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Confinement of colloidal particles on drop surfaces under electric fields   

Fig. S1  

 
Fig. S1. A typical size distribution of the PE colloidal beads (Cospheric LLC, BLPMS-1.00, 27-32µm).      

 

Fig. S2  

 The electric interactions between PE beads are negligibly small. Below we provide the 

experimental validation.  

 

The potential energy of the particle dipole-dipole interaction can 

be expressed as [S1]: 
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where:  p is the electric dipole moment and p1=p2=p for the same particles, r is the distance 

between particles, n is the unit vector, and θ is the angle between the vector connecting the two 

particles and the electric field direction.  

Since ∙ 	    and   	 ∙ ∙ ,   ∙ ∙ 	 therefore: 
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Assuming finite values for p and r, V  reaches zero when: 
 

1 3 0		which	gives	 ~54.7° 
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If the position of two particles is that the angle θ>54.7º they will repel 

each other, whereas when the angle θ<54.7º the attractive interaction 

will occur (see Figure to the left reprinted from [S2]). That is the 

reason why particles form single chain-like structures, as seen for clay 

mineral particles and conductive glass particles, shown in Fig. S2.  

 

If the simple dipole moment is express as:  where β is an effective polarizability of the 

particle, r  is its radius, and E is the electric field, the Eq. (2) describing the interaction energy 

between two polarizable particles is given by: 
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The force between these particles, which can be obtained by differentiating Eq. (3), has three 

important features: it is a long-range interaction, decaying as a power law	 ; and it is strongly 

anisotropic; and is proportional to E2. The effective polarizability depends on the dielectric 

constant mismatch between particles and the surrounding medium. Below an experimental 

validation is presented.   

 
Fig. S2. Three types of colloidal particles with different dielectric properties suspended in silicone oil. When the 

dipole-dipole particle interaction is assumed to be the main interaction between particles exposed to E-fields, the 

dielectric constant mismatch between particles and the surrounding medium is of importance. Unlike clay minerals 

and silver coated glass particles the PE particles neither attract nor repulse one another.     
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Three types of colloidal particles are immersed in silicone oil, namely polyethylene, 

fluorohectorite clay minerals, and silver coated glass particles. The dipole-dipole particle 

interactions are negligibly small for polyethylene particles. No attraction and particle alignment 

is observed even at very high electric field strengths as 500 Vmm-1. Clay minerals easily form 

chain-like structure at lower electric field strengths (critical E-field depends also on particle 

concentration). In case of conductive particles, electric field as low as tens of Vmm-1 is enough 

to observe particle interactions.   
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