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Abstract

Here we propose a family of two-dimensional organometallic lattices based on first prin-

ciple calculations. The proposed lattice is designed by assembling molecular building blocks

of naphthalene molecule functionalized by -NH groups and transition metals which are sur-

rounded by four -NH moiety, creating a square planar geometry. The predicted organometallic

lattices (with Fe, Cr and Co) are shown to exhibit half metallicity and therefore this class of

materials has great promise for spintronics application.
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1 Introduction

In the recent years, two-dimensional(2-D) materials have attracted immense interest due to their

unique physical and chemical properties and potential applications in future electronics. Graphene1

is one of the most promising 2-D materials for future generation electronics because of it’s attrac-

tive properties such as quantum hall effect, high thermal conductivity, remarkable electron mobility

etc. However, application of graphene is restricted in many cases, mainly in semiconductor based

devices, because of it’s zero band gap. The different ways to increase the band gap are the di-

mensional reduction of graphene to ribbon and quantum dot and chemical functionalization of

the graphene but electron mobility drastically reduced because of these. Therefore, researchers

have dedicated numerous efforts in fabrication of other 2-D materials with intrinsic non-zero band

gap and the success is achieved in different forms e.g BN sheet, silicene, germanane, graphyne,

graphdiyne, graphitic carbon nitride, MoS2 sheet, WS2 sheet and very recently metal-organic crys-

tals.2–11 These 2-D materials have wide range of applications such as high on/off ratio in field effect

transistors, large rectification ratio in negative differential resistance, huge spin filtering efficiency,

topologically insulating behavior etc. and have the potential to be an alternative to graphene.

The metal-organic frameworks (MOFs) consisting of aromatic organic moieties bridged by

square-planar metal center have many fascinating properties and focus of current research.8,9 One

of the main driving forces for this research field is the potential application of MOFs. The MOF

possesses high degree of synthetic flexibilities through the choice of different organic ligands and

also metal centers. Taking advantage of this one can tune the electrical, optical and magnetic

properties of MOFs. The possibility of tuning has lead to a remarkable range of electronic, optical

and magnetic properties and the realization of materials with diverse properties. So, this plays

a key role to design new MOFs with superior properties as compared to the existing one. The

applicability of MOFs ranges from displays, sensors, light emitting diodes, photo-detectors to the

recent third generation solar cells.

The magnetic properties of solids is of crucial interest because of its versatile application in

many fields. One very important types of magnetic materials that has attracted lot of attention
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in the recent past is spintronic materials. A spintronic device uses spin in addition to charge as

an information carrier and by virtue of the spin polarized state this spintronic devices has the

promise to bring a revolution in information technology. Half-metal12 is a class of materials,

which have the ability to produce 100% spin-polarized current at the Fermi level due to coexistence

of metallic eigen states with one spin configuration and semiconducting eigen channels with the

other. Half-metallicity has been observed in many materials such as Heusler compounds,12 metal-

DNA complex,13 manganese perovskites,14 transition metal doped magnetic semiconductor,15 but

graphene based materials attract intensive attention due to long spin coherence length in carbon

and their compatibility with the maturing technologies.16,17 Zig-zag graphene nanoribbons show

half-metallic properties under external electric field or if their edges are modified by appropriate

functional groups and because of selective doping18–21 The metal-organic frameworks consisting

of aromatic organic moieties bridged by square-planar metal ions have many fascinating properties

and may be a good candidate to explore those to find out spintronic behaviour.9,22–27 There are

recent reports on developing porous molecular magnets with different kind of MOF based on first-

row transition metals.28–31 Liu and his co-workers5,32,33 have proposed a new hexagonal lattice by

assembling a molecular building blocks of triphenyl-transition metal compounds and this exhibits

half-metallic behaviour and quantum anomalous Hall effect.

Although the vast majority of MOFs are insulators there are now few recent reports on the syn-

thesis of 2-D metal-organic networks with non-zero band gaps and with good electrical conductiv-

ity achieved through full charge delocalization. In a very recent article, Sheberla et al. have syn-

thesized a 2-D semiconducting metal-organic graphene analogue bis(dithiolene) and Ni3(HIT P)2

(HITP = 2,3,6,7,10,11-hexaiminotriphenylene) which show high electrical conductivity.34 Kambe

et al. have synthesized a π-conjugated 2-d nanosheet comprising planar nickel bis(dithiolene)

complexes.7

Inspired by these innovative experimental studies we here performed a first principle based

study to predict a new family of organometallic lattices. The building block of the proposed 2-D

lattice is composed of naphthalene molecule functionalized by eight amine groups and transition

3

Page 3 of 24 Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



metals which are surrounded by four -NH moiety, creating a square planar geometry. Our motiva-

tion is to see whether our proposed 2-D crystal can show any interesting material properties with

exotic electronic states and may find potential application in the spintronic devices.

2 Computational Method

All first-principles calculations were performed by using density-functional theory (DFT) as im-

plemented in Siesta35 package. We have considered norm-conservative Troullier-Martins pseudo-

potentials36 and double-ζ plus polarization (DZP) basis set for representing core and valence

electrons, respectively. The generalized gradient approximation (GGA) in the Perdew-Burke-

Ernzerhof37 (PBE) form is applied to account for electron-electron interactions. The conjugate

gradient method is used to relax all the atoms until the maximum force becomes less than 0.01

eV/Å for both primitive unit cells as well as supercells. A real space mesh cutoff of 300 Ry is

used throughout the entire calculation and the electronic temperature is set to 300 K. The k-point

sampling for unit cells and (4 × 4) supercells were performed with a 8 × 8 × 1 and 2 × 2 × 1

Monkhorst-Pack grid, respectively.

The spin transport properties are simulated by using TranSIESTA module within SIESTA pack-

age, which is based on the combination of density functional theory and non-equilibrium Green’s

function (NEGF).38 We have used similar basis, exchange-correlation functional and convergence

criteria as our first-principles calculation. In the NEGF self-consistent loop, the charge density was

integrated over 400 energy points along the semicircle in the complex plane. The spin polarized

current is calculated with the help of Landauer-Buttiker formula, which can be expressed as:

I↑(↓)(Vb) =
e
h

∫
µR

µL

T↑(↓)(E,Vb)[ fL(E −µL)− fR(E −µR)]dE (1)

where T↑(↓) is the spin-resolved transmission function, fL(R) is the Fermi-Dirac distribution function

for the left (right) electrode with electrochemical potential µL(R) so that eVb = µL - µR.
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3 Results and Discussion

First, we examine the optimized crystal structure of proposed systems. The optimized structure is

shown in Figure 1. The rectangular lattices consist of a naphthalene skeleton, whose all hydrogen

atoms are replaced by amine groups and two transition metal atoms, which are bridged between

adjacent unit cells to create an infinite 2-D sheet. Due to dsp2 hybridization of metal, square

planar geometry is observed surrounding the metal, which is further responsible for planarity of the

crystal. For searching new exciting properties, we have designed different crystals using various

transition metals, (Cr,Mn,Fe,Co) with different optimum lattice parameters, which are tabulated in

Table-1. The optimized lattice constants in X and Y direction respectively are 10.59 Å and 8.53

Å for Cr, 10.44 Å and 8.40 Å for Mn, 10.31 Å and 8.29 Å for Fe, and finally 10.22 Å, 8.23 Å

for Co. The C-N bonds, parallel to principal axis of naphthalene molecule, are slightly smaller in

length relative to others and the nitrogen atoms of these bonds are slightly closer to the transition

metals(M) as compared to remaining M-N bonds.

The stability and plausibility of formation of these crystals can be understood by the formation

energy, which is defined as

E f = (Etot(sheet)−mµM −nµN − pµC −qµH)/N

where Etot(sheet) is the total energy of the sheet and µM, µN , µC and µH , respectively are chem-

ical potential of the metal (calculated from their respective bulk structures), nitrogen (evaluated

from nitrogen molecule), carbon (determined from graphene monolayer) and hydrogen atoms (cal-

culated from hydrogen molecule). m, n, p and q count number of metal, nitrogen, carbon and hy-

drogen atoms respectively and N is total number of atoms in the sheet. The formation energies of

these crystals are tabulated in Table-1, from which it is obvious that the fabrication of these lattices

is exothermic i.e energetically favorable process, which is very exciting as successful synthesis of

these 2-D sheet may open a new direction in materials world and technology.

In order to explore the magnetic coupling pattern between local magnetic moments, we have

considered a large-size (2x2) supercell. The geometry of such supercell has been relaxed, start-

ing from two different spin ordering. For the first one, the local magnetic moments are aligned
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in ferromagnetic (FM) way and for the other the local magnetic moments are aligned in antifer-

romagnetic (AFM) way. Our results revealed that FM state is energetically more favorable than

AFM state by 7.26 and 70.36 meV, respectively for Cr, Mn with corresponding magnetic moments

24.08 and 28.30 µB, while the reverse alignment is more preferable for Fe and Co by 146.01 and

190.27 meV, respectively, without any magnetic moment. Following the analysis of Hu et al.33

we have tried to understand the calculated magnetic moment of different systems. Basically, the

transition metal of all the studied systems are sp2d hybridized and the structure is square planar. In

the presence of local crystal field d orbitals of the transition metal is splitted and the ordering is dyz

= dxz < d2
z < dxy < dx2−y2 . To meet sp2d hybridization the number of unpaired electrons in Cr, Mn,

Fe and Co should be 4,3,2,1 respectively. The magnetic moment(Table-1) of each Cr is close to 4

(in consistent with the number of unpaired electrons) while the magnetic moments for each Mn, Fe

and Co in the lattices are larger as compared to the number of unpaired electrons. To understand

this we have analyzed the extent of charge transfer and the larger value is due to the metal to ligand

charge transfer and this is maximum in Mn based lattices among the studied systems. So, magnetic

coupling between local magnetic moments can be tuned by varying the transition metals and this

can open new window in nano-electronics and technology. The further evidence of FM and AFM

alignment will be clear from the magnetic charge density which will be discussed later. In this

context it is to be noted that planarity of the crystals are well preserved in the supercell for both

FM and AFM alignment.

Having studied the magnetic ground state, we are now interested to ascertain the electronic

structures of these crystals. Figure 2 represents the spin-resolved band structure of (2x2) supercells

containing different transition metals. It is evident that for supercells containing Cr, Fe and Co,

valence and conduction bands of up spin channel (blue) are merged, while down spin state (red)

possess a certain gap at Γ point, (about 0.80 eV for Cr, 0.79 eV for Fe and 0.39 eV for Co)

showing dominance of up spin in charge transport and hence these 2-D organometallic lattices

are half-metallic in nature. The situation is different for Mn containing supercell:valence and

conduction bands of both spin configuration are overlapped, indicating metallic behavior of the

6
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crystal. It is here worth mentioning that electronic properties of materials specially involving with

transition metals may change because of the spin-orbit coupling (SOC). For example Wang et

al.5,32 in their study found triphenyleMn lattice is spin-gapless semiconductor without SOC but

it becomes spin semiconductor in presence of SOC. But we believe that there will not be much

change in the electronic structure as because the band around the Fermi level are merged. Though

Dirac-like crossing points are found in Fe and Co- based systems , but bands around the Fermi level

are overlapped within reciprocal space region X-Γ. The band structure of Fe and Co containing

lattices show that there is only one spin component around the fermi level in contrary to the general

observation that AFM state is spin-degenerate around the fermi level. This is presumably due to

the spontaneous magnetization induced by the transition metals breaks the time-reversal symmetry

and splits the degenerated spin up and spin down bands.39

It is very interesting to note that many bands of both spin alignment for all crystals, got de-

generated within a certain zone, M to X in band structure. To investigate the reason of band

merging, we have considered two bands of up spin channel of Fe containing crystal, b1, b2 which

are merged within M to X and contribution of orbitals for these two wave-functions were evaluated

at two different k-points, Γ(at which they are non-degenerate) and M (at which they are degener-

ate). Analysis of orbital contributions for those two eigen states reveal that pz orbitals of C, N and

dxz, dyz orbitals of Fe are responsible for band merging for these two wave-functions.

Linear dispersion for both spin channels of studied supercells is dominant, within a certain

region, mainly Γ to X. Therefore, Dirac-like crossing points have been observed at M point, above

and below the Fermi level: at 0.24, -0.099, -0.84 eV for Cr, -0.73 eV for Mn, 0.17, -0.25 eV for

Fe and 0.17, -0.28 eV for Co for their up spin state, whereas at -0.14, -0.66 eV for Cr, 0.13, -0.81

eV for Mn, 0.76, -0.58 eV for Fe and 0.40, -0.57 eV for Co for their down spin channel. Dirac-

like crossing points have also been observed for up spin state even at the Fermi level for Fe and Co

containing lattices, within the region Γ to M. So, there is a possibility of finding Dirac-like fermions

in Fe and Co containing crystals at normal condition. It is generally believed that the presence of

Dirac bands in graphene is closely related to its hexagonal honeycomb structures and thus are very
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common in hexagonal lattices. But interestingly we found Dirac bands in square lattices. By doing

theoretical analysis Huang et al.39 and Liu et al.40 have shown that square lattices can also have

Dirac-like cone dispersions. This dispersion is a consequence of accidental degeneracy. Liu et

al.40 have shown that although conventional Dirac cones and linear dispersion as those found in

graphene are prohibited at M and Γ points in systems possessing full square symmetries however,

the high symmetry points X and X ′ are degenerate and one may have Dirac cones at these points or

close to these points. Our systems show the Dirac cones near these high symmetry points. Another

feasibility of Dirac-like fermions arises by moving the Fermi level either by doping or by applying

an external electric field for all crystals we studied. A very close inspection of the band structure

reveals that bands around the Fermi level for up spin channel of Mn, Fe, Co containing lattices is

flat within the region M to X. This suggests that movement of electrons with up spin alignment near

the Fermi surface is anisotropic i.e motion of up spin electrons along M to X in reciprocal space

is more difficult than in other directions. In this context, it is to be noted that dispersion of bands

for Fe and Co containing crystals are almost identical around the Fermi level, which suggests that

nature of these bands are similar.

To make a concrete conclusion on the origin of half-metallicity, we have plotted orbital re-

solved spin-polarized density of states of the elements, C, N and Fe, involved in Fe containing

(2x2) supercell, in Figure 3. The figure shows that pz orbitals of C, N and dxz orbital of Fe con-

tribute at the Fermi level in the up spin channel and obviously the half-metallicity is due to these

orbitals. The location of these orbitals in energy space suggests that a delocalized π interaction is

established throughout the whole sheet through pz orbitals of C, N and dxz orbital of Fe and thus

the non-bonding electrons of nitrogen are delocalized over whole sheet. The figure also reflects

significant contribution of pz orbitals of C, N and dyz orbital of Fe in singly occupied valence band

top (SOVBT) and singly unoccupied conduction band minimum (SUCBM) in down spin channel.

The nature of contributing orbitals in SOVBT and SUCBM indicates that these two bands are also

π type in nature. The type of participating atomic orbitals and their contribution around the Fermi

level for Co containing supercell is almost identical with that of Fe containing one. As we have

8
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stated earlier that the nature of bands of Fe and Co containing supercells are similar around the

Fermi level, is now confirmed. However, for the 2-D sheet with Cr the reason for half-metallicity

is little bit different. The half-metallic behaviour of Cr containing supercell is mainly due to pz

orbitals of C, N and a negligible contribution comes from dxz orbital of Cr. The spin-polarized

density of states of Cr containing supercell reveals that net magnetic moment is mainly attributed

to d orbitals of the transition metal. Unlike Fe and Co containing crystals, dxz orbital of Cr partic-

ipates (though contribution is very small) in the formation of SOVBT and SUCBM in down spin

channel, with pz orbital of C and N. Though, these two states are also π type in nature, but their

corresponding wave-functions are totally different from that of Fe and Co containing supercells.

Thus, for our system, nature of frontier states can be controlled by varying the metal atom and

hence the possibility of finding new exciting properties may arise.

To further depict the magnetic coupling between local magnetic moments, we have plotted

magnetic charge density, which is defined as charge density difference between up and down spin

channels, in Figure 4 for Fe and Cr containing supercells. From the figure it is obvious that for Fe

containing crystal, each and every transition metal encompassed by inverse spin on the neighboring

transition metals i.e they are antiferromagnetically coupled. From the another point of view, if one

move along the diagonal of the supercell then antiferromagnetic alignment between successive

transition metals can easily be observed. Actually, total number of transition metals having up

spin state is exactly equal to that with net down spin state and as magnitude of local magnetic

moments on each and every transition metal is same, net contribution to the overall magnetic

moment of the supercell is nil. The situation is same for C and N atoms in the crystal. Therefore,

net magnetic moment of the supercell vanishes. The shape of the isosurface on the transition metals

indicates significant contribution of dz2 orbital for the generation of local magnetic moment on the

transition metals. Analysis of charge density reveals that maximum contribution comes from dyz

orbital and dxz orbital also significantly contributes to the local magnetic moment. The situation

is totally different for Cr containing supercell: local magnetic moments on the transition metals

are all in up spin state i.e they are ferromagnetically coupled and if we neglect few carbon atoms,
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which make negligible contribution to the up spin state, then local magnetic moments on nitrogen

and carbon atoms are ferromagnetically coupled, but they are in down spin state. However, total

magnetic moment for up spin state is much higher than net down spin moment, which results

overall magnetic moment of the supercell. The shape of isosurfaces for Cr containing supercell

suggests that dx2−y2 and dz2 orbitals significantly contribute to the local magnetic moment on the

transition metals. The charge density analysis exposes that an important contribution comes from

dyz and dxz orbitals.

Having detailed information about the magnetic ground state and electronic structure, we have

now studied the spintronics41,42 properties considering the ground state spin-polarization. A two-

probe system, consists of a finite central scattering region (SR) which is confined between semi-

infinite left and right electrodes (LE and RE), is considered for transport calculation. The periodic

boundary conditions are imposed on the plane normal to the direction of transmission. As the

electronic structure Cr, Fe and Co based lattices confirms the half-metallic behaviour, so high

spin-filtering efficiency is expected. Therefore, we have studied the transport properties of these

systems and their spin-polarized currents (as a function of bias) are depicted in Figure 5. The

figure reveals that current for up spin state is much higher than that of down spin state, except for

Cr based lattice within a certain bias region (0.4-0.7 V). On the other hand, no significant change

has been observed for current associated with the down spin state, over the entire range of bias,

which implies the potential of these systems as spin filtering devices. The negative differential

resistance(NDR) behavior of up spin state of all the studied systems is distinct in particular bias

region. One can understand this NDR behaviour of different lattices from the corresponding band

structures. From the band structure of Fe and Co based lattices [Fig. 2 (c) and (d)] we found that

there is very low density of states or even a gap (for up spin) in the energy range 0.65 to 0.95 eV

and 0.60-0.90 eV respectively and in case of Cr-based lattices Fig. 2(a)] the number of current

carrying states of up spin channel decreases around 0.25 eV. The NDR behaviours are observed in

the above mentioned energy range of the different systems.

To quantify the extent of spin-resolved current, we have defined the spin-filtering efficiency
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(SFE) as:

SFE =
I↑− I↓
I↑+ I↓

×100 (2)

where I↑, I↓ are up and down spin current, respectively. As I↑ and I↓ change with applied bias, so

SFE is calculated at different bias and plotted against bias voltage and is shown in Figure 5(lower

panel). The variation of SFE is totally symmetric about the zero bias and remarkably it attains the

maximum value 100 % within certain bias voltage for all three lattices. Although all the structures

show almost 100 % efficiencies however we can compare the efficiencies of different lattices from

the range of bias voltage through which it remains 100 %. Hence, to compare relative spin-filtering

ability we have calculated the ratio I↑/I↓ and plotted in the inset of fig. 5. Obviously, greater the

value of the ratio, higher will be spin-filtering ability. The inset reveals that the maximum value of

the ratio is almost same for all the lattices as the order of maximum up spin current and minimum

down spin current is same for all the systems. However, Fe-based lattice is best among the studied

systems as it maintains a constant value of I↑/I↓ within a large bias region, -0.9 to 0.9 V, while

the remaining two possess a fixed value within a narrow range of bias, -0.4 to 0.4 V and after that

the ratio starts to flactuate and the flactuation for Cr-based crystals towards lower value of I↑/I↓

is much higher compared to that for Co-based system. So, we conclude that among the different

systems we studied Fe-based lattices are the best spin filtering material followed by Co and Cr-

based lattices. The I-V characteristics as well as high spin-filtering efficiency as manifested by

the systems, can be illustrated by spin-polarized transmission function of respective systems and is

shown in the Figure 6. The figure reveals a strong and wide transmissions across the Fermi level for

up spin states, while there is no transmission for down spin states, for all the systems, which further

suggests metallic and semiconducting behavior of up and down spin channels, respectively. The

transmission function around the Fermi level implies resonant tunneling between the scattering

region and the electrodes, and explicitly responsible for generation of current. Therefore, the wide

transmission spectra around the Fermi level for up spin channels accounts for almost the maximum

value of SFE.
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There are other systems as mentioned in the introduction have spin filtering properties and we

now make a comparative account on the spin filtering capacities of these systems. The zigzag

silicene nanoribbon(ZSiNR)-based two probe system have shown almost 100 % spin filtering ef-

ficiencies only at a certain bias voltage but have lower values at other bias voltages.43 Quantum

transport calculations demonstrate that the finite MoS2NRs and WS2NR have high spin filtering

efficiencies of about 90% and 53% respectively at fermi energy.44,45 There are many studies on

B and/or N doped graphene nanoribbons showing full spin polarized transport but within a small

bias voltage range.46–48 For example, Zheng et al.46 in their first principle study on B and N doped

graphene nanoribbon found a full spin filtering but only in the voltage bias range -0.3V to +0.3V.

Zeng et al.47 have studied the charge and spin transport of graphene-based heterostructure and

showed that these can act as perfect spin filter only around the fermi energy. Manna et al.49 have

studied the transport properties of BN-fused polycyclic nanoribbons and have showed 100% spin

polarization in the bias voltage ± 0.25V only. Hu et al.33 have predicted half-metallic behaviour of

2-D hexagonal organometallic framework made of triphenyl-metal molecules. So this 2-D MOF

can also serve as spin filter however these authors didn’t calculate the spin filtering efficiencies of

this MOF. From the discussion presented above we may conclude that spin filtering efficiencies

of MOFs we proposed here are comparable end ven better than the other existing 2-D spin filter

materials.

4 Conclusion

In this work, based on first principle calculation we have proposed a new 2-D metal-organic crys-

talline framework, composed of substituted naphthalene moiety and transition metal. The value of

the formation energy suggests that the synthesis of this type of metal-organic framework is ener-

getically favorable. The ferromagnetic coupling between local magnetic moments give rise to high

magnetic moment for Cr and Mn based supercell, while there is no net magnetic moment for Fe

and Co containing supercell due to antiferromagnetic coupling. Among the studied systems, Cr,
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Fe, Co based crystals are half-metallic in nature and may find useful application in future genera-

tion electronics. The possible origin of half-metallicity of the proposed crystals are explored. The

proposed 2-D metal-organic crystals with Fe and Cr metals exhibit remarkable 100 % spin-filtering

efficiency so these crystals will serve as good building blocks for spintronic devices. The advent of

different synthetic methodologies in organometallic chemistry and substrate mediated molecular

self-assembly method results in the realization of different metal-organic frameworks involving

several metal atoms and variety of molecules. There are many recent reports of successful synthe-

sis of 2-D metal-organic crystalline materials with metal-C, metal-N, C-C and also other organic

bonds.7,34,50 In the recent past there are many reports of MOFs where naphthalene used as build-

ing blocks.51–53 We have a strong belief that with all these advanced level synthetic techniques the

synthesis of our proposed 2-D crystalline materials is highly feasible and thus we suggest a new

class of materials to facilitate the design of spintronic devices that will complements graphene.
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Table 1: Optimized lattice constants(lc), formation energies(E f )

and magnetic moment (MM) per (2×2) supercell as well as per transition metal(TM)

Metal lc(Å) E f (eV/atom) MM/(2×2) cell(µb) MM/TM (µb)
X-dir Y-dir

Cr 10.59 8.53 -0.3311 24.076 3.861
Mn 10.44 8.40 -0.4891 28.301 3.9995
Fe 10.31 8.29 -0.2340 0.0 2.647
Co 10.22 8.23 -0.9132 0.0 1.3915
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Figure 1: Top view of the 2-D metal-organic superlattice. The rectangular box represent the unit-
cell. White, cyan, blue and brown colour spheres respectively are hydrogen, carbon, nitrogen,
transition metal.
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Figure 2: Spin polarized electronic band structure of Cr(a), Mn(b), Fe(c) and Co(d) containing
supercells. Solid blue and red dotted lines represent the bands of up and down spin channels,
respectively. The black dotted line indicates the Fermi level. Γ, M, X, Γ are the high symmetric
k-points of first Brillouin zone.
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Figure 3: Orbital resolved, spin-polarized projected density of states of Fe containing (left column)
and Cr containing (right column) (2x2) supercell,including contribution of all the elements, except
hydrogen.
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Top Top

Fe-based Cr-based

Top

Side

Top

Side

Figure 4: Top and side view of magnetic charge density (∆ρ = ρ↑−ρ↓) of Fe and Cr based super-
lattices, in which red and blue isosurfaces show net up and down spin density. Isovalue= 0.002 is
used for the charge density plot.
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LE RESR

Figure 5: Spin-dependent current-voltage (I-V) characteristics and spin-filtering efficiencies of Cr,
Fe and Co based systems. The blue (red) symbols are used to represent up (down) spin current
in I-V plot. Circular, square and triangular shapes are used for Cr, Fe and Co based systems,
respectively. A schematic representation of the two-probe system is given in the inset of the upper
panel. The inset of the lower panel represents the variation of I↑/I↓ with bias.
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Figure 6: Spin-resolved zero bias transmission function of Cr, Fe and Co based systems. The blue
(red) shaded region represent the transmission spectra of up (down) spin channel.
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