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Modified mean-field (MMF) theories provide a systematic, statistical-mechanical approach to the 

properties of magnetic nanoparticles dispersed in liquids (ferrofluids, magnetorheological fluids) or soft 

solids (ferrogels, magnetic elastomers) [1]. The main idea is that interactions between particles are 

described by an effective field Heff experienced by each single particle. Once Heff is known, the 

magnetisation curve M(H) and initial susceptibility  can be computed using simple, one-particle 

formulas. The accuracy of MMF theories depends on the calculation of Heff arising from the dipole-dipole 

interactions, and the pair correlations (spatial and orientational), between particles. In a first 

approximation, the pair correlations can be ignored. This is justified for systems in which the particle 

dipole moments are free to rotate, and orientational averaging gives rise to weak, short-range (1/r6) 

correlations. Such an approach is adequate for systems such as typical ferrofluids with Langevin 

susceptibilities L  3 [2]. 

The magnetic properties of superparamagnetic nanoparticles (SNPs) immobilised in a solid matrix 

are studied with MMF theory [3]. It is shown that with small anisotropy (magnetically soft particles) 

and/or random orientations of the particle easy axes, the magnetic properties are described accurately with 

MMF theory. But with large anisotropy (magnetically hard particles), and alignment of the particle easy 

axes, the MMF theory is not very accurate. This is because there is restricted orientational averaging, 

giving strong, long-range (1/r3) correlations between the particles. Hence, to describe such cases, strong 

correlations must be described more accurately. 

To illustrate the problems and possible solutions, a 1D chain of SNPs is considered, in which the 

particle easy axes are aligned with the chain [4]. By changing the anisotropy parameter , it is possible to 

connect a 1D Heisenberg model with long-range dipolar interactions ( = 0, weak anisotropy), to a 1D 

Ising model with long-range dipolar interactions ( = , strong anisotropy). MMF theories for both cases 

are considered using the normal, no-correlation approximation. For the  =  case, a MMF theory is also 

formulated with the known pair correlations in the 1D nearest-neighbour Ising model. It is shown that, 

with  = 0, the normal MMF theory is quite reliable. With  = , the MMF theory based on the Ising 

model gives superior results to the normal MMF theory. This simple 1D model illustrates how MMF 

theories can be improved, and the remaining challenges in describing 3D systems of SNPs. 
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