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 There are two distinct types of paramagnetism:  

(i) that arising when the atom/molecule has a net a magnetic moment,  

(ii) that come from band structure (Pauli spin or weak spin paramagnetism). 

 If the net magnetic moments (within the atom/molecule) do not cancel out then the 

material is paramagnetic. Oxygen for example has a net magnetic moment  = 2.85 B per 

molecule. A point to be noted here is that even if there are many electrons in the atom; 

most of the moments cancel out, leaving a resultant of a few Bohr magnetons. In the 

absence of an external field these magnetic moments point in random directions and the 

magnetization of the specimen is zero. When a field is applied two factors come into 

picture: 

(i) the aligning force of the magnetic field (we have already seen what this alignment 

means!) 

(ii) the disordering tendency of temperature. 

 The combined effect of these two factors is that only partial alignment of the magnetic 

moments is possible and the susceptibility of paramagnetic materials has a small value. 

For example Oxygen has a m (20C) = 1.36  106 m3/Kg. 

Paramagnetism 



 Two types of paramagnets can be differentiated:  

(i) those which are always paramagnetic with no other details to be considered and  

(ii) those which are ferromagnetic, ferrimagnetic or anti-ferromagnetic (and become 

paramagnetic on heating)  these will have non-zero value for '' in the Curie-Weiss law 

(as considered below). 

  Effect of Temperature 

 Any magnetic alignment (which is an ordering phenomenon) is always fighting against 

the disordering effect of temperature. While mass susceptibility (m) is independent of 

temperature for a diamagnet, for a general paramagnet it follows the Curie-Weiss law 

( ~ TC): 

 

Where m is the mass susceptibility [m3/Kg], C is the Curie constant and  is in units of 

temperature and is a measure of the interaction of the atomic magnetic moments (usually 

thought of as an internal 'molecular/atomic field'- the concept of exchange integral, which 

we will deal with in the context of ferromagnetism, is the quantum mechanical equivalent 

of this).  

Actually, 'molecular field' is a 'force/torque' tending to align adjacent atomic moments. It's 

typical value is ~ 109 A/m and is much stronger than any continuous field produced in a 

lab.  
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 If there is no interaction between the atomic magnetic moments; then  = 0 and the Curie-

Weiss law reduces to the Curie law (e.g. for O2). The variation of the susceptibility for 

these kinds of behaviour is shown in . '' can be positive (usually with small value) or 

negative. Negative values of '' imply that the molecular/atomic field is opposing the 

externally imposed field and thus decreasing the susceptibility of the material. In reality the 

Curie temperature may not be sharp and further aspects come into the picture which we 

shall not consider here.  

Variation of mass susceptibility with temperature (in Kelvin): the Curie law and the 

Curie-Weiss law (with a positive value of ). The behaviour of a diamagnetic 

material is shown for comparison. Diamagnets have small negative susceptibility 

which essentially does not change with temperature. 
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