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Novel topological materials
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Anomalous Hall effect

Intrinisic Hall
• Berry curvature
• Magnetisation? 

Extrinsic Hall
• Skew scattering 
• Side jumps 



Weyl semimetals
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Figure 1
The topological insulator (TI) and Weyl semimetal (WSM) or Dirac semimetal (DSM). The topology of
both a TI and a WSM/DSM originates from similar inverted band structure. (a) The spin-orbit coupling
(SOC) opens a full gap after the band inversion in a TI, giving rise to metallic surface states on the surface.
(b) In a WSM/DSM, the bulk bands are gapped by the SOC in the 3D momentum space except at some
isolating linearly crossing points, namely Weyl points/Dirac points, as a 3D analog of graphene. Due to the
topology of the bulk bands, TSSs appear on the surface and form exotic Fermi arcs. In a DSM all bands are
doubly degenerated, whereas in a WSM the degeneracy is lifted owing to the breaking of the inversion
symmetry or time-reversal symmetry or both. (c) The type-I WSM. The Fermi surface (FS) shrinks to zero
at the Weyl points when the Fermi energy is sufficiently close to the Weyl points. (d ) The type-II WSM.
Due to the strong tilting of the Weyl cone, the Weyl point acts as the touching point between electron and
hole pockets in the FS.

which is called a Fermi arc. The Fermi arc is apparently different from the FS of a TI, an ordinary
insulator, or a normal metal, which is commonly a closed loop. Therefore, the Fermi arc offers
strong evidence for identifying a WSM by a surface-sensitive technique such as angle-resolved
photoemission spectroscopy (ARPES). If TRS exists in a WSM, at least two pairs of Weyl points
may exist, where TRS transforms one pair to the other by reversing the chirality. The Fermi arc
still appears, as we discuss in this review. However, the AHE diminishes because the Berry phases
contributed from two Weyl pairs cancel each other. Instead, an intrinsic spin Hall effect arises (34)
that can be considered as the spin-dependent Berry phase and remains invariant under the TRS.

www.annualreviews.org • Topological Materials 11.3

Changes may still occur before final publication online and in print

A
nn

u.
 R

ev
. C

on
de

ns
. M

at
te

r P
hy

s. 
20

17
.8

. D
ow

nl
oa

de
d 

fr
om

 a
nn

ua
lre

vi
ew

s.o
rg

 A
cc

es
s p

ro
vi

de
d 

by
 W

IB
60

97
 - 

Jo
ha

nn
es

 G
ut

en
be

rg
 U

ni
ve

rs
ity

 o
f M

ai
nz

 o
n 

03
/2

9/
17

. F
or

 p
er

so
na

l u
se

 o
nl

y.



Weyl Semimetal

• Breaking symmetry
– Inversion symmetry (Structural distortion)

• Breaking time reversal symmetry 
– Magnetic field  

k

k

with

without

E

E

Dirac points are at high symmetry points 
Weyl points are not at high symmetry points



Type I or II
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Figure 1
The topological insulator (TI) and Weyl semimetal (WSM) or Dirac semimetal (DSM). The topology of
both a TI and a WSM/DSM originates from similar inverted band structure. (a) The spin-orbit coupling
(SOC) opens a full gap after the band inversion in a TI, giving rise to metallic surface states on the surface.
(b) In a WSM/DSM, the bulk bands are gapped by the SOC in the 3D momentum space except at some
isolating linearly crossing points, namely Weyl points/Dirac points, as a 3D analog of graphene. Due to the
topology of the bulk bands, TSSs appear on the surface and form exotic Fermi arcs. In a DSM all bands are
doubly degenerated, whereas in a WSM the degeneracy is lifted owing to the breaking of the inversion
symmetry or time-reversal symmetry or both. (c) The type-I WSM. The Fermi surface (FS) shrinks to zero
at the Weyl points when the Fermi energy is sufficiently close to the Weyl points. (d ) The type-II WSM.
Due to the strong tilting of the Weyl cone, the Weyl point acts as the touching point between electron and
hole pockets in the FS.

which is called a Fermi arc. The Fermi arc is apparently different from the FS of a TI, an ordinary
insulator, or a normal metal, which is commonly a closed loop. Therefore, the Fermi arc offers
strong evidence for identifying a WSM by a surface-sensitive technique such as angle-resolved
photoemission spectroscopy (ARPES). If TRS exists in a WSM, at least two pairs of Weyl points
may exist, where TRS transforms one pair to the other by reversing the chirality. The Fermi arc
still appears, as we discuss in this review. However, the AHE diminishes because the Berry phases
contributed from two Weyl pairs cancel each other. Instead, an intrinsic spin Hall effect arises (34)
that can be considered as the spin-dependent Berry phase and remains invariant under the TRS.
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the three compounds where we can clearly see that the topo-
logically nontrivial 1T′-MoTe2 is the most active catalyst.

The Gibb’s free energy (∆GH*) of adsorption of hydrogen at 
the catalyst surface is very often used to predict the activity of an 
HER catalyst. The closer this value is to zero the better is the per-
formance. The ∆GH* (on abscissa) and the activity (on ordinate) 
hence make a so-called volcano diagram (Figure 2c). Notwith-
standing that both 1T-TaS2 and 1T′-MoTe2 are metallic with com-
parable ∆GH* values, the HER activity of these two compounds 

is quite different. As mentioned earlier, 1T-TaS2 shows almost 
no HER activity whereas 1T′-MoTe2 shows a very high activity. 
Since few-layers 1T′-MoTe2 rather exhibits topological features 
in its band structure, this has encouraged us to consider the pos-
sible role of topological effects. We consider below the recently 
discovered Weyl semimetals, NbAs, TaAs, NbP, and TaP.

In a Weyl semimetal, the conduction and valence bands cross 
each other linearly through nodes (Figure 3a), called the Weyl 
points, near the Fermi energy. As a 3D analogue of graphene, 
topological Weyl semimetals (TWSs) are expected to exhibit very 
high mobility in their charge transport.[11] Similar to TIs, TWSs 
also present robust metallic surface states[25] that are stable 
against defects, impurities, and other surface modifications. 
Analogous to the role of graphene, in the MoS2 catalyzed HER, 
we believe that the highly mobile TWS bulk states help electrons 
diffuse freely and quickly. Furthermore, the topological surface 
states may cause the surface to act as stable active planes for 
catalysis. The first family of TWSs that was experimentally dis-
covered, from direct observations of their topological surface 
states, was the transition metal monopnictide: NbP, TaP, NbAs, 
and TaAs.[26–30] These materials are semimetals wherein Weyl 
points are located near the Fermi level with a total of 12 pairs of 
Weyl nodes in the first Brillouin zone. For this reason, we have 
investigated the HER activity in these TWS compounds.

The HER activities of NbP, TaP, NbAs, and TaAs were 
studied over a period of 6 h. Our studies show that all four 
TWSs are highly HER active (Figure 3c) and NbP, being the 
lightest among all, performs the best as an HER catalyst 
with the highest value of H2 evolved per gram of the catalyst 
(3520 µmol g−1). The compounds can undergo many cycles 
of HER without activity fading as can be seen in Figure 4b, 
where we show three cycles of HER in NbP with a comparable 
catalytic performance each time. Chemical analysis shows no 
observable changes in chemical composition of our catalysts 
(Figure S9, Supporting Information) after several HER cycles. 
We show the activity and turnover frequency (TOF: the number 
of moles of H2 evolved per mole of catalyst used) as histograms 
for all four compounds in Figure 3d. In general, phosphides 
are better HER catalysts than arsenides. We note that all 4 com-
pounds are WSMs with well-defined and distinct Weyl points 
and each has very high mobilities from the linearly dispersed 
bands at the Weyl points, which accounts for their high catalytic 
activities. We therefore expect that the catalytic HER properties 
within this series will be determined by the chemical bonding 
of hydrogen at the surface, which is reflected in the value of 
∆GH*. Indeed, we find that their HER activity is correlated with 
the ∆GH* values for these compounds. NbP has the lowest 
∆GH* among all these compounds followed by TaP, TaAs, and 
NbAs, and TOF also follows a similar trend.

Having investigated the thermodynamic aspects of the 
catalysts we now focus on the role of kinetics. As we know 
that the reduction of water occurs at the surface of the cata-
lyst, increasing the surface area of the catalyst should result 
in increased activity of the catalyst. For this we have selected 
NbP as an example and compared the activity in single crystals 
crushed into powder (few µm in size, Figure S9, Supporting 
Information) and polycrystalline material (150–300 nm in 
size) obtained by solid state reaction. We encounter a twofold 
increase in the activity of polycrystals as compared to the single 
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Figure 3. Electronic band structure of topological Weyl semimetals and 
their HER activity. a) Schematic band structure of the transition metal 
monopnictide TWS family, revealing semimetallic character. Weyl nodes 
of opposite chiralities are marked with blue and red dots. b) Comparison 
of hydrogen evolution activity of various TWSs (NbP, TaP, NbAs, and 
TaAs) powdered single crystals with an intermediate dye addition. c) His-
togram of hydrogen evolution rate and TOF, shown on left and right axes, 
respectively, for all four compounds.

Graphene

A. K. Geim, A. H. MacDonald Physics  Today, 08.(2007), 35-41 Shekhar, et al. , Nature Physics 11 (2015) 645 



Weyl semimetals

3D topological Weyl semimetals - breaking time reversal
symmetry – in transport measurement
we should see: 

1. Fermi arc
2. Intrinsic anomalous Hall effect
3. Planar Hall effect
4. Axial graviational anomaly
5. Chiral anomaly

AA Burkov, L Balents, PRL 107 12720 (2012) 
AA Burkov, arXiv:1704.05467v2
AA Burkov, J. Phys.: Condens. Matter 27 (2015) 113201
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Figure 2
Schematics of Fermi arcs and the chiral anomaly effect. (a) Existence of Fermi arcs in the Fermi surface of
the surface band structure. A pair of bulk Weyl cones exists as a pair of Fermi pockets at a Fermi energy
EF ̸= 0 or as points at EF = 0, where the pink (chartreuse) color represents the +( − ) chirality. A Fermi arc
(thick line) appears on the top or bottom surface to tangentially connect such a pair of Fermi pockets. (b) The
chiral anomaly can be simply understood with the zeroth Landau level of a Weyl semimetal in the quantum
limit. The zeroth Landau levels from the + and − chiral Weyl cones exhibit opposite velocities due to
different chirality. Applied electric field leads to an imbalance of electron densities in the left-hand and
right-hand valleys, breaking the number conservation of electrons at a given chirality. This result, however,
is not limited to the quantum limit and was recently proposed to induce an anomalous DC current that is
quadratic in the field strength in the semiclassical limit.

An important consequence of the 3D Weyl band structure is that WSMs display the chiral
anomaly effect (see Figure 2). In high-energy physics, the particle number of Weyl fermions
for a given chirality is not conserved quantum mechanically in the presence of nonorthogonal
magnetic (B) and electric (E) fields (i.e., E · B is nonzero), inducing a phenomenon known as the
Adler–Bell–Jackiw anomaly or chiral anomaly (35, 36). In WSMs, the chiral anomaly is predicted
to lead to a negative magnetoresistance (MR) owing to the chiral zero modes of the Landau levels
of the 3D Weyl cones and the suppressed backscattering of electrons of opposite chirality (37,
38). The negative MR is expected to exhibit the largest amplitude when B ∥ E, because the B ⊥ E
component contributes a positive MR due to the Lorentz force. In addition to the negative MR, the
chiral anomaly is also predicted to induce exotic nonlocal transport and optical properties (39–41).

Many material candidates have been predicted as WSMs, e.g., the pyrochlore iridates
Y2Ir2O7 (11), HgCr2Se4 (30), and Hg1− x − y CdxMny Te (42). However, these candidates have not
been experimentally realized thus far. In early 2015, four WSM materials—TaAs, TaP, NbAs,
and NbP—were discovered through calculations (19, 20) and the observation of Fermi arcs us-
ing ARPES (21–23), realizing Weyl fermions for the first time [also in photonic crystals (43)].
Meanwhile, many efforts have been devoted to their magnetotransport properties (44–47). These
WSM compounds preserve TRS but break crystal inversion. In addition, the DSMs were found
to exist in Na3Bi and Cd3As2 by ARPES (48–51).

WSMs can be classified into type I, which respects Lorentz symmetry, and type II, which does
not (see Figure 1) (52). The TaAs family of WSMs exhibits ideal Weyl cones in the bulk band
structure and belongs to the type-I class, i.e., the FS shrinks to a point at the Weyl point. More re-
cently, type-II WSMs have been proposed to exist in the layered transition-metal dichalcogenides
WTe2 (52) and its sister compound MoTe2(53). Here, the Weyl cone exhibits strong tilting so
that the Weyl point is the contact point between an electron pocket and a hole pocket in the
FS. Type-II WSMs are expected to show very different properties from type-I WSMs, such as
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Chiral Anomaly 
• Chiral anomaly is the anomalous non-conservation of a chiral current. 

• A sealed box with equal number of positive and negative charged particles, its found 
when it is opened to have more positive than negative particles, or vice-versa. 

• Events are expected to be prohibited according to classical conservation laws, must 
be ways they can be broken, because the observable universe contains more 
matter than antimatter Wikipedia

S. L. Adler, Phys. Rev. 177, 2426 (1969)
J. S. Bell and R. Jackiw, Nuovo Cim. A60, 47 (1969)
AA Zyuzin, AA Burkov - Physical Review B (2012)
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Chiral Anomaly 

Anna Corinna Niemann, Johannes Gooth et al. Scientific Reports 7 (2017) 43394 doi:10.1038/srep4339 preprint arXiv:1610.01413 

Ga-doping relocate the Fermi energy in NbP close to the W2 Weyl points. Therefore we observe a 
negative MR as a signature of the chiral anomaly the, NMR survives up to room temperature



1
2

Experimental signatures for the mixed axial-gravitational 
anomaly in Weyl semimetals

• In solid state physics, mixed axial-gravitational
anomaly can be identified by a positive
magneto-thermoelectric conductance (PMTG)
for DT ll B.

• DT ll B dictates sensitivity on alignement of B and DT.
GT

B

[Lucas,  et al. Proceedings of the National Academy of Sciences 113, 9463 (2016)]

• Low fields: quadratic

• High fields: deminishes

Chiral Anomaly 



Gravitational Anomaly 

Johannes Gooth et al., Nature 547 (2017) 324

A positive longitudinal magneto-thermoelectric conductance (PMTC) in the Weyl semimetal NbP
for collinear temperature gradients and magnetic fields that vanishes in the ultra quantum limit.

• Landsteiner, et al. Gravitational anomaly and 
transport phenomena. Phys. Rev. Lett. 107, 
021601 (2011). URL

• Jensen, et al. Thermodynamics, gravitational 
anomalies and cones. Journal of High Energy 
Physics 2013, 88 (2013). 

• Lucas, A., Davison, R. A. & Sachdev, S. 
Hydrodynamic theory of thermoelectric transport 
and negative magnetoresistance in weyl
semimetals. PNAS 113, 9463–9468 (2016).



Topology  and Magnetism



Magnetism and Topology 

Kaustuv Manna et al., Nature Materials Review, in press, arXiv:1802.02838v1



GdPtBi – an ideal Weyl

C. Shekhar et al., PNAS accepted, arXiv:1604.01641, (2016), Kumar PRB 2018, Kaustuv Nat. Mat. Rev. accepetd .
M. Hirschberger et al.,. Nature Mat. Online arXiv:1602.07219, (2016).



Magnetism and Topology 

Kaustuv Manna et al., Nature Materials Review, in press, arXiv:1802.02838v1



Regular-Heusler, F"#3" (no. 225) Inverse-Heusler, F#43" (no. 216)

Half-Heusler, F#43" (no. 216)

Tuning the symmetry 



Synthesis

VFe2 Al

2*8 + 5 + 3 = 24

additional t2-levels

Ternary Semiconductors …

Pt

Ga

La

3 + 10 + 5 = 18

13 + 5 = 18 

As

Bi



Materials: … to half metallic ferromagnets

Kübler et al., PRB 28, 1745 (1983)
de Groot RA, et al. PRL 50 2024 (1983)
Galanakis et al., PRB 66, 012406 (2002)

Example: Co2MnSi
§ magic valence electron number:  24
§ valence electrons = 24 + magnetic moments
Co2MnSi: 2´9 + 7 + 4 = 29  Ms = 5µB

X2YZ

EF

+e-



Tunability Co2YZ

Kandpal et al., J. Phys. D 40 (2007) 1507.
Balke et al. Solid State Com. 150 (2010) 529
Kübler et al., Phys. Rev. B 76 (2007) 024414

VE mB/formula TC [K]
24 0 0

25 1 ~175

26 2 ~350

27 3 ~520

28 4 ~700

29 5 ~970

30 6 ~1120



Weyl semimetals in Heusler compounds

Zhijun Wang, et al., arXiv:1603.00479
Guoqing Chang et al., arXiv:1603.01255
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Kübler, Felser, PRB 85 (2012) 012405
Vidal et al Appl.Phys.Lett. 99 (2011) 132509 
Kübler, Felser, EPL 114 (2016) 47005. 

Giant AHE  in Co2MnAl



AHE in half metallic ferromagnets

Kübler, Felser, PRB 85 (2012) 012405

Anomalous Hall Effect (1881)

!"#$ = ar"" + br""' ( No M dependence – Berry curvature



AHE in half metallic ferromagnets
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Kübler, Felser, PRB 85 (2012) 012405
Vidal et al. APL. 99 (2011) 132509 
Kübler, Felser, EPL 114 (2016) 47005. 

Weyl points are the origin for a large 
Berry phase and a Giant AHE

Giant AHE  in Co2MnAl



Co2MnGa Hall Measurement

• Anomalous Hall conductivity:                 

|sxy|max ~ 1590 W-1 cm -1 at 2 K.

• Carrier concentration (2 K): 2.3 ´ 1021 cm-3

• Anomalous Hall Angle upto 12% at RT
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Kaustuv Manna et al.,, arXiv:1712.10174 



Weyl Fermion in Regular Heusler

Without SOC 

q nodal line is formed in the plane when bands of opposite 
mirror eigenvalues cross.

q Mirror planes are related to each other by the rotations

Co2YZ (Y = IVB or VB; Z = IVA or IIIA)

L21 space group 225 (Fm!3m)

Co

Co
Y

Z

Y

4a

8c

4b

Co
Y

Z

Symmetry and electronic 
structures depend on the 
magnetization direction

With SOC

M

Phys. Rev. Lett. 117, 236401 (2016)
Sci. Rep. 6, 38839 (2016)

Kaustuv Manna et al.,, arXiv:1712.10174 
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Heusler compounds: Half-metallic nodal-line Spin-
Spingapless semiconductors and Weyl semimetals
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Majority-Spin Electrons

Minority-Spin Electrons

S. Ouardi, G. H. Fecher, J. Kübler, and C. Felser, Physical Review Letter 110 (2013) 100401
K. Manna et al.,, arXiv:1712.10174 
K.  Manna et al., Nature Materials Review, in press, arXiv:1802.02838v1



Berry Curvature 

Kaustuv Manna et al.,, arXiv:1712.10174 



Kaustuv Manna et al.,, arXiv:1712.10174 



Co2MnGa Anomalous Nernst

Jonathan Noky et al., submitted



Co2MnGa Anomalous Nernst

Satya N. Guin, et al., arXiv:1806.06753
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Co2MnGa Anomalous Nernst

Satya N. Guin, arXiv:1806.06753
Jonathan Noky et al., submitted
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Magnetism and Topology 

Kaustuv Manna et al., Nature Materials Review, in press, arXiv:1802.02838v1



Tetragonal Cubic Hexagonal

Tuning the crystal anisotropy

Mn3Ga Mn3Ge Mn3Sn



No AHE in Antiferromagnets

No ! – No Berry phase

Berry Phase

MπRBR sH 40 +=r



Hexagonal Antiferromagnet

Chen, Niu, and MacDonald, Phys. Rev. Lett., 112 (2014) 017205
Kübler and Felser EPL 108 (2014) 67001



Non-collinear AFM Mn3Ge/Mn3Sn 

Nayak et al. preprint: arXiv:1511.03128, Science Advances 2 (2016) e1501870 
Kiyohara, Nakatsuji, preprint: arXiv:1511.04619, Nakatsuji, Kiyohara, & Higo, Nature, doi:10.1038/nature15723



Fermiarcs in the Weyl AFM

Hao Yang, et al. , New J. Phys. 19 (2017) 015008: arXiv:1608.03404



40Nature, 2018, doi:10.1038/nature25987

Looking for Weyl fermions on a ferromagnetic Kagomé lattice with 
out of plane magnetisation.  

Quantum topological states on Kagome lattice

Fe3Sn2



• Self-flux by congruent solidification
• Chemical Vapor Transport
• Bridgeman

Single crystal growth: Co3Sn2S2

R -3 m: H 
Unit cell dimensions
a = 5.3689(5) Å 
c = 13.176(2) Å 

High-quality single crystals
Enke Liu, et al. Nature Physics accepted, preprint arXiv:1712.06722 



Linear crossing around Fermi level
Possible Weyl nodes with SOC?

Calc.: m = 0.89 uB/fu,
Calc.: mCo = 0.30 uB/Co

spin-down channel insulating, gap 
0.35 eV, spin-up channel metallic

Electron bands without SOC

Enke Liu, et al. Nature Physics accepted, preprint arXiv:1712.06722 



Prediction of a Weyl

Enke Liu, et al. Nature Physics accepted, preprint arXiv:1712.06722 



Qiunan Xu, Enke Liu, Yan Sun, arXiv:1801.00136

Sn terminated surface

S terminated surface

Fermiarcs



Chiral Anomaly 

Enke Liu, et al. Nature Physics  accepted, preprint arXiv:1712.06722 



Maximum of AHA of 20 % 
locates around 120 ~ 150 K

AHC = 1130 S/cm 

Enke Liu, et al. Nature Physics accepted, preprint arXiv:1712.06722 

Anomalous Hall conductivity



Quantum Anomalous Hall effect

σxy 
A

1

kz

Bulk WSM Film QAH

2 2 2
0 1( )x y zM M k k k= + +

Qiunan Xu, Enke Liu, Wujun Shi, Lukas Muechler, Claudia Felser, Yan Sun, preprint arXiv:1712.08915
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A new progress with Dirac
fermions with a tiny band gap
on Kagomé lattice, online in
Nature two weeks ago.

Nature, 2018, doi:10.1038/nature25987

Co3Sn2S2 goes even further and
for the first time shows the
gapless (massless) Weyl
fermions in the ferromagnetic
Kagome lattice.

Enke Liu, et al. Nature Physics accepted, preprint arXiv:1712.06722 





Magnetism and Topology 

Kaustuv Manna et al., Nature Materials Review, in press, arXiv:1802.02838v1



Summary

arXiv:1511.07672v1

GdPtBi is an ideal Weyl semimetal

In magnetic Weyls we have additional degrees of freedoms –
Co2MnGa 

Co3Sn2S2

Large Berry curvatures lead to large AHE and ANE 

and in the 2D limit to a QAH effect – for room temperature applications 

Berry curvatures in zero moment compounds: 

Mn3Sn 

Ti2MnGa

Is there a relation between real space? Skyrmion 

New topological physics, hydrodynamics …

… much more to do!  



Single Crystals available
MoSe2-xTex
MoTe2-xSex
MoTe2 (T´/2H)

YPtBi
NdPtBi
GdPtBi
YbPtBi
ScPdBi
YPdBi
ErPdBi
GdAuPb
TmAuPb
AuSmPb
AuPrPb
AuNdPb
AuScSn
AuLuSn
AuYSn
ErAuSn
EuAuBi

CaAgAs

KMgSb
KMgBi
KHgSb
KHgBi
LiZnAs
LiZnSb

AlPt
GdAs
CoSi

MoP
WP

TaP
NbP
NbAs
TaAs
NbP-Mo
NbP-Cr
TaP-Mo
TaAsP

CrNb3S6
V3S4
Cd3As2

MnP
MnAs

YbMnBi2
Ni2Mn1.4In0.6
YFe4Ge2

Mn1.4PtSn

CuMnSb
CuMnAs

Co2Ti0.5V0.5Sn
Co2VAl0.5Si0.5
Co2Ti0.5V0.5Si
Mn2CoGa
Co2MnGa
Co2Al9
Co2MnAl
Co2VGa0.5Si0.5
Co2TiSn
Co2VGa
Co2V0.8Mn0.2Ga
CoFeMnSi

Bi2Te2Se
Bi2Te3
Bi2Se3
BiSbTe2S
BiTeI
BiTeBr
BiTeCl

LaBi, LaSb
GdBi, GdSb

HfSiS
ZrSiS

Bi4I4

BaSn2

BaCr2As2
BaCrFeAs2

CaPd3O4
SrPd3O4
BaBiO3

PtTe2
PtSe2
PdTe2
PdSe2
OsTe2
RhTe2
TaTe2
NbTe2
WSe2
HfTe5
MoTe2
TaS2
PdSb2
CuxWTe2
FexWTe2
WTe2
Co0,4TaS2
Fe0,4TaS2

Ag2Se
IrO2
OsO2
ReO2
WP2
MoP2

VAl3
Mn3Ge
Mn3Ir
Mn3Rh
Mn3Pt
DyIn3


