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ABSTRACT 

Regular so lu t i on nodels pred ic t surface segregat ion of the const i tuent 

o f lowest surface f ree energy in homogeneous multicomponent systems. 

Analysis o f the Auger e lec t ron emission i n t e n s i t i e s from a l loys y i e l d the 

surface composition and the depth d i s t r i b u t i o n o f the composition near the 

sur face. Auger Elect ron Spectroscopy (AES) s tud ies o f the surface composition 

o f the Ag-Au and Pb-In systems Tiave been ca r r i ed out as a funct ion o f bulk 

composition and temperature. Although these a l l oys have very d i f f e r e n t 

regular so lu t ion parameters t h e i r surface composit ions are predic table by 

the regular so lu t i on models. 

MASTER 
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1) INTRODUCTION 

The composition of multicomponent systems at the topmost surface layer 

determines to a large extent their resistance to external chemical attack 

and their catalytic activity in surface reactions. Simple thermodynamic 

arguments indicate that the surface composition of alloys should be different 

from their composition in the bulk. In order to minimize the positive total 

surface free energy of the raulticomponent system, the constituent of lowest 

surface free energy will accumulate in the topmost surface layer. 

It has been possible only recently with the advent of Auger electron 

spectroscopy (AES) ' 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 relationships that govern the surface 

composition of these systems. If we can employ a thermodynamic model, such 

as the regular solution model for example, to compute the composition of an 

alloy surface, we may use this model with confidence to predict the surface 

composition of at least one class of alloys for a wide range of bulk 

compositions and temperature. 

This paper reports on AES experiments aimed at determining the surface 

composition of homogeneous binary alloys as a function of bulk composition 

and temperature. It appears that the experircental 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 . , 

homogeneous binary alloys, the surface composition may be calculated w.'h 

some degree of confidence. 
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2) THERMODYNAMIC MODELS TO PREDICT THE SURFACE COMPOSITIOM OF HOMOGENEOUS 

BlilARY SOLUTIONS 

The ideal so lu t ion theory assumes tha t the heat o f m ix ing . AH o f 

component A wi th component B i s zero wh i le the entropy of mix ing is calculated 

assuming tha t the const i tuents are d i s t r i b u t e d randomly throughout the 

s o l u t i o n . The surface is assumed to be composed o f the topmost layer only 

(monolayer) although in some cases t h i s approximation i s re laxed . Using 

t h i s idea l so lu t ion monolayer model, the surface composition o f the binary 

mixture can be expressed as 
„A / , B A 

X" X« / ( o B - a H ) a \ 
- | - - - | - exp( J (2.1) 

x s X b R T 

a n 
wnere XV and X" are the atom fractions of the two components at the sun-ace; 
XT and X. are the atom fractions of the two components in the bulk (below 

A B 

the topmost layer); a and a are the surface free energies (surface tensions) 

of the pure components A and B; and s_ is the average molar surface <.rea. 

T is the absolute temperature and R is the gas constant. This model predicts 

that the constituent with the lower surface free energy accumulates on the 

surface, and that the surface cor.position of the mixture depends exponentially 

on the surface tension difference. In addition, this model predicts also 

that unlike the bulk composition, the surface composition is strongly 

dependent on temperature. The surface composition approaches the bulk com­

position exponentially with increasing temperature. The regular solution 

model takes into account the f i n i t e value of the heat of nix ing, AH , that 

is given by 

AHn = nx (1-X ) = Nz [ E . „ - M * W ] X. (1-X. ) (2.2) Ll 
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where J! is the regular solution parameter which can be expressed in terms of 

the bond energies E,., Avogadr.rfs number N and the bulk coordination number z. 

For example, both Pb-In and Ag-Au systems are fa i r l y regular, their heat of 
7 mixing is expressed as 

AH % 3850 X P b ( l -X P b ) joules/mole (2.3) 

4H = -(20,300-3550 X A u) X A u ( l -X A u ) joules/mole (2.4) 

For the ?b-In system 4H and, thus, 3 are positive and relatively small 

while for the Ag-Au system AH Is exothermic (2 is negative) and fa i r ly 

large. The surface composition in the regular solution monolayer approxi­

mation is given by" 

4 =4" e X P f — - 1 «P-f-2lSa=i tCx»> z-c<J 23 + -SS^ EC<> 2 -Cx| l 3 | 
X" XJJ L RT -I l RT b b RT s s J 

(2.5) 

The packing parameter S. gives the fraction of nearest neighbors in the 

same plane while m is the fraction of nearest neighbors that are in an 

adjacent plane. For a face centered cubic l a t t i ce , a bulk atom has 12 

nearest neighbors. Thus, for an atom in the (111) crystal face, there are 

6 neighbors in the surface plane (1 = 6/12) and three nearest neighbors in 

the plane below the surface, (m = 3/12). In this approximation, the surface 

composition becomes a fa i r l y strong function of the heat of mixing, i ts 

sign, and magnitude in addition to the exponential dependence on the surface 

tension difference and temperature. 

Williams has extended the monolayer regular solution model by allowing 
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the f i r s t four layers from the surface layer inward to have var iab le con­

cen t ra t i ons , but a l l layers deeper than the fou r th are constra ined to have 

the bulk composit ion. Assuming again that the so lu t i on is regular allows 

him to de-ive four coupled equations invo lv ing the atom f r a c t i o n s at each 

layer and the buU atom f r a c t i o n s . The equations are 

, „ rx.(i-:<J-i . 

L X j j d - x ^ J 
(o - 3

J ) a + ST ;.n , — — I + 2."< ( X , - « , - in-mX,) = C (2.6a) 
i v / T v \ ; O I C C 

Uo-xJ 
r X - C l - X h l -

RT i n - ^ — I + 1?. (X.-ZX-.-mX.-mX,) = 0 (2.6b) y i - y 1 ' 
r x 3 ( 1 - x b' i 

RT in — — + 23 (X. -xX,-nX,-mX.) = 0 (2.6c) 
L x b O - X 3 ) J 0 3 2 4 
rX (1-x )~ 

RT i n | — — I + 2n (X.-iX^-mX^-inX, ) = 0 (2.6d) 
"Lui-x.jJ 

here X. re fers to the atom f r a c t i o n o f component A i n the f i r s t l aye r , X, i s 

the atom f rac t i on o f the same component in the second l a y e r , e t c . A l l other 

symbols are defined e a r l i e r . 

I t should be noted t ha t equation 2.5a becomes the same as equation 2.5 

when the second, t h i r d , and f ou r t h layer compositions are set equal to X. , 

t ha t i s , these equations reduce to the monolayer radel as they should. This 

process is completely general and i n f a c t s im i la r expressions can be derived 

i nvo l v i ng any number o f layers o f var iab le composition ob ta in ing one equation 

f o r each layer . 5olv ing equation 2.6 gives the atom f r a c t i o n s of both 

components i n each atomic l aye r of the s o l i d . This way, we can determine 

the depths p r o f i l e or as we w i l l r e f e r to i t , the e q u i l i b r i u m jep th d i s t r i b u t i o n 

(o f composit ion). These ca lcu la t i ons have been performed f o r a (111) face 
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using the surface f ree energy values given i n the l i t e r a t u r e for Pb, I n , Ag 

and Au ' and the r esu l t s of these are p l o t t ed i n Figures 1 , 2 , and.3. • 

Dje to the lower surface free energy of Pb, the monolayer nodel and the 

mu l t i l ayer node! sens ib ly Dredict a considerable enrichment of Pb in the 

top layer . For Pb-In the regular so lu t ion paraneter i s pos i t i ve which means 

that Pb-Pb and I n - i n bonds are stronger than Pb-In bonds. This resu l ts in 

"c lusLer in- j " o f r'b near the surface. Thus the n u l t i l a y e r model predicts 

also an enrichmert i n Pb i n the 2nd, 3rd, and 4th l a y e r s , the magnitude of 

the enrichment decreasing rap id l y toward the bu lk . 

The ca lcu la t ions give somewhat d i f f e r e n t r e s u l t s f o r the Ag-Au system. 

In t h i s case both models p red i c t an enrichment i n fig i n the top layer as 

before. However, s ince f o r Ag-Au the regular s o l u t i o n parameter i s negative 

(Ag-Ag and Au-Au bands are not as strong : s Ag-Au bonds), layer ing i s 

obtained from the ' - - l ayer node l . The f i r s t layer i s enriched in Ag at the 

expense o f the secend l aye r which is enriched i n Au. The t h i r d layer then 

i s enriched i n Ag. The magnitude of t h i s enrichment and deplet ion decreases 

rap id l y toward the bu l l : . Thus, these ca lcu la t i ons ind ica te that due to the 

large a t t r a c t i v e i n t e r a c t i o n between Au and Ag, the regular so lu t ion model 

may not apply accura-.ely and the Ag enrichment a t the surface .r ight wel l be 

accompanied by Au enrichment i r the second l aye r . I t should be noted tha t 

the surface composit i : ' r is also strongly temperature dooendent. '.-.'ith 

increasing temperature, the surface excess concent ra t ion diminishes r a p i d l y . 



3) ANALYSIS OF T-r AdOER PEAK !';TL'.SIT!ES TO CL'TAIN SURFACE COMPOSITION AMD 
DEPTH C T S T - : : : ^ : : - : 

AES is one :"" t i e surface 3cn- i t i vc techniques that can be appl ied tc 

monitor the sjr•"'••:• c m : : : ! ^ of - .Ki-c-pcriL'-. t sys tems. J The depth below 

the surface t r a t ; ; ;••:-..•. -y 1 - . . ••":••...• L - I C : ' / - ' , | r:" ,-v'! ') e lec t ron v o l t s ) , 

tha t i s , t i e -so ' '1 t-.-'yj r i - j ._ . t-f •'•-.;::•• o le.- t ron' , , is of f i e s..'i.e order of 

iragnicucc is c •: ; , - . - ccC ' . : c en : * v ; r r . : c : • - ; c . • • ' ; ! . T: i ' re fo"c, the 

i n t e n s i t i e s -.' C-: " - ; • " s r : c c r a . -•:-•.:. sho.il a :onta in in fo r r .a t ion on the 

depth d i s t r i b u t i o n . Et-refa. -a a sure-ones of i n t e n s i t y r a t i o s , i . e . , ra t ios 

o f the i n t e n s i t i e s of an Auger pea',: at one energy dividc-d by the i n tens i t y 

o f the Auger peak at a io t i i c r energy, s.ioul J y i e l d th is i n fo rmat ion . I t 

should be pointed cut that the data co l lec ted in th is n^n.ner requires 

l i t t l e i n the way c" abso lu t - c a l i b r a t i o n and : . ; ~L e f f e c t s due to the depth 

d i s t r i b u t i o n can be observed ::i in no c a l i b r a t i o n necessary ,;aa tsoever. 

To pred ic t tiie i n t e n s i t y r a t i c , Che assa rp t i u ; -..-in be :.ace that 

Auger t r a n s i t i o n : are exc i ted u n i f o n ' y . . i th dor*.".. For pure sol ids th is 

should be a good a o r r c / i r a t i c n since the : uch h; g'-er e r i r g y inc ident 

e lec t ron bean is co.nsi J:red Cc have a ---eh larger a t t e r u a t i o - depth t;ian 

the observed Augur e l e c t r o n . Tnir. up;.r...-.•'• ' a l i en is alec aided by the fac t 

tha t tiie average e lect ron energy lass ir, a so l i d per c o l l i s i c n is snial l , 

about 15 electron v o l t s , so coat the incident e lec t ron e f 2000 eV energy 

may undergo several c o l l i s i o n s but s t i l l e/.cite A;rger t r a n s i t i o n s wi th 

considerable e f f i c i e n c y . Therefore i f P. and P, are the p r o b a b i l i t i e s of 

seeing ar a ton at depth d, and J , respec t i ve ly , then 

? 1 _ ex.p ( -d -A- . ) 

P, e/.p ( - d , / ! , ) 

?, ex.p ( - d - A r ) 
1 " ] - (3.1) 

http://sho.il
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where X- is the attenuation depth of the observed electrons of energy E 

defined in terras of a Beer's Law type at tenuation. Consequently, for a pure 

solid the Auger peak intensi ty I p a t energy E can be written as 

I E = J " K ( E , . . . ) ex P (-z/X £) dz (3.2) 
o 

'.ihere c (E , . . . ) is a complicated function involving properties of the sol id , 

the electron scattering within i t , and al l experimental parameters. This 

expression serves to break the Auger intensity into contributions from 

various depths 2 and to sun them. For a pure so l id , using the assumption 

given above, integration of equation 3.2 yields 

r E = K ( E , „ . ) A E ( 3 # 3 ) 

In order to measure Auger peak intensi t ies as a function of depln rvr 

an alloy, two further assumptions will be made. The f i r s t is that the 

presence of neighboring atoms does not effect the Auger yields . That i s , 

there are no matrix e f fec ts . Therefore, the Auger intensi ty arising from 

a particular depth will depend only on the number of emitters. 

The second assumption is that the escape depths of en electron does 

not depend .;ran the medium, but only upon the energy. This was shown 

experimentally to be approximately correct and many "universal" curves of 
q 

escape depth versus energy have been published. These assumptions lead 

to the equation 
to 

\ = * ( E , . . . ) f x ( z ) exp ( - z / i E ) ii (3.4) 
o 

that X(z) is the aton fraction of the emitting species at the depth z (the 

depth d is t r ibu t ion) . 
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For a pure solid exhibiting two Auger peaks at energies £ and V the 

ra t io P.- _, becoiies 

I" K ( E , . . . ) X r 

E' = iH, " K ( E - . . . . ) x . . ( 3 - 5 1 

and this rat io is easily measured. The superscript zero is used to denote 

in tens i t i es ?nd ratios from pure metals. For an alloy the corresponding 

ra t ios are 

"E tc(E, . . . ) J'.(z) cxp (-z/\_) dz 
RE c = "I = % (3-6) 

t - 1°, K ( E ' , . . . ) f;-;(z) exp (-z/A E) dz 

can also be easily measured. Therefo-e, 

R. . , J- , |:<(z) e*p (-z/>.E! dz 

RE,E' h f X ( z ) e x p l-z/\>1 d z 
(3.7) 

depends only upon the depth dis t r ibut ion and escape depths which in many cases 

are known or nay be estimated. The right-hand side of 3.7 can therefore be 

calculated for various theoretical depth d i s t r ibu t ions . I t should be noted 

that i f there is no depth d is t r ibu t ion , then X(z) = X. and i t follows from 

equation 3.7 that Rr r , - P,2 r l . Therefore, a change in the ratios of two 
E , L t , E -* 

Auger peaks arising from the same component in an alloy would be indicative 

of surface segregation of some sor t . This same procedure can also be used 

for comparing Auger peak in tens i t i e s of the two alloy components such as the 

ra t io of intensity of an Au Auger peal; with that of an Ag Auger peak. 

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

experimentally detected intensi ty ratios with those predicted by the various 
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models, tho Auger peak i n t e n s i t y data that is obtained fo r the d i f f e r e n t 

a l l oy compositions can be p lo t ted various nays. 

a) One ir-ay p l o t the i n t e n s i t y ra t ios of two Au^er peaks, one for each 

component of the a l l o y , ?.- r , { = I , ( w . v , - , , / I ->U' ) , - • , „ . , ) divided by the 
C, C. ' t a l l Oy L* o i l uy 

i n t ens i t y ra t ios of the sarr;e t..*-'- Auger peaks o f the pure ~e ta l s , R̂  p ( = I* 

(E) / : . , 'EM ) , tha t is ?tr - , / R° r I as a func t ion of the- bulk pure J pure L ,L L , L 

atOT, f r ac t i on r a t i o '/'['J '/?. P lo t t i ng the data in t h i s way, values fo r an 

a l l oy having no surface segregation .-.'ould r a i l on a l i n e riith slope equal 

to one. I f one component i s accumulated at the surface and there is a 

depth d i s t r i b u t i o n of conposit ior. near the surface tha t i s d i f f e ren t from 

the bulk conpos-t iGn : the experimental data w i l l l i e above or below th is 

"bulk r a t i o " l i n e , 

b) Another way o f d isp lay ing tne experimental Auger peak i n tens i t y data 

to reveal surface segregat ion is by p l o t t i n g the r a t i o o f i n tens i t i es of 

two Auger peaks of the sane compone't i n the same a l l o y , ( I A (E) a l l o y / 1^ 

(E 1 ) a l l oy ) as a func t i on o f the bulk atcm f rac t i on , , I f the r '•~.;2 

composition changes the same way as tho bulk conposi tn in Loes, th is r a t i o 

would be r. . is tant . Surface segregation would 'je i nd ica ted by Vr-2 systematic 

va r i a t i on of t h i s i n t e n s i t y r a t i o wi th a l l oy composit ion in a nonlinear nanner. 

c) A t h i r d method to i d e n t i f y surface segregat ion is by the suT.mat'lon 

of the i n tens i t y r a t i o s 

I . (EJ a l l o y I n ( E ' ) a l l oy 
_ 1 1 + —^ 

I A (C ) pure I g U ' ) pure 

Since the two Aun^r peaks are at d i f f e r e n t e lec t ron energies E and E ' , 
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they sample the composition over d i f f e r e n t depths in the a l l o y . Thus - i f 

the sample is homogeneous, in the absence o f surface segregat ion, these 

i n tens i t y r a t i o s w i l l r e f l e c t prec ise ly the bu lk composition and t h e i r sums 

should be u n i t y , however, i f there is surface segregation then the i n t e n s i t y 

ra t ios w i l ' not r e f l e c t the bulk ra t ios and t h e i r sum may be greater or less 

than u n i t y . 

In add i t i on to these types, of data ana lys is the presence of temperature 

dependence of the Auger i n tens i t y ra t i os i s an i nd i ca t i on of changes i n the 

surface composi t ion. 

4) RESL'L".: A:iD 3ISC'JSSI0:i 

We have s tud ied the Pb-In and Ag-Au systems by AE5 in some d e t a i l . The 

Pb-In system was s tud ied i n the l i q u i d s ta te to assure e q u i l i b r a t i o n o f the 

bulk and the surface phases. The Ag-Au a l : o y samples had to be heated to 

300 C f o r over 30 minutes or to above t h i s temperature f o r shorter t imes , 

a f t e r su i t ab le c leaning of the surface o f impu r i t i es (carbon, s u l f u r and 

ch lor ine) by ion s p u t t e r i n g , before e q u i l i b r a t i o n o f the surface phase and 

the bulk phase was achieved. The d e t a i l s o f the AES experiments f o r both 

of these systems are described elsewhere. ' In F igured the Pb-In Auger 

peak i n t e n s i t y r a t i o s are p lo t ted as a f unc t i on o f the bulk atom f r a c t i o n 

r a t i o on a l o g - l o g graph according to the f i r s t method of data analysis 

that was described above. A l l o f the experimental points f a l l below the 

bulk r a t i o l i n e i nd i ca t i ng surface segregat ion o f Pb as predicted by the 

regular so lu t i on models. In add i t i on , the surface segregation decreases 

wi th increasing temperature as shown by the data points in F i g u r e d , as 

predicted by the regular so lu t ion models f o r t h i s system. 
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The same plot of normalized Au-Ag Auger peak intensity ratios as a 

function of their atom fraction ratios are shown in Figures 5 and 6 for two 

different Auger peaks of gold. The solid lines indicate the trend as pre­

dicted for the various thermodynamic models. The 4-layer 

and the monolayer regular solution models give very similar predicted values 

and the experimental data appears to f i t closely to the regular solution 

model. Unfortunately, the temperature required for achieving surface-bulk 

equlibration was too high (303°C) to allow a rel iable 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 . plotting the rat io 

of two Auger peak intensit ies of the same component in the same alloy versus 

bulk composition, the values predicted by regular solution theory for such 

a ratio are given in Figure 7. Thus the presence of surface segregation 

in a binary alloy should show up as a deviation in ratios of this type. The 

third method of analysis l isted above is demonstrated in Figure 8. This 

figure i l lustrates that the sum of normalized intensit ies from both components 

would not sum to unity for a system obeying the regular solution model. By 

normalized intensity is meant the intensity obtained from an alloy divided 

by the intensity from a pure reference. 
1 ? 1 ^ 

Detailed studies of the Mi-Au ' and Cu-Al systems of Auger electron spectro­

scopy clearly demonstrate the segregation of one of the alloy constituents, gold 

and aluminum, respectively, in the topmost surface layer. These systems obey 

the regular solution model of surface comprsition. There are several contra­

dictory reports on the surface composition in the Cu-Ni system. According to the 

regular solution models, enrichment of the surface in copper is expected. Copper 

enrichment was indeed reported by Sachtler et a i 1 4 > 1 5 ' l D Helms, Yee and Spicer 1 7 
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and Burton et a l . Takasu and Shimizu found copper enrichment at the 

surface of nickel-rich alloys while copper-rich alloys had excess nickel 
?n ?i 

a t the surface. Ertl and Kuppers and Quinto e t al found the surface 

composition the sam.3 as the bulk. I t appears that sample preparation must 

nave had a controlling' influence on the equilibration of the two components, 

copper and nickel, in this system. I t is possible that the contradictory 

resul ts are due to the phase segregation reported by Sachtler , ' that would 

not permit the application of the regular solution node! to th is binary al loy. 

There are many experimental parameters that may make studies of surface 

phase diagrams of alloys d i f f i cu l t . Adsorption of gases from the ambient 

or segregation of impurities by diffusion from the bulk to the surface can 

markedly change the surface composition. If any of the impurities form 

stronger bonds with one component as compared to the other , the strongly 

bound component will be nulled to the surface by the impurity segregated 

there . On removal of the impurity, the surface composition may change again 

indicating the re-equil ibrat ion of the pure surface phase with that of the 

bulk. For the smnll c r y s t a l l i t e s present in the alloy thin-films the surface 

composition "can be influenced by the part icle s i ze . In the l imit of small 

par t ic le size the surface composition must approach 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 mixing would indicate the tendency for 

layering or ordering near the surface that would disallow the use of the 

regular solution model. 

I t would, of course, be of great importance to study the surface 

composition of alloy systems with complex phase diagrams where ordering and 

compound formation occurs. Although there have been attempts to describe 

the surface composition of these complex alloy systems, I f* experimental 
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data have been scarce. The surface composition of a wide variety of complex 

alloy systems must be studied before real ist ic thermodynamic models of their 

behavior can be developed. 

I t appears that for homogeneous binary systems with relatively small 

regular solution parameters, the surface phase diagram can be described 

adequately with a regular solution model of the monolayer type. Thus, one 

may use the monolayer regular solution model to predict the surface 

composition of homogeneous binary alloys. 
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Fiqure 1 . Surface enrichment f o r a (111) face i n the Au-Ag system at 300°K 

as predicted by the monolayer regu lar and by the 4 - l aye r regu lar so lu t ion 

models. The enrichment i s p l o t t e d as a funct ion of the bulk composit ion. 

In the 4- layer model, the enrichment in each layer i s shown. 

Figure 2. Sane as Figure 1 except at 909 K. 

Figure 3. The surface enrichment f o r a (111) face i n the Pb-In system at 

600 K as predicted by the monolayer regular and the 4 - l aye r regular so lu t i on 

models. The enrichment i s p l o t t e d against the a l l o y bulk composit ion. In 

the 4- layer model, the en r i ch rsn t i n each layer i s shown. The surface 

composition pred ic ted by the monolayer model i s very s i m i l a r to tha t pre­

d ic ted fo r the f i r s t l ayer o f the 4- layer model. 

Figure 4 . Ratios of the In(403eV) to the Pb(92eV) i n t e n s i t i e s . The r a t i os 

are a l l d iv ided by t h i s r a t i o obtained from pure Pb and I n . The mu l t i p le 

po in ts f o r one a l l oy demonstrate the temperature dependence o f th is r a t i o . 

The dotted l i n e gives the values expected fo r a surface w i th the same 

composition as tha t i n cite b u l k . 

Figure 5. I n tens i t y r a t i o o f the Au(72eV) to the Ag(356eV) peak. The ra t i os 

are a l l d iv ided by the same r a t i o fo r pure Ag and Au and p lo t ted as a func t ion 

o f the bulk composition r a t i o s . The s o l i d l i nes are pred ic ted for a 4- layer 

regular so lu t ion model. The monolayer regular s o l u t i o n model gives essen t i a l l y 

i den t i ca l values. The do t ted l ines gives the values expected for a surface 

w i th the same composition as that i n the bu lk . 

Figure 5. Same as F g u r e 5 except using the Au(24leV) peak and the Ag(356eV) 

peak. 
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Figure 7. The ratio of the Au(72eV) as predicted by the monolayer and :he 

4-layer regular solution models. TI.e ratios are divided by the ratio obtained 

from pure Au. The dotted line is the value expected when the surface com­

position is identical to that in the bulk. 

Figure 3. The sum of the normalized intensity ratios as predicted from the 

monolayer and the 4-layer regular solution models for the Ag-Au system. At 

900 K the monolayer and 4-layer models give essentially identical results. 

The dotted line gives the value expected and the surface composition is the 

same as that in the bulk. 
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