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AUGER ELECTRON SPECTROSCOPY OF ALLOY SURFACES
S. H. Overbury and-G. A. Somorjai
Inorganic Materials Research Division, Lawrence Berke]ey Laboratory

and Department of Chemistry; University of California
Berkeley, - Ca11forn1a ‘

‘ABSTRACT

Regular solution models predict‘surface segregation of the constituent
of lowest surface freerenergy.in homogeneous multicomponent systems.
Analysis of the Auger electron emission intensities from alloys yield the
‘surface composition and the depth distribution of the composition near the
surface. Auger E]eotron Spectroscopy (AES) studies of thé surface composition
of the Ag-Au and Pb-In.systems have beéo carried ogﬁ as a function of bulk
composition and temperature. Alohough these ai]oys havelvery different
regular solution parameters their surfacé COmpositions are predictable by

~ the regular solution mode1s.'



1) INTRODUCTION

The composition of multicomponent,syétemé-at the topmost surface layer
determines to a large extenf‘their resistance to externa1'chem1ca] attack -
and their cata]yticvactivity‘in surface reactions. ‘Simple thermodynamic
marguments] indicatevthat the surface composition of alloys shou1d §e different
from their composition im the bulk. In'order to minimize the.positive total

!

- surface frée energy of the_multicomponent sysfem, the constituent of lowest
surface free energy will aécumu1ate in the topmost surféce 1ayér;2

_It has been possible .only recently with thé advént_df Auger electron
spectroscopy (AES)354 and other surface sensitive techniques (ESCA, iSS,'etc.)
to analyze the composition of the surface layer of alloys. Thus, we can now
verify, by experiment, the thermodynamic ré]afionships that governvfhe surface
composition of these systems. . If we can employ a thermodynamic model, such
as the regﬁlab solution model for example, to compute the cdmpoﬁition of an
~alloy surface, we may use this mode] with confidence to'predict the surface
compositionvof.at least one class of alloys for a wide Eange of bu]k
compoéitions and tempefature. _

This paper reports on AES experiments aimed at detekmining the surface
.'composition of‘homogeneous binary alloys as a function of bulk composition
and temperature. It"appeérs that:the expérimental data for the Pb-In and.
Ag-Au'systems are in good agreement with the surface compositions predicted
by a regular solution model. .Thus; for this class of systems, i.e.,
homogenegus binary ailoys, the surface compoSitioh_may be calculated with

some degree of confidence.
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2) THERMODYNAMIC MODELS TO PREDICT_THE SURFACE_COMPOSITiON OF,HOMOGENEOUS'
BINARY SOLUTIONS | | | -

JThé’ideal so]ution‘theofy assumes thqt the heat of mixing, AHm. of
component A with component B is zero while the entropy.of mixing 1is ca]culated
assuming that the constituents are distfibdted‘random]y throughout the
1501ution,5 The suffa;é is assumed to be composed of the topmost layer on]y.
(monolayer) although in some cases this approximation is re]axed.6 Using |
this ideal solution monolayer model, the surface compOsition_of'the binary

mixture can be expressed as

X? Xs' ( oB- oA)a

- = TF- exp \—m————— (2.1)

XS Xb o RT
where Xg and X; are the atom fractions of the two components. at the surface;
Xﬁ and XE are the atom fractions of the two components in the bulk (below

the topmost layer); oA and chare the surface ffee energies (surface tensions)
of the pure components A and B; and a is the average molar Surfaée area.

- T is the absolute temperature and R is the gas constant.‘.Thi§ model predicts
tﬁat the constituent with the lower surface free energy accumulates ‘on the
surface, and that the surface composition of the mixture depends exponentially
~ on the surface tension difference, In addition, this model predicts also
‘that-ﬁnlike fhe bulk compoéition,'the surface cbmposition is strongly
dependent on temperature. The surface composition approaches the bulk com-
poéition exponentially with increasing temperature. The regular solution

.model takes into account the finite value of the heat of mixing, AHm,'that'

is given by _
v vy o b AA " BB Ly |
AHm t QX (]"X ) - NZ [EAB - T .'2 = ] Xb . (]“Xb) | (202)



where Q is the regular solution parameter which can be expressed in termsvof
the bond energies'Ei., Avogadrds number N and the bulk coordination number}z.
For example, both Pb-In and Ag-Au systems are fairly regular, their heat of

m1x1ng is expressed as7

AHm N 3859 pr (];Xpb).joules/mOIe- (2.3)

aH = -(20,300-3350 X™) KM (1-*Y) joules/mote (2.4)

For the Pb-In system AHm and, thus, Q are positive and relatively small
while for the Ag-Au system AHm is exothermic (Q is negative) and fairly -
large. The surface composition in the regular solution monolayer approxi-

(2]
mation is given by"

o | |
exp [-———(a _ °£] ""“’{J-—l’ em). p(xB)2. (2] +i"—[<x§‘)2-(x§n}
L RT RT RT

> | »<

w w,m >
]

> | >

U‘l‘blo‘>

(2.5)

The packing parameter £ gives the fraction of nearest neighbors in the
same pTane whi]e T is ‘the fraction of nearest neighbors that are in an
adjacent plane. For a face centered cubic 1lattice, a bulk atom has 12
nearest neighbbrs. Thus, for an atom in the (111) crystal face, fhere are
6 neighbors in the surface plane (& = 6/12) and three nearest neighbors in
‘the plane be]ow the surface, (m = 3/12). In this approximation, the surface
composition becomes a falrly strong function of the heat of mixing, it

-s1gn and magnitude in add1t1on to the exponent1a] dependence on the surface
tension dlfference and temperature.

Wi]liamss-has extended the monolayer regular solution model by allowing



e
the" first four layers from the surface layer ‘inward to have variable con-
centrations, but all 1ayers deeper than the fourth are constrained to have -
the bulk composition. Assuming again that the solution is regu]ar allows
' him’gb derivérfour coupled equations involving the gtqm fractions at each

1ayer»andlthe bulk atom fractions. The equations are

| Q- X J1 o )
(o -0 )a + RT 2n SRR 1o Rl (X, =2Xq= m-mX =0 - (2.6a)
b~ 2 .
X (1 X ) , :
- X (1 X ) : '
RT &n _(—]—_—X—)— + 2Q (Xb-zxz—mX]-mX3) =0 (2.6b)
- b 2 b .
X)) -
RT 2n | ———— | + 20 (X ~2X,-mX,=-mX,) =0 (2.6c)
‘ o b 73772 4
X, (1-%)7 ~
RT &n | ———2— + 20 (X -1X,-mKs=mX ) = 0 (2.6d)
LK, (1-X,) : B

here Xl refers t0'£hevatdm fraction of component A in the first iayer, Xz_is
the atom fraction of the séme component in the secondhiayéf,'etc. A1l other
symbols are defined earlier,

- It should be noted that equation 2.6a-bécome§ the same asAequation 2.5
when the second, third, and fourth layer compositions éfe set equal to X,
that is, these eqUations reduce to the mdnoTayer modé] as théy should. This
'proﬁess-is completely genefa] and in fact.similar expressions can be derived
involving any numbér.of layers of variab]e composition obtaining one‘equation
for each layer. Solving equation 2.6 giVes-the atom fractions of both
.'components in each atomic layer of the solid. This way, we can detefmine
 the depths profile or as we will refer to if, the equilibrium depth distribution

(of composition). ThéSe calculations have been performed for a (111) face



using the surface free energy yaers given in the literature for Pb, In,.Ag
8,10 and the resu1ts othheseLare plotted in Figures 1,2, .and.3.

and Ay~
| Due to the'lower surface free energy of Pb, the monolayer model and the
md]tgiayer model sensibly predict a considereble enrichment Qf Pb 1in the

top layer. For Pb-In the regu]ar~se1ution'parameter is positive which means
that Pb;Pb'and In-In bonds are stronger than Pb-In bonds. This results in
"c]uStering" of Pb near. the surface. Thes the multilayer model predicts
also an enr1chment in Pb in the 2nd, 3rd, and 4th 1ayers, the magnitude of
the enrichment decreaswng rap1d1y toward the bulk.

The ca]culat1ons g1ve somewhat d1fferent results for the Ag-Au system.

_"In this case both models pred1ct-an enrichment in Ag in the top layer as

. before. However, since for Ag-Au the regu]er solution parameter is negetive
(Ag-Ag and Au-Au bonds are'not as strong as‘Ag-Au bonds), 1eyering is
obtained from the 4-1eyer model. The first layer is enriched in Ag at the
expense of the second_]ayer-which is enriched in Au. fhe third Tayer then
is enriched in Ag. The magnitude of th{ékenrichment and depletion decreases
rapidly toward the bulk. Thue,'these calculations indicate.that due to the
'large attractive interaetionvbetWeen Ad and Ag,‘the regU]ar'solution model
- may not apply accurately and the Ag enriehment at the eurfece might well be .
accompanied by Au enrichment in the second layer. It should be noted that
‘the surface composwt1on is also strongly temperature dependent. With

: 1ncreas1ng temperature, the surface excess concentration d1m1n1shes rapidly.
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3) ANALYSIS OF THE AUGER PEAKIINTENSITIES TOvOBTAIN SURFACE,COMPOSITION'AND
DEPTH DISTRIBUTION. - | |

AES is one of the surface sensitive techniques that can be applﬁed to
mon{%or the surface éompositiqn of multicomponent systems.3(‘The depth below
the surface that is.probed by 1ow‘énergy é1ectrohs (50-600 electron volts),
that TS,thé'useful energy range of Auger electrons, is of the same order of
magnitude as.the expected dépth of surface enrichment. Theréfore,.the
intensities of the.Auger spectré] peaké should contain information on the
depth distribution. Careful measurements of-intensfty ratios, i.e., ratios
- of the intensities of an Auger peak at one energy divided by the intensity
of the Auger peak at another énergy, should yié]d this}information. It
should be pointed out that the data collected in this manner requires
littlé-in the way of absolute ca]ibration and some effects due to the aepth
distribution can be observed with no ca1ibration necessary whatsoever, |

‘To hredict the intensity»ratfb, fhe assumpfion will be made that
Augef transitions are excited uhiformly with depth. For pure solids this
- should be a good approximatidn since the much higher energy incident
electfon beam is considered to have a much']arger attenuation depth than
,bthe observed Auger electron. This approximation is also aided by the féct
that tﬁe average electron energy loss in a solid per collfsion is small,
about 15 electron vdits, so that the incident e]ectron of 2000 eV energy
‘may undergo several collisions but still éXcite Auger transitions with |
consideréb]e efficiency. ‘Therefore if P] and P2 are the probabi]jties of

seeing an atom at depth d] and d2 respectively, then
P exp (=di/ag) S
1. 1""°E | S (3.1)




where AE is the attenuétion depth of the -observed electrons of energy E
defined in terms of a Beer's LaW'type‘attenuation., Consequently, for a pure

solid the Auger peak interisity I_ at energy E can be written as

E

IE‘#.j;(E,...) exp~ (fz/AE) di . | ,l- | (3;2)

o
Where K(E,;;.) is a complicated functibn involving properties of the_solid,
the electron scattering:within ft, and all experimental parameters. This
expression serves to break the Auger intensity into.contributions from
various depths z and to sum them. For a pure solid, using.the assumption

given above, integration of eduation 3.2 yields

‘In-orderitd measuire Auger peak intensities as a function of depih fbr
an alloy, two further asSumpiionsfwill be made. The first is that the - |
‘presence of neighbqring atoms.does not effect the Auger yields. That is;
'there are no matrix effects. Therefore, the Augef inténgity arising from
a particulér depth Qi]] depénd bn]y on the number of emitters.

The second assumption isfthatrthejeécape depths of an electron does
_not depend upon the medium, but only upon the energy. This was shown‘
experimentally to belapproximéte1y correct ahd many "universal" curves of
escape depth vérsus energy have been pUbTished;g These assumptions lead

‘vto the equation
gt R fx@ e (g ez (3.4)
3 |

that X(z) .is thé‘atom_fraction'of the emitting species at the depth z (the
depth distribution). |
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For a pure solid exhibiting two Auger peaks ét energies E and E' the

rat1o'ﬁE’E. becomes

.n )
'Ro =_I_E_ _ K(E,‘....)AE
EE o (3.5)
E

k(B A

and this ratio is easily measured, The superscfipt zero is used to denote
intensities and ratios from pure metals. For an alloy the corresponding

ratios are

g2 ]

. 1 _ k(Ese.s) Jk(z) exp (-2/Ag) dz C(3.6)

S LRI fX(Z) exp (-2/2g) dz

mo

can also be easily measured. Therefore,

' o0
B Aot Jk(z) exp (;z/AE) dz

_ (3.7)
RE,E' Ap j&(z) exp (—z/AE.) dz

AY

depends on]yvupdn the depth diétribution and éscape depths which in meny cases
are known or may be estfmated;f Thé right-hand side of 3.7 can therefore be
calculated for various theoretical depth distkibutions..'It should be noted
v‘that if there is}no depth distribution, then X(z) = Xb and it follows from
‘equation.3.7 that RE,E5'= RE,Ef“ Therefore, a chahge in the_ratios of two
- Auger peaks arising frdm the same component in an alloy would be~indicative
of surface segregation of some sort. This same procedure can also be used
for comparing Auger peak intensifies of the two alloy components such as the
ratio of 1ntensity of an Au Auger peak withvthat of an Ag Auger peak.

In order to reveal surface segregatfon, if present, or compare the

experimentally detected intensity ratios with those predicted by the various



mode]s, the ‘Auger peak intensity daté-that is obtained for the different
a]lby cdmpositidns cén be plotted various ways,

a) One may.plot the intensity ratios of two Auger peaks, one for each
/ T5(E )

compoﬂéﬁt of the alloy, Re E‘(= IA( ) ) divided by the
H .

, alloy a]]oy
- intensity ratios'of'the same two Auger peaks of the pure metals, R E,(— I
| (E)pure/ I(E" )pure)’ that is Rg E'/ RE gr as a function of the bulk

atom fraction ratio X / X Plotting the data in this way, values for an
alloy having no surface segregation wouid fall on a line with slope equal
to one. If one component is accumu]ated.at'the’surface and there is a
depth distribution of composition near the surface that is different from
:the bu]k'composition, the experimental data will Tie above or bé]ow'this
"bulk ratio" line, o
b) Another way Ofidisplaying the experﬁmenta] Auger beak intensity data
to reveal surface éegregation is by plotting the ratio of intensities of
~ two Auger peaks of the sahe Compdnent in the same a]]oy; (IA.(E) alloy/ IB
(E') alloy) as a funétibn of the bulk atcm fraction, If the surface
. composition chqnges:the‘same way.as:fhe bulk composition does, this ratio .
WOuld be constant. .Surface segregation would be indicated by the systematic
.var1at1on of this intensity ratio with a110y composition in a non11near manner.
c) A third method to 1dent1fy surface segregat1on is by the summation
of the intensity rat1os |

IA(E) alloy | IB(E') alloy

IA(E).pure’ ‘  .'IB(E') pure

S{nce the two Auger peaks are at different electron energies E and E*,



they sambie the composition over different depths in the al]by; Thus -if
the samp1e is homogeneous, in the absence of surface segregation, these
intensity ratios will reflect prec1se1y the bulk composition and their sums
should.be unity. H0wever, if there is surface segregation_then the intensity
.ratieS‘will not reflect the bulk fatios‘and.their sum may be greater or less
than qhityo |
,Ih‘eddition to these types of data analysis the presence'of temperature
dependenee of the Auger intensity ratios is én indication of changes in the
surface composition., | - |
4) RESULTS AND DISCUSSION - |
We have studied the Pb-In and Ag-Au_systems by AES in some detail. The
Pb-In system was studied in the liquid state to assure equilibration of the.
bulk and the surface phases. The Ag-Au alloy samples had to be heated to
| 300°C for over 30 minutes or to above this temperature for shorter times,
after suitable cleénihé of the surface of impurities (carbon, sulfur and
chlorine) by ion sputterihg, before equilibration of the surface phase and
the bulk phase was achieved,  The details of the AES experiments for both

of ‘these systems are described e]sewhere.]o’1]

In Figure 4 the Pb-In Auger
peak intensity‘ratios.are plotted as a function of the bulk atom fraction
retio 6n a log-log graph aécOrding to the first method of data analysis
that was described above. All of the exper1menta1 points fal] below the
bu]k ratio line 1nd1cat1ng surface segregat1on of Pb as predicted by the

_ regular so]ut1on mode]s._ In addition, the surface segregation decreases

with increasing temperature as shown by the data points 1n F1gure 4, as

predlcted by the regu]ar so]utlon mode]s for. this system.
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The same plot of normaTizedvAu-Ag'AuQer peak intensiiy ratios as a
function of.their atom fraction ratios are shown in Figures 5 and 6 for two
different Auger peaks of go]d The so]id.Tines indicate the trend as pre-
dicted ‘ for the various thermodynamic models, The 4-layer
‘ahe the monolayer regular solution models give very similar,predicfed values
and.the experimenta],data appears io fit ¢1ose1y to the regular so1ution
‘model._ Unforfunate]y,“ the temperature required for acHievfng surface-bulk
equlibration_was‘too high (300°C) to allow a re]iabie study of the temperature
dependence of 'the surface composition as was carried out for the Pb-In system.
To demonstrate our second method of analysis, i.e. pletting the ratio |

ofvtwo-Auger peak intensities of the same component in thelsame alloy versus
bu]k.compositien, the values pred{cted’by'regu1ar solution theory fof such

a ratio are given in Figure 7; Thus the presence of sqrface'segregatioh

in a binary alloy should show up as a deviation ih ratios of this type, The
third method of analysis listed above is demonstrated.in Figure 8, This
figure illustrates that the sum of normaTized intensitias from both components
would not sum to unity for a system obeying the fegu]ar so]utfon model. By
| normal1zed 1ntens1ty is meant the 1nten51ty obta1ned from an a]]oy divided
by the intensity from a pure reference. '

]3'Systems of Auger electron spectro-

Detailed studies of the N1-Au]2 and CuFA]
scopy clearly demonstrate the segregatien of one of the alloy constituents, gold
and aluminum, respectively,. in the'topmost surface.]ayer. These systems obey
“the regular solution mode] of surface compdsition.} There are several contra-
dictory reports on the surface composition ‘in the Cu-Ni system. Accordlng to the-
" regular solution mode]s, enrichment of the surface in copper is expected. Copper

enr1chment was 1ndeed reported by Sachtler et a1]4 15,16 Helms, Yee and Sp1cer‘]7
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18 19

and Burton et al, Takasu and Shfmiiu found copper énrichment ét the

surface oflnicke]-ffch alloys while copper-rich alloys had excess nickel

20 21 found the surface

“at the surface. Ertl and Kuppers® and Quinto et al
'composition the -same as the‘bu1k. It appears that samb]e‘breparatioh must
havé/had a contr011ing,inf1uénce on the equilibration of the_two}coﬁponents, a
.'coppér and nickel, in this system. It is possible that the contradictory

- results are due to the phasé,segregation reported by Sacht]er‘,M

that wou1d
not permit‘the app]ication'of~the regu]af-so]utibn model to this binary alloy.

There areumahy experimental parameters'that,may make studies pf'surface
phase diagrams of a]]dys difficult. Adsorption of gases from the ambient
or segregatidn of impurities by diffusion from the bulk to the surface can
markedly change the surface compdsition. If any of the impurities form
stronger bOnds’with one component as cohpéred to the other, the strongly
bound component will be pu11ed to the surface by'the impufity segregated
there. On removal of the 1mpur1ty, the surfate'composition may change again
indfcatﬁng the re—equi]ibrétion of the'purevsurface pha;é:With‘that of the |
‘bulk. For the small crysta]lités present in the a1]0y;thin-fi]ms the surface.
Compositfqnfcan.be'inf1uencéd by the particle size., - In the limit of small
particle size the surface composition must apprdach the bulk composition
since most of the atoms must then reside on the surface. As we have pointed
out above, a large exothermic heat of’miking would indicate the tendency for
layering orvordéring near the surface that.wou1dldisa11ow the-usé of the
~ regular so]Ution:modé].’ :

It would, of codfse, be of great ihportanée to study fhe surface
composition of alloy systems with complex phase diagrams where ordering and
compéund forméxfon occurs, ‘ATthbugh thefe have been attempts to describe

14,22

the surface composition of these complex alloy systems, experimental
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data havé been scarce; The surface cdmposition of aVWide Variety of complex
alloy systems.must be §tudied before keaiistic‘thérmodynamic models of their
behavior can be developed, | |

It appears that for homogeneous'bihary systems with relatively small -
regﬁiar solution parameters, the surféte phase diagram can be described
adequately with a regular sbiution mode]_of_fhe-mono]ayer type. Thus, one
may use the honoiayef'reguiar so]ution‘mddel to predict the surface
: combosition of homogeneous binary alloys.
5) ACKNOWLEDGMENT . v

This Work was.suppofted by the U;S; Energy Research and Development

Administration.



4.

9.
10.
1.
12.
13.
14.
15.
16.

“17.

18.

19.

20.

21.

22.

_14-

REFERENCES

G. A. Somorjai; Pfincip]es of-Surface.Chemistny (Prentice-Hall,
Englewood Cl1iffs, 1972), ] ‘

R; Defay et al, Surface Tension and Adsorption (John Wi1ey & Sons, New

- York, 1966),

F. d. Szalkowsk1 and G A. Somor3a1, Adv. H1gh Temp. Chem., 1971,
“137.

F. Meyer and J. J. Vrakking, Surface.Sci., 1972, 33, 271.

“Re A. Swalin, Thermodynamics of So]idsv(JohnIWiley & Sons, New York,
"~ 2nd ed., 1972). ' :

~ F. L. Williams, Surface Sci., 1974, 45, 377.

R. Hultgren et al, Selected Values of Thermodynamic Properties of
Metals and Alloys (John Wiley & Sons, New York, 1963).

S H. Overbury and G. A. Somorjai,’ J of Chem. Rev., 1975, to be
‘published. :

C. J. Powell, Surface Sci., 1974, 44, 29.

S. Berglund and G. A. Somorjai, J. of Chem. Phys., 1973, 59, 5537.
. H. Overbury and G. A. SomorJa1, to be pub]Ished

L. Williams and M, Boudart, Jd. Catalys1s, 1973, 30, 438.

AN

.Ferrante, Acta Metallurgica, 1971, 19, 743.

W. M. H. Sachtler and G. J. H. Dorgelo, J. Cata]ysfs, 1965, 4, 654.

S

F

J

W, M, H.~Sacht1¢rﬂand”R; Jongepier, J. Catalysis, 1965, 4, 665.
] _

W

. M. H. Sachtler, J. Vac. Sci. and Tech., 1971, 9, 828,
C. R. Helms, K. Y. Yu and W. E. Spicer, 1975, to be published.
J. J. Burton and E. Hyman, J. Catalysis, 1975, in press.
Y.-Takasuvand H. Shimizu, J. Cata]ysié; 1973,‘2g, 479,
6. Ertl and J. Kuppers, J. Vac. Sci, and Tech., 1971, 9, 829,

D. T. Quinto, V. S Sundaram and W. D. Robertson, Surface Sci., 1971,
28, 504, ’

R. A, Van Santen and H. M. H. Sachtler, J. Catalysis, 1974, 33, 202.



QU s ud43u27 s

, ~15- .
Figure 1. Surface enrichment for a (111) face in the Au-Ag system at 300°K
as preditted by the monolayer regular and by the 4-layer regular solution
models., The enrichment is plotted as a function of the bulk composition.

In the 4-layer model, the enrichment in each layer is shown,

Figure 2, Same as Figure 1 except at 900°K,

Figure 3. The surface enrichment for a (111) face in the Pb-Iﬁ system at
600°K as predicted by the monolayer regular and the 4-layer regular solution
models. The enrichment is plotted against the alloy bulk composition. In
the 4-layer model, the enrichment in each layer is shown. The surface
composition predicted by the monolayer model is very similar to that pre-

dicted for the first layer of the 4-layer model.

Figure 4, Ratios of the In(403eV) to the Pb(92eV) intensities. The ratios
are all divided by this ratio obtained from pure Pb and In, The multirle
points for one ajloy demonstrafe the temperature dependence of this ratio.-,
The dotted 1iﬁe gives the values expected fbr a surface with the same

composition as that in the bulk.

.Figure 5. Intensity ratio of the Au(72eV) to the Ag(356ev) peak, The ratio§
are all divided by the same ratio for pure Ag and Au and plotted as a function
.of the bulk composition fatios. The solid lines are predicted for a 4-layer
régu]ar solution mode], The monolayer regular solution model gives essentially
identical va]qes. The dotted lines gives the values expected for a sufface

with the same composition as that in the bulk,

Figure 6. Same as Figure 5 except using the Au(241eV) peak and the Ag(356eV)
_peak, | ' |
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Figure 7, .The:fatio of the Au(72eV) as predicted by the monolayer and the
4-layer reguiar,solution mode1s; The fatidé are divided by the ratio obtained
from pure Au., The dotted line is the value expectéd when the surface com-
position is identical to that in the bulk.
Figure-B. The sum ofrthe normalized intens{ty ratios as predicted from the
monolayer and the 4-1ayer regu]ar.so]utioh models for the Ag-Au system, At
QOOQK the monolayer and 4-1ayéf mode1s giVeAessentia11y identical results,
The dotted line gives'ﬁhe value expected and the surface composition is the

same as that in the bulk,
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~LEGAL NOTICE

This rep01t was' prepared as an account of Work sponsored by the
© United States Government. Neither the United States nor the United.
States Atom1c Energy Commission, nor an y'of ‘their employees, nor
any of their contractors, subcontractors, or their employees, makes
any Warranty, express or implied, or assumes any legal liability or
: respons1b111ty for the accuracy, completeness or usefulness of any
“.Information, apparatus, product or process' disclosed, or represents‘
that Its use would not 1nfr1nge pr1vate1y owned r1ghts
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