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ABSTRACI’

We present the results of photoemission studies of “valence disordered”

monoclinic BtiBi03 in the photon energy range 15-120 cV. The line-shapes of the

valence bwrd photoemission spectra and the Ba contributions to the vidcnce band are

very similar to the line shapes of the total density of smtcs and Da purtlid density of

sta[cs, rcspcctivcly. Oxygen rcsontince is observed, dcmonstruting [hc cxistcncc of

empty 0 2p stutcs, These rcsul[s support a more covulcrrt ruthcr thtin a sinlplc ionic

piu[urc l-or IIw cklmnic slims !’f lM3iOj.
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to study the electronic smucture of BaBi03 and predict only minimal valence

disproportionation in the monoclinic phase6~7. Therefore, an investigation to

distinguish the simple ionic picture and the more covalent picture proposed by band

calculations will provide some insights into the electronic state of BaBi03. In this

paper, we present the results of our resonance photoemission study of the recently

discovered monoclinic “valence disordered” BaBi03 which is also a semiconductor.

The experimental results are compared with the predictions of one electron band

calculations. lle line-shapes of the valence band total density of states (DOS) and the

Ba partial DOS agree with the predictions of the band calculations. An oxygen

resonance behavior is observed at 19 eV photon energy, which clearly demonstrates the

existence of empty O 2p states (or O 2p holes) in the compound. This indicates that the

average valence of the Bi cations is not necessary !3i1v, w!lich is required in a simple

ionic picture of the compound by assuming O to be 0’1. These results support the more

covalent picture proposed in the band calculations.

11,EXPERIMENTAL

Crystalline samples of “valcncc disordered” Ba13iC)3were prepared using the

procedures outlined by Chuillout r! al,g. The “vtikncc disordered” Bii13i03 is grown

from a melt at 1125W, its swucturc rcmilins monoclinic but the two 13i-O distwmx

bccomc nc;lrly equal. II is ilrglld thilt the Iwo Bi cations arc nearly tol::lly vulcncc

clisordunxl with tin tipproxitn:itc v~lcncc corrcsp(mding 10 13ilv~. More dctuils of k

l~llo(ocll~issio[lcxpcrimcnts :Irc prcscnkd in anokr publi,:i~tionq,
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Figure 1. (a) Valence band and shallow core levels photoemission spectrum recorded



between the absorption threshold and the O 2s binding energy is not presently fully

understood. Now let us look at the CIS curves which reflect the photocmission

intensity of the valence band features as a function of photon energy. For Ei = -3 eV,

which corresponds to feature A of the valence band, a clear intensity modulation is

observed at the 19 eV threshold. We think that the most reasonable explanation about

Ais intensity modulation is the oxygen resonance, which suggests the existence of

empty oxygen 2p states,

— 99.5 d
— 104.1●v

BaPMlal DOS
(b)

.flu-k,*.S. .
e----- . “~

Experiment

Theory
JJ’_..-A.

i._. _..l.____.-_L.. .—-.__L._._ .. L.. -. 1..,.

-20 -15 -10 -5 0

ENEFiGY [{ EWTIVE TO THE FE17MI LEVEL (e’J)

Figure 2.

(a] Photoemission spectra

recorded below and above

the Ba IP1 absorption

threshold. (b) The Da partial

density of states in

comparison with the

prechction of band

calcultition.
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The comparison between theory and experiment fur both the valence band total

DOS and Ba partial DOS shows that the band theory gives a good description of the

electronic structure of BaBi03. As discussed elsewhere, the charge fluctuation between

the vwo unequal Bi ions is small, in consistence with the predictions of the band

calculations also9. The ionic picture with Billl and Bi” at the two unequal Bi sites

appears oversimplified. This success of the band calculations is not completely

unexpected because of the delocalized valence states.

N. !W-MMARY

We have performed a photoemission study on the “valence disordered”

monoclinic BaBi03 compound. The valence band spectrum is consistent with the

semiconducting nature of the compound. The line-shapes of the valence band total

density of states and the Ba partial density of states agree with the predictions of the

one-electron band calculations. Empty O 2p stat~s (or O 2p holes) were observed by

both CFS and CIS s~ctra. Our results support the more covalent picture proposed by

the band calculations.
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