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Abstract

The electronic structure of CeTe, has been investigated by performing high-
resolution photoemission spectroscopy (PES) measurements on high-quality
stoichiometric single crystals of CeTe,. The Ce 3d XAS measurement indicates
that the Ce ions are trivalent. The Ce 4f PES spectrum reveals two-peak
structures with the Ce 4f bulk hybridization peak located around 0.8 eV below
Er. The high-resolution, high-energy, bulk-sensitive PES study of CeTe,
provides evidence for a metallic density of states near Er. The carriers near
Er consist mainly of Ce 5d and Te(1) Sp states, while the contribution from
the Ce 4f and Te(2) 5p states is negligible. This finding agrees with the CDW
instability in the Te(1) sheets.

Layered RTe, (R: La, Ce) systems have attracted much attention due to their anomalous
magnetic and transport properties. RTe, crystallizes in the layered Cu,Sb-type tetragonal
structure with two types of Te sites: Te(1) and Te(2). Te(1) atoms form the planar square
sheet which is sandwiched by the corrugated double layers formed of R and Te(2) atoms.
LaTe, exhibits the charge density wave (CDW) instability in the Te(1) square sheets [1-4].
CeTe, also shows the CDW-related pseudo-gap feature [4] and the superstructure [5]. Due
to the quasi-two-dimensional layered structure, CeTe, shows strong anisotropic behaviour in
transport and magnetic properties [6-9].

In order to understand the origin of the anomalous magnetic and transport properties
of CeTe,, it is essential to investigate the electronic structure of CeTe, and the role of
Ce 4f electrons. One of the open issues in CeTe, is the nature of the charge carriers: it
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is not clear whether they come from Te(1), Te(2), or Ce. It is generally considered that
the ionic configuration of RTe, is R*Te(2)?>~Te(1)!~ so as to produce hole carriers in the
Te(1) sheets. This idea, however, has not been confirmed experimentally. Most of previous
experiments were done on non-stoichiometric samples with a Te deficiency because of the
difficulty in growing high-quality stoichiometric single crystals [6, 7]. Due to the extremely
low carrier concentration in CeTe,, non-stoichiometry affects the physical properties a lot.
Only a few electronic structure studies have been reported for RTe,. Break junction tunnelling
measurements on polycrystalline samples [4] showed that LaTe, has a well-developed CDW
gap (2A) of 0.9 eV, whereas CeTe, has a V-shaped density of states (DOS) near the Fermi
level Er with the in-gap states. The ultraviolet photoemission spectroscopy (PES) study on a
polycrystalline LaTe, sample [10] was consistent with a very low carrier density at Ef.

In this study, we report a high-resolution PES study on stoichiometric single crystals of
RTe, (R = Ce, La). We have determined the partial spectral weight (PSW) distributions of
the bulk Ce 4f, La 5d, and Te p electrons, and the type of the carriers in CeTe,, by performing
resonant PES (RPES) measurements near the La and Ce 3d — 4f absorption edges.

RTe, single crystals (R = La, Ce) were grown by the self-fluxed Bridgman method [7].
Electron-probe microanalysis (EPMA) of several parts of the samples showed that the atomic
ratios of R to Te were Ce:Te = 1:2.00 £ 0.02 and La:Te = 1:1.99 &£ 0.02. The residual
resistivity of these samples is a few hundred times smaller than that of previously reported
samples [7].

High-resolution Ce 3d — 4f RPES experiments were performed at the twin-helical
undulator beam-line BL25SU of SPring-8 equipped with a SCIENTA SES200 analyser.
Samples were cleaved and measured in vacuum better than 3 x 107! Torr at T < 20 K.
PES data were obtained in the transmission mode. The total instrumental resolution (FWHM:
full width at half maximum) of the system was about 100 meV at zv ~ 880 eV. All the
spectra were normalized to the incident photon flux. The cleanliness of the cleaved surfaces
was confirmed by the absence of the O 1s peak. XAS spectra were obtained by employing
the total electron yield method, with the photon energy resolution better than ~100 meV at
hv ~ 900 eV.

Ce 4d — 4f RPES experiments were carried out at the PGM beam-line at the Synchrotron
Radiation Center (SRC). Samples were cooled downto 7' < 15 K and cleaved in vacuum with a
base pressure better than 3 x 10~!! Torr. The cleanliness of the cleaved surfaces was confirmed
by the absence of the 6 eV peak and no hump at about 9.5 eV [11]. The Fermi level and the
overall instrumental resolution of the system were determined from the valence-band spectrum
of a sputtered Pt foil. The FWHM was about 160 meV at v ~ 120 eV.

Figure 1 shows the R 3d XAS spectra of RTe; (R = Ce, La). The Ce 3d XAS spectrum of
CeTe, is very similar to that of a trivalent (3+) Ce compound CeNiSn [12], but different from
those of the mixed-valent Ce compounds CeNi, (x = 2, 5) [13] and a formally tetravalent
(4+) CeO; [14]. The main peaks in the Ce 3ds;, XAS part (hv ~ 881.4 and 882.4 eV) and the
shoulder structures at lower v (hv ~ 878-880 eV) are ascribed to multiplet structures due to
the 3d'94f! — 3d%4f2 transition. Further, no satellite structure is observed near kv ~ 887 eV,
corresponding to the 3d'%4f" — 3d%4f! transition, indicating that there is almost no 3d!4f°
configuration in the ground state of CeTe,. These features indicate that the ground states of
Ce ions in CeTe, are nearly trivalent with the |g) ~ 3d'%4f! configuration. The La 3d XAS
spectrum of LaTe, is very similar to that of a formally trivalent (3+) La oxide La,O3 [14],
which has the 4f° configuration in the ground state. Figure 1 thus indicates that the valence
states of bulk Ce and La ions in RTe, are mainly trivalent (3+) states.

Figure 2 compares two different results of the extracted Ce 4f PSW distributions of CeTe,.
These methods used the traditional giant resonances in Ce 3d — 4f RPES [12] and Ce 4d — 4f
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Figure 1. The Ce 3d XAS spectrum of CeTe; (top) and the La 3d XAS spectrum of LaTe; (bottom).

RPES [15], respectively, and the standard extraction procedure. hv &~ 874.8 and 882.4 eV
were employed in 3d — 4f RPES (solid curves) and hv &~ 115 and 121 eV were employed in
4d — 4f RPES (open circles). The resonance enhancement identifies the features as having
4f character.

Both Ce 4f PSWs show two-peak structures, with the lower binding energy peak around
0.8—1.2 eV, and the higher binding energy peak around 4 eV. The two-peak structures are typical
of Ce compounds, but the lower binding energy peak in CeTe; is located far below Er without
a Kondo resonance near Er [16]%. The high and low binding energy peaks are identified as due
to the 4f'v"™ — 4f%™ and 4f'v™ — 4f'v”~! transitions (v denotes a valence-band electron),
respectively [15]. The low binding energy peak arises from the hybridization between the Ce
4f and valence-band electrons [15, 17].

It is well known that the Ce 4f spectrum determined from Ce 3d — 4f RPES is more
representative of the bulk Ce 4f spectrum, [18, 19] as compared to Ce 4d — 4f RPES,
which contains a large contribution from the surface emission. It is found that the bulk
Ce 4f hybridization peak of CeTe, is located around 0.8 eV binding energy, and the peak

8 The absence of the Kondo resonance in CeTe; is due to the very low conduction electron concentration in CeTey
since the Kondo resonance can be observed only in metallic systems.
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Figure 2. Comparison of the Ce 4f PSWs of CeTe,, determined from Ce 3d — 4f RPES, and Ce
4d — 4f RPES. All the data were obtained at normal emission.

is rather broad, corresponding to FWHM ~ 1.5 eV. The broad 4f bands indicate large
hybridization between Ce 4f and Te Sp electrons. The comparison in figure 2 shows that the
Ce 4f hybridization peak in the surface-sensitive Ce 4f PSW is at a higher binding energy
(~1.2 eV) than the bulk peak (~0.8 eV). Further, the Ce 4f intensity near Ef in the bulk-
sensitive Ce 4f PSW is much larger than that in the surface-sensitive Ce 4f PSW. Note, however,
that the contribution from the Ce 4f states just at Er is negligible. In other words, there are no
metallic Ce 4f states at EF, but the Ce 4f states are located slightly below Eg. This point will
be discussed further in figure 3.

Figure 3 shows the extracted PSW distributions in CeTe, for different orbitals. The top
curve of the Ce 4f PSW corresponds to that determined from the 3d — 4f RPES, shown
in figure 2. Even in using high Av in Ce 3d — 4f RPES [18, 19], one should be cautious
in determining the bulk Ce 4f PSW, due to the surface 4f emission and the resonant Ce 5d
emission. As shown in figure 2, most of the surface contribution is likely to be underneath the
high-energy peak around ~4 eV. As for the resonant Ce 5d intensity in the Ce 4f PSW, the
contribution is estimated to be less than 10% [20]. As mentioned above, the contribution from
the Ce 4f states at Er is negligible even though there is a small hump below Ef.

As to the Ce 5d PSW, we consider the Ce 5d PSW to be similar to the La 5d PSW to a
first approximation. It is very difficult to extract the Ce 5d emission due to the overlap with
the stronger Ce 4f emission. We have determined the La/Ce 5d PSW by using the standard
extraction procedure in the La 5d resonance in La 3d — 4f RPES, where hv ~ 834 and
828 eV are used as the on- and off-resonance energies, respectively. The La/Ce 5d PSW of

RTe, clearly exhibits a metallic Fermi edge.

The off-resonance spectrum (hv = 828 eV) in La 3d — 4f RPES is chosen to represent
the Te 5p PSW because the Te 5p emission is dominant over other electron emissions around
this 4v value [21]. Note that the intensity near E is non-negligible in the PES spectrum with
hv =~ 828 eV. The hv ~ 828 eV spectrum that represents the bulk Te Sp PSW consists of both
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Figure 3. The extracted PSW distributions for CeTe, for different orbitals. The Ce 5d PSW for
CeTe, is assumed to be similar to the La 5d PSW for LaTe,. All the data were obtained at the
normal emission, and the vertical scale is arbitrary for each spectrum.

Te(1) and Te(2) Sp electron emissions. This feature of non-negligible Te 5p states near Ef is
quite different from the gap feature observed in the surface-sensitive tunnelling spectrum [4].
The calculated band structure of the CDW phase of LaTe, shows that [5] the Te(2) Sp bands
lie far below Ep, whereas the Te(1) Sp bands are close to Er. Thus the tunnelling spectrum
seems to represent the DOS mainly from the R-Te(2) planes. Accordingly, the non-negligible
intensity near Ey at hv ~ 828 eV, as compared to the gap feature in the tunnelling spectrum,
implies that the Te(1) 5p states are located still closer to Er than the Te(2) Sp states, despite
the CDW gap opening in the Te(1) sheets in CeTe,. Our PES data indicate that the CDW gap
in the Te(1) sheets is much smaller than the value reported from the tunnelling experiment [4]
(2A = 0.9¢eV for LaTe,). Therefore our high-resolution PES data for CeTe, are consistent with
the existence of the Te(1) 5p electronic states near EF, as predicted in the band calculation [3].

The metallic Fermi edge is clearly observed only in the La/Ce 5d PSW, but not in Te 5p
and Ce 4f PSWs, reflecting that only the Ce 5d bands cross Eg. Therefore this finding implies
that, in CeTe,, the electronic states near Er have little Ce 4f character, so that the carriers near
Er have mainly Ce 5d character. This conclusion is consistent with the metallic ground states
of LaTe; and CeTe, [7], and also with the picture of the CDW instability in the Te(1) sheets.
According to band-theoretical calculations [3], the La 5d states are shifted down to cut Eg
when the lattice distortion due to the CDW instability in the Te(1) sheets is taken into account.

In conclusion, the Ce 4f PSW of CeTe; has been determined by employing bulk-sensitive
3d — 4f RPES and XAS. Among the two-peak structures of the Ce 4f PSW for CeTe,, the
position of the Ce 4f bulk hybridization peak is located around 0.8 eV binding energy. The



9168 J-S Kang et al

Ce and La 3d XAS spectra show trivalent (3+) bulk Ce and La ions in CeTe, and LaTe;. In
the high-resolution bulk-sensitive PES spectra for RTe,, the metallic Fermi edge is observed
only in the La/Ce 5d PSW, but not in the Te 5p and Ce 4f PSWs, reflecting that only the Ce
5d bands cross Eg. Our high-resolution PES spectra near Ef also indicate that the Te(1) 5p
bands are located much closer to Er than the Te(2) 5p bands. Therefore this PES study for
CeTe; suggests that the Ce 5d and Te(1) Sp electrons, located near Ep, play an important role
in determining the metallic ground state of CeTe,. Our finding is consistent with the CDW
instability in the Te(1) sheets.
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