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Abstract: Zero kinetic energy (ZKE) spectra of N2’ Cco, CZHA’ and C6H6
were taken across the Nls (N2) and Cls ionization thresholds. "Discrete
resonances at sub-threshold photon energies were observed and were found
to become more intense as threshold is approached relative to the same
peaks in absorption spectra. For N2 the satellite/main line branching
ratios at threshold are: 11(1)%Z for the 419.7(1) eV binding energy
satellite, and 2.3(1.0)%Z for the 426.5(1) eV binding energy satellite!
For CO, the branching ratio for the 304.6(1l) eV binding energy satellite

is 15(2)% at its threshold. Branching ratios at threshold are also

determined for the satellites of C6H6and C2H4. Decay characteristics



and assignments of the continuum features of C/H and C,H, are also

discussed.
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I. INTRODUCTION

Threshold photoelectron spectroscopy (TPES) has proved to be very
powerful in the investigation of electron correlation phenomena in
'atoms.l'3 In TPES a small eléctric field ardund the gas-photon
interaétion region extracts very low energy electrons, which are ejected
as the photon energy is scanned across ionization thresholds. We shall
refer to these as ZKE (zero kinetic energy) electrons, where confusion
could otherwise resulﬁ by using the word "threshold", which also refers
specifically to the Nls or Cls main-line threshold itself. The spectra
reported in this work are in fact ZKE spectra: that is, the signal
carried by electrons of kinetic energy less than about 0.1 eV.

ZKE spectra can be used to determine the intensity of a correlation

satellitea’5

in the photoelectron spectrum, at its threshold relative to
the intensity of  the main 1line at its threshold. The simplest
description of satellite 1intensities, the shake-up picture, based on
time-dependent perturbation theory,h leads naturally to two limits. The
sudden  approximation describes the high-energy 1limit, with the
photoelectron leaving so quickly that the satellite intensities are
given by the overlap of the passive electrons. In this simple picture,
the low-energy limit would have the photoelectron leaving so slowly that
the passive electrons cpuld follow the changing potentiai adiabatically,
and satellite intensities would decrease more or less uniformly as the
excitation energy decreased. However, recent atomic threshold and near-

threshold photoelectron spectroscopy experiments have shown that the

dependence of satellite intensities wupon energy 1is actually quite



Vériable, implying the need for a more sophisticated theoretical
approach.1~3’6

Even less is known about the intensity variation of satellites in
molecules mnear threshold. WRecently, the K-shell satellites of CO and

have received much attention.’6_9 In both molecules, the lowest

N
-binding energy K-shell satellite appears to be enhanced near its
threshold. The threshold photoelectron spectra of N, and CO, reported
below, confirm these results, and the satellite intensities at threshold
for C.H, and.CzH4 are also examined.

At incident photon energies above the main-line threshold, not only
satellites contribute to the continuum absorption spectrum, but also
shape fesonances and discrete multi-eleétron resoﬁances. In a threshold
photoelectron spectrum only ZKE electrons are present; so that each main
line’ gives one peak followed by its correlation sateilite'peaks. -Also,
although perhaps 1less obviously, discrete resonances, both?abdve and
beléw the main line threshold energy, produce ZKE electrons by the décay
of the excited state through an Auger-like process, in which two or more
electrons are ejected at once (double Auger decay). The great intensity
of these peaks in “the ZKE spectrum may arise through energy-sharing
between the two emitted electrons in a way that favors low-energy
electrons. Another channel that is expected to yield ZKE electrons is
the decay of states reached by direct ionization, thfough shake-off
processes.

Transitions through the above channels should lead to a ZKE

" spectral response that reflects much of the absorption spectrum.

However, intensity increases due to classical one-electron shape
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resonances in particular photoionization channels would not be prominent
~in the ZKE signal. Rather, peaks that are prominent in the ZKE spectrum
above the main-line ionization threshold, if not due to correlation
satellite state thresholds, should be assigned to doubly excited states.
Thus, ZKE spectra can be wused, with caution, to distinguish between
shape resonances, which yield primarily single, higher-energy electrons,
and doubly excited states, which decay by multielectron processes.10
'However, caution is required, because the ZKE signal may rise slightly
at the shape resonance energy due to a double Auger decay branch.

The experiment is described briefly, then results for the four
molecﬁles are discussed successively. For each molecule, first we
discuss the discrete resonance region below the main-line threshold,
.followed by the continuum region. Lastly we list our conclusions. |
IT. EXPERIMENT |

This experiment was performed at Stanford Synchrotron Radiation
- Laboratory operating in the 4x1 bunch mode on the four degree grazing
incidenée (grasshopper) monochromator on Beam Line III-1. For the Nls
work (400-440eV) the resolution is ~0.9 eV FWHM. For the Cls work, the
resolution is ~0.96 eV. The apparatus 1is described in detail

10-12 Briefly, the pulsed photon beam intersects an effusive

elsewhere.
gas beam defining an interaction region. A weak electric field extracts
the electrons, which are energy analyzed by time-of -flight. The
threshold electron analyzer wuses space focusing conditions to improve
its resolution, which is about 0.03 eV. At threshold, the entire 4n

solid angle is collected and the collection angle rapidly decreases for

higher energy electrons. In this work only ZKE scans are reported. The



photon- flux was monitored by. a quartz window coated with sodium
salycilate. The response as a function of photon energy was calibrated
using - the known cross section of argon and neon, as has previously been
done for lower photon energies.13 A least squares fitting routine was
used to - fit the spectra. = All parameters, mean - energy, width and
intensity were allowed to vary independently. Gaussian functions were
used to fit peaks corresponding to discrete resonances. A constant
function and a gaussian convoluted with a step function centered over
the 1ls ionization threshold, to model shake-off, were used to fit the
background.

- The 1s main line peaks, because of their asymmetric profiles, were
fitted with a Niehaus' function14 convolutéd with a gaussian. This is
the result of post collision interaction (PCI), which 1is. well

14 the low

charcterized in atoms. In Niehaus'’ semiclassical model,
energy photoelectron 1is overtaken by the faster Auger electron. - This
causes an abrupt change in the potential of both electrons, increasing
the kinetic energy -of the Auger electron and decreasing the kinetic¢
energy of the photoelectron. The function derived by Niehaus, with a
natural 1ifetime taken from the measured core hole lifetime convoluted
with 'a gaussian of the monochromater bandpass, was used to fit the 1s
ionization peak. This resulted in a significantly larger intensity for
this peak than avsimple gaussian function and shifted the maximum peak
intensity to higher photon energy. The satellite peaks shouldvalso
exhibit an asymmetric profile due to PCI. 1In general, some other line

broadening process made: it impossible to differentiate between the

Niehaus-gaussian function and a simple gaussian function, so gaussian
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functions were used to fit the satellite peaks. Relative intensities of
continuum features are scaled to the 1ls ionization intensity at the
photon énergy " of that feature. Reported uncertainies are statistical;
systematic errors are estimated to be less than 10%.

1

III. RESULTS

A. NITROGEN
The .ZKE photoelectron spectrum of nitrogen is shown in Fig. 1 along

15 over the same energy range.

with the EELS spectrum of Wight et. al.
1. Discrete Resonances

Peaks labeled 1 through 4 in Fig. 1 are the below-threshold peaks
which .arise from excitations to discrete states. Table I lists the
energies, transition assignments, and relative intensities of tﬁese
features. Also listed in Table I are the high resolution EELS results

of Tronc et.‘ a1.1§

for comparison. A prominent 1s»w* resonance and
Rydberg transitions 1leading to ionization are present in both the EELS
spectrum and the threshold spectrum. The assignments in Table I were
made by Tronc et. al., who used a combination of multiquantum defect

theory and the equivalent core model in their interpretation, with the

dominant Rydberg transitions being the np series. Table I shows that

‘the relative intensities of the transitions to higher n states are

larger in the ZKE spectrum than in the EELS spectrum. In. fact, the,

unresolved group, peak 4, has almost four times greater intensity

. * s s
compared to the 1ls-»m transition, than the sum of the same peaks from

the EELS work Tronc et. al. This result is analogous to the atomic case,



where - relative probability for an excited state to undergo shake-off
increases with greater n.1
2. Continuum Features
Figure 2 contains the ZKE spectrum for N2~and the 1487 eV PES
spectrum of Gelius et. al.‘5 The results for the continuum features are
presented in Table 1II, along with the Al Ka (1487eV PES) results of

5 Peak 5 is due to the onset of Nls ionization. Peak 6

Gelius et. al.
in the ZKE photelectron spectrum is assigned, on the basis of its
energy,  to. a doubly excited state, of the type lsflval-lw*Ryd, which
could decay though channels yielding low-energy electrons. Because of
its prominent appearance in the threshold spectrum, this peak is not
.assigned -as a Nls shape resonance, and its binding energy is too low for
..a Nls satellite. The more symmetric line shape and the similarity in
shape and relative intensity to the .corresponding peak in the EELS

spectrum are typical of discrete resonances in threshold spectra.:.

* *
A N2 o  shape  resonance has been observed at 419 eV in both the

EELS spectrum and by direct phototemission in the Nls main line.17 The
-1 -1 %

first Nls satellite peak, assigned .as 1s 1w 1ﬂ , was reported by Gelius

et. al.5 to 1lie at 419.2 eV, Either of these would be candidate

assignments for peak 7, 1if energy were the sole criterion. However,
other -criteria strongly favor the 1s 1n 1x* satellite assignment. The
satellite threshold should yield ZKE electrons, while there is no reason
to expect a shape resonance to yield ZKE electrons. Also, Kerkhoff et.
al.-18 have measured the cross section for the Nls satellites as a

function of photon energy. Their results indicate an increase in the

relative ~cross section close to threshold for the 419 eV binding energy



satellite. At the Al Ka (1487 eV) photon energy, the intensity of this
peak relative to the of Nls main line is 2.1%, whereas at its threshold,
it is 11% as intense as the Nls peak. This factor of five is in
_'qualitative agreement with the results. reported by Ungier and Thomas7
"  uéing Ti Lo (452 eV) radiation. |
| Peak 8 at 426.5 eV is assigned as the second. satellite of 425.9 eV
:known binding energy. The difference in reported binding energy between
the threshold results and the Al Ka results is probably due to. a PCI
shift. of the maximum intenéity of the satellite peaks to higher photon
.énergy. Its intensity at its threshold, relative to the Nls main line
at the same photon energy, is approximately ten times smaller thaﬂ at
1487 eV photon energy. This satellite has been assigned, through CI
s L1

* ' ’ :
~calculations as T, singlet paired 1 mixed with

1671,72,%2 9,19-21

The near degeneracy in energy of the %y shape resonance in the Nls
ionization partial cross section to the binding energy of the first
) satellite suggests that it could lend intensity to this satellite, such
-as haé been confirmed both theoretically and experimentally for

22 The 419.7 eV binding energy

satellites - .in the inner valence region.
péak .is, however, more than twice as broad as the Nls main line peak
Qidth, which is ﬁostly instrumental. Therefore both satellite peaks may
contain transitions to more than one electronic state.

The N2 threshold spectrum above 430 eV appears to contain structure_

qualitatively similar - to the Al Ka satellite spectrum. . Although the

statistical accuracy is- marginal, a doublet structure may be present



near 435 eV, and the continuum baseline appears to rise before 440 eV,
perhaps due to shake-off processes.

~ B. CARBON MONOXIDE

| Thé ZKE photoelectron spectrum of CO across the Cls -ionization
threshold is presented in Fig. 3 along with the EELS spectrum of Wight

.et. al.l5

for the same range.
1. . Discrete Resonan¢es

The discrete part of the spectrum is summarized in Table III, and
compared with the results of.Tronc et. a1.23 Again the lson resonaﬁde
is well résolﬁed, and follOwéd by unresolved transitions to Rydberg
states. The transitions were assigned in. the same manner as for
isoelectronic Ny. Just as with nitrogen and the atomic case, the
transitions - tov higher n-states seem to produce more shake-off_throﬁgh
ZKE electrons. | |
2. Continuum Features

The ZKE phototelectron spectruﬁ of CO above the Cls threshold,
| ‘presehted in ‘Fig. 4 along with the 1487 eV PES results of Gelius et..
al.,5 is similar to tﬁat of isoelectronic N2. The continuum results are
presented in Table IV. Peak 5, the main line, is ‘due to ionization of
the carbon ls electron. Peak 6 is assigned to a doubly excited state of

1

: ) 1% * :
the type 1s 1val x Ryd as in nitrogen, and a broad ¢ shape resonance
centered at 303 eV in the . EELS spectrum is absent in the threshold
spectrum, as expected.

Since CO 1is isoelectronic with N
5,6,24

9 the electronic assignments for

the satellites are similar. The first satellite, peak 7, is.



enhanced by = nearly a factor of five relative to the 1ls main line, when
compared to the ratio-at 1487 eV photon energy.

The second satellite .in the Al Ko photoelectron spectrum of

Gelius et. a1.5 would appear at 311 eV photon energy in the ZKE
spectrum.. Since there is no peak apparent at this energy, its intensity
is estimated to be less than 2% of the 1ls main line intensity. This is
in qualitative agreement with the experimental results of Reiner et.
al.,6 who found the intensity of the first satellite of CO to increase,
and .the second satellite to decrease relative to ls ionization with
decreasing.pho;on energy.

However, there is a small shoulder in the ZKE spectrum-on the
higher binding energy side of the first satellite, but well below the
second satellite’s binding energy. It is unlikely that this is part of
a vibrational envelope, as the combined peak width is over 3 eV, and the
shape is indicative of a second peak. This second peak might correspond

2 2

=" and “A symmetry, which should lie between

9

to the satellite states of
305.7 and 307.4 eV binding energy, as calculated by Schirmer et. al.,
using a Green's function technique. If this interpfetation is correct,
~this new result for satellites in core-level molecular satellite
spectroscopy is similar to recent findings for rare-gas atoms, at3 and
1'v1ear'25 ZKE. The result is that new satellites .appear in the ZKE
spectrum which are absent 1in the sudden limit. Electron correlation
effects (é.g. interchannel coupling) are presumed responsible for their
appearance near ZKE even though they are unfavored by symmetry in the

absence of interchannel coupling, in high energy photoelectron spectra.

One ‘explanation for the increased intensity of the lowest binding energy
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satellites in N, and CO is that the satellites with thresholds near the
* . . :

o shape resonance can borrow intensity from that shape resonance, as
suggested by Reimer et. a1.6 With the current resolution, however, it
is difficult to say conclusively which satellites are responsible for
this enhancement,. but more than one electronic state appears to be

involved.

C. BENZENE

Figure 5 shows the ZKE photoelectron spéctrum of benzene and the
EELS spectrum of Hitchcock et. a1.26 over the same energy range.
1. Discrete Resonances

The results for the discrete resonances of benzene are listed in
" Table V.  The asymmetric- profile of the ls+w* resonance, peak 1, is most
likely due to an unresolved vibrational envelope. Qualitatively,‘it
appears that the resonances to higher np states again produce more
‘shake-off'to ZKE electron channels.
'2. Continuum Features

Figuré 6 shows the Cgg ZKE spectrum above the Cls threshold,

together with a PES spectrum from Ohta et. al. “Peak 5 corresponds to

the Cls main 1line. It shows the characteristic line shape caused by
PCI. There has been some controversy over the assignments of the othe;
continuum features. On the basis of MS-Xa calculations, Horsley et.
,a1.27 have assigned both resonances in the EELS spectrum at 293.5 and

300 eV (see Fig. 5) to molecular shape resonances. Piancasﬁelli et.

al.28 have assigned these resonances on the basis of their decay

characteristics. The peak at 293.5 eV was not evident in the Cls cross
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-section, and was therefore deduced to decay primarily through many-f
electron channels. The 300 eV peak was found to decay primarily by 1ls

ionization. A partially resolved peak near 293.5 eV is observed in the

"ZKE spectrum but a 300 eV peak is not; this is consistent with the-
conclusion of Piancastelli et. al.: peak 6 can be a doubly excited

state of the form 15-1va1-1

ﬁ*Ryd, rather than a &*vshape resonance. The
absence - of a peak at 300 eV also tends to confirm their conclusion that
‘there is a shape resonance with a maximum at 300 eV.

The high -background makes the continuum results uncertain. Peak 7
is relatively well resolved. Compared to the results of Ohta et a129
(i.e. édmparable resolution), the relative intensity is the same at ZKE

.as at 1487 eV. photon energy. The second satellite peak, peak 8§,
tentatively appears present and enhanced at ZKE.
‘D. ETHYLENE
vThe ZKE photoelectfon spectrum of ethylene and the EELS spectrum of
Hitchcock et. al.26 are presented in Fig. 7.
1. Discrete Resonances

. The discrete resonances of ethylene are listed in Table VII. The
slightly asymmetric profile of the first resonance, 1Sﬁw*, is probably
caused by transitions to unresolved vibrational states, and again the
Rydberg peaks which correspond to higher n transitions seem to produce
more threshold electrons compared to the lsaw* resonance..
2. Continuum Features

Continuum resonance results are summarized in Table VIII. The Cls
ﬁain line peak, peak 5, exhibits the characteristic asymmetry due to.

PCI. The peak at 293.5 eV in the EELS spectrum, peak 6, is obscured by
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the PCI broadened tail of peak 5; however, it appears that the;e méy be
some intensity_at this pﬁoton energy in the ZKE spectrum. The resonance
at 295.5 eV appears to be weakly present, as peak 7,‘in-the ZKE
spectrum. This gives tentative, but far from conclusive, suppoft to the
conclusion gf Piancastelli et. al., that this peak in the EELS:spectrum
is a doubiy_?*cited state. The mnext two peaks in the continuum spectrum
are assigned to satellites. A satellite at the énergy of peak 9 has
been seen before.28 The maxima in the ZKE spectrum near 303 eV and 307

eV indicate that higher binding energy satellites could also be present.

IV. CONCLUSIONS

~ The ;hreshold electron studies reported above have revealed these"
new insighﬁs about the behavior of:molecular_resonances and satellite;
near a K-shell threshold: |

1; In all four molecules, discrete-state resonances below
threshold, observed earlier ih EELS work, . also appeared. in the ZKE
.spectra. This indicates decay through double-ionization channels, which
can prdduce»ZKE "shake-off" electroﬁs. Furthermore, in progressing from
thé lowest-energy resonance peak up toward threshold, the ZKE peak
- ‘intensity ratios increased relative to the EELS peak intensityAratios.
vThis indicates that the ZKE channels become relatively more . important
for higher Rydberg levels.
2. In CO and N2 the lowest binding energy Cls and Nls satellites at
'304!5 eV and 419.2 eV, respectively, were dramatically enhanced to five
times the sudden limit relative intensity near threshold. The widths of

these peaks, and especially the high energy shoulder on the CO Cls-
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satellite, indicate that more than one electronic state is included in
the satellite .peak at threshold. 1In C6H6 the lowest energy satellite,
at 299 eV, is not enhanced at threshold, but the higher energy satellite
at 302 eV is.
3. The low-energy resonances in the EELS spectra, at 293.5 eV in CeHe
~and  295.5 eV in C,H,, decay through ZKE cﬁannels and are therefore most
ﬁrqbébiy due to doubly excited states rather than o shape resonances.
4. | In general, multi-electron (correlation) effects. were found to’
, conﬁributute significantly to the EELS spectrum. As the ionization
‘threshold for a core level molecular orbital is approached from above or
,beloﬁ; multi-elecpron effects increase, manifesting themselves in the
. ZKE spectra of Rydberg peaks below threshold and satellite peaks above.
Finally, éero kinetic energy photoelectron spectroscopy can provide
‘unique insights into electron correlation effects at energies near core-

levels thresholds.
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Table I: Discrete Resonances in N,

- Threshold PES EELS®
- | " | Relative | Relative
Peak | Assignment | Energy | Intensity Energy® | Intensity
1 1s~Ir*  ]400.9(1) | 100% |400.86(3)| 100%
2 1s7'3s [ 406.2(1) | 2.8(8)% |402.29(3) | 1.2(1)%
3 1s713p [407.1(1) | 4.3(6)% | 407:18(1) | 2.9(3)% |
C1s713d [ 408.4(1) | 1.1(1)% |
| 1s~14p 409.12(2) | 0.6(1)%
47 1s715p | 408.7(3) | 13.6(6)% | 409.49(2) | 0.6(1)%
1s~16p 1409.78(2) | 0.4(1)%

*Tronc et. al. 13

*Energy is for v= 0 transition
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Table II: Continuum Resonances in Ny

Threshold PES Al Ka?(PES)
Relative Relative
Peak | Assignment | Energy | Intensity | Energy | Intensity’
5 - 1s7 409.7(1) 100% 409.86(3) | 100%
6 | 1s7lval~ln*Ryd | 414.9(1)
7 Is7ir~ izt [419.7(1) | 11(1)%° 419.2 2.1%
| 1s~ig—lg*e 426.5(1) | 2.3(1.0)°% | 425.9 24.6%
8 18_17T_27T*2

- eQGelius et. al. -

- bRelative intensities are scaled to the 1s~!

satellite’s threshold.

intensity at the photon energy of the

°r electron and 7* electron are singlet paired.**
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Table III: Discrete Resonances in CO

Threshold PES | EELS®

I - | Relative Relative
Peak Aésignmen_t Energy [ Intensity ,E’nergyb, | Intensity
1 | - 1s7iz* | 287:4(1)| 100% |284.40(2)| 100%
2 | 1s713s [292.1(1) | 2.4(2)% |292.37(2) | 1.5(3)%
3 | 1s713p 1293.4(1)[12.2(9)% | 293.33(4) | 5(1)%
- 1s713d ‘ 294.60(3) | 0.35(9)%

1s~14p | - 294.77(3) | 1.3(3)% |

4 1s-15p | 295.1(6) | 9.9(7)% |295.30(3) | 0.35(9)% |

1s~16p | 295.59(3) | 0.53(18)%

®Tronc et. al. 1°

YEnergy is for v= 0 transition
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Table IV: Continuum Resonances in CO

Threshold PES

Al Ka®(PES)

Relative Relative
Peak | Assignment Enérgy Intensity | Energy | Intensity
S 1571 296.2(1) | 100% 296.2 100%
6 | 1s~lval~!'7*Ryd | 301.5(1)
7 Is7ir~Ixr [ 304.6(1) | 15(2)%° | 304.5 | 3.1%
8 306.9(1) | 5(1)%°
ls_lﬂ—lﬂ'*c .
1s—17—27%2 311.1 5.6%

2Gelius et. al. °

bRelative intensities are scaled to the 1s~

satellite’s threshold.
r electron and 7* electron are singlet paired.!’

1

intensity at the photon energy of the
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Table V: Discrete Resonances in CgHg

Threshold PES EELS®

. : Relative .
Peak | Assignment | Energy | Intensity | Energy
1 | 1s7ia* 285.2(1) | 100% | 285.2(1)
2 1s~!13s  [287.2(1) | 20(1)% |287.2(1)
3 1s713p | 287.9(1) | 18(2)% | 288.0(1)
1s~'3d 288.6(1)
4 1s~4s 289.0(1) | ' 62(2)% |288.9(1)

¢Hitchcock et. al. 18
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Table VI: Continuum Resonances in CgHg |

Threshold PES - Al Ko*(PES)
Relative Relative
Peak | Assignment Energy | Intensity | Energy | Intensity
3 1s71 290.3(1) | 100% | 290.42 | 100%
6 |1s~'val~'m*Ryd|[293.5(1)|
7 Is~In=ln* 299(1) | 10(4)%° | 297.4 | 10.5%
8 1s~Ir~Tg* 302(1) | 16(8)%° | 301.3 | 2.5%

“Ohta et. al. 7

bRelative intensities are scaled to the 1s~

satellite’s threshold.

intensity at the photon energy of the
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Table VII: Discrete Resonances in CoH,

Threshold PES EELS®

: . Relative
Peak | Assignment | Energy | Intensity | Energy®
1 1s~ix* 284.8(1) | 100% |284.67(3)
| 1s713s 287.24(3)
2 1s~13p 288.0(1) | 91(3)% |287.88(3)
3 1s~'4p 289.3(1) | 40(3)% |289.40(4)
4 1s~15p 290.0(1) | 37(3)% |289.94(1)

“Tronc et. al. '®
Energy is for v= 0 transition.
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Table VIII: Continuum Resonancesvin CoHy4

Threshold PES | EELS

Relative
Peak Assignment Energy | Intensity | Energy
5 1s~1 1290.8(1) | 100% | 290.74(4)

6 1s~lval~'n*Ryd [292.7(1)
7 | 1s7'val'RydRyd [ 295.6(1) | .
8 1s~'val"'Ryd [298.2(1) | 1.5(3)%°
9 1s~tval-1Ryd [299.7(1) | 2.2(3)%"
*Tronc et. al. 6

bRelative intensities are scaled to the 1s~
satellite’s threshold.

! intensity at the photon energy of the
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Figure Captions

ZKE scan of N2 from 397 to 440 eV photon energy. The solid

line 1is a 1least squares fit to the spectrum. Included for

comparison is the EELS spectrum of Wight et. a1.15

ZKE scan of N2 aboﬁe the N1s threshold. The solid line is a -

least squares fit to the spectrum. Included for comparison

is the PES spectrum of Gelius et. al.5

ZKE scan of CO from 285 to 320 eV photon energy. The solid

line 1is a least squares fit to the spectrum. Included for

comparison is the EELS spectrum.of Wight et. al.15

ZKE scan of CO above. the Cls threshold. The solid line is a

least squares fit to the spectrum. Included for comparison
is the PES spectrum of Gelius et. al.”> .

66
line 1is a least squares fit to the spectrum. Included for
24

ZKE scan of C_.H, from 280 to 312 eV photon energy. The solid

comparison is the EELS spectrum of Hitchcock et. al.

ZKE scan of CGH6 above the Cls threshold. The solid line is

a least squares fit to the spectrum. Included for comparison

is the PES spectrum of Ohta et. al.26

ZKE scan of CH, from 280 to 312 eV photon energy. The solid
line 1is a least squares fit to the spectrum. Included for

comparison is the EELS spectrum of Hitchcock et. al.24
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