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The electronic structure of NaCl adlayers on W( 110) studied by 
ionizing radiation 

S. Dieckhoff, H. Miiller, W. ~aus-Friedrichs, H. Brenten and V. Kempter 
Physikalisches fnstitut der TU Clausthai, W-3392 Clausthal-Zellerfeld, Germany 

Received 1 June 1992; accepted for publication 16 September 1992 

The electronic structure of thin NaCl adlayers deposited on W(llO) at room temperature is studied with electron energy loss 
spectroscopy (EELS), ion impact electron spectroscopy (IIES) with He+ and He*+ ions, metastable impact electron spectroscopy 
(MIES) with He* atoms, ultraviolet photoelectron spectroscopy (UPS), and AES. It is concluded that NaCl adsorbs molecularly 
under the studied conditions. The transition from the electronic structure of single adsorbed NaCl molecules to the well-known 
bulk structure could be studied by following the emergence of bulk properties, such as interband transitions and excitonic 
excitations, as a function of the NaCl exposure. Our results are consistent with lateral growth of two-dimensional islands during the 
formation of the first adlayer. 

The electronic transition processes at the surface induced by electrons as well as He projectiles in different excitation and 
charge states, in particular the vacancy production in the Cl- 3p valence band, are studied. Their relevance for desorption induced 
by electronic transitions (DIET) is discussed. 

1. Introduction 

The bulk properties of alkali halides are known 
rather well [l-33. Less is known about adlayers of 
these compounds on metals or semiconductors 
[4-71. The surface properties of alkali halides are 
of interest in several respects, such as for electron 
stimulated desorption (ESDI [8], ion sputtering 
[9] and the formation of colour centers at sur- 
faces or their migration to surfaces [29]. The 
charging of insulators is intimately related to the 
presence and the electronic structure of surface 
defect states; it finds its technical application in 
the electrostatic separation of minerals [5]. 

To our knowledge the emergence of the elec- 
tronic band structure during the deposition of 
alkali halide layers on metallic or non-metallic 
substrates has not yet been studied at great de- 
tail; we are only aware of the studies concerned 
with the growth of NaCl adlayers on Ge(100) 
[6,27,31]. In the present study we have exposed 
W(110) surfaces to NaCl at room temperature. 

The film growth is monitored by the combined 
application of several electron spectroscopic tech- 
niques which are sensitive to the valence and 
conduction band structure in the near-surface 
region: the transition from the electronic proper- 
ties of single adsorbed NaCl molecules to the 
well-down NaCl bulk structure is studied with 
electron energy loss spectroscopy (EELS), UPS, 
ion and metastable impact electron spectroscopy 
(IIES and MIES) and AJZS. 

It was also the intention of this work to supply 
information on primary processes of relevance for 
the desorption of heavy particles, primarily Cl 
atoms, from the NaCl adlayer under the influ- 
ence of soft ionizing radiation, slow electrons and 
slow He projectiles in different excitation and 
charge states, namely He* metastable atoms of 
thermal energy and singly and doubly charged He 
ions. This is achieved by analyzing the spectral 
features appearing in the electron spectra during 
the impact of the ionizing radiation on the NaCl 
adlaycr grown on W(110) substrates. 
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2. Experimental 

The apparatus for MIES and UPS has already 
been documented [lO,ll]. It is equipped with a 
cold cathode helium discharge source capable to 
produce both an intense metastable He beam of 
thermal energy and a He I photon flux sufficiently 
intense to perform UPS. The angle of incidence 
is 45” with respect to the surface normal. Elec- 
tron energy spectra are recorded with a commer- 
cial angle-resolved electrostatic analyser operated 
at constant pass energy with 0.25 eV (FWHM) 
resolution. The detection angle is again 45” with 
respect to the surface normal. The system is 
furthermore equipped with AES and an addi- 
tional electron gun to induce electron stimulated 
desorption (ESDI. 

The apparatus for EELS and IIES has also 
been characterized previously [12,13]. The inert 
gas ions are generated in a low-voltage plasma 
discharge; the ion beam is mass/charge analyzed 
by a Wien filter, and hits the surface under 
grazing incidence (5” with respect to the surface 
plane). The electron energy spectra are recorded 
in normal emission with a commercial angle-re- 
solved electrostatic analyzer operated at constant 
pass energy with 0.25 eV (FWHM) resolution. 
For EELS the electron energy was 250 eV, typi- 
cally; the surface normal was adjusted for specu- 
lar reflection. The energy resolution (0.5 eV 
FWHM) is due to the energy spread of the pri- 
mary electron beam. In addition AES can be 
performed utilizing the EELS electron source. 

NaCl molecules were deposited onto the 
W(110) surface by thermal evaporation of single 
crystal chips [7]. Measurements performed with 
the two different apparatus were linked to each 
other via AES and work-function (WF) measure- 
ments. The variation of WF upon the NaCl expo- 
sure was derived from the shift of the low-energy 
cut-off of the electron energy spectra obtained 
with MIES and IIES. 

All spectra (figs. 1 to 6) were recorded as a 
function of the NaCl exposure at room tempera- 
ture. A (l/E) correction is applied to all mea- 
sured spectra in order to compensate for the 
energy dependence of the electron spectrometer’s 
transmission [13]. 

The exposure is given in arbitrary units (A.U.): 
1 a.u. corresponds to the exposure at which the 
MIES signal from Cl- 3p (see fig. 8) has essen- 
tially saturated. The exposure rate is chosen in 
such a manner that this stage is reached after 
- 25 min; as will be discussed later the W sub- 
strate is then completely covered by NaCl. This 
does however not necessarily imply layer-by-layer 
growth of the NaCl film. 

3. Interpretation of the electron spectroscopic 
results 

3.1. Electron energy loss spectroscopy (EELS) 

A satisfactory identification of the features 
developing in fig. 1 during the NaCl exposure can 
be made by a comparison with previous EELS 
results on evaporated films and single crystals 

NaCl / W(110) 

I I I I I I 

200 210 220 230 240 250 

energy / eV 

Fig. 1. EEL spectra obtained during the exposure of W(110) 

to NaCl. The bottom curve corresponds to zero coverage. The 

coverage is given in arbitrary units (A.U.), see text. Exposure 
rate: 0.02 A.U. per minute. 
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obtained in reflection [4,6,14] as well as in trans- 
mission [15,16], and recent calculations of exci- 
tonic excitations in NaCl [17]. 

Peak 1 (0.5 eV FWHM) at 7.8 eV energy loss 
corresponds to the formation of the I exciton 
[4,6,16]. Peaks 2 and 3 are mainly due to Ai, 
A, + Ai, AZ interband transitions around the X 
point [3,6]. The (r15-rl) transition manifests 
itself through the shoulder between the peaks 1 
and 2 [6,14]. Peak 4 probably corresponds to 
transitions from the initial states A1 and A5 to 
the final state As near X - the same transitions 
which are detected by UPS and MIES (see sec- 
tion 3.2). 

Peak 5 at 33.1 eV is an excitonic excitation of 
the type Naf (2p6-2~~3s) [16,17]. We do not find 
peak 5 in EELS on clean Na layers (< 1 mono- 
layer in units of the first complete adlayer at 
room temperature) deposited on W(110). We find 
that the structures attributed to exciton forma- 
tion (peaks 1, 5) disappear when a metallic-like 
Na overlayer (about 1 monolayer thick) is gener- 
ated by electron stimulated desorption (see also 
fig. 4). During this procedure an additional loss 
feature develops in the band gap at an energy 
loss of N 4.2 eV; we attribute this feature to 
surface plasmon excitation in the Na overlayer 
[14,151. 

3.2. Ultraviolet photoelectron spectrocopy (UPS) 

The bottom spectrum of fig. 2 is typical for 
clean W(110); the structure close to the Fermi 
level consisting of the two peaks with the binding 
energies E, below 2 eV with respect to the 
Fermi level is due to WSd-band emission. Upon 
exposure to NaCl the work function of the sur- 
face decreases by N 1.2 eV as is reflected by the 
change in the position of the low-energy cutoff of 
the spectra found between 8 and 6 eV [26,36]. 
Large exposures (not shown in fig. 2) lead to 
complete disappearance of the W substrate emis- 
sion. 

The exposure to NaCl produces an additional 
structure, labeled Cl- 3p, between E, = 5 and 9 
eV which is composed from the contributions of 
two incompletely resolved peaks spaced by _ 1 
eV. At small exposures we attribute this structure 

I”““““” 

NaCl / W(ll0) 
Cl--(3P) 

UPS 

W(5d) 

1 

Ezp./A.V 
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0 2 4 6 8 10 12 14 16 18 20 22 

energy / eV 

Fig. 2. UP spectra (He1 21.2 eV) obtained during the expo- 

sure of W(110) to NaCI. Otherwise as indicated with fig. 1. 

to the ionization of Cl- ions located in the com- 
bined field supplied by the Na+ ion and the W 
substrate. With respect to the vacuum level the 
peak due to Cl- 3p ionization has an ionization 
energy of 10.2 eV (the work function plus the 
binding energy of E, = 6.1 eV with respect to the 
Fermi level) which may be compared with the 
ionization potential IP (NaCI) = 8.9 eV [37] of 
gaseous NaCI. A Stark splitting caused by the 
axial molecular field is observed in the photoelec- 
tron spectra of gaseous NaCl [18,19]. The peak 
splitting observed in the present work on the 
other hand may reflect two different adsorption 
geometries which occur in the first adlayer, 
namely NaCl molecules pointing either towards 
or away from the surface with their Cl- ion (see 
section 4). Further evidence for this interpreta- 
tion comes from the MIES results of section 3.3. 

For large exposures (> 0.7 A.U.) the NaCl 
induced emission agrees both in position and 
shape with UPS results on NaCl single crystals 
when using photon energies between 20 and 22 
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NaCl / W(110) 1 
r , 

Fig. 3. MIE spectra obtained during the exposure of W(110) 

to NaCI. As in fig. 1. 

eV [3,201. In terms of the NaCl band structure we 
interpret the two maxima obtained for exposures 
beyond 0.7 A.U. as follows [3]: the final energy of 
the emitted electrons is well above the electron- 
electron scattering threshold. This guarantees that 
we detect direct transitions. Therefore the two 
detected maxima reflect maxima in the density of 
the 3p valence bands of A5 and A4 symmetry 
close to the points Xi and X,. This interpreta- 
tion is consistent with the occurrence of peak 4 in 
the EEL spectra. 

3.3. Metastable impact electron spectroscopy 
(MIES) 

A preliminary discussion of MIE spectra ob- 
tained at a larger exposure rate was presented in 
ref. [22]. The bottom spectrum of fig. 3 is typical 
for Auger neutralisation (Auger capture (AC)) of 
He+ ions formed by resonance ionization of He* 
metastables in front of the W(110) surface 121,231. 

Upon exposure to NaCl two new spectral con- 
tributions occur correlated with the weakening of 
the substrate emission: 

(1) Emission appears beyond the high-energy 
end of the Auger capture spectrum (up to 19.8 
eV>. It is due to Auger deexcitation (AD) [21] of 
He * involving W 5d electrons. The Auger deexci- 
tation process becomes feasible because the work 
function of the surface decreases by 1.2 eV upon 
exposure to NaCl as indicated by the shift of the 
low-energy cutoff of the spectra. This decrease of 
the work function inhibits the resonance ioniza- 
tion of the He metastables. However, at least for 
> 0.5 A.U. the Auger deexcitation process involv- 
ing W electrons cannot occur anymore because 
the adsorbed NaCl shields the W substrate from 
the interaction with He* projectiles. 

(2) Emission peaked at E, = 6.3 eV with re- 
spect to the Fermi level (19.8 eV> appears. The 
peak position roughly agrees with the first maxi- 
mum found in UPS. We attribute this emission to 
Auger deexcitation involving Cl- 3p electrons. In 
contrast to UPS a second maximum at 1 eV 
larger binding energy is not observed. With in- 
creasing exposure to NaCl the emission due to 
the ionization of Cl- 3p widens considerably; the 
width of the structure for > 0.6 A.U. finally 
coincides with the full width of the Cl- 3p va- 
lence band [1,3]. For these exposures our results 
agree with previous MIES results obtained for 
NaCl films deposited on glass [24] and those 
obtained with NaCl single crystals [20]. 

Using some of the conclusions derived in sec- 
tion 4 the differences between UP and MIE 
spectra may be explained as follows: 

(1) At small exposures the NaCl molecules are 
adsorbed perpendicular to the surface (see sec- 
tion 4); the Cl end of the molecule may either 
point towards or away from the surface. Auger 
deexcitation of the He* in MIES will involve only 
the Cl- ions which point away from the surface; 
those which are positioned underneath Na+ ions 
will not interact sufficiently strong with the He* 
projectile. 

(2) At large exposures the excitation energy of 
He* is insufficient to ionize valence band states 
in A, near X, (which would produce the maxi- 
mum with the larger binding energy). Only one 
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maximum from the ionization of As at Xi, is 
found; because A, is flat near X; the correspond- 
ing maxima in the MIE and UP spectra are 
shifted by the difference in the excitation ener- 
gies 131. Nevertheless some emission from A, 
must also contribute to the MIE spectra in order 
to explain that the Cl- 3p emission displays the 
full valence band width of 3.3 eV for large expo- 
sures [ 1,3]. 

MIES results obtained for the larger exposure 
rate of 0.4 A.U. per minute (not reproduced 
here, see refs. [22,28]) show in addition to the 
features discussed previously a shift of the Cl- 3p 
emission towards larger binding energies [22]. The 
shift becomes recognizable around 8 A.U. and 
thereafter increases linearly with NaCl exposure. 
A similar shift is, however, not seen in the corre- 
sponding UP spectra 1221. We believe that the 
shift is caused by the positive charge-up of the 
surface by the formation of Cl- 3p vacancies dur- 

NaCl / W(l10) 

MZES 

I I I I I I I I I I I I 

0 2 4 6 8 10 12 14 16 182022 

energy / eV 

Fig. 4. MIE spectra of NaCl(3 A.U.)/W(I 10) obtained during 

electron induced desorption (E, = 300 eV; I, = 1 PA). Num- 
bers given with the spectra denote the applied electron doses. 

ing the Auger deexcitation process. The number 
of vacancies near the surface is N 50 times larger 
in MIES than in UPS as judged from a compari- 
son of the total electron count rates. Obviously 
the annihilation of the Cl- 3p vacancies proceeds 
slowly because of the small overlap of the wave- 
functions of neighbouring Cl- ions [5]. 

The MIE spectra shown in fig. 4 are obtained 
applying 300 eV electrons (Z, = 1 FAA); strong 
emission develops at the Fermi level during the 
bombardment (for doses > 4 X lo-* C/cm*). 
Based on previous results obtained for partially 
alkalated W(110) we identify it as Na3s induced 
emission, namely autodetachment of He-* [25,26] 
and Auger deexcitation of He* [11,21]. We esti- 
mate that a metallic-like Na overlayer of a thick- 
ness between 0.65 and 1 monolayer (in terms of 
the first complete adlayer at room temperature) 
is formed during the electron bombardment. It 
shields the Cl- ions efficiently from the interac- 
tion with the He* projectiles: by gently heating to 
700 K, the Na overlayer can be removed, and the 
original MIE spectrum present before the elec- 
tron bombardment reappears. The presence of 
the Na adlayer has also been verified by EELS 
(see section 3.1). 

3.4. Zon impact electron spectroscopy (ZZES) 

Figs. 5 and 6 present the electron spectra 
emitted during grazing incidence collisions of 50 
eV He+ and 100 eV He*+, respectively, with 
W(110) as a function of the NaCl exposure. 

We concentrate on the He+ results first (fig. 
5): as for He* collisions the bottom spectrum is 
caused by Auger capture (AC) involving W 5d 
electrons [21]. The decrease of the surface work 
function by 1.2 eV gives rise to a small contribu- 
tion of Auger deexcitation (AD) of He* atoms 
formed by resonance neutralization. This contri- 
bution can be seen very weakly beyond the high- 
energy cutoff of the Auger capture spectrum. It is 
confined to the small exposure range around 0.2 
A.U. before the band gap of NaCl emerges and 
inhibits the electron transfer between the surface 
and the He+ projectile. 

For large exposures (> 0. 45 A.U.) electrons 
are entirely due to Auger capture AC (Cl3p) 
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Esp./A. L’ 

I I I I 

0 5 10 15 20 
energy / eV 

Fig. 5. IIE spectra induced by 50 eV He * during the exposure 
of WUlO) to NaCI. As in fig. I. 

involving electrons from the valence band of the 
NaCl adsorbate. We have indicated in fig. 5 where 
the high-energy edge of this spectral contribution 
~invoIving two CI- 3p electrons from the top of 
the valence band of NaCl) is expected assuming a 
band gap of 9 eV 11,31 (see also the EELS and 
MIES results). Indeed a strong intensity rise oc- 
curs at this energy for the NaCl covered surface. 

At sufficiently large exposures (> 0.45 A.U.) 
the MIE and IIE spectra are completely different 
although electrons from the same surface states, 
namely electrons from the Cl- 3p valence band, 
are involved: metastable He* atoms suffer an 
Auger deexcitation process because the projectile 
brings its 2s electron into the collision. On the 
other hand, He* ions are subject to Auger cap- 
ture because the band gap in the NaCl layer 
inhibits the transfer of a surface electron into the 
2s state; the projectile will then become neutral- 
ized in an Auger capture process involving two 
eIectrons from the Cl- 3p valence band. 

The additional features (11 and (2) observed at 
intermediate exposures are tentatively attributed 
to Auger dexcitation involving a Cl- 3p electron 
(peak (1)) and to Auger capture involving one 
W 5d and one Cl- 3p electron (feature (2)). The 
position of peak 1 agrees with that of the strong 
peak from Auger deexcitation involving Cl-3p 
observed by MIES. 

The results of fig. 6 are obtained for the im- 
pact of 100 eV He2+ ions under grazing inci- 
dence upon W(110) as function of the exposure 
to NaCI. They can be discussed most conveniently 
on the basis of the reaction scheme of fig. 7 
(introduced in refs. 123,323 and employed by us in 
refs. [26,36]). Spectra obtained from clean metals 
(see bottom spectrum in fig. 6) have been dis- 
cussed at length in [32,33]. The structure located 
at the high energy end of the bottom spectrum is 
due to autoionization (AU1 of He” * formed by 
the resonant capture of two surface electrons, 
The rest of the high energy part of the spectra 

I I 

15 30 

energy / eV 

Fig. 6. IIE spectra induced by 100 eV He2* during the 
exposure of W(l10) to NaCl. As in fig. 1. 
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(> 20 eV> is caused by Auger capture (AC) or 
Auger dexcitation (AD) of He*+ to the He+ 
ground state and due to Auger deexcitation of 
He+ (n = 2) ions, formed by resonant capture of 
a surface electron, to the He+ ground state and 
to He*, respectively, as indicated in fig. 7. The 
low-energy part is mostly due to electron emis- 
sion when the He+ ions generated during the 
collision event are neutralized by Auger capture 
AC (W 5d) to the neutral He ground state (see 
fig. 7). However, the shoulder (labeled (1) in fig. 
6) which becomes rather pronounced when the 
work function decreases by - 1.2 eV upon expo- 
sure to NaCl is thought to be caused by Auger 
capture of He*+ to He+ (ra = 2) 135,361 yielding 
very slow electrons. 

With increasing exposure, in particular beyond 
0.4 A.U., high energy electrons disappear, and a 
large contribution of very slow electrons appears. 
We can explain the significant change of the 
spectra qualitative!y as follows: after the NaCl 
band gap (N 9 eV wide) has formed, resonant 

AU 

capture of surface electrons from the Cl- 3p va- 
lence band into He++ (n = 21 is the dominating 
electronic transition process. The lifetime of the 
vacancy in the Cl valence band is of the order of 
lo-l2 s 1341, e.g., longer than the collision time of 
the projectile. The rate for Auger deexcitation of 
the He+* (n = 2) ion is, on the other hand, much 
larger than the inverse of the collision time. 
Therefore the interaction of the rather slow pro- 
jectile is still with that particular adatom which 
had previously supplied its 3p electron. The ion- 
ization event consists now in a Franck-Condon 
transition between the states (Na+Cl) and 
(Na+Cl+> which requires - 20 eV. Since the 
excitation energy of He+* (n = 2) is 40.8 eV we 
expect emission of slow electrons at energies < 20 
eV mainly, even if the electronic transitions in- 
volve intermediate states of the uppermost row in 
fig. 7 onIy. Therefore the eIectron emission should 
be mainly limited to energies < 20 eV as soon as 
the insulating NaCl layer has formed. 

Still lower energies (< 10 eV) are expected if 

Fig. 7. Scheme for 

/ 

I 
/ 

AC I A 
AU : Autoionization 
AC : Auger Capture 
AD : Auger me-exc~tut~o~ 
RT : resonant Trainer 

of etectrons 

the electronic transition processes occuring in the He *+ impact with W(llO) exposed to NaCI. Resonant 
transitions CRT), Auger deexcitation (AD), Auger capture (AC), and autoionization (AU). 
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MIES / arb. units 

” 

Cl (3P) 

1-o 
A+/ev 

I I I I 

- 

UPS / arb. units 

AES / arb. units 

0 30 60 90 0 30 60 90 

exposure/min. 

Fig. 8. The change of the intensities of various AES peaks, the 

Cl3p signals as detected by MIES and UPS, and the surface 

work function during the exposure of W(110) to NaCI. Expo- 

sure rate, 0.04 A.U. per minute. 

the Na2p level is involved in the Auger deexcita- 
tion of He+* (n = 2). The comparatively weak 
structure (labeled AD (Cl3p) in fig. 6) may be 
caused by Auger deexcitation of He+* involving 
neighboring “undamaged” Cl- ions (without 3p 
vacancies). The number of such events is, how- 
ever, small because the slow He+* ion will not 
travel very far from the site where it had captured 
its electron. An identification of the processes 
contributing to the slow structureless low-energy 
part of the spectrum is not possible. 

4. Growth mode of the NaCl adlayer 

Fig. 8 summarizes the exposure dependence of 
the MIES, UPS, and AES results; also shown is 
the variation of the work function of the surface 
with exposure as derived from the low-energy 

cutoff of the MIE spectra. Together with the 
results of section 3 we can state: 

(1) In the beginning there is the adsorption of 
single undissociated NaCl molecules because the 
UP spectrum closely resembles the photoelectron 
spectrum of gaseous NaCl molecules [18,19]. Sig- 
nals attributable to neutral atomic Cl and/or Na 
can only be detected after electron bombardment 
of the NaCl adlayer (see fig. 4). Molecular ad- 
sorption of KC1 on W(110) at room temperature 
was already invoked in ref. [7] on the basis of 
AES, TDS, and LEED results. NaCl adsorption 
on Ge(100) is found to be molecular as well up to 
room temperature [6,27,31]. 

(2) Bulk properties, in particular interband 
transitions and excitonic excitations, appear first 
at 0.2 A.U. indicating that the NaCl bulk elec- 
tronic structure is present at least locally at this 
exposure. At about the same exposure the UP 
spectra already display the two-peak structure 
characteristic for the valence band ionization by 
20 to 22 eV photons [3,38]. Above 0.28 A.U. the 
adlayer produces MIE spectra which are similar 
to those of NaCl single crystals [20]. 

(3) The emission involving electrons from the 
W substrate disappears around 0.7 A.U. in the 
MIE spectra and around 0.5 A.U. in the He+ IIE 
spectra. In the He 2+ IIE spectra the structure 
labeled (1) representing the Auger capture pro- 
cess He*+-+ He+* (n = 2) remains visible up to 
0.6 A.U. It was discussed in section 3.4 that this 
process can lead to electron emission only if 
there are filled surface states up to the Fermi 
level. This implies that the NaCl bulk structure 
cannot be present globally. 

(4) The MIE signal due to the Cl- 3p ioniza- 
tion saturates at N 1 A.U. (see fig. 8). Moreover 
the AES signals display kinks at this exposure. 
We conclude that at this exposure the adlayer 
becomes indistinguishable from NaCl bulk mate- 
rial, i.e., the W substrate is now covered by an 
adlayer which has essentially the electronic 
properites of a NaCl single crystal. 

Summarizing, up to exposures > 0.5 A.U. the 
substrate is still accessible to the interaction with 
thermal metastable He* atoms and slow singly 
and doubly charged He+ ions under grazing inci- 
dence although features characteristic for the 
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NaCl bulk electronic structure appear much ear- 
lier (see (2)). 

In order to explain our findings we adopt a 
model developed in ref. [31] to explain the growth 
of NaCl adlayers on Ge(100). We will show that it 
can also consistently explain our findings for the 
NaCl adsorption W(110): 

In the beginning stage of the adlayer forma- 
tion single undissociated NaCl molecules adsorb 
with their molecular axes perpendicular to the 
substrate. This explains why UPS (but not MIES) 
detects two peaks in this phase: they are due to 
the different binding energies of Cl- 3p electrons 
in the two different adsorption geometries of the 
molecules, namely pointing toward and away from 
the surface. 

The molecules serve now as nuclei for further 
adsorption of NaCl: the adlayer grows laterally in 
form of two-dimensional islands whereby neigh- 
boring molecules have opposite orientations with 
respect to the surface direction. This explains the 
early occurence of excitonic features as well as 
the bulk like UP, MIE, and IIE spectra observed 
at this stage. Lateral two-dimensional growth of 
the islands is suggested by the linear rise of the 
MIES signal up to 0.6 A.U. 

Further exposure leads to a compression of 
the intermolecular distance within the islands. 
This manifests itself in the increase of the width 
of the Cl- 3p induced emission in the UP and 
MIE spectra between 0.4 and 1.0 A.U. Around 1 
A.U. the intermolecular distance in the adlayer is 
essentially equal to that in the bulk; the elec- 
tronic structure becomes indistinguishable from 
that of single crystals by those electron spectro- 
scopical techniques which are sensitive to the 
near-surface region only. From our results it is 
not possible to decide whether the growth of a 
second layer has already started above an expo- 
sure of 0.6 A.U. 

5. Electronic transitions induced by ionizing 
radiation 

In this section the various ionization processes 
in the NaCl toplayer induced by the impact of 
electrons, He*, He+, and He2+ will be discussed; 

we will also comment on their possible relevance 
for desorption processes induced by electronic 
transitions (DIET) [8]. 

Electrons of < 300 eV create vacancies both 
in the Na+ 2p and the Cl- 3p valence bands of 
the adlayer. These events lead to the production 
of excitons and interband transitions. Moreover, 
the vacancy production as detected by EELS is 
thought to be responsible for the preferential 
desorption of Cl atoms and the accumulation of 
neutral Na atoms on top of the adlayer as de- 
tected in particular by MIES (see fig. 3). Metal- 
lization of the adlayer can be detected with MIES 
after doses of > 10+15 electrons cme2 of 200 eV. 

Thermal He * metastable atoms create one 
Cl- 3p vacancy per collision event in the Cl- ions 
located “on the outside” of the NaCl adlayer. 
These vacancies are distributed over the entire 
C13p valence band as judged from the width of 
the corresponding structure in the MIE spectra. 
Even after doses of 10+15 metastables cmp2 no 
accumulation of neutral Na could be detected 
with MIES although the extremely high sensitivity 
of MIES for surface adsorbed alkali atoms has 
been demonstrated by several groups [10,25,39]. 
Therefore stoichiometric changes at the surface 
induced by He* seem not to occur solely as the 
consequence of the Cl- 3p vacancy formation. 

Slow He+ collisions under grazing incidence 
create two vacancies per collision event in the 
Cl- 3p valence band in an Auger capture process. 
These vacancies are located on the same Cl core. 
From shifts of the spectra observed after the 
emergence of the NaCl band structure we con- 
clude that the vacancies stay localized for some 
time and lead to a positive charge-up of the 
surface. No accumulation of Na can be detected 
after doses of 10+i5 He+ ions cme2. This is 
consistent with the findings in refs. [9,30] that 
sufficiently slow rare gas ion collisions (Ne, Ar) 
do not lead to F desorption from LiF solely on 
the basis of the transfer of electrons from the LiF 
crystal to the projectiles. It was concluded [9,30] 
that a minimum kinetic energy of the impacting 
ions is required to remove the F species from the 
surface by momentum transfer in a second colli- 
sion event. Classical trajectory calculations were 
performed on the behavior of a NaF lattice if the 
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negative F- ion was suddenly changed into F+ 
[341. It could be shown that the initial large 
repulsive energy between F+ and the NaF lattice 
became attractive due to lattice distortions; the 
Ff ions became trapped in a stable state above 
the surface. 

For soft He*+ collisions our interpretation of 
the spectra suggests that up to four Cl3p vacan- 
cies may be created per collision through reso- 
nant transitions and Auger processes. However, 
only two such vacancies will be located at the 
same core. Again no Na accumulation could be 
detected after doses of the order of 10fi5 He2+ 
cm -*. Therefore electronic transitions alone seem 
not to be sufficient to initiate Cl desorption. This 
is again consistent with ref. [30] that in slow Ne*+ 
collisions with LiF a neutralized projectile must 
sputter the F species which remains weakly bond 
to the surface after vacancy formation [34] in an 
electronic transition from the F valence band to 
the Ne*+ projectile. 

6. Summary 

The electron emission from W(llO) exposed to 
NaCl at room temperature was studied with the 
electron spectroscopic techniques AES, EELS, 
UPS, MIES, and IIES. NaCl adsorbs molecularly. 
The transition from the electronic structure of 
single adsorbed molecules to that of the NaCl 
bulk could be studied in detail by monitoring the 
emergence of the insulator band gap and of the 
bulk properties, such as interband transitions and 
excitonic excitations as a function of exposure. It 
is concluded that the first NaCl adlayer grows 
laterally in form of do-dimensional islands. This 
model was proposed before for the NaCl adsorp- 
tion on Ge(100) [311. 

The electron transfer processes initiated by the 
impact of soft ionizing radiation, slow electrons, 
metastable, singly and doubly charged He projec- 
tiles, were studied as a function of the NaCl 
exposure. These processes are resonant electron 
transfer and interatomic Auger processes, Auger 
neutralization and deexcitation between the pro- 
jectiles and the Cl- 3p states in the adlayer. It is 
concluded that slow He projectiles in different 

charge and excitation states do not give rise to 
desorption of atoms from the adlayer solely on 
the basis of the creation of vacancies in the 
adlayer. 
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