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Manifestation of substituent efFects in the Auger parameter
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The Auger parameter is composed of contributions from both Auger and photoelectron energies;
it is held to be a function of only extra-atomic relaxation (i.e., ligand polarization). Its correlation
with the Hammett-Taft inductive substituent constant demonstrates this to be true. Further, both
the Auger and photoelectron energies are also demonstrated to correlate with the same substituent
constant. This fact is used to separate direct and indirect contributions to the extra-atomic relaxa-
tion.

INTRODUCTION

In an effort to avoid Auger energy-shift problems due
to substrate charging, Wagner proposed' the use of an
energy difference, reasoning that both peaks should ex-
perience the same energy shift due to substrate changing.
This difference, which he defined as that between the ki-
netic energy of the most intense Auger peak and the ki-
netic energy of the most intense photoelectron peak, was
termed the Auger parameter, a. Making reasonable as-
sumptions about the constancy of certain energy com-
ponents on going from the atom to the molecule, ' the
Auger parameter was shown' to be due entirely to
extra-atomic relaxation (i.e., ligand polarization).

A problem with the definition of a is that it could be
negative, depending on the relative positions of the most
intense Auger and photoelectron peaks. In an effort to
avoid this perceived problem, Wagner initially' pro-
posed the arbitrary addition of 1000 or 2000 to the nega-
tive value of a, to give a positive value; ultimately, he
adopted the solution of Gaarenstroom and Winograd,
who de6ned a' as the sum of the kinetic energy of the
Auger peak (E„)and the binding energy of the photoelec-
tron peak (Ett). Being equal to a+hv, the energy of the
exciting radiation, it, too, is due entirely to extra-atomic
relaxation.

Now, this dependence on extra-atomic relaxation can
be demonstrated in the case of substituents well charac-
terized in terms of their polarization contributions. One
such type of characterization, already at hand, is the use
of the Hammett-Taft inductive substituent constant,
0 i. Substituent constants are based on the demonstra-
tion that a given substituent has a similar effect on both
rate and equilibrium, irrespective of the molecule on
which it is placed. Taft showed that they could be
separated into components, one of which (crt) was due
only to inductive contributions. For those substituents
which manifest only inductive contributions, the depen-
dence of the Auger parameter on polarization would be
demonstrated by its correlation with o.l. While originally
developed for organic systems, these substituent con-

RESULTS

The following examples are taken from several of the
compilations made by Wagner and others, and correlated
with the or values from the comprehensive and critical
compilation of Gordon and Ford. The examples chosen
are representative rather than exhaustive.

Br: the data, taken from Ref. 12, are found in Table I
and plotted in Fig. 1. The correlation of ba' with ol is
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FIG. 1. A plot of the Auger parameters of Br vs got: 0,
bEg', 0, hE„; O, ba'.

stants have recently been shown' '" to be equally applic-
able to inorganic systems.

The purpose of this paper is to demonstrate that,
within certain constraints, b,a' (=b,a) does, indeed,
correlate with got. These constraints include uncer-
tainties due to the use of several sources for any series of
values, as well as errors in calibration and measurement.
Quite apart from this, these correlations will demonstrate
that Aa' contains both direct and indirect effects and that
it is possible to separate them, so that they can be studied
individually. Here, indirect refers to an event which pre-
cedes the emission of the Auger electron and has an in-
direct influence on it.
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TABLE I. Auger parameters for Br.

Molecule

CH3Br
CH2Br2
CHBr3
CBr4

4E, (2p) (eV)

0
0.3
0.5
0.4

+LE„(KL~3L2 3) (eV)

0
0.5
1.0
1.3

=ha' (eV)

0
0.8
1.5
1.7

go, '

0.45
0.90
1.35
0.80

'Evaluated for the central C, for which more data are available.

TABLE II. Auger parameters for Si.

Molecule

SiF4
SiC14
SiC13Me
SiC1&Me2

SiClMe3
SiMe4
SiMe3OEt
SiMe2(OEt)2
SiMe(OEt) 3

Si(OEt)4
SiH4

AE~(2p) (eV)

0
—1.5
—2.6
—3.1

—4.6
—5.8
—5.4
—5.0
—4.6
—4.1

—4.6

+EE„(KL23L2 3) (eV)

0
4.8
5.6
6.5
7.5
8.4
8.0
7.7
7.4
6.9
5.9

=ca' (eV)

0
3.3
3.0
3.4
2.9
2.6
2.6
2.7
2.8
2.8
1.3

2.08
1.88
1.36
0.84
0.32

—0.20
0.11
0.42
0.73
1.04
0

TABLE III. Auger parameters for P.

Molecule

PH3
PMe3
PC13
PF3
P(OMe)3
PClqMe
PEt3
P(CF3)3
PFq
PF30
PC130
P(OMe), O
P( CH2Cl)ClqO

hE (2p) (eV)

0
—1.1

2.8
4.7
1.2
1.5

—1.5
1.7
0

—1.4
—3.3
—4.8
—4.2

+LE„(KLL) (eV)

0
3.3
0.4

—4.2
1.0
1.3
4.5
1.2
0
0.8
5.2
6.0
6.0

=ha' (eV)

0
2.2
3.2
0.5
2.2
2.8
3.0
2.9
0

—0.6
1.9
1.2
1.8

0
—0.15

1.41
1.56
0.78
0.89

—0.15
1.26
2.60
2.54
2.39
1.76
2.09

TABLE IV. Auger parameters for Cl.

Molecule

CC14
CHC13
CC13F
CH2C12
CC12F2
C2H5Cl
CClF3
CH3Cl

AE&(2p3/2) (eV)

0
—0.2

0.2
—0.4

0.4
—1.1

0.8
—0.8

+EE„(KL23L2 3) (eV)

—0.2
—0.8
—0.6
—1.5
—0.3
—2.4
—1.2

=ha' (eV)

—0.4
—0.6
—1.0
—1.1
—1.4
—1.6
—2.0

go, '

1.88
1.41
1.93
0.94
1.98
0.42
2.03
0.47

'Evaluated for the central C, for which more data are available.
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TABLE V. Auger parameters for In.

Molecule

InOp 5

InOI 5

In(OH)3
InI3
InBr3
InC13
InF3

bEq(3dqq~) (eV)

0
—0.5

0.4
1.4
1.7
1.6
1.9

+b,Eq(M4N~ qX4 5) (eV)

0
0.5

—1.6
—0.7
—1.7
—2.4
—3.0

=b,a' (eV)

0
0

—1.2
0.7
0

—0.8
—2.1

0.49
1.47
0.75
1.20
1.35
1.41
1.56

clearly visible, as are those of the components, EEL and
AE~.

Si: the data, taken from Ref. 4, are found in Table II
and are plotted in Fig. 2. %hile the correlations are
clear, there is a marked difference here, compared with
the data for Br in Table I and Fig. 1: bE~ and AEz have
opposite slopes, with the sign of the slope of ha' follow-
ing that of EEL, the larger of the two components.

P: the data, on both P"' and P, taken from Ref. 13,
are found in Table III and Fig. 3. Again, correlations ex-
ist, with AE„and hE~ having opposite slopes. As with
the Si, b,a' appears to be slightly positive because the ab-
solute value of the slope of DER is greater than that of
b E~.

Cl: the data, taken from Ref. 4, are found in Table IV
and Fig. 4. Here, too, in contradistinction to the Br

correlation, the slopes of EE„and ATE& are opposite in
sign.

In: the data, taken from Ref. 4, are found in Table V
and Fig. 5. While there is again correlation with ui, note
that the slope of the ha' correlation is, for the first time,
negative.

Similar correlations were found for all the elements
evaluated, a random sampling of 16 out of a total of some
25 such tabulations which lend themselves to this type of
correlation. Of these, only Na and Zn showed ha' corre-
lations with negative slopes.

The use of a substituent constant to account for Auger
or photoelectron chemical shifts is not new. Indeed,
Lindberg and Hedman' assumed the additivity of substi-
tuent chemical shifts to define ligand electronegativities,
X(j). These were redetermined by Bahl et al. for a series
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FIG. 2. A plot of the Auger parameters of Si vs g~z.. o,
b Eg, l:I, AE~, 0, ha'.

FIG. 3. A plot of the Auger parameters of P vs go&. 0,
b,E~; 0, AE„; O, Aa'. The open symbols are for P"' and the
solid symbols are for P .



11 138 E. SACHER AND R. BRENER 38

2.0— 5.0—

Q

LLI4
0-0

4.0—

3.0—
4 -2o-Q

2.0-10

$0 ] ~

I

0.0
I

1.0

-4.0
0.0

I

1.0

a&

I

2.0 3.0
Qy

FIG. 6. A plot of ligand electronegativities vs o&. 0, Ref. 14;
0, Ref. 15; 0, Ref. 16.

FIG. 4. A plot of the Auger parameters of Cl vs go, : 0,
hE&, CI, hE&, 0, ha'.

of As compounds' and a similar series of Te com-
pounds. ' Many of the substituents have corresponding
0 z values. These are listed in Table VI and are plotted in
Fig. 6. While it is clear that correlations do exist, these
correlations appear to be element dependent, necessitat-
ing a different set of X(j) values for each element.

bE& bE&(r)=——bE&(r) "+DE&(r)

Similarly, for the photoemission process,

b,Es =be(r) .

(2)

(3)

It should be noted, in Tables I—V, that b,E„(r)
= bE&(r), so that

zation energies of the XF and Z transitions. In our case,
where only the ligand is being changed, one may write
that

DISCUSSION
b a'= BE&(r) +2bE~ (r) (4)

As Figs. 1-5 clearly demonstrate, not only is a' a func-
tion of grrr, so, too, are bE„and DER. Because o z is a

property of the ligand only, ba' is confirmed as being due
only to polarization effects (as are bE„and bEs). Now,
it may be shown' ' that the Auger energy

E„(XYZ)=Es(X) Es( Y) Es—(Z) E(h—h )+E„—(r),

where Es(i) refers to the binding energy of an electron in
the ith atomic level, E(hh) is the hole-hole interaction
energy in the final state and Ez (r) is the sum of reorgani-

2.0—
0
Q

lXI

00
LU4

That is, Qa' reflects a particular sum of b E(r) values, all

of which are proportional to +or (i.e., all of which are

influenced by ligand polarization). Due to the fact that
they represent rather deep core orbitals, none has energy
values low enough to be disregarded.

Another parameter of interest would be, say, a", the
difference in E„and Es, so that

ba" =b,E„(r) bEs(r) =DE—
& (r)zr .

While not plotted, they are always more negative in
slope than a plot of bE„versus ger& Thus, .while bEs
[=BED(r)=bE„(r) ] is always positive in slope, ba"
=EE„(r) "is sometimes negative (see Figs. 2, 3, and 5).
Clearly, then, EEL represents a direct effect and Aa", an
indirect effect, in the sense that bE(r) is the energy of

TABLE VI. Ligand electronegativities.

Substituent Ref. 14
X(j)

Ref. 15 Ref. 16

-4.0
0.0

I

1.0 2.0

Cg
FIG. 5. A plot of the Auger parameters in In vs go&.. 0,

hE&, 0, hE&, 0, Aa'.

Cl
Br
I
OH
=0
t-Bu
Me

3.8

3.2
3.5

2.8
2.6

3.8
2.9
3.3
4.1

2.6
2.5
2.5

3.5
3.1

2.6
3.8
3.9
4.9
4.4
4.0

0.47
0.45
0.40
0.25
0.98

—0.07
—0.05

0
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a rearrangement which precedes the emission of the

Auger electron and has an indirect infiuence on it.

CONCLUSIONS

The Auger parameter a', defined as the sum of the ki-
netic energy of an Auger peak and the binding energy of
a photoelectron peak, is shown to contain polarization
contributions from both XY and Z Auger transitions.
These contributions are shown to be separable. Each of
them, as well as a', is shown to correlate with or, a mea-
surement of extra-atomic relaxation.
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