Polymer Functionalized Nanopatrticles in Solutions and in Composites

Using a combination of Polymer Reference Interaction Site Model (PRISM) theory and molecular simulations
(Monte Carlo as well as molecular dynamics) we examine how the design of the polymer functionalized or
grafted on the nanoparticle impacts the nanoparticle dispersion/assembly in a polymer matrix (or blend).
These computational results are then compared directly to experimental scattering results obtained in our

collaborator’s labs. . . . -
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Structure and Thermodynamics in Polymer-Solvent Mixtures

Using a combination of Polymer Reference Interaction Site Model (PRISM theory) and molecular simulations
we predict how the interplay of solvent(s), polymer architecture and chemistry leads to novel assemblies as
well as interesting previously unseen thermodynamics.
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Bioinspired/Biomimetic Polymer Systems

Using a combination of atomistic and coarse-grained molecular simulations
we link molecular level features of nucleic acids and peptides containing
materials to their macroscale interactions and structure.

Hybrid Atomistic — Coarse Grained Simulations

Self-Assembly of ssDNA
Amphiphiles

Atomistic (AA) Coarse grained (CG)

Computational Studies of
Soft Materials: Linking
Molecular Level Features to
: Macroscopic Structure and

PI: Arthi Jayaraman

Gz che-of

= el o

Experiments Ssmu\at:ons
M. Dong, M. G. Wessels, J. Young Lee,..., D. Pochan, A, Jayaraman, K. Viooley ACS Nano (2619) 13, 5147-5162
Synthesis Computational Reverse-Engineeding R
Wu—-.w

1. Lyubimov, M. Wessels, A. Jayaraman""\, -ll r
Macromolecules, 2018, 51 (19), 7586
1. Lyubimov, D. J. Beltran-Villegas,

E 3 Scatering e A. Jayaraman, Macromolecules, i 1 gl
e, g

SotAssembly 2017, 50, 7419

D. J. Beltran-Villegas, M. G. Wessels, J. Young
Lee, Y. Song, K. L. Wooley, D. J. Pochan, and A. &
Jayaraman, JACS (2019) 141 (37), 14916-14930

Optical and Photovoltaic Materials

Using coarse-grained simulations we a) predict the design of conducting polymers
(electron donor) and fullerene derivatives (electron acceptor) to achieve a blend
morphology that is optimal for high organic photovoltaic device efficiency and b)
study how melanin chemistry and assembly techniques impact assembled nano-
and microstructure for desired optical response of the materials.

Design of Conjugated Polymer and Fullerene Derivatives for Organic
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Thermoresponsive Polymers: Oligonucleic Acids, Elastin-Like
Peptide, Collagen-Like Peptide
Our newly developed coarse-grained model to predict melting

temperatures for oligonucleic acids with varying design (base sequence,
backbone charge and flexibility)

Design of Polycatlons for DNA Delivery
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Melanin N P bly to Tailor Materials with Desired Color and Optical Response
Developing simulation methods to mimic reverse emulsion assembly of melanin and silica nanoparticles

into micron sized particles

Understanding structure within melanin nanoparticle as function of
melanin chemistry and chain structure
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