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Abstract

The metal-insulator (MI) transition in quasi-one-dimensional compound VgOy3 has
been investigated by angle-resolved photoemission spectroscopy (ARPES) at the
photon energy of hv=10 eV using synchrotron radiation and optical study below

2 eV. Along the b || direction, a clear Fermi cutoff and a band dispersion near Ep
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are observed in the ARPES spectra. The energy distribution curves (EDC) show
an opening of a gap ~0.2 eV across the transition temperature Th;;=150 K. The
ARPES at hry=10 eV is confirmed to be a bulk-sensitive spectroscopy with high

resolutions in energy and momenta.
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1 Introduction

There have been many studies for vanadium oxides. Among them, mixed-
valence compounds of Magnéli phase (V,,04,_1) and Wadsley phase (V2,05,-2)
show complicated physical properties, such as MI transitions accompanied
by magnetic transitions [1,2]. V¢Oi3 belongs to the Wadsley phase. Despite
the great interest, there have been limited numbers of studies because of the
complicated physical properties and the crystal structure in contrast to the
well-known V303, VgOi3 shows a MI transition at Ty ;=150 K and an an-
tiferromagnetic transition at Tny=>55 K [7—12]. In its crystal structure, there
are two different types of one-dimensional vanadium networks along the b-
axis [3-6]. Several different vanadium valence numbers are thought to exist in
both metallic and insulating phases [12]. In order to investigate the change of
electronic structure near the Fermi level through the MI transition, we have
performed a low-energy ARPES and an optical study with polarized light

sources.



2 Experimental

ARPES experiment was carried out by using synchrotron radiation at BL9A
in HiSOR with a Scienta SES2002 analyzer. The excitation photon energy
was selected as hr=10.05 eV for bulk-sensitive measurements. The energy
and angular resolutions were set to be better than 100 meV and 4+0.5°. The
ARPES measurements were done at 110 and 170 K, below and above Ty;;.
Clean surfaces for the bulk-sensitive measurements were obtained by cleaving
the single crystal samples in situ under an ultra-high vacuum of better than
2 x 1078 Pa. The crystal directions were certified by X-ray Laue diffraction

method in advance to the measurements.

Optical reflectivity measurements were performed using a Fourier interferom-
eter and conventional light sources up to hr <1.8 eV. Flat sample surfaces
were obtained by cleaving single crystals in the (110) face. Gold was deposited
on the samples after the measurements as a reference for deriving accurate re-
flectivity. Optical conductivity o was obtained from the optical reflectivity by
using the Kramers-Kronig relation [13]. For the proper K-K transformation,
the optical reflectivity spectra were complemented on the lower energy side by
Hagen-Rubens and a constant extrapolations for the metallic and insulating
phases, respectively. As usual, w™* extrapolation was employed on the higher

energy side in this study.

3 Results and Discussion

Figure 1 shows the intensity maps made of EDCs and the momentum distri-

bution curves (MDC) for b || direction at 170 and 110 K. At 170 K, a small



upward dispersion is seen around kb/m=0 in the intensity map. The upward
band dispersion crosses Ep at kb/m ~ 0.4. In contrast, there is no intensity
at I'p and angular dependence is negligible near Kr at 110 K. No significant

dispersion is seen in MDC.

The spectral changes of EDCs across Ty for b || direction are shown in Fig-
ure 2 for several angles. The MI transition is clearly seen as a change near
Er with opening a gap of ~0.2 eV. At 170 K, a finite intensity exists at Fp
in every EDC contrary to the former study performed with using a He dis-
charging lamp [14]. The spectral intensities at 0 ~ 0.3 eV seem to transfer to
0.7 ~ 2.1 eV regions with the change from the metal to the insulator phase.
The gap formation and spectral change resemble the higher-energy photoe-
mission results [15]. The details of the band structure above 2 eV are hidden
by secondary electron backgrounds. According to the cross-sections, the differ-
ence from high-energy ARPES may be resulting from the O 2p sensitivity in
low-energy ARPES compared with the V 3d sensitivity in high-energy ARPES
[16].

Figure 3(a) shows the optical reflectivity. For the metallic phase at 300 K, thick
and thin continuous lines correspond to the spectra measured for the polar-
ization along the b- and a-axes as parallel and perpendicular to the vanadium
networks. Similarly, thick and thin dashed lines are in the semiconducting
phase. The spectra change discontinuously at Th;; with changing tempera-
ture and the typical spectra for metallic and semiconducting phases are given
in the figure. In Figure 3(b) are shown the optical conductivity spectra that
are obtained from the reflectivity spectra of 0~3 eV region extended by the
extrapolations as mentioned before. Both in the reflectivity and the conduc-

tivity, the intensity difference at hv=0 eV and the energy range with spectral



Binding Energy (eV)

15 1.0 0.5 0
Binding Energy (eV)

o
o

V)

o
w

Binding Energy (e
o o

20

T
1.5 1.0 0.5

00 02 04
Binding Energy (eV) kblx

Fig. 1. Intensity maps and MDCs in b || direction at 170 and 110 K.
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Fig. 2. Changes in EDCs at several angles across the MI transition temperature.
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Fig. 3. Spectral changes in optical reflectivity and conductivity across the MI tran-
sition temperature.

change across Ty are larger for b || than in b L direction. The discrepancy
in conductivity is observed below ~ 1.6 eV in b || and below ~ 1.2 eV in
b L. Especially in b || conductivity the smallest band gap from the occupied
to unoccupied states is opened as ~ 0.3 eV. The spectral intensity of Drude
weight in the metallic phase seems to transfer to the hump at ~ 0.6 eV. It
may correspond to the relocation of spectral weight across Th; observed in
the EDCs namely the opening the Mott gap in the insulator phase. Extensive
analysis requires the measurement up to higher photon energies with using

synchrotron radiation light sources [17].
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