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Abstract 

A simple technique to utilize the Auger spectrum to determine the 

coverages and growth mechanisms of deposits is described. This method 

consists of plotting the Auger peak-to-peak signal intensity from the 

substrate against the similar signal from the adsorbate. This technique 

enables one to study the growth of deposits of any adsorbate-substrate 

system. We apply this method to the calibration of coverage of carbon 

deposits on platinum. 

Work supported by the U. S. Department of Energy. 
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1. Introduction 

The development of Auger Electron Spectroscopy (AES) as a tool 

of ~uantitative surface chemical analysis is being carried out in 

several laboratories (l-8) and is a subject of considerable interest 

to the practitioners of surface science. One of the important problems 

of calibration is the need to determine when monolayer coverage of 

an adsorbate is reached, from the Auger peak intensities. This is 

relatively easy to do when the sticking coefficient is constant 

(l-6), but very difficult when it changes with coverage (7-8). The 

purpose of this paper is to show that by plotting the Auger peak 

intensity due to the substrate against the Auger peak intensity from 

the adsorbate one can readily detect when monolayer coverage is 

reached and thus calibrate the amount adsorbed. This method should 

be applicable to any substrate-adsorbate system as long as the mean 

free path for Auger electron emission for the two peaks are different. 

To demonstrate the utility of this method we have applied it to 

monitor the surface concentrations of carbon on platinum.crystal 

surfaces. 
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2. The Model 

It has been shown by various investigators (1-6) that plotting 

the AES peak heights of the substrate and of the adsorbate as a 

function of time of deposition permits the determination of the 

formation of a monolayer, as well as the growth mechanism. On 

figure 1 we have plotted such curves for a layer-by-layer growth 

mechanism (1-3). In the figure, 15 is the peak-to-oeak intensity 
n 

of the Auger signal due to the substrate covered with n layers of 

adsorbate (1
50 

is the Auger signal intensity due to the clean sub

strate surface), and IA is the Auger signal intensity due ton 
. n 

layers of adsorbate. 

This model has been treated extensively by various authors (1-3). 
, I 

Let us define a.~ = /• as the coefficient of at~enua ti on of the 
So . 

substrate Auger peak due to the presence of a monolayer of adsorbate. 

Then we have the equations: 

(1) 

(2) 

where a.~ is the coefficient of attenuation of the adsorbate Auger 

peak through a monolayer of adsorbat~. 

Therefore, in the case of a layer-by-layer growth mechanism, the 

plot of the Auger peak intensity versus coverage (or time of deposition 

if the sticking coefficient is constant) yields straight lines with 

changing slopes (on account of the changing n value). If the sticking 

coefficient is constant from layer to layer.in the model described 

above, the x a)l.is of figure 1 can be either the time of deposition 

or coverage. Between the breaks on the plot we have straight lines 

(see figure 1); thus, the coverage is proportional to the increase of 
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the adsorbate Auger signal and to the decrease of the substrate Auger 

signal with a coefficient of proportionality chanqing from layer to 

layer. During the formation of the first layer : 

(3a) 

1 
where 80 is the coverage in the first layer , and I/\ and Is are the 

Auger peak intensities corresponding to this coverage. 

Similarly e,r·.:: IT IA- IA, ::. 1-+ ls- Is, (3b) 

2 TAt-- TA, Ist.- ls, 
where 0 1 is the coverage in the second layer. 

We can generalize these formulae (3a and 3b) for the formation 

of the nth layers, 

1'\ I A - J r:, I. -I ( 3c) en -I .:: n - l + n. I - n ·- I -+ . 5 s'fl -I 

JA - J A 1 J n n • n-1 s"- Sn-1 
where Gn-l is the coverage 1 n the nth 1 ayer. 

If we write lA = lA + ~lA, where ~lA is the increase of the 
n-1 

Auger peak intensity due to the adsorbate during the formation of th~ 

nth layer, and use relations (2) to calculate IA - I , equation 
n An-1 

3c becomes: n ~ I (4) 
8 = n-1 + A 
rH (~~r-' IA, 

The breaks that are seen in Figure 1 are only discernible if 

the sticking coefficient is constant. For changing values of the 

sticking coefficient with coverage the curves \'IOuld be smooth and would 

not display the breaks when a monolayer- is completed. 

Changes in the Auger signal intensities upon the completion of 

a monolayer can be seen more dramatically if we plot the substrate 

Auger peak intensity, against the adsorbate Auger peak intensity. 

The information displayed in Figure 1 is replotted in this new form 

in Figure 2. 

The general shape of the curve, the position, and the number of 

breaks give us the following information: 
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1- The general shape yields the growth mechanism. In figure 2 

we have shown three cases. One curve is obtained for a layer-by-

1 ayer growth mechanism (or Franck-Van der f~erwe mechanism). The 

second curve is obtained for the growth of crystallites on top of 

a monolayer (or Stranski-Krastanov mechanism). The last curve is 

obtained for the growth of crystallites directly on the substrate 

(or Volmer-Weber mechanism). The number of breaks determines the 

nature of the growth mechanism. If there is no break in the curve, 

the growth is the Volmer-Weber tyoe. If there is one break it is 

a Stranski-Krastanov type, and if there are several breaks it is 

a Franck-Van der Merwe type. 

2- The first break indicates the formation of the first monolayer. 

The ratio IA /Is of the Auger peak intensities of the adsorbate an 
1 1 

of the substrate is characteristic of the completion of the first mono-

layer. 

3- From equation ( 
• A J.~ 

1), one can calculate the attenuat1on factor a 5 = -· 
I~o 

Similarly for the Auger transitions that are utilized in this study. 

from equation (2), with n=2, we deduce: ~~ .=. IAz. _ 1 
.JA, 

Knowing the attenuation factors we can deduce the inelastic mean 

free path (imfp) of the electrons through layers of adsorbate. This 

relation is deduced from reference 3: 

a = e~~ (-l/0.74A) (5) 

~'lhere A is the inelastic mean free path. 
A 4- Knowing the parameters IA lis and as, we can deduce using 

1 1 1 
equation (3a) a relation giving 80 the coverage in the first layer 

as a function of these parameters and of the Auger peak intensities 

of the adsorbate and substrate at this coverage. 

o 1 (. I.s 1"A, .J~ A)-i 
C7o = i ~ - I "'s ·- o( S 

.I A S, 

(6) 

j 
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3. Application to the Adsorption of Carbon on the Steooed Platinum 

[6(lll)x(lOO)] Crystal Face. 

IJe have used this technique to calibrate the carbon coverage 

on a stepped platinum surface Pt(s)-[6(1ll)x(l00)]. These experiments 

have been carried out in a LEED-Auger system with a retarding grid 

analyzer. After cleaning the crystal by argon sputtering, heating 

in low pressure of oxygen and flashing, we have monitored the carbon 

peak at 272eVand two of the platinum peaks at 64ev and 237eV. For 

the sake of simnlicity we have plotted the Auger neak to peak signal 

intensity from the second derivative spectrum. The change in the 

peak shape might be taken into consideration in order to have an 

accurate calibration; our results show that, at least at our precision 

of measurement assuming that the peak shape does not change with 

coverage, is a good enough approximation. 

The carbon was deposited by decomposing CO by the Auger primary 

electron beam • No oxygen adsorption has been noticed during these 

experiments. We have made runs at 300°C and at 800°C and the results 

are shown in figure 3. 

The curve obtained at low temnerature exhibits a sharp break, 

while the curve obtained at the higher temperature shows a much less 

pronounced break. 

Using the model described in the previous section, we can deduce 

the following informations: 

1- I.Je have two different growth mechanisms; at low temperature it 

is a Stranski-Krastanov type, and at high temperature the Franck-Van 

der r~erwe mechanism. 

2- He can calculate the ratio IA 11 5 corresponding to the monolayer 
1 1 
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for both experir1ents and at two energies of the Auger peak of platinum 

{see tab 1 e 1) • 

3- We can calculate the attenuation factors, and the inelastic mean 

free path of the electrons corresponding to the Auger transitions of the 

platinum and of the carbon through the graphite layer {see table 2). 

4- We deduce the equation yielding the coverage in the first mono

layer for the platinum 237~Vand the carbon 272eVAuger transitions, 

• 
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4. Conclusions 

In this paper, we have described a simple technique to utilize 

the Auger spectrum to determine the growth mechanism of deposits and 

their coverages. This method consists of plotting the Auger peak-to

peak signal intensity due to the substrate against the similar signal 

for the adsorbate. We have shown that the attenuation of the electrons 

and the inelastic mean free path can also be deduced from these 

experiments. 

This technique enables one to study the growth of deposits 

of any adsorbate-substrate system. It appears to be more sensitive 

when the Auger transition of the adsorbate is a high energy peak, 

and the transition of the substrate is a low energy peak. 

We have applied this method to the calibration of carbon on 

platinum. The analysis shows that at low temperature (300°C) a mono

layer of graphite forms, then three-dimensional crystallites grow 

on top of this layer (Stranski-Krastanov mechanism). At high tempera

ture (800°C) a layer-by-layer growth mechanism (Franck~an der Merwe) 

is operative. From the data, we could calibrate the formation of a 

monolayer of graphite on platinum, and calculate the attenuation factors 

for the electrons from the substrate at 64e~ and 237eV for electrons from 

the adsorbate at 272eV through layers of graphite. 
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Figure Captions 

Schematic representation of the Auger peak intensities 

of the substrate and of the adsorbate as a function of 

coverage (or time of deposition) in a layer-by-layer growth 

mechanism. 

Figure 2: Plot of the substrate Auger peak intensity as a function 

of the adsorbate Auger peak intensity. 

Figure 3: Plot of the platinum 64eV Auger peak intensity (upper 

curves) and of the platinum 237 eV Auger peak intensity 

(lower curves) as a function of the carbon 272eV Auger peak 

intensity at two different temperatures. 
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300°C 800°C 

I /I 
c272 Pt64 0.082 0.071 

I II 
c272 Pt237 

3.2 3.3 

Table 1 

Ratio of the intensity of the carbon 272eVAuger peak intensity and of 

the platinum 64eV'and 237eV'Auger peak intensities at the completion of 

the monolayer of graphite for 300°C and 800°C experiments. 

64 eV 237 eV 272 eV 

300°C 800°C 300°C 800°C 800°C 

attenuation factor 0.49 0.41 0.56 0.61 0.59 

·mpf in monolayer 1.9 1.5 2.3 2.7 2.6 of graphite 

~mpf .in Angstrom 6.4 5.0 7.7 9.0 8.7 

Table 2 

Attenuation factors, inelastic mean free path (impf) in monolayers of 

graphite and in Angstroms for electrons having energies corresponding 

to the Auger transitions of platinum at 64eV and 237eVand carbon at 272ev. 

(: 

.) 
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(b) 

800°C 
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