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ABSTRACT 

The interaction of oxygen with the surface of a Pt alloy containing ca. 

20 at % of cobalt was studied by LEED and XPS. At this composition, cobalt was 

found to be randomly substituted in the Pt fcc lattice both in the bulk and at 

the surface. [lllJ and [lOOJ oriented single crystal surfaces as well as 

polycrystalline surfaces were studied. Dosing these surfaces with oxygen at 

room temperature at pressures lower than ca. lxlO-5 torr resulted in the 

formation of a chemisorbed oxygen layer. At temperatures over ca. 7000 K 

dosing with oxygen in the same range of pressures led to the formation of a 

sequence of ordered oxide overlayers. XPS and LEED data showed that the first 

layer to form was an epitaxial monolayer structurally equivalent to either the 

(111) or (100) plane of cobalt monoxide (CoO). Under conditions of controlled 

oxyg~n dosing, CoO islands of monoatomic thickness. nucleated and randomly 

decorated a nearly pure Pt surface. This surface-decoration structure was 

meta-stable over a narrow range of oxygen partial pressures and surface 

temperature. At higher temperatures and pressures, the oxide islandS first 

coalesced, forming a compact monolayer that completely blocked the surface for 

chemisorption, then changed in stoichiometry and structure to form a 

structural precurser to Co304• 
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l~ INTRODUCTION 

In general, the chemical environment is among the most important factors 

in determining the surface composition of a binary alloy. In the presence of 

oxygen, the oxidation of the more electropositive component may lead to 

extensive surface segregation, even though in vacuum the surface composition 

may be close to that of the bulk. In the case of platinum alloys, platinum 

does not form stable oxides, so that in most binary platinum alloys, oxidation 

is expected to cause the surface precipitation of an oxide of the metal 

alloyed with platinum. The surface resulting from this process is formed of 

oxide moieties which cover, fully or in part, t~e alloy surface. Such a 

surface may have the same type of structure which is obtained upon reducing 

platinum (and other metals) supported on certain ceramic oxides at high 

temperature, the so-called SMSI state. l Special catalytic properties exist 

for this state which are believed to result from interaction of the oxide and 

the platinum at the edges of the oxide moieties. Our interest in the present 
; 

work was to determine whether we could produce cobalt oxide IIdecorated ll 

platinum surfaces by controlled oxidation of the alloy thereby cre-ating a 

surface with potentially interesting catalytic properties. In this study we 

examined the surface oxidation and oxide precipitation phenomena of a CoPt4 

single crystal using a combination of XPS and LEED in a manner analogous to 

our previous studies of ~he oxidation of Pt_Ti 2,3 and Pt-Zr4 alloys. In both 

p of the latter alloys, we observed that treatment with oxygen at high 

temperature led to the surface precipitation of titanium or zirconium oxides 

of variable stoichiometry. In the present work we report that for the Co-Pt 

alloy, treatment with oxygen at high temperature led to the precipitation of 

cobalt oxide on the alloy surface. However, in contrast to the behavior of the 

Pt-Ti and Pt-Zr alloys, we found that the cobalt oxide overlayer was easily 
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reduced by moderate thermal annealing in UHV to reform the metallic 

(oxygen-free) alloy surface. 

2. EXPERIMENTAL 

Polycrystalline platinum-cobalt alloy material was prepared by arc 

melting the base metals in inert atmosphere starting from a 3:1 atomic ratio 

of platinum to cobalt •. A single crystal bar was obtafned from the 

polycrystalline material by the floating zone technique. Disk shaped samples 

oriented along the [lOOJ and [lllJ axes were prepared from the single crystal 

bar. Polycrystalline Co-Pt samples were cut from the original polycrystalline 

rod. Some Co loss took place in processing so that the bulk composition of the 

three different crystals were, therefore, slightly different (20 ~ 2 at. %), 

but these differences did not appear to affect the surface chemistry observed. 

X-ray examination showed that the bulk structure was a fcc solid solution 

(random substitution) of Co in Pt, which is consistent with the bulk phase 

diagram for Co-Pt5• 

Before examination in UHV conditions, one of the surfaces of the sample 

was mechanically polished and the opposite face was gold brazed onto a 

tantalum foil. The sample was held in the vacuum chamber on a' sample 

manipulator by Ta wires spotwelded to the supporting Ta foil. Annealing was 

accomplished by resistive heating from current passed through the supporting 

Ta wires. Temperatures were measured by a chromel-alumel thermocouple 

spotwelded to the supporting foil. Exposure to oxygen was performed by 

introducing oxygen directly into the vacuum chamger by means of a leak valve. 

The highest oxygen pressure which could be maintained in the chamber was of 

the order of lxlO-5 torr. 

X-ray photoelectro.n spectroscopy measurements were performed using a 

h~mispherical electron energy analyzer with a position sensitive detector7 and 
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a Mg x-ray source. A unique feature of this analyzer is its very small 

acceptance angle (ca.0.50
) which makes it especially useful for angle-resolved 

and variable take-off angle photoemission measurements. The spectrometer was 

mounted in a vacuum chamber equipped with facilities for ion bombardment and 

mass spectrometry. This chamber was not equipped with a LEED optics. LEED 

measurements were pe~formed in two other vacuum chambers. The (111) sample 

was mounted in a chamber equipped with a 4-grid LEED optics and a single pass 

CMA electron analyzer for AES. The (100) sample was mounted in a chamber 

equipped with a 3-grid LEED optics, also used in RFA mode for AES. Both of 

these chambers were also equipped with facilities for ion bombardment and gas 

introduction. 

3. RESULTS 

3.1 XPS Results 

3.1.1 Composition of the Clean Surface 

In contrast to our previous experience with Pt3Ti,2,3 annealed surfaces 

having a or C levels below the detection limit by XPS or AES were obtained 

relatively easily. In the study of any alloy surface, extended ion 

bombardment is undesirable, as preferential sputtering can lead to depletion 

of one component from the near surface region which may be difficult to anneal 

out. Chemical cleaning is preferable when possible, as by oxidation-reduction 

dosing cycles with oxygen and carbon monoxide, hydrogen or ethylene. On the 

CoPt study, we found that, after a brief ion bombardment upon introduction of 

an air exposed crystal to a UHV system, simple oxygen dosing (5x10- 7 torr, 

4730 K) followed by flashing to 10730K produced a clean (O,C free) surface. 

The compositions of the clean, annealed surfaces were calculated from the 

integral areas under the Co 2P3/2 and Pt 4P3/2 XPS peaks using the Scofield 

cross-sections16 together with the analyzer transmission function. A second 
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calculation was made applying the simpler method of using the relative 

integral intensities of the Co 2P3/2 emission in the alloy and the pure metal 

for the same counting time and analyzer geometry. The results were nearly 

identical, e.g. for the [lllJ alloy (18.8 at. % Co) the surface composition of 

19.5 at. % Co by the first and 18.5 at. % by the second method. There was no 

evidence from the XPS analysis of enrichment of the surface in either 

constituent in the clean state. 

3.1.2. Composition of Oxidized Surfaces 

The XPS results e.g. chemical shifts, peak ratios etc., obtained after 

treatment in oxygen in the same conditions were essentially the same for all 

three types of surfaces studied (e.g. polycrystalline, [lllJ and [100J 

oriented). In the following, therefore, the experimental results will be 

described without referring to a specific sample. 

Oxygen chemisorption at room temperature on the alloy surface could be 

detected by XPS from the appearance of the O(ls) peak (Fig. 1). That the 

oxygen was chemisorbed, .as opposed to absorbed into an "oxide" state, was 

indicated both by the O(ls) binding energy and by the invariance of the Co 

(ZP3/Z)/Pt(4P3/Z) XPS peak area ratios (Fig. 2a). We observed that any shift 

in the O(ls) binding energy was directly coordinated with a change in the 
, 

Co/Pt XPS peak area ratio. As we will discuss in detail in Sec. 4, these 

shifts in binding energy and changes in Co/Pt XPS area ratios are indicative 

of the onset of cobalt oxidation accompanied by nucleation of cobalt oxide 

on-top-of the surface. Oxygen chemisorption was found to be completely 

reversible, with complete disappearance of the O(ls) signal upon heating to 

7730 K. Also, all of the oxygen put on the surface at near room temperature 

could be titrated from the surface with CO. When the oxygen dosing was carried 

out at moderately elevated temperature (300-7000 K), the Co/Pt ratio did not 
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change significantly, but a higher annealing temperature and/or a longer 

annealing time was necessary to remove the adsorbed oxygen. 

High temperature (over about 7000K) exposure to oxygen caused the surface 

nucleation of oxidized cobalt, as shown by the relative increase of the 

intensity of the cobalt and oxygen XPS peaks with respect to the platinum peak 

(Fig. 2b). The surface nucleation of cobalt oxide was also confirmed by 

measuring the ratio of the area of the Co and Pt peaks as a function of the 

take-off angle, i.e. the angle formed by the electron analyzer with respect to 

the surface. On the clean alloy surface the variation of the Co/Pt XPS ratio 

as a function of the angle was too small to be detectable. On the oxidized 

surface, the Co/Pt XPS ratio was found to increase with increasing take-off 

angle in exactly the same manner as the O/Pt ratio for CO chemisorbed on Pt. 7• 

This result clearly indicates that oxidized cobalt formed an overlayer on the 

surface, as opposed to forming subsurface oxide nuclei. 7 

A consequence of the growth of cobalt oxide nuclei on-top-of the alloy 

surface was the loss of metallic surface sites which could chemisorb gas 

molecules. This could be seen from the decrease in the amount of CO desorbing 

from the surfaces (Fig. 3) as a function of Co segregation to the surface 

after oxygen dosing. The amount of carbon monoxide adsorbed (to saturation) 

on the surface, determined by TDS, was gradually suppressed as oxidation 

progressed, indicating that the cobalt oxide layer blocked the surface 

adsorbing sites. The reduction of the amount of adsorbed CO was found to be 

approximately a linear function of the intensity of the Co XPS signal, 

suggesting that the cobalt oxide formed an expanding layer of constant 

thickness, i.e. patchwise growth. From this measurement it was possible to 

obtain a value of the Co/Pt XPS intensity ratio corresponding to the formation 

of a compact "monolayer" of cobalt oxide (CoO), i.e. that ratio resulting in 
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complete suppression of CO adsorption. 

Although the position of the Pt(4f) peaks were not affected by Co oxide 

formation, the Co(2p) peaks showed distinct chemical shifts~ In Fig. 4, we 

show a comparison of the Co(2p) peaks relative to a) polyc~stalline Co foil; 

b) clean alloy surface; c) oxidized alloy surface after exposure to 1x10-5 x 5 

min at 7730 K (e.g. 3000 Langmuirs) of oxygen. The XPS Co spectrum of the 

oxidized surface is typical of "CoO" formation. The width of the peaks and 

the presence of a low binding energy shoulder suggests, however, that some of 

the cobalt was in the metallic state, presumably representing photoemission 

from metallic cobalt atoms under the surface. (Note that the peaks at 799 eV 

and 803 eV for the clean alloy surface are Pt Auger transitions.) 

High temperature treatment in vacuum of the oxidized alloy surface led to 

a reduction of the relative intensity of the cobalt and oxygen XPS signals. 

In most cases, we found that annealing at ca. 1100 K in UHV resulted in the 

complete elimination of oxygen from the surface, restoring the original clean 

alloy surface. The temperature at which the sample had been exposed to oxygen 

and the length of the exposure appeared to be the most important factor in 

determining the conditions for eliminating the surface oXlde by heat treating, 

i.e. dosing at higher temperature and for longer times led to a longer time 

needed to eliminate the oxygen from the surface. 

3.2 LEED Results 

A detailed discussion of the LEED analyses are reported elsewhere. 6 

Only a brief restatement of these observations is given here. The pattern of 

the clean annealed [lllJ oriented surface was fcc(lll)-lxl with a surface 

lattice parameter nearly the same as that of a pure Pt(lll) surface. On the 

[lOOJ oriented surface we observed a more complex pattern which could be 

interpreted in terms of a "quasi-hexagonal" surface reconstruction similar to 
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that exhibited by a pure Pt(100) surface, but with a lattice parameter 

contracted by 4% from the "hex" reconstruction on Pt(100). The bulk lattice 

parameter in Pt-20 % Co alloy is contracted by 2.5% relative to pure Pt. 5 

The LEED pattern of the clean surfaces remained unaltered upon exposure 

to oxygen at conditions which did not lead to the formation of oxide 

overlayers, (using the criteria for defining the oxide described in the 

previous section). Superlattice reflections appeared in the LEED pattern only 

after exposure to oxygen under conditions leading to an increase of the 

relative intensity of the Co XPS signals. The LEED pattern observed after 

exposure to oxygen at 5x10-6 torr at 8730 K of the [lllJ oriented surface can 

be described in matrix notation as a 1~·151.1~\. This primitive cell may in 

fact correspond to a 7x7 (7/6=1.17) or a 8x8 (8/7=1.142) coincidence cell.· 

This pattern was the only superlattice pattern observed upon oxidation of the 

[111J surface. Many of the superlattice spots detectable in the pattern were 

interpreted as multiple diffraction spots; such spots can be detected only if 

the overlayer is uniform and of a thickness on the order of a single atomic 

layer. 

On the (100) face, several different LEED patterns due to distinct phases 

of oxidized cobalt overlayers were detected (Table 1). For oxide coverages 

smaller than a monolayer, the superlattice patterns coexisted with the 

"quasi-hexagonal" substrate reconstruction characteristic of the clean CoPt4 
(100) surface. The substrate reconstructed pattern, however, disappeared when 

the oxide coverage approached the monolayer, .leaving only "lxI" type substrate 

spots. The pattern appearing after exposure 

8730 K can be described in matrix notation as 

this phase can be described as c(2x10). The 

to oxygen at 2x10-6 torr at 

[ ~0/9 OJ. The coincidence for 
5/9 1 

primitive unit cell area for this 

phase is approximately the same as that of the (8x8) phase observed on the 
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(111) face. Two equivalent domains were observed, as well as multiple 

diffraction spots, the latter indicating a single layer thickness. 

After further treatment in oxygen at the same pressure, but at the higher 

temperature of 10730 K, the 110/ 9 . 0\ phase disappeared, to be replaced by a 
5/9 1 

different superstructure pattern. This new pattern can be described as a 

c(3/2x3/2), using the Wood notation. Multiple diffraction features were also 

evident in this pattern. A third superlattice pattern was observed either to 

coexist with the c(3/2x3/2) pattern or to be formed exclusively after further 

oxygen dosing of the c(3/2x3/2) structure. In matrix notation the pattern can 

be described as ~ 0\. Multiple order features relative to this phase 
1 12/7 . 

appear to be weak or absent, indicating that the pattern may correspond to a 

multilayer phase. 

4. DISCUSSION 

The stoichiometric, ordered CoPt3 alloy has a heat of formation equal to 

approximately -3.0 Kcal/mole at 914oK. 8 The disordered alloy of the same 

composition has a heat of formation of -2 Kcal/mole at the same temperature. 

Since the heat of formation of cobalt monoxide is considerably more negative 

(-56.9 Kcal/mole at 298oK), simple thermodynamic considerations show that, in 

the presence of any measurable oxygen pressure, the oxidation of the cobalt in 

the alloy is thermodynamically favored. Similar thermodynamic considerations 

were made for the Pt3Ti alloy in a previous study.2 In that case it was shown 

that the formation of an overlayer of titanium oxide, although 

thermodynamically favored at all temperatures ( H = -124 Kcal/mole for TiO), 

was observed only at high temperature. Kinetic factors related to the 

activation energy necessary to transport an atom from below the surface to an 

overlayer on the surface appeared to slow the oxidation process at low 

temperature on Pt3Ti. The same kinetic factors were expected to playa role 
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in the oxidation of the Pt-Co alloy, and indeed surface oxidation was observed 

here only at high temperature, whereas the low temperature interaction of 

oxygen with the surface was chemisorption. 

In general, one would expect that the oxide overlayer might adopt a 

structure similar to that of a bulk oxide at some stage in the growth process. 

However, the substrate/overlayer interaction may cause a considerable 

structural and/or electronic perturbation when the overlayer forms a flat 

layer of single atomic thickness. Oxide layers having a structure close to 

TiO(111) were observed to form in the initial stage of oxidation of the Pt3Ti 

alloy.2 Similarly, in the case of Pt-20% Co, LEED and XPS data are in good 

agreement in identifying the cobalt oxide layer which segregates in the 

initial stage of the oxidation process as cobalt monoxide (CoO). The shift 

towards higher binding energy of the Co(3p) XPS peaks and the presence of 

satellite features permit the identification of CoO on the surface from a 

comparison with the XPS spectra reported9- 13 for bulk cobalt oxides. CoO has 

the fcc, NaCl type structure and the LEED data are interpretable in terms of 

the formation of layers similar in structure to the CoO (111) plane (on both 

the [lllJ and [100J oriented alloy surfaces) and to the CoO (100) plane (on 

the [100J oriented alloy surface), as summarized by the data in Table 2. 

Proposed real-space structural models for these phases are shown in Figs. 5 

and 6. 

In all these ICoO-type" surface oxide phases, some variation in the 

interatomic distances occurs between the surface oxides and the bulk CoO. 

There is an apparent contraction of the in-plane Co-Co bond distance in both 

the CoO(lll)-type and Co(100)-type surface phases relative to the distances in 

the bulk CoO oxide. We found a similar contraction of the Ti-Ti bond length 

in the formation of TiO-(111)-type (TiO also has the NaCl structure) planes 
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upon oxidation of the ordered alloy Pt3Ti. 2 We have interpreted these 

contractions as a buckling of the metal-oxygen planes in order to maximize the 

number of over1ayer metal atoms occupying "on-site" positions with respect to 

the metal atoms below, i.e. the 4-fo1d hollow, bridge and A-top positions, in 

order to satisfy the intermeta11ic bonding that still exists in these 

monatomic over1ayer str~ctures. 

Considerations based on the number of on-site over1ayer Co atoms also 

provides a rationalization for the observed transition in symmetry of the CoO 

over1ayer on the [100J oriented alloy surface between the quasi-hexagonal 

(c(2x10) and the square (c(3/2x3/2)). If both phases form a single atomic 

layer, the coverage in terms of Co atoms per unit surface area is 

approximately the same, consistent with the XPS data that indicated little 

change in coverage during this transition. However, the two structures differ 

in the number of over1ayer Co atoms that can be located on the same type of 

substrate site. For the c(2x10) coincidence cell, half the Co atoms can 

occupy 4-fo1d hollow sites and half the bridge sites on the layer below. For 

the c(3/2x3/2) cell, for every eight Co atoms on the surface, only one can 

occupy a 4-fo1d hollow site, two on a bridge site, and one on an A~top site, 

i.e. only half the atoms are in bonding sites. The C0304-type phase is 

totally incommensurate with the metal substrate, and thus has no Co atoms in 

on-site positions. This progressive loss of Co-Pt metallic bonding 

coordination suggested in these structures is consistent with the 

progressively more oxidizing conditions used for the formation of these 

structures. 

There were three sets of observations that independently support the 

conclusion that the oxide layers grown on the alloy surface under the 

oxidizing conditions used here were all of monatomic thickness: 1.) the 
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linear suppression of CO chemisorption with the surface concentration of Co; 

2.} the functional variation of the Co/Pt XPS ratio with take-off angle; 3.} 

the appearance of double-diffraction spots in LEED. The exception to this was 

the oxide forming under the moxt oxidizing conditions we could use in our UHV 

systems, the incommensurate 12 0 phase that appears to be related 
T 12/7 

structurally to Co304• This structure formed at higher Co/Pt XPS ratios than 

the other phases, did not exhibit the same variation in XPS ratio with 

take-off angle, and the double-diffraction spots were weak or absent. The 

sequence of oxide structures observed here for the Pt- 20 % Co alloy is 

remarkably similar to the sequence we observed previously with the ordered 

alloy Pt3Ti 2, i.e. the formation of a monatomic layer of "MO" followed by 

multilayer formation of the higher oxide (Co304 or Ti02). This was somewhat 

surprising in that the thermochemistry of the Co-O system14 ,15 is much more 

favorable for the formation of "MO" multilayers than is the case in the Ti-O 

system. 2 Apparently kinetic and/or structural effects dictate the transition 

to the growth of multi layers of the higher valent cobalt oxide. 

5. CONCLUSION 

Our results show that oxygen can exist on the Pt-20 % Co alloy surface in 

two different states: a} as a chemisorbed layer; and b} as a cobalt oxide 

overlayer. The properties of chemisorbed oxygen appeared to be very similar 

to those reported for oxygen chemisorbed on pure platinum surfaces. 10 ,11 The 

oxidized overlayer grew as expanding nuclei of monatomic thickness with 

composition CoO and structure similar to that of the bulk CoO phase. The 

oxidation mechanism for the Pt-Co alloy was qualitatively similar to those of 

the Pt-Ti and Pt-Zr alloys studied previously.2-4 The result is nucleation of 

lIMO" islands of monoatomic thickness that randomly "decorate" a nearly pure Pt 

surface. This surface-decoration structure was meta-stable over a narrow range 
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of oxygen partial pressure and surface temperature. At higher temperatures and 

pressures, the islands first coalesced to form a compact monolayer that 

completely blocked the surface for chemisorption, then changed in 

stoichiometry and structure to form a precursor to C0304• The principal 

difference we found in the behavior of the Pt-Co alloy in comparison to the 

other alloys was the complete decomposition of the surface cobalt oxide by 

means of thermal annealing in UHV at relatively moderate temperatures. The 

role of "MO" islands on the catalytic properties of platinum is at present 

still unclear, although several models have been proposed involving electronic 

intermetallic interaction at the edges of the oxide islands. 1 Our results for 

three different Pt alloy systems show that the formation of these oxide 

islands appears to be a general process which occurs for binary alloy where 

one of the two metals is substantially more electropositive than the other. 

ACKNOWlEDGMENT 

This work was supported in part by the Assistant Secretary for Fossil 

Energy, Office of Coal Utilization, Advanced Conversion and Gasification, 

Advanced Energy Conversion Systems Division of the U.S. Department of Energy 

under Contract No. DE-AC03-76SF00098, and in part by the Consiglio Nationale 

delle Recerche, Italy. 



13 

REFERENCES 

1. S. Tauster in "Strong Metal-Support Interactions," R.T.K. Baker, S.J. 

Tauster and J.A. Durnesic, eds., American Chern. Soc., Washington, DC 1985. p. 

1. 

2. U. Bardi and P.N. Ross, J. Vac. Sci. Technol. 4 (1984) 1461. 

3. U. Bardi, D. Dahlgren and P.N. Ross, J. Catal., 100 (1986) 196. 

4. U. Bardi, G.A. Sornorjai and P.N. Ross, J. Vac. Sci. Technol. 2 (1984) 40. 

5. A.H. Geisler and D.L. Martin, J. Appl. Phys. 23 (1952) 375. 

6. U. Bardi, B. Beard and P.N. Ross, Lawrence Berkeley Laboratory Report 

LBL-22205. 

7. G.N. Derry and P.N. Ross, Surf. Sci. 140 (1984) 165. 

8. R. Oriani and W.K. Murphy, Acta Metallurgica, Vol. 10, Sept. 1962, p. 

879. 

9. N.S. McIntyre and M.S. Cook, Anal. Chern. 47 (1975) 2208. 

10. M. Oku and K. Hirokawa, J. of Electron Spectros. and Related Phenorn. 8 

(1976) 475. 

11. K.S. Kim, Phys. Rev. B 11 (1975) 2177. 

12. T.J. Chuang, C.R. Brundle and D.W. Rice, Surf. Sci. 59 (1976) 413. 

13. C.R. Brundle, T.J. Chuang and D.W. Rice, Surf. Sci. 60 (1976) 286. 

14. E. Ankrust and A. Muan, Trans. AIME 230 (1964 ) 379. 

15. A. Schepetkin and G. Chufarov, Russ. J. Inorg. Chern. (Engl. Tranl.) 17 

(1972) 792. 

16. J. Scofield, J. Electron. Spectroscopy 8 (1976) 128. 



14 

Table 1. LEED resul ts for oxidation of [100J alloy crystal. 

Phase Unit Cell Angle Area Rr;,imi tive Notes 
° (A2) Dimensions (A) Cell 

P t ( 100) ( 1 xl) 2.77,2.77 90 7.7 Pt(100) bul k 
termi na ti on 

CoPt4 (100) (lx1) 2.72, 2.72 90 7.4 Bulk data 

10/9 a or 3.02, 3.11 119.05 8.22 

5/9 1 c (2x10) 

c (3/2x3/2) 2.88, 2.88 90 8.29 Oxidized at 
-6 2xl0 torr O2 1073°K 

I~ 0 5.44, 5.40 120.2 25.3 Further oxidation 
of C(3/2 x 3/2) 

11 12/7 

'( 
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Table 2. Comparison of bulk cobalt oxides data and 
oxidized Pt-20% Co alloy. 

Phase 

Bulk CoO (111) 

All oy (111 ) - ( 8x8 ) 

Alloy (100) 

Bu 1 k CoO (1 00 ) 

10/9 0 

5/9 1 

Alloy (100)-c(3/2x3/2) 

Alloy (100) 2 o 

1 12/7 

Uni t Cell 
0 

Dimensions (A) 

3.11 , 3.11 

3.02, 3.02 

3.02, 3.11 

4.27,4.27 

4.1 , 4.1 

5.68, 5.68 

5.44, 5.40 

LEED resul ts for 

angle (degrees) 

120 

120 

119 

90 

90 

120 

120 
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FIGURE CAPTIONS 

Fig. 1. XPS spectrum of the alloy surface showing the Pt(4p3/2) and O(ls) 

peaks. From top to bottom: 3 a a.) 10 L exposure of O2 at 700 K, b.) exposure to 

30 L of O2 at 288oK, c.) clean surface. 

Fig. 2. XPS area ratios as a function of progressively increasing oxygen 

exposure of po1ycrystalline alloy: a.) at room temperature; b.) at 7730 K. 

Open circles: Co(2p3/2)/Pt(2p3/2) area ratio; full circles: 0(ls)/Co(2p3/2) 

area ratio. 

Fig. 3. Amount of carbon monoxide desorbing from the oxidized alloy surface 

as a function of extent of segregation of cobalt (as oxide) to the surface. 

Fig. 4. Co(2p1/2 and 2p3/2) peaks for a.) po1ycrysta11ine cobalt, b.) [100J 

oriented clean alloy surface and c.) oxidized [100J alloy surface. In the 

bottom. spectrum the position of the main Co peaks and the presence of 

satellite peaks are typical of CoO, cobalt monoxide. 

Fig. 5. Model for the "quasi-hexagonal" CoO layer which forms the [100J 

oriented alloy surface. The structure model has been built assuming a 

structure similar to the CoO (111) plane of the bulk fcc-NaCl compound. A 

similar structure forms on the alloy (111) surface. 

Fig. 6. Model for the structure of the c(3/2x3/2) phase of cobalt monoxide 

forming on the alloy (100) surface. 
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