FeSb2
FeSb2 was recently identified as a narrow-gap semiconductor with possible strong electron-electron correlations, similar to the well known thermoelectric material FeSi. It is thought that for both of these compounds, a large density of states at or close to the Fermi energy is responsible for the emergence of unusually good thermoelectric performance at low temperatures. The electronic correlations manifest in the form of (amongst other phenomena) a large thermopower S which reaches huge absolute values of more than 40 mV/K near 10 K for FeSb2. 
LnCu3Ru4O12 (Ln = Na, Ca, Y, La, Pr, Nd)

A group of correlated electron oxides which have recently attracted interest are the oxyskutterudites, AC3B4O12. In general, A is any cation with a large radius, irrespective of the charge state, C is a Jahn-Teller cation Cu2+ or Mn2+, and B can be either a transition metal or a non-transition metal. While the oxyskutterudites are most commonly compared to their perovskite relatives, it is interesting to note that their crystal structure is closely related to that of the filled skutterudites. Thus, these compounds have the advantage that in addition to being structurally and chemically similar to the filled skutterudites, they also are quaternary systems. This complexity presents a variety of tunable parameters which can promote unusual ground states. For instance, several types of correlated electron phenomena (e.g., d-electron heavy fermion and non-Fermi-liquid behavior for CaCu3Ru4O12) have been observed. 
FeP
There has been a flurry of research activity following the recent reports of superconductivity with high critical temperatures Tc in the system LnFeAsO1−xFx where Ln is a lanthanide. To date, values of Tc as high as 55 K have been reported for Ln = Sm. These compounds belong to a general class of compounds of the form LnFePnO with a layered ZrCuSiAs-type crystal structure that were first synthesized by Jeitschko and coworkers with Pn = P and As. The class of FePn- based high-temperature superconductors was further enlarged by the subsequent discovery of Tc values as high as 38 K in compounds such as K1−xBaxFe2As2 which crystallize in a layered ThCr2Si2-type crystal structure. The common feature of both crystal structure types is the FePn plane, which appears to be the source of the remarkably high Tc values. In order to further explore FePn-based physics, it is of interest to investigate the most basic building blocks for this family of compounds, i.e., FeP and FeAs.
CeRu2
Renewed interest in the exotic superconducting compound CeRu2 has developed since this material has some basic similarities to both high-Tc cuprate as well as heavy-fermion superconductors. For instance, CeRu2 is a superconductor which exhibits the phenomenon of the peak effect, an anomalous mixed state behavior wherein the vortex ensemble undergoes a transition to a considerably stronger pinning configuration, resulting in a large increase of the critical current density within a region near to the upper critical field, Hc2(0).

CeCoIn5
The rich phase diagram of the CeMIn5 (M=Rh,Co,Ir) family of compound presents an ideal system for studies of the complex interplay of magnetism, unconventional superconductivity and non-Fermi liquid  behavior. For instance, the heavy fermion material CeCoIn5 is a strongly correlated f-electron superconductor with a transition temperature Tc = 2.3 K, the highest of the known heavy-fermion superconductors. The superconductivity is unconventional in nature and, due to the presence of strong magnetic interactions between the 4f moments with itinerant electrons, may be mediated by magnetic interactions rather the phonon mediation of conventional superconductors. In order to better understand the unconventional behavior in this system, it is of interest to perturb the ground state by introducing magnetic and nonmagnetic impurities on the rare earth site, e.g., Ce1-xYbxCoIn5, Ce1-xGdxCoIn5, etc.
RNi2B2C

After the dawn of high Tc superconductivity, there was a general feeling that superconductivity in non-oxide compounds was played out; that the future was confined to oxides, and possibly even just copper oxides. This assumption started to break down with the discovery of superconductivity with substantial Tc values in the RNi2B2C materials and a Tc that rivaled the intermetallic record of 23 K in YPd2B2C. These compounds were curious examples of materials that adopted an intermetallic structure but were rich in metalloid elements such as B and C. The quaternary borocarbide materials indicated that superconductivity in non-oxide bearing compounds was not dead, and they gave rise to the hope that Tc values larger than 23 K were indeed possible. Some members of this family of compounds also exhibit interesting correlated electron physics, e.g., heavy fermion behavior in YbNi2B2C.
MgB2
In 2001, superconductivity was discovered just below 40 K in MgB2. It was rapidly established that MgB2 is a phonon-mediated BCS superconductor. Although it has a moderate anisotropy and low Hc2(0) value in pure form, careful substitution of C for B leads to reduced anisotropy and Hc2(T) values that exceeded Nb3Sn over the whole H-T phase diagram. MgB2 shattered the belief that intermetallic Tc values are stuck below 30 K, although it should be noted that MgB2 is not a classic intermetallic, being majority metalloid and essentially acting as metallic, graphitic boron layers spaced and stabilized by Mg. Again, another example of an extreme in Tc being found in a material that is moving away from a simple broad band metal and manifesting more covalent and even somewhat ionic properties.

Ln2Fe12P7
Ln2Fe12P7-type compounds are members of a broad class of pnictogen-based systems with noncentrosymmetric structures and the chemical formula Lnn(n-1)T(n+1)(n+2)Mn(n+1)+1, where Ln is a lanthanide (or actinide), T is a transition metal, and M is a metalloid (phosphorous, arsenic). These compounds are largely unexplored, but early work addressing the magnetic properties of these compounds reveal a wide variety of magnetic ground states. Recent work on Yb2Fe12P7 here at UCSD has revealed an unconventional H-T phase diagram with unconventional correlated electron behaviors.
YBa2Cu3Oy
One of the best known high-Tc ceramic superconductors, this material was the first materials discovered to have a transition to a superconducting state above the boiling point of Nitrogen. In 1987 this discovery sparked significant interest in other ceramic materials as the future of high-Tc superconductivity. The layered nature of the crystal lattice has prompted much discussion on the complex atomic environment that evidently fosters the condensation of electron states at such high temperatures.

The following are still pending for the descriptions:

Nb3Sn [β-wolfram structures]

XB6 (B12-B4-etc) – [rare-earth borides]

FeSe

MnSi

ZrZn2

CaC6 (C8) – [graphite intercalation]

Sc2BC2 - [rare-earth borocarbides]

