


[ AP R APy

N

o

EEEE

FEEF

g.ul!l.!E EE E

[+ ]

ﬁs
=
i;

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A o

I T e e R L . ; e .
N I A A N A N A T L R0 S i L A A R O TR RO L




OFFICE OF NAVAL RESEARCH
NO0014-80-K-0852
Task No. 056-681

Technical Report No. 13

UNDERSTANDING LOCALIZED BEHAVIOR IN THE AUGER
SPECTRA OF COVALENT SYSTEMS SUCH AS GRAPHITE

Ab- 4733 Fay

By
-
b _ D. E. Ramaker, F. L. Hutson, R. R. Rye, J. E. Houston, and J. W. Rogers
ﬁg ‘ Prepared for Publication
'ﬁ in
Journal of Vacuum Science and Technology DTl C
ELECTE
George Washington University 0CT 2 4 1983 ¢
Department of Chemistry
Washington, D.C. 20052
B

September 1983

Reproduction in whole or in part is permitted for any purpose
of the United States Government

This document has been approved for public release and sale;
its distribution is unlimited



NOAEU A eI B 4* AP LA

.......
S "t e

........

6. PEAFORMING ORG. REPORT NUMBER

7_}.1\1\1\1\? Cu i “ N D O I R TN D L e R L P S

- —

: SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)

: REPORT DOCUMENTATION PAGE perREAD INSTRUCTIONS
.:: 1. REPORY NUMBER 2. GOVTY ACC(":IQ‘N N 3. RECIPIENT'S CATALOG NUMBER

-;:% No. 13 J /l ’\ - /A// j 2 )’L’

. 4. TITLE (and Subtitle) 8. TYPE OF REPORT & PERIOD COVERED
- UNDERSTANDING LOCALIZED BEHAVIOR IN THE AUGER )

b SPECTRA OF COVALENT SYSTEMS SUCH AS GRAPHITE. Technical Report

7. AUTHOR(s) 8. CONTRACTY OR GRANT NUMBER(e)

D. E. Ramaker, F. L, Hutson, R. R. Rye, J. E.

Houston, and J. W. Rogers N00014-80-K-0852

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

Prog. Elem. No. 61153N

Task Area No. PP 013-08-01
nask firea NoyoPPse 2s!

12. REPORT DATE

9. PERFORMING ORGANIZATION NAME AND ADORESS
Chemistry Department

- George Washington University

o Washington, D.C. 20052

1. CONTROLLING OFFICE NAME AND ADDRESS

Office of Naval Research, Dept. of Navy Sept. 1983
- 800 N. Quincy Street 5. NUMBER OF PAGES
- LD.C. 22217 11

. MONITORING AGENCY NAME & ADORESS(If different from Controlling Oflice) 15. SECURITY CLASS. (of this report)

Unclassified

1852, DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

This document has been approved for public release
is unlimited.

and sale; its distribution

-y

,I

..f,\ 17. DISTRIGUTION STATEMENT (of the abstract entecred in Dleck 20, il ditferent freom Repert)

)
[y 2 a2
- j'-e.,;: 8. SUPPLEMENTARY NOTES
¢ 'J‘ - o ] - -
) Submitted for publication in the Journal of Vacuum Science and Technology.
I.J

19. KEY WORDS (Continue on reverae slde if nececseary and identily by bleck number)

Auger electron spectroscopy, graphite, localization, electron screening.

Fr3eaTTsed benavior In the tVY Ruger Ttheshapes of atomic and metallic systems
are easily understood within the Cini-Sawatsky theory, which assumes the final
state holes are either localized in a single atomic orbital or not at all. In
covalently bonded systems, intermediate levels of localization may occur such as
onto bond or group orbitals. A set criteria to determine the level of localiza-
tion has been published, however, a general procedure for determining the dis-
tortion effects due to intermediate localization has not been reported. This
work describes and justifies the use o6f the Cini expression on various sub-bands [
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theoretical lineshape, indicates partial localization of the holes in the ¢ group

orbitals and none in. the « orbitals, This interpretation is consistent with
results for ethylene and benzene. “—
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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
y George Washington University
Washington, D.C. 20052

and

vl R4 G €

+Sandia National Laboratories
Albuquerque, NM 87185

Augeé 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
orbitals. For instance, the theory of Cini-Sawatzij has been succeessful-
b ly applied to atomic-1ike systems such as the M]VV lTineshape of Cuz:w@ere

z " only single bands are important in determining the lineshape. 1In thj;'

: paper ue‘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 a\? provided criteria for assessing

the nature of localization in covalent systems onto atomic, bond, group,
or extended band orbitals (A0, BO, GO, 530). These criteria for localiza-

tion can be summarized as follows:

A0 vV <« Uxx - Uxxl = AUxx

BO: v > AUxx ’ Y < Ubb - Ubb. = Aubb ])
GO: Yy > AUpp s T < Ugg - Ugg' = AUgg

EBO: r » Augg .

Here V is the covalent interaction between nearest neighbor carbon AQ's
and can be estimated from the bonding-antibonding orbital energy separation.
v is the covalent interaction between nea;est neighbor BO's and can be
estimated from the s and p atomic orbital energy separation. T is the
covalent interaction between neighboring GO's; in graphite for example
the GO's are the planar arrangement of 3 o or » BO's about a single C
atom. Uy , Upp » and Ugg are the effective Coulomb interactions between
holes localized on a single A0, BO, or GO respectively.

The distortion of the N(E)*N(E) 1ineshape can be obtained by application
of the Cini-Sawitsky] theory,

2
[N(E)*N(E)]
AE) "= U 1(BF + 2 U2 [N(E)™N(E) 1

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

, 2)




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

I(E) = s [N(E)*N(E)]/(E- €)de . 3)

Fig. 1, utilizing a schematic one-electron DOS, illustrates the validity
of this approach. N(E)*N(E) in Fig 1b 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 22' (i.e. 2% = ss, sp, etc,)
sub-bands are distorted into relatively narrower resonance-Tike features
indicating localization onto Single: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.0.'s. U = 4 - 15 causes mixing of
bands with bonding-antibonding character and indicates localization onto
hybrid sp” 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 als. They deduced the one-electron
DOS (s, pgp » n ) for graphite from x-ray emission and photoemission
spectra and an assumed electron configuration of sgf n . The Auger
1ineshape was then produced from a fold of these one-electron DOS

assuming complete delocalization, i.e. U = 0, Although Murday et al.
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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-
tion by Murday et al?. now reveals large descrepancies between the two
lineshapes. 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, sp; , and py Py contributions to N(E)*N(E), indicating that
} partial localization occurs when both holes are in GO's of the o band,
but not when one or both are in the n.band.. This interpretation woald
suggest that electron screening reduces AUgg for thé » band to a much
greater degree than for the ¢ band. Angular effects, initial core hoie

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

experimental Tineshape, and assumptions made in determining the partial

2R £ bA St i iagr

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-AC04-76DP00789.




W 4w,

oY
LA

i p
o «
falate%?

e
oZa'alnanll

1 H it i) -

..-‘-.; - J

AR

WA i)

" ' JA'J..J.I

I
asloa

o e dotdet ]

S ETET T

R T2 S Aty ity Vit g

FopBiin Junihon Jote e 4 B a o g -

T T T T T T I T PV oy ey vy
...... Y TIT—

REFERENCES

M. Cini, Solid State Commun. 20, 605 (1976); Phys. Rev. B17, 2788
(1978); G. A. Sawatzky, Phys. Rev. Lett. 39, 504 (1977).

H. H. Madden, D. M. Zehner, and J. R. Noonan, Phys. Rev. B17, 3074 (1978),
B. 1. Dunlap, F. L. Hutson, and D. E. Ramaker, J. Vac. Sci. Technol.
18, 556 (1981).

M. A. Smith and L. L. Levinson, Phys. Rev. B16, 2973 (1977).

J. S. Murday, B. I. Dunlap. F, L. Hutson, and P, Oelhafen, Phys. Rev. 24,

4764 (1981).




AT

PECR e 4

S g

I ﬁ‘l..i

43X

AL R

P, Y e s N A % “
LA b ie 1 YA LI WY

ot s
Lol R

Y

LR o o s Yi? VL.

B R i W X P

-

PR N s . ¥ »
X ,‘wl.‘u

. 2~ o &l = TV, LAk 2 sl
L5 4G w0 bt Sl S 4 AL NG A A RN CAR A S G AL A S A T AL AR RN NS RN R S

FIGURE CAPTION

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).

¢) Comparison of N(E)fN(E) (dashed 1line) with A(E) (solid line) obtained
from eq. (2) with U =1 eV.

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