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The interaction of Ni(CO),/CO gas mixtures with Cu( 111) and Cu( 110) single crystal surfaces 

has been studied with ellipsometry, Auger electron spectroscopy, LEED and argon ion depth 

profiling. At room temperature Ni atoms with some CO ligands remain at the surface. The amount 

of Ni that can be deposited is less than one monolayer. The alloy surface is able to bind CO. After 

exposures above 22O”C, the initially deposited amount of Ni resides below the first layer of Cu 

atoms. The amount of Ni that can be deposited is essentially unlimited. The alloy surfaces show no 

contamination of C or 0 at the surface or in deeper layers. The Ni concentration profile below the 

surface is bell shaped and is metastable up to 400-450°C. The ellipsometric data can be 

understood if one assumes that a significant fraction of voids are present in the Cu-Ni layer. 

1. Introduction 

The practical importance of alloys in heterogeneous catalysis is widely 
known. Unsupported alloys, used to study the structure and reactivity in UHV 
systems with surface analytical equipment, are generally prepared by melting 
the pure components together in an unreactive crucible. A second method of 
preparing alloys is vapour deposition of one metal on the surface of another. 
As has been published before [l], it is also possible to obtain surface alloys by 
exposing a metal surface to a volatile metal compound (such as Ni(CO),). It 
was shown that Cu( lOO)-Ni surface alloys, with a reproducible amount of Ni 
in the surface layers, could thus be prepared. In this paper we report on the 
preparation of Cu(l1 I)-Ni and Cu( 1 IO)-Ni alloys by decomposition of 
Ni(CO),. The deposition of Ni is continuously monitored with ellipsometry 

and the surface layers have been characterized with Auger electron spectros- 
copy, LEED and Ar ion depth profiling. Some results on the chemistry of these 
surface alloys have been presented previously [2,3]. 

2. Experimental 

The experiments were performed in a standard UHV system [4] provided 
with facilities for AES, LEED and ellipsometry. Auger spectra were recorded 
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with a four-grid retarding field analyser. The current of the primary beam was 
30 pA, its energy 2500 eV and the angle of incidence 7” with the plane of the 
surface. The modulation voltage was 2 VP-r for the low energy part of the 
spectrum (95- 110 eV). Since the mean effective escape depth X of electrons 
with this energy is about 3.6 A [5], the amount of nickel in this layer can be 

found from x,_ = kLh,O,/(kLh,O, + h,,,) where h,,, and h,,, are the peak-to- 
peak heights of the Ni (M,M,,,M,,S) 101 eV and Cu (M,M,_,M,,S) 105 eV 
peaks in the derivative Auger spectra. k, is the relative elemental sensitivity 

factor, taken to be 1.4 [5]. The high energy part of the spectrum was recorded 

with a modulation voltage of 10 VP-r. Since X is larger for electrons with 

energies between 720 and 920 eV, the amount of nickel xn in the first 668 

atomic layers can be calculated from xn = k,h,zo/( kHhT10 + i~,,~), where k, 

is the relative element sensitivity factor between the Ni (L,M,,,M,,,) 720 eV 
peak and the Cu (L3M4.5M4,5) 920 eV peak which we determined to be 2.5. 

The ellipsometric procedure - two-zone measurements and off-null irradi- 
ante measurements - was as described in ref. [6]. The parameters SA and Sli, _ - 
are defined as A-A and &- # respectively, where A, 4 are the values for the 
clean copper surfaces. For a substrate with an overlayer both SA and S$ are in 
the simplest approximation proportional to the layer thickness or coverage [7]. 
The two proportionality constants are different, however, and for quantitative 
analysis the relationship should be established experimentally. The wavelength 
of the incident light beam was 632.8 nm and the angle of incidence 70 + 1”. 
The azimuth a, defined as the angle between the plane of incidence of the light 

beam and the [I lo] direction of the (110) surface, was 35” for the two Cu( 110) 
crystals used in this work. Cycles of sputtering (500-800 eV, 5 PA/cm*, angle 
of incidence 45”, 5 X 10-j Pa Ar) and annealing (450°C) were applied to clean 
the surfaces. Auger spectra showed that the amount of any contaminant on the 

surface was less than 0.05 monolayer. Nickel carbonyl was synthesized as 
described before [ 11. Because the fraction of CO in the nickel carbonyl-carbon 
monoxide gas mixture is unknown, the amount of nickel carbonyl admitted to 
the vacuum chamber is expressed as total pressure times time. During all 
exposures the gas was continuously renewed by pumping with the turbomolec- 
ular pump. 

3. Results 

Gas mixtures of Ni(CO), and CO were admitted to clean and annealed 
Cu(ll1) or Cu(ll0) surfaces at pressures from 5 X 10e5 to 1 Pa and crystal 
temperatures of 22 and 220-450°C. Fig. 1 shows the changes in A and 4 as a 
function of time when Cu( 110) and Cu( 111) were exposed to Ni(CO),/CO at 
room temperature. When no further change in M or S# could be detected, 
evacuation of the system caused a decrease in M while S$ remained constant. 
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Fig. 1. &A and S$ as a function of Ni(CO),/CO exposure at room temperature: (- - 
Cu( 110), ( -) Cu(lll). 

Auger spectra recorded immediately after evacuation, but before SA reached 
zero, showed besides nickel (xH = 0.15, xL = 0.15 for Cu(ll0) and xH = 0.22, 
x,_ = 0.26 for Cu( 111)) also a large amount of carbon, 8, = 0.5 monolayer, and 
some oxygen. Heating the crystal in vacuum to 270°C decreased the carbon 
coverage while the oxygen Auger signal disappeared almost completely (f& < 
0.05 monolayer). No carbon could be detected when the crystal was first 
heated to 270°C after a Ni(CO),/CO exposure at room temperature. 

In fig. 2 the changes in A and + are depicted as a function of the total 
exposure ( =ptota, x time) at constant total pressure and at a crystal tempera- 
ture of 22O’C for Cu( 110) and Cu( 111). Initially SA is negative but it becomes 
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Fig. 2. SA and 84 versus Ni(CO),/CO exposure at a crystal temperature of 220°C: (- - -) 

Cu( 1 lo), (- ) Cu(lll). 



C. M.A. M. M&em et al. / Cu(l I I) - Ni and &(I IO) - Ni surface alloys 399 

positive at longer exposures. It appears that the changes in 6A and Sic, are 
similar on the two crystallographic orientations of the copper surfaces, al- 
though the value of S$J at which SA becomes positive is significantly smaller for 
Cu( 111) than for Cu( 110) (0.5’ and 1.2’ respectively). Since SI,L is linear in the 

Ni(CO),/CO exposure, we assume that in this case S$J is also proportional to 
the amount of nickel deposited. The reaction rate, defined as d(S+)/dt, 

appeared to be proportional to pa where a lies between 1 and 2 for both 
copper surfaces. Due to the way of preparation of Ni(CO), and the continuous 
decomposition of Ni(CO), in the UHV system, the partial pressure of Ni(CO), 

is unknown and different for each experiment. For these reasons it is not 
possible to compare the absolute reaction rates for the two different copper 
surfaces. After evacuation of the vacuum chamber we observed no change in 

M and S$ for the Cu( 110) surface. The deposition of Ni on Cu( 11 l), however, 
did not stop immediately. For about 1 min after evacuation S+ increased even 
more rapidly than during exposure to the Ni(CO),/CO mixture. The extent of 
the change in S$ after evacuation increased with increasing pressure during 

deposition (0.05” at J+,_, = 1 X lo-’ Pa and 0.2’ at ptota, = 1 Pa). This 
observation is not due to a large background pressure since the time needed to 
evacuate the system to below lop6 Pa was smaller than the time needed to 
reach a constant value of 64. No increase in S# was observed after re-admit- 

ting a pressure of lop6 Pa to the vacuum chamber. With Cu(ll1) we also 
observed a decrease in SA continuing for some minutes after evacuation. Fig. 3 
shows an example of the changes in xL and xu after increasing Ni(CO),/CO 

exposures at a crystal temperature of 220°C for Cu( 111) and Cu( 110). Initially 
there is no evidence for the Ni 101 eV peak although the Cu 105 eV peak 

slightly decreases. The ratio h,.Jh,,,, on the other hand, changes im- 
mediately due to an increase in the combined Cu - Ni 850 eV peak and a 
decrease in the Cu 920 eV peak. Deposition of Ni on Cu( 111) and Cu( 110) up 
to xu = xi_ = 1 did not cause any detectable contamination of carbon or 
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Fig. 3. The average mol fraction of Ni in the first 2 layers (xL) and first 6-8 layers (x,) as a 

function of Ni(CO),/CO exposure at 22O’C: (- - -_) Cu(1 IO), (---- ) Cu(ll1). 



400 C.M.A.M. Mesters et al. / Cu(Ill)- NI and Cu(llO)- Ni surface ollo,vs 

oxygen. After a Ni(CO),/CO exposure, LEED patterns showed no change 
from the (1 X 1) structure of pure Cu(ll1) and Cu(l lo), although a steady 
increase in background intensity was observed. 

The composition of the surface layers of the Cu( 11 I)-Ni and Cu( 1 IO)-Ni 
alloys, prepared by decomposition of Ni(CO),, is not constant after evacua- 
tion. The nickel content decreases as a function of time at a crystal tempera- 

ture of 220°C and a background pressure below lo-’ Pa. In fig. 4, xt_ and xt, 
are given as a function of time for different amounts of Ni deposited on 
Cu( 111) and Cu( 110). x,_ is zero for a small amount of nickel deposited and xr, 

remains constant in this case, as shown by the two horizontal lines in fig. 4 for 
Cu( 111) and Cu( 110). When larger amounts of nickel are deposited, both x,, 

and xr slowly decrease to a constant value over a period of 100-200 h for both 
surfaces. When no significant change was observed in .~u and x1*, the alloys 
were sputtered at room temperature. In fig. 5 the values of xu and x,_ are given 
as a function of the sputtering time for alloys containing different amounts of 
nickel. Initially we observe a large increase in x,_ and xu after which the values 

steadily decrease to zero for both Cu( 11 I)-Ni and Cu( 1 IO)-Ni. During these 
sputter experiments we did not observe any carbon or oxygen. 

The amount of nickel in the surface layers was also a function of the crystal 
temperature. After preparation of the alloy surfaces at 220°C and stabilization 
at the same temperature, the crystal temperature was changed and the surface 
composition was measured as a function of time. Decreasing the crystal 

temperature caused no change in xn or x,_ within the period of two weeks as 

measured on Cu(1 IO)-Ni. On Cu(l1 I)-Ni, however, we observed a small, 

though significant, increase in xu. Increasing the crystal temperature caused a 

rapid decrease in the values of xu and xt_ after which they remained constant 

for at least 48 h. These constant values are given in fig. 6 as a function of 
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Fig. 4. Changes in xL and xH as a function of time at 220°C after Ni deposition on Cu( 110) (- - 

-) and Cu(ll1) (- ) at 22O’C. The lower two horizontal lines refer to a small amount of 

nickel deposited such that xL = 0. 
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Fig. 5. Changes in xH and x,_ as a function of sputter time at room temperature: (- - -) 

Cu(1 IO), (- ) Cu( 111). Arrows show the effect of a 16 h delay. Note that during this time the 

amount of Ni near the surface decreases. 

T 
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Fig. 6. Amount of Ni in the surface layers for Cu(llO)-Ni and Cu(lll)-Ni at different 

temperatures. With increasing temperature Ni is seen to dissolve completely in the Cu crystal. 

crystal temperature for different amounts of nickel deposited on both Cu( 111) 
and Cu( 110). 



4. Discussion 

4. I. Room temperature experiments 

At room temperature the adsorption of Ni(CO),/CO gas mixtures at a 
Cu(ll0) surface saturates at a value of S+ = 0.3” and mol fraction of nickel in 
the first two and six layers of xL = 0.15 and xu = 0.15 respectively. For 
Cu( 111) the corresponding values are S$ = 0.4” and xL = 0.26 and xn = 0.22. 

Since Auger spectra show both carbon and oxygen to be present, some sort of 
Ni(CO), species must exist on the surface. This may be either partially 

decomposed nickel carbonyl or physisorbed Ni(CO),. Because of the following 
experimental evidence it is likely to assume that both species are present at the 

surface: (i) The decrease in M after evacuating the system can be ascribed to 
CO desorption, as has been done in ref. [2] for a Cu( 1 IO)-Ni( 1”) surface 
exposed to CO. Apparently no desorption of Ni(CO), takes place since S$ 

remains constant. (ii) Adsorbed CO can be removed by heating the crystal 
before performing an AES measurement (which always leads to some dispro- 
portionation of CO). (iii) The amount of nickel, as revealed by the low energy 
Auger transitions, xL = 0.15, is too large to be ascribed only to adsorbed nickel 
carbonyl molecules. The mean area of a nickel carbonyl molecule is 0.25 nm2 
[8] and the area of the Cu(ll0) unit cell is 0.093 nm2, so it is obvious that 
nickel carbonyl remains at the surface. Strictly based on geometrical data, the 
maximum monolayer coverage of Ni(CO), on Cu( 110) is BN,1co,4 = 0.37, on 

Cu(’ 11) 4%(CO), = 0.23. Saturation then occurs when the whole surface is 

covered with one monolayer of Ni(CO),, since the actual pressure is much 
lower than the critical pressure at room temperature to form multilayers of 
nickel carbonyl. Performing the calculations as done by Webber et al. [5] to 
obtain the calculated amount of nickel, one finds xL.ca,c = 0.08 (using a mean 
free escape depth of low energy Auger electrons of 3.7 A, a nickel fraction in 
the first layer of 0.37 and zero in the second and following layers). This 
calculated fraction of nickel is significantly lower than the experimental value, 
so one can conclude that besides physisorbed nickel carbonyl also partially or 
completely decomposed Ni(CO), has to be present at the surface. 

Kishi et al. [8] measured with XPS that Ni(CO), adsorbs, and partially 
decomposes, at an iron film at 90 K. After heating the film to 290 K they 
observed only atomic nickel to be present due to desorption and decomposi- 
tion of nickel carbonyl. Palladium films at 90 K adsorb nickel carbonyl only 
molecularly, whereas at 290 K only atomic nickel is present at the surface. A 
remarkable difference is the amount of nickel which at room temperature can 
be deposited at the surfaces of both films with respect to the Cu( 110) single 
crystal. On both metals the amount could increase to 100% of a mono-atomic 
nickel layer, as still no saturation occurred, whereas on Cu( 110) at most an 
amount of xL = 0.15 could be reached. This is probably due to the form in 



C.M.A.M. Mesters et al. / Cu(lII)-Ni and Cu(llO)- Ni surface alloys 403 

which nickel is present at the surface and the structure of the surface itself. It 
has been shown that already at a rather low crystal temperature of 150°C, 
nickel atoms are able to penetrate the surface of a Cu(100) crystal [l] after 
being deposited via nickel carbonyl. In this paper we show that nickel, after 
being deposited at room temperature, disappears from the first surface layers 
when the crystal temperature was increased. It is also well known that 
diffusion or migration is much faster than in single crystals, due to the 
presence of grain boundaries. The differences in amounts of nickel which can 
be deposited on iron and palladium films and on a Cu( 110) single crystal can 
then be explained by assuming that at films, even at room temperature, nickel 
atoms do not remain at the outermost surface layer but are able to penetrate to 

deeper layers. 

4.2. Experiments at 220°C 

The interaction of Ni(CO), with Cu( 110) and Cu( 111) at a crystal tempera- 
ture of 200°C is very similar that on Cu( 100) above 15O’C [ 11. The changes in 
SA, S+, xL and xH occur in the same way, although there is a slight difference 
in the values of 6A, S# and xu for which xL is no longer zero (see table 1). The 
amount of nickel in the near surface layer (as measured by xL) starts to 
increase for higher values of xu in going to the more open copper surfaces. 
This suggests that the actual penetration of nickel into the crystal is easier for 
the more open surfaces. The same conclusion can be drawn from the data of 
penetrated nickel at constant 84, i.e. at a constant amount of nickel in the first 
few hundred layers, as measured by ellipsometry. For the densely packed 
Cu(ll1) face, the mole fraction of nickel in the first 6-8 layers (xu) is 
significantly higher than for the more open faces (see table 1). Moreover, on 
Cu( 11 l), removal of the Ni(CO),/CO gas pressure did not cause S$ to become 
constant immediately, as was the case for Cu( 110). This also points to a slower 
penetration process from this more closely packed face. 

From total exposures and estimated amounts of Ni(CO), an upper limit of 

Table 1 
Comparison of Ni deposition on different Cu surfaces; the top two lines give the average Ni 

fraction in the first 6-8 layers and the corresponding S# values when the Ni 101 eV first appears; 

the second two lines give the amount of Ni at constant S$ = 1; for comparison the atomic density 

is given 

Cu(lll) Cu( 100) Cu(ll0) 

i; (deg) 

0.15 0.10 0.25 

0.5 0.7 1.1 

W (deg) 1.0 1.0 1.0 

XH 0.45 0.30 0.20 

Atomic density 2.31/a* 2.00/a2 1.41/a* 



404 C. M.A. M. Mesrers er al. / Cu(l I I) - Ni and Cu(/ IO) - NI surfu~e UII~~S 

the amount of nickel deposited on the crystals may be calculated. In all cases 
this is negligible, compared to the number of copper atoms in the crystals. This 
can also be deduced from the time needed to sputter-clean the surface alloy 

crystals. One would thus expect that eventually a homogeneous mixed crystal 
would be formed, with overall nickel content of about zero. Although at high 
nickel mol fractions some relaxation is observed (see fig. 4), this does not 

happen for lower initial amounts of nickel and, moreover, in all cases a 
(meta)stable surface alloy results. The initial decrease in xu and xL, after large 
amounts of nickel have been deposited, upon evacuation can be explained by a 
CO induced nickel segregation during deposition. It has been shown that even 
at room temperature CO is able to attract Ni to the surface [2]. After 
evacuation, the amount of Ni re-distributes to a steady state depth profile. This 
somewhat unusual non-uniform Ni distribution (see fig. 5) can in fact be 

metastable as shown in a separate publication [9]. Similar considerations apply 
to a sputtered surface. As shown in fig. 5, the nickel content in the outer layers 
changes when the ion bombardment is interrupted and the system is allowed to 
equilibrate at room temperature. This process is expected to be very slow 
compared to the equilibration at 220°C. So a 12 h waiting period will certainly 
not produce the equilibrium nickel distribution appropriate for this tempera- 

ture. 

4.3. Depth profiles 

We now turn to the sputter profiles given in fig. 5. In contrast to the well 
annealed Cu-Ni alloys, where it is generally accepted that the surface is 
enriched in copper (see ref. [lo]), the literature is not unequivocal with respect 
to the surface composition of the sputtered alloys. Although there is no doubt 
about the preferential sputtering of copper from clean surface alloys, the depth 
profile of the altered layer [ 1 I ] and especially the surface composition of the 
altered layer is ambiguous. With ion scattering Swartzfager et al. [ 121 measured 
the surface composition to be equal to the bulk composition. The depth profile 
showed a remarkable copper deficiency in the second and the third layer which 
monotonically decayed towards the bulk composition. With AES [l3- 151 and 
SIMS [16] it was shown that the surface composition of the altered layer was 
enriched in nickel with respect to the bulk. A depth profile showed a mono- 
tonic decrease towards the bulk concentration. The instant increase in Ni 
content, observed in fig. 5, is much larger than any increase observed with AES 
due to sputtering of a Cu-Ni alloy at room temperature. From this we 
conclude that it is not just a matter of preferential sputtering of copper, but an 
actual higher Ni content in layers below the surface. Since xL and xn are 
essentially equal after 5 min of sputtering, which suggests the same average 
amount of nickel in about 3 and 8 layers, this nickel enrichment cannot be due 
to a depletion of copper in the following layers [ 121. 
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In order to obtain a more quantitative picture of the Ni depth profile we use 

the following equation [12], which pertains to an altered layer near the surface 
(mol fraction of nickel x’) and a bulk-like layer behind it with mol fraction of 
nickel xh( z), depending on distance from the original surface: 

dx” 
-= -zS,,x”+Xh(z) I[x”S,,+(l -Xb)Scu] 
dt 

+Phsxh(z) - q\g, (1) 
where x’ is the average amount of Ni in the altered layer, xb the fraction of Ni 
at depth z below the original surface, I the total ion flux (ions/s), S the sputter 
coefficient (atoms/ion), P,, the probability of a Ni atom jumping from bulk to 
surface, and PSh the reverse probability. 

When the ion beam is switched off, x* will change due to diffusion or 

segregation from or towards the surface. We did not observe an immediate 
change in both xi_ and xu when the ion beam was switched off. Only after 12 h 
the amounts had changed, as indicated in fig. 5. Therefore the last two terms of 

eq. (1) are small with respect to the sputtering time. Neglecting these terms, the 
solution of eq. (1) is given by the following equations, taking x‘(O) = 0 (see also 
ref. [ 141): 

x”(z) 

x”(t)= (1 -xh(z))R+xh(z) 

(2) 
R = SNi/Sc,. (3) 

In eq. (2) the first term gives the dependence of x”(t) on x’(z), when no more 
change in x’(t) occurs due to preferential sputtering. The exponential term in 

1 I I I / I I I I I 

Cu(llO)-Ni(5”) 

0 500 

ATOM LAYER - 

Fig. 7. Depth profile of Ni in Cu( 111) and Cu(1 lo), calculated from the data in fig. 5. The numbers 

in parentheses refer to the value of 84 at which the Ni(CO),/CO exposure at 220°C was stopped. 

A higher value indicates a larger amount of nickel. 
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eq. (2) is much smaller than unity for times of the order of minutes (taking 
I= 5 X 1O-6 A/cm2, SNi = 1.3 and S,., = 2). Fig. 7 shows the depth profile for 

Ni, deposited from Ni(CO),, in Cu( 111) and Cu( 110). In converting the data 
to a distance scale, we have assumed that on the average 1.8 surface atom 

(either copper or nickel) is removed per incident Ar+ ion. 

4.4. Thermodynamic aspects 

As remarked before, our surface alloys cannot be in true thermodynamic 
equilibrium, since the macroscopic composition is almost pure copper. A 
miscibility gap has been reported for the Cu-Ni system (171, which at 200°C 
leads to coexisting phases of composition 29% Ni and 98% Ni. Nevertheless 
our surface remained stable (apart from CO or 0, induced segregation effects) 
for days at very different (sub)surface concentrations. Fig. 6 shows the 
composition-temperature diagram for our surface alloys. Equilibrium was 
reached after an increase in temperature in a period of some 10 to 20 min. It 
can be seen from this figure that the concentration of nickel rises in going into 

the crystal (x,, the average amount of nickel in the first few layers is always 

less than xu, the average amount in a larger number of layers). The difference 

between xu and x,_ becomes smaller at higher temperature, which implies a 

“flatter” Ni profile as a function of distance from the surface. Finally, around 

400-450°C complete dissolution of all nickel takes place as dictated by 
thermodynamics. One can thus assign a critical temperature of about 450°C to 
our surface alloys, below which a non-uniform concentration profile is meta- 
stable. This value may be compared with the wide range of lOO-8OO’C [18] 
reported for bulk alloys. 

4.5. Ellipsometric calculations 

In order to rationalize the ellipsometric results accompanying nickel deposi- 
tion and penetration (fig. 2) we have used the standard model of an overlayer 
(Cu-Ni) on a pure substrate (Cu). The dielectric constant of the overlayer (e) 
was taken to be given by the Lorentz-Lorenz expression [ 191 

e-1 -1 
-= 
z + 2 f 

CC” ENi- 1 
___ + 2 e,,+2’ (4) 

where the f, denote mol fractions. 
If the substrate and adsorbed layer are considered isotropic, and 

A and #. Guided by experience 
from ellipsometric measurements on silicon, where in some systems a fraction 
of voids is necessary to obtain agreement with measured optical constant over 
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Fig. 8. Theoretical 6A and S# for a Cu/Ni overlayer with vacancies on a pure copper substrate. 

The total amount of Ni (mol fraction times layer thickness) is given on the lower axis, the 

corresponding layer thickness (in nm) on the upper axis. Due to the assumed step function for the 

concentration profile, these thicknesses differ from those in fig. 7. 

a large spectral region [20], we have also used a variable fraction of “ vacuum” 
in eq. (4). This amounts to puttingfc, + fN, < 1, since evacuum = 1. In this case 
we are able to calculate values for A and I,L which are even quantitatively in 
agreement with the data in fig. 2 (see fig. 8). The fraction of voids must then be 
l/10 of the fraction of nickel in the overlayer. From this assumed overlayer 
one may in turn compute values for the mol fractions xn and xi_ as measured 
by AES, taking into account the electron escape depth. These are also in good 

agreement with experiment. It thus seems that voids do occur in our surface 
alloys and they might account for the observed change of xi_ and xu with time 
(fig. 4) or temperature (fig. 5). Since they facilitate diffusion processes, but 
only in the region where the voids occur, they affect the Cu-Ni layer mainly 
near the surface and will inhibit complete dissolution of all nickel atoms. 

5. Conclusions 

(1) Adsorption of Ni(CO), on copper surfaces at room temperature leads to 
adsorbed Ni(CO), species with x = 0, 1,. . . ,4. 

(2) Adsorption of Ni(CO), at 220°C leads to complete dissociation of the 
nickel carbonyl, no CO, C or 0 remaining on the surface. Nickel is deposited 
initially in deeper layers of the crystal, but close enough to the surface to be 
measurable with AES. Penetration of nickel is easier on the more open crystal 
faces. 



(3) Sputter profiles show that the Ni content of the crystal increases in 
going into the crystal and may reach values close to unity before decaying 

again to zero over about S30-2000 layers. 
(4) A critical temperature of 400-450°C may be assigned to the surface 

alloys, below which this non-uniform Ni distribution is (meta)stable. 

(5) Ellipsometry indicates that in the Cu-Ni layer a significant fraction of 
voids are present which facilitate inter-diffusion and chemisorption induced 
segregation. 
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