Tracer diffusion in a sea of polymers with binding zones:
mobile vs frozen traps...
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Nanoparticle Diffusion in

Polymer Gel.....
Xu et al. JPCLett (2016)

 Gaussian or Non-Gaussian
« Normal or Subdiffusive

 Sijze of the tracer !
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Each polymer is made of monomers
connected with FENE springs...
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Simulation detalils...
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NVT simulations in Langevin thermostat
Friction=1, kgT=1, sigma=0.5, dt=0.001 (time step)

Each simulation is averaged over 30 trajectories (each
trajectory 5000 data points)

All the parameters are dimensionless and normalized
accordingly, e.g. D,=kgT/friction=1.
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Diffusive (v=1) or Subdiffusive (6<1)

Mean Square Displacement = <m> = <[r(t +7) — r(t)]2> ~t°
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» As the stickiness or the crowding increases dynamics
becomes increasingly subdiffusive.......

* On freezing the polymers (gel like), tracer dynamics becomes
more subdiffusive.....



Subdiffusivity
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Crowding and stickiness makes it subdiffusive




Velocity auto correlation

Cy(7) = <V*(z T f).m)> / <v2—(t)>
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/ Negative values of velocity autocorrelation
...confined motion, tracer changing direction

Normal but of motion frequently.. (Caging)

non-Gaussian



Cages are
: ®.
transient.. "~

Frozen: Motion
inside stable cages €74
followed by jumps....

Caging followed by jumps....
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Heterogeneous
environment..
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What about the nature of the distribution of tracer displacement?

Non-Gaussian Parameter
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Freezing the environment makes the dynamics non-Gaussian, so as the stickiness
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For moderate crowding/stickiness: Anomalous yet Brownian




Gaussian vs Non-Gaussian

Heterogeneous environment around the tracer
 Diffusivity has a distribution (Slater, PRL 2014)

 Diffusivity is fluctuating (the tracer is experiencing
different environment while moving) (Sebastian JPCB
2016, Metzler PCCP 2016, CondMat 2016)

D(t) = E(t)

* On alonger time scale heterogeneity averages out
leading to Gaussian distribution. But you may not see
this in the experimental time scale.



Trapping of the tracer (Distribution of trapping time)
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Because of its bigger size it experiences
Homogeneous distribution of polymers around
(Jee et al. JPCLett (2016)).

Only when the polymers are frozen it
experiences heterogeneous distribution of
traps.
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Conclusions.....

« Crowding and stickiness affect the tracer dynamics profoundly.

* Frozen polymeric environment slows down the diffusion more efficiently
than the mobile environment.

« As the traps are frozen (or sluggish) tracer dynamics remains
non-Gaussian even for moderately longer times. However it becomes
Gaussian eventually.

« This connects to a large number of problems on tracer diffusion in
polymeric materials.

Samanta & Chakrabarti, Soft Matter, 12, 8554 (2016)
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Poster: Self-propelled Janus tracer in sticky polymeric environment....
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