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Structures of FeTiO3 (0001) surfaces observed by scanning tunneling microscopy
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ABSTRACT
Scanning tunneling microscopy (STM) was used to investigate the (0001) surface structure of a
natural single crystal of FeTiO3, following argon-ion sputtering and annealing in O2. Low energy
electron diffraction (LEED) of the FeTiO3 (0001) surface shows two different diffraction patterns
that depend on preparation. We examined surfaces with a hexagonal pattern that was interpreted as a
(1 × 1) bulk termination. Wide-scale STM images of the (1 × 1) bulk termination show two distinct
co-existing areas: large atomically rough terraces and small, smoother, atomically resolved areas
within. The observed single step height of 2.2 ± 0.3 Å (doubled values are also found) plus data from
the surface orientation implies that two termination types are seen on the (0001) surface after initial
stages of preparation, and that these are either cation-terminated surface planes (Fe2+ or Ti4+) or closepacked oxygen terminations. Atomic-resolution STM images of smooth terrace areas show features
arranged in a hexagonal array, with a separation of 4.8 ± 0.2 Å. A model is proposed that identifies
this termination as an unreconstructed (0001) termination of FeTiO3 that exposes half a layer of
either Fe2+ or Ti4+ cations over a close-packed O layer, with each feature arising from a trimer of O
atoms capped by a single cation (Fe2+ or Ti4+).

INTRODUCTION
Iron-titanium oxide minerals are of importance in many
geological environments and are stable over a wide range of
temperatures and redox conditions (Waite 1990). Phases in the
ilmenite (FeTiO3)-hematite (α-Fe2O3) solid solution series,
which are stable under moderately reducing conditions, show
interesting magnetic properties and, with the exception of magnetite (Fe3O4), are the most important carriers of remanent
magnetization in natural materials (Brown and Navrotsky
1993). Ilmenite (FeTiO3) is also economically important as the
major source of Ti for the commercial production of TiO2.
Although numerous studies of the Fe-Ti-O system have
addressed questions concerning crystal structure and phase
transformations (Lindsley 1976a, 1976b), electrical properties
(Andreozzi et al. 1996), and magnetic properties (Shirane et
al. 1959), few studies have been undertaken on the surface structure and chemistry of the Fe-Ti oxides. Complex and intriguing surface properties are found in both Ti-O and Fe-O systems.
For example, in the Ti-O system, rutile (TiO2) (110) and (100)
surfaces prepared by Ar+ sputtering and annealing in ultra high
vacuum (≤1 × 10–10 mbar) at temperatures in the range 870 K
to 1200 K produce a variety of surface reconstructions (e.g.,
Murray et al. 1994; Berkó et al. 1996; Leibsle et al. 1997). In
the Fe-O system, hematite (α-Fe2O3) (0001) surfaces prepared
by Ar+ sputtering and annealing in 1 × 10-6 mbar O2 at 1000 K
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form a magnetite (Fe3O4) (111) termination (Condon et al.
1994). Fe3O4 (111) surfaces following Ar+ sputtering and annealing in ultra high vacuum at 1100 K form biphase ordering
of Fe3O4 (111) and Fe1-xO (111) islands (Condon et al. 1997).
Research on Fe-O thin films deposited on (111) and (100) surfaces of Pt single crystals also shows structural variations dependent on oxygen partial pressure and thin-film thickness
(Weiss et al. 1993; Galloway et al. 1996; Weiss 1997; Kim et
al. 1997; Ritter et al. 1997, 1998). This variety of surfaces suggests that the exploration of surface structures and properties
of Fe-Ti-O phases offers the potential for discovering new types
of surface behavior.
This study presents scanning tunneling microscopy (STM)
images of the FeTiO3 and builds on an earlier low energy electron diffraction (LEED) study of this surface (Fellows et al.
1997). The STM images reported here are the first STM images of the FeTiO3 (0001) surface.
–
The FeTiO3 structure (space group R 3) is derived from αFe2O3 by replacing every other layer of Fe atoms in the (0001)
planes by a layer of Ti atoms, thus producing alternating layers of Fe and Ti atoms between (slightly distorted) hexagonally close-packed O layers (see e.g., Klein and Hurlbut 1993).
The hexagonal unit cell has dimensions a = 5.089 Å, c = 14.163
Å. The formal valence of metal ions in this structure is given
by the formula Fe2+Ti4+O3. A view normal to [0001] in the bulk
FeTiO3 structure (Fig. 1) shows within each bulk cation layer
two cation positions, either high or low in the [0001] direction. High-positioned cations are labeled Α and low positioned
cations are labeled Β in this figure.
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