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Quantitative Evaluation of Interaction Force Profiles  

 

The interaction forces have been quantitatively evaluated by means of full solutions to the 

Poisson-Boltzmann equation including charge regulation. [1, 2] 

Generally, charge regulation falls between the boundary conditions of constant charge (CC) 

and constant potential (CP). Here, charge regulation has been implemented by means of the 

constant regulation approximation (CR) where the surface chemistry is summarized by means 

of the so-called regulation parameter p defined by: 

𝑝 = 	
𝐶!

𝐶" + 𝐶! 

where 𝐶! is the diffuse layer capacitance and 𝐶" is the inner layer capacitance, 

respectively.[3-6]  

The boundary conditions of constant charge and constant potential correspond to p = 1 and 

p = 0, respectively. However, charge regulation has only to be taken into account for 

separation distances smaller than the Debye-length k-1. This parameter is defined by 

𝜅#$	 = '
𝜀𝜀&𝑘'𝑇
2𝑁(𝑒)𝐼

 

where 𝜀𝜀& is the total permittivity, 𝑘'𝑇 is the thermal energy, 𝑁(is the Avogadro’s number, 𝑒 

is the elementary charge and 𝐼 is the total ionic strength of the electrolyte solution, 

respectively. [1, 2] 

Here, fits have been performed for separation distances 𝜅#$	 < D < 5 𝜅#$	, thus the regulation 

parameter has not a significant influence on the diffuse layer potentials as obtained from the 

fits. The regulation parameter for the silica colloidal probe has been determined in a 

symmetric set of experiments in the sphere-sphere geometry between two silica particles. 

 

The diffuse layer charge density 𝜎, which is not directly related to interlayer charge, is given 

by the so-called Grahame equation 

𝜎 = 	18𝑐&𝜀𝜀&𝑘'𝑇 sinh 8
𝑒𝜓&
2𝑘'𝑇

: 

where 𝑐&	is the electrolyte concentration and 𝜓& is the surface potential, respectively.[1, 2] 
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