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Fhie M3 5Na 50N 5 duzer cleciron spectrum ot fodine has been me sured trom mofecular and aromne odine vapours

>

The eneres sintt of 3.23 - L10 eV betneen molecular snd stomie Auger spectra has been determined using o least-squares
fittine procedure to specire containing both meleculer and stomic contnbutions. Ditferent mitwl and final staie splittings
tor sfone and moleculsr spectra, as well as the evire-stomic relanation energy ., are discussed.

I. Introduction

During the past few veuars there has been consider-
able theoretical interest in electronic reorganization
Fecompanying core ionization in simple molecules
[1-6]. These relaxation phienomena are, as such. very
imporiant in the interpretation of experimental bind-
ing-energy shifts obiained by X-ray photoelectron
spectroscopy. Extra-atomic refaxation phenomena via
the shifts of the Kinetic energies of Auger electrons
have not been studied so extensively until recently.
The relaxation shifts of the emitted Auger clectrons
Jre expected to be considerably greater than the
shifts of photoelecirons due to more extensive polar-
iring of the double-hole final state of the Auger pro-
cess. Thus the Auger energy shifts can provide impor-
tant complementary information for a better under-
standing of extra-atomic relaxation phenomena in
molecules and solids.

lodine vapour consists of diatomic molecules at
room temperature but ithe molecules dissociate with
increasing temperatures. Already at temperatures
somewhat below 400°C the contributions of molec-
ular and atomic iodine are about equal and simul-
taneous observation of Auger electron spectra from
both is possible. This provides a convenient means
for the experimental determination of the shift be-
tween molecular and atomic Auger spectra. Due to
the fact that there is no change in the oxidation num-
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ber between I and [, the ground-state properties
should be the sume and the observed shift should arnise
alinost exclusively from extra-atomic relanation ef-
tects.

The My 5Ny 5N, 5 spectra in iodine are well suited
tor the study of extra-atomie relaxation shifts because
these transitions have high intensity and because the
orbitals of the final-state holes are well in the core
(binding energies 57--G0 eV).

2_ Experimental pracedure and results

The measurements were done with a cylindrical
mirror analyzer [7]. The spectrometer is equipped
with a high-temperature oven. The iodine vapour is
allowed to flow into the oven where the vapour is
ioniced by 2—3 keV primary beam electrons. A
standard pulse-counting technique applying 4 multi-
channe! analyzer as the multiscaling mode was used.

The series of experimental spectra in different oven
temperatures are shown in fig. 1. It can clearly be
seen that the spectrum of atomic iodine increases on
the low-energy side at the expense of the intensity of
the molecular spectrum as the temperature increases.
The corresponding purely molecular and almost en-
tirely atomic vapours at room temperature and 800°C
reveal that the overall structure of the spectra is sim-
ilar. Especially the low-energy sides of the M,-groups
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Fiz. I My 583 503 s Auger ddectron spectra from wodime
vapour at iemperatures of 25°C. 300°C and 800°C The low-
est spectrum s trom pure molecular vapour and the highest
from almost pure atomic vapour.

ceariy show the shift between the spectra. because
the M, -group of the atomuce spectrum is increasing just
at the minimum berween the M;s- and M, -groups of
the molecular spectrum. Thus the energy shift could
be deternuned in a first approximation directly from
the energy difference between these intensity maxima.

3. Discussion

The M, 5N, 5Ny 5 Auger spectrum of molecular
iodine has previously been studied in detail [8}. The
lines of molecular iodine were observed to be con-
siderably broadened due to excitation of many dif-
ferent vibrational levels during the Auger process. At
first sight it would be easy to assume that the Auger
lines of atomic iodine are narrower. Howeve:, the
spectra of fig. 1 do not support this expectation. The
free iodine atom has a partially filled 5p shell (... 5p5):
one 5p electron missing from the closed xenon struc-
ture. The resulting 5p hole affects the splitting of the
initial and final states of the Auger process. Actually
the initial states are 3d35p two-hole and the findl states
4ad2?5p three-hole states with the corresponding terms.
For molecular iodine the single-hole initial and two-
hole final state model is more valid. Hence the num-
ber of possible line components is much higher in the
atomic iodine spectrumi.

The terms of initial and final states and their re-
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lative splittings can easily be calculated in LS coupling.
Free 1odine atoms have an initial configuration

(... 3523p63d94s214d195525p5 ) which splits into levels
P, 1D,  1F3. %Py ;.5 and 3Dy 5 3 from wiich the
tevels 1P and 3D (having the highest and lowest energy)
are separated i LS coupling by 047 eV,

From the tinal states only the .. 1d85s23p3(1s)2p
remadins as & single level in LS coupling. All other
levels of the two-tacency final state 4d ~2 split into
several fevels due to the appearance of the third va-
cancy in the open 5p shell. The splitting between the
lowest and highest energies of the tinal-state levels
caused by the third hole 1s rather small (< 2 eV) and
can be compared with the inherent atomic line width
(0.6 ¢V). Thus in the case of the atomic spectrum
there are many unresolved components in a narrow
energy range (inherent line width) around the corre-
sponding pure two-hole final-state component. This
qualitanvely explains why thie overall shape ot the
atomic spectrum is about the same or slightly smoother
than that of the molecular spectrum.

The intensity of molecular lines is distributed in
the atomic spectrum nto the several components dis-
cussed above. Without detailed intensity calculations
it is not possible to determune the shift between corre-
sponding molecular and atomic hine components un-
ambiguously. In order to obtain as accurate average
shift values as possible the spactrum taken at 400°C
was least-squares fitted both with 20 separate lines of
equal width and the shape of the Voigt function and
using as the standard lines fitted shapes of M, and M;
groups obtained from separate fiis to molecular and
atomic spectra. The fit with the four latter standard
lines is shown in fig. 2. The mean value 325 * 0_.10eV
has been obtained from several fits for the shift be-
tween corresponding components in atomic and mo-
lecular spectra. The shift values have been determined
from the spectrum containing both atomic and mo-
lecular spectra, because then both spectra were taken
simultaneously in identical experimental conditions
and the observed shifts are not affected. e.g. by the
shifts arising from vapour-pressure variations with
temperature as they could be if pure molecular and
atomic spectra were compared.

To our knowledge there are no ab-initio self-con-
sistent-field calculations for the electronic relaxation
energies in the I, molecule. With the aid of measured
Auger and binding energies of molecular iodine and
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atomic Xeanon. the extre-atomic relanation energy
the M 5N, SN, 5 spectrum of [ was osunnired S

using the >simple equation
FURD = BUiY - BLR) - Btl)
- FURD + Rkl + RYNMAD . ()

where £k is the Auger Kinctic energv. B{r) the bind-
ing energies_ F (kD) the hole—hole interaction energy
and R¥KLS) and REMAL) the formal atomic and extra-
aromic parts of the relaxation energy in the double-
hole fipal state of the iodine molecule. The value 3.3
eV was obtained for the extra-atomic part in eq- {1).
Another simple estimate of the extra-atomic part
Rex(XI) can bz based on comparison of the calcuiated
frec-aiom binding energies of iodine with the experi-
mental molecular binding energies and on the observed
Auger shifi. It we assume that the calculated binding
energies deviate from the experimental values by the
same amount for atomic iodine as for the neighbour-
ing eiement xenon, whose experimental values are ac-
curately known, "semi-empiri::u[“ free-atom binding
energies of iodine can be obtained. We used the re-
laxed-orbital eleciron binding energies of Huang et al.
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[9]. Experimenial binding energies for senon were
tabon trom ret. [10] and those of fodine from et [S].
By correcting the caleulated tree-stom binding encrgies
of tedine by the difference between expermmental cnd
calculated values tor venon 1t s feund that from mo-
lecular wodine vapour measured values are 118 and

.36 <\ ower for My 5 and Ny 5 levels. respecinely .
Assuming that the hole  hole interaction is the same
for [ and Twe obtained 3.2 ¢V for the extra-atonue
relenatton energy term in eqo (1) In this case it is
close 1o the observed shiit between the molecular and
atomic Auger specira, but it 1s achieved by the cancel-
Iatron of the binding energy shifts in eq. (1). The es-
umated binding energy shift ot 1,18 eV between atom-
ic and molecular My 5 levels correlates rather weii
with the shift of 1.05 eV for bromine calculated by
Aertin and Davidson [11]. whereas the difference in
the shifts. 0.6 ¢V, between My 5 and Ny 5 levels is
probably too Lirge.
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