
OD-R1508 65 CHEMICAL AND LOCALIZATION EFFECTS IN AUGER L-iNfSAE
OF TRANSITION METAL..(U) GEORGE WASHINGTON UNIV
WASHINGTON D C DEPT OF CHEMISTRY P E PEHRSSON ET AL.

UNCLASSIFIED NOV 84 TR-17 Ne8@14-80-K-9852 F/G 7/4 N



.8 .5

11111 E~ Ui~J.2
LU

1.625 1,6 11.6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS 1963-A



m In
to

OFFIC(E OF NAVAL RESEARChI

NO0014-80-K-0852

TASK No. 056-681

It Technical Report No. II"

('li}llHI AI. AND Iot:Ai.I ZAT I ON I:FI 'fS I N AI(;ItR
I. I NI SIIAIS 01 I'RANSiI ION HI.AI. COHIOUNI)S

By

Ifhr E. Pehrsson anld D,viJ C. Itaaker

I'rep)ared for Publication

.i the """"

Journal of Vacuum Science and lec loulogy

George Washington University
)epartment of Chemist ry
Washington, D.C. 20052

November 1984

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

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

i 85 oz .5 oE'C-.-
as.--

-0.o



SICUiITv CL&SS,1CA16ou Of TNSS PA& f5 De a...-.

REPORT DOCUMENTATI PAGE mco rosyLRTINs
S.? wuuua lI *VAcces"Of. a, S. *ICgesguVs CATALOG u M6*1e

1 No. 17 3j.a/s e /S5.
4. 6ILI (-d S.d0.) S. TVPC Or 1PONIT 6 P0mO COV916CO

CIILI41CAL AND LOCALIZATION I-FifI.-CIS IN AU(I;R
LINLSIAIRES OF TRANSIrION to:TAL COtIPOUNVS Technical Rport

S. PaIUIOUrI 0o6. muPOMi m"sVIS9

7 T~i* S. COwTIASCr in A.l wvmll.J'

Peh r E. Pehrsson and David C. Ramaker NOO0i4-8O-K-U052

, PIa"POUlMwG ONO&MIZATIOW "aUwe AND A•OIl| I piO6A IRL anatIT* POJI[CT. TAid
AMIAS WOt l IUjIT auw"eI

Chemistry Department l'rog. Elem. No. 6II3N
George IWashington University Task Area No. PP UI-U8-ol
Washington, D.C. -0052 Work Unit I NIk OSb()-tg

eC CONTMtOLLING OFFICI NAME AN ADOIS$a AIPoTOAT S
Office of Naval Research, Dept. of Navy Nov. 1984
800 N. Quincy Street W,. ucuDoV PASs
Washington, D.C. 22217 4_ i_IT OwImTOuIMG AGaNCy namal a £AooU'I,5.", -jI- C. .,I 00,0..) O ItS $ICUATYV CL.ASS (04 ., .*.Mq

Unclassif ied

ISO. De ck ASSIPICAWS.IOw~AOM

SCm DULE
• I@~ ~ O S S T A C UU I I O M S A T I M I I T (.f I . a t p e~ .. .. ."

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

*Ii DrieraIIOuTOw ST A lI[I[S T (e* It 4IA. *b1g,., .,... I eA l 8I.,i Al d#ll...a b.m a.Jl~

Submitted for publication in the Journal of Vacuum Science and Technology.

IS. KeyWO KOMI- OC n .0. o ....... *Fs -d .*.**t.. a, bF 61-.A .- b..j

*'w'Auger electron spectroscopy, Iocalization, carbides, screening,.,,

*5 SImaCT fC.So,.. ....... I.Ed ti ......w , i .ifr * i.c bI=l.. ,* "

The compounds MXnX=C, N, 0) d1sP13y-iiie~tiri njes gnthe C-KL(. Auger
spectra and these changes correlate with the density -of-states (I0S), the
relative proportions of ionic, covalent -End metallic bonding. and screening and
localization of the Auger holes. In thts work we qu.antitatively interpreted the

% •C-KLL lineshape of TiC, using previousJy described techniques. We further
investigated the X-KLI. lineshape changes as the number of 3d electrons increases
across the rows of the transitsicua A aei- -,- .. - ......... id .t "es

.,frog C to N to 0. The effects of sample nonstoich &Lr,, etain _

rom- 143 eeTION 0f f Novso 95,1 St.STe *
I AMI I *Ilet04- 01 I [l.I~e .l ______

laCUlkITV CV4AlS.FlCATON or Tolle PAGa 11he D.o. 11.-d

..............m ............................ ,,,o.............* ... ....... .-, ~~~~~~~.. . . . . ... ,....._ ,,.,....-,_:,.: . - ::
• :..*:*:. 

..**.*.*.. * . . . . *'** . .* . .

2- %.



* cor

CHEMICAL AND LOCALIZAION crracTU I0 ?##E AUGER LINESHAPES OF TRANSITION oe,

*ETAL CCMPOUNDS
P. ff. Poftrsson. Chem. Dept.. Catholic Univ., Wash. D.C., 20017A

&so. aiaker$ Chou. Dept., George Wash. Univ.. Wash. D.C.. 20052A

The. compounds MX.6 (XwCvN,O) display sequential changes in the C-CLL o

Auger spoctral, and these changes correlate with the donsity-of-states([aOS),

the relative proportions of &onic, covalent and metallic bornding, and pr

screening and localization of the Auger holes. In this work we quantitatively

interpreted the C-XLL lineshapso of TiC, using previously described techniques.

(2) We further investigated the X-KLL lineshapt changes as the number of 34 S

electrons irncreases across the rows of the transition metals, and as the C

nor-metailloid *too changes from C to M to 0. The effects of sample nonstoi- tc

chiosetry, were also *xamired. h i

The carbon-based DOS of the carbides is composed of three reg3ions: an

the appromiately atosic-like C28 electron* at 10-12 ev, the C2p electrons %t inl( %

roughly 3-7 eV sigma-bonded with the metal 3d-ag metal orbitals, and the h

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

ver
the 2s electrons are nonbonding and relatively localized an the ctrbon

nucleus. The covalent sigma-bonded C2p electrons contribute to MO's with much a

of their density located interatomically between the carbon and metal nuclei.

one",
The higher olectronegativity of M or 0 akes the bond more ionic, resulting in

*less electron density in the inter-atomic region, and more density localized Gets'

on the nuclei. The C2p-pt electrons contribute to the comparatively meta,

* ~deloc4lazed MO's largely responsible for the metallic conductivity shown by 6OJ

many of these compounds.elc

The C-XM spectra (which samples the C2p DOS) of the metallic cirbides the 0

develop a feature on the high energy side of the main poas as the number of by tr

34-t29 electrons ancreasts.0 The band calculations of Neckel eta.()marko

Show that the Intensity of the metallic unIoccupied-LOS (primarily L21)

increases with separation from the Fermi level. Since the C2p orbital chin

Cmv evoilabl" tODTCd
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contribute to the bond containing the metallic electrons, tne I the high

energy feature In the C-XIS spectrum increases proportionally as metal 3d

*electrons fill the t29 &tates. ?her* Is controversy about the nature of the

XIS high-enegy feature, via., whether it originates via a molecular orbital

or from an %interatooic transition. In view of the relatively small transition

&*trim elements of the latter, the molecular orbital interpretation is

preferred.

In the list% of the one-electron approximation, (ie. assuming

the holes are completely delocalized and do not interact) the MLL Auger

spectrum as given by the fold of the valence band DOS, consists of 3 peaks

corresponding to transitions involving s, sp and pp electrons. It is the

fold of the c2p-n states with the more numerous C2p States which produces the

high energy feature characteristic of the C-KLL Auger spectra of the carbides,

and of the IX 6 compounds in general. As the density of the metal 3d electrons

increases so does the intensity or the high energy feature. A second feature

which changes with the number of metal 3d electrons is the op peak. this peak

reflects the magnitude of multiple& 4singlet-triplet) eplitting, which is a

very sensitive measure of the hole-hole interaction. The splitting decreases

as the number of mobile, screening 34-t29 electrons increases.

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

one-electron limit reflects the effects of increasingi localization, as the

metal-nonmetal electrontgativity difference increases, and as the number of

metal 3d electrons decreases. In fact, the pp Auger peak and the high energy

shoulder show little if any deviation from the values predicted for the one-

electron model, even for the relatively ionic carbides, e.g. TIC. However,

the as and sp peaks are still clearly affected by localization, as evidenced

by their sutastantial downward energy shift from the one-electron fold and

market sp oultiplet splitting.

* .The%@ trends are even more noticeable when the nonmetalleid atom is

chfnie0d from C to N to 0. The large changes In the electronelativity

COPY aveilable to DTIC &-49 v
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differen e between the metal end nonmetal atom again correlate with

the eh g'es in localization end mtltiplet splitting. In addition, the

soporatief of the high energy feature from the main pp peak increases, while 1EFER '"- i L) SI .

* the intensity of the feature diminishes. Examination of the DOS of the 2) R-

Sc
compounds can explain these phenomena without invoking localization. The main 3) Hr'

C2p peak and the Ferst level are separated by the high energy wing comprised 9 .•

of the pt-bonded C2p states. As the bond tonicity increases from C to N to 0.

the main X-2p peak narrows and is pulled down from the Fermi level. The metal

3d-eg orbitals and the X-2p level become increasingly separated, reducing the

energetic overlap between them. As a result, the electron density which

wIs once interatomically located in the covalent bond is redistributed to the

X atom and the 3d-t2g metal MO, effectively raising the Fermi level, and

extendin4 the high energy wing, to give a higher-energy but lower-intensity

mean p-pi DOS This is reflected in the X-KLL Auger spectrum as a simultaneous

increase in the separation and decrease In the intensity of the high energy

feature with respect to the main pp peak. In some cases, e.g. TIC, the high

energy states are largely unoccupied, since the Fermi level falls on the

upper shoulder of the main C2p peak in the XES spectrum.

It has been demonstrated (5) that in the series T1O, TIM, TIC the

local excitation threshold (measured as the intersection of the emission and

* absorption thresholds for the Ti2p hole) is increasingly different than the

Feral level (as measured from the Ti2p XPS line). This difference reflects

the effectiveness of the metallic electrons in screening the Ti2p core hole

and therefore indicates that screening of the Ti hole is most effective In

the oxide, consistent with the increlse in the number of metallic electrons in

the t2g orbitals. However, the X-KLL Auger lineshopes of the same series

reveal Increased multiplet splitting and localization effects in the oxide,

compared to the carbide, indicatin. reduced screening of the O-pp and gs

valence holes. The two types of holes are clearly influenced in different

fashion by the amount of interatomic vs. metallic charge.

.J.l
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