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 学位論文の要旨 Abstract of Thesis 

Superconducting layered transition metal dichalcogenides (TMD) with a chemical composition 
of MX2, where M stands for a transition metal and X for a chalcogen, have been studied for more 
than half a century for its unique low dimensionality and the numerous engineering methods of 
the electronic states [1]. Substitution and intercalation are the conventional methods among them 
and known to be powerful on increasing of superconducting transition temperatures Tcs [2]. The 
intercalation technique can bring TMD to have not only the enhanced carrier density, but also 
magnetism with magnetic elements, Cr, Mn, etc. [3]. When the intercalated magnetic elements 
align along the interlayer direction with a chirality, the materials obtain the chirality in the 
structure and the electronic states, presenting the topological nature with existence of spin texture 
that acts as solitons [4]. Some members of TMD are also known to be topological materials. One 
of them is PdTe2, which have a tilted Dirac cone in the vicinity of Fermi energy [5]. The material 
exhibits superconductivity below 1.7 K, making it as a good candidate for topological 
superconductors. The material is also a rare alloy superconductor to exhibit type-I 
superconductivity [6]. The interests naturally arose how the superconductivity has been 
modulated when additional transition metals are intercalated to the system. The intercalation and 
the substitution are performed on the PdTe2 and related material PdTe in the study to obtain the 
information of superconductivity in those materials. The obtained results on superconductivity 
of PdTe and PdTe2 show the importance of PdTe6 octahedron upon the superconductivity 
realization in those materials. The modulation on superconductivity via intercalation in other 
layered material SnSe2 is also studied.  
This doctoral thesis comprises six chapters. In Chapter 1, the author describes the general 

background of superconductivity and the methods known to engineer the superconductivity in 
layered materials. In Chapter 2, the motivation that led the study is described. Numbers of 
chalcogenides studied in the thesis shares some commonality in either structural unit or the 
method to study, such as intercalation. These commonalities allow us to study the general aspect 
of superconductivity in chalcogenide superconductors. Chapter 3 describes the substitution 
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effect of PdTe. Various chemical doping suggests the charge carrier doping is the main 
parameter to define Tc. Chapter 4 describes the various metal intercalation study on type II Dirac 
semimetal PdTe2. Several metal intercalations show identical behavior in enhanced Tc, 
indicating Tc does not depend on the charge carriers given to PdTe2 layers. Chapter 5 describes 
the metal intercalation in layered semiconductor SnSe2 and the induced superconductivity. In 
Chapter 6, the author concludes the intercalation study on TMD, PdTe2 and SnSe2 and the 
substitution study on related material, PdTe.  
 In Chapter 3, chemical substitution effect on chalcogenide site of PdTe is reported. PdTe owns 
three-dimensional network of PdTe6 octahedra and the space group is P63/mmc. The crystal 
structure can be perceived as filled layered chalcogenide, PdTe2, one of the typical transition 
metal dichalcogenides. The structure can be described as a resemblance of Fe1+xSe(Te), which 
is one of the iron-based superconductors. This resemblance leads toward the idea of studying 
intermediate states of PdTe and FeTe, which shows not only the structural transition but the 
magnetic transition due to the magnetism of Fe introduced in conventional PdTe. In the course 
toward FeTe, the superconductivity of PdTe survives in the environment of the magnetism in 
the system, indicating that the superconductivity is resilient to the magnetism. Despite the 
measurements showing that the superconductivity is fully gapped s-wave superconductor, this 
resilient behavior casts a question what the critical parameter to define the superconductivity in 
PdTe. The substitution effect on Pd site, such as Fe and Ni have been performed, however, the 
chalcogen substitution has never been studied. Moreover, the previous substitution works on Pd 
site are performed only with the elements of same valence as Pd. Thus, the elements that work 
as hole doping in chalcogen site are substituted in this study. The doping range of 5-20 % for Sb 
and Bi substitution shows how the superconductivity is suppressed in the substitution. 
Contrasting dependence on doping level in lattice constants for Sb and Bi confirms that Tc is 
determined from charge carrier engineering. The similar behavior is also observed in Pd1-yTe, 
where the deficiency plays as hole doping. Various doping of PdTe helped to acknowledge the 
structural parameters on Tc, especially the local structure of PdTe6 octahedron. Tc decreases 
observed in various doping are plotted against the angle defined as Te-Pd-Te in the octahedron 
and shows that Tc decreases when Te-Pd-Te is deviated from 96.4. This suggest the 
superconductivity discussed as strong coupling is determined to have certain phonon mode 
preferrable for the superconductivity. The octahedron also consists of PdTe2, which is discussed 
to have strong electron phonon coupling.  
 In Chapter 4, Tc enhancement of PdTe2 by transition metal intercalation is reported. PdTe2 is a 
known Dirac semimetal which has tilted Dirac cone below Fermi level. The material is also a 
superconductor with Tc of 1.7 K. One of the most noteworthy property of PdTe2 is that it is an 
alloy that shows type-I superconductivity. This superconductivity is enhanced via intercalation. 
This behavior is confirmed here. MxPdTe2 where M is Rh, Ir, Pt, and Au shows 
superconductivity in the vicinity of 2.7 K in poly crystalline samples. Tc does not vary in the 
variation of intercalated metals. This indicates that the enhanced superconductivity does not 
depend on the charge introduced to PdTe2 planes. The behavior resembles that observed in 
MxBi2Se3. The author synthesized single crystals of RhxPdTe2 for x = 0.03 to 0.1. The interlayer 
distance increases as x increases, confirming the intercalation of additional metal. Consistent 
with the polycrystalline samples, single crystal samples show no x dependence in Tc. The upper 
(Hc2) and lower (Hc1) critical fields of enhanced superconductivity show contrasting behaviors. 
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Hc2 holds the anisotropy feature while Hc1 is isotropic.  
 In Chapter 5, the author describes the intercalation of SnSe2. SnSe2 is a layered semiconductor 
and the intercalation is known to bring the system superconducting. The reported study 
suggested that Tc depends on the interlayer distance while changing the intercalated ions. The 
previous reports focus on the large distance side of the intercalation, however, the element 
dependence has never been studied. The author employed ammonia to mediate the metals. 
MxSnSe2, where M is Li, Na, K, Sr, and Ba are synthesized. All of the synthesized compounds 
showed superconductivity at various Tc ranging from 4 K to 7 K, while the interlayer distance 
stays in the vicinity of pristine SnSe2.  
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