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Introduction Computational methodology

Weak polyelectrolytes are usually molecules with a certain degree Coarse-Grained model
of flexibility that can regulate their charge under the influence of
external stimuli, such as electrostatic interactions with charged

species, mechanical stress or variations in the ionic strength of the NP

environment ['l, Due to this, the conformational degrees of freedom ﬁ —)

are strongly linked to ionization: if the protonatable groups change ' N

their charge, the electrostatic interactions of the molecule will

suffer modifications, forcing the molecule to adopt new, more A coarse-grained bead Is incorporated per every
stable conformations. \group. |
In this work, an effort has been made to understand the mechanical Computational simulatiolls

response of linear polyethyleneimine (LPEIl) and how mechanical
stretching is related to the charge regulation phenomenon through
computational simulations 2, with sufficient simulation time to
obtain significant results. Since the simulations of systems on long
time scales are limited by the amount of computational resources,
It IS necessary to develop a coarse-grained model to reduce the
degrees of freedom of the system.

Two simulation approaches were
iImplemented using Langevin dynamics
combined with the constant pH method.
The first simulates varying ionic strengths
across 10 pH values without mechanical
stretching. The second explores different
stretching forces at a fixed ionic strength
for 4 pH values, utilizing the ESPResSo
software package bl

ESPResSoO

The following objectives are highlighted:

* Generate coarse-grained models to simulate an ideal chain (FJC) During the simulation, various parameters are calculated,
and a freely rotating chain (FRC) of LPEI. such as:
. . . N
* Develop a computational protocol that allows to simulate the * Degree of protonation: 0 :<N+>
dynamic evolution of the system while the titration curves of the . Elongation: Ly _ Lz _ Ly
protonatable groups are performed. Lc N:l  N-l-cos((m—ay)/2)
. . . . . 1
* Compare the different properties of interest between models. * Radius of gyration: Ré = 2N D) Zlivj’-’fll(ré
b S
. Ny 7°
+ End-to-end distance: (re) =(X: 2, 1)?)
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IS observed how, as the
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At greater ionic strengths, the =T stretching force Is stronger, it is

results shift closer to ideal values 0.2 f======  EEEEEE y---o-- - e§3|er to protonate .the system,
since the charges will be further
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protonatable  groups become |g_ | " 2 An interesting Pehawour | IS | 5 o6l
ionized, increasing the work | _ . A T observed. There is a coupling -
: . e . | =10-2 .
required to protonate the system | . | . .« » it petween  conformational  and
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