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Magnetic materials 1

$ The origin is electron-spin.
- Unpaired electron, odd-electron,
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Isolated (magnetically isolated or far from each other)
unpaired electrons behaves as a “paramagnet” [ HETEK .

Magnetized only when a magnetic field applied.
Magnetic susceptibility (dM/dH) is positive and very small.

Explanation of paramagnetic oxygen is
Oxygen moLe‘cule 2 a milestone of LCAO-MO method.
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Magnetic Coupling Exchange interaction (, dipolar interaction, ...)
Ferromagnetic interaction: only nearest-neighbor
(FRHEMERAEEER) including intramolecular “Hund’s rule.”
Ferromagnet is defined in a bulk (long-range; macroscopic) materials.
(GREEIEIR) &
“ferromagnet” and “ferromagnetic” are completely different words. (@ @

Ferromagnetic interaction does not always give a ferromagnet. @ © O
(Ferro)magnet is present below Tc as an ordered state.
Order state / disorder state are separated with as a phase boundary.
v
ice / water : first-order phase transition - - - exo/endothermic (52t -1%28)
ferrpmagnet/ paramagnet: second-order phase transition
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derivative of G. second derivative of G.
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Competition between internal interaction with thermal excitation.

ordered phase : disordered phase
(low-temp. phase) (high-temp. phase)

sk
R stronger thermal energy.

stronger internal interaction. Particles, molecules, electron spins, etc. are thermally
Materials essential character is evident. activated or agitated. Materials character is buried by
Brownian motion.

Below the transition temperature;
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Caution: Order takes place without applying a magnetic field.
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Small slope, but saturated somewhere at H(E) > oe.
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Critical behavior
< around Tc (Ty).
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Paramagnetic region: M 7

- C ’
Curie’slaw /(= — thermal agitation: 1/T effect
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C: Curie constant
0: Weiss constant (Weiss temperature)

“Domain model” (RERX)
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" These processes requires activation energy.

Magnetic hysteresis appears due to metastability.
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“Curie-Weiss plot” (Fal)—JTA4R FAYEL)
To clarify the character of magnetic coupling in a paramagnetic phase.
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Beco
Ferromagnetic coupling favors
nearest-neighbor parallel spin structure (T 1").

Antiferromagnetic coupling favors to seel
nearest-neighbor antiparallel spin structure (T ). )

Upward/downward
deviations are easy

Let’s derivate “Brillouin function (M(H) curve)” and “Curie law ({T) curve)”!
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Zeeman splitting gap Zr=¢eHs
Landé g factor is a functionof J=L+S. gB&E+F:ca.2

Hund’s rule: (1) For spin configuration, Case study V3* (3d2)
a state having max S is the most stable. 4+t ——— f=;
(2) For multiplicity, i=2 =4 150 j=< f=8 LS

a state having max L is the most stable, 1S c0uPling (when less than half)
J=L-S5=2,thus3F, is ground.

Term symbol: %*1L; where L symbols = S,P,D,F,GH... for L = 0,1,2,3,4,5..., respectively.
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How to put electrons to orbitals:
The same logic holds for AO and MO.

SE: 15 LERRE—.
2EFEBILE. SEEFLFM
[1]  Building-up Principle (Aufbau Principle) #&RL /5 2
Fill from the bottom up.

[2]  Pauli Exclusion Principle /\™!) M #Efth 7 3

No two electrons in an atom can have the same four quantum numbers.
[3] Hund’sRule ZkE|

If multiple orbitals have the same energy, one electron goes into each of
them before they start to double up.
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To study the Zeeman effect: Magnetic resonance theory as a familiar case

Energy, E e
electron spin S = 1/2; hv
multiplicity: 2S+ 1 =2
“doublet”
?Ee case | A p_ uH 9

Magnetic field, H
Resonance Condition: Av= uH

Two measurement modes:

Scan frequency Scan field

signal t t field fixed  signal | freq. fixed
intensity intensity
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This holds for systems at room temp. s
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Boltzmann distribution rule is applied.
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N: total number of particles
M: total magnetization
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It can be solved. Somewhat laborious but solvable.
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As for a part of A, (tricky solution again!)
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T Brillouin function
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At the next stage, the Curle law is proven, when =~ — 0 (120 ) Fal)—HlOEH
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Curie’s law
1/T effect

Quiz (homework; upload to GClassroom in a week)

[1] A magnetized iron(0) block attracts steal nails and clips. After heated over
770° C(T¢) inaflame and then cooled to room temperature, it does not attract
nails or clips anymore. As for the samples before and after such annealing,
which is a stable phase or metastable phase? Why does a ferromagnet (an
ordered state below T¢) not behave as a “magnet”?

[2] In a general biradical, the singlet and triplet states are thermally equilibrated

(see Figure). 50 —— 251 =1 S(6+1) =
AE
S=1 == 25+1=3 §(S+1)=
Derive the following Bleaney-Bowers equation. 2Ng2!412; 1
Xmol = T 3 exp(—AE /KT)

A critical hint:

Based on the Boltzmann distribution law, the molar magnetic susceptibility ¥mo
is described with the van Vleck equation:

Xmol =

2uf 3(28; + 1)Si(S; + Dexp(- E; /kT)
3kT Y (2S; + Dexp(- E;/kT)




