Kap. 12
Magnetic solids

What is magnetism?

What is magnetism?

What is magnetism?
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Diamagnetism
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Diamagnetism occurs in materials with no unpaired electrons. Al,O,, MgO etc.

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

temperatures.

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

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




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

What to measure?

x < 0 : Diamagnetic

M 0 <y < 1: Paramagnetic
x > 1 : Ferromagnetic
M:@'{
Magnetic susceptibility
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Figure 12.4 The temperuuce dependence of
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ated (¢} Curie-Weiss law behaviour of an antiferre

What to measure?
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What to measure? Weak magneitc materials

Diamagnetic materials: No magnetic dipoles in the material. The
What to measure? .1

material responds to external magnetic fields according to Lenz’s Law.

Paramagnetic materials: The magnetic moment of the material is
Hard Aﬁf Soft Ay e e ; dependent on the quantunm numbers S, L, J. The magnetic moment for
transition materisl can be approximated by its spin-only angular

momenta: y
m=g,[S(S+1)}>p,
where: g;=2
S = number of unpaired electrons * %5
g = Bohr magnetron, magnetic moment of one electron

Table 12.2 The magnetic propedies of the 3d transition metal ions

‘VI
v

:tic dipole moment”

meas.

Hard to to magnetize and demagnetize Easy to magnetize and demagnetize
Very large remanence Minimal remanence

Can be made into permanent magnerts  Low coercivity

High coercivity

Ferromagnetic materials Ferromagnetic materials, Exchange energy

Ferromagnetic materials are claimed

The exchange energy, j, favours
to have an internal magnetic field.

parallel spin as far apart as
possible. -> Hunds rule

Chemical bonding favours pairing

1‘ of electrons, giving no magnetic P
Table 12.3 Ferromagnetic and antiferromagnatic com- O moment *E _.-*
pounds H-‘“‘\._‘_\ ’ i} .';.
Ferromagnetic | Antiferromagnetic \\\ Cr
eomBGaED Talk compound Tw/K : \ . .

_CompoRRR . 4 ——— 2 \ Ferromagnetic materials can be -
= [ Cr 310 = N .
o ;\?-]\Ti‘nf} o 3 obtained when the electrons are so Figure 128 The Bethe-Sluter curve for the magmifude
- 93 ) far apart that they can be parallel of the exchange integral as a function of D/d, where D i
Gd 293 s : \ . . o e . e L oadibbecs 3
i MnF 67 "| (viz. a weak bond), but still so close the separation of the atoms in a crystal, and d is the
30 ¥ . . Liameter of the 3d orbita
Dy §7-176 ‘ CoCO; i L that they can interact magnetically. e
CrO- 386 NiQ 527 s 1.0 TfI;
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NdaFe (B 7k J 198 Figure 12.7 Variation of the rela taneous mag This gives in general weak bonding.
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Mote: T, Curie temperaure: Ty. I

temperature, the spontanecus magnetisa




Soft and hard magnets Anti-ferromagnetic Superexchange
Easy and hard axis o
| / hard axis
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- v Ni*dz 2 arblial N2*da 2 orbital
H 3
i!'__'l‘ll.c ‘ ‘i.hu.".'..lll.u magnetization cury e for a ferromagnet with the field oriented along F]gure 12-9 SU;&BFCXChzmgC Ecading o Zlﬂ{ifeﬂ'(?mag‘
f‘m the: hard and easy directions. ?]_E{iC nlignmcnt Gj‘ Spiﬂﬁ on CE!{iOﬂs
W Superexchange occurs when an intermittent atom (Oxygen)
AR transfers orbital information so that the metallic neighbours must
a be anti-parallel in orbital moment.
L & ) . . :
Without this exchange the material would be paramagnetic.
®
® Typical mechanism for anti-ferromagnetic oxides with NaCl-
Lo type structure.
Figure 7.5 Easy, medium and hard directions of magnetization in a unit cell of bee iron,
Ty increases with covalency: MnO, FeO, CoO, NiO
and is dependent on orbital overlap, viz. M-O-M angle
Ferrimagnetic materials, Doubleexchange Domains
Ferromagnetic material produce a microstructure of magnetic domains
"Weiss domains”. These reduce the reduce the magnetostatic energy.
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Figure 12.10 Double exchange, possible only with
ferromagnetic alignment of spins on cations
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. Figure 12.12 (a) Representation of Weiss domains; the magnetic dipoles are represented by arrows; (b) Domain
Doubleexchange occurs when electrons can jump between metal atoms closure; and (¢} graph of interac gy as a function of dis he dipole-dipole interactions in the solid tend to
USing an intermediate oxygen as bndge Both electrons ijp ETudluu' I.FJ:IIi;]d 2lle] lgnut:lc lxh[mlv.\; :ml-.l ‘.'m-lcl '.r.-\l\'-m -.|n|c(|:;u|1|m1.-. o parallel alignment of magnetic
. . . Ipoles. 1he domain Size 15 i mn Ol the point where these micractions balance
simultaneously. This produces parallel spin on the metal atoms.
This mechanism is frequent in inverse spinels (Fe,O,, (Fe**[Fe?*Fe3*]O, T 5
etc.) giving ferrimagnetic materials. ””ﬂﬂ ”ﬁ” M
I theviil, 1] Bloch wall
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Domains
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i i anetostatic energy by ain formati a ferromagnet.
Figure 7.3 Reduction of the magnetostatic encrgy by domain formation in & g

Pauli paramagnetism

Paramagnetic metals do not show a Curie Weiss relationship.

By applying an external field the
density of states for the up and
down spin states shifts differently.

The suceptibility becomes
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Superparamagnetism

Domain closure in thin films
When particles of a magnetic
solid are below the domain size,
the electrostatic interactions
dominate. The magnetic dipoles : =<l
tend to align parallel to each I
other and a superparamagnetic
state results. O S e




