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The surface conposition of the binary alloys Ptg.95, Cug.gs,
Pty .yoCug .51 and Pty _gsCup g5 has been determined by x-ray photoel ectron
spectroscopy. Measurements were performed on pol ished polycrystall ine
sanples. After cleaning them intensities of Cuzpa/2 phot oel ectron 1i-
nes were measured and then converted to atomfractions at .the surface
layer. The: surfaces of anneal ed Pty _gsCug g5 and Pty n9Cug 5; samples
have been f'ound to be significantly enriched in Qu. The surface of Pt g5
OJ0.95 sanpl e exhi b ted a smal 1 Pt segregation. These resul ts are inqua-
i tative agreement w th current predictions based on regular solution
theory.

A composigdo de superficie das ligas binarias Pty 45, Cuy oo

Pt Cu e Pt Cu foi determi nada via espectroscopia de foto-
0,49 0,51 0,05 0,95 )

-eletrons, produzidos por raios x. As medi das foramexecutadas sobre a-

nmostras policristalinas polidas. Apds sua |inpeza, as intensidades das

linhas de foto-eletrons 2,4, do Qu foram nedi das e em segui da conver-

tidas nas fracOes atomicas da camada superficial . As superficies das a-

nostras Pt Qi Cu recozi das nostraramse significati-

e Pt
. g,05 0,49 0,51 L
vanente enriquecidas de Cuy., A superficie da anostra Pt o OSOJO s exi biu
9
’ 33
una pequena segregacdo de Pt. Estes resul tados estdo em conf or m dade qua-

litativa com as previsdes correntes baseadas na teoria da solugac regu-
lar (regular solution theory) .

T Pernanent address: Departanento de Fisica UFRN. Campus Uhi versi tario,
Natal , RN, Cep 59000,
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1. INTRODUCTION

The study of alloy catalysts is receiving increasing atten-
tion in the literature! due to their scientific and technological impor-
tance. A few years ago Kummer showed? that the activity for CO oxidati-
on is higher in platinum-copner (Pt-Cu) alloy catalysts than in pure Pt
catalysts. A proper interpretation of the catalytic properties ofalloys
requires a knowledge of surface composition. Recent studies® of a num-
ber of binary alloy surfaces using Auger Electron Spectroscopy (AES)
have shown that the surface cdmposition of alloys can be quite different

from their bulk composition.

In AES, as it is difficult to measure the distribution curve
N(E) corresponding to a given Auger transition, the derivative, namely
dan/de, is measured and the peak to peak amplitude of this signal (ie.,
of dN/dE) is assumed to be linearly proportional to the concentration.
However, in X-ray Photoelectron Spectroscopy (XPS) one can measure N(E)
corresponding to the core level under consideration (for example, Cu2p)
and knowing the area under the distribution curve and the dependence of
electron mean free path of kinetic energy, one can evaluate the surface
concentration in a more direct way (see section 3 below). Also unlike
AES, in XPS one doesn't encounter the problem due to thecontributionto
the measured signal from the back scattered primary electrons®. Because
of these reasons XPS is an attractive technique to study the surface com~
position in binary alloys. In this paper we report the results on the

surface composition of Pt-Cu alloys as derived fromour X°PS measurements.

2. EXPERIMENTAL

X-ray photoemission measurements were carried out using a Mc-
Pherson ESCA 36 photoelectron spectrometer and AJzKa radiation. In addi-
tion to the turbomolecular pumping station, this system was provided
with a helium cryopanel in the sample chamber. Thus, with the cryopump
operating, the pressure in the sample chamber during the measurements
was 1.0 x 1078 torr or less. In situ sample cleaning by sputtering was

achieved using an argon ion gun. The sample could be annealed at high
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temperatures by resistively heating the tantalum foil (0.001 inch thick)

on to which the sample was spot welded.

The alloys used in this study (PtO_SSCuO.OS, Pto.b9cu0.51 and
Pty o5Cug 95) were prepared by melting the constituents in an arc fur-
nace® under argon atmosphere. The ingots obtained after melting were

plastical ly deformed, homogenized by annealing at high temperatures (at
T = 0.8 Tmp’ where Tmp is the solidus temperature of the alloy) andthen
rolled into thin foils (except Pt Cu ) of thickness 0.2 mm. The

nominal bulk compositions of the gé?r?plegSat quoted here were determined
from electron microprole analysis of the homogenized alloy sample. These
foils were then annealedin a flow of gaseous (90%N5/10% H,) mixture at
900°C for 48 hours to remove any residual impurities such as sulfur and
oxygen. Samples from these foild were polished to a mirror finish and
then mounted in the ESCA spectrometer. As the Pty ,qCug, 53 alloy was
brittle, a thin disk of 1.05 mm thickness was cut from the homogenized
ingot, polished to a mirror finish and then attached to the sample ma-

nipulador for ESCA analysis.

3. RESULT'S

Figure number 1 shows in (a) the ESCA spectrum in the binding

energy (B.E.) range of 0 to 1000 eV from the P'CO.WCUO'51

anneal ing at 700°C for 30 minutes. The corresponding spectra from pure

alloy after

Qu and Pt standards are also shown in the same figure, (b) and (c). In
figure 2 is shown the ESCA spectra in the B.E. range of 0 to 1000 eV of
(a) Pt Cu and (b) Pt Cu alloys, obtained after annealing
at 7008(.: foroégsminutes, lnoff?g a?l.c?; spectra one can identify all the
photoelectron lines characteristic of Cu and Pt. Detailed analysis of
Cu(2p) and Pt(lp, 4d and 4f) lines indicates that the Qu lines areshif-
ted by about 0.6 eV in Pty gs5Cug,gs, 0.4 eV in Pty 4qoCug 517 and 0.0 eV
in Pty g5 Cupg.95 compared to pure Cu, whlle Pt lines show no notice-
able energy shift. The origin of these shifts is discussed elsewhere®.
For the present purpose we concentrate only on the intensity of Cu2p3/2

photoelectron line from the alloys.
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Fig.l -~ESCA spectra from (a) Pt g4gCug.51 Surface anneaied at 700°C for
30 minutes, (b) pure Cu and (c) pure Pt.
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Fig. 2 - ESCA spectra from (a) Ptg.gsCup.gs and (b) Pty osCug.9s5 surfa-

ces annealed at 7000(3 for 30 minutes.
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The photoelectron (of kinetic energy El) signal strength of

component A from a homogeneous binary alloy A:x: B‘_x can be written as’
I, = JPMEND(E) )z, (1)

where Jg is the x-ray flux, PA is the photoexcitation probability, x,
is concentration of component A A(El) is the mean free path of elec-
trons with kinetic energy E1 and D(E']) is the fraction of these elec-
trons detected at the analyser. If ISt is the corresponding photoelec-
tron signsl strength from component A in the pure state, then the con-

centration of A in the alloy is
Bp= Iy M Igy s (2)

assuming ¢ A(El), P(E',) and D(E”) are the same for component A in the

0,
alloy and in the pure state. |f the atomic volume densities P, of the

alloy and Pgs of component A in the pure state are different, then Eq.

(2) becomes

z, = (Ih/lét)'(pSt/pa) (3)

Thus from the are under a given photoelectron line of component A in
the alloy and that from component A in the pure state one can evaluate

the atornic fraction of A in the alloy using Eq. (3).

However, if the concentration of component A in the alloy va-

ries with distance fromthe surface, Eq.(3) would be modified® to

IA/ISt= [ n;}_’?] pZ xn exp(—(n-l)da/kcose)]/

[ nil Poe exp(-(n-l)dSt/}cose)] , (4)
where da and dSt are the interlayer spacing of the alloy and of pure A
respectively, © is the angle between the sample surface and analyser
axis (145o in our case), and pZ and pgt are the atomic densities of the
n-th layer in the alloy and in pure A respectively. Assuming that only

the surface layer compoisition is different from the uniform bulk value
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n

below, we have Ty, & ==, = Ty . We also assume that p s

=x
2 3
independent of N. Under these assumptions Eq. (4) reduces to

z, (1-exp(-d /Acos6)) + xbexp(-da/)\cose)
}

I,/1., = (o /o) {
425t a'Pst 1 - exp(-da/kcose)

o {1 - exp(—dSt/Acose)} (5)

To evaluate the surface composition from this expression one needs to
know the interlayer spacing and the layer atomic densities in the alloy

and in pure A. Since we have used a polycrystalline foil, we take d

a
_ dSt = 2.0 8 and the ratio of the layer atomic densities equal to the
square of the ratio of the lattice parameter of pure A to that of the

alloy. Thus we have
= 2
0e/Psr = (ag/ 30"

where aS and aa are the lattice parameter of component A in pure state

and that of the alloy, respectively.

For the Pt-Cu system, the kinetic of Cu2p3/2 photoelectron is
about 550 eV (using AQK{x radiation). From Penn's table® weevaluate h
corresponding to this energy to be 7.5 Rand 8.2 R in pure Cu and Pt,
respectively. As this variation in A between pure Cu and Pt is rather
small, we take A to be 8.0 8 in all our calculations. Thus Eq. (5) for
Pt-Cu system under our experimental conditions becornes.
/{

(ICu) (acU/aa)2 - (0.298z, + 0.702xb) (6)

alloy ICu)pure Cu

The left hand side in the above equation is an experimentally measured

quantity and in the right hand ¢ide x, is the only unknown andhence can

1
easily be evaluated,

4. IMPURITY PROBLEM

The above mentioned analysis is valid only when there are no

adsorbed impurities such as carbon, oxygen, etc., on the surface. The

222



presence of such impurities would reduce the intensity of the photo-
electron line exponentially!?, As all our ESCA measurements were carried
out under inoderate vacuum (~10-8 torr) conditions, some adsorbed impu-=-
rities, mainly C and 0, were always present. Hence the following expe-
riment was carried out to correct for the impurity effects on the mea=-
sured photoelectron line intensities. After cleaning pure Cu (argon ion
sputtering followed by annealing to 700°¢ and quenching to room tempe-
rature) , its ESCA spectrum in the BE range of 0 to 1000 eV was recorded
repeatedly at different intervals of time, thereby letting the (adsor-
bed) impurities accumulate on the surface. The (‘,u2p3/2 line intensity
(measured by the are under the 2p3/2 line) and the counts corresponding
to the peak maximum of carbon {Is and oxygen (1s) lines (these were the
only impurities observed) were evaluated for each of the pure Cu spec-
tra. Then the counts of €{1s} and 0(1s) were added taking into conside-
ration their photoelectron cross-sections!! to give a single impurity
count for each of the pure Qu spectra. Figure 3 shows a plot of the log
Cu2p3/2 intensity versus impurity counts. The experimental data fall on
a straight line as one would expect. Knowing the impurity counts from

the alloy spectrum, this calibration curve was used to evaluate

(ICu)pure Cu in Eq.(6).
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Fig.3 - Variation of the area under the spectral line 2p3/2 in pure Cu

as a function of impurity content.
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5. SURFACE CONCENTRATION

Figure & shows typical (Zu2p3/2 spectra from (a) pure Cu and
(b} Pt Cu to illustrate how the areas (| . ) mentioned above are
0.95 0.05 Cu
rneasured. The results of our calculations using Egs. (2), (3) and (6)
for the three alloys studied are listed in table 1.As canbe seen, while
in the dilute Pt-Cu alloy there is a small Pt segregation, in the other
a
two (Pto,sscuo.o5 and Pto.u9cuo.51 ) Cu segregates to the free surface
column 3, table 1). These results are discussed in the context of curr=

ent theories on surface segregation in the next section.
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Fig.4 = Typical CuZp3/2 spectra (a) from pure Cu and (b) from Pty.gs

Cu .95 » illustrating the measurement of the cited area.
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Table 1

Nominal bulk . Experiment Theory

composition

of Qu (%) ! 2 3 4
5 9+ 1 11.3+1.5 23.5=+15h0 k2 + 3
51 57 1+ 1 64 + 1 88 + 3 80 =+ 2
95 93 + 1 94 + 1§ 91 +3 92 2

Columns 1 and 2 correspond to composition determined from
Cu2p3/2 line using equations 2 and 3 respectively. Column 3
is the surface composition determined from equation 6 and
column 4 lists theoretical surface composition for a (100)

oriented alloy surface.

6. SURFACE SEGREGATION- THEORY AND EXPERIMENT

Theoretical calculations!? using regular solution model have
been proven to be quite successful in predicting the surface segregat-
ion behavior of a number of binary alloys. The basic parameters used in
these calculations are: (i) the surface energies of pure metals 04 and
9ps (ii) the heat of mixing, AHm ; and (iii) the solute strain energy.
In this theoretical approach (i.e., regular solution model) it can be
shown that the surface energy term would indicate that the component
with lower surface energy to segregate to the free surface, while the
strain energy contribution would always favor the solute to segregate

to the free surface.

However, in an equiatomic alloy AB, as the lattice can not
identify a solute, the strain energy contribution to the total heat of

segregation would be zero.

In the case of the Pt-Cu system, as Cu has lower surfaceener=-

= 2 = 213
gy (ccu = 1700 ergs/cm# and Tpt 2340 ergs/cm?) 13, the surface energy
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term above would predict Cu to segregate in all Pt-Cu alloys. Thestrain
energy term alone, on the other hand, would favor Cu and Pt to segrega-
te to the surface in dilute Cu-Pt and in dilute Pt-Cu alloys respecti~

vely.

We have computed the composition profilesfor the Pt-Cu alloys
in the vicinity of a (100) surface by a previously developed Monte Car-

lo techniquel®

, taking into consideration both surface and solutestrain
energy contributions. In these calculations the strain energy contribu-
tion to the total heat of segregation was evaluated using the expressi-

onls

Mgy asy = 24K Opr rg(rymrg) 2/ (3K r + bGpry) %)
where KA and GB are the bulk modulus of elasticity and the shear modu-
lus of elasticity of the solute and the solvent, respectively; rAand rB
are the atomic radii of the solute and the solvent, respectively. It is
to be noted that the above expression is stricly valid only for very di-
lute solutions and application of this to concentrated alloys such as
5% Cu in Pt or 5% Pt in Cu would give the upper bound on the magnitude
of strain energy contribution. The parameters used in our Monte Carlo
calculation are taken from the literaturel® and are listed in tables 2
and 3. In figure 5 we show a typical composition profile for the Pty g5
Cuo.05 alloy at 1000°K. The surface composition evaluatedfrorn such pro-

files for the different alloys are tabulated in column 4 of table |.
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Fig. 5 - The dependence of Qu concentration on layer number in a Pty g5
Cuy 05 alloy at 1000°K, as derived from a Monte Carlo calculation.
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Table 2. Pararneters used in Monte Carlo calculation

K G [ A
Element -6 -6
(x10" "kg/cm?) {x107 °kg/cm?) (ergs/cm?) (R)
Cu 1.354 0.46 1700 1.276
Pt 2.416 0,622 2320 1.385

Table 3
Heat of segregation
Alloy od, due to Resul tant
surface strain
(cals/mole}  energy energy (cals/mole)
Pt c -
0.95 0.05 344.5 3643 203 5734
Pt C -
0.49 0.51 2650 3397 0 3397
P -
to.05 .05 614 3156 1934 1222

As can be seen from table 1 there is fairly good agreement
between experiment (column 4) and theory. The errors shown in table 1
{columns 1-3) correspond to uncertainties in the measured areas as in
figure 4. While the theory correctly predicts the segregation component,
quantitative comparisons are difficult because (1) the experiments were
done on pclycrystalline samples while the theory corresponds to (100)
oriented alloy surface and (2) the approximations involvedin evaluating
the surface composition theoretically as well as from the experimental

data (see section 3).

7. CONCLUSIONS

The feasibility of using ESCA for quantitat'ive surface compo-
sition analysis has been demonstrated for Pt-Cu system and this can be

easily extended to other multicornponent alloys. Our results on the sur-
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face segregation behavior in Pt-Cu alloys are in qualitative agreement

with current theoretical predictions.
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