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Study on Superconductivity and Impurity Effects of Bismuth
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ABSTRACT

Recently, significant discoveries have been made in the use of layered materials in novel
superconducting (SC) materials. In 2012, superconductivity was discovered in the layered compound
Bi404S3 with SC transition temperature 7 = 8.6 K. Later, (Eu, Sr);F4Bi,S4 was synthesized under high
pressure with 7. = 10 K. Superconductivity was also discovered in LnO..F:BiS, (Ln = La, Ce, Pr, Nd,
Yb) compounds with 7. = 2-10 K through fluorine substitution for oxygen. Further, S can be
substituted by Se, and the doped Se preferentially occupies the in-plane S site in LaO;F,BiCh, (Ch
=38, Se) with maximum 7¢ =4 K. In particular, the superconductivity of LaO..F:BiS, compounds has
been studied intensively. These compounds have a characteristic structure with an alternate stacking
of SC BiS; layers and blocking layers (LaO/F) that supply electrons to the BiS; layers. The layered
crystal structure is analogous to those of high-temperature (high-7;) cuprate and Fe-based
superconductors. However, the mechanism underlying the superconductivity of BiS, superconductors,
which still remains unclear, is considered to be different from those of cuprate and Fe-based
superconductors.

The symmetry of the SC gap is well known to reflect the origin of the SC mechanism. Magnetic
penetration depth measurements and thermal conductivity measurements for La- and Nd-based BiS»
superconductors have shown a full gap with an s-wave. However, transverse-field muon spin
relaxation (TF-4SR) measurements have proposed that the SC gap is well described by two-gap s + s-

wave model and anisotropic s-wave model. Soon after that, angle-resolved photoemission



spectroscopy (ARPES) measurements indicated a large SC gap anisotropy and suggested the existence
of accidental nodes in nodal s-wave symmetry. Recently, point contact spectroscopy measurements
have suggested that the gap symmetry is an unconventional pairing symmetry. Thus, the SC gap
symmetry of BiS,-based superconductors remains controversial.

In this work, we investigated the SC gap symmetry and bulk nature of
superconductivity in LaO1.xFxBiS2 superconductors, and the effect of Sh substitution on the
layered superconductor LaOjixFxBiiyShyS> through XRD, specific heat, electrical
resistivity, and magnetic susceptibility measurements. LaO1xFxBiS2 (x = 0.5, 0.4) and
LaOg.sFo.5Bi1.ySbyS, (y = 0-0.20) were synthesized using the flux method under ambient
pressure. LaO1-xFxBiS2 (x = 0.5, 0.4) show bulk nature of superconductivity, although T¢ is
slightly suppressed, and its transition is broad for x = 0.4. The electronic specific heat Ce
of LaO1xFxBiSz (x = 0.5) below ~ T can be explained by s-wave superconductivity with
either an anisotropic single gap or two gaps. The two-gap effect is more dominant for x =
0.4. The Ce/T at T<<T. in LaOg.5Fo.5Bi1.ySbyS> below y = 0.06 is hardly recovered by Sb
substitution, indicating that the superconductivity is robust against the pair-breaking due to
non-magnetic impurities, as expected in the fully gapped s-wave superconductivity. T¢ is
suppressed by the Sb-doping in both the specific heat and the electrical resistivity and
magnetic susceptibility measurements. The slight decrease in T in Sb-doped samples can
be ascribed to the enhancement of electron correlations due to the weak localization of
carriers. Based on these experimental results, we conclude that LaO:.xFxBiS2 compound

shows a fully gapped s-wave superconductivity.
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