the break-
only a certain part of it ends as internal energy of the fragment down pattern of the propane molecular 3omand the photo-
ion, the rest going into the excitation energy of the neutral electron spectrum of propaf&For the projectile ion Cki"
fragment and into the degrees of freedom of relative motion of formed in the electron impact ionization source at relatively
the two fragments formed. This is taken into account by a factor high gas pressures via a slightly exoergic (0.16 eV) ion molecule
A which expands the internal energy scale of the fragment ion reaction between CH and a methane molecule, one can only

wherelym(E) is the normalized intensity of the molecular ion
in the break-down pattern at the internal enekgy, Won(Eexd

is the probability of depositingexcin the molecular ion as given
by the photoelectron spectrum, alfg. = Epnh — IE (Epn photon
energy, IE is the ionization energy of a molecule). For fragment
ions an analogous equation holds
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CoHt When increasing the incident angle fronf30 45, the relative
2h4 £ . o AT
104 CoHs ” survival probability of the projectile ions decreased about 6
gl CoHa times. Therefore, one may roughly estimate that in the experi-
' ments described here the survival probability of the projectile
0.6 ions CH*, C;H4™, and GHs™ for the incident angle of 45wvas
04+ about 2-3% in the incident energy range 150 eV.
co.2-
I;_d?:g_ 4. Discussion
0.8 CoHyg™ The CERMS curves given in section 3.1 clearly show that
0.6- there is a substantial difference in the extent of fragmentation
0.4 between the projectiles prepared either in a Colutron source or
by electron impact ionization in a low-pressure Nier-type source.
%2 Projectile ions from the Colutron source, prepared in a 9:1
0.0 777 hydrogen/methane mixture at fairly high pressures of-02
s 2 ” 5 - e Torr, appear to be largely relaxed by collisions in the source
Internal energy (eV) and cause a considerably smaller extent of fragmentation than
Figure 7. Same as Figure 6 but for,B4". the ions from the Nier-type source. The projectile ions prepared

by electron-impact ionization in the Nier-type source have
roughly estimate that the internal energy content will be not internal energies of a few tenths up to more than 1 eV, and the

much different from that of the reactant ion ¢H(originally corresponding energy distribution has been estimated in section
produced by electron impact of methane, see ref 22), Eg)a(- 3.2. The presence of this initial internal energy is evidently the
(CHs%) ~ 1.0 eV. reason for the larger extent (at lower energies) of fragmentation

Estimation of the internal energy of projectile ions formed of these projectile ions. Therefore, qualitatively one can conclude

in the Colutron source is more difficult. In the 9:1 hydrogen/ that the internal energy of the projectile ion is not equilibrated
methane mixture used here at pressures of0.8 Torr, the with the surface in the surface collision and remains conserved

main process will be most likely ionization of hydrogen by 0 @ considerable extent (see below) in the surface excited
electron impact and charge transfer between hydrogen ions andProjectile and contributes to its subsequent fragmentation.

methane. The hydrogen molecular iog*Hs known to exhibit In the following, an attempt will be made to estimate the
three different recombination energisfa) 16.4-17.4 (from effect of the internal energy to the SID process quantitatively
Hot with v'~4 and small internuclear distancBsto Hy); (b) for each of the ions studied with both ion sources. For instance,
13-14 eV (from H* with v'~4 and largeR to Hy); (c) about the observed appearance thresholds for fragment ions in the
11 eV (from H* with v'~4 and largeR to Hy(32*)). The collision energy dependence should, in principle, correspond

recombination energies (c) (not sufficient to ionize methane) to those ions containing the maximum possible initial internal
and (a) (allowing effective dissociative ionization of methane) €nergy, i.e., inthe case of ions from the Colutron, the necessary
should not contribute to CH formation. A more detailed  dissociation energy at the threshold will be supplied only by
treatment of charge-transfer transitions between various vibra-translational energy transferred into internal energy during the
tional levels of H* suggests that via recombination energy (b) surface collision, whereas in the case of ions from the Nier
the projectile ion is presumably formed close to the ionization source, additional energy will be available due to the initial
potential with maximally a few tenths of eV of internal energy. internal energy. Thus, values for these appearance energies and
The ion can react further to GH, and in the mixture other  shifts in these values may be used to characterize possible
hydrocarbon ions can be formed by successive chemicalinternal energy differences, and this method has been already
reactions. However, these ions can relax their internal energysuccessfully applied for the simple hydrocarbon iongCéihd
in nonreactive collisions with surplus hydrogen and methane, CHs" in ref 22.
and thus a plausible conclusion is that most of the projectile  Alternatively, one can also use the energy position of similar
ions from the Colutron source are considerably relaxed ions, fragmentation features in the different (Colutron- versus Nier-
i.e., with internal energy close to zero. type ion source) CERMS curves to characterize possible internal
3.3. lon Survival Probability. A large fraction of projectile ~ energy differences. Such features are, for instance, characteristic
ions is neutralized in the surface collision. The ion survival crossings between CERMS curves, i.e., the crossing of the
probability, S, for CHs™ was estimated earli€for impact on decreasing projectile ion curve with an increasing product ion
a hydrogen-covered carbon (HOPGhighly oriented pyrolytic curve. These crossing points indicate that the same degree of
graphite) under an incident angle of°3@ith respect to the dissociation has been reached, however, by different amounts
surface to be 1218% in the incident energy range-150 eV. of initial internal energies and different amounts of internal
lon survival probability for GHst and GHs™ has been energy transferred during the collision. In the following, the
determined in our recent experimetitto be about the same. ~ energy differences in the thresholds or in the position of the
All these data refer to projectile ions with initial internal energy ~ characteristic crossings will be used to estimate the effect of
as estimated above. It can be expected that the properties othe initial internal energy content of a specific projectile ion on
hydrocarbon-covered stainless steel will be similar to the the SID process.
hydrocarbon-covered carbon, i.e., determined primarily by the  CHs™. The difference in threshold values (linear extrapolation
adsorbed hydrocarbon layer. However, the ion survival prob- of the data) for the fragment ions produced in SID of £H
ability depends strongly on the incident angle, decreasing with projectile ions from the Colutron source (Figure 2a) and from
increasing angle from the surface. The dependence was meathe Nier-type source (2b) is as follows: (15:86.7)= 9.1 eV
sured by us earlier for open-shell and closed-shell polyatomic for CHz", (33.8 — 21.1) = 12.7 eV for CH", and (34.8—
ions striking a hydrocarbon-covered stainless steel sutface. 23.2)= 11.6 eV for CH. The average value of the translational-
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to-internal energy transfer on hydrocarbon-covered metal or possible to calculate from these measured differences in the
carbon surfaces has been well establidh&d!930 as being threshold values the corresponding difference in internal energy
about 6% of the collision energy with an effective width of between ions produced in the Colutron and the Nier source,
about +1.5 eV. Using this energy transfer efficiency it is yielding a value of about 1.5 eV (i.e., 26 0.06 = 1.5 eV).
possible to calculate from these measured differences in theBecause we are dealing with threshold data, this difference
thresholds the corresponding difference in internal energy of should be caused by the maximum difference in the internal
0.6, 0.8, and 0.7 eV, respectively. This value is in fair agreement energy of the two projectiles. The maximum internal energy
with the average initial internal energy roughly estimated for excitation of the GH4* from electron impact ionization in the

CHs' formed in the chemical reaction of GHin the Nier- Nier-type source was estimated to lie at about 2 eV and,

type sourcep~1.0 eV. assuming no internal energy for the ions from the Colutron
Alternatively, one can use the crossing points of the CERMS Source, there is semiquantitative agreement with the above

curves CH*—CHgt, CHs"—CH,", CHs*—CH* for the pro- derived difference of 1.5 eV in particular when taking into

jectile ions CH* produced in the two different ways (Figure —account that thg _effective width of the energy transferred by
2). The differences are (35L7) = 18 eV, (45-27) = 17 eV, the surface collision may be up to 1.5 eV fwhm.
and (45-29) = 16 eV for the above-mentioned crossings, Thermochemical thresholds for dissociation processes of
respectively. With the above-mentioned 6% efficiency of C:Hi* to GHs™+ H and GH;" + H, can be derived from
translational-to-internal energy transfer, one arrives at values literature dat&°to lie between 2.6 and 2.7 eV with no clear
of 1.1, 1.0, and 0.9 eV, respectively. Although these data are indication which of the ions has the lower threshold (the
less reliable (the curve for G from the Colutron source may  relatively inaccurate data in Figure 7 indicateHz" to have
be shifted to somewhat higher values due to a certain admixturethe lower threshold with a value of about 2.3 eV). The present
of background OH), the values for internal energy from results indicate in the case where no initial internal energy is
threshold data and from curve-crossing data are mutually involved (i.e., see the data in Figure 3a for the Colutron source)
consistent and in fair agreement with the estimation of the that both fragment ions appear at a threshold value of about 30
internal energy content of G from reactions in the Nier-  to 35 eV. Using the energy transfer efficiency of 0.06 it is
type source (about 1 eV). Therefore, these results are consistenpossible to calculate from this an absolute value for the
with the hypothesis that the projectile ion €Hfrom the thermochemical threshold yielding a value of approximately 1.8
Colutron source has only a very small internal energy, while to 2.1 eV. This value is close to the values discussed above
that one from the Nier-type source has a rather large internal (2.3 up to 2.7) in particular taking into account that the effective
energy, and this energy is fully used as additional energy to width of this energy transferred is 1.5 eV.
drive the SID reaction, thereby leading to the observed In conclusion, the data are again consistent with the assump-
downward shift in crossing points when going from the Colutron tion that the Colutron-producedB4" is practically completely
results to the Nier results. relaxed as far as its internal energy is concerned, while the Nier-
C,H4™. For this projectile ion we can also observe a huge type source gHs" ions contain substantial amounts of internal
shift in the CERMS crossing points, i.e., the crossing point €nergy that is fully effective as additional energy to the internal
between the g@H," and GHs' curve shifts as shown in Figure ~ €nergy acquired in the surface excitation in the subsequent
3 from 64 eV (in the case of the Colutron) to 18 eV.KG+ dissociation processes.
from ethylene in the Nier source) and to 14 e\LKG" from C,Hs"™. The shift between the crossing point between the
ethane in the Nier source). This implies a change in the internal CERMS curves for @Hs™ and GHz" (see Figure 4) when going
energy of 2.8 and 3.0 eV, respectively. These values are largerfrom C;Hs* prepared in the Colutron source teHG™ from the
than the average values of the internal energy content of theNier-type source (ions produced from both ethane and propane)
two ions from the Nier-type source derived in section 3.2. is (27— 9) =19 eV. This implies a change in the translational-
However, it should be noted that part of theHg" ions result to-internal energy conversion of 1.08 eV (again, for the
from a surface chemical reaction chain (see above: H-atom efficiency of 0.06Ey). The average internal energy content of
transfer reaction to £, leads to GHs™ which further C:Hs™ ion from both ethane and propane was estimated as
decomposes to££l37)) and thus the @Hs* signal in particular ~ (Ein)adC2Hs") = 1.1 eV, in very good agreement with the
from the Nier source is increased byHG" from the chemical observed shift in the CERMS curve crossings. Therefore, we
reaction, yielding an additional shift in crossing points. A strong can conclude that in the case of ions from the Colutron, the
indication that this may be the case is the relatively much larger CzHs" projectile ions have no appreciable amount of internal
abundance of the £ls* ion in the two lower panels of Figure — energy and thus the entire energy defect must be supplied by
3. Nevertheless, this shift and the much lower threshold valuesthe internal energy acquired in the surface collision, whereas
for all of the product ions (when going from the Colutron results in the case of ions from the Nier-type source theHg
to the Nier results) indicate again that the ions from the Nier- projectile ions have an average internal energy of 1.1 eV which
type source have a considerable internal energy content. is fully used to complement the energy acquired in the surface

For the GH4* projectile ion, appearance energies and collision to enable the dissociation to take place.
respective shifts can be employed too to obtain corresponding Because of the fact that the threshold values for the appear-
information about internal energy content and energy transfer. ance of the various fragment ions lie already for the ions from
For instance, it is clearly visible that the threshold for the the Colutron source at rather low collision energies, it is not
appearance of the,85™ ion and for the GH,* are shifted when possible to deduce here meaningful information about the
going from Figure 3a to 3b downward from a value of about internal energy and its use for SID from the appearance energies
30 eV to 35 eV (Figure 3a) to about 7.5 eV (Figure 3c; we do and their shifts in the case of the Nier-type ion source.
not discuss here the example given in Figure 3b as in this case C,Hg". The data available refer only to,@s* from the Nier-
two different ion distributions are contributing in the case of type source. Because there are no data for projectiles produced
the Nier source and thus it will be difficult to interpret the results with different internal energies, no discussion of its effect may
in detail). Using the energy transfer efficiency of 0.06 it is be given.
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