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DiamagnetismDiamagnetism
B

Diamagnetism occurs in materials with no unpaired electrons. Al2O3, MgO etc.

ParamagnetismParamagnetism

B

Paramagnetism occurs in materials with unpaired electrons but insufficient long
range interaction between their magnetic moment. Typical phenomena at high
temperatures.

FerromagnetismFerromagnetism

B

Ferromagnetism occurs in materials that has an exchange mechanism which
ensures parallel orientation between the magnetic moments.

FerriFerri magnetismmagnetism

BB

Ferrimagnetism occurs in materials that has an exchange mechanism which 
ensures a net orientation between the magnetic moments.



AntiAnti--ferroferro magnetismmagnetism

B

Anti ferromagnetism occurs in materials that has an exchange mechanism which 
ensures anti-parallel orientation between the magnetic moments.
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MagneticMagnetic susceptibilitysusceptibility

χχ < 0 : < 0 : DiamagneticDiamagnetic

0 <0 < χχ < 1 : < 1 : ParamagneticParamagnetic

χχ > 1 : > 1 : FerromagneticFerromagnetic
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Paramagnetic Ferromagnetic

Antiferromagnetic Ferrimagnetic
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HardHard

HH

MM SoftSoft

HH

MM

Easy to magnetize and demagnetize
Minimal remanence
Low coercivity

Hard to to magnetize and demagnetize
Very large remanence
Can be made into permanent magnerts
High coercivity

WhatWhat to to measuremeasure?? WeakWeak magneitcmagneitc materialsmaterials
Diamagnetic materials: No magnetic dipoles in the material. The
material responds to external magnetic fields according to Lenz’s Law.

Paramagnetic materials: The magnetic moment of the material is 
dependent on the quantunm numbers S, L, J. The magnetic moment for 
transition materisl can be approximated by its spin-only angular
momenta: ( )[ ] BJ SSgm µ+= 2

1
1

where: gJ = 2
S = number of unpaired electrons * ½
µB = Bohr magnetron, magnetic moment of one electron

FerromagneticFerromagnetic materialsmaterials

Ferromagnetic materials are claimed
to have an internal magnetic field.

FerromagneticFerromagnetic materials, Exchange materials, Exchange energyenergy

Chemical bonding favours pairing
of electrons, giving no magnetic
moment.

The exchange energy, j, favours
parallel spin as far apart as 
possible. -> Hunds rule

Ferromagnetic materials can be 
obtained when the electrons are so 
far apart that they can be parallel
(viz. a weak bond), but still so close
that they can interact magnetically.

This gives in general weak bonding.



Soft and hard magnetsSoft and hard magnets
EasyEasy and hard and hard axisaxis

AntiAnti--ferromagneticferromagnetic SuperexchangeSuperexchange

Superexchange occurs when an intermittent atom (Oxygen) 
transfers orbital information so that the metallic neighbours must 
be anti-parallel in orbital moment.

Without this exchange the material would be paramagnetic.

Typical mechanism for anti-ferromagnetic oxides with NaCl-
type structure.

TN increases with covalency: MnO, FeO, CoO, NiO
and is dependent on orbital overlap, viz. M-O-M angle

FerrimagneticFerrimagnetic materials, materials, DoubleexchangeDoubleexchange

Doubleexchange occurs when electrons can jump between metal atoms 
using an intermediate oxygen as bridge. Both electrons jump 
simultaneously. This produces parallel spin on the metal atoms.

This mechanism is frequent in inverse spinels (Fe3O4, (Fe3+[Fe2+Fe3+]O4
etc.) giving ferrimagnetic materials.

DomainsDomains

Ferromagnetic material produce a microstructure of magnetic domains
”Weiss domains”. These reduce the reduce the magnetostatic energy.

Bloch wall



DomainsDomains PauliPauli paramagnetismparamagnetism

Paramagnetic metals do not show a Curie Weiss relationship.
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By applying an external field the
density of states for the up and 
down spin states shifts differently.

The suceptibility becomes
dependent on the applied field, but
not temperature.

SuperparamagnetismSuperparamagnetism

When particles of a magnetic
solid are below the domain size, 
the electrostatic interactions
dominate. The magnetic dipoles
tend to align parallel to each
other and a superparamagnetic
state results.

Domain closure in thin films


