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CHENICAL AND LOCALIZATION EFFECTS IN IME AUGER LINESHAPES OF TRANSITION
AETAL CONPOUNDS
?. E. Pehrsson, Chea. Dept., Catholic Univ., Wash. D.C., 200174
». . Raaaker, Chea. Dept., Geerge Wesh. Univ., Wash. D.C., 200324

The. compounds NX, (X=C,N,0) display sequential changes in the C-KLL
Auger lpoct;a(l), and these changes correlaste with the density-of-states(0S),
the relative pragartians af ionic, covalent and setallic donding, and
screening and localization of the Auger holes. In this work we quantitatively
interpreted the C-XLL lineshape of TiC, using previously described techniques.
(2) We further investigated the X-KLL lineshape changes as the numsber of 3.
electrons 1ncreases across the rows of the transition setals, and as the
normetslloid atom changes from C to N to 0. The effects of sample nonstol-
chiomsetry were 2130 exasined.

The carbon-based DOS of the cardbides 18 cosposed of three rejions:
the approxiestely stosic-lake C2s electrons at 10-12 ev, the C2p electrons at
" roughly 3-7 eV sigea-bonded with the aetal 3d-eg aetal ordbitals, and the

C2p elecirons at 0-3 eV pi-bonded to the metal 3d-t2g orbitals.

The 2s electrons are nonbonding and relatively localized on the carton

* AR N

nucleus. The covalent sigma-bonded C2p electrons contribute to N0's with much
-1 of their density located interatosically between the carbon and setal nucler.
ﬁ The higher electronegativity of N or 0 askes the bond more 10nic, resulting in
[: less electron density in the i1nter-~atosic region, and sore density localized
on the nucleir. The C2p-p1 electrons contribute to the cosparatively

] delocalized MO’'s largely responsible for the setallic conductivity shown by

; aany af these caospounds.

j The C-Ky spectrs (which saeples the C2p DOS) of the asetallic crrbides
develop a feature on the high energy side of the aain peak s the nuaber of

3d-129 electrons increases.(3) The dand calculstions of Nectel et.2l.,(0)

show that the intensity of the setallic unoccupied-10S (praimsrily 23

e o4

Incresses wath separation fros the Ferm level. Since the C2lp orbitals
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contribute to the band containing the metallic elections, tne ¢ the high

enerqdy feature in the C-XES spectrus i1ncreases proportionally as aetal 34

electrons fill the t29 states. There is controversy adeut the nature of the
XES high-energy feature, viz., whether it originates vias a solecular orditsl
or fros an \nteratomic trangition. In view of the relatively saall transition
natrix elements of the latter, the solecular ordital interpretation is
preferred.

Iin the lisit of Lhe one-electron aspproxiasation, (i.e. sssuming
the holes are completely delocalized and do not interact) the KLL Auger
spectrums as g9iven by the fold of the valence band DO0S, censists of I pears
corresponding to transitions involving ss, sp and pp alectrons. [t 1s the
fold of the C2p-1l states with the aore nuserous C2p states which produces the 3
high ener9y feature characteristic of the C-KLL Auger spectrs of the carbides, =
and of the NX, coapounds in genersl. As the density of Lhe eetal 34 electrons
increases 30 does the intensity of the high energy feature. A second festure
which changes with the nuaber of setal 34 electrons is the sp peak. This pean
reflects the sagnitude of suyltiplet (singlet-triplet) splitting, which is »
very sensitive measure of the hole-hole interaction. The splitting decreases
as the nusber of eabile, screening 3d-t29 electrons increases.

Finally, the shifting of the peaks fros the energies predicted in the

one-electron lieit reflects the effects of incressing localization, as the

setal-nonmetal electronegativity dafference i1ncreases, and as the nusder of
seta) 34 electrons decreases. In fact, the pp Auger pesk and the high energy
shoulder show little 1f any devistion fros the values predicted for the one-
electron sodel, even for the relatively ionic carbides, e.9. TiC. However,
the ss and sp peaks sre still clearly affected by localization, as evidenced
by their substantial downward energy shift froe the one-electron fold and
marked sp sultiplet splittaing.

- - These trends are even aore noticesble when the noneetirliond ates 1s

chasnaed from C ta N to 0. The large changes (n Lthe electronegativaty
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difference betueen the setal and nonsetsl stos again correlate with

the changes (n localizstion and sultiplet splitiing. In addition, the
separstion of the high energy feature froe the eain pp pesk incresses, while
the intensity of the feature disinishes. Exaninstion of the DOS of the
compounds can explain these phenosens without invoking localizstion. The main
C2p peak and the Ferai level are separated by the high energy wing comprised
of the pi-bonded C2p states. As the bond ionicity increases froe C to N to O,
the sain X-2p peak narrovs and is pulled doun fros the Perns level. The aetsl
3d-e09 orbitals and the X-2p level become incressingly separated, roguclng the
energetic overlap betueen them. As 2 result, the electron density which

w3s once interatomically located in the covalent bond is redistriduted to the
X atowm and the 3d-t29 setal MO, effectively raising the Ferei level, and
oxtondin§ the high energy wing, to give a higher-energy but lower-intensity
mean p-pi DOS This is reflected in the X-KLL Auger spectrue as 3 simultaneous
incresse in the separation and decreacé in the intensity of the high energy
feature with respect to the sain pp peak. In sose cases, 0.9. 1iC, the high
energy states are largely unoccupied, since the Ferai level falls on the

upper shoulder of the msain C2p peak in the XES spectruas.

It has bDeen desmonstrated (S) that in the series Ti0, TiN, TiC the
local excitation threshold (esasured as the intersection of the esission and
absorption thresholds for the Ti2p hole) is incressingly different than the
Fermi level (as seasured from the Ti2p XPS 1tne). This difference reflects
the effectiveness of the setallic electrons in screening the Ti2p core hole
and therefore indicates that screening of the Ti hale is sost effective in
the oxide, consistent vith the increise in the numsber of esetallic electrons in
the t29 orbdbitals. However, the X-KLL Auger lineshapes of the sase series
reves) increased multiplet splitting and localization effects in the oxide,
compared Lo the cardide, indicsting reduced screening of the O-pp and ss
valence holes. The two types of holes are clearly 1nfluenced in different

fashion by the smount of interatomic vs. msetallic charge.
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