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Photo electron spectra of the 4F core level in polycrystalline
i i iation. emission
SURFACE CORE LEVEL SHIF1 IN POLYCRYSTALL INE HAFNIUM hafnium were recorded using synchrotron radiation. The
from both surface atoms and bulk stoms was identified in the
spectra. The surface core levels were found ta be shifted 0.42

)

) + 0.04 eV towards higher binding energies, in agreement
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Surface core level shifts have been extensively studied both

experimentally and theoretically during recent years (see e.g.

Johansson and Martensson 1980,1983 and Citrin and Wertheim 1983).

The experiments have to a great extent made use of synchrotron
radiation since by proper choice of the excitation energy one
can achieve extreme surface sensitivity. The narrow 4f core
levels of the 5d elements have been especially attractive.
Surface core level shifts in most of these metals have been
measured on various single crystal surfaces and in some cases
alsn on polycrystalline surfaces. Compilations of these data and
associated theoretical calculations can be found in Johansson
and Martensson (1983) and Citrin and Wertheim (1983). In this
letter we report on the surface core level shift in the 4f

)

spectrum from polyerystalline HF * .

1be experiments were carried out at the Hamburger Synkrotron-
stralungslabor, HASYLAB, at the storage ring DORIS II with the
FLIPPER monochromator (Barth et.al., 1983a). The experimental
set-up, 1ncurperating a double-pass cylindrical mirror analyser,
has been described by Barth et.al. (1983b). In the spectra
reported here the combined resolution of the elecliron analyser
and the monochromator was 0.2 to 0.3 eV. The samples were

prepared by electron beam evaporation of the high purity metal

*) A preliminary result from the measurement reported here was

quoted in the paper by Johanssan and Martenssan (1983).

{99.995%) onto a stainless sterl substrate., The base preassure in
the spectrometer was lower than 30 nPa (2*10“10 Yorr). During

-8
evaporation the preassure rose to 1 ff% (1*10 = Torr).

The cleanliness of the samples was checked by recording photo
electron spectra of the valence band region. These spectra were
measured at 40 eV photon energy in order to get & high photo
ionization cross-section for possible contaminants, e.g. the
oxygen 2p band. A weak structure at about 6 eV binding energy
could always be detected, but a comparison with samples exposed
to oxygen (see below) shows that the small amount of contaminants
has no significant influence on the measured surface core level

shift.

In Figure 1 we show spectra of the 4f core level recorded at
different photan energies. The twn prominent structures separated
by about 1.7 eV correspond to the 4f5/2 and hf7/2 final states.
Each of these spin-orbit campenments consists of two partly
overlapping peaks, labelled S and 8. We interpret the peaks B1
and BZ as due to emission from bulk atoms and peaks 51 and 52 as
ariginating from surface atoms an the basis of the following
argumenis:

(i)  The hinding energies of praks B, and RZ are in perfect

1
agreement with those from XPS measurements (Nyholm et.al.
1980).

(ii) The intensity ratio S/B decreases with increasing photon




enerqy (sec big. 1). This is in accordance with the
reduced surface sensitivity at higher excitation energies
due tu the larger electron inelastic mean free path (see
e.g. Lindau and Spicer 1974),

(iii} The binding energy difference between peaks 5 and B is in
agreement with the theoretically predicted surface core
level shift (Johansson and Martensson 1980). This will be
further discussed below.

(iv) The peaks 51 and 52 are sensitive to adsorption of
oxygen (Schmidt-May and Nyholm 1983) while pcaks 81 and B2
are not. Al exposures less than 0.5 Langmuir peaks 51 and
S2 are significantly broadened while their intensity and

center of gravity remain essentially unchanged. At higher

exposures (>1 | angmuir) the 4f doublet from hafnium oxide
starts to grow up at about 3.8 eV higher binding energy

than praks 8, and Hz.

1
Having established the nature of peaks S and B it remains to
determine the binding energy difference between these peaks.
Since the peaks are partly overlapping a curve fitting prucedure
was used, In this procedure we used asymmetric line shapes
according to Doniach and Sunjic (1970) and a Gaussian broadening
function for the instrumental resolution. The background of
inrlastic scattered electrons was assumed to be propoarticnal to
the integrated bulk intensity. In Fig. 1 best fits for the
spectra recorded at 70 eV, 100 eV and 150 eV photon energies arc

shown as full lines. Some comments on the results from the line

fitting procedure are given below:

(i)

(ii)

(ii1)

(iv)

The life time width of the 4f level (0.16+0.03 eV) is
found to be slightly larger than that of the 4r7/2 level
{0.1240.02 eV). This is in agreement with results for Ta
and W (van der Veen et.al. 19B2). The origin of this
difference in line width is an N6N70h5 Coster-Kronig decay
which reduces the life time of the 4fg,, core hole state

relative to the af core hole state.

/2
The asymmetry parameter for the bulk peasks, 0.15+0.03, is
slightly lower than for the preceding element Lu (0.22,
Lang et.al. 1981) but significantly larger than for Ta
(0.06, van der Veen et.sl. 1581).

The Qfs/z to Qf7/2 intensity ratio is slightly different
from the statistical ratio 0.75 and depends on the
excitation encrgy. The ratio was found to be 0.63, 0.68,
0.72 and 0.75 {(with an uncertainty of +0.03) at photon
energies 70 eV, 100 eV, 150 eV and 180 eV, respectively.
Such deviatians from the statistical ratio have been
attributed to different radial wave functions for the two
compenents and a dependence on the kinetic energy of the
outgoing electron (Walker and Waber 1974).

The surface peaks are found to be significantly broader
than the bulk peaks. This is probably caused by a
distribution of surface shifts due to the polycrystalline
nature of the samples (see below), allthough part of this

broadening might be due to the small amount of contaminants



on the surface. Best fits are obtained using a dominant
Gaussian broadening for the surface peaks and with a life
time width and an usymmetry parameter which are different
from the correspondiog bulk values. However, the choice

of line parameters for the surface peaks should be regarded

only as a means nf obtaining & satisfactary line fit assuming

single line shapes for the surface peaks, and should not be

taken as evidence tor a8 difference in life time width,

asymmetTy or phonon broadening between surfacve and bulk peaks.

It should be noted, hnwever, that the positions of the
surface peaks are rather insensitive to the actual line
parameters used.

(v) The surface to bulk care level shift derived from the line

fitting procedure is 0.42+0.04 eV,

Jahansson and Martensson (1980) have shown that surface core
level shifts can be calculated using a model based on the
assumption of a completely screened final state. Within this

model the shift is given by

Y <2 B4 imp, imp.,surf.
fAY SR € - (£,577(D) - £, 0 @n (1)
where Eé is the surface encrgy of the metal with atomic number Z
imp. o, ,cimp,,surf, o . \
and EZ+1 (2) (f1‘1 {2)) is the heat of solution af a {7+1)
impurity atom in {on) the bulk (surface) of a Z-metal. Since

accurate experimental surface energies are very scarce £q. 1 is

usually appruximated using an empirical relation between the
surface enerqgy and the cohesive energy. Furthermore the impurity
terms are usually small and can to a first approximation be
neglected, These approximations lead ta the following expression

for the surface shifi (Johansson and Martensson 1980):

Z+1 z
=0.2 % (hcoh. - Ecoh.)

AL (2)

surf,
Far hafnium £g. 2 yields a surface core level shift of +0.33 eV,
which is in satisfactory agreement with the present experimental

result.

In the approximations leading to Eq. 2 no consideratian of the
actual vrystallagraphic structure of the surface is made.
Rasengren and Johansson (1980) have ralculated surface core level
shifts for different single crystal surfaces of the 5d transition
metals. for the most dense surface in Hf, the (D001} plane, a
shift of +0.5 eV was abtained. The calculations also show that
differences of a few tenths of an eV can be expected between
differenl crystal surfaces. This could explain the broad surface
peaks from the polycrystalline Hf films, especially if one
consideres the possibilities of having edge atoms, corner atoms
etc.. In order to unambiguously explain the broad surface peaks

ane should perform the measurements on single crystal surfaces.
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Figure Caption

Photo electron specira from polycrystalline hafnium showing a
binding energy shift between the 4f core levels from bulk and
surface atoms (peuks B and 5, respectively). The full lines are

results from a curve fitting procedure.
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