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The adsorption and coadsorption of beryllium and potassium on the
tungsten (001) plane was studied using a probe-hole field ełectron microscope
(FEM). Measurements were made at 78 K for potassium and at 300 K for
beryllium. It has been found that the adsorption of potassium decreases
and that of beryllium increases the work function of the W(001) plane. At
small coverages with potassium atoms ( θk< 0.2) on the W(001) plane
successive evaporation of beryllium atoms causes a decrease of the work
function. At larger coverages with potassium atoms an opposite effect is
observed. An attempt has been made to compare the experimentał results
with the theoretical models suggested recently.
PACS numbers: 61.55.Hg, 73.30.+y, 79.70.+q

1. IntrOduction

Adsorptiom of beryllium and potassium on tungsten has been studied for
many years by means of a variety of experimental techniques. A comprehensive
list of the papers dealing with this problem can be found in Refs. [1-5].

In the present work the adsorption of beryllium and potassium on tungsten
was investigated using the field electron emission technique. The purpose of this
work was to investigate the changes in the work function caused by the evaporation
of beryllium atoms onto the surface of tungsten precovered with potassium. The
behaviour of beryllium deposited on the tungsten surface, clean or precovered with
potassium, is interesting in view of its small atomic radius (1.13 Å) as compared
with the atomic radii of potassium (2.31 Å) and tungsten (1.37 Å).

2. Experimental

. The measuring apparatus and the experimental procedure have been de-
scribed in [5]. The value of the work function for the clean (001) plane of tungsten
is assumed to be φ0 01 = 4.63 eV [6].
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3. Results and discussion

Figure 1 shows the dependencies of the work function φ on the coverage θ
for the adsorption of potassium and beryllium onto the (001) plane of tungsten.
Curve 1 represents φ versus θK on the clean W(001) plane at 78 K. Curve 2 is φ
versus θB e on the clean W(001) at 300 K. The coverage θB e or θK on the (001)
plane of tungsten has been determined on the basis of the dependence of the
work function on the evaporation time of beryllium or potassium atoms. It has
been assumed in the case of beryllium that a monolayer is formed after a time of
evaporation when the first maximum of the iO = f (t) curve is achieved. In the case
of potassium a monolayer is formed after the evaporation time needed to obtain
the saturation of the φ = f(t) curve. As it can be seen in curve 1, φ decreases
initially with increasing θK, reaches its minimum value

φ
min = 1.79 eV and then

increases monotonically up to the saturation value φsat = 2.21 eV. The shape of
the curve 1 is typical for the adsorption of potassium on tungsten and similar to
the curves reported in [2, 3, 5, 7, 8, 9].

Theoretical models for the adsorption of alkali metals on the metallic surfaces
are described in [10]. The models proposed by Lang [11] and by Muscat and Newns
[12] predict the shape of the φ(0) curve for coverages O ≤ θ ≤ 1 as well as the
position and value of 4Pmin in good accordance with experimental data.

Curve 2 shows the plot of the work function φ versus θB e . It can be seen
that S° increases to a first  maximum oomax1 = 4.93 eV, then decreases and passes
through a minimum at „Pmin = 4.80 eV. Thereafter, φ increases again and reaches
the second maximum tomax2 = 5.02 eV after which it slowly approaches a fmal value

φsat = 4.90 eV. The first maximum of φ corresponds to the monoatomic coverage,
at which the surface concentration of beryllium atoms becomes equal to the surface
concentration of tungsten atoms on the W(001) plane (10 x 10 14 atoms/cm2).
Beryllium atoms occupy positions in the centre of the square formed by tungsten
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•atoms on this plane, which results in the smoothing of the face [13] and therefore
the work function increases due to the Smoluchowski effect [14]. Further deposition
of beryllium leads to the occupation of sites between the beryllium adatoms; the
surface becomes rougher and the work function decreases to a minimum. Further
deposition causes the formation of beryllium layers with an increasing density
which leads to an increase of the work function and a second maximum. Subsequent
depositions of beryllium on the tungsten tip lead eventually to the formation of
beryllium crystals changing the geometry of the tip [15]. As it was expected, the
shape of the φ = f(θB e ) curve for beryllium deposited on the W(001) plane is
similar to the ∆φ = f( t) obtained in study of the adsorption of beryllium on the
same tungsten plane at room temperature [16], although some minor quantitative
differences are observed.

Figure 2 shows the dependence of the work function φ on the coverage θB e,

for the coadsorption of potassium and beryllium onto the (001) plane of tungsten.
At small potassium coverages (curve 1 and 2) the work function decreases with

increasing θB e , passes through a first minimum, thereafter increases and reaches a
flat maximum, net decreases to a second minimum and then increases to a satu-
ration value. At larger potassium coverages (curves 3, 4 and 5), the work function
initially increases with increasing h e and, after reaching a maximum, decreases to
a minimum value and then increases to a saturation value. The observed course of
the φ(θBe) curves can be explained by a mechanism of smoothing of the W(001)
plane covered with potassium atoms, controlled by the mobility of the potassium .

on the surface of the tungsten tip kept at a temperature of 240 K during the evap-
oration of beryllium and next tempered at 400 K. Since the value of the activation
energy for migration of potassium atoms on tungsten reveals its maximum at the
coverage θK 0.66 [17], the corresponding change in the φ(θB e ) is minimal (curve
5). At this coverage the potassium layer atoms protude over beryllium adatoms,
i.e. surface segregation of potassium takes place. The second factor which can af-
fect the observed work function changes may be the charge transfer from K atoms,
but the experimental results obtained in the present work seem to indicate that
the smoothing effect is prevailing.
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In recent years theoretical works were reported [18-21] about alkali metals
alloyed on tungsten. It has been found that surface segregation of solute species
occurs in such alloys. The theory predicted that the solute segregated layer in
solid solution might be contracted when the Wigner—Seitz radius ratio is larger
than ti 1.1. In our case the ratio of the Wigner-Seitz radii of the two kinds of
atoms deposited on the tungsten surface is much larger than 1.1(r s K/rsBe = 4.86
a.u./1.87 a.u.= 2.6). Therefore one should expect a large driving force for the
segregation of the greatest species (K atoms) on the surface of the system studied.
We will treat the adsorption of beryllium on potassium-precovered tungsten as the
case of the adsorption of two solute species leading to a surface alloy of potassium
and beryllium on tungsten. The form of the φ(θBe ) dependence as shown by curves
1-5 in Fig. 2 indicates the validity of the assumption of potassium protrusions over
beryllium adatoms on the W(001) plane at small potassium coverages (θK < 0.2,
curves 1 and 2). Potassium atoms starting from their positions in the centre of
four tungsten atoms are displaced into saddle sites between tungsten atoms or over
beryllium atoms. The displacement results in the roughness of the W(001) plane
which is revealed by decreasing work function. Also an opposite agent which causes
an increase of the work function should be taken into account. Beryllium atoms
can occupy the sites left by potassium atoms or other sites in the W(001) holes
which leads to a smoothing effect of the crystal plane. At high potassium coverages
(curves 3-5) the smoothing effect of beryllium atoms prevails over the influence of
the surface segregation of potassium atoms with a slightly higher activation energy
for surface diffusion on the W(001) plane.

4. Summary and conclusion

From the data obtained using FEM some differences between adsorption of
potassium and beryllium on the (001) plane of tungsten can be indicated. The
steep decrease of the work function induced by potassium adsorption is associated
with the transfer of negative charge from the adlayer into the substrate which
results in the formation of a dipole layer. The behaviour observed for beryllium
adsorption can be understood as a smoothing effect caused by placing beryllium
atoms into holes existing on this crystal plane, which leads to an increase of the
work function.

In the case of beryllium adsorption on the W(001) plane precovered with
potassium the shape of curves φ(0B e ) results from two processes: displacement of
potassium atoms over the deposited beryllium atoms and the smoothing of the
W(001) plane by beryllium atoms. The process of surface segregation is assumed
to accompany the adsorption of the two metals on the metal substrate. Potassium
atoms may be displaced towards the surface, over beryllium atoms, because the
Wigner—Seitz radius of potassium is much greater than that of beryllium atoms
(is equal to 4.86 and 1.87 for potassium and beryllium, respectively [22)).
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