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Robust Half-metallicity and Topological Properties in 
square-net Potassium Manganese Chalcogenides

PART I



Square Net  Geometries

Cuprates

Iron pnictides
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➢ All the structures are thermodynamically stable.

T=300 K

Ab initio Molecular Dynamics Simulation



➢Mn-d states are mostly occupied in the majority spin channel and empty in the minority spin channel, 

suggestive of a counter intuitive Mn2+ nominal valence with d5 occupancy.

➢ In contrast to the essentially non-magnetic nature of X2− anions, the X-p states are found to be 

strongly spin split, dominating the half-metallic electronic structure close to Ef.

➢ The  dominance  of  low-energy  X-p states  over  Mn-d  states progressively decreases as one 

moves from Te to Se to S to O.
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Spin-polarized Density of States



MAGNETISM 
PBE+U Energy Difference (U= 5 eV J= 0.8 eV)

ΔE(FM-AFM2) in meV/f.u

ΔE(FM-AFM1) in meV/f.u

Te                      Se                         S                        O Te                      Se                         S                       O

FM AFM1 AFM2



Spin Moment in µ (Spin+Orbital) Moment in µ

Te                Se                  S                  O Te                Se                  S                  O

➢ The moment of Mn and X are opposite!

 

➢ Mn should have moment 4µ (d4 ), but Mn has an average moment significantly larger than 4 µ 

for Te,Se and S compounds. Also Te,Se,S have significant moment, opposite to that of Mn.

➢ There are ligand holes in KMnX
2
. The ligand hole is prominant for Te, Se and S compounds.

MAG. Moment 

PBE+U U= 5 eV, J = 0.8 eV
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MECHANISM OF MAGNETISM – KINETIC 
ENERGY DRIVEN TWO SITE DOUBLE 

EXCHANGE



❑ Half-metallic FM with Tc ~ 

450 K

❑ Large Tc point to large 

inter-atomic exchange 

coupling

             

❑ Counter-intuitive 

considering the fact that 

Mo is usually non-

magnetic

❑ Exchange interaction 

between Fe d5 via 

essentially non-mag ions 

is expected to AF.

Sr2FeMoO6



Two Sublattice Double Exchange Mechanism

Key concept is the energy gain 
contributed by the negative spin

polarization of the non-magn. element
induced by hybridization 





Two Sublattice Double Exchange
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Mn-d is downfolded

➢ The X-p(up) state is pushed up and the X-p(dw) state is pushed further down by the corresponding 

states at Mn site.

➢ The splitting at X site is renormalised by the large splitting at Mn site and the substantial hopping

coupling between Mn and X.

➢ For KMnO
2
 the O-p states are not between the Mn-d states, so two sublattice double exchange 

mechanism is not possible.

KMnTe
2

E
n

e
rg

y
 (

e
V

)

KMnSe
2

KMnS
2

KMnO
2

D. D. Sarma, Priya Mahadevan, T. Saha-Dasgupta, Sugata Ray, and Ashwani Kumar Phys. Rev. Lett. 85, 12 (2000)



The two sublattice double exchange model Hamiltonian, considering two X atoms and one Mn atom in 

the basis, is thus given as follows:

FM
AFM

➢ The filling corresponding to actual compounds is 4.8, at which all three compounds exhibit stabilization 

of the ferromagnetic phase.  

Exact Diagonalization of Model Hamiltonian



TOPOLOGICAL PROPERTIES



➢ The  crossing  at k =(0,0.35,0), between  the  high symmetry points N and Γ arises due to bands of two 

different orbital characters, pz and py.  

➢ Upon  inclusion SOC, a band inversion happens, with the bands interchanging their orbital characters.

➢ Thus the crossing k=(0,0.35,0) is an “anti-crossing” point.

PBE

PBE

PBE+SOC

Te Se S

Band Anticrossing



➢ The  Chern  number  corresponding  to  the anti-crossing bands is  ONE in  each of the three compounds. 

Thus, the bands forming the anti-crossing, are Chern bands.

➢ Berry  curvature peaks around the anti-crossing points. AHC  arises  solely  out  of  the  majority  spin 

channel. Chern metal in one spin channel and insulator in other spin channel.

Anomalous Hall Conductivity
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➢ Except  KMnO
2
 (Ec = 3.05 J/m2)  the  computed

Ec values  for  KMnX
2
  are   reasonably    small 

(0.92,1.31,1.61 J/m2 for KMnTe
2
, KMnSe

2
,KMnS

2
 

respectively). This strongly suggest that these 

compounds, except KMnO
2
, are cleavable.

➢ These     compounds   are   not   van  der  Waals 

compounds,   the   2D   counterparts    may    be 

obtained through chemical etching.

➢ The  magnetic  ground  states  of the cleaved

layers continued to ferromagnetic.

The cleavage energy is the normalized energy 

required to generate two (top and bottom) 

surfaces by cleaving the bulk layered structure.[*] 

E
cleavage 

=  [E(d
sat

)-E
g.s

] /A

Monolayer limit: Cleavage Energy Calculation

*  Dipayan Sen  et al. PHYSICAL REVIEW B 102, 054411 (2020)



CONCLUSION

Dimensionality reduction may open up exotic physics!

Chern half-metals – Route to Topological Quantum Spintronics



Giant Rashba Effect and Non-linear Anomalous Hall 
Conductivity in 2D Janus MXene

PART II



Janus 2D structures

ACS Nano 2017, 11, 8, 8192–8198 Nature Nanotechnology volume 12, pages 744–749 (2017)

Pharmaceutics 15(2):423

Materials Today Bio
Volume 4, September 2019, 

100033

https://www.nature.com/nnano
https://www.researchgate.net/journal/Pharmaceutics-1999-4923?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwb3NpdGlvbiI6InBhZ2VIZWFkZXIifX0
https://www.sciencedirect.com/journal/materials-today-bio
https://www.sciencedirect.com/journal/materials-today-bio/vol/4/suppl/C
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Broken Inversion Symmetry
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Polarization Properties
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Matter 3, 145-165 (2020)



Strong Rashba compounds (≥ 1.0 𝑒𝑣 𝐴)



Linear response regime, AHE vanishes TRS

TRS

Inversion 
Non-Linear response regime, 
 2nd order Hall effect (NAHE) Berry curvature 

dipole

Non-linear Response
Berry curvature is ODD

– quadratic Hall voltage



Can one achieve NAHE 
in absence of external field ? Applications:

- Berry curvature memory 

device

- Piezoelectric device

- Photo detection device

Experiments on non-linear Hall effect  

2D Mater 5, 044001



Evolution of Wannier Charge Centers along TR-invariant plane kz= 0 line

The interspace fn intersects 

WCCs even no of times

Topologically TRIVIAL

Non trivial Trivial

WCCs change branch





COMPOSITE 

QUANTUM 

MATERTIALS

CONCLUSION - II

Application in 
spintronics devices 
through interface 

engineering 

Berry curvature 
memory device
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