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Observation of Isotope Eff'ects in Auger-Electron Spectra: The
Predissociative 2x X State in HCl and DCl
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The L2 2z Z Auger-electron lines from HCl and DC1 are recorded in very high resolution.
The vibrational structure is resolved which reveals an isotope eAect. The 2n Z state is shown to be
predissociative with a potential barrier of 0.8(2) eV. The lifetime of the Cl 2p~t2 core-hole state in HCl
and DCl was determined to 0.12(2) eV.

PACS numbers: 31.30.GS, 32.80.Hd, 33.80.Gj, 35.20.—1

Auger-electron spectroscopy is a well-known method
for the study of free molecules and solids. Most work on
free molecules, however, has been dealing with Auger
processes that only involve core electrons. As has been
pointed out by Aksela et al. ,

' the list of experiments on
XVV and LVV Auger spectra of molecules is far from
exhaustive. Only in the cases of N2 (Siegbahn et al. )
and CO (Correia et al. 3) has it been possible to resolve
the vibrational structure of an Auger line, and consider-
able theoretical effort has been spent to provide a the-
oretical description including correlation and interfer-
ence effects. 3

Isotope effects have been studied in uv-excited photo-
electron spectroscopy since the early 1960's. Recently
it has been shown that it is possible to detect differences
between isotope-substituted molecules also in x-ray-ex-
cited photoelectron spectra. s No isotope effects have, to
our knowledge, been reported in Auger spectra.

The LVV Auger spectrum of HC1 has earlier been
studied by Aksela et al. This study was, however, fo-
cused on the overall assignment of the LVV Auger spec-
trum with use of ab initio configuration-interaction cal-
culations. No attempt was made by these authors to
resolve a vibrational fine structure of the lines.

In the electron-energy-loss spectrum reported by Shaw
et al. the 2p3t2-4scr transition shows up as a single line,
corresponding to excitations mainly to the v =0 vibra-
tional level in the excited state. One might assign a very
small structure, discernible on the high-energy side of
this line, to a v=1 vibrational level in the final state.
This structure is, however, not discussed by the authors
of Ref. 6.

We have examined the Cl 2p tt2 3i2 photoelectron lines
in HC1 excited with monochromatized x-rays. These
lines show very little vibrational broadening. This
finding and the results of Shaw et al. are in line with the
fact that the equilibrium bond distance of the ArH+ ion
(which is isoelectronic with a core-hole ionized HC1 mol-
ecule) is approximately the same as for HC1 in the
ground state. In conclusion, the v=0 vibrational com-
ponent dominates in the core-hole ionized initial state of
the Auger process. We therefore expect that any vibra-

tional fine structure appearing in the HC1 and DC1 LVV
Auger spectra corresponds essentially to one single
Franck-Condon progression, and moreover, that interfer-
ence effects between the vibrational states, due to a finite
lifetime, might be of minor importance.

We have performed a new study of the electron-
beam-excited LVV Auger spectrum of HC1 and DC1 us-

ing very high resolution. We find that it is possible to
resolve the first L2 2tr 'Z Auger line and several
other lines into their vibrational components in the cases
of both HCl and DC1 and thus for the first time to detect
isotope effects in Auger-electron spectra. In this paper
we only discuss the L2 2tt Z vibrational band. The
full spectrum will be presented in a forthcoming paper. 7

By determining the line positions and intensities we have
obtained the potential curve of the doubly ionized
2tr 2'Z final state and we have also been able to esti-
mate the lifetime of the Cl 2p core hole states in HC1.

HC1 and DC1 were produced by the introduction of
H2SO4 and D2SO4, respectively, onto heated KC1 in an
evacuated flask. The spectra were run on a hemispheri-
cal electron spectrometer at Uppsala at a pass energy of
40 eV. A 3-keV electron beam was used for excitation.
The pressure in the analyzer was held constant at
=1&10 5 Torr. From runs at the same pressure on Ar
gas the effect of inelastic scattering in the spectra was
found to be negligible. Calibration of the spectrum was
made by our mixing the sample gas with argon and
simultaneously recording the LVV Auger spectrum and
the L3MtM~('So) and L3Mz 3M2 3('D2) lines at 177.91
and 203.47 eV in Ar. '

Figure 1 shows the L2 2tt Z Auger band in

HC1 and DC1. In this figure we have, for clarity reasons,
aligned the 0-0 transitions. As can be seen, three vibra-
tional states are clearly resolved in each of the spectra.
Two additional states can be found by a careful analysis
of the line profiles. To the right of the strongest 0-0
transitions we discern a very small structure that may
correspond to the 1 0 transitions.

Curve fitting was applied to the peaks in the two spec-
tra. The spectrometer resolution was estimated by our
running a very narrow satellite in argon at 176.60 eV
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TABLE I. Energies and intensities for vibrational states in

the L2 2x Z Auger line in HC1 and DC1.
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lines in the Ar Auger spectrum (Ref. 10), at 177.91 and 203.47 eV, re-

spectively, the Auger-electron energy of the 0-0 transitions was found
to be 173.37(2) eV. The energy difference between the HC1 and DCl
0-0 peaks was too small to be unambiguously determined.

This line corresponds to the weak 1 0 transitions that can be seen
to the right of the strong 0-0 transitions in Fig. 1.
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FIG. 1. The L2 2z Z Auger-electron line in HC1 and
DC1. Notice the isotope shift between the respective vibration-
al sublevels. The 0-0 transitions were, for clarity reasons, put
at the same energy. spectrum gives hco, =0.16(3) eV and 8=0.8(3) eV.

Alternatively, one can combine the v=1 energies for
HC1 and DC1 to calculate these constants which gives a
dissociation energy of 0.7(3) eV.

The fact that as many as five lines can be discerned in

the HC1 spectrum indicates an equilibrium distance for
the doubly ionized Z state that is considerably different
from the equilibrium distance of the initial state. In or-
der to get an estimation of the change in equilibrium dis-
tance we used the harmonic approximation to calculate
the vibrational intensities. As pointed out above, the x-
ray photoemission spectrum, the electron-energy-loss
spectrum, and the weak l~ 0 transitions in Fig. 1 show
that the core-hole state has approximately the same
equilibrium distance as the molecule in the ground state.
The fundamental vibrational energy for this state may be
estimated from the energy of the 1 0 transition in the
HC1 spectrum in Fig. l. In the harmonic approximation
it is then possible to vary the equilibrium distance for the

Z state to reproduce the experimental intensities with
the use of the value 0.23 eV for the first vibrational con-
stant. In this way we obtained a value of 1.41(3) A for
the equilibrium distance.

The Morse-potential curves are of course only a first
approximation of the molecular potentials. It is, howev-

er, not meaningful to use more elaborate methods in this
case since only five vibrational states can be observed. In
addition, as a result of the lifetime effects, these states
are not fully resolved.

The Cl 2p~~2 line in HC1 has a binding energy of

2474

(line 30 in Ref. 10). The FWHM of this line was 0.060
eV and thus we conclude that the spectrometer resolu-
tion is better than this figure. Lorentzian and Gaussian
line profiles were tested and it turned out that Lorentzian
lines with a FWHM of 0.130 eV gave the best descrip-
tion of the spectra. The resulting intensities and energies
are displayed in Table I.

The isotope effects are clearly seen in Fig. 1. The vi-

brational states in the DC1 spectrum are more closely
spaced than in the HC1 spectrum and the Franck-
Condon distributions are also different.

From the energies of the peaks, given in Table I, it can
immediately be seen that the potential curve for the final

2z Z state is markedly anharmonic. For a harmon-
ic potential curve the ratio between the fundamental vi-

brational frequencies in HC1 and DC1 should be equal to
the inverse of the square root of the ratio between the
respective reduced masses. The latter ratio is in this case
equal to 1.395, whereas the ratio between the energies
for the v =1 states in Table I is 191/158 =1.2.

If we use, as a first approximation, a Morse potential
this discrepancy gives an estimation of the dissociation
energy of the 2z X state. A fit by a second degree
polynomial in v+ —,

' of all the peaks in Table I, i.e., by
the energy levels of a Morse potential, gives a vibrational
energy constant Ace, =0.23(3) eV and a dissociation en-

ergy of 0.8(2) eV from the HC1 spectrum while the DC1
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