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Spin-orbit coupling: a relativistic effect
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Range of energies for various interactions present i So
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Hierarchy in spin-orbit coupling strength
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Spin-orbit Mott insulator Sr.IrO,
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Novel phases induced by strong spin-orbit coupling In iridates
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Perovskite SrirO,: correlated spin-orbit semimetal

= Narrow band semimetal with steep linear dispersion (PRL 114,016401 (2015))
= Signature for Dirac fermion like quasi particles from magneto-transport measurements is
not evident.

= “Antiferromagnetic proximity effect” induces emergent topological electron transport



Quenching of magnetic impurity scattering
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SrCuQ, (antiferromagnet)/SrirO, bilayer
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Growth and structural characterization of SrCuO./SrirO_bilay
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Magnetoconductance
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Chiral anomaly induced positive magnetoresistance
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0 Antiferromagnetic proximity effect paves an avenue to preserve the nontrivial quantum

phenomena in complex materials by circumventing the detrimental effect of unintended

magnetic impurity scattering.

0 It will be useful as an effective way to control undesired spin relaxation by magnetic

impurity scattering in the field of spintronics.
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Role of spin dimensionality on magnetic ordering in 2D syste

Spin dimensionality
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Quasi 2D Heisenberg Magnet

i

Quasi-2D magnets are those magnetic materials where the magnetic interactions are strong within the
plane, but extremely weak interlayer coupling (either by large separations or by competing exchange
pathways).

Quasi-2D magnets are not limited to vdW layered magnets (Ruddlesden-Popper perovskite magnets
(K,NiF, La,CuO,)

For a Quasi 2D Heisenberg magnet, 2D magnetic correlation 1s expected to exist in each layer at higher
temperature and upon cooling the correlation length grows exponentially with 1/T and an effective 3D
long range magnetic ordering emerges at lower temperature.

The 3D long range magnetic order in quasi 2D limit is closely linked with the strength of interlayer
coupling and/or the underlying magnetic anisotropy.



Quasi 2D magnetic Organic-inorganic hybrid perovskites (OIHPS)
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Cu based-Quasi 2D hybrid perovskites: Orbital ordering

Anti-ferrodistortion in AzCuX A

: : Orbital ordering d_2- 2
Orbital ordering of d *- * and dyz-z2 rottat oraering 4,y

PRB 94,184404 (2016)
Annu. Rev. Mater. Res. 48,111 (2018)

Chem. Mater. 24, 133 (2012)
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Monoclinic structure with polar space group
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Contrasting Magnetism in A_CuX, (X = Cl, Br)

IP:Hllc, OP:H-Lbc

1.2

0.06

" H=100Oe ' 108 , ' oP ' 1.0}
ﬁ —+—100 Oe
— ' 1.0r o200 Oe i
! _ - —o— 500 Oe 0.5}
— 0.04} N P 1190 ol "YW\ ——10000e - _
5 al . S5 f 4§ > 50000e 5
A20UC|4 : £ g. '. TC” 7K i 0 4 tﬁ] 06 o ‘.‘ :\' 1.0} & IP - t& 0.0 B
= B =y 30 G .l E R\ E gi ::?googe g
002} == & —a—2zFC(P) "} : 1 0.4F F —— 200 Oe |7
Pl —<—FCoP) | | lo2 . =S —— 500 0e -0.5}p
& B -—zFcoP) | : ’ 0.2 Y
5 10 15 | : 20 30
Evﬁﬁ T (K) [ __ -1.0 : H (x10* Oe)
000 00 00 . AL TR EA O ] DN, R 2 1 1 1 1
0 10 20 30 40 0 10 20 30 40 -300 -200 -100 0 100 200 300
T(K) T (K) H (Oe)
L] ' L] L 0.15 a - L] > L] - 140 L] S L] S L] . L] . L] -, L] -, L]
H=10 Oe 1.0 IP I T=2K
0.03 | ™ ' ——100 Oe Y i
; 200 O - 05} —ip i
. g oP _010 —5— 1000 Oe '. :
ACuBr,: = 002 - 3 Bl >
uor, . =, Y.Usr 2 - e i —
2 4 ™ a| (112
32 e fT 1251K | | E o5 =z 00} -
= z = ——1000e | = &
40.05 —— 200 Oe &
=.__.t, ——FC (OP) : ] 0.2 ' . . ig:%;&& "o
= _D_ZFC (OP) 10 15T 0()20 2 ! | o o ey =3-2-10 1 2 3
0.00 ; SR 0.00 0.0 ol o Hegom
0 20 40 60 60 -300 -200 -100 O 100 200 300

H (Oe)



1/ ((emu mol" Oe™")™)

350F
300
250
200
150
100}

50

0 I I I I L I I
0 20 40 60 80 100 120 140 160

Underlying Dominant Ferromagnetic Interaction

1/% ((emu mol'0e™)™)

T(K)

160 F

120}

80 f

40}

O . < Y . n . P
0 20 40 60 80 100 120 140 160

T(K)

(A,Cucl, )
Curie-Weiss law : X = Xo + 7= Tcw

1/y ((emu mor'0e™y™

700

[}
o
o

0 50 100 150 200 250 300

T(K)

1/x((emu mol'0e )™

300

250

200F

150

100

50 F

0

0 50 100 150 200 250 300
T (K)

(A,CuBr, )

C

IP (A,CuCl,)
OP (A,CuCl,))
IP (A CuBr,)
OP (A,CuBr,)

-3.6x1074
2x1073

-2.9x107*
1.5x1073

0.42

0.54 22
0.45 37
0.53 34

12.5
12.5



Strength of Intralayer Ferromagnetic Exchange
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Contrasting Magnetism in A_CuX, (X = Cl, Br)

IP:Hllc, OP:H-Lbc
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Examining the presence of Dzyaloshinskii-Moriya Interactions
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Estimation of intraplane DM

A_CuCl, : spiral propagation direction along c- axis
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Strength of DMI and its Effect on local spin
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Proposed Spin structure
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A,CuCl, : AC susceptibility measurements
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A,CuBr, : AC susceptibility measurements
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A,cuBr, : AC susceptibility measurements
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Our results so far....
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[l We propose a canted and conical spiral (CS) magnetic ground state for Cl and Br
analogues respectively.
[ Our study essentially provides a paradigm to understand the occurrence of

noncollinear magnetism and its ligand tunability in the realm of Cu based quasi
2D OIHPs.



Thank you for your attention!



