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Surface structure and composition of the alloy AyPd(100) determined by LEED
and ion scattering spectroscopy
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The (100 surface of the alloy AyPd has been investigated by crystallographic LEED and ion scattering
spectroscopy to determine the structure and composition of the first three atomic layers. The observed LEED
pattern corresponds to the bulk truncated structure of the substitutionally disordeyied Alloy. No signifi-
cant relaxations of the first three layers have been found. Surface segregation of Au has been found by both
methods, indicating pure Au in the topmost layer. The second layer is slightly depleted io As—0.6
+0.2).[S0163-18209)04428-9

I. INTRODUCTION Ill. CALCULATION METHOD

. . . Dynamical calculations of the LEED intensities were per-
The study of metal-alloy surfaces has gained increasing, .~ using the Barbieri/Van Hove Symmetrized Auto-

interest in recent years. Surface segregation and ordering ieq Tensor LEED packa§dhe scattering by Au and Pd
phenomena have ofteln been obselr\éed. For Au goma'”'“gtoms was described using eleven phase shifts, derived from
alloys like CAu(110), CuzAu(100) ;" AuzCu(100)7 and 5 muffin-tin potential calculated for the ABd alloy using
AuzPd(113)(Ref. 4 Au segregates always to the surface. Inthe Barbieri/\Van Hove phase-shift packdgEne bulk Debye

a previous papetwe described mainly scanning tunneling temperatures for Au and Pd used in the calculations were
microscopy(STM), x-ray diffraction (XRD), and noble gas 165 and 274 K, respectivefy.Calculations using an en-
impact collision ion scattering spectroscopy with neutral de-hanced vibrational amplitude at the surface did not improve
tection (NICISS results obtained for AIPd(100). The the fits and have been omitted. The averageatrix
present paper describes in more detail our low-energy ele@pproximatiol was used to calculate the effect of random
tron diffraction(LEED) and ion scatteringlSS) experiments enrichment in one of the components. The real part of the

on this surface, which have only briefly been sketched in thénner potential was set to 10 V and optimized in Réactor
previous paper. analysis. The imaginary part of the inner potential was set to

5 V. The calculations were performed in an energy range
from 80—380 eV. The calculations were performed for a grid
Il. EXPERIMENT of compositions of the first three layers using the bulk trun-

The experiments were performed in a vacuum chambegated structure of the alloy as reference structure. For each
with base pressures in the 1Pa range. The chamber was composition, the first three interlayer distances were then
equipped with a hemispherical electron analygreodified optimized in the second step of the TLEED calculatfores

for the detection of ionsand two-grid optics for LEED. ISS get the best agreement with the experimental |-V curves. In

spectra were taken with 1-keV He or Ne with sample cur-N€ R-factor analysis th&®p (Pendry and Rz, (modified

rents of 25-30 nA. The scattering angle was 135° and thganazzm]on)arellablIlty factors® and an average of the two

incidence angle was 45°. The beam was rastered over o yere used. The total energy range used in the calculations
mm X 3 mm area. was 922 eV, and the error bars for the values of the structural

. o : parameters were estimated from the variance of Rpe
The LEED intensity(I-V) curves were measured using a factorlL using the formulaAR= Rmin(8VOi/AE)1/21 Where

video LEED system in an energy range from 50-400 eV. is the mini FtheRe Vo s the i . t of

The I-V curves were acquired for four sets of nonequivalen hmi“. IS the mtlnlrpulm 0 AE 'P,thOi f{st Ie imaginary par TC;]

beamsd[(1,0), (1,1, (2,0, and(2,1)] at normal incidence of € nner potential, an IS the total-energy range. 'he
_error bars for the layer composition were estimated in the

the primary electron beam. The |-V curves for the symmetri holdi I structural ; d th
cally equivalent beams were averaged in order to compensa?@.me way, holding all structural parameters and the compo-

for the residual minor discrepancies in the normal incidencesr[IonS of the other layers at best-fit values.
condition. Intensities were normalized to constant incident
. IV. RESULTS
current, and the background was estimated from measure-
ments of the intensity in proximity of the spots and sub- After several cleaning cycles using 1-keV ‘Afollowed
tracted from the I-V curves. by annealing to 770 K for 10 min, no contaminants could be
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FIG. 3. Comparison between experimental and calculated I-V
curves. All data are acquired at normal incidence. The calculated
FIG. 1. LEED pattern taken at 142 eV. No superstructure spot§urves correspond to the minimum of tRefactor analysis.
can be observed. The spot distances indicate>al()l pattern.

ties for Au and Pd. Since no elemental standards were avail-
detected by x-ray photoemission spectroscdfPS) and able for our experiments, quantification of ISS intensities
ISS. The LEED patterriFig. 1) shows a sharp (X 1)unit  should be regarded as an approximation only. Using the el-
cell. The side of the unit cell is, within the accuracy of the emental sensitivity factors of polycrystalline matertafer 1
measurement, equal to that of the substitutionally disordereleV He' scattering, the Pd-surface concentration is esti-
AuzPd(100) surface. If the alloy was chemically ordered,mated to 6 at. % for the annealed surface and 25 at. % for the
one should observe thg2x 2) periodicity (with respect to  sputtered surface, equal to the bulk concentration. The re-
the pure Au layers sidual Pd signal could be due to a sputtering effect during the

ISS spectra taken with 1-keV HEig. 2) show segrega- time of the measuremeif min/spectrum

tion of Au upon annealing, with only a residual Pd signal for  For the LEED calculations, a grid of compositions has
the annealed surface. The Pd signal is equivalent to approxjeen tested: the Au concentration, as atomic fraction, in the
mately 4 at. %, taking into account the respective scattering,t two atomic layers has been varied from 0—1 in steps of

cross sections and assuming equal neutralization probabilblz, with bulk concentration in all deeper layers. Best agree-

ment was achieved witls; =1.00 andc,=0.60 (the index
12000 ' ' ' ' ' denotes the atomic laygmwith Rp=0.235 andRy,z;=0.12.

1keV He'= Au,Pd(100)  Au The first interlayer spacing is contracted by 0.02 A, the sec-
| 6=135° y=45° J ond by 0.03 A . The third layer shows no relaxation. Varia-

"""""""" sputtered tion of the third layer composition did not improve the fit,
annealed to 770K neither did a variation of the first and second layer compo-
. sition in proximity of the minimum found in the coarse grid.
Additionally the lattice constant was varied, which led to an
R-factor minimum Rp=0.206, Ryz;=0.096) at 3.99 A.
This value is in good agreement with previous NICISS Yata
and an additional LEED data set measured in a different
laboratory. However, using the conservative estimation
(variance ofRp) for the error bars, the minimum is not
clearly significant in our case. So we can't state the contrac-
i tion of the unit cell on the basis of our data alone, since this
would require a larger data set and even better theory-
experiment agreement. But taking into account the results of
the other experiments, @umerica) artifact can clearly be
excluded. The best fit values for the composition and the first
three interlayer spacings did not change upon variation of the

FIG. 2. Low-energy ion scattering spectra taken with 1-keV lattice constant. The comparison of the experimental and the

He* after sputtering(dotted line@ and annealing to 770 Ksolid  theoretical curves is shown in Fig. 3. The sensitivity of the
line). Rp factor to the structural parameters and to the composition
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TABLE I. Structure and composition of the first three atomic
layers for AuPd(100).

dip 2.00+0.03 A Caul 1.0+0.2
05 dys 1.97+0.03 A Cauz 0.6+0.2

da, 2.01+0.03 A Cauz 0.75+0.2

dpuik 1.995 A Caubulk 0.75

o
oC 0.6

041 within the error bars of the present analysis. Additional ex-

periments using ISS, crystallographic LEED, and STM have
been performed in a different laboratorynd confirm the
I TN AN SN T T Y SO T T Y TN SO S T findings reported here.
18 19 20 21 22 18 19 20 21 22 18 19 20 21 22 The question whether the ARd alloy is chemically or-
d(A) do(A) dy,(A) dered or not is still not conclusively discussed in the litera-
ture. There is only little data dealing with this question, and
only one study has found chemical ord&iThis study has,
however, been performed with vapor-deposited Au and Pd
%ilms, which have been subsequently annealed for alloying. It
has also been noted in that study that no chemical long-range
order has been observed in bulk specimen, which was be-
V. DISCUSSION lieved to be due to insufficient annealing. Another stidy
failed to reproduce the findings of Ref. 14. Therefore, we
end to conclude that the alloy indeed is substitutionally dis-
ordered in the bulk state. This is also corroborated by theo-
retical studies using an combined embedded atom method/
Monte Carlo simulation approach to calculate the order

0.2

FIG. 4. Rp factor as a function of the structural parameters.

is shown in Figs. 4 and 5, respectively. The final structur
and composition is listed in Table I.

The agreement between theory and experiment is withi
the limits for a satisfactory structural determinati@rBoth
ISS and LEED indicate a first layer consisting of pure Au.
As derived by LEED, the second layer is slightly depleted in
Au (60=20 at. % instead of 75 at. PoAlthough the sensi- parametet®

tivity to random enrichment in one of the components is" rq (100 oriented surface of gold is known to be recon-
quite low, the fact that calculations with differeRtfactors structed in a similar way to the @00 and I(100)

yield the same minimum indicates that the depletion is sigy, faced?18 For these surfaces the topmost layer recon-
nificant. We note, however, that the bulk composition of 7Sqtructs to a near hexagonal arrangement, leading ¢(26

at. % is within the error bars of our analysis. We regard the, 68)-LEED pattern in the case of AL00).!” Despite the
conservative estimate of error bars as appropriate for ou '

__fact that AyPd(100) terminates with a layer @iearly pure
Qata set, althoggh a rece_nt_study has shown that t_he sensiti bld, this surface is not reconstructed.
ity for compositional variations may be underestimated b

. ; On the other hand, thel00) surfaces of Pt alloys termi-
this approach? In order to achieve a much better accuracy €00 y

(Within =8 at. 9%, a theory-experiment agreement well be ating with a layer of pure platinurfsee for instance the
o - o " cases of RiC0,0,° PiNix, (Ref. 20] are reconstructed in a
low Rp=0.2 is required, which was not possible in our case F6C 00, " PlsoNiso ( 0]

; o X ) similar way to the RtL0O0O) surface. In the case of gold the
due to residual stray magnetic fields adding noise to the dati’yresence of the other metal in the alloy stabilizes the unre-
The alloy is substitutionally disordered within the pen-

. onstructed surface. Indeed, the Au(100%(1) surface can
etration depth of the electrons, and shows a bulk-truncate (100x(1)

. . e stabilized by deposition of a submonolayer fraction of
fcc structure with a lattice parameter of 3:90.02 A . The rhodium as sho)\//vn b‘; Joret al2! y

relaxations found for the first three interlayer spacings are In addition to these chemical causes, thera) lattice
constant contraction can be a reason for the nonreconstructed
surface. The driving force for the quasihexagonal arrange-
ment is generally believed to be stress, which is relieved by
a compression of the toplayer atom spacing. In the case of
0.51 1 1 1 AuzPd, the lattice constant of 3.99 A is 2.2% smaller than for
bulk gold(4.08 A). This reduction may be the reason why no
reconstruction of the topmost layer is found for the alloy,

0.6

o™ hence A4Pd(100) seems to provide the substrate for stress-
. free growth of a A@100) monolayer. It would be interesting
031 1 1 1 to grow gold on this substrate and see(d@ihd when the
surface reconstructs.
0.2 . - 1 1
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The APd(100) surface has been investigated by crystal-
FIG. 5. Rp factor as a function of the composition in the first lographic(Tensorj LEED and ISS to determine the structure
three layers. and composition of the first three atomic layers. The ob-
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served LEED pattern corresponds to the substitutionally disdue to a smaller lattice constant of the alloy (3:9202 A as
ordered Ay4Pd alloy, showing no evidence for chemical derived by LEED compared to bulk Au.

long-range order. A first layer composition of pure gold has

been found with ISS and LEED after annealing to 770 K.

The second layer seems to be slightly depleted in Au accord- ACKNOWLEDGMENTS

ing to LEED (6020 at.% Au. The third layer has bulk
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