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The inner-valence electron states of the methane molecule have been studied by means of x
ray, synchrotron radiation, and UV-photoelectron spectroscopy. Five correlation satellites 
have been identified and a detailed study has been carried out of the 2al-

1 single hole state. For 
this state a Franck-Condon analysis has been performed, suggesting an equilibrium bond 
distance of 1.279 A. The vibrational lines have a Lorentzian shape and the linewidth increases 
gradually with the vibrational quantum number. This probably indicates a reduction of the 
lifetime of the vibrational states due to predissociation. A discussion of the potential curves 
related to the correlation satellites is included. 

J. INTRODUCTION 

The electron configuration of the methane molecule is 
(la l )2(2a l )2(1t2 )6, where la l is the C Is core orbital with a 
binding energy of 290.7 t!v. I The It2 orbital has an average 
binding energy of about 14.5 ey2

-
5 and is responsible for a 

large part of the chemical bonding in the molecule. The ioni
zation leads to a triply degenerate state (It2 ) (Ref. 5) 2T2 , 

which is unstable towards J ahn-Teller interaction. Thus, the 
2.5 eV width at half-maximum (FWHM) of the photoelec
tron band is partly associated with the splitting of the final 
state into several components, which have different energies 
4n the Franck-Condon region. 

The Auger electron spectrum recorded for transitions to 
the It 2- 2 final state shows a very broad structureless peak 
suggesting that the vertical double ionization energy (peak 
maximum) is 40.7 eV.D A very high value of 38.6 eV was 
obtained also in a direct double charge transfer (DCT) ex
perimene and in photoion-photoion coincidence (PI
PICa) measurements a threshold energy of 35.0 eY was 
measured. 8 On the other hand, from stepwise charge strip
ping reactions (CH4 -. CH/ ---+ CH~ + ) a much lower value 
of 30.6 eV9 was found. An explanation of the difference 
between the high binding energy results in Refs. 6 and 7, 
obtained for more or less Franck-Condonlike transitions, 
and the low binding energy results from the charge stripping 
experiment was offered by large scale MCSCF and CI calcu
lations,1O which showed that the potential minimum of 
CH~ + corresponds to a planar D4h configuration with much 
lower energy than for tetrahedral geometries. The calculated 
double ionization energy for this configuration was found to 
be 32.2 ± 0.3 eV. Thus, the high energy observed in the Au
ger electron, double charge transfer, and PIPICO spectra 
should reflect the fact that the transitions in these experi
ments involve a strongly sloping region of the potential sur
face several e Y above the potential minimum. The difference 

of about 2 e V between the Auger and DCT energies can at 
least partly be explained by the fact that the equilibrium 
bond distance is smaller in the core hole state than in the 
neutral ground state. I The much lower double ionization 
energy of 30.6 eY obtained in the charge stripping experi
ment could be due to a transfer of internal energy in the 
stepwise double ionization process. 

Much less attention has been paid to the properties of 
the singly charged inner-valence primary hole state 2a l- I 

and the correlation satellite states in this energy region. In 
order to obtain further information related to the inner-va
lence region we have therefore carried out a new study by 
means of photoelectron spectroscopy using Herr, monochro
matized x-ray and synchrotron radiation for the excitation. 
This study has been accompanied by a Franck-Condon fac
tor analysis to determine the eqUilibrium geometry of the 
2a l- I state and to obtain information about the potential 
curves for the different correlation states in this region. 
These states are, in principle, the same as those reached in 
Auger transitions and are therefore characterized by sub
stantial changes in geometry and symmetry as predicted in 
Ref. 10. They may also be influenced by the same 
dissociation processes. 

II. EXPERIMENTAL DETAilS 

The UV excited inner-valence photoelectron spectrum 
of methane was recorded using an electrostatic electron 
spectrometer described in detail elsewhere. II It is equipped 
with a hemispherical energy analyzer with a central radius of 
144 mm. A microchannel plate (MCP) detector system is 
used for detection of the electrons. This device contains two 
microchannel plates, mounted in a chevron arrangement, 
followed by a phosphor screen which transforms the elec
tron pulses into light pulses detected by a TV camera. The 
spectrum was excited by means ofHeIIa radiation produced 
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by a microwave powered electron cyclotron resonance 
(ECR) discharge light source. The source has been designed 
to operate at very low gas pressures (::::;50 mTorr) to pro
duce narrow lines. It provides a very high intensity, both 
from neutral and ionized gas in the discharge, due to a high 
power density. The detailed design of the source and the 
characteristics of the radiation produced have been reported' 
elsewhere. 12 

The x-ray excited photoelectron spectrum was recorded 
using monochromatized Al Ka radiation at 1487 eV. The 
electron spectrometer used in these studies has an energy 
analyzer of mean radius 360 mm and a detection system of . 
the same kind as the uv instrument. Both the uv and x-ray 
excited spectra were induced by means of unpolarized radi
ation, and the photoelectrons were detected at 90· against 
the photon beam. 

During the recording of the UV excited spectrum some 
of the helium gas from the discharge source leaked into the 
gas cell. Thus, the spectrum contained a narrow line at 
24.587 e V due to ionization of helium. This line was used as a 
reference for calibration of the uv excited spectrum. These 
energies were in turn used to calibrate the x-ray excited spec
trum. 

The synchrotron radiation excited spectrum was ob
tained at LURE using a 127· analyzer working in a constant 
pass energy mode. The excitation energy was set at 65 e V. To 
carry out angular resolved measurements the analyzer is ro
table 180· around the incident polarized radiation. The pres-. 
ent studies were performed at the angle 90·. The detailed 
experimental procedure is described elsewhere. 13 

III. METHODS OF CALCULATIONS 

Calculations have been carried out on the totally sym
metric vibrational mode 'Ill (a l ) for the X IAI neutral 
ground statel

4-16 and in theA 2AI ionic state.2
,4 In tetrahe

dral XH4 molecules, the internal coordinate SI for the a l 

mode is given by 

SI Cal) = (.6.rl + .6.r2 + .6.r3 + .6.r4 )/2 

with r i being the X-Hi internuclear distance. The inverse 
kinetic energy matrices Gr (a I ) required in the normal coor
dinate analyses were setup by the standard method. 17 

To deduce the change in bond length upon the 
X IAI -+A 2A1 ionization process, the iterative Franck-Con
don analysis procedure ls was applied to the second photo
electron band. The shifts in normal coordinates thus ob
tained were converted to the changes in bond length with the 
use of the Lv Cal) matrices obtained in the force constant 
calculations. 

IV. RESULTS AND DISCUSSION 

A. The x-ray and synchrotl'on radiation photoelectron 
spectra 

The x-ray excited (hv = 1487 eV) photoelectron spec
trum of methane has been recorded in an energy region up to 
60 eV. This is shown in Fig. 1. The energies, relative intensi
ties, and widths (FWHM) ofthe observed lines or structures 
are collected in Table I. These values were obtained by fitting 

>
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VALENCE PHOTOELECTRON 
SPECTRUM 
h9=1487eV 
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BINDING ENERGY leV) 

FIG. 1. The valence photoelectron spectrum of methane excited by means 
of monochromatized AI Ka radiation at 1487 eV. Numbers 1-4 refer to 
correlation satellite states. Another weak state is inferred at ~48 eV but is 
not indicated by a figure. 

Gaussian lines to the observed structures and varying the 
peak positions, heights, and widths until the best fit was ob
tained~ At the high kinetic energy in this experiment the 
transmission ofthe spectrometer can be regarded as constant 
over the studied energy interval. Since the photoelectron in
tensity of the satellites is low and the lines in the spectra are 
very broad the uncertainties in the data referring to these 
states are large, which is also reflected by the scattering of 
the energy values in thetable. The energies given are average 
values from the x-ray and synchrotron radiation excited 
spectra. 

The transitions to the It 2- I and 2a l- I single hole states 
are readily observed at approximately 14 and 23 eV. respec
tively. The 2a l orbital has a dominating C2s character, 
which is reflected in the x-ray excited spectrum by the high 
intensity of the photoelectron line (cf. Fig. 1 and Table II). 
At higher binding energies additional satellite structure is 
observed. The most intense peak at 32.1 eV is accompanied 
by a weaker, but much broader (cf. Table I) feature centered 
at approximately 29.2 eV. At about 38.5 and 43.3 eV one 
very broad and one narrower structure, respectively, are ob
served. Above peak No.4 an intense continuum is seen with 
a broad resonant structure centered at about 48 eV. In Fig. 1 
and Table I we have labeled all satellite structures 1,2,3, and 
4 in order of increasing binding energy. 

The synchrotron radiation inner-valence photoelectron 
spectrum taken at 65 e V excitation energy is shown in Fig. 2. 
This spectrum is very similar to the present x-ray excited 
spectrum. 

Structures 1 and 2 probably correspond to the struc
turesobserved at28 and 31 eVin the (e,2e) spectrum l9 since 
they are similar in energy. The (e,2e) spectrum was record
ed at an incident electron energy of 3.5 keY which was con
sidered to be sufficiently high for the (e,2e) spectrum to 
simulate the photoelectron spectrum. Nevertheless, the line 
shapes are quite different from the photoelectron spectra 

J. Chern. Phys., Vol. 94, No.4, 15 February 1991 

Downloaded 01 Mar 2012 to 158.132.161.9. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions



2538 G(jthe et al.: Photoelectron spectra of CH. 

TABLE I. The electron binding energies, relative intensities and Iinewidths in the inner-valence region of the 
photoelectron spectrum of the CH. molecule measured with XPS and SRPS. The binding energies refer to the 
point of maximum intensity of the band and the relative intensities correspond to the peak area obtained by a 
curve fitting. The UPS Iinewidth was obtained from Fig. 4 and is included for comparison. 

Electron Relative intensity" Linewidth (FWHM) 
binding XPS SRPS UPS 
energy 1487 65 40.8 

Line (eV) (eV) (eV) (eV) 

It; , 14.5 0.10 
2a,-' 23.0 1.00 1.00 0.90 
1 29.2 0.09 0.16 
2 32.1 0.04 0.06 
3 38.5 0.15 0.08 
4 43.3 0.10 0.05 

a Relative to the 2ai- 1 main line. 

obtained both atlow and high excitation energies. Especially 
structure 1 is much broader in the photoelectron spectra 
than in the (e,2e) spectrum. 

The strongest satellite lines in x-ray excited photoelec
tron spectra are usually produced by transitions which in
volve unoccupied valence orbitals. In the case of methane 
there are two such orbitals, 2f2 and 3a1 , the antibonding 
counterparts to the occupied orbitals of the same symmetry. 
The observed satellite structure is thus expected to primarily 
reflect excitations involving these orbitals. The strongest sat
ellite intensity is expected for states that interact with the 
2a1 1 2Al single hole state, which has a large intensity in the 
x-ray excited photoelectron spectrum due to the high cross 
section for atomic C2s orbitals. In the many-electron calcu
lations by Cederbaum et al. 20. two CI states appeared at ap
proximately 31 and 35 eV. These were associated with do-

XPS SRPS 
1487 65 
(eV) (eV) 

1.3 
0.9 0.9 

<:::4 ::::4 
1.3 1.4 
::::5 :::::4 
1.7 1.4 

minating It i 2. 2t2 and It;- 2 3a1 configurations and the 
intensity of the transitions was explained by a mixing of the 
2AI component of the state manifold with the 2a j- 1 2Aj sin
gle hole state. Disregarding an absolute energy shift of about 
2-3 eV these energies fit with structures 1 and 2 of our spec
tra. The large widths of the structures (cf. Table I) are ex
pected since the transitions involve strongly bonding and 
antibonding orbitals. In a recent study of excitation energies 
in neutral molecules by means of a specially parameterized 
complete neglect of differential overlap (CNDO) pro
gram21 the It2 -.2t2 and It2 -3a1 energies were found to be 
approximately 12 eV and 16 eV, respectively. If these ener
gies are added to the energy 14 e V of the 1 t 2- 1 primary hole 
state we obtain 26 and 30 eV, respectively, for the it 2- 2 2t2 
and 1 t 2- 2 3a I configurations. This is in reasonable agree~ 
ment with the energies oflines 1 and 2, considering the fact 

TABLE II. Vibrational energies~ intensities and linewidths of the 2a,' 'A 2.1, photoelectron band of the meth
ane molecule. The data were obtained from a curve fitting to the experimental spectrum. Lorentzian lines were 
used except for the first two peaks which were fitted by a weighted sum of a Lorentzian and a Gaussian. The 
weight factors are given in the table. A straight line background was subtracted.' The very weak lines 8-14 may 
be due to inelastic scattering of photoelectrons (see the text). 

Line 
No. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Energy 
(eV) 

22.411 
22.680 
22.941 
23.199 
23.454 
23.69 -
23.94 
24.18 
24.45 
24.775 
25.012 
25.287 
25.525 
25.757 

Vibrational Vibrational 
quantum energy 
number (eV) 

0 0 
1 0.269 
2 0.530 
3 0.788 
4 1.043 
5 1.28 
6 1.53 
7 1.77 
8 2.01 

Peak Linewidth Percentage 
area (FWHM) of Gaussian 

(meV)b function 

0.4 70 30 
0.9 100 10 
1.0 130 0 
0.8 150 0 
0.5 160 0 
0.2 180 0 
0.1 200 0 

0.03 ::::200 0 

"The linear background subtracted was obtained froin the background intensities observed on the far right- and 
left-hand sides of the spectrum. 

h The error is estimated to be 10% of the FWHM. 
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55 

INNER VALENCE PHOTOELECTRON 
SPECTRUM 
hv,,65eV 

2 

BINDING ENERGY (eV) 

2at 

15 

FIG. 2. The valence photoelectron spectrum of methane excited by synch
rotron radiation at 65 eV. Numbers 1--4 as in Fig. 1. 

that these calculations did not take the 2a , hole into ac
count. Moreover, the width ofline 1 is ::::: 3 e V which is much 
larger than the -0.9 eV width of line 2. Since both of the 
lines are well below the threshold for double ionization the 
Iinewidth is determined by Jahti-Teller broadening and of 
the slope of the" final state potential curves in the Franck
Condon region'. The 2t7. orbital is more antibonding than the 
3a I orbital. The J ahn-Teller splitting of a strongly antibond
ing state is expected to be larger than for a less antibonding 
state. This obviously supports the assignment oflines 1 and 2 
made above. 

It is interesting to note that, although the uncertainties 
are large, the ratio of the intensity of structure 1 to structure 
2 seems to be lower in the x-ray excited than in the synchro
tron radiation excited spectrum. Differences in the /3 values 
between the two components may explain the difference in 
the relative intensity for the two excitations, since the spec
tra were not recorded at the magic angle. Measurements of /3 
values have not yet been performed for the satellites. How
ever, the /3 value for photoionization from the 2a , orbital is 
high, increasing from about 1 in the low energy limit and 
approaching 2 in the high energy limit,22,7.3 the value which 
is also expected for the 2s ionization from the neon atom. 
Such a similarity in the photoionization of CH4 and Ne has 
been reported previously in Ref. 24, where the /3 value for 
ionization from the It2 orbital ofCH4 was shown to be simi
lar to that for the 2p orbital ofNe. These values are generally 
lower than those of the 2s and 2a1 ionization. Differences in 
the composition of the correlation states may thus lead to 
differences in the photoelectron intensities. Since the behav
ior in the high energy limit is not known for the 2p and It7. 
orbitals it is not clear if such differences may lead to varia: 
tions in the photoelectron intensities with the photon energy. 

The large structures 3 and 4 observed at about 38.5 and 
43.3 eV, respectively (cf. Table 1), are both lying above the 
double ionization threshold in the Franck-Condon region of 
the neutral ground state at 35 e V. g They may therefore prob
ably be associated with resonances in the double ionization 
continuum that can be seen as an increased intensity at high 
binding energies in Fig. 1. Due to their high energy, these 

transitions could be due to excitations accompanying the 
2a 1- 1 primary hole. Two such transitions are allowed with
out the inclusion of vibronic coupling, leading to the final 
state configurations 2a 1- 1 Itt 1 2t2 and 2a l- 23a l • Using the 
calculated excitation energy of 12 eV21 for the neutral mole
cule, the first transition is expected to appear at binding ener
gies higher than 35-36 eV, since the effect of the 2a l-

1 hole 
must be taken into account. This transition could thus corre
spond to structure 3. Ifwe consequently associate structure 4 
with a leading final state configuration 2a 1- 7. 3a l ,we obtain 
the 2ei: .....; 3a: excitation energy above the 2a 1- I primary hole 
state to be approximately 43.5-23~20 eV. However, multi
plet splittin:g could also explain both structures as originat
ing from the same orbital shakeup process. This assignment 
is also supported by a consideration of the linewidths in Fig. 
1. Line 3, associated with a 2t2 excitation, is very broad 
( ::::: 3-4 e V) whereas line 4, associated with a 3a i' excitation, 
is relatively narrow with a width of ~ 1 eV. However, since 
lines 3 and 4 lie in the double ionization continuum also 
coupling of the discrete singly and doubly ionized 'contiti
uum channels l::ontribute to the iinewidths. The extremely 
broad structure at about 48 e V is probably caused by such a 
resonance mechanism. 

B. The UV excited photoelectron spectrum 

Photoionisation out of the 2a1 orbital is possible using 
Hella radiation and· the photoelectron band is observed at 
about 23 e V (cf. Fig. 3). The band displays a vibrational 
progression in the VI Cal) mode, which is the only mode that 
is expected to be strongly excited in a nondegenerate elec
tronic state. This progression. has been observed also in pre
vious studies2

.4,25 although not to as high vibrational quan
tum numbers as in the present investigation. The first peak 
corresponding to the adiabatic (0-0) transition is observed 
at 22.41 ± 0.01 eV. The 0-1 vibrational spacing is approxi
mately 270 meV. This is much smaller than the correspond
ing neutral ground state vibrational spacing of 361 meV, 

27 26 

He 
40.81eV 

I I I I' 

25 24 

BINDING ENERGY (eV) 

xO.l 

23 22 

FIG. 3. The 2a l I photoelectron band excited by means of Hella radiation 
at 40.8 eV. A vibrational progression in the VI (at) mode is observed. Ioni
zation of He leaking into the gas cell from the uv source gives rise to the line 
at 24.587 e V. The weak lines indicated by bars on the high energy side of the 
He line may be due to inelastic scattering of photoelectrons (see the text). 
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suggesting that the chemical bonding is much weakened 
upon the removal of 2a I the electron. 

The vibrational spacings decrease towards higher quan
tum numbers, which gives an indication of the anharmoni
city of the potential curve. We have tentatively fitted a 
Morse potential function to these data and thus obtained a 
dissociation energy of 4. 70 e V along the totally symmetric q I 
normal coordinate. However, as will be discussed below, this 
value is much lower than the value determined from thermo
chemical and atomic data. 

The equilibrium bond distance of the ionic state is ob
tained from a Franck-Condon analysis based on the relative 
intensities of the vibrational peaks, as described below. How
ever, these intensities are not easily determined from the 
spectrum since the peaks are not fully resolved and, in addi
tion, the line width is observed to increase with increasing 
quantum numbers. In order to analyse the band in further 
detail we have therefore fitted a series of model functions to 
the observed peaks. In this procedure the peak height and 
full width at half-maximum ofthe model functions were var
ied. The best result is shown along with the experimental 
spectrum in Fig. 4 and Table II. It was obtained using Lor
entzians for all peaks except the first two, for which weighted 
sums of a Lorentzian and a Gaussian with equal line widths 
(approximate Voigt functions) were used. The weight fac
tors of the latter are given in Table II together with the other 
parameters. Before the fitting was made, a straight line back
ground, slightly sloping, was subtracted. 

Since the widths of the lines increase successively 
towards higher vibrational quantum numbers it may be ap
propriate to use the areas in order to represent the relative 
intensities, instead of the peak heights which are often used. 
The maximum intensity is then obtained for the v = 2 level 
instead of v = 1, which exhibits the highest peak. This also 
implies a larger change in the C-H bond distance. Table II 
presents the areas of the peaks used in the Franck-Condon 
analysis for methane. 

As can be seen from Fig. 4, the fitting of the model func-

METHANE lai 
7 6 5 4 :z 3 

I I I I I I 

:w 23,6 23,2 22,8 22,4 

BINDING ENERGY (eV) 

FIG. 4. A fitting of model functions to the spectrum of Fig. 3 using the 
parameters given in Table II. The titted curve is given in black and the ex
perimental curve in gray. 

tions is good except in a range between the first two peaks, 
where the experimental intensity is not fully accounted for. 
The discrepancy appears with a maximum intensity at about 
104 me V above the v = 0 peak. This could suggest a very 
weak excitation of a single quantum of the v 4 (t2 ) mode or of 
the V 2 (e) mode. Higher components of a vibrational pro
gression would hardly be seen due to the larger line widths in 
this region. The energy of the V 4 vibration in the neutral 
ground state is 162 meVand of the V2 mode 189 meV. Exci
tations of this kind require a vibronic interaction with an 
electronically degenerate state of either 2T2 symmetry or 2 E 
symmetry present in this energy range. Such states would 
arise from the two holes-one particle electron configurations 
It 2- 2 2t2 and It:1 2 3a l • In CI calculations of the potential 
energy curves it has been shown that in the range of the 2a l- 1 

state repulsive states oeA I symmetry appear in the Jahn
Teller distorted systems both for C2V and C3v symmetry.26 
These repulsive states could be responsible for a predissocia
tion of the 2a l- I single hole state (cf. also Sec. IV D). 

Additional weak structures can be seen in the experi
mental spectrum on the high binding energy side of the He 
line at 24.587 e V (cf. Fig. 3). Five clearly discernible lines 
are indicated by bars in the figure and the energies are given 
in Table II. The average spacing between the peaks is about 
240 meV. These peaks could be due to inelastic scattering of 
the photoelectrons in the gas cell leading to vibrational exci
tations of neutral methane molecules. The spacing between 
the He line and the first peak at 24.775 eV is I88meV which 
fits exactly to the energy of the V 2 (e) mode in the neutral 
ground state. 14 

C. Franck-Condon factors 

Removal of one electron from the 2al orbital will weak
en the X-H bond appreciably, resulting in a large decrease in 
the energy of the symmetric stretching mode VI as well as in 
the corresponding force constants. In Table III, the force 
constants F; (a l ) of methane, obtained in the present calcu
lations, are given. The bond lengths derived for the ion to
gether with that of the neutral molecule27 are listed in Table 

TABLE III. Molecular properties of the X 'A, neutral ground state and in 
the A 2 A, ionic state of methane. 

X'A, state 

v, (cm ') 
F,(a,) (md!A) 
rCH CA) 

A 'A, state 

v, (cm .... ') 

F;(Ci,) (md!A) 
arCH (A)c 

EB (ad.) (eV) 

2916.5b 

5.050 
1.0940" 

2030( lO)a 

2.44(0.03) 
0.185(0.004) 
22.41 

[~rc,H = 1.279(0.004) AJ 

aN umbers within parentheses are estimated errors for the corresponding 
quantities. 

"Reference 14. 
''In Ref. 28 a value of 0.1 I A was reported for arCH' 
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III. As can be seen, there is a considerable increase in bond 
length accompanying the X lAI --A 2AI ionization process. 
It should be mentioned that the relative intensities used in 
the Franck-Condon analysis were taken as the peak areas. 
No correction needs to be made for the differences in the 
kinetic energy, since the spectrometer transmission can be 
regarded as constant over the bandwidth. 

D. Discussion of potential curves 

The neutral ground state potential curve corresponding 
to the symmetric stretching normal coordinate can be esti
mated using the energy required to form a C + 4H complex. 
Using thermochemical data of Ref. 29 a dissociation energy 
of 17.0 e V is obtained for the symmetric stretch vibrational 
mode. The potential curve of the 2a l-' I cationic state fol
lowed by assuming sustained symmetric stretch vibrations 
leads to the formation of the C + (2s- I) + 4H complex. 
This requires a total energy of 17.0 + 11.27 + 5.33 == 33.6 
e V above the neutral molecular ground state using an energy 
of 11.27 eV for the first ionization potential of the carbon 
atom, corresponding to the formation of C + (2p I) and a 
C + (2p - I) ...... C + (2s - 1) excitation energy of 5.33 eV.30 A 
dissociation energy of 33.6 - 22.4 = 11.2 eV is thus ob
tained for the symmetric stretch vibrational mode in this 
electronic state. The formation energy of the 
C + (2s- I) + 4H complex obtained from a Morse potential 
curve, fitted to the observed vibrational spacings, is only 27.2 
eV, which is more than 5 eV lower than 33.6 eV. Although 
the Morse potential does not, in general, provide accurate 
dissociation energies this very large difference may suggest 
that the shape of the potential curve is strongly influenced by 
a crossing with a repulsive state curve. 

Some information about the potential curves of the cor
relation satellite states is obtained from the line shapes. The 
most intense peak at 32.1 e V (line 2 in Figs. 1 and 2), is fairly 
symmetric, suggesting that the Franck-Condon region falls 
on an essentially straight part of the potential curve. From 
the width of the line the slope can be estimated to be > 15 
eV / A. An even larger slope is found for line 1. The width of 
~ 3 e V in this case indicates an enormous slope of ~ 50 
e V / A. These two structures probably correspond to two re
pulsive states oflAI and 2E symmetry predicted in Ref. 26. 
Also the difference of the slopes of the respective potential 
curves may be inferred from Fig. 8 in this reference. In the 
same work another even lower potential curve associated to 
2 A 1 symmetry is also predicted. In the XPS spectrum, taken 
at 1487 eV excitation energy with a high signal-to-back
ground ratio, it is also seen that the intensity between the 
2a,- , and It 2- , lines is increased compared to the straight 
background which is observed on the right-hand side of the 
It 2- I line. The small N2 contribution cannot explain this 
increase. Therefore, the potential curve of the calculated 
state with 2 A, symmetry, leading to dissociation in C2v sym
metry,26 could be responsible for a predissociation of the 
2a,- , state. 

The strong coupling to the dissociation continuum has 
previously been shown in a photodissociative ionization 
study of CH4 reported in Refs. 31 and 32. At the 2a l- 1 

threshold, H + and CH + ions start to appear and there is 
also an increase in the CH2+ production. CH3+ which has 
several dissociation limits below 29.2 eV (cf. ionization ener
gies in Ref. 33) is either not formed in predissociation of the 
2a l- , state or is subject to further decay processes. 

In the range of the present study five dissociation limits 
above the ionization threshold for the 2al orbital, leading to 
H + ions, have been observed by dissociative electroioniza
tion.34 The energies of these are 26.3, 26.9, 29.4, 32.7, and 
35.7 eV and it was concluded that these energies probably 
correspond to dissociation channels opened by predissocia
tion of excited states of C~+ . All these energies are in the 
range of the observed satellite structure in the present x-ray 
and synchrotron radiation excited photoelectron spectra 
and at energies which roughly seem to correspond to onsets 
of the photoelectron bands. As suggested above, the final 
states of the photoelectron transitions up to about 32 e V 
belong to the It.;: 2 3a l and It 2- 2 2t2 Jahn-Teller split man
ifolds, which agrees with the calculations in Ref. 26. Similar
ly, the higher energies could correspond to ionization pro
cesses connected to the other configurations discussed 
above. These states are embedded in the double ionization 
continuum. The first onset of CH~ + production was ob
served at 35.0 eV, with a vertical energy in the transition of 
37.15 eV, and a second onset at 38.5 eV using PIPICO.8 A 
more detailed ultraviolet photoemission spectroscopy 
(UPS) study using monochromatized Hella radiation, and 
an extended angular resolved study using synchrotron radi
ation would help to give more information on the band 
shapes which would enable more detailed interpretations. 
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