substance: titanium oxide (TiQ)
property: band structure, band structure energies in rutile

band structure: Fig. 1 (tight binding calculation with next Ti — O, Ti — Ti, O — O neighbour interaction only

and two empirical fitting parameters), Brillouin zone: Fig. 2. Alternate calculation [77P, 78M] using tight
binding for valence bands, pseudopotential for conduction band gives broader bands than observed and
conduction band minimunt & with a close minimum at X, but not M.

band structure energies

theoretical

W(TT¥) l4eV T*-bandwidth 77V
W(o*) 2.7eV o*-bandwidth

W(2p) 55eV 2p-bandwidth

E(Tr) -5.6eV centre ofr*-band

E(o*) —-33eV centre ofo*-band

band edges: valence bamd*, conduction band: M, with R;* only 0.12 eV higher

experimental:

assignment
Epeak -56ev(@4.7)eV 1 peak positions in XPE spectra; 77R
o see Fig. 3 for low energy part;
—224eV (3.4 0:2s total spectrum: [72F];
—375eV (24)¥ Ti:3p values in brackets: half-max.
widths
Ti Ly emission
E(F) -16eV ltog - 2312 peaks in X-ray band spectra; 72F
E(A) -5.6eV 265 — 2p3p2 Fig. 4 shows the construction
E(G) —-7.9eV 2a1g - 2P32 of an empirical band scheme
E(X) extended on which the assignment is made.
tailing Data of Ti K, O K, Ti Ly, X-ray
E(C) —-20.4 eV ley - 2p3p2 band spectra, optical DOS,
E(D) —-229eV layg - 22 absorption and photoconductivity
Ti Ly absorption: have been used. Component X
E(f) —-2eV exciton (?) artificially introduced to match
E(b) +15eV 22 ~ 2byg lang-wavelength tail. Components
E(c) +3.6 eV 232 ~ 3§ B, b, ¢ primarily due to Ti; F, A,
Ti K emission: G, C, D primarily due to O.
E(KBs) —-4.4eV 3ty - 1s All energies relative tép.
-6.1eV 2t, - 1s

E(KB") —20.6eV 1ty — 1s



Ti K absorption

E(b)
E(c)
E(d)
E(e)

O K emission

E(B)
E(A)
E(C)

O K absorption

E(f)

E(b)

E(c)

W(2p)
E(o)-E(m)
W(2s)
E(0)-E(2s)
E(c*)-E(T)

+1.5eV
+3.6 eV
+9.9 eV
+17.3 eV

—-3.1eVv
—-53eV
—6.4eV

—1leV
+1.5eV
+3.6 eV
6.3 eV
4.0eV
25eV
145 eV
21eV

1s- 2tZg
1s- 3g
1s- 3ayg
1ss 41,

Eu, tlg — 1S
2@ - 1s
21, - 1s

exciton (?)
1s- 2tZg
1s- 3g
bandwidths and differences in

mean band energies deduced
from data above
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Fig. 1.

TiO,, rutile. Band structure. Left: Energy vs. wave vector along symmetry lines in the Brillouin zone, right:
schematic bands with nomenclature used in the tables [77V].
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TiO,, rutile. (a) Unit cell, (b) Brillouin zone [77V]. Distances in A.

Fig. 2.
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Fig. 3.
TiO,. XPE spectrum (intensity vs. electron binding endfgy= E — EF). For comparison the spectra for RuO
and IrG are also shown [77R]. The dashed line forlr€fers to the second derivative of the XPE spectrum.
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Fig. 4.

TiO,. Empirical energy level scheme (relative intensity of analyzed spectra vs. electron binding energy). For
comments to the insets and the designations, compare the tables [72F].
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