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Orbtial magnetism — connection to angular momentum
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Orbtial magnetism — connection to angular momentum
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Orbtial magnetism — connection to angular momentum
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Magnetic elements and ions
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3. Crystal field and orbital quenching

88



9/14/22

because requrre vreal Soluklons .

buk n_g_b e”‘".

make lincar Combinabows *

Sim\'\acg .

Recatt. pachcle v a bex
Solu.h'ons' ore vreok 1 Cos kx and Sca

The cpral fird » o real pokcahal
Oue Ao VQ\CG\’M”T&\‘"C «f"d&o ?\mm M'?&\o'eun‘n&
\6ms. The usugmuh}» Cannot be &‘"'4

( ~1
Cr\té‘\’al fod shales cea e c,mﬁ{’i e )6

89

This it the odgiy c’¥ ORBITAL SUENCHING

relevant states are o G f:m
IS & [-my, and hence <YK 1Y) =0.

Nohce dais ¢n 24 btrasifien medal  (oms

(wkerf, L=0, I=S5 and 3:1)) by ek

e |

% ion shell S J  term P Pexp P2

NoT "f"} Lanthanide ions. ToF, V' 30" I 2 3 ’Dgjp 155 170 1.73
e V3+ 32 1 3 2 *FR 163 261 283
Crit, v+ 3d® 3 3 3§ ‘Fy, 077 385 3.87

Mn3*,Cr2* 3d* 2 2 0 3D, 0 482 4.90

Fe** Mn?* 3d® 3 0 % °S5, 592 582 592

Fe?* 3° 2 2 4 5Dy 6.70 536 4.90

Co?* 3d" 2 3 § 'Fyn 6.63 490 3.87

Ni2+ 3° 1 3 4 3F 559 312 283

Cu?? 3° L 2 % 2Dg 355 183 1.73

Zn?* 3d° 0 0 0 'S 0 0 0

90



9/14/22

A parable: p-orbitals
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A parable: p-orbitals
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1.
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Goodenough-Kanamori-Anderson (GKA) rules
Exchange interaction of two half-filled orbitals is strong and
antiferromagnetic

If this overlap is at 90°, exchange interaction is weak and ferromagnetic

Exchange interaction of half-filled witlifempty (or doubly-occupied)

orbital is weak and ferromagnetic,
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4. DMI
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5. Magnetic anisotropy
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Shape anisotropy
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Magnetocrystalline anisotropy in elemental ferromagnets M = (]\417 Mo, M3)
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Magnetocrystalline anisotropy M = (My, My, M)
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Origin of magnetocrystalline anisotropy: spin pair model
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Thin film case
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