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Soon after the discovery of iron based superconductor LaFeAsO1-xFx with the 
superconducting transition temperature of Tc=26K by Kamihara et al., superconductivity in 
PbO-type FeSe at 8K was reported.  The FeSe layer is analogous to the FeAs layer, which 
implies that FeSe has the simplest crystal structure in the iron-based superconductors.
FeSe samples were prepared using the solid-state reaction in the quartz tube.  The 
structural phase transition from tetragonal to orthorhombic was observed by high-resolution 
synchrotron X-ray diffraction.  We observed the extremely huge pressure effect of the 
superconducting transition temperature. Surprisingly, the superconducting transition 
temperature Tc raised from13K to 27K at 1.48GPa. The Tc also raised by the substitution of 
Se by Te. However, FeTe is not superconducting.  Recently we have succeeded to realize 
superconductivity in FeTe by S doping.  Superconducting transition temperature is around 
10K and upper critical field is estimated to be 70T.  This result suggest that all of FeAs, 
FeP, FeSe, FeTe layers have potential of superconductivity.  We will also report the valence 
band photoemission spectra and NMR measurements of FeSe.  We think that the detailed 
investigation of FeSe and FeTe system will provide us the clues to understand the 
mechanism of superconductivity in iron-based superconductors. 
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Here we present a series of oxygen-deficient oxypnictide superconductors, LnFeAsO1-y

(Ln: lanthanide elements) with Ln=La, Ce, Pr, Nd, Sm, Gd, Tb and Dy has been prepared 

using high-pressure synthesis technique. We demonstrate that the lattice parameters, the 

superconducting transition temperatures (Tc) and the phase purity of the samples strongly 

depend on the synthesis pressure, in particular for heavier Ln’s, such as Tb and Dy. Sharp 

superconducting transitions are observed at almost the same temperature both in resistivity 

and magnetic susceptibility measurements for each sample. It is demonstrated that the 

LnFeAsO1-y superconductor containing Ln’s (Nd, Sm, Gd, Tb and Dy) inherently possesses 

high-Tc exceeding 50 K while those with lighter Ln’s (La, Ce and Pr) has been lower Tc’s.

The a- and c-parameters decrease with atomic number of Ln while Tc is constant for Ln=Nd

to Dy, which suggests that the lattice parameters themselves are not dominant factors to 

determine the maximum Tc.

Also we show our first hand result on Fe-isotope effect in Ba1-x,KxFe2As2 samples 

prepared by using high pressure synthesis technique. We have studied the effect of isotopic 

substitution on the superconducting transition temperature (Tc) by replacing 54Fe by 57Fe. We 

repeated experiment for eight set of samples and precisely determined and which 

demonstrate that iron isotope component Tc ~M- ) is negative.  
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Since the discovery of heavy fermion superconductivity in CeCu2Si2[1], a number of 
rare-earth and actinide compounds have been reported to exhibit unconventional 
superconductivity.  More recently, transuranium-based superconductors such as PuCoGa5

and NpPd5Al2 have also been reported.  It is interesting to note that compounds with the 
ThCr2Si2-type tetragonal structure, which has similar crystallographic characteristics as 
oxypnictide superconductors, often show unconventional superconductivity (CeCu2Si2,
URu2Si2, CePd2Si2 under pressure, etc). After reviewing the superconducting characteristics 
of these compounds, we mention the synthesis of actinide compounds with oxypnictide 
structure.   
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