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 Consider a fluid system with number density ρ, 
inverse temperature β=1/kBT, and entropy 
per particle s(ρ,β) (in units of kB). 

  s(ρ,β)=sid(ρ,β)+sex(ρ,β) 
 

 sex(ρ,β)=s2(ρ,β)+∆s(ρ,β) 
 

2 

Ideal gas 

Pair correlations RMPE (cumulated correlations 
of 3, 4, 5, … particles) 

Excess entropy (interactions & correlations) 

Entropy 2018, 14-16 May 2018, Barcelona 



Entropy 2018, 14-16 May 2018, Barcelona 3 



Entropy 2018, 14-16 May 2018, Barcelona 4 



 
• Even though the interaction potential is pairwise additive, there 

exist spatial correlations  involving more than 2 particles.  
• The net contribution to entropy of those non-pair correlations is 

represented by the RMPE ∆s(ρ,β)=sex(ρ,β)-s2(ρ,β). 
• It can be either negative (typically at low densities or high 

temperatures) or positive. 
• If ∆s(ρ,β)>0, increasingly stronger multiparticle correlations 

cooperatively concur in increasing the entropy of the system. 
• It has been observed that a zero-RMPE criterion, ∆s(ρ,β)=0, 

may signal the onset of ordering processes leading to a phase  
transition (e.g., freezing). 
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• Simple theory applied to estimate the excess 
entropy and the RMPE of a fractal hard-sphere fluid. 

• The minimum value of the RMPE exhibits a 
nonmonotonic d-dependence, becoming extremal at 
d=2.38. 

• Some sort of ordering process is expected beyond 
the packing fraction φ0 where the RMPE vanishes. 

• If a freezing transition in fractal fluids exist, the 
zero-RMPE criterion would provide a reasonable 
(lower?) estimate of the freezing density. 

• Computer simulations needed! 
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