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ABSTRACT

The formation of ordered phases of sulfur on the molybdenuﬁ (100) crystal
face has been studied by Low Energy Electron Diffraction (LEED), Auger Electron
Spectroscopy (AES) and Thermal Desorption Spectroscopies (TDS). Sulfur was
deposited from a S9 molecular flux streaming out of an Ag?S containing electro-
chemical cell inside the UHV chamber. The use of a controlled flux of S9 allow-
ed the careful determination of saturation values for the monolayer, as well
as the formation of multilayers of sulfur. This allowed the calibration of
Auger intensities in terms of sulfur coverage. Various ordered structures
c(2x2), (1x2), (%f) and c(2x4) ﬁere observed by LEED for different values of
the S—coverage. Real space models for these structures are proposed that sat-
isfy the coverage values observed that place suifur atoms only on high symmetry

four-fold sites on the (100) molybdenum surface.
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1. INTRODUCTION

The interaction of sulfur with transition metal surfaces has received con-

| siderable attention in the last decade by those interested in modifying the reac-—

tivity of metal surfaces. Sulfur is known to often inhibit chemical reac-
tions(1,2) (poisoning) or change the selectivity (elter the product distribu-~
tion) during catalytic reactions in a beneficial manner. The molybdenum-sulfur
system is especially interesting as it is used for hydrodesulfurization during
hydrocarbon conversioh reactions(3) and is generally knownvas an active, selec-
tive and selfur resistant catalyst. The basal plane of MoSs, a 1ayer-compoued,
was found to be inert even toward the adsorption of organic molecules that cen-
tain sulfur(4) in our recent studies that were carried oet at low pressures

(< 1073 torr). In order to identify the important adsorption sites of Mo-S .

catalysts we undertook the investigation of the properties of sulfur overlayers

on the Mo single crystal planes. Using Low Energy Electron Diffraction (LEEQ),

~Auger Electron Spectroscopy (AES) and Thermal Desorption Spectroscopy (IDS) we

studied, and report in this paper on the surface structures of sulfur on the
Mo (100) crystal surface that are formed as a function of coverage. We also
compare our results with those reported by others (5-8) on various faces of molyb-

denum crystals.

2. EXPERIMENTAL

The experiments were performed in a standard UHV system evacuated with ion

and diffusion pumps. The system was equippped with a Low Energy Electron Dif-

fraction (LEED) optics that was also utilized for Auger analysis in the retard-

ing field mode. The analysis of the residual background gases and the desorbing

species during thermalidesorption was performed by means of a UTI quadrupole



- mass-—spectrometer.

The Mo single crystal was prepared by spark cutting from a single crystal
rod and oriented within *1° of the (100) face by means of Laue X-ray diffrac-
tion. It was polished using standard metallographic techniques to mirror smooth
appearance prior to introduction in the UHV chamber. The crystal was supported
by a tantalum wire spot-welded around the edges that served to resistively heat
the sample. The ends of this wire were fastened to two copper blocks that were
cooled by liquid nitrogen. In this way the temperature of the crystal could
be varied from 110K to 1500K. The temperature was measured by means of a chromel
alumel thermocouple spot-welded also to the edge of the crystai but away from
the Ta wire.

The crystal could be easily cleaned by Ar bombardment, to remove all impuri-
ties with the exception of carbonbthat required special precautions. Heating
the crystal in a low partial pressure of 0, (2 x 10_8'torr) resulted in the
burn—out of the C deposit iﬁ a few minutes at temperatures above 700°C. Unfor-
_funately this procedure leaves an oxidized surface in agreeﬁent with the obser-
vations of other authors.(9) This.surface oxide could be eliminated at high
temperatures, of the order of 1000°C in vacuum, but upon cooling C again segfe—
gated from the bulk to the surface. Sevéral cycles of this O2-burn~out treat-—
ment fbllowed by high temperature oxygen removal were neceésary to produce a
clean surface. The cleanliness of the surface with respect to these two main
contaminants, C and 0, was judged from the heights of their Auger peaks realtive
to the height of the Mo (220 eV) peak. The saturation height of the C peak
obtained after segregation from the bulk was consistently found to be 0.36 * 0.03
times the height of the Mo (220 eV) peak. This ratio is of the same order of
the values published in the literature for the monolayer of C, i.e. 0.46(10,11)

and 0.50.(12) The differences may be due to the specific conditions used to
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obtain the Auger spectra that we shall describe below.

For the adsorption of 02 we found a saturation value of Auger peakvheights
éorresponding to the ratio O0/Mo (220 eV) = 0.42, This value compares also fairly
well with the values reported in the literature of 0,32(10) and 0.40,(13)

Thé determination of the coverages for sulfur and other elements required
a careful analysis of the Auger peak intensities from béth adsorbate and sub-
strate since the conditions under which the spectra are obtained influence in
a different way the Auger peak heights of the various Auger transitions, it is
very important that these conditions are specified. In 6ur case we used a
modulation voltage of 10 volts peak-to-peak, a time constant of 300 ms in fhe
lock-in amplifier and a sweep speed of 5 eV/sec. The eiectron gun was operated
at 2.4 KeV at a glancing angle of incidence of approximately 20° with respect
to the surface of thé crystal. | |

The deposition of sulfur was performed by two different methods. In one

method the Mo single crystal was exposed to a low partial-pressure of HzS intro—-

~ duced into the UHV chamber via a leak valve. In the second method a flux of

Sy molecules was produced from the electrochemical decomposition of AgyS in the

UHV chamber. In this last method which has also been utilized by other authors,
(14,15) a molecular beam of S, molecules is produced as a result of the reaction:
28~ (AgyS lattice) —> S, (vapor) + be~ taking place at the anode of the cell.
During the reaction the base pressure in the chamber is kept in the 1010 torr
range due to the directional nature of the Sjp beam, In our particular arrange-
ment the Celi was mounted ihside of a 1/4 inch pyrex tube with ifs exit at a

few centimeters frombthe crystal. A polarizaﬁion of the cell of arond 1 volt
produced a reaction current of some tens of microamperes, that corresponds to

0l3 1

82 fluxes of the order of 1 molecules xvsec_ . Since the Sy flux was only

partially intercepted by the Mo crystal, the current through the cell was used



-6-

only as a monitor of the constancy of the S9 flux. The sulfur coverage obtained
in that way.was found by AES to be uniform across the entire surface of the crys-—

tal.

3. RESULTS AND DISCUSSION

3.1 AES and Thermal Desorption Studies of the S/Mo(100) System After Exposure

to 82

In order.to interpret the various ordered Sulfur structures on ;he (100)
érystal face of molybdenum that we shall examine in the next section; it is.of
cenﬁral importance to have a reliable calibration of the sulfur coverage in
terms of the Auger peak intensitiés. To obtainvthis we sfudied.the evolution
of the Auger peak heights due to sulfur at 148 eV, and to molyb&enum at 120,
186 and 220 eV. Examples of these experiments are shown in Figures la and b,
corresponding to exposures of the crystal to a Sy flux emanatiﬁg from the
electrochemical cell. As we can observe in the two plots,vthe initial value
of the sulfur signal is not zero. This is due to the existence of a small
molybdenuﬁ peak at the same energy. In the clean surface, the ratio of the
peak heights at 148 eV and 220 eV is 0.13 + 0.01. 1In the plots of Figure 1,
‘we used the sum of the heights 6f the three Mo transitions mentioned»above,
since no difference was observed in their behavior as a function of S—~coverage.
Thié procedure is equivalent to averaging the data points due to Mo and results
in less dispersion in the curves. In Figure la the temprature of the crystal
was kept close to 273K t 5K, As we can observe in these conditions there is a
linear increase in the amount of depositedbsulfur until an almost flat region
is obtained (after approximately 15 minutes in the figure). In contrast, if
the temperature of the crystal is kept close to or above room temperature, as

in Figure lb, the initial linear increase in the S-signal shows a break at a
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ratio r = S/Mo (220 = 4,0 £ 0.5), followed by a slower increase that finally
reaches saturation as in the former case. At saturation the ratio of S/Mo
(220 eV) is found to ber =9 * 1 in_Both cases.

The break shown in Figure 1b indicates that there is an apparent decrease

" in the sticking coefficient when the coverage corresponding to 4 = 4.0 * 0,5

is reached. This is due to a decrease in the binding energy of sulfur at cov-
erages above the value mentioned above which, as we shall see, corresponds to
0.7 * 0.1 monolayers. Td illustrate this point we show in Figure 2 the result
of several sulfur thermal desorption experiments corresponding to various S-
coverages. In curves B to E the adsorption was performed with the crystal at
around 300K. Maxima in the desorption rate occur at 430K and 550Kvi 5K, with
other small peaks between 570K and 670K. A small shoulder at approximately
370K‘1s also observed. Above 700K there are no peaks except for a slowly |
increasing background. After ﬁhese thermal desorp;ion experiments the surfacé
coveragevwas always such that r.= 5 % 0;5, i.e., close to the value cof:espond-
ing to the break shown in Figure 1b. ‘A further reduction in the amount of sul-
fur after_these desorption experiments can be obtained by heating to around
1300K alghough no well-defined peaks in the Sy desorption spectrum were
observed. With these treatments, the amount of sulfur on the surface caﬁ be
reduced to a value close to the half monolayer.

Coverages in excess of the monolayer were also obtained as shown in the

example of curve A in Figure 2. A coverage estimated to be 1.7 * 0.2 (see

below) was obtained by cooling the crystal below 273K. As we can see, the major
peak in this case occurs at 370K t 5K, The formation of multilayer deposits of
sulfur, which form with a substantially smaller sticking coefficient was not
studied in detail.

At temperature above room temperature, the desorption rate of sulfur is
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not negligible for éoverages above 0.7 as shown in Figure 2, due to the smaller
value of the binding energy of S at these coverages. The competition between

adsorption and desorption explains then the results of Figure lb.

3.2 Calibration of the Auger Signals

Using the data for the ratio r derived from experiments like those shown
in Figure 1, it is possible to calibrate the S-coverage, 6, in terms of Auger
peak ratios. We shall assume that the monolayer coverage corresponds to the
saturation value of r = 9 * 1 shown in Figure 1. From these experiments we
deduce also that the attenuation factor a, due to one monolayer Qf sulfur is
a=0,38 * 0.0l. This factor is obtained by dividing the Mo auger peak height
at the monolayer coverage, i.e., the saturation value of the Mo signal in Figure
1, by the cérresponding height at zero coverége.

If Mo(8) and S(8) represent the Mo;and'S Auger peak heights of a S—coverage

6, we can write

Mo(8) = (1 = 8) ﬁo(O) + af Mo(0)

S(8) = 8 S(1)

From these relations and the numerical values of r at 8 = 1 and a we obtain

_r (1)
3.42 + 0.62r

This formula should give values of 8 that are correct within approximately
10% . | | |

In a previous study, Peralta et. al.(7) ysged 33s emitting B-radiation to
calibrate their Auger signals in the system S/Mo(110). At saturation, a value
of r = 3.8 was obtained that corresponds, according to these authors, to a S:Mo
atomic ratio close tb 1. Using this value of r and our formula (1), we deduce

a coverage of 6 = 0,7, It is not clear, however, that the two results should
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coincide. One reason is that the conditions under which their Auger spectra
were obtained are not specified. The second reason is the different atomic
densities for S and Mo in the (110) and (100) planes that could modify the

values of the parameters r (at 6 = 1) and a used in obtaining formula (1).

3.3 AES and Thermal Desorption Studies After HsS Exposures of Mo(100)

As indicated in the experimental section we used also H9S gas as a source
of sulfur in addition to AgsS. The experiment consisted of successive Laﬁgmuir
exposures of the crystal at room temperature to H,S (1L = 10-6-torr x 1 sec),
followed by Hy thermal desorption. After each thermal flash to about 1000K, we
measured the height of fhe various Auger peaks and observed the LEEﬁ patterns.
The results of these experiments are shown in Figure 3. As we.can see, the
linear increase of the amount of depositedvsulfur occurs only up to a covefage
8 = 0.3, indicating that for HjS the decrease in sticking coefficient occurs
at lower values of the S-coverége. In these type of experiments a final satur-
ation value for the.co§erage of approximately 6 = 2/3 is reached. This value
is substantially smaller than the sétdration value 8 = 1 obtained by the use
of Sy, a result thaf coincides with the findings of Heegemann et. al.(ls) in
the case of the Pt(11l1l) and Pt(100) crystal surfaces. |

This saturation indicates that at 8 = 2/3 the value of the sticking coef-
ficient for H3S has become very small. These observations indicate that the H3S
molecule requires a larger ensemble of substrate atoms for dissociative chemisorp-
tion. The thermal desorption of Hy after H2S adsorption was examiﬁedband the
results are shown in Figure 4. In these experiments the crystallwas kept at
approximately 120K during HyS éxposure. In all of the e#amples shown, there is
no variation in the amount of adsorbed sulfur as measﬁred by the height of its
Auger peak, befqre and after.the thermal flux. Also, no H2S molecules were

detected to desorb. This indicates, of course, that the adsorption of HsS is
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irreversibly dissociative at these low pressurés. Curves a, b and ¢ correspond
to exposures of the clean surface to 1.5, 0.5 and 0.3 Langmuirs of H2S, respec—-
tively. The desorption spectrum shows a series of peaks at temperatures of
200K, 233K, 407K and a shoulder around 480K for the 1.5 Langmuir exposure. At
lower exposures these peaks shift to higher temperatures (except the peak at
200K), indicating that they arise from second order processés, probably H-H
recomﬁination. The amount of sulfur left on the surface after these experiments
was 6 = 0.38, 0.34 and 0.30 for curves a, b and c respectively. As we see,
these coverages are not far from the value 1/3, the same found for the end of
the linear growth in Figure 3, indicating that the dissociative adsorption of
H7S requires thréé sites per molecule on the Mo(100) surface. After Hy desorp-
tion it is possible to adsorb more H2S in the clean areas produced by Hy desorp-
tion and by the coalescence of S into c(2x2) islands as a result of the thermal
flash, as observed by LEED (see Figure 3). An example of H9 desorption spec-—
trum following H2S adsorption on a surface already covered ﬁy sulfur is ghown
in curve d of.Figuré 4, This curve is obtained by 0.5 Langmuir exposure to

H2S of the surface obtained after the experiment of curve ¢ of the same figure.
The desorption spectrum of Dy obtained after 6 Langmuirs exposure of the clean
Mo surface 18 shown in curve e for comparison. As we can observe, thé number
of desorption peaks and their temperature is similar to the H peaks from HpS
with allowance for the shifts mentioned above as a function of coverage. The
main difference is the appearance of the high temeprature peaks, above 400K in
the case of H9S. We can explain that by assuming that the H2S molecule decom-
poses mostly.into S and H adatoms. The latter recombines to desorb as Hj with
rate limiting processes similar to the case of desorption of Hyp alone adsorbed
on the clean surface. A residual amount of more tightly bound H remains on

the surface, maybe in the form of HS species or it may remain under the surface
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that gives rise to the higher temperature peaks.

3.4 Sulfur Surface Structure by Low Energy Electron Diffraction
-During S'deposition, a variety of ordered structures could be obserﬁed with

LEED, These structures were obtained after annealing the crystal to temperatures

of a few hundred degrees. The corresponding diffraction patterns are shown in

the pictures of Figure 5. Each pattern was observed in a certain coverage range

as indicated in Table I. The third column in this table indicates the average
coverage for which the sharpest LEED pattern was observed in each case.

At coverages close to 6 = 1, a (1xl) pattern with poor céntrast wasbobserVed.
This structure could not be annealed to produce a éharp pattern due to the facile
evaporation of S9, as shown in section 3.1 and in Figure 2. The c(2x4) pattern
shown in pictures d and e df Figure 5, was always present in two domains, c(2x4)
and c(4x2) and was observed for coverages in the range 0.60 to 0.77, althougﬁ
the shafpest_patterné were observed for coverages close to 0.72. Sometimes it
was observed togethef with the (ff) structure particularly at the lower coverages.
The (%}7)Structure was also présent in two domains, and the corresponding'dif-
fraction pattern 1s shown in picture c¢ of Figure 5. It was observed in the éo?er-
age range 0.54-0,69, overlapping sometimes with the c(2x4) in the upper coverage
range and with the c¢(2x2) in the low coverage range. The best patterns occurréd
for coverages close to 0.62. The_(le) pattern, again present in two domains
is shown in picture b. It was observed in a rather wide range of S-coverages
ranging from 0.47 to 0.63. In some cases, the half-order spots were accompanied
by streaks in the [10] and_fOl] directions. Finally, the c(2x2) structure, shown
in picture a, was observed for coverages between 0.30.and 0.53, with maximum con-
trast at about 8 = 0.,46.

cher diffraction patterns were occaéionally observed like the (1x3), the

(1x6) and the (¥Y5x/5)R26.6°. The (1x3) pattern was observed in a wide range of
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coveréges, from 0.56 to 0.88 and was sometimes accompanied by small éxygen peaks
in the Auger spectrum. The (1x6) pattern showed C and O in the Auger and the
(¥5x/5)R26 .6° showed also oxygen in the Auger spectrum in amounts of the order
of 1/4 of a monolayer or less.

Most of these structures were also obsé?véd by other authors,(5:6s8) although
only the c(2x4), (f?j)and c(2x2) structure are detected by all of the investiga-
tors including our own studies.(20) 1t ig possible that the other structures, |
except the (1x2) observed in this study and also by Clarke,(s) are due to oxy-
gen céntamination in the proximity of the surface. Oxygen structures on Mo(100)
have been observed by many authors(9'13)16‘18) with unit cells of (1x2), (1x3),
(1x6), (2x6), c(4x4) and particularly the (¥5x/5)R26.6°. The possibility of oxy-=
gen contamination is based on our observations that oxygen that diffused into
the bulk as a result of the carbon burn—~out treatments described in section 2,
segregates slowly to the surface in some cases after cooling to room temperature.
Some surfaces that were judged to be clean by Auger spectroscopy after a high
temperature aesorption of oxygen, showed small oxygen peaks after the crystal
had cooled to room temperature. Since the resegregation of oxygen to the sur-
face 1s slow the reappearance of oxygen might have been overlooked in some of
thé experiments by the different researchers.

In our discussion of the stuctural models that satisfy the unit cell dimen-
sions and S-coverage data shown in Table I, we have only considered those struc-

tures for which an unambiguously clean Auger spectrum was obtained.

3.5 Structural Models for S Overlayers

We can use the experimental data derived from LEED and Auger electron
spectroscopy, the unit cell dimensions and S coverage, to produce models for

each structure that satisfy both requirements. There are a variety of models
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that can be suggested with these conditions and some of them have already been
proposed by previous authors.(3,8) The proposed models however, involve the
pfesence of low and high symmetry adsorption sites like bridge sites and four=
fold sites. We shall use the hypothesis of occupancy at only high symmetry
sites that has been widely and successfully used by the group of Oudar(1) to
explain sulfur, lead(21) and other adsorbate structures on a variety of metal
single crystal surfaces. We assume then that sulfur occupies only the four-
fold sites of the Mo(100) surface in all of the observed structures. In the
case of the c(2x2) structure these sites have been shown by LEED I(V) analysis
to be ;he most likely adsorption sites on the Mo(lOO)(S) and Fe(100)(19) sub-
strates. . |

In Figure 6 we show the models that satisfy the three requirementé speci-
fied above. The open circles represent Mo substrate atoms, whereas the 1§rger

shaded ones represent S atoms. The size of the circles is proportional to the

‘metallic radius in the case of Mo, whereas for sulfur we took the radius deduced

from the S—Srseparation in the basal plane of MoSz.(Zz) This plane represents
the densest possible arrangement of sulfur atoms on a Mo lafer with distances
between metal atoms which are very close to the Mo-Mo distances in the Mo(100)
plane (3.16 versus 3.14A respectively). In fact, the (1xl) structﬁre observed
above 6 = 0.75 implies a more compact sulfur overlayer than is the MoS) planes.
Maybe this is the cause of the lower binding energy of sulfur on Mo(100) above
8 = 0.75 as the increased repulsive interaction among nearest sulfur neighbors
decreases the binding energy. It is then not surprising tha;bthe most stable
structure with respect to thermal treatﬁents is the ¢(2x2). This structure is
formed even below 8 = 0.5 in islands that grow until the whole surface {is
covered. An increase in S coverage would produce antiphase domain boundaries

between c(2x2) islands in increasing number as the average size of the c(2x2)
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islands decreases. In fact, we can imagine the (ff) and the c(2x4) structures
to be two extreme cases, where the c(2x2) domains have been reduced to one

unit cell. The antiphase boundary runs parallel to the [1l] direction in the
(ZT) structure and is shown to form zig—zag chains in Figure 6b. In the case of
the c(2x4) structure the antiphase boundary runs parallel to the [10] direction.

It is interesting to observe that the c(2x4) structure corresponding to
8 = 0.75 does not have two consecutive empty sites as do the other structures.
This might result in a lower binding energy for S92 molecules and also a
decrease in the rate of sulfur uptake, if the crystal temperature is not suf-
ficiently low as observed experimentally.

The (1x2) structure was observed in a range of sulfur coverages that are
larger than those for the other structures. This fact, together with the obser-
vation in many cases of streaks parallel to the [10] and [0Ol] directions, might
indicate the (1x2) structure is a disordered version of the c(2x4) structure
where sulfur vacancies in the compact rows of Figure 6d would produce shorter
ordered domains along the [10] direction. In Figure 6c we show the model cor-—

responding to 6 = 1/2,

3.6 Removal of Sulfur by Oxygen and Hydrogen

The sulfur overlayers can be removed by chemical means, by using 02 and Hjp.
‘This is a usefui method of cleaning the surface without the need for Argon |
sputtering or very high temperature treatments (> 1500K). A low partial pres-
sure of 02, of the ordgr of 10.6 torr, is sufficient to remove sulfur coﬁpletely
in a few minutes if the crystal temperature is about 1300K. Using Hyp as the
reactant, sulfur cannot be removed under low pressure conditions. ' If the crys-—
tal can be confined in a high pressure cell, however, S can be easily rémoved.
In our case we used a Hp pressure of 160 torr at a crystal temperature of 700K

to remove one monolayer of sulfur in approximately 15 minutes.
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4, CONCLUSIONS

(1) Using Sy molecules obtained from AgyS as a source of sulfur, the sur-
face of Mo(100) crystals can be covered up to coverages of unity and éven higher

after sufficiently large exposures, as long as the surface is kept below 300K,

(2) The increase in the amount of deposited sulfur is linear with exposure

‘until a saturation is reached at the monolayer, using S2 molecules as the source

of sulfur. If the crystal temperature is above room temperature, the linear

increase shows a break when the coverage reaches the value of approximately 3/4.

(3) Sulfur, in excess of 0 = 0.75, can be desorbed as S9 with maximum

rates at 430K, 550K and other smaller maxima between 600 and 750K. For coverages

'above 1, an additional desorption peak is observed at 370K.

(4) Using H9S as the source of sulfur and after flashing off the adsorbed
hydrogen, a linear increase in the S—coverage is observed up to 8 = 0.35.

Repeated cycles of adsorption followed by Hy flash desorption leads to a satura-=

tion value of 8 = 2/3. The dissociative adsorption of H9S is impeded by sulfur

on the Mo(100) surface at higher coverages.

(5) The thermal desorption spectrum of Hy from adsorbed HS is similar to
that of D2 from Mo(100) except for the high temperature desorption peaks. Above
400K H-species desorb that were more tightly bound than in the case of H adsorbed

on the clean surface.

(6) A sequence of ordered structures c(2x2), (1x2), ({f)and c(2x4) is
obtained after annealing the S layer. The coverages that produce the sharpest
LEED patterns were found to be 0.46, 0.47-0.63, 0.62 and 0.72 respectively as .

deduced from our calibrated auger peak intensities.
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(7) The assumption that sulfur occupies only the high symmetry four-fold
sites on the Mo(100) surface together with the unit cell dimensions and sulfur
coverages determined by LEED and AES lead to the models shown in Figure 6 for

the various ordered structures that were observed.
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TABLE I

Coverage Giving The

Sulfur Coverage Expected From
Structure Coverage Range Sharpest Pattern High Symmetry Models
1x1 -o.eo‘- 1.00 - 1.00
c(2x4) 0.60 - 0.77 0.72 0.75
(ﬁ) 0.54 - 0.69 0.62 0.67
1x2 0.47 - 0.63 — 0.50/0.75
c(2x2) 0.30 - 0.53 0.46 0.50

<
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Figure 2:

Figure 3:

Figure b

Figure 5:
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FIGURE CAPTIONS

Changes of sulfur and molybdenum Auger peak heights as a function
of Sy evaporation time. In the curves labeled Mo the sum of the
three Mo Auger peaks at 120, 186 and 220 eV is plotted. The ini-
tial value of the S peak corresponds to a small Mo péak at the
same energy. In (a) the crystal temperature was kept at 273 + 5,
In (b) the temperature was close to 320K. Note the break at the
ratio S/Mo (220 eV) = 4 that occurs in this case. |

Thermal desorption curves for Sy from the S-covered Mo(100) at
various coverages. Desorption in this temperature range is
observed only for 8 > 0.75. Above 6 = 1 the peak at 370 * 5K

becomes dominant.

Sulfur coverage as a function of successive 1 Langmuir exposures
to H9S, at room temperature, followadvby thermal desorption of

Hy. The observed LEED structures are indicated by arrows.

Thermal desorption of Hy after various exposures of Mo(100) to
H2S. During exposure the crystal temperature was kept at 120K.

Curve d corresponds to 0.5 Langmuirs exposure to HpS of the sur-

face obtained after curve c¢. Curves a to d are similar to curve

e corresponding to Dz‘desorption from the clean Mo(1l00) surface
that is shown here for comparison. The main difference is the

peaks above 400K observed in the case of HjS.

LEED pictures of the ordered structﬁres of sulfur on Mo(100)
obtained for various S coverages. (a) c(2x2), E = 91 eV; (b)
(1x2) two domains, E = 135 eV; (c) (ii) two domains, E = 125 eV;
(d) and (e) ¢(2x4) two domains, E = 64 eV for picture (d) and

E = 240 eV for (e).



Figure 6:
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Real space models compatible with the unit cells deduced from LEED
and with the sulfur coverage deduced from Auger. These models
comply also with the requirement of occupancy of only the fgur-
fold high symmetry sites. (a) ¢(2x2), (b) (1x2), (¢) >(ii)
and (d) c(2x4). The Mo atoms are represented by open circles

and have been drawn with radius proportional to the Mo metallic
radius. Sulfur atoms are represnted by shaded circles with radius

proportional to the S-S half distance in the basal plane of MoS».
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