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Abstract 

Some main properties (including superconducting ones) of different chemical elements are shown in color inset. Here, a 
classification of known superconducting compounds is carried out. One includes 6 types of compounds, namely organic 
superconductors, A-15 compounds, magnetic superconductors, heavy fermions, oxides without copper, pyrochlore oxides, rutheno-
cuprates, high-temperature superconductors, rare-earth borocarbides, silicon superconductors, chalcogens, carbon superconductors, 
MgB2 and related compounds. The last section is devoted to room-temperature superconductivity. 
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Introduction 
Organic Superconductors 

The organo-metallic compounds, discovered in 1979, have double bonds and can provide electrons to form Cooper pairs. 
There are vibration modes so that a phonon-induced mechanism is feasible. Moreover, the electrons may become attractive due to 
strong correlations, in which a phonon mechanism is not required. Majority of organic superconductors demonstrate co-existence of 
superconductivity and antiferromagnetism [300]. The critical temperatures, Tc, for BT=BEDT-TTF (BEDT = bis(ethylenedithio), TTF 
= tetrathiafulvalene) compounds [993] are given in Table A.1. The properties of these superconductors depend on pressure and on 
annealing procedure. The critical temperatures of most of these compounds are <10 K. 

 
The mechanical loading leads to change of Fermi surface. The stress parallel to conducting planes of quasi-two-dimensional 

organic superconductor k-(BEDT-TTF)2Cu (SCN)2, causes an increase of Tcand Hc2, but the perpendicular stress leads to their 
decrease. As it is known, superconductivity can be destroyed by a sufficiently high magnetic field. However, this is not always true. 
The organic superconductor k-(BEDT-TTF)2Cu (SCN)2demonstrates Fulde-Ferrell-Larkin–Ovchinnikov (FFLO) effect, namely 
superconductivity could be observed only in strong magnetic field. FFLO superconductivity initiates when an electron with spin “up” 
interacts with a hole with spin “down.” 
 

 
 
A-15 Compounds 

Chemical compounds of binary composition A3−xB1+x crystallize into many different structures, depending on the value of x, 
temperature and pressure. One of the structures existing near x = 0,A3B (where A = Nb, V, Ta, Zr and B = Sn, Ge, Al, Ga, Si) has the 
structure of beta-tungsten, designated in crystallography by the symbol A-15, and is superconducting. Hardy and Hulm first 
discovered A-15 superconductor (V3Si) in 1954. Intermetallic compound Nb3Ge has a critical temperature Tc= 23.2K, while Nb3Ga 
shows Tc= 20.7K, Nb3Al, Tc= 19.1K and Nb3Sn, Tc = 18.3K. Figure A.1 shows the structure of the binary A3B compound. The critical 
temperature and second critical field increase in Nb3Al compound, adding Ge and Cu in Nb/Al at the initial stage of the rapid heating, 
quenching and transforming (RQHT) process [463], and they attain for Nb3Al-Ge(Tc = 19.4K,Hc2 = 39.5T) and for Nb3Al-Cu(Tc= 
18.2K,Hc2 = 28.7T) [462]. Moreover, the superconductors Nb3Al-Ge, Cu have highest critical current densities among all metallic 
multifilamentary superconductors at H >20T and T = 4.2K. Only significantly more expensive HTSC, based on Bi-2223 and Bi-2212, 
have the near values of supercurrent at T <20 K. 
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Magnetic Superconductors (Chevrel Phases) 

In 1971, Chevrel and co-workers discovered a new class of ternary molybdenum sulfides having the general chemical 
formula MxMo6S8, where M stands for a large number of metals and rare earths. These superconductors have unusually high values of 
the upper critical field, Bc2, given in Table A.3 [737]. The superconducting compounds REMo6X8(where RE = Gd, Tb, Dy, Er and X 
= S, Se, Te), and RERh4B4(where RE = Nd, Sm, Tm) are usually related to the Chevrel phases [1028]. Magnetic superconductors 
demonstrate some novel features not found in conventional type-I superconductors. Upon cooling from the superconducting phase (T 
< Tc), the material becomes normal again at a low temperature and the superconductivity is destroyed. Very often this normal phase is 
magnetically ordered. Upon cooling from the normal state, the system becomes superconducting below Tc, and upon further cooling it 
becomes magnetically ordered below Neel temperature, TN (where TN< Tc). Thus, the superconducting phase occurs only in a limited 
range of temperatures, TN< T < Tc. 

 
The interaction of conduction electrons with magnetic atoms leads to the formation of a bound state of the electron with the 

magnetic atom below a certain characteristic temperature called the Kondo temperature. It was found that the resistivity of a magnetic 
alloy, such as Fe impurities in Cu shows a minimum in the resistivity as a function of temperature due to the interaction of conduction 
electrons of the metal atom with the magnetic moment of the magnetic atom. Such a Kondo effect exists in superconductors 
containing magnetic impurity atoms at low temperatures, because the superconductivity is destroyed. In the case of magnetic 
superconductors, there is a sub-lattice of magnetic atoms in addition to the lattice of metallic atoms, so that magnetically ordered 
phase exists at low temperatures below the superconducting phase, TN< Tc. While ferromagnetic superconductors (e.g., ErRh4B4and 
HoMo6S8) demonstrate the above behavior, the antiferromagnetic superconductors (e.g., REMo6S8, where RE = Gd, Tb, Dy and Er 
and also RERh4B4, where RE = Nd, Sm and Tm) present examples of the co-existence of the two phases together with anomalous 
behavior of the second critical field. In ErRh4B4, possessing tetragonal structure with a = 5.299˚A and c = 7.588˚A, a plot of the ac-
magnetic susceptibility (χac) and electric resistance depicts a normal to superconducting transition at Tc1= 8.7K, followed by a loss of 
susceptibility at Tc2= 0.9K together with the appearance of the ferromagnetic long-range order. This result takes place at zero magnetic 
field. At non-zero finite field also, the resistance disappears at some temperature interval within the above domain. The compound 
HoMo6S8 becomes superconducting at Tc1= 1.3K in zero field. On further cooling, it becomes normal at Tc2= 0.6K together with the 
appearance of ferromagnetic long-range order. 
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Heavy Fermion Superconductors 
Co-existence of superconductivity and antiferromagnetic order is found in U-based heavy fermions (UPt3, U(Pt1−xPdx)3, 

U1−xThxBe13, URu2Si2, UNi2 Al3, UPd2Al3, U6Co and U6Fe) and in the heavy fermions: RERh2Si2(where RE = La and Y), Cr1−xRex, 
CeRu2, CeIn3, CePd2Si2, CeNi2Ge2, CeCoIn5and CenTmIn3n+2m(where T = Rh or Ir, n = 1 or 2; m = 1). In CeCoIn5critical temperature 
Tc= 2.3K. At the same time, the co-existence of superconductivity and ferromagnetism is discovered in the compounds UGe2, URhGe 
and ZrZn2. In ZrZn2, the maximum critical temperature is slightly less than 3K at ambient pressure and decreases with increasing 
pressure. The Superconductor YNi1.9B1.2demonstrates one of the maximum Tc ≈ 14K among known triple compounds with 
ferromagnetic component [870]. Another superconducting phase YNiB3has Tc~ 4.5K (tetragonal lattice with parameters of a = 0.3782 
nm, c = 1.1347 nm, spatial group of symmetry P4/mmm). 
 

As it is known, the electronic heat capacity of a solid varies linearly with temperature at low temperatures, c = γT, where the 
constant of proportionality, γ, determines the mass of the electron in the conduction band. It is found that in many compounds of Ce or 
U, this band mass is very large. Not only the effective mass but also Fermi rate differs by two orders of magnitude from the free 
electron values found in ordinary metals. For example, in CeCu2Si2, the Fermi rate, vF= 8.7×108m/s and the band mass, mef= 220m0, 
where m0 is the free electron mass. The critical temperature is Tc ≈ 0.5K and the London penetration depth approaches a high value of 
λL= 0.2 μm at zero temperature. 

 
The large specific heat is caused by the strong correlations between electrons. In UBe13, a sharp superconducting transition 

occurs at 0.97K. The variation in Tc from sample to sample is in the range of 0.88–0.97 K. When Np is added to UBe13, the Tcreduces. 
For Np0.68U0.32Be13, the transition temperature is about 0.8K. The compound UPt3 has a superconducting transition temperature of 
0.54 K. The extreme low temperature indicates that there are strong magnetic correlations. 
 

 
Oxide Superconductors without Copper 

The superconductors of AxWO3type have hexagonal structure of the tungsten bronze, whereasA, the large alkaline ions of K, 
Rb and Cs are used more often. Many superconducting materials from this family demonstrate Tc ≈ 2−7K. The monocrystals of 
perovskite dielectric WO3, doped by Na, demonstrate in surface layer of Na0.05WO3high-temperature superconductivity with Tc = 91K. 
In this case, Na segregates at the grain surface and takes the structure of the WO3 surface layer.  
 

The superconductor without copper, Ba1−xKxBiO3(BKBO) demonstrates maximum critical temperature (Tc = 31K) among 
“old” oxide superconductors. The oxide superconductor, LiTi2O4, without Bi and Cu, also possessing high transition temperature, has 
the spinel crystalline structure. 

 
Two other oxide superconductors: NbO and TiO, showing Tc≤ 1K, demonstrate clearly the expanded links of the “metal-metal” type 
as the previous oxide. The oxide superconductor BaPb0.75Bi0.25O3with the critical temperature Tc= 12K has simple perovskite 
structure. 
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Pyrochlore Oxides 

The superconductors with the structure of pyrochlore oxide has general formula AOs2O6, where A= Cs (Tc = 3.3K), Rb (Tc = 
6.3K) andK (Tc= 9.6K). However, these compounds with the same chemical formula differ sharply in their superconducting 
properties. If RbOs2O6is the BCS superconductor, then KOs2O6similar to HTSC relates to oxides of transitional metals,but does not 
crystallize in the perovskite structure. KOs2O6crystallizes in the pyrochlore oxide structure, based on triangle lattice, which is a classic 
example of frustration effect in spin system, forming numerous spin structures.  

 
Generally, pyrochlore oxides present a great group of titan-, tantalum- and niobium-containing minerals with cubic crystals 

and general formula A2B2O6O’, where A is the large cation, B is the smaller cation (usually 5d-transitional metal, i.e., Re, Os or Ir). 
First, superconductivity in this oxide class has been discovered in Cd2Re2O7compound (Tc = 1 K). The difference between 
Cd2Re2O7and KOs2O6is in the number of d-electrons in B-cation. It is interesting that KOs2O6compound with fractional degree of 
oxidation has the critical temperature 10 times higher than Cd2Re2O7, possessingeven number of 5d-electrons. In the compounds with 
the same structure like RbOs2O6and CsOs2O6 ,Os ion has fractional degree of oxidation, +5.5, disposing in intermediate state between 
5d2 and 5d3. In this case, the 5d-electrons of Os define transport and magnetic properties of these materials, simultaneously, a 
coupling of which in these oxide compounds is mostly interesting.  The effect of high pressure (up to 10GPa) on superconductivity in 
the AOs2O6 compounds has been studied for A = Cs, Rb and K. The critical temperature for all three materials increased together with 
pressure up to a maximum value of Tc= 7.6K (at 6GPa), Tc= 8.2K (at 2GPa) and Tc = 10K (at 0.6GPa) for A = Cs, Rb and K, 
respectively, after that it diminishes down to total disappearance at 7 and 6GPa for A = Rb and K, and above 10 for A = Cs. 
 

 
 
Conclusion 
 Introduces some metal oxides with the property of superconductivity under specific circumstances. It starts by introducing 
the metal oxide-based superconductors, consisting of the early stage metal oxides (e.g., LiTiO3, SrTiO3, BaPb1 − xBixO3), the cuprate-
based oxides (e.g., La-Ba-Cu-O, Y-Ba-Cu-O, Bi-Sr-Ca-Cu-O, Tl-Ba-Ca-Cu-O, Hg-Ba-Ca-Cu-O), and other oxides (e.g., oxy-
pnictides, NaxCoO2·yH2O). Their structures, properties, and potentials in practical applications are carefully discussed. Also, the 
methods and techniques of fabricating their materials were also included. This chapter concludes with strong-power applications, 
including superconducting wires/tapes, generators, and transformers. 
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