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Abstract. - Spectra of optical conductivity and UPS have been measured in single crystals of Fe7Ses and Co7Ses. 
Experimental spectra in Fe7Ses showed good correspondence with the DOS (density of state) spectrum obtained from the 
band calculation in FeSe. Magnetic properties of these crystals are discussed in connection with the electronic structures. 

1. Introduction The ultraviolet photoelectron spectrum was mea- 

Fe.rSe8 and Co7Se8 crystallize in a NiAs-like struc- 
sured by using BL-1 at the Synchrotron Laboratory. 

ture with a superstructure (3c or 4c) due to  order- The samples was cleaved in the vaccuum. The excita- 

ing of vacant cation sites [I]. The electrical conduc- tion photon energy region was between 32 and 120 eV, 

tion of both materials are metallic, whereas the mag- and EDC was measured for binding energies between 

netic properties are different; Fe7Se8 is a ferrimagnet +0.5 and -20 eV. 

and CoSes a Pauli-paramagnet [2]. Several anomalous 
magnetic behaviors have been observed in the solid so- 
lution system between the two selenides [3]. 

We have been studying on the optical properties of 
these materials to elucidate the relation between the 
magnetic properties and the electronic structures [4,5]. 
In the course of the work we noticed a difference in 
color between two crystals; i.e. the former is color- 
less whereas the latter is slightly golden. We, there- 
fore, measured optical reflectivity spectra in these crys- 
tals. In addition, we measured ultraviolet photoelec- 
tron spectra in Fe7Ses to get insight into the valence 
band structure of this crystal. These experimental re- 
sults are discussed in terms of the energy band struc- 
ture of NiAs type FeSe calculated recently by Morifuji 
and Motizuki [6]. 

2. Experimentals 

Single crystals of Fe7Ses and Co7Ses were grown 
from the melt by the Bridgmann technique. Samples 
for the reflectivity measurements were cut from the in- 
got and were mirror-polished with lapping films. The 
surface was slightly etched by using nitric acid solution 
prior to the ultraviolet measurements. 

Reflectivity spectra for photon energies between 0.2 
and 4 eV were measured by using specially designed 
reflectivity spectrometer as used in the previous works 
on pyrites [7]. Vacuum ultraviolet refiectivity spec- 
tra between 3 and 25 eV were measured by using a 
synchrotron radiation (BL-3) from the storage ring at 
the Synchrotron Laboratory of ISSP. Reflectivity spec- 
tra for 0.2-4 eV and those for 3-25 eV were connected 
and calibrated by using the absolute values obtained 
from the ellipsometry at 546 nm. The Kramers-Kronig 
analyses have been performed by using an ACOS-1000 
computer in Tokyo University of Agriculture and Tech- 
nology. 

3. Results 
Figure 1 shows reflectivity spectra in single crystals 

of Fe~Ses (solid curve) and C07Ses (dotted curve). The 
gross features of the two spectra are very close espe- 
cially for photon energies higher than 8 eV. However, 
clear distinction can be observed in the energy region 
lower than 5 eV. 

The Kramers-Kronig analyses performed with an ex- 
trapolation by the Drude term for lower energies and 
by E-* dependence on photon energy E for higher 
energies. Details of the results have been published 
elsewhere [5]. In figure 2 are shown spectra of the 
real part of the conductivity (corresponding to the ab- 
sorption spectra) obtained by the analyses for photon 
energies lower than 5 eV, in which a clear difference 
in the spectral features between Fe7Ses and Co7Ses is 
observed; Fe7Se8 shows a sharp and intense absorption 
peak at 0.5 eV, while Co7Ses a broad and less intense 
absorption band ranging between 0.5 and 3 eV. This 
difference in the absorption spectrum can account for 
the difference in the color of these crystals. 

- 80 
- FerSea 
.....-. CorSee 

I- 
0 W 

$40- 
W 

Oo PHOTON 10 ENERGY 20 (ev )  

Fig. 1. - Reflectivity spectrum of Fe7Ses (solid curve) and 
Co7Ses (dotted curve) between 0.2 and 25 eV measured at 
room temperature. 
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Fig. 2. - Spectra of the real part of conductivity in Fe7Ses 
(solid curve) and ColSe8 between 0.2 and 5 eV. Dashed 
curve represents a joint density of state of NiAs-type FeSe 
evaluated from the calculated band structure [6]. 

Figure 3 shows ultraviolet photoelectron spectra in 
Fe7Se8 for binding energies between +0.5 and -18 eV. 
Curves are plotted for several excitation energies be- 
tween 32 and 120 eV. The cross section for photoelec- 
tron emission has been known to be strongly depen- 
dent on photoexcitation energy [8]: the cross section 
of d-electron emission is smaller than that of pelectron 
for low excitation energies, while the former becomes 
larger for high energies. The two sharp structures just 
below the Fermi level appear only for excitations by 
high photon energies and does not change the position 
with the excitation energy. They may be assigned to 
originate from narrow d-bands. On the other hand a 
broad peak around -6 eV observed in the low excita, 
tion energy seems to shift to  smaller binding energies 
as the excitation energy increases and may be corre- 
lated with valence band. 

18 i0 BINDING 12 ENERGY 6 lev) 

Fig. 3. - Ultraviolet photoelectron spectra of Fe7Se8 for 
bindidng energies between +0.5 and -18 eV excited by syn- 
chrotron radiation. 

4. Discussions 
Recently an APW band calculation was carried out 

in FeSe with a NiAs structure by Morifuji and M e  
tizuki [6]. The calculated DOS (density of states) curve 
below the Fermi level was quite similar to the ultra- 
violet photoelectron spectrum. They also calculated a 
JDOS (joint density of states) spectrum from the band 
structure. The absorption spectrum estimated by de- 
viding JDOS by photon energy is shown by a dashed 
curve in figure 2. Striking resemblance is seen between 
the calculated and experimental spectra in spite of the 
presence of vacant Fe-site in the crystal investigated 
experimentally. 

From these considerations the absorption structure 
around 0.5 eV in Fe7Ses can be related to a transition 
from the d-band below the Fermi level to the d-band 
above the Fermi level. Therefore, the broad absorption 
seen at 0.5-3 eV in Co7Ses can also be associated with 
a broad d-band width in this material. 

We showed in a previous paper on optical studies in a 
pyrite type solid-solution system, Co (S1-,Se,), , that 
the magnetic properties of the compound are closely 
related to the width of d-band in the vicinity of the 
Fermi level 191. The present optical study also leads to 
the same conclusion that the compound with a wide 
d-band near Fermi energy loses a magnetic order to 
become a Pauli-paramagnet while that with a narrow 
d-band gains ferrimagnetic order. This conclusion is 
consistent with the theoretical consideration given by 
Takahashi and Tano [lo]. 
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