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Figure 6 - Probability distribution for the position of  the 
2X2 particule immediately after the field is switched to 
negative.
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Detrapping Particles in a Gel : A Numerical Study
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Abstract
Pulsed fields are widely used in gel electrophoretic separations to increase 
resolution. For instance, Boyde & To [1] presented experimental results for 
the separation of  spherical particles using pulsed fields. They first used al-
ternating fields of  fixed amplitudes (                   ) applied in the forward di-
rection for a duration twice as long as in the backward direction. They 
then used field interruption in order to allow particles to thermally detrap. 
In both cases, they reported that using a pulsed field makes the particles 
migrate faster. We model the gel used in electrophoresis as a 2D system of  
obstacles on a lattice. We first reproduce the experimental results and then 
investigate different signals to determine the optimal conditions. Optimal 
conditions can be either higher velocities or larger velocity differences be-
tween particles. 

A telegraph signal is a signal that has a fixed amplitude, but changes sign randomly. We 
now examine whether a correlated Telegraph Signal would be more efficient at detrapping 
a range of  particles in a single separation.

In order to control the correlation time of  the signal, we use an Ising/Metropolis-like algo-
rithm with a dimensionless coupling parameter J>0 . A pulse sequence is made of  unit 
steps (pointing in either the positive or negative direction). The unit steps are treated as 
spins, and the algorithm is used to generate correlated sequences with a fixed number of  + 
and - steps. We compare the effect of  these pulses sequences with simple inverted pulsed 
fields.
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Figure 5 - Our lattice model; the black squares 
are obstacles and the particles are in grey. The 
unit size particles do not trap. 

Gel electrophoresis is used extensively to separate (sieve) particles with differ-
ent size and charge. However, large particles get trapped in dead-ends in 
random gels. Pulsed fields are often used to free the particles from these traps. 

To & Boyde’s experimental results (separation of  four different polystyrene 
particles) are shown below (left column). With field inversion (top figure), 
shorter pulses appear to be more efficient. Field interruptions (bottom figure) 
also work, but they require longer separation times. Optimizing the pulse se-
quence is not trivial because of  the number of  parameters to play with. For 
instance, we may need a slightly different pulse duration for each particle size. 

Results

The Experimental System

+|ε|

−|ε|

. . .

 J = 0.2

+|ε|

−|ε|

. . .

J = 2

2x2

3x3

4x4

Telegraph Signal Deterministic Signal Ratio

0.021

0.0124

0.005

0.1660 ± 0.0009

0.1001 ± 0.0001

0.029 ± 0.001

7.90 ± 0.04

8.073 ± 0.008

5.8 ± 0.2

Table 1 - Comparing the mean velocities for two types of  pulses (with ε = 1.9) : 
the telegraph signal with J=0.2, and a field inversion pulse sequence that matches 
the mean properties of  the telegraph signal (T  =4 and T  =2). The telegraph 
signal generates much higher velocities. Moreover, the separation between the 
3X3 and 4X4 particles has increased by 28%.

Model

Figure 7 - Examples of  telegraph signals for different parameters J. At low coupling, the 
field direction changes more frequently. 
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Figures 1 & 2  (top) - Experimental and simulation results with �eld inversion.
The duration of the forward pulse is twice that of the reverse pulse. 
Left : mobility relative to that of the 59nm particles, which do not trap in the gel. 
Right : our simulation results. Inset : zoom in the region near the origin. The particles 
detrap when the �eld direction is reversed. 

Figures 3 & 4 (bottom) - Experimental and simulation results with �eld interruptions.
The �eld is applied for 2 seconds, and then interrupted for various durations. The
particles thermally detrap during the zero-�eld periods.
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Figure 8 - The effect of  various telegraph signals on the velocity of  the particles. 
Weakly correlated signals detrap particles more efficiently. When J          , the pulse se-
quence is periodic and the particles stay trapped for extended periods of  time.

We use a lattice model to simulate this process (Fig. 5). The particles are squares, and the 
obstacles were placed so that the system has dead-ends of  different sizes. We use the 
method developped by Torres and Slater [2] to obtain exact numerical results (this is more 
efficient than Monte Carlo simulations). As expected, the velocity decreases to zero at high 
DC field because of  trapping (results not shown). With pulsed fields (Figs. 2 & 4), our results 
are qualitatively similar to those of  To & Boyde. However, we predict a maximum at high 
frequency. At infinite frequency, the field is essentially DC with the mean intensity of  the 
pulse sequence.

To & Boyde’s Experimental Results Our Simulations Results
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In this project, we use a numerical method to solve exactly for the mean velocity of  a 
particle moving through a gel. To validate our approach and model, we are able to re-
produce the experimental results of  To & Boyde concerning the separation of  beads in 
gel electrophoresis.

To investigate methodological improvements, we implemented an external field corre-
sponding to a telegraph signal. With this approach, we were able to obtain significantly 
higher mean velocities than with a deterministic signal. Additionally, enhanced velocity 
difference between 3X3 and 4X4 particles suggests an improvement in resolution.

For future work, we intend to investigate other types of  signals. In particular, imple-
menting a ramp signal - where the duration of  positive and negative pulses are gradu-
ally increased - may have an interesting impact on the particle dynamics.


