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Motivation

Controlled degradation: designing functional soft materials

Photo-selective drug release
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Goal: Develop mesoscale model for controlled hydrogel degradation




Tetra-PEG gels
Crosslinked 4-arm polyethylene glycol
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Precursors for gelation
Sakai, T., et. al. (2008)
Macromolecules, 41, 5379

Model hydrogel and simulation approach

Tetra arm fragments
i >< ; E"‘ after degradation

Photodegradation of network

Degraded polymer fragments

Azagarsamy, M. A. et. al. (2014)
ACS Macro Letters, 3, 515.

Bead model
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Dissipative Particle Dynamics

Multiple atoms < DPD beads

d(m;v;)
dt

DPD: Conservative F 5_’

C D R B mSRP

Diamond-like
starting structure

Dissipative F ?- and Random F g-

PEG-Water (y = 0.45)
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Dealing with topology violations

Additional forces between bonds . .
LAMMPS mSRP implementation

dij SRP
FmSRP — bl] (1 — rsgp) eij dl] = e FiTJP_’lSRP
ij ()C d;; > SR %‘
bij = 80kgT 171 12%F = 0.81
Sirk, T. W., et. al. (2012). JCP, 136, 134903. pair stp & fix srp

Entangled polymer loops in a good solvent
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Dealing with topology violations

Additional forces between bonds . .
LAMMPS mSRP implementation

dij < SRP
FZ;SRP _ by (1 — TSRP) e;j dij < TCSRP Fir]nSRP o
OC dl] > TC % \..
bij = 80kgT 17 % 12RF = 0.8r,
Sirk, T. W., et. al. (2012). JCP, 136, 134903. pair srp & fix srp

Challenge: remove pseudo beads

Entangled polymer loops in a good solvent upon bond breaking
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Network degradation framework

Milchev, A., et. al. (2000).

Probability 0 < P < 1 JCP., 112, 1606
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Random ( 0 < r;(t) < 1) for each degradable bond i (M
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p= = exp fix bond/break in lammps Degradable
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p — fraction of bonds intact
k — degradation rate constant =~ Communication between fix bond/break & fix srp
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First order degradation reaction with mSRP




Qualitative analysis of degradation

Degradation in hydrogel films
Largest connected cluster highlighted

Initially:

Film swells

Surface erosion

Later time:

Bulk erosion

Reverse gelation




Cluster size distribution

Evolution of cluster sizes
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Cluster size distribution

Evolution of cluster sizes
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Cluster size distribution

Evolution of cluster sizes
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Cluster size distribution

Evolution of cluster sizes
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Characterizing degradation

Reduced DP,,: DP,, except largest cluster

%' n;(t) i? n;(t) - number of clusters with 7 beads at time ¢
DP,(t) =

! Tli(t) [
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Characterizing degradation

Reduced DP,,: DP,, except largest cluster
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Characterizing degradation

Reduced DP,,: DP,, except largest cluster
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Calculate reverse gel point

0.5 X I X | 4 I
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Rate*10” (k/t )
Expected reverse gel point:

Gelation of stoichiometric mixture at overlap concentration
Sakai, T., et. al. (2016) Polym. J, 48, 629

Bond percolation on diamond lattice p.=0.39 Stauffer, D. et. al. (1994).

Expected network size effect: pY = p2 + N, °
N, >Number of precursors Wang, R., et. al. (2017) ACS Macro Letts, 6, 1414
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Spatial distribution of precursors

* Distance based cluster calculation

* Small broken off precursors are trapped within the largest cluster
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*  Not all precursors that break are lost! Time (/1)

fr=1- Nr(t) N; size of largest topological cluster at ¢

No
=1 Np(t) Np size of largest distance-based cluster at ¢
p=1= 17
No N, total number of precursors




Proximity to reverse gel point

* Extent of degradation reaction
1 — p : fraction of degradable bonds broken

-1: start of degradation
0: at reverse gel point
>(): after reverse gel point
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Spatial cluster distribution is needed to characterize erosion
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Proximity to reverse gel point

* Extent of degradation reaction
1 — p : fraction of degradable bonds broken

-1: start of degradation

« Relative extent of reaction Do — .
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Conclusions and acknowledgements

v" Developed DPD framework for controlled degradation
v" Quantified reverse gel point
v" Characterized erosion —
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