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The polariton laboratory

Kasia Lekenta

aŀǘŜǳǎȊ YǊƽƭwŀŦŀƱ aƛǊŜƪ

attocubeCFM
1.5-320K, 0.0-9.0T
700-1000nm
пнлƴƳΣ ронƴƳΣ сооƴƳΧ

5Ǌ .ŀǊōŀǊŀ tƛťǘƪŀ
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The polariton laboratory

MBE growth:
wŀŦŀƱ Rudniewski,
Dr Wojciech Pacuski,
Jean-Guy Rousset

Magneto-optical properties
wŀŦŀƱ aƛǊŜƪ
Katarzyna Lekenta
aŀǘŜǳǎȊ YǊƽƭ
5Ǌ .ŀǊōŀǊŀ tƛťǘƪŀ

Appl. Phys. Lett. 107, 201109 (2015)



Laboratoryof SQUID magnetometry
Andrzej Twardowski
Andrzej Majhofer
Anita Gardias
WŀǊƻǎƱŀǿ wȅōǳǎƛƵǎƪƛ
Maciej Marchwiany (Monte Carlo)
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0.0-7.0T, 1.5-800.0K, photomagnetism
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Magneticnanoparticles



MagneticOrganicLC
tƛƻǘǊ YŀǎȊȅƵǎƪƛ όUniv. Vanderbilt USA, The Centre of Molecular and Macromolecular Studies, 
Lodz, Poland)
9ǿŀ DƽǊŜŎƪŀ όFacultyof Chemistry, University of Warsaw)
Damian Pociecha (Facultyof Chemistry, University of Warsaw)
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Piotr Ewa
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MagneticOrganicLC
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SPINTRONICS
1. Magneticfield and spin
2. Exchange interactions
3. Magnetismof matter
4. Spintronics
5. Organicsspintronics

a. Magnetism
b. Transport
c. Light
d. Liquid crystals
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Hamiltonian
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Ƕὴ Ὗᴆὶȟὸ ‪ᴆὶȟὸ Ὥᴐ
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‪ᴆὶȟὸ

kinetic energy
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ςά

potential energy time evolution



Homogenousmagneticfield
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The Landaugaugesolution

ρ

ςά
Ƕὴ ήᴆὃᴆὶȟὸ ή•ᴆὶȟὸ Ὗᴆὶȟὸ ‪ᴆὶȟὸ Ὥᴐ

Ὠ

Ὠὸ
‪ᴆὶȟὸ

αfree electronέ (Ὗὼȟώȟᾀ Ὗᾀ) ᵼLandaulevels



Homogenousmagneticfield
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The Landaugaugesolution

ρ
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Ƕὴ ήᴆὃᴆὶȟὸ ή•ᴆὶȟὸ Ὗᴆὶȟὸ ‪ᴆὶȟὸ Ὥᴐ
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Ὠὸ
‪ᴆὶȟὸ

Landaugauge: magneticfield ὄ πȟπȟὄ ᵼὄ

ᴆὃ πȟὄὼȟπczyli ὃ ὄὼḰὄὼ

(unfortunatelydistinguishes
direction)
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Ὗᾀ ‪ᴆὶ Ὁ‪ᴆὶWhichgives:

The evidenceof the Lorentz force Parabolicpotential!

We assume that in a planeὼώ
there isno other potential

ή Ὡ

αfree electronέ (Ὗὼȟώȟᾀ Ὗᾀ) ᵼLandaulevels



Homogenousmagneticfield
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The Landaugaugesolution
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Hamiltonian
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ρ

ςά
Ƕὴ Ὗᴆὶȟὸ ‪ᴆὶȟὸ Ὥᴐ
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Coulomb potential 



Coulomb potential
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FIRST: 
Coulomb potential in 3D in the semiconductor of dielectric constant ‐, effectivemass άᶻ:
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clasically:

thus:

[Am2]

m

r

v
Bohr magneton  ‘

ᴐ

‘ 9,274009994(57)Ҏ10ҍнпJ/T
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Magneticfield and spin
Magneticfield:

Ὄ άὄ

Here ά ismagneticmoment

ά ὍᴆὛ
Ὡ

Ὕ
“ὶ
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ὶὺ
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ᴐ
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ὒ ᴆὶ ά ᴆὺ

ὒ ὒȟὒȟὒ
Ὄ άὄ

‘

ᴐ
ὒὄ

‘
ᴐὩ

ςά

circumferenceof a circle



Magneticfield:

for ὄ πȟπȟὄ

we have: Ὄ
ᴐ
ὒὄ ‘ὄά

where ά ὰȟὰ ρȟȣὰ ρȟὰ

the base:
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Magneticfield and spin

Ὄ άὄ
‘

ᴐ
ὒὄ

Here ά ismagneticmoment

ά ρ

ά π

ά ρ

ὰ ρ

ὄ π ὄ π

ȿ ἃὰȟά

m

r

v
ὒ ᴆὶ ά ᴆὺ

ὒ ὒȟὒȟὒ

Here ά isNOT a magneticmoment
(it isa magneticquantum number)



Magneticfield:
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Magneticfield and spin

Ὄ άὄ
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ᴐ
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Here ά isNOT a magneticmoment
(it isa magneticquantum number)



http://hyperphysics.phy-astr.gsu.edu

Stern-Gerlach experiment(1922 r.)
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Magneticfield and spin



What isǘƘŜ αspinέ?

Å²Ƙŀǘ ƛǎ αƳŀǎǎέ?

Mariusz Pudzianowski  http://www.pudzian.pl/
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ÅWhat isǘƘŜ αƳƻƳŜƴǘǳƳέΚ

What isǘƘŜ αspinέ?
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ÅWhat isǘƘŜ αangularmomentumέΚ

http://www.chaseday.com

What isǘƘŜ αspinέ?
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ÅWhat isǘƘŜ αchargeέΚ

http://www.chaseday.com

What isǘƘŜ αspinέ?
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ÅSpin?

DisneySebastian M¿nster,Cosmographia in 1544
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What isǘƘŜ αspinέ?
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Pauli matrices:  „ȟ„ȟ„

Spinor

projections of the spin on the axisᾀ

…ᴻ
ρ
π
ȟ…Ȣ

π
ρ
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Magneticfield and spin
Spin, spin-orbit interaction

Spin operatorsὛȟὛȟὛȟὛ ‪ᴆὶȟὛ ‪ᴆὶ…Ὓ

ὛȟὛ ὭᴐὛ, etc.

Ὓ
ρ

ς
ᴐ„

ρ

ς
ᴐ
π ρ
ρ π

Ὓ
ρ

ς
ᴐ„

ρ

ς
ᴐ
π Ὥ
Ὥ π

Ὓ
ρ

ς
ᴐ„

ρ

ς
ᴐ
ρ π
π ρ



Spin, spin-orbit interaction

Spin operatorsὛȟὛȟὛȟὛ
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Magneticfield and spin

Ὄ
‘

ᴐ
ὒ ὫὛὄ

Pauli matrices:  „ȟ„ȟ„

Ὓ
ρ

ς
ᴐ„

ρ

ς
ᴐ
π ρ
ρ π

Ὓ
ρ

ς
ᴐ„

ρ

ς
ᴐ
π Ὥ
Ὥ π

Ὓ
ρ

ς
ᴐ„

ρ

ς
ᴐ
ρ π
π ρ

projections of the spin on the axisᾀ

…ᴻ
ρ
π
ȟ…Ȣ

π
ρ

ὛȟὛ ὭᴐὛ, etc.
Ὣ-factor for the agreement with 
experiments



Spin, spin-orbit interaction

Spin operatorsὛȟὛȟὛȟὛ

Ὣ-factor for the agreement with 
experiments
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Magneticfield and spin

Ὄ
‘

ᴐ
ὒ ὫὛὄ

Pauli matrices:  „ȟ„ȟ„

Ὓ
ρ

ς
ᴐ„

ρ

ς
ᴐ
π ρ
ρ π

Ὓ
ρ

ς
ᴐ„

ρ

ς
ᴐ
π Ὥ
Ὥ π

Ὓ
ρ

ς
ᴐ„

ρ

ς
ᴐ
ρ π
π ρ

projections of the spin on the axisᾀ

…ᴻ
ρ
π
ȟ…Ȣ

π
ρ

ὛȟὛ ὭᴐὛ, etc.

Ὣ ςȢππςσρωσπτσφρψςπȢππππππππππππυς
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QED ςQuantum ElectroDynamics

Ὣ ςȢππςσρωσπτσφρψςπȢππππππππππππυς



The consequences?
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ThereisǘƘŜ αspinέ



Total angularmomentumoperator ὐ ὒ Ὓ, the baseȿὮȟά

Total magneticmoment ὓ ὓ ὓ Ὣ
ᴐ
ὒ Ὣ

ᴐ
Ὓ

=1 =2

Spin, spin-orbit interaction

Spin operatorsὛȟὛȟὛȟὛ

Ὣ-factor for the agreement with 
experiments
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Magneticfield and spin

Ὄ
‘

ᴐ
ὒ ὫὛὄ

ὓ ὐ- magnetic anomaly of spin



Spin-orbit interactionὌ ‗ὒὛwith the baseȿ ἃὲȟὰȟίȟάȟά

For ί-statesὒ πᵼὒὛ π
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Magneticfield and spin

Total angularmomentumoperator ὐ ὒ Ὓ, the baseȿὮȟά

Ὄ ‗ὒὛ ‗
ρ

ς
ὐ ὒ Ὓ ‗ὒὛ

ρ

ς
ὒὛ ὒὛ

‗ Ὤὧὃ
ὤ‌

ς

ρ

ὶ

‌
Ὡ

τ“‐ᴐὧ

ρ

ρσχȢπσχ

Ὁ ‪ᶻὌ ‪Ὠὠ
ὤ

ςρσχ
‪
ὒzὛ

ὶ
‪Ὠὠ

fine-structureconstant
Ὑώ ὬὧὙ

Ὑ

Ὑ ρȟπωχρπm-1

e.g. for ‪ we get and for generalὲ(principal quantum number) 

Ὁ
ὤ

ςρσχὥὲ

ὮὮ ρ ὰὰ ρ ίί ρ

ςὰὰ ρȾς ὰ ρ



Spin-orbit interactionὌ ‗ὒὛwith the baseȿ ἃὲȟὰȟίȟάȟά

For ί-statesὒ πᵼὒὛ π
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Magneticfield and spin

Total angularmomentumoperator ὐ ὒ Ὓ, the baseȿὮȟά

3

D

3

2D

ὒ ρȠὛ
ρ

ς

ςὖȾ

ςὖȾ

shortly: ȿὮȟά

the base: ȿὲȟὰȟίȟὮȟά

ὒӶὛ
ρ

ς
Ӷὐ ὒ ӶὛ ὒὛ

ρ

ς
ὒὛ ὒὛ



Term symbol 

an abbreviated description of the angular momentum quantum numbers in a multi-electron atom

Total wavefunctionmust be antisymmetric  (under interchange of any pair of particle)

Orbital part Spin part
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Multi-electronatom
2S+1ὒ

‪ᴆὶȟὛ ‪ᴆὶ…Ὓ

‪ᴆὶȟȣȟᴆὶȟᴆὛȟȣȟᴆὛ ‪ᴆὶȟȣȟᴆὶ …ᴆὛȟȣȟᴆὛ

Multi-electronwavefunction:

Antisymmetric wavefunction+ Pauli exclusion principle + Coulomb interaction =
Exchange interaction 



Antisymmetric!

Example:

A

B

Twoelectronslocalizedon one centrum
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Exchange interaction
Antisymmetric wavefunction+ Pauli exclusion principle + Coulomb interaction =

Exchange interaction 

ɰ • …



Ҏ

IǳƴŘΩǎrules,            ET < ES

Antisymmetric!
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Exchange interaction
Antisymmetric wavefunction+ Pauli exclusion principle + Coulomb interaction =

Exchange interaction 

ɰ • …



A B Twoelectronslocalizedon two centres

Antisymmetric!
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Exchange interaction
Antisymmetric wavefunction+ Pauli exclusion principle + Coulomb interaction =

Exchange interaction 

Example:

ɰ • …



Ҏ

Chemicalbonds,      ES < ET
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Exchange interaction
Antisymmetric wavefunction+ Pauli exclusion principle + Coulomb interaction =

Exchange interaction 

ɰ • …



Exchange interaction = Coulomb interaction + Pauli principle

Antisymmetric!

HeisenbergHamiltonian

Orbital motion depends on the 
mutual orientation of the spins.
The effect ispurely electrostatic!

J > 0

J < 0

ferro

antiferro

Exchange interactions
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ɰ • …



Kineticexchange

Exchange interactions
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triplet singlet

Kineticexchange

Exchange interactions
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triplet singlet

Kineticexchange

Exchange interactions
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triplet singlet

Kineticexchange

Exchange interactions
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groundstate

groundstate

excitedstate

groundstate

A B

S = 0 S = 1

Kineticexchange

Exchange interactions
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S = 0 S = 1S = 0 S = 1

S = 0

DE

Singletis the groundstate!

Kineticexchange

Exchange interactions

2016-04-28 45



A specalcaseςsuperexchange

?

Kineticexchange

Exchange interactions
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No excitedstatesfor both spins

A specalcaseςsuperexchange

Kineticexchange

Exchange interactions
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There are an excited state for BOTH spins!
J < 0 (antiferromagneticexchange)

A specalcaseςsuperexchange

Kineticexchange

Exchange interactions
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| J1| > | J2| > | J3| > ...

The superexchangeisantiferromagnetic, even over long distances.

A specalcaseςsuperexchange

Kineticexchange

Exchange interactions

2016-04-28 49

There are an excited state for BOTH spins!
J < 0 (antiferromagneticexchange)



Exchange interactions
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Mn3+ (d4)

Crystalfield (CF) splitting

Ὠ

Crystal field splitting(the presenceof the ligants)
ᵼquenchingof the orbital momentum



Doubleexchange (in mixedvallencecompounds)

Exchange interactions

2016-04-28 51

Mn3+ (d4) Mn4+ (d3)O(2p)

ὸςὫ ὸςὫ

ὩὫ ὩὫ

Empty orbitals

Ŝᶻ

ǘᶻ

Ŝᶻ

ǘᶻ



Doubleexchange (in mixedvallencecompounds)

Exchange interactions
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Mn3+ (d4) Mn4+ (d3)O(2p)

ὸςὫ ὸςὫ

ὩὫ ὩὫ
Mn4+ (d3) Mn3+ (d4)

Ŝᶻ

ǘᶻ

Ŝᶻ

ǘᶻ



Lattice energy Carrier energy

(Zener model, RKKY)Indirectexchange

Ferromagnetism
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Lattice energy Carrier energy

(Zener model, RKKY)

Ferromagnetism
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Indirectexchange
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Spin densityof states

SCIENCE VOL 282, 1660(1998)



Magnetismof the matter

ïJ

0

0

-gmBH

gmBH

ES

ET

S = 0

S = 1

Example: 2 ionsof spinS= İ, J < 0

ὓ
В

‬Ὁ
‬Ὄ

ÅØÐ
Ὁ
ὯὝ

В ÅØÐ
Ὁ
ὯὝ

…
ςὔὫ‘

ὯὝ σ ÅØÐ
ὐ
ὯὝ
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Magnetismof the matter
Example: 2 ionsof spinS= İ, J < 0
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Experiment

Ewa G·recka , Adam Kr·wczyŒski, Jadwiga Szydğowska, Jacek Szczytko

students: Paweğ Majewski

Department of Chemistry, University of Warsaw

Structural Research Laboratory



Samples

H17C8O

Cu

H17C8O N

N

O

O

OC6H13

OC10H21

OC10H21

OC6H13

H21C10O

H13C6O

1294 1 ĬCu2+

Cu2+ïn ïCu2+
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes

coordinatebondswith lonepairsof electrons



1294 1 ĬCu2+

Cu2+ïn ïCu2+

M = Ni, Cu

Cu

H23C11

Cu

N

N

O

O

N

N

O

O

C11H23

H23C11

C11H23
1344 2 ĬCu2+ biphenyl n = 8

Samples
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes



1294 1 ĬCu2+

Cu2+ïn ïCu2+

1344 2 ĬCu2+ biphenyl n = 8

OC8H17

OC8H17

H17C8O

O N OC8H17

OC8H17N

O
N

N
O

NH17C8O

H17C8O N O

OC8H17

OC8H17

H17C8O

Cu

Cu

2 ĬCu2+ pyrazine N = 42955

Samples
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes



1294 1 ĬCu2+

Cu2+ïn ïCu2+

1344 2 ĬCu2+ biphenyl n = 8

2 ĬCu2+ pyrazine n = 42955
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H17C8O

O

N
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O
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Cu 2 ĬCu2+ oxamide n = 32567

Samples

2016-04-28 64

Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes



1294 1 ĬCu2+

Cu2+ïn ïCu2+

1344 2 ĬCu2+ biphenyl n = 8

2 ĬCu2+ pyrazine n = 42955

2 ĬCu2+ oxamide n = 32567
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2 ĬCu2+ oxamide n = 32356

Samples
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes



1294 1 ĬCu2+

Cu2+ïn ïCu2+

1344 n = 8

n = 42955

n = 32567

2 ĬCu2+ oxamide n = 32356

OC8H17

H17C8O

N

N

O

N N

N

O

OC8H17

OC8H17

N

O

H17C8O

H17C8O

OC8H17

O

OC8H17

OC8H17

OC8H17

Cu Cu

2 ĬCu2+ pyrimidine n = 32975

Samples
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes

2 ĬCu2+ biphenyl

2 ĬCu2+ pyrazine

2 ĬCu2+ oxamide
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes

2 ĬCu2+ pyrazine
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2 ĬCu2+ oxamide
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes

2 ĬCu2+ bifenyl

2 ĬCu2+ pirazyna

2 ĬCu2+ oksamid

2 ĬCu2+ oksamid

2 ĬCu2+ pirymidyna
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes

2 ĬCu2+ bifenyl

2 ĬCu2+ pirazyna

2 ĬCu2+ oksamid

2 ĬCu2+ oksamid

2 ĬCu2+ pirymidyna
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes

2 ĬCu2+ bifenyl

2 ĬCu2+ pirazyna

2 ĬCu2+ oksamid

2 ĬCu2+ oksamid

2 ĬCu2+ pirymidyna
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Cu2+ï3 ïCu2+ Cu2+ï3 ïCu2+
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes
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Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes



Isomeric bimetallic copper(II) Cu2+ and nickel(II) Ni2+ complexes
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http://hyperphysics.phy-astr.gsu.edu

Stern-Gerlach experiment(1922 r.)

Spintronicdevices
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Spintronicdevices
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http://www.upscale.utoronto.ca/GeneralInterest/Harrison/SternGerlach/SternGerlach.html
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http://www.upscale.utoronto.ca/GeneralInterest/Harrison/SternGerlach/SternGerlach.html
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http://www.upscale.utoronto.ca/GeneralInterest/Harrison/SternGerlach/SternGerlach.html



Spin filter !

http://www.upscale.utoronto.ca/GeneralInterest/Harrison/SternGerlach/SternGerlach.html

Spintronicdevices
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Spin-filter
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http://www.upscale.utoronto.ca/GeneralInterest/Harrison/SternGerlach/SternGerlach.html



Spin-filter
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http://www.upscale.utoronto.ca/GeneralInterest/Harrison/SternGerlach/SternGerlach.html



Spin-filter
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Spin-filter
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http://www.upscale.utoronto.ca/GeneralInterest/Harrison/SternGerlach/SternGerlach.html



Spin-filter
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http://www.upscale.utoronto.ca/GeneralInterest/Harrison/SternGerlach/SternGerlach.html



Spin-filter

2016-04-28 97

http://www.upscale.utoronto.ca/GeneralInterest/Harrison/SternGerlach/SternGerlach.html
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GiantMagnetoresistance



(Zener model, RKKY)

Ferromagnetism
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Indirectexchange
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(in)organicspintronics

SCIENCE VOL 282, 1660(1998)
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(in)organicspintronics

SCIENCE VOL 282, 1660(1998)
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(in)organicspintronics

SCIENCE VOL 282, 1660(1998)
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(in)organicspintronicsςspinvalve

J. Phys. D: Appl. Phys. 33 (2000) 2911ï2920

The spin-valvetransistor



DilutedMagneticSemiconductors
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(in)organicsspintronicsςspinvalve



Magnetic tunnel junction (MTJ)

Ferromag. (soft)

Insulator (barrier)

Ferromag. (hard)

Ferromag. 
Co, Py, FeCo, etc.

Barrier
Al2O3, MgO, etc.

TMR(%)=(RAP-RP)/RP *100

Takahiro Moriyamahttp://www.ece.udel.edu/~appelbau/spintronics/

Spintronics
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GiantMagnetoresistance

MgO

Spin-dependent tunnelingconductanceof Fe|MgO|Fesandwiches
W. H. Butler, X.-G. Zhang, T. C. Schulthess, and J. M. MacLaren
Phys. Rev. B 63, 054416 (2001)
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OrganicSpintronicsςspinvalve

2004

Molecularspinvalves

Alq3 hydroxy-quinoline aluminium
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OrganicSpintronics
S. Sanvito, Nature Physics 6, 562 (2010)
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OrganicSpintronics

NicolaeAtodireseiand KarthikV. Raman
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OrganicSpintronics

NicolaeAtodireseiet al. Phys. Rev. Lett. 105, 066601 (2010)
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OrganicSpintronics
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OrganicSpintronics
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Fe2+ (d6)

Crystalfield (CF) splitting

Ὠ

Crystal field splitting(the presenceof the ligants)
ᵼquenchingof the orbital momentum

OrganicSpintronics
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OrganicSpintronics
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OrganicSpintronics
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OrganicSpintronics



OrganicSpintronics
Rare-earth complexes

Spin qbits

E. Coronado

HoW10

Ground stateά τ

LnW30
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OrganicSpintronics

Long spinrelaxationtime dueto the small spin-orbit couplinand small hyperfine
interaactionᵼspin qbits

M. Shiddiq, D. Komijani, Y. Duan, A. Gaita-Arino, E. 
Coronado, S. Hill άEnhancingcoherencein molecularspin
qubitsvia atomicclocktransitionsέ bŀǘǳǊŜ 531, 348 (2016).



2016-04-28 120

Light
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α{ǘŀƴŘŀǊŘέ spintronics
Å There is a need for new materials (spin filters, spin transistors ςDiluted Magnetic 

Semiconductors, Ferromagnetic Semiconductors, etc.)

Å There is a hope for new phenomena

GaMnAs

(light polarization, swithingmagnetization 
on and off, etc.)



Magnetic Semiconductors
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OrganicSpintronics
Electroluminescencecontrol usingMagneticfield
(Magneto-Electro Luminescence(MEL) effect)
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OrganicSpintronics
Electroluminescencecontrol usingMagneticfield
(Magneto-Electro Luminescence(MEL) effect)
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OrganicSpintronics
Electroluminescencecontrol usingMagneticfield
(Magneto-Electro Luminescence(MEL) effect)

Injectionof ŎƘŀǊƎŞ(e-, h+)in the ELdevice
leadsto the formationof two typesof excitons

Singlet Triplet

25% 75%

Bright Dark

E. Coronado
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OrganicSpintronics
Electroluminescencecontrol usingMagneticfield
(Magneto-Electro Luminescence(MEL) effect)

Injectionof ŎƘŀǊƎŞ(e-, h+)in the ELdevice
leadsto the formationof two typesof excitons

Singlet Triplet

25% 75%

Bright Dark

In a spinvalvethe current isspinpolarizedᵼby applyinganexternalmagneticfield the ratio 
single-triplet (and thuselectroluminescenceEL) shouldbe controlled!

E. Coronado
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OrganicSpintronics

E. Coronado et al. Nature Chemistry 2, 1031ï1036 

(2010) doi:10.1038/nchem.898
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OrganicLiquid CrystalsSpintronics
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OrganicSpintronics

tƛƻǘǊ YŀǎȊȅƵǎƪƛ, Jacek Szczytko et al.
JACS134(5),2465-2468 (2012)
CHEM. COMMUN. 48, 7064-7066 (2012)
JACS 136 (42), pp 14658-14661 (2014)
LIQUID CRYSTALS 41, 1653-1660 (2014) 
LIQUID CRYSTALS 41, 385-392 (2014) 
J. OF MATERIALS CHEMISTRY C 2 319-324 (2014)
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OrganicSpintronics

tƛƻǘǊ YŀǎȊȅƵǎƪƛ, Jacek Szczytko et al.
JACS134(5),2465-2468 (2012)
CHEM. COMMUN. 48, 7064-7066 (2012)
JACS 136 (42), pp 14658-14661 (2014)
LIQUID CRYSTALS 41, 1653-1660 (2014) 
LIQUID CRYSTALS 41, 385-392 (2014) 
J. OF MATERIALS CHEMISTRY C 2 319-324 (2014)
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OrganicSpintronics
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OrganicSpintronics
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OrganicSpintronics
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OrganicSpintronics

supercooledliquid



Spintronics

High-speed high-density nonvolatile memory

Reconfigurable logic devices

Integrated magneto-optical devices

Quantum information processing with spin

Semiconductor Devices
Transistors

IC, LSI, porcessors

Diodes(LED, Lasers)

Memory (RAM, EPROM, FLASH)

Optical Devices

Telecomunication (fibres, amplifiers)

Diodes(LED, Lasers)

Photo detectors

Magnetic Devices

Non-volatile memory

Storage(HDD, floppy, streamer)

Magneto-optical devices

Optical isolators (Faraday rotation)
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OrganicSpintronics
OrganicSemiconductor Devices
Transistors

IC, LSI, porcessors

Diodes(LED, Lasers)

Memory (RAM, EPROM, FLASH)

Optical Devices

Telecomunication (fibres, amplifiers)

Diodes(LED, Lasers)

Photo detectors

OrganicMagnetic Devices
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