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▪ Tunable mechanical 

properties

▪ Tunable drug release

▪ Adhesion

▪ Nontoxic degradation products

▪ Shape memory performance

R: Amino Acid Group
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Copolymer Film
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Sayko, R. et al, Macromolecules 2020, 53, 1270.

Pair Interaction Type Interaction

Hydrophilic-Water Strongly Attractive

Same bead types

Network-Water Weakly Attractive

Hydrophilic-Network

Hydrophobic-Water

Hydrophobic-Hydrophilic Repulsive

Hydrophobic-Network 4

FENE Bond potential:

Truncated Shifted Lennard-Jones potential:

R = Phenylalanine (PHE)R = Valine (VAL)R = Glycine (GLY)

Hydrophobic:

Hydrophilic:
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Degradation Rate:
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The bond-forming process is the rate-limiting step of degradation
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N: Degree of Polymerization of network strands

N = 6

N = 10

N = 14

7( )01.5 1 cosangle BU k T  = − −  Angle potential:

GLY-PEU Film

PHE-PEU Film

VAL-PEU Film



Degradation
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N = 14

N = 10

N = 6

Surface Erosion Bulk Erosion
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GLY-PEU
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N = 6:

N = 10:

N = 14:

zmax < 0 Network Compression

zmax

t = 0

The degradation of the copolymer films is a result of 

interplay between solvent diffusion into the film 

accompanied by film swelling and degradation along with 

the diffusion of degradation products into the network.

t = 105τLJ



N = 6 N = 10 N = 14

1
1/2

𝒑 =
𝑵𝐛𝐛

𝑵𝐛𝟎

Nbb: Number of broken 

bonds

Nb0: Number of original 

bonds

3 characteristic time regimes:

1) Initial degradation and swelling: 𝑝 ~ 𝑡

2) Weaker dependence: 𝑝 ~ 𝑡1/2

3) Saturation: 𝑝 = 1 (complete)
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The small variation in the values of 

dispersity is due to the differences in 

degradation products.

Film N = 6 N = 10 N = 14

GLY-PEU 85,230 τLJ 77,750 τLJ 59,240 τLJ

VAL-PEU 46,010 τLJ 42,225 τLJ 33,370 τLJ

PHE-PEU 46,630 τLJ 42,730 τLJ 38,155 τLJ



The network confinement slows the

copolymer film degradation with decreasing

degree of polymerization of network strands.

The network response to the copolymer film

degradation is a result of interplay between the

polymer degradation and solvent/polymer

fragment exchange dynamics in the network.

The dispersity of the PEU films vs the bond-

breaking conversion shows a universality that

may be related to experimental measurements

of degradation of polymers.
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Solvent Diffusion
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Film Swelling
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Degradation
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Thank you!

Questions?
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