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I. OVERVIEW

We have made good progress on several problems in the last eight months since

submitting the previous continuation proposal. Several noble metal oxides PdO, PtO and AgO

have been studied as a direct link to our earlier work on the Pd/At/O3 interface. Further, as

described last year, as a result of close collaborations with Dan Lam and colleagues at

MSD/ANL, much of our emphasis has shifted to study oxide materials based on titanium and

vanadium oxides, which are among the most important of the oxide materials currently used for

technologidal applications. They are also, perhaps the most intriguing. As with our collaboration

with Merkle of ANL and Seidman of NU, the close experimental/theoretical collaboration with

Lain et al. on DOE sponsored research has been a driving engine for most of our work.

II. PROGRESS

A. Electronic structure of noble-metal oxides: PdO, PtO and AgO

While the 3d metal oxides, CoO, NiO, CuO, etc., and Cu-O based high Tc materials

have been extensively studied both theoretically and experinaentally, the electronic structures of

noble metal oxides, such as PdO, PtO and AgO, are not well known• According to local density

electronic band structure calculations of the 3d oxides, the band gaps are either non-existent or

much smaller than experimentally observed. It is well known that this discrepancy is due to the

inadequate description of electron correlation by the local density approximation (LDA) for

these systems. However, it is not certain that 4d or 5d metal oxides are categorized as strongly

correlated systems like the 3d oxides, since 4d or 5d atomic orbitals are much broader than 3d

orbitals and they do not represent magnetic behaviors.

We have performed band structure calculations for PdO, PtO and AgO using the local

density FLAPW method. The calculated band structures show that Pd and Pt atoms are strongly

hybridized with oxygen atoms in comparison with 3d oxides and that theft oxides show metallic

behaviors. The tetragonal field splitting of d levels is not sufficient to obtain a gap. However,

the calculated DOS are well matched with the peaks of XPS or UPS experiments. Even though



LDA calculations do not give band gaps in PdO and PtO, their band gaps are of the band type

induced by the crystal field, rather than the Mott-Hubbard type or charge transfer type like the

3d oxides. In AgO, the monoclinic crystal field splitting of the d states induces a small indirect

band gap of 0.03eV. This splitting leads to valences of Ag that have Ag +1 and Ag +2

configurations rather than Ag +l and Ag +3, since the small p-d energy separation prefers the

existence of oxygen holes.

B. Ab initio calculations of the electxonic structure of the TIO2(110) surface

At present, two different cases of the clean TiO2(110) surface are under study, namely

the surface containing a mixture of Ti and O atoms, and the surface with O atoms only. (These

cases are of interest for the chemisorption of H20 which will be studied as the next step.) The

second type of surface is the experimentally stable case for the free clean surface. In both cases

we try to find the minimum of the total energy as a function of ",heO position above the ideal

surface plane. These calculations of the clean surfaces took longer than expected because the

charge density and, especially, the total energy converge very slowly. We are presently just

finishing the relaxation of the top atoms of the TiO2(110) surface. We found that the five-fold

Ti is pulled inwards by 0.34 a.u, the in-plane oxygens are pulled down by 0.2 a.u and also move

in the xy-plane. The 6 fold Ti is pulled down by 0.05 a.u. The top oxygen which sticks out from

the surface is pulled down by 0.24 a.u. Ali these are with respect to the bulk distances. The

Ti(6)-O bond distance, as given in our first paper ("Atomistic study of the clean and

hydroxylated TiO2 surface", Mat. Res. Soc. Symp. Proc. Vol. 252, 1992 MRS, p. 43-48), is

practically the same although in this study we only relaxed the top O. In the meantime, we are

working on the self-consistency problem and we hope to be able to reduce the number of self-

consistent iterations for the next problems considerably.



C. Electronic structure of VO2 and TiO2 thin films and multilayers

We have completed the first phase of our work on the VO2 and TiO2 thin films and

multilayers in collaboration with Dan Lain at Argonne National Laboratory. Electronic structure

calculations using the state-of-the-art full potential LMTO method for VO2 and TiO2 bulk

crystals, their surfaces and VO2/TiO2 superlattices have been carried out by the full-potential

LMTO method and compared with experimental results obtained recently by Lam, et al., on

¢_pitaxial films. Although the nature of surface states for TiO2 and VO2 appear to be very

different, irl the multilayered structures a common VO2-TiO2 conduction band was readily

formed and the distinction between "insulating" TiO2 and "metallic" VO2 layers was almost lost

in very thin multilayered structures. Vanadium electrons are essentially delocalized into the

TiO2 layers and the electronic charge distributions in the VO2/TiO2 superlattice are similar to

those in the usual VO2 rutile lattice. The results obtained gave some insight into the

experimental data obtained by MOCVD for epitaxially grown VO2/TiO2 multilayers by Lam,

et al.

In the work lr, progress, we go beyond these first calculations on the TiO2/VO2

multilayer by studying the real structure observed by Lam, et al., namely the (110) face of the

multilayer structure system. The bulk crystals are well matched in their lattice constants on the

face. In these calculations, we model the system with five layers each of the VO2 and the TiO2.

This is a more severe computational problem because of the large number of atoms to be

considered (36 atoms + 46 empty spheres) and non-equivalent atoms (20 inequivalent atoms

and 28 inequivalent empty spheres) that must be treated in the self-consistent solution of the

local density Kohn Sham equations. This will also provide a more realistic description of the

free surfaces of VO2(110) and TiO2(110) treated as thin films and give a more realistic

description of the bulk properties of the constituents of the _nultilayer - and thus make the

interface results more representative of the experimental situation. Differential charge density

maps to be obtained will allow us to get information about the changes of chemical bonding at

the interface. As in the earlier model calculations, we will be able to determine the electrical



conduction properties of the films and the multilayer. A detailed analysis of the total and partial

densities of states as well as the energy band structure are expected to give good insight into the

difference in conducting properties of the systems and to highlight the changes in electronic

properties induced from the conducting part of the multilayer structure (VO2) on the insulating

region (TiO2) and vice versa. Moreeever, we will be able to compare our previous results

(vo2frio2 matched on the (100) face) in order to try to describe the nature of structure

instabilities in that case.
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