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Abstract

The adsorption and decomposition of H,S on the Ge(100) surface is investigated. H,S is a simple sulfur containing
molecule that eventually decomposes to yield hydrogen gas and deposits sulfur on the germanium surface. The surface
reactions of H,S are investigated by ultraviolet photoelectron spectroscopy, Auger electron spectroscopy, and temperature
programmed desorption. Room temperature exposure of H,S to Ge(100) results in dissociative adsorption which can be
followed easily by ultraviolet photoelectron spectroscopy. Warming the H,S exposed surface results in some molecular
desorption and further decomposition of the adsorbed species. At saturation, 0.25 ML of H,S decomposes generating 0.5
ML of atomic hydrogen. Above the hydrogen desorption temperature some etching of the germanium surface is observed by
sulfur. The etch product, GeS, is subsequently observed in temperature programmed desorption experiments. Exposure of
H,S to the Ge surface at elevated temperatures leads to higher sulfur coverages. A sulfur coverage approaching 0.5 ML can
be deposited at the higher exposure temperatures. © 1999 Elsevier Science B.V. All rights reserved.

PACS: 79.60.D; 82.65.JY
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1. Introduction Ge(100) surface terminated with S by (NH,), S treat-
ment [6] or with O by the growth of GeO, layers
[1-5,7,8]. Growth of GeO, is the more common
method because growth of GeO, is better under-
stood.

Preparation of clean and smooth GeO, surfaces
has been hampered by the fact that there is a poor
lattice match between GeO, and Ge. This mismatch
leads to an inhomogeneous oxide layer. The oxide
layer is also thin and water soluble which permits
contamination to reach the Ge/GeO, interface. Once
at the Ge/GeO, interface, the contamination is diffi-
cult to remove. The contamination at the semicon-
~* Corresponding author. Tel.: +1-573-8823288; Fax: +1-573- ductor /oxide interface can then degrade electronic
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Passivation and protective methods for semicon-
ductor surfaces are important for a variety of pro-
cessing steps and to improve the lifetime of elec-
tronic components. There are several studies examin-
ing the preparation of passivation layers on germa
nium surfaces [1-8]. In these methods, a passivation
layer is formed on the surface by an ex situ treat-
ment, followed by removal of the passivating layer
in situ. Two different passivation layers have been
reported in the literature. These methods leave the
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to GeO, as a passivation and protection layer are
desired. Sulfur has recently been considered as an
aternative protection layer. A number of ways to
deposit sulfur in vacuum onto a germanium surface
have been investigated and these methods are dis-
cussed next.

The adsorption of sulfur on Ge(100) has been
studied previously by several investigators [9-13]. In
these studies the saturation coverage of sulfur ob-
tained for the Ge(100)-(2 X 1) surface was 0.5 ML.
The sulfur source used in these studies was a solid
state electrochemical cell that generated a S, molec-
ular beam. The sulfur adsorption site was proposed
as a bridge site in which the sulfur atoms bind to two
Ge atoms. Etching of the surface by sulfur was aso
observed, which facilitated the formation of Ge,S
surface layers.

The adsorption and reaction of H,S on germa-
nium is less studied. The adsorption of H,S was
probed by Cohen et a. [14] as a way of depositing
hydrogen at the Ge(100) surface. The examination of
the desorption kinetics of hydrogen in the presence
of sulfur was monitored. Kuhr and Ranke [15] inves-
tigated the adsorption of H,S on a cylindrical Ge
sample by photoemission. They were able to show
that the adsorption of H,S on the Ge(111) part of the
sample was molecular, while adsorption of H,S on
Ge(100) was dissociative. The presence of surface
SH and S were identified by photoemission. In each
of the studies the saturation coverage of H,S at
room temperature was determined to be 0.25 ML.

In this study, we report the investigation of the
adsorption and decomposition of H,S on the Ge(100)
surface. H,S decomposes at the Ge(100) surface to
yield hydrogen and deposits sulfur on the germanium
surface. The surface reactions of H,S are investi-
gated by ultraviolet photoelectron spectroscopy,
Auger electron spectroscopy, and temperature pro-
grammed desorption. Adsorption of H,S at both
room temperature and elevated temperaturesis inves-
tigated.

2. Experimental
The experiments are conducted in a stainless steel

ultra-high vacuum chamber. The chamber is equipped
with a double-pass cylindrical mirror analyzer (CMA)

for Auger electron and photoel ectron spectroscopies,
a differentially pumped ultraviolet discharge lamp,
twin X-ray source, ion gun, and quadrupole mass
spectrometer for both temperature programmed des-
orption and secondary ion mass spectrometry. The
base pressure of the system is 6 X 10~ Torr with a
typical working pressure of 1 x 10~ Torr.

Samples are cleaved into 10 X 25 X 0.4 mm rect-
angles from n-type Ge(100) wafers (Eagle-Picher,
+0.5° of the (100) plane, Sb doped, 0.04-0.4 ) cm
resistivity). Before placing the sample into the cham-
ber, the Ge(100) substrate is degreased by (a) ultra-
sonically rinsing in trichloroethylene, acetone, and
methanol for 3 min each, (b) immediately blowing
dry with dry nitrogen, and (c) ultrasonically rinsing
in deionized water for 15 min to lower the contact
resistance [5]. The sample is held by molybdenum
clamps for resistive heating and mounted to a manip-
ulator. The sample temperature is monitored by a
pair of chromel—-alumel thermocouples attached to
the back of the sample with Aremco 516 ceramic
adhesive. Surface cleanliness is followed by Auger
electron (AES) and ultraviolet photoelectron (UPS)
spectroscopies. A clean surface is generated by the
removal of the native oxide by repeated heating to
850 K in vacuum, followed by ion sputtering (3 keV
Ar*, 1 nA), and annealing at 850 K. The number of
defects induced by sputtering can be reduced [16] by
exposing the Ge sample to an apparent pressure of
5x 1078 Torr Ge,H, (Voltaix, ultrahigh purity
grade, minimum purity 99.999%) for about 5 min
while the surface temperature is maintained at 570
K. The Ge,Hq gas flow is then turned off and the
sample is annealed at 850 K before cooling. After
several cycles of Ar™ sputtering, annealing, Ge,H,
exposure, and annealing, a clean Ge(100) surface
was observed by electron spectroscopy.

Dihydrogen sulfide (Genex, CP grade, minimum
purity 99.5%) is further purified by severa freeze-
pump-thaw degassing cycles prior to introduction to
the UHV chamber and the purity of the gas is
checked by in situ mass spectrometry. The gas is
admitted to the chamber through an effusive doser
and directed onto the front face of the crystal for
various periods of time. The actual pressure at the
sample is higher than the chamber pressure as mea-
sured by the ion gauge and since these pressures
should be proportional to one another, the chamber
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pressure was used as a measure of the overall sample
exposure. The exposures (uncorrected for ion gauge
sensitivity to H,S) are reported in Langmuirs (1
L=10"° Torr ).

Temperature programmed desorption (TPD) ex-
periments are conducted with a linear temperature
ramp of 5 K s~ with the crystal in line-of-sight of
the quadrupole mass spectrometer. The coverage at
saturation for hydrogen on Ge(100) at room tempera-
ture has been determined as 1 ML (1 ML =one
adsorbate per surface Ge atom and is equal to 6.23 X
10 atoms cm™2) [14,17-20]. The TPD area from a
saturation coverage of H atoms is then used as a
internal standard for H, thermal desorption.

Ultraviolet photoemission spectra are taken with
He | radiation (21.2 eV) from a He gas discharge
lamp and the CMA is operated at a fixed pass energy
of 20 eV. All the reported binding energies are
referenced to the Ge valence band edge, which is
assigned as 0 eV binding energy.

3. Results

3.1. Temperature-programmed desorption results

The adsorption and decomposition of H,S is fol-
lowed by TPD. H,, H,S, and the etch product, GeS,
are observed as desorption products. Figs. 1-3 sum-
marize the results of the TPD experiments. No sulfur
is observed on the Ge surface within the detection
limits of AES after the temperature ramp is com-
pleted in these TPD experiments.

Fig. 1 shows the TPD results from a 0.9 L
exposure of H,S to the Ge(100) at a surface temper-
ature of 300 K. Thisfigure helpsillustrate the overall
features observed in TPD experiments. H, desorp-
tion is centered in a single peak near 610 K. This
peak temperature is about 25 K higher in tempera-
ture than that observed for H, desorption from the
recombination of H atoms when using atomic hydro-
gen as the adsorption precursor [21]. A smaller H,S
peak (multiplied by a factor of 2) is observed at 510
K and a smaller GeS desorption state occurs at 700
K (multiplied by a factor of 20). Following the most
abundant Ge isotopes helps confirm that the product
desorbing at 700 K contains germanium.

0.9 L H,S/Ge(100)
T,= 300 K
Desorption Products|

QMS Signal Intensity (arb. units)

300 400 500 600 700 800
Temperature (K)

Fig. 1. TPD spectra following a 0.9 L exposure of H,S to

Ge(100) at a surface temperature of 300 K. The resulting coverage

is 1.6X 10" H,S molecules cm™2.

Fig. 2 summarizes the H, thermal desorption
resulting from the decomposition of H,S as a func-
tion of H,S exposure. H, desorption contains a
single peak centered at 610 K. The peak maximum
does not change with increasing H, S exposure, con-
sistent with previous H, thermal desorption studies
on Ge&(100), and characteristic of first order desorp-
tion kinetics [18,21]. The position of the peak maxi-
mum aso indicates that the hydrogen is a desorp-
tion-limited product. The intensity of the desorption
state increases with increasing H, S exposures that is
the state is saturated for exposures greater than 0.9
L. At saturation, the H atom coverage resulting from
the decomposition of H,S is 3.1 x 10* cm™~2 (0.50
ML).

The thermal desorption results for the etch prod-
uct GeS are contained in Fig. 3. The desorption state
has a peak maximum temperature of 700 K that does
not change with increasing H,S exposures that is
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Fig. 2. TPD spectra of H, following different exposures of H,S
to Ge(100) at a surface temperature of 300 K. The H,S exposures
shown are (a) 0.03, (b) 0.06, (c) 0.09, (d) 0.15, (e) 0.23, (f) 0.30,
and (@) 2 L. The resulting H atom coverages shown are (a)
8.7x10%, (b) 1.7x10™, (¢) 2.3x 10", (d) 2.7x10™, (&) 2.9%
10*, (f) 3.0x 10", and (g) 3.1x 10* cm~2.

characteristic of first-order desorption kinetics. Auger
spectra taken after the temperature ramp reveal that
all sulfur from the decomposition of H,S desorbs by
800 K.

3.2. Electron spectroscopy results

The adsorption of H,S was also examined by
ultraviolet photoelectron spectroscopy (UPS). Fig. 4
shows the He | UPS spectra for the clean Ge(100)
surface and for several different exposures of H,S at
a surface temperature of 300 K. The He | photo-
electron spectrum of the clean Ge(100) surface is
included as Fig. 4a for reference. The UPS spectrum
for a 0.03 L H,S exposure is shown as Fig. 4b.
Three features are observed at 3.1, 4.2, and 6.5 eV
binding energy after this H,S exposure. Increasing

the H,S exposure leads to further development of
these features (Fig. 4c and 4d). The binding energy
of the three peaksin Fig. 4d are 3.3, 4.6, and 6.8 eV.
The lower portion of Fig. 4 (curves e—g) are differ-
ence spectra for the same three H,S exposures. A
difference spectrum is obtained by directly subtract-
ing the spectrum for the clean Ge surface (Fig. 4a)
from the spectrum of the H,S covered surface. The
UPS difference spectrum for the 0.03 L H,S expo-
sure is shown as Fig. 4e. The exposures for curves 4f
and 4g are 0.09 and 0.3 L, respectively.

There are two bar graphs in Fig. 4; one is located
above spectrum 4d and the other is located above
spectrum 4g. These bar graphs are used to help
assign the observed features upon H,S exposure.
The bar graph with the solid lines above spectrum 4d
represent the energies obtained from the gas phase
photoel ectron spectrum of H,S[22]. The line for the
lowest energy peak from the gas phase spectrum

GeS/H,S/Ge(100)
T,= 300K

107 Signal Intensity (arb. units)

QMSm/z

400 500 600 700 800
Temperature (K)

Fig. 3. TPD spectra of GeS following different exposures of H,S
to Ge(100) at a surface temperature of 300 K. The H,S exposures
shown are (a) 0.3, (b) 0.6, (c) 0.9, (d) 1.5, and (e) 2 L.
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Fig. 4. He | UPS spectra of the Ge(100) exposed to H,S a a
surface temperature of 300 K. The clean Ge(100) surface is shown
as spectrum (a). The H, S exposures shown are (b) 0.03, (c) 0.09,
and (d) 0.3 L. Difference spectra for H,S exposures are shown as
(e) 0.03, (f) 0.09, and (g) 0.3 L. The bar graphs represent the gas
phase energies for the indicated molecules.

(highest occupied molecular orhital) is aligned with
the peak at 3.3 eV binding energy in Fig. 4d. The bar
graph with the dashed lines above spectrum 4g rep-
resents the energies obtained from the gas phase
spectrum of GeH,SH [23]. The line for the lowest
energy peak from the gas phase spectrum of GeH ,SH
(highest occupied molecular orbital) is aligned with
the peak at 3.3 eV hinding energy in Fig. 4g. Com-
parison of the gas phase H,S energies with the
measured binding energies for H,S-exposed germa-
nium surfaces clearly shows that H,S dissociates
upon adsorption to Ge(100) at a surface temperature
of 300 K. The energies for GeH,SH gas phase
spectrum agree better with spectra 4d and 4g, how-
ever, the absolute energies differ somewhat. A better
understanding of the nature of the adsorbed species

can be gleaned by therma annealing studies and
these studies are presented next.

Fig. 5 summarizes the Hel UPS results for heating
aH,S-exposed Ge(100) to severa different tempera-
tures. Spectrum 5a is the UPS difference spectrum
obtained after exposing the Ge(100) surface to 0.9 L
of H,S a 300 K. As shown in Fig. 4g, three main
features are observed in the UPS spectrum. Anneal-
ing the surface prepared at 300 K to 470 K, cooling
to 300 K, and recording the UPS spectrum results in
Fig. 5b. Heating the surface to 470 K results in the
loss of the peak near 7 eV binding energy and a
decrease in intensity of the peak at 3.5 eV compared
to the feature at 4.8 eV. In TPD experiments, molec-
ular H,S is observed as a desorption product at this
annealing temperature. Based on the desorption of
H,S and comparison with the gas phase data of
Cradock and Whiteford [23], we assign the peak near
7 eV as due to surface S-H bonds and annealing to
470 K results in the desorption of H,S and the

T T T

H,S/Ge(100)
Vary Exposure Temperature|

Hel Difference Signal Intensity (arb. units)

9 8 7 6

5 4 3 2
Binding Energy (eV)

1 0 -1

Fig. 5. He | UPS difference spectra for Ge(100) exposed to 0.9 L
of H,S at a surface temperature of () 300 K and then annealed to
(b) 470 K, and (c) 600 K.
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Fig. 6. The S/Ge AES signal ratio vs. sulfur coverage after exposure of H,S to Ge(100) at 553 K. The inset to the figure shows the
hydrogen atom coverage from H,S decomposition as a function of exposure at a Ge(100) surface temperature of 300 K.

cleavage of S—H bonds. Annealing the H,S-exposed
surface further to 600 K results in spectrum 5¢c. Now
both the peaks near 5 and 7 eV hinding energy are
gone. In TPD experiments, H, is observed as a
desorption product at this temperature. We therefore
assign the feature at 5 eV as due to surface Ge-H
bonds. This assignment is also consistent with the
previous hydrogen adsorption study of Landemark et
al. [24]. The main feature in spectrum 5c, centered at
4 eV, is then assigned to sulfur on the Ge(100). The
binding energy of this feature is consistent with
previous work examining the adsorption of atomic
sulfur on Ge(100) [12].

Exposing the Ge(100) to H,S at higher surface
temperatures results in a higher total sulfur coverage.
These results are presented in Fig. 6 wherethe S/Ge
Auger ratio as a function of sulfur coverage. H,S
was exposed to the Ge surface at a temperature of
553 K. The sulfur coverage in monolayers was cali-
brated by hydrogen thermal desorption. The inset to
Fig. 6 shows the hydrogen coverage obtained by
TPD vs. H,S exposure at a surface temperature of
300 K. At saturation, 0.25 ML of S is deposited and
the S/Ge AES ratio is 1.18. A linear relationship
between the S/Ge AES ratio with sulfur coverage

was observed for the 300 K H,S exposures. The
solid line in Fig. 6 indicates this relationship. The
line is extrapolated beyond 0.25 ML. The S/Ge
AES ratios obtained after exposure of H,S at a
surface temperature of 570 K are converted to a
coverage in ML and are shown as open circles in
Fig. 6. Exposing H,S to Ge(100) at the elevated
surface temperature results in a saturation coverage
of amost 0.5 ML sulfur. UPS experiments of these
higher sulfur coverages indicate that there is little
co-adsorbed hydrogen.

4, Discussion

The results presented here demonstrate that S can
be deposited onto the Ge(100) surface by the disso-
ciative adsorption of H,S. The maximum amount of
S that can be deposited from a saturation exposure of
H,S at room temperature is 0.25 ML or 1.6 X 10** S
atoms cm™~2.

Before discussing details and before comparing
this study with earlier work, we present below a
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plausible mechanism for the decomposition pro-
Cesses.

2H,5(g) "> Ge-S(a) + 3Ge-H(a) + S-H(a)

(1)
45-H(a) "5 3Ge-S(a) + 2Ge-H(a) + H,S(q)

(2
2Ge-H(a) 5" H,(g) + 2Ge(a) (3)
Ge-S(a) 9K GeS(g) (4)

Gas phase species are designated by (g) and (a)
denotes an adsorbed surface species.

In the first step of the proposed mechanism, H,S
is exposed to the Ge(100) surface at 300 K which
results in dissociative adsorption. This reaction step
is followed in UPS experiments. As shown in Fig. 4b
for low exposures of H,S there are spectral features
that cannot be explained as solely due to molecular
adsorption. The peak at 3.1 eV hinding energy in
Fig. 4b (and Fig. 4e) can be attributed to the pres-
ence of sulfur. This assignment is in good agreement
with previous work [12,15]. The two other reaction
products, surface hydrides of germanium and sulfur,
are identified in thermal annealing studies which are
discussed further below. Annealing the H, S exposed
Ge(100) surface to 450 K results in the desorption of
some molecular H,S due to recombination of sur-
face species. The desorption of H,S is followed by
TPD. Heating to 450 K aso results in a significant
decrease in the photoemission peak near 7 eV as
shown in Fig. 5b. Cleavage of surface S—H bonds is
consistent with the products shown in reaction (2). In
step (3) of the above reaction sequence, surface
germanium monohydrides decompose to produce
molecular hydrogen as a gas phase product, as ob-
served in the thermal desorption studies. Heating the
surface to 600 K aso removes the photoemission
peak originally near 5 €V in Fig. 5a. The peak near 5
€V binding energy is assigned to surface germanium
hydrides [24—-26] and the removal of this peak by
annealing to 600 K is consistent with H, desorption.
The surface now contains only sulfur and there is a
broad peak in photoemission experiments around 4

€V binding energy as shown in Fig. 5c. This broad
peak has been previously observed in studies exam-
ining the adsorption of atomic sulfur on Ge(100)
[12]. For saturation exposures of H,S at 300 K, the
resulting sulfur coverage is 0.25 ML. Heating the
sulfur covered surface above 700 K (reaction (4))
results in the desorption of the sulfur overlayer as the
etch product GesS.

Exposing the Ge(100) surface to H,S at elevated
temperatures alters the saturation coverage of sulfur.
The surface temperature of 553 K was chosen be-
cause it is well below the desorption temperature of
the GeS etch product and at a temperature where H,
desorption is occurring at a significant rate. The
saturation coverage of sulfur under these conditions
approaches 0.5 ML. However, the results show that
the actual coverage obtained is about 0.05 ML less.
The lower measured coverage may be due to the
presence of defect sites on the Ge surface. The
number of defects could play an even larger role if
H, S requires a dimer site for adsorption and reaction
and not a single surface Ge atom.

5. Conclusions

We have studied the surface chemistry of H,S on
the Ge(100) surface. This molecule dissociatively
adsorbs at low coveragesto yield adsorbed SH groups
and surface hydrides. As the surface is heated, the
surface SH groups decompose to yield adsorbed
sulfur and germanium hydrides. At higher tempera-
tures the surface hydrogen atoms recombine and
desorb as molecular hydrogen. Sulfur is left at the
surface after the desorption of hydrogen. The maxi-
mum amount of sulfur that can be deposited follow-
ing a saturation exposure of H,S at room tempera-
ture is 0.25 ML or 1.6 X 10 s atoms cm™2. Heat-
ing the surface to above 700 K results in the desorp-
tion of sulfur from the surface as the etch product
GeS. Exposure of H,S to Ge(100) at a surface
temperature of 553 K results in a higher total sulfur
coverage of about 0.5 ML. The higher coverage is a
result of hydrogen desorption from the germanium
surface during the exposure which generates addi-
tional surface sites for H,S decomposition.



72 L.M. Nelen et al. / Applied Surface Science 150 (1999) 6572

Acknowledgements

The authors are happy to acknowledge the Na
tional Science Foundation (Grant CHE-9357133) for
support of this research. One of the authors (C.M.G.)
also acknowledges the National Science Foundation
for aNYI Award.

References

[1] H. Okumura, T. Akane, S. Matsumoto, Appl. Surf. Sci. 125
(1998) 125-128.

[2] S. Gan, L. Li, T. Nguyen, H. Qi, R.F. Hicks, M. Yang, Surf.
Sci. 395 (1998) 69—74.

[3] T. Akane, J. Tanaka, H. Matsumoto, Appl. Surf. Sci. 108
(1997) 303-305.

[4] K. Prabhakarana, T. Ogino, R. Hull, J.C. Bean, L.J. Petico-
las, Surf. Sci. 316 (1994) L1031-L1033.

[5] X.-J. Zhang, G. Xue, A. Agarwal, R. Tsu, M.-A. Hasan, JE.
Greene, A. Rockett, J. Vac. Sci. Technol. A 11 (1993) 2553.

[6] G.W. Anderson, M.C. Hanf, P.R. Norton, Z.H. Lu, M.J.
Graham, Appl. Phys. Lett. 66 (1995) 1123-1125.

[7] D.A. Kiewit, 1.J. D'Haenens, JA. Roth, J. Electrochem. Soc.
121 (1974) 310-311.

[8] D.E. Aspnes, A.A. Studna, Appl. Phys. Lett. 39 (1981)
316-318.

[9] K. Newstead, A.W. Robinson, S. d’ Addato, A. Patchett, N.P.
Prince, R. McGrath, R. Whittle, E. Dudzik, 1.T. McGovern,
Surf. Sci. 287-288 (1993) 317.

[10] K.T. Leung, L.J. Terminello, Z. Hussain, X.S. Zhang, T.
Hayashi, D.A. Shirley, Phys. Rev. B 38 (1988) 8241.

[11] T. Weser, A. Bogen, B. Konrad, R.D. Schnell, C.A. Schug,
W. Steinmann, Phys. Rev. B 35 (1987) 8184.

[12] T. Weser, A. Bogen, B. Konrad, R.D. Schnell, C.A. Schug,
W. Moritz, W. Steinmann, Surf. Sci. 201 (1988) 245—256.

[13] M. Gothelid, G. LeLay, C. Wigren, M. Bjorkqvist, M. Rad,
U.O. Karlsson, Appl. Surf. Sci. 115 (1997) 87-95.

[14] SM. Cohen, Y.L. Yang, E. Rouchouze, T. Jin, M.P.
D’Evelyn, J. Vac. Sci. Technol. A 10 (1992) 2166.

[15] H.J. Kuhr, W. Ranke, Surf. Sci. 189,190 (1987) 420-425.

[16] J. Chen, PhD Thesis, University of Missouri-Columbia, 1996.

[17] A. Mahgjan, B.K. Kellerman, JM. Heitzinger, S. Banerjeg,
A. Tasch, JM. White, J.G. Ekerdt, J. Vac. Sci. Technol. A
13 (1995) 1461.

[18] M.P. D’Evelyn, SM. Cohen, E. Rouchouze, Y.L. Yang, J.
Chem. Phys. 98 (1993) 3560.

[19] M.P. D’Evelyn, Y.L. Yang, S.M. Cohen, J. Chem. Phys. 101
(1994) 2463.

[20] L.B. Lewis, J. Segall, K.C. Janda, J. Chem. Phys. 102 (1995)
7222.

[21] L. Surnev, M. Tikhov, Surf. Sci. 138 (1984) 40.

[22] K. Kimura, S. Katsumata, Y. Achiba, T. Yamazaki, S. Iwata,
Handbook of Hel Photoelectron Spectra of Fundamental
Organic Molecules, Japan Scientific Societies Press, Tokyo,
1981.

[23] S. Cradock, R.A. Whiteford, J. Chem. Soc. Faraday Trans. I
(1972) 281.

[24] E. Landemark, C.J. Karlsson, L.S.O. Johansson, R.l.G.
Uhrberg, Phys. Rev. B 49 (1994) 16523.

[25] D. Steinmetz, F. Ringeisen, D. Bolmont, J.J. Koulmann,
Surf. Sci. 237 (1990) 135.

[26] JJ. Koulmann, D. Steinmetz, F. Ringeisen, D. Bolmont,
Physica B 170 (1991) 492.



