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Observation of the Segregation of Cu to the Surface 
of a Clean, Annealed, 50% Cu-50% Ni Alloy 

by Auger Electron Spectroscopy1 

There has been considerable interest in 
the catalytic properties of the Cu-Ni al- 
loys, with the primary goal of determining 
the relationship between catalytic activity 
and electronic structure (1). In attempting 
to interpret data from the numerous cata- 
lytic studies of these alloys, two factors 
appear to be of prime importance. First, 
what is the effect of the electronic inter- 
action between the Cu and Ni atoms at the 
surface and, second, what is the effect of a 
deviation from the bulk composition in the 
surface layer (1) ? 

To answer the second question there 
have been numerous studies of the Cu-Ni 
alloys by Auger electron spectroscopy 
(AES) (24) with the hope of determining 
the surface composition with this tech- 
nique. For the most part, these workers 
found that the transitions in Cu and Ni 
that should be most surface sensitive, those 
at approximately 60 and 100 eV, could not 
be easily resolved in energy (6’). Most of 
the quantitative measurements were there- 
fore made on Auger transitions ranging 
from 700 to 950 eV, which can be sensitive 
to considerably more than the first layer. 
In these studies the composition as mea- 
sured by the high energy transitions was 
found to follow quite closely that of the 
bulk. 

The sensitivity of AES to the surface 
layer is determined by the escape depth of 
the emitted electrons. This is plotted in 
Fig. 1 for Cu and Ni (7-10) versus the 
electron’s energy above the Fermi level. 
The uncertainty indicated is considered the 
worst case limit on the escape depth. As 
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can be seen from Fig. 1, the high energy 
Auger transitions for Cu and Ni average 
over at least five and possibly up to eight 
atomic layers. Thus, the effect of deviations 
from stoichiometry in the first layer on the 
Auger spectra would be minimal. 

In this letter we report on preliminary 
measurements of the surface composition 
of a 50% Cu-50% Ni crystal of approxi- 
mately (100) orientation by AES at ap- 
proximately 100 eV, the energy range at 
which the best surface sensitivity should 
be attained. We observe a substantial de- 
viation from the bulk composition tending 
toward the Cu-rich side in agreement with 
other indirect measurements (1, 11) and 
a recent calculation of surface composition 
of homogeneous binary alloys (12,’ 18). 

The experiments were performed in a 
standard Varian system with a four-grid 
LEED optics and grazing incidence elec- 
tron gun. Sputtering of the samples for 
cleaning purposes was done using a Varian 
sputter ion gun as described below. System 
base pressure was better than lP” Torr. 

The sample was a 50% Cu-50% Ni 
(atomic percentage) wafer cut from a me- 
chanically polished ingot grown by the 
Bridgman technique. X-ray diffraction in- 
dicated that the wafer was polycrystalline 
with crystallites a few millimeters in 
diameter all with approximately a (100) 
orientation. Electron microprobe analysis 
indicated that the “bulk” composition was 
50 + 5% across the surface of the wafer. 
Cleaning of the samples required a number 
of sputter-anneal cycles to remove sulfur 
present as a bulk impurity. Sputtering was 
done using an argon ion beam of approxi- 
mately 300 eV; the argon pressure was 
approximately 5 X 1O-4 Torr and the cur- 
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FIG. 1. Electron escape depth for Cu and Ni 
plotted as monolayers of Cu versus electron energy 
above the Fermi level 

rent density was approximately 2 fi/cm2. 
Approximately 100 B was removed during 
the ten sputter-anneal cycles. Annealing 
was done at approximately 600°C for 15 
min after each sputter. The “clean” sam- 
ple was characterized by impurity levels as 
indicated in Table 1 where the ratio of the 
second derivative impurity peaks to the Ni/ 
Cu peak at 260 eV are presented at a 
beam energy of 2500 eV. It is estimated 
that the total impurity concentration as in- 
dicated in Table 1 corresponds to less than 
5% of a monolayer. 

In Table 2 the major Auger transitions 
from Cu and Ni and their observed ener- 
gies are indicated. The observed energy is 
defined as the position of the negative 
going peak in the second derivative Auger 
spectrum uncorrected for the electron optics 
work function. The calculated values were 

TABLE 1 
IMPURITY LEVEL ON CLEAN SAMPLE 

Impurity Peak ratio 

Sulfur (150 eV) 0.001 
Carbon (270 eV) 0.0005 
Nitrogen (380 eV) 0.0001 
Oxygen (510 eV) 0.0001 

TABLE 2 
ORSERVIGD AUGER TRANSITION ENERGIES FOR 

Cu AND Ni (ENERGIES IN eV) 

Transition 

Cu Mz,&L.&~ 

Cu MM,.&6 
Cu LaMr,&L 
Cu LMz,aM,,s 
Cu LW,aMw 
N1 MdL.M,.~ 
Ni MM4 dh6 
N1 LMz,&L,a 
N1 L&,&L,, 
Ni LMdL,~ 

Observed 
energy 

58.2 + 0.2 
60.9 + 0.2 

106.0 f 0.5 
778 * 3 
848 f 3 
920 f 2 

61.0 f 0.5 
100.0 f 0.5 

714 + 2 
778 + 3 
848 + 3 

Calculated 
energy 

63 

109 
770 
845 
920 

62 
106 
713 
781 
849 

taken from Coghlan and Clausing (14)) 
obtained using the method of Chung and 
Jenkins (16). 

An Auger second derivative spectrum 
from the sample is shown for energies 
greater than 700 eV in Fig. 2a for the 
clean, annealed sample and in Fig. 2b for 
the sample after sputtering for 5 min. As 
discussed above, the transitions between 
700 and 950 eV are sensitive to ap- 
proximately 5-8 monolayers. Both Cu 

FIG. 2. Second Derivative Auger spectrum of a 
50y0 Cu-50?& Ni sample plotted versus the electrons 
energy for energies greater than 700 eV. 
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(L,M,,,M,,, transition at 920 eV) and Ni 
V&L,&,,, transition at 714 eV) are 
clearly present in this spectra. A crude 
measure (16) of the Ni/Cu ratio, R(Ni/ 
Cu), within this depth can be obtained by 
taking the ratio of the L,M,,,M,,, transi- 
tion strengths (16, 17). For the sputtered 
sample, RL3 (Ni/Cu) = 1.0 + 0.1; for the 
annealed sample, RL3 (Ni/Cu) = 0.55 f 
0.025. The composition of the first five 
monolayers is therefore severely affected 
by the surface treatment, as found by other 
workers. 

To obtain better sensitivity to the sur- 
face layer, one would like to use the 
M&L,&,, transitions due to their 
strength. For Cu and Ni, however, these 
transitions are too closely spaced in en- 
ergy to be resolved (see Table 2). The 
M,M,,,M,,, transitions, however, although 
much weaker, could be resolved in this ex- 
periment and therefore provided a means of 
looking much closer to the surface. 

In Fig. 3 the Auger spectrum at around 
100 eV is plotted for the same conditions 
as those of Fig. 2. For the clean annealed 
surface, no Ni whatsoever is detected (18). 

FIG. 3. Second Derivative Auger spectrum of a 
.?O% C1~-500/~ Ni sample in the energy around 
100 eV. 

After sputtering, however, some Ni is de- 
tected, consistent with the changes ob- 
served in the high energy transitions. As 
with the high energy transitions, a crude 
estimate of the Ni/Cu ratio can be ob- 
tained by taking the ratio of the 
M,M,,,M,,, transition strengths. RN, (Ni/ 
Cu) for the sputtered and annealed sample 
determined in this way are 0.2 k 0.025 

and 0.0 +0.5 
i .t -oo , respectively (18). Further 

annealing after sputtering reproduces the 
curve of Fig. 3b. 

The variation in the Cu-Ni ratio be- 
tween the L,M,,,M,,, transition where sub- 
stantial quantities of Ni were observed and 
the M,M,,,M,,, transition where no Ni is 
observed is consistent with the variation in 
electron escape depth with electron energy. 
From Fig. 1 at 100 eV, the M,M,,,M,,, 
transition measures approximately l-3 
monolayers which, for the annealed sam- 
ple, is virtually 100% Cu. At approxi- 
mately 900 eV, however, the L,M,,,M,, 
transition averages over approximately 5-8 
monolayers where appreciable amounts of 
Ni are detected. 

The data we have obtained on only one 
alloy composition of one crystallographic 
direction are not sufficient to distinguish 
between the various models that predict 
surface segregation for the Cu-Ni alloys 
(11-13, 19). One model due to Sachther 
and co-workers and Takasu and Shimiau 
suggest that the Cu-Ni alloys are not mis- 
cible for all compositions at low tempera- 
ture (below z 300°C). One thus might ex- 
pect phase separation at the surface as 
observed in this work. In a more recent 
work, Williams and co-workers have cal- 
culated the surface composition of miscible 
binary alloys using a broken bond model 
and regular solution theory (12, 1s). For 
Cu-Ni the atom fraction of Ni in the first 
atomic layer is plotted versus the bulk 
atom fraction in Fig. 4 (12, IS). The bar 
at a 50/50 bulk composition is the data 
from the present work. It should be noted 
that this theory has been applied with suc- 
cess to the Au-Ni system where substantial 
enrichment of the surface in Au has been 
reported (800). 
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Fro. 4. Calculated values of first-layer atom frac- 
tion of Ni versus bulk atom fraction of Ni from 
Refs. (12) and (13). 
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