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Introduction

Objectives

Understand the mechanisms for chemotaxis

Provide simulation models to explore chemotactic behavior
I “Experimental setup”
I Chemical activity
I Surface interaction

Lay the foundation for later work on enzyme chemotaxis
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Mesoscopic & stochastic simulations Mesoscopic simulation

Mesoscopic simulation

Microfluidic channel

MPCD fluid.

Flow: constant acceleration for the solvent, bounce-back BC and
ghost particles in z.

Gradient device: two inlets for the different chemical species.

For the colloids: Molecular Dynamics.

Activity:
A + C → B + C

Software

All simulations were performed with RMPCDMD
http://lab.pdebuyl.be/rmpcdmd/ & de Buyl et al J. Open Res.
Software 5, 3 (2017)
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Mesoscopic & stochastic simulations Chemical concentration

Chemical concentration

For high Pe, at the center of the channel z = Lz/2

vflow∂xcα(x , y) = D∂2ycα(x , y)

Spherical coordinates
x = r cosϕ sin θ
y = r cos θ
z = r sinϕ sin θ

cA = c0 + c1
R

r
+ c2

(
R

r

)2

cos θ + λr cos θ

with λ = ∂ycA(x , y)
x

y

z

θφ

r
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Mesoscopic & stochastic simulations Surface interaction

Surface interaction

Methodology used in Rückner and Kapral, Phys. Rev. Lett.
98, 150603 (2007)

Explicit expression for the surface force

~F =
2

β

∑
α

Λκ,α

∫
r=R

drcα(Rr̂)~1r ,

where we have defined

Λκ,α =

∫ R

0
drr
(
e−βVκ,α(r) − 1

)
.

cα is the concentration of chemical species α.

Vκ,α is the interaction potential between colloid κ and fluid species α.

β = (kBT )−1
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Mesoscopic & stochastic simulations Stochastic simulation

Stochastic simulation

Passive and active spheres

ẋ = vflow +
√

2Dξx

ẏ =
Fy (x/vflow, y)

γ
+
√

2Dξy

Nanomotor

(
ẋ − vflow

ẏ

)
=

(
cosφ − sinφ
sinφ cosφ

)( F‖
γ‖

+
√

2D‖ξ‖
F⊥
γ⊥

+
√

2D⊥ξ⊥

)
φ̇ = T /γr +

√
2Drξφ

where F‖ and F⊥ are the projected forces and T is the torque on the
nanomotor.
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Results

Results

Pseudocolor represents the magnitude of the gradient
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Results Passive sphere

Passive sphere

Parameters

εN,A = 1

εN,F is varied

There is no B
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Results Passive sphere
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Results Passive sphere
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Results Passive sphere

Passive sphere - summary
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Results Active sphere

Active sphere

Parameters

εC ,A = 1

εC ,F = 1

εC ,B is varied
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Results Active sphere

Active sphere - summary
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Results Nanomotor

Nanomotor

Parameters

εC ,A = 1

εC ,F = 1

εC ,B is varied
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Results Nanomotor

Nanomotor - summary
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Results Comparison to constant gradient

Comparison to “constant gradient”

In Chen et al Soft Matter 12, 1876 (2016)

The average orientation of the dimer nanomotor is against the
gradient.

The average trajectory climbs the gradient.

Rationale: The velocity of the nanomotor is higher when facing the
gradient.

Comparison to our stochastic model
I The distribution of orientation
I The average position, in the course of time, of the nanomotor
I The overal histogram of position

Orientation is matched.

Chemotactic behavior: it depends.
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Intuitive picture for the direction of chemotaxis
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Perspectives:
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