
SUPPLEMENTAL MATERIAL: KINETIC ANALYSIS OF TRAPPING 

STABILITY 

In the article, we stipulated that the amount of work required to release a trapped particle from 

the slot waveguide is directly related to the amount of force applied to the particle as it leaves the 

trapping region. This work energy required to release the particle can be thought of as an 

activation energy barrier to the particles release, an analogy to traditional molecular desporption 

theories. As a result, it is possible to characterize the rate constant for such a release mechanism 

using an Arrhenius law for a single particle system: 
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where k is the particle release rate constant, A is the Arrhenius constant, Wtrap is the work 

required to release a particle from a slot waveguide, kb is Boltzmann’s constant, and T is the 

temperature of the system. It has been shown that Wtrap scales linearly with the optical intensity 

in a waveguide, so we can write: 
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where k0 represents a baseline rate constant, P is the optical power coupled in the waveguide, P0 

is a baseline power, A is the cross-sectional area of the slot, and A0 is a baseline area. The rate at 

which particles release can be written using a rate law: 
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where n is the number of particles trapped and x is a whole number representing the order of the 

desorption process. The solution of the differential equation would be of the form: 
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where F(n) is some function of n and τ is an intensity normalized time. The equations above are 

similar to the Polanyi-Wigner1 equations for gas desorption from a surface, but written here for 

the desorption of single particles as opposed to large numbers of gas molecules. This assumption 

is only valid for the case where the surface coverage of the total number of particles is relatively 

small such that they don’t interfere with one another. 
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