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Thepolariton laboratory
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Thepolariton laboratory
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Magneticnanoparticles
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Magneticfield andspin
Exchangenteractions
Magnetismof matter
Spintronics
Organicsspintronics
a. Magnetism

b. Transport

c. Light

d. Liquidcrystals
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Homogenousnagneticfield

ThelLandaugaugesolution
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Homogenousnagneticfield

ThelLandaugaugesolution
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Homogenousnagneticfield

ThelLandaugaugesolution
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Coulombpotential
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Magneticfield andspin |
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Magneticfield andspin
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Magneticfield andspln
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Magneticfield andspin

SternGerlachexperiment(1922r.)
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Magneticfield andspin A

Spin,spinorbit interaction
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Magneticfield andspin .

Spin,spinorbit interaction

Spinoperators"YRYRYRY
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Paulimatrices , h, h,

O

QY etc.

Y Eo,, Eo_n P
C C p T
P P_rm

Y EO EOQ sz

Y Eo, Eo[p n]
C ¢ tt P

201604-28

‘Qfacor for the agreement with
experimens

projections of the spin on the axis

PRGN




Magneticfield andspin .

Spin,spinorbit interaction

Spinoperators"YRYRYRY
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Paulimatrices , h, h,
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Theconsequences

Spin can take
only two orientations
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Magneticfield andspin .

Spin,spinorbit interaction
Spinoperators"YRYRYRY
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Magneticfield andspin |

Spinorbit interaction O _0"Ywith the baseg hth i ha G
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Magneticfield andspin A

Spinorbit interaction O _0"Ywith the baseg hth i ha G
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Multi-electronatom

Term symbol  25+1y)

an abbreviated description of the angular momentum quantum numbers in a-glalttron ator

Totalwavefunctionmust be antisymmetric upder interchange of any pair of parti¢le

F@Y) 1 (©..(Y)

VAN

Orbital part Spin part

Multi-electronwavefunction
r (BB e ¥MB A& ) [ (P8 hp)..(¥MB HY )

Antisymmetricwavefunction+ Pauli exclusion principle + Coulomb interaction =
Exchange interaction

34
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Exchangenteraction

Antisymmetriowavefunction+ Pauli exclusion principle + Coulomb interaction =
Exchange interaction

W e Antisymmetrid¢

Example

Twoelectronslocalizedon one centrum
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Exchangenteraction

Antisymmetriowavefunction+ Pauli exclusion principle + Coulomb interaction =

Exchange interaction

W e . Antisymmetrid¢
o | X+ (1)x4(2)
| dzy Ril@sa E<E .
\/% [pa(D)eB(2) — pa(2)pp(1)]P /2 D (Dx1(2) +x (1)x4(2)]

X1 (1)x(2)

—=lpa(D)en(2) + va(2)er(1)] —= [+ (Dxy(2) — x (Dx4(2)]
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Exchangenteraction

Antisymmetriowavefunction+ Pauli exclusion principle + Coulomb interaction =
Exchange interaction

W e Antisymmetrid¢

Example

' \ Twoelectronslocalizedon two centres
2

2H(1,2) = HA(1) + HE(2) + —

12
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Exchangenteraction

Antisymmetriowavefunction+ Pauli exclusion principle + Coulomb interaction =
Exchange interaction

w e

X+ (1)x+(2)

1
\/% [pa(D)eB(2) — pa(2)pp(1)]P /2 D (Dx1(2) +x (1)x4(2)]

" X1 (1)x(2)

1

pa(1)wB(2) +¢al(2)ps(1)] 7 X (Dx(2) = x (Dx4(2)]

Chemicabonds E<E

1
V2
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Exchange interactions

Exchange interaction = Coulomb interaction + Pauli principle

W e Antisymmetrid

Hiy=—2Ji;SioS;

HeisenbergHamiltonian

J>0 ferro
Jij = Jij(rij) J< (O antferro
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Exchange interactions

Kineticexchange

¥B * Ep

YA + FEy
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Exchange interactions

Kineticexchange

pa + E4 rA + o

triplet singlet

20160428 E = EA + EB b= EA + EB



Exchange interactions

Kineticexchange

YA + FEy

triplet
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Exchange interactions
Kineticexchange =28, +U> LEy+ Ep

%—E—QEAJFU

+ EA YA %EA
triplet singlet
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Exchange interactions

Kineticexchange E=2bE,+U>Ls+ Lp
A B

groundstate i i FE = EA + EB

groundstate $ i E=FE,+ FEp U

groundstate ﬁ E=2E,+U

excitedstate ﬁ E=2FEg+U
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Exchange interactions

Kineticexchange E=2E,+U2>Ly+ Ep
L0 17 | @)\ ]2
E,(\) = E:‘in] —|—}u(n{m‘V‘n{m>—|—f£ ‘(E‘{IL _‘ELDJN —|—O(){?’)
U U
S=0 IDE S=1 S=0 S=1
S=0 Singletis the groundstate!
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Exchange interactions

Kineticexchange
A specalcasec superexchange

201604-28 46




Exchange interactions

Kineticexchange
A specalcasec superexchange

X

No excitedstatesfor both spins
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Exchange interactions

Kineticexchange
A specalcasec superexchange

There are an excited state for BOTH sbhins
J < 0 (antiferromagneticexchangé
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Exchange interactions

Kineticexchange
A specalcasec superexchange

Thesuperexchanges antiferromagneti¢ even over long distances.

| da > [ Jo > | I > ...

There are an excited state for BOTH sbhins
J < 0 (antiferromagneticexchangé
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Exchange Interaction

Crystal fieldsplitting (the presenceof the ligantg
t quenchingof the orbitalmomentum

Mn3*t (d4)
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Exchange interactions

Doubleexchange (irmixedvallencecompound$

S

Em ptyl orbitals

—_——
- u

Mn3* (d%) | O(2p) ! Mn4+ (d®)
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Exchange interactions

Doubleexchange (irmixedvallencecompound$

S

—_——
- u

M+ (d?) ~ 0(2p) | Mn3* (d)
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Ferromagnetism

Indirectexchange (Zener model, RKKY)
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Spindensityof states

201604-28
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| J EF
MNED MIE)
Morral F errorragnetic

Fig. 1. A schematic representation of the den-
sity of electronic states that are available to
electrons in a normal metal and in a ferromag-
netic metal whose majority spin states are
completely filled. £, the electron energy; E¢, the
Fermi level; N(E), density of states.
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Magnetismof the matter

Example2ionsofspinS=  U0<0 M(T, H) = _OE(T,H)
O0H
gmH
OM (T, H
E. 0
“gmH
O O
s 8 (Fdrdb g
’ 0
B A Q( ~Q_9
S=0
Es 0
¢l "Q
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Magnetismof the matter

Example2ionsofspinS= D<0

12000 o 8 L L 8 L
J=0 meV 2 0 K
J=-0.1 meV )
10000 + J=-0.5 meV
J=-1 meV
J=-10 meV 4500
5
2 8000
3
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Q
_5 6000 1= 0 mev
= =0 me
g Cg 3000 |- J=-0.1 meV 3000 K
§ 4000 E Ji-0.5 meV
8 2500 - J=-1 meV
= J=-10 meV
§=]
©
©
c
2
=
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Magnetismof the matter

Example2ionsof spinS=  D<0 12000,
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Magnetismof the matter

Example2ionsofspinS= D<0

201604-28
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Experiment

Ewa G- reckhkr -, wAdya@sidaSzydgowska, J~ & " f~~7y
students:Pawe g Maj ews ki
Department of Chemistry, University of Warsaw LB g

| Strukwuralnych

Structural Research Laboratory



Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

Cu?i ni Cu?

1294 11 Cu?*

coordinatebondswith lone pairsof electrons
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

Cu?i ni Cu?

11 Cu?*

2 1 Cu?* biphenyl n=38
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

Cu?i ni Cu?

1294 11 Cu?*

1344 2 1 Cu?* biphenyl n=38
2955 21 Cu?* pyrazine © N=4
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

201604-28

Cu?i ni Cu?

1294 11 Cu®

1344 2 1 Cu?* biphenyl =8
2955 2 1 Cu?* pyrazine @ n=4
2567 2 1 Cu?* oxamide =3
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

Cu?i ni Cu?

1294 11 Cu?*

1344 2 1 Cu?* biphenyl n=38
2955 2 1 Cu?* pyrazine © n=4
2567 2 1 Cu?* oxamide n=3
2356 21 Cu?* oxamide n=3
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

Cu?i ni Cu?

1T Cu?

2 1 Cu?* biphenyl n=38
2 1 Cu?* pyrazine © n=4
2 1 Cu?* oxamide n=3
21 Cu?* oxamide n=3
21 Cu?* pyrimidine (O) n =3
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

15000 ¢ T T r

O  experiment
theory

74 %

I

2.0K

Magnetzation (emu/mol)

Cuz*i ni Cu®

10000 -

Magnetic Field (T)
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1294 11 Cu®

1344 21 Cu?* biphenyl n==8
2955 21 Cu?* pyrazine @ n=4
2567 21 Cu?* oxamide n=3
2356 21 Cu?* oxamide n=3
2975 21 Cu?* pyirimidyne (O) n=3
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

15000 : r . . : : Cu?*i ni Cu?
O  experiment -
theory J = 0 1294 11 Cu?
“theory J =-0.1 20K
o © ©° ° .
100 % o | <«— 1344 21 Cu?* biphenyl n=8
'_g 10000 .
g 2955 21 Cu?* pyrazine @ n=4
= 2567 21 Cu?* oxamide n=3
3
g 5000 . 2356 21 Cu?* oxamide n=3
2975 21 Cu?* pyirimidyne (O) n=3
0 1 2 3 4 5 6
Magnetic Field (T)
2016:04-28
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

15000 : L . . : : Cu?*i ni Cu?
O  experiment -
theory J = 0 1294 11 Cu?
‘theory J =-0.1 205 o
100 % °© _ 1344 21 Cu?* biphenyl n=8
'_g 10000 .
g «— 2055 21 Cu?* pyrazine @ n=4
= 2567 21 Cu?* oxamide n=3
3
g 5000 . 2356 21 Cu?* oxamide n=3
2975 21 Cu?* pyirimidyne (O) n=3
0 1 2 3 4 5 6
Magnetic Field (T)
2016:04-28
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

200 £ L L C L

Cuz*i ni Cu®

' [¢]
O experiment 2.0 K
180 +~ theory J = - 4.5 i 1294 1 T CU2+
theory J = - 1.2 ©
160 - O  experiment 10.0 K 20 K I -
» theory J = - 4.5 1344 21 Cu?* biphenyl n=28
= - i
E 100 % T + i
% 120 - Jl 2955 21 Cu?* pyrazine @ n=4
§ 100 | «— 2567 21 Cu? oxamide n=3
T 80 o .
§ col. 10.0 K | 2356 2| Cu?" oxamide n=3
s0- o ] 2975 21 Cu?* pyirimidyne (O) n=3
20 -
0 1 2 3 4 5 6
Magnetic Field (T)
2016:04-28
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

30¢ r

L L C

O  experiment
theory J = - 30

25

1

N
o
I

Magnetzation (emu/mol)
= =
o (6]
1 I

r r r
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100 150 200
Temperature (K)

250

300

Cuz*i ni Cu®

1294 11 Cu?

1344 21 Cu?* bifenyl n==8
2955 21 Cu?* pirazyna @ n=4
2567 21 Cu?* oksamid n=3
2356 21 Cu?* oksamid n=3
2975 21 Cu?* pirymidyna @ n=3
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

40¢ T r T T T Cu?*i ni Cu?
O  experiment-M(25)
| O experiment-M(35) i 1294 11 Cu?*
35
O experiment-M(45) 1.0T
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes
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Hypothesis
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes

Ni2*i nT Ni2*

2763 1T Ni2*

N N O
Ny :\2_{
g \O_ N_Cng
_

AN

H19Cg @)

2763 agata

2016:04-28 77




Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes
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Samples

Isomeric bimetallic copper(ll) Cu?*

and nickel(ll) Ni2* complexes
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes
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Samples

Isomeric bimetallic copper(ll) Cu?* and nickel(ll) Ni2* complexes
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SternGerlachexperiment(1922 r.)
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< Experimental result
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http://www.upscale.utoronto.ca/Generallnterest/Harrison/SternGerlach/SternGerlach.!
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GlantMagnetoresistance

@ The Nobel Prize in Physics 2007
Albert Fert, Peter Grunberg

The Nobel Prize in Physics

2007
. | | 2\ ) ’ IMagnetic layer

Photo: U. Montan Photo: U. Montan Magr‘le’[
Albert Fert Peter Grunberg

Non-magnetic layer

The Nobel Prize in Physics 2007 was awarded jointly to Albert Fert and
Peter Grunberg “for the discovery of Giant Magnetoresistance”

Photos: Copyright © The Nobel Foundation
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(In)organicspintronics

Magnetoelectronics

Gary A. Prinz

MIED
Morral Ferrarmagnetic

MN(ED

Fig. 1. A schematic representation of the den-
sity of electronic states that are available to
electrons in a normal metal and in a ferromag-
netic metal whose majority spin states are
com pletely filled. £, the electron energy; E;, the
Fermi level; N(E), density of states.

Spin hotleneck magnetoresistance

{\‘ resmta nce
H|gh
resistance

‘A

Fig. 2. Schematic representations of spin-polar-
ized transport from a ferromagnetic metal,
through a normal metal, and into a second
ferromagnetic metal for aligned and anti-
aligned magnetic moments. &, disallowed
channel

High resistance

l
|r

Lowe registance

Fig. 3. Schematic representations of transport
that is parallel to the plane of a layered mag-
netic metal sandwich structure for aligned (low
resistance) and antialigned (high resistance)
orientations

SCIENCE V@82, 1660(1999
201604-28 100
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Magnetoelectronics

Gary A. Prinz

High resistance

[

Low resistance Fig. 4. A schematic representation of a GMR
Fig. 3. Schematic representations of transport read head (green) that passes over recording
that is parallel to the plane of a layered mag- media containing magnetized regions. The
netic metal sandwich structure for aligned (low magnetization direction of the soft layer in the
resistance) and antialigned (high resistance) )
orientations. head responds to the fields that emanate from

the media by rotating either up or down. The
resulting change in the resistance is sensed by
the current i passing through the GMR element.

SCIENCE V@82, 1660(1999
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Magnetoelectronics P

Gary A. Prinz L ——— —E— 3 ¥
| & &

Eit line

sense line

-

Insulator I/I r""lf
Word line

Femomagnetic metals

Fig. 6. A magnetic tunnel junction formed by a Fig. 5. A schematic representation of RAM that

thin insulating barrier separating two ferromag- is constructed of GMR elements connected in
netic metal films. Current passing through the series. The elements are manipulated for writ-
junctior.l encounters higher rfasi.stance when the ing or reading b}-‘ applying magnetic fields that
magnetic moments are antialigned and lower are generated by currents passing through lines

resistance when they are aligned. above and below the elements.

SCIENCE V@82, 1660(1999
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Thespinvalvetransistor

Si collector

Figure 1. Schematic diagram of the cross-section of a spin-valve
transistor showing the emitter, base and collector. The emitter is
forward biased and the collector 1s reverse biased. [ 1s the emitter
current and /- 1s the collector current. The base layer contains a
spin valve (NiFe/Au/Co) in addition to a Si—Pt emitter diode and a
Si—Au collector diode.

J. Phys. D: Appl. Phy83(2000) 29112920
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Diluted MagneticSemiconductors

NATURE| VOL 408 |21/28 DECEMBER 2000 | www. nature.com

Electric-field control of
ferromagnetism

H. Ohno, D. Chiba, F. Matsukura, T. Omiya, E. Abe, T. Dietl*, Y. Ohno
& K. Ohtani

. r .
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-1.0 -0.5 0 0.5 1.0
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High resistance Low resistance
state state
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Fixed layer
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Field (Oe)
Figure 3. Magnetization as a function of the magnetic field of the
spin valve (NiFe (3 nm)/Au (3.5 nm)»/Co (3 nm)) grown on Si/Pt Figure 4. The magnetoresistance against the magnetic field of the
(2 nm). The curve shows well defined switching of the Co and spin valve (NiFe (3 nm)/Au (3.5 nm/Co (3 nm)¥Au (2 nm)) grown
permalloy layers at the respective coercive fields. on S5i/Pt (2 nm) showing a magnetoresistance of about 1%.
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Field (Oe)
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Magnetic tunnel junction (MTJ)
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T T T |
i 604%
- Tohoku-Hitachi ‘/A[ S. Ikeda et al.
e 500 —  Appl. Phys. Lett. 93,
Fe (001) 2\, 082508 (2008)
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W. H. Butler, XG.Zhang T. CSchulthessand J. MMacLaren
Phys Rev B 63, 0544162001)
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OrganicSpintronics; spinvalve

letters to nature

Molecularspinvalves 0 o '
N\JJ"'/NN --------------------------------------------------------------
Alg; hydroxy-quinoline aluminium o | >N Giant magnetoresistance

in organic spin-valves

Z. H. Xiong, Di Wu, Z. Valy Vardeny & Jing Shi

Department of Physics, University of Utah, Salt Lake City, Urah 84112, USA
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OrganicSpintronics

S. Sanvito, Nature Physics 6, 562 (2010)

Ience

suggests that the metal/organic interface is key, paving the way for a new field in which interfaces are specifically

Little is known about the mechanisms that govern the injection of spins into organic molecules. A new study
designed for spin applications. This is this field of ‘spinterface” science.

The rise of spinterface sc

MOLECULAR SPINTRONICS

Stefano Sanvito

201604-28

a b c

DOS

IR 1 120

Figure 1| Schematic of the spin-filtering mechanism at an organic/inorganic hybrid interface.

a, When the magnetic metal (left) and the molecule (right) are well separated, the overall DOS is
simply the superposition of the individual DOS of the two spin components (blue represents the
spin-up DOS and red the spin-down DOS) — that is, a broad spin-polarized DOS for the metal and a
series of discrete energy levels for the molecule (here only the HOMO is represented). In this case,
the DOS of the metal alone determines the spin-polarization of the tunnelling current. b,c, When the
molecule is brought into contact with the metal the DOS gets modified into two ways: the energy
levels broaden (b) (the broadening is exaggerated in the figure) and their position shifts in energy
(c). In both cases new peaks in the DOS might appear at the E; of the electrodes, arising from new
hybrid interfacial states. It is this new DOS that determines the spin-polarization of the injected
current, which can be dramatically different, and even reversed, compared with the polarization of
the electrodes (as in b).




OrganicSpintronics

a b
A . : & A g
M d . § s o B
2 Y Bl antibonding Y 5
== - B 3l combinations ® E
51— 3 R 5 S
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—— = 2
Ll . e e et R TR T
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2 1™ 3 3 i 8™ 3
W~ = S bonding — g
""""""""""""""""" — I combinations —
% : 2% 4 E - esnaneit 2
metal combined system molecule metal hybrid system molecule

Figure 1. A general scheme illustrating the energy level alignment due to the interaction
between an organic molecule and a metallic surface. (a) Physisorption creates a weak
molecule-metal interaction causing renormalization of the highest occupied molecular
orbital (HOMO)-lowest unoccupied molecular orbital (LUMO) gap in the molecule due to
polarization effects.’®? (b) Chemisorption creates a strong molecule-metal interaction
where the atomic-type orbitals that initially form the molecular orbitals hybridize with the
metallic bands, leading to bonding and anti-bonding hybrid bands with mixed molecular-
metallic character. Note: E;, Fermi energy level.

NicolaeAtodireseiand KarthikV. Raman B MRS BULLETIN - VOLUME 39 « JULY 2014 - www.mrs.org/bullefin
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OrganicSpintronics

FIG. 3 (color online). Overview SP-STM image of a multi-
domain (blue/yellow) 2 ML Fe stripe on W{110) with intact and
few metalized H,Pc present in three distinct orientations.
Experimental (22 A X 22 A) SP-STM images for H,Pc ad-
sorbed on 2 ML Fe/W(110) at I/ = +0.05 V for both spin
channels [ie., up (1) and down (])] and local spin po-
larization. H,Pc molecules show a high, locally varying

spin-up sp VI spin-polarization

. > spin polarization ranging from attenuation to inversion with
0'4 negatlve '\D'o p_ respect to the ferromagnetic Fe film.

NicolaeAtodireseiet al. Phys Rev. Lett. 105, 06662010
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APPLIED PHYSICS LETTERS 106. 082408 (2015) @‘Sﬁ’ﬁfﬁ’!&ﬂ“

Is spin transport through molecules really occurring in organic spin valves?
A combined magnetoresistance and inelastic electron tunnelling
spectroscopy study

Marta Galbiati, Sergio Tatay,' Sophie Delprat,' Hung Le Khanh,' Bernard Servet,? Sample 1 Sample 2 Reference
Cyrile Deranlot,’ Sophie Collin," Pierre Seneor,"® Richard Mattana, " sample

and Frédeéric Petroff ’
'"Unité Mixte de Physique CNRS/Thales, 1 Av. A. Fresnel, 91767 Palaiseau, France and Université Paris-Sud, ud 4/
91405 Orsay, France S| I

*Thales Research & Technol ogy, I Av. A. Fresnel, 91767 Palaiseau, France

Sample 1 (Co/Al,0,/Alq,/Co) Reference sample (Co/Al,0,/Co)
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Fizure 3. Magnetic thermal hysteresis for as-prepared [Fe (Htrz);(trz)](BF4)
nanoparticles (magnetic moment represented per mole of Fe). Figure 2. TEM image of as-prepared [Fe(Htrz),(trz)](BF4) nanoparticles.
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Figurs 1, Bistability of a suspension of the title nanoparticles in octane:
in the low-spin state (left) and in the high-spin state (right). Figure 2. TEM image of as-prepared [Fe(Htrz),(trz)](BF4) nanoparticles.
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A There is a need for new materials (spin filters, spin transigt@#uted Magnetic
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Electroluminescenceontrol usingMagneticfield
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E. Coronado et al. Nature Chemistry 2, 10311 1036
(2010) d0i:10.1038/nchem.898

Figure 1: Schematic representation of the layered components and the restacked material.

A

X

a, View of the [TaS;]~%-22 superconducting layer (Ta, blue spheres: S, yellow spheres). b, View of the
[Nig gsAlg 33(0OH)2]*2-32 magnetic layer (Ni, grey spheres; Al white spheres; O, red spheres). ¢, Representation of the
restacked mat...
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X = CnHm+1o@L

Scheme 1. Synthesis of Verdazyl Derivatives”

1[n], L=COO, n= 8, 10, 12, 14, 16
2[12],L=NN,n=12
M2 L=-n=12

— 8a, X = OCH,Ph
— 4, X =0H
— 1[n]-3[n]

i)

X ii)
COo0

“Reagents and conditions: (i) H, (3 atm), Pd/C, THF-EtOH; (ii)
RCOCI (5[n]-=7[n]), DMAP, CH,Cl,, rt, 10 min.
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1n] n=6, R=CgHy3
n= 8, R= CEH—”'
NTXN n=10,R=CyoHz1 Fig.9 B3LYP/6-31G(2d,p) optimized geometry for 7 with the imposed
R n=12, R=CyHys C,symmetry.
RS N \n/ N SR
0]
RS SR
SR SR

B3LYP/6-31Gl(d,p) derived total spin density in 1[1]c.
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Figure 2. Optical textures of (2) N and (b) Sm phases in 1[8] and (c) 1.80

Tet phase in 1[16].

201604-28

1.60
Mgff .
1.40 |
1.20
1.00

0.80|

1.74 -

172 Tet | lso -

. -
1,70 "
.09 .-“Mf.r"’.
et
1,66 —
T —T T 1 1
300 K 320 340 B0 380 400 K
G

7c 127
I

0.60

50

[
100

T 'I T | T | T | T | T
150 200 250 300 350 400
T /K

132




OrganicSpintronics

201604-28

1.0—
%o T 0.8—:
/Kem3molt 4,
0.6-1%
IR
‘ .
0.4 \\ fresh polycrystalline .Co,h |
“—%_':7
T N—
0.2 r ' ' Iso
o~ Fe
00—%. | T | ! | ! | [ |
0 50 100

150 200 250 300 350 400

temperature /K

133



OrganicSpintronics

2r I

—B—0.1T 290-2K
1.95 —E—0.1T 2-375K

H gt

1.6

1.55

0 20 40 60 80 100
Temperature (C) 0 20 40 60 80 100
Temperature (C)

supercoolediquid

201604-28 134




Spintroncs

Semiconductor Devices Magnetic Devices

High-speed highdensity nonvolatile memory Optical Devices

Reconfigurable logic devices
Integrated magneteoptical devices

Quantum information processing with spin
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OrganicSemiconductomDevices OrganicMagneticDevices

Scheme 1. Polymeric structure of the [Fe(trz) ;]X,!™ family.
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