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 Ferromagnetism, Antiferromagnetism and Ferrimagnetism involve no new types of 

magnetic moments; but involve the way the magnetic moments are coupled (arranged).  

Ferromagnetism (FM) 

 

(a) Ferromagnetic 

 

(b) Antiferromagnetic 

 

(c) Ferrimagnetic 

 
 Two important ways of understanding ferromagnetism in metals are: (as listed in the 

introduction to the magnetic properties):  

(i) assuming that moments are localized to atoms,  

(ii) using the band structure of metals (giving rise to itinerant electrons).  

The former is conceptually easier and has been assumed in the 'molecular field theory' and 

the Heisenberg's approach. It should be noted right at the outset that even in metals (e.g. 

Fe), most of the electrons behave as if they are 'localized' and the number of itinerant 

electrons could be a small number.  

 In Fe there are 8 valence electrons which occupy the (3d + 4s) bands. Out of these 8 

electrons only ~0.95 in the 4s band are 'truly' free/itinerant and remaining ~7.05 are 

occupy the 'localized' 3d band.  

 In Ni the corresponding quantities are: (3d + 4s) = 10, free  4s0.6, localized  3d9.4. 



 As mentioned before a correct theory of magnetism in metals has to involve bands as the 

electrons are not localized to atoms. However, as noted before, most of the electrons 

(especially in 3d metals which are elemental magnets) are rather localized and the 'free' 

electrons (4s) do not contribute to the ferromagnetic behaviour. Truly speaking the 3d 

electrons in transition metals are neither fully localized nor fully free.  

Band theory is able to explain the non-integral values of magnetic moment per atom; though, 

the values may often not match exactly. 

 The density of states varies in a complicated manner.  

 In Fe the 3d electrons are all not fully localized and about 5-8% have some itinerant 

character and these electrons mediate the exchange coupling between the localized moments. 

Using the observed magnetic moment per atom (H) of Fe to be 2.2B the up-spin and down-

spin occupancy can be calculated as:                          ,                            

 

 

Band Theory to Understand Ferromagnetism  

7.05d dN N   2.2d dN N   4.62, 2.42d dN N  



(a) (b) 

Simplified use of band theory to understand ferromagnetism: (a) Fe (inset shows the 

alignment of up and down spin bands in the absence of exchange coupling), (b) 

Ni. Two important points to be noted are: (i) the N(E) is actually more 

complicated than the simplified curve shown, (ii) N(E) is different for Fe and Ni, 

but has been shown/assumed to be same. 3d band has a high density of states 

close to Fermi level (EF). 



 The above discussions can be summarized as a few thumb-rules for existence of 

ferromagnetism in metals:  

(i) the bands giving rise to magnetism must have vacant levels (e.g. 3d bands in Fe, Co, Ni) 

for unpaired electrons to be promoted to;  

(ii) close to the Fermi level the density of states should be high– this ensures that when 

electrons are promoted to the unfilled higher energy levels the energy cost is small (high 

density of states implies a smaller spacing in energy);  

(iii) assuming direct exchange, the interatomic distance should be correct for exchange 

forces to be operative (leading to parallel alignment). 
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