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Figure S1. The comparisons between thermodynamics-integration (TI) method (red square) and inversed-Boltzmann 

method (blue circle) [Y. Y. Wu et al., Phys. Lett. A 377, 1911-1919 (2013)]. The potentials of mean force ΔGx as 

functions of the separation x between nanoparticles with -20e for the two-body systems in 0.5M 1:1 salt solution (a), 

0.125M 2:2 salt solution (b) and 0.001M 3:3 salt solution (c). 
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Figure S2. (a-c) The potentials of mean force ΔGx as functions of the separation x between nanoparticles with -20e for 

the four-body systems in 1:1 salt solutions which are calculated respectively by the pair-wise potential of mean force 

abstracted from two-body, three-body and four-body systems (denoted respectively by two nanoparticles6, three 

nanoparticles2, and four nanoparticles). (a) 0.005M, (b) 0.05M, and (c) 0.5M. (d-f) Net charge distribution Q(r) per 

unit charge on nanoparticles as a function of distance r around the nanoparticles with x25Å in 0.005M (d), 0.05M (e) 

and 0.5M (f) 1:1 salt solutions. The insets show the increase of Q(r) due to the approaching of nanoparticles from 

x40Å to x25Å for the systems of two nanoparticles, three nanoparticles and four nanoparticles. 
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Figure S3. (a-c) The detailed ion concentration distribution of “ion bridge” between nanoparticles with x24Å in 

0.01M 2:2 salt solutions for two-body, three-body and four-body nanoparticles with Z-20e (a), Z-24e (b) and 

Z-28e (c). The insets show the concentration differences between four-body and two-body systems (red; denoted by 

42) as well as those between three-body and two-body systems (green; denoted by 32). The similar curves for 

x=25Å are shown in Fig. 5. 
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Figure S4. (a-c) The potentials of mean force ΔGx as functions of the separation x between nanoparticles with -20e for 

the four-body systems in 2:2 salt solutions which are calculated respectively by the pair-wise potential of mean force 

abstracted from two-body, three-body and four-body systems (denoted respectively by two nanoparticles6, three 

nanoparticles2, and four nanoparticles). (a) 0.0001M, (b) 0.001M, and (c) 0.01M. (d-f) Net charge distribution Q(r) 

per unit charge on nanoparticles as a function of distance r around the nanoparticles with x25Å in 0.0001M (d), 

0.001M (e) and 0.01M (f) 2:2 salt solutions. The insets show the increase of Q(r) due to the approaching of 

nanoparticles from x40Å to x25Å for the systems of two nanoparticles, three nanoparticles and four nanoparticles. 

 

 

 

 

 

 


