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Spectral density of elastically backscattered electrons from Rd10) covered
with segregated sulfur
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A partial segregated sulfur coverage on(Pid) plane has been obtained by heating the sample. The
segregation has been investigated and the state of the palladium surface has been monitored by means of Auger
electron spectroscopy. The temperature and the segregation energy have been estimated. The intensity fluc-
tuations of the elastically backscattered electr@osprimary energye,=300 eV) from the surface, prepared
in such way, have been investigated. The intensity fluctuations of the elastically backscattered electrons have
been quantitatively described by the power spectral density functions. The power of the low-frequency fluc-
tuations(from 6 to 10 H2 has shown an increase with increasing sample temperature. The fluctuations are
interpreted as resulting from local-density fluctuations of an adsorbate. The diffusion activation energies have
been estimated S0163-182@09)08127-9

[. INTRODUCTION Spectra of the elastically backscattered electrons and Au-
ger electrons were recorded with a cylindrical mirror ana-
Experimental results on surface diffusion and surface sedyzer (CMA) described elsewhefeThe current of the elas-
regation of sulfur on palladiurii10) are presented. The dif- tically backscattered electrons was measured via a CMA
fusion results have been obtained by measurements of cuspectrometer at the pass enefggual to the incident elec-
rent fluctuations of the elastically backscattered electrontron energy of 300 eV. The current fluctuations have been
from a palladium specimen covered with sulfur, versus temimeasured in a frequency range from 1.5 up to 500 Hz, and
perature. The current fluctuation of the backscattered elegegistered by a computer using an analog-to-digital con-
trons are quantitatively described with a spectral densityerter. The single measurement consisted of 15000 samples
function, commonly used in a description of field-emissionat a 1-kHz sampling frequency. The power spectral density
flicker noise. Similarly to the case of field emission, e.g.,functions were subsequently calculated as the square mod-
Refs. 1-3, or the recently described case of scanning tunneldes of the discrete Fourier transforrtis=T) of the signals.
ing microscopy(STM) tunneling current, these fluctuations The power of fluctuations in a particular frequency range
are interpreted as resulting from the local-density fluctuawas obtained via integration of the spectral density function
tions of an adsorbate. However, the spectral density funcever this range. The temperature was maintained constant
tions for elastically backscattered electrons differ signifi-(within =5 K) during each measurement, and changed step-
cantly from those mentioned above, and show thermallyise in the range from 300 up to 625 K in a whole series.
induced changes for a certain frequency range only. This waghe time between the measurements in the series was ap-
previously observed for polycrystalline titanium coveredproximately 60 s. After each series of measurements for in-

with sulfur?® creasing and decreasing temperature, a single measurement
of the apparatus induced noise was made in order to estimate
Il. EXPERIMENT AND DATA PROCESSING the experimental error.
The measurements were performed in a stainless-steel IIl. RESULTS AND DISCUSSION

UHV system at a base pressure ok Z0 8 Pa. The palla-

dium (110 specimen was mechanically and chemically pol- The segregation of sulfur onto Bd.0) surface was inves-
ished and mounted on a rotable manipulator. It was cleanetigated via measurements of the relative Auger peak heights
by a potassium ion bombardme(ibn energy 1500 eV, ion with increasing temperature. In Fig. 1 the ratio of the S Au-
current 2 uA) together with a heat treatment. During the ger peak at 152 eV to the Pd peak at 327 eV is plotted in a
cleaning the sample temperature of 800 K was maintained teemilogarithmic scale versus the reciprocal of the sample
prevent potassium ions from adsorption. The heating of théemperature. For temperatures above 70Qc&rresponding
sample, from room temperature up to 1000 K, led to theto the point~1.43x10 3K~1) a linear approximation can
segregation of sulfur onto the surface, so that the sulfur Aube made with a good correlation coefficiggt —0.97. As-

ger peak height became greater than that of palladium. Theuming that for these temperaturéshe Auger peak height
thermal segregation of the sulf(and, on the other hand, the ratio «<e5s/*sT (kg is the Boltzmann constantthe segre-
ion bombardmenthas made it possible to contr@ib a cer-  gation energyes=310+20 meV per atom was found from
tain extent the sulfur coverage of the palladium surface.the slope of the regression line. This value does not differ
Some amount of phosphorus was present in the bulk. Aftesignificantly from the segregation energy 1880 meV,
subsequent cycles of heating, its cosegregation onto the suwhich was calculated for polycrystalline palladium using
face of the sample was also observed. data(surface composition vs temperatutaken from Ref. 7.
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FIG. 1. The dependency of the S/Pd Auger peak ratio on the FIG. 3. Power spectral density of the current fluctuations of
recipro.cal. of PAL10) surface temperature elastically backscattered electrons from(Pd) surface; measured

for sample temperatures: 514 K, solid line; 446 K, dashed line; 374

. . - h- line; K line.
The obtained segregation temperature 700 K is in a goog‘ dash-dotted line; and 300 K, dotted line

agreement with temperatures observed previously for othe(;nly_ The increase of the fluctuation power in this rafige,
palladium planese.g., P4100 (Refs_. 8 and Pand Pd11]) of the integral of PSD over)itseems to be a good measure of
(Ref. 10]. The measured value & is lower than found for  yhe changes in PSD shape mentioned above. This quantity is
sulfur segregation —on other metals, e.g., nitkebr obviously connected with a certain thermally activated pro-
tungsteri;” but of the same order of magnitude. cess. So, it has been assumed to fulfill an Arrhenius-type

The fluctuations of the current of the elastically baCkscat'relationship. For higher frequencies no clear and repeatable

tered electrons have been measured, as a function of tl’f@mperature dependence can be seen.

temperature, for different states of the specimen surface |, Fig. 4 the results are presented for(PH) covered
characterized by the Auger spectfg. 2). The example of partly with sulfur (the Auger peak height ratio is
the power spectral density functiofBSD of the elastically Sy5, ov/Ptir =1), as can be seen in spectria of Fig. 2.
backscattered electron curn{fchr_PchlO) cover_ed With sul- The ?Iuctuatioen pO\;VQP in a frequency range of 6—-10 Hz is
fur and coadsorbed phosphotus presented in Fig. 3 for 1 1teq on a semilogarithmic scale versus reciprocal of the

increasing sample temperatures. These funetions d_o n rample temperatur@ (Arrhenius ploj. The experimental
show the character of analogous functions for f|eld-em|SS|0|?)oints can be quite well approximatédorrelation coeffi-

current fluctuation or, e.g., STM tunneling current cient p~—0.80) with a linear function If)=al/T+ 3
fluctuation? Because of this fact, resulting from generally Taking into eccount the relationshipEg/kg= o (wherekE;
different physical mechanism of elastic backscattering, ang yhe Boltzmann constanthe activation energy of the pro-
other interpretation of them is required. The power spectrall

density functions for low frequencies show distinct changes 1

with increasing temperature in the range from 6 up to 10 Hz 10
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electrons elastically backscattered from(PD) covered with sul-

FIG. 2. Auger electron spectra measured (@rpalladium cov-  phur on the reciprocal of the sample temperaturés(a slope of the

ered with sulfur(b) palladium covered with sulfur and phosphorus, regression line corresponding y=39+12 meV, andp is a cor-
and(c) clean palladium. relation coefficient
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FIG. 5. Dependency of the current fluctuation poveof the FIG. 6. Dependency of the current fluctuation poweof the

electrons elastically backscattered from(PiD) covered with sul-  electrons elastically backscattered from clea(lR6@ on the recip-
phur and phosphorus on the reciprocal of the sample temperaturecal of the sample temperaturg {s a correlation coefficient
(a is a slope of the regression line corresponding Bg=33

+3 meV andp is a correlation coefficieit other adsorbates on palladitfor on related metals such as

nickel’

For clean palladiunispectrum(c) in Fig. 2|, no correla-
cessEq has been calculated. A value efcorresponds to the 45, herween the sample temperature and the fluctuation

energyEq=39+12 meV. For palladium covered with sulfur power has been observed. The results for this case are pre-
and cosegregated phosphofispectrum(b) in Fig. 2], the  sented for comparison in Fig. 6, in a way analogous to Figs.
results are presented in a way analogous to the previous cagesnd 5. The correlation coefficiept~ —0.30 is very poor,

in Fig. 5. The linear approximation is even betteith p~  and the relationship cannot be presented as a linear Arrhen-
—0.98), and a similar value of the activation energy equalus plot. The lack of a thermal dependency of the fluctuation
33=3 meV has been calculated from the slope of the repower in the absence of an adsorbate confirms that such de-
gression line. As we have not observdy means of Auger pendency is observed due to surface diffusion.

electron spectroscopyany significant changes of the total

coverage of the surface in the temperature range from 300 up IV. CONCLUSIONS

to 600 K(i.e., in the range in which measurements have been .
performed, we have assumed that the temperature- A segregation of sulfur onto the PO surface takes

dependent fluctuations of the elastically backscattered eIe@laC? mainly at tempelr?tu;eismoover a?/O(Ut 70? Ijnwgh t[}? Seg-
tron current result from fluctuations of the local density of an'cdation energy equal 1o mevi{per atom. ©n the

adsorbate. The power of fluctuations of another originy., ?urface covere? with art1 adsforblate ? depeno_lence ofbfluctga-
incident electron current fluctuatipiis not expected to de- lon power on lemperature 1or low irequencies can be ob-

pend on the sample temperature, and has been treated a ea{ved. This relationship may be described by the Arrhenius

; —Eg/kgT : Nt
background in our measurements. Taking this into accoungIW (|._e., Pocet ‘ fB ). T?e fo(ljl%wmg vr?luesbof act|bvtat_|ond.
the activation energ¥ can be interpreted as an activation nergiegper ato for surface diffusion have been obtained:

ee ; 39+12 meV for Pd110 covered with sulfur, and 33
energy for the surface diffusion of sulfur on palladigiiO), .
or possibly of sulfur on sulfur. The two measured values of~3 MeV for Pd110) covered with sulfur and phosphorus.

E4 do not differ from each other within the error limits; a The low value of this energy matches the activation energy

value for the surface contaminated with phosphorus is, ho for sulfur on sulfur surfa}ce @ffu&d_ﬁ rqther than that for
ulfur on metals. The diffusion activation energy does not

ever, slightly lower. These values are about one order og d sianificant th f ohosoh th
magnitude smaller than known activation energies for a sur= epend signilicantly on the preésence of phosphorus on the
face diffusion of sulfur on metalickel, tungsten'2-40n palladium surface. On the clean (Bd0 surface no depen-

the other hand, they do not differ so much from the activa—dence of fluctuation power on temperature has been ob-

tion energy for diffusion of sulfur on sulfur~£130 meV ved.

according to Ref. 16 Both measured values &, are also ACKNOWLEDGMENT
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