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Understanding Localized Behavior in The Auger Spectra

of Covalent Systems Such as Graphite

D. E. Ramaker*, F. L. Hutson*, R. R. Rye
+

J. E. Houston
+, and J. W. Rogers, Jr.

+

*Chemistry Department
George Washington University

Washington, D.C. 20052

and

+Sandia National Laboratories
Albuquerque, NM 87185

Auger core-valence-valence (CVV) lineshapes are often interpreted

by comparison to the self-convolution of the valence band DOS, N(E)*N(E).

Differences between N(E)*N(E) and the actual lineshape have previously

been attributed to localization of the final state holes onto specific
1

orbitals. For instance, the theory of Cini-Sawatzk has been succeessful-

ly applied to atomic-like systems such as the M1VV lineshape of Cu2 wOere

only single bands are important in determining the lineshape. In this

paper we extend the use of this theory to individual sub-bands of covalently

bonded molecular solids in order to interpret the C(KVV) lineshape of

graphite.
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In previous work, Dunlap et al? provided criteria for assessing

the nature of localization in covalent systems onto atomic, bond, group,

or extended band orbitals (AO, BO, GO, EBO). These criteria for localiza-

tion can be summarized as follows:

AO: V < Uxx- Uxx, AUxx

BO: V > AUxx, y < Ubb - Ubb AUbb

GO: > Ubb r < Ugg - Ugg = AU99

EBO: r > &U
99

Here V is the covalent interaction between nearest neighbor carbon AO's

and can be estimated from the bonding-antibonding orbital energy separation.

y is the covalent interaction between nearest neighbor BO's and can be

estimated from the s and p atomic orbital energy separation. r is the

covalent interaction between neighboring GO's; in graphite for example

the GO's are the planar arrangement of 3 a or w BO's about a single C

atom. Uxx , Ubb , and U99 are the effective Coulomb interactions between

holes localized on a single AO, BO, or GO respectively.

The distortion of the N(E)*N(E) lineshape can be obtained by application

of the Cini-Sawatsky1 theory,

[N(E)*N(E)]J
A(E) -1 - U I(E)Je + :w2 UZ [N(E)*N(E)] ' 2)

to individual sub-bands of the DOS. Here U is the effective hole-hole

. .. ..
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Coulomb repulsion and I(E) is the Hilbert transform defined as

1(E) - f [N(E)*N(E)]/(E- c)de . 3)

Fig. 1, utilizing a schematic one-electron DOS, Illustrates the validity

of this approach. N(E)*N(E) in Fig lb is representative of the Auger

lineshape provided the s, s*, p, and p* bands are all filled and all

localization effects are negligible, i.e. U = AUxx=O . Figs. lc-f

show clearly that the distortion effects on each sub-band are reasonably

independent of the other regions of the spectrum until U is sufficiently

large to encompass these other regions. For U = 0.0 - 1,5, no significant

distortion effects occur indicating the EBO's best describe the final

state holes. For U = 1.5 - 2.5, the various u' (i.e. u = ss, sp, etc,)

sub-bands are distorted into relatively narrower resonance-like features

indicating localization onto stingle GO's. U = 2.5 - 4 causes the first

mixing of bands with different local symmetry (s or p) and indicates

localization onto the individual B.O.'s. U - 4 - 15 causes mixing of

bands with bonding-antibonding character and indicates localization onto

hybrid spn atomic orbitals (HO's).

The C(KVV) lineshape for graphite was first reported by Smith and

Levinson4 . An attempt to quantitatively interpret this lineshape has

recently been reported by Murday et al5. They deduced the one-electron

DOS (s, p, , w ) for graphite from x-ray emission and photoemitsson
spectra and an assumed electron configuration of sPo i . The Auger

lineshape was then produced from a fold of these one-electron DOS

assuming complete delocalization, i.e. U 0 0. Although Murday et al.

g ~[ i~ i" " i ,"'" ".4.i,- ,",":'-",-::': -: '- -: :-:": -:":;: ::::,:: :: - -;:.:-
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found good agreement between theory and experiment, correction of

an error in the post-data acquisition deconvolution procedures of

Smith and Levinson4 , as well as an error in the theoretical interpreta-
5

tion by Murday et al., now reveals large descrepancies between the two

lineshape3. In particular, a shoulder on the low kinetic energy edge of

the experimental lineshape is not reproduced in N(E)*N(E). This descrepancy

can be partially eliminated by introducing distortion effects via eq. (2)

into the ss, spo , and k Io contributions to N(E)*N(E), indicating that

partial localization occurs when both holes are in GO's of the a band,

but not when one or both are in the wrband.. This interpretation would

suggest that electron screening reduces AUgg for the w band to a much

greater degree than for the a band. Angular effects, initial core hole

screening effects, the accurate removal of "intrinsic" losses from the

experimental lineshape, and assumptions made in determining the partial

DOS may also be important in fully understanding graphite's C(KVV) lineshape,

but an evaluation of these effects will require further detailed study.

This work was supported by the *Office of Naval Research and by the ",U.S.

Department of Energy under contract # DE-ACO4-76DPO0789.
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FIGURE CAPTION
.4

a) Schematic one-electron DOS, N(E), illustrating r , y , and V as

defined in the text.

b) Self-fold of the one-electron DOS, N(E)*N(E) (dashed line), and

the Hilbert transform, I(E) (solid line).

c) Comparison Of N(E)*N(E) (dashed line) with A(E) (solid line) obtained

from eq. (2) with U = 1 eV.

d-f) A(E) with U = 2, 3, and 10 eV respectively.
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