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Statement of Purpose: Conducting polymers such as 
polypyrrole (PPy) have attracted a great deal of interest in 
both the electronic and biomedical industries for a broad 
set of applications including neural probes and tissue 
scaffolds. Electrical conductivity is achieved by 
incorporating anions, called dopants, into the polymer that 
interact with, or “dope,” oxidized pyrrole rings. Within 
the biomedical field, the discovery of an affinity binding 
peptide for PPy has created a robust surface modification 
technique that allows the delivery of controlled chemical 
and electrical cues to the body. Because of the insolubility 
of PPy, however, few experimental techniques exist with 
the resolution necessary to explore its properties at the 
atomic level. Computational modeling can better describe 
atomic interactions under these circumstances, and 
calculations may be verified by comparing the computed 
material properties with experimental measurements. We 
have derived a molecular mechanics model using 
quantum mechanical calculations and experimental 
measurements, which will improve fundamental material 
understanding and serve as a platform to explore surface 
modification strategies specifically for neural implants. 
Methods: Ab initio quantum mechanical (QM) 
calculations provide accurate, detailed information about 
molecular structure based only on a molecule’s chemical 
composition, but the high computational expense and 
poor scalability of these calculations limits the system 
size to roughly a hundred atoms. In contrast, molecular 
mechanics (MM) models can extend to systems of 
hundreds of thousands of atoms, but they rely on 
empirical parameters derived from QM or experimental 
measurements. For proteins and other common molecules, 
MM parameters have already been derived and validated 
in force field sets such as CHARMM, AMBER, or OPLS. 
Adding PPy parameters to an existing set creates a robust 
platform for conducting theoretical simulations with many 
other proteins and molecules. PPy contains doped and 
undoped regions that have different charge distributions 
and bonded parameters. Typical doping ratios (dopant 
ions per pyrrole ring) for electrochemically synthesized 
PPy are between 25-30% (Diaz 1983, Kang 1997). The 
charge interactions between a dopant ion and oxidized 
PPy are also known to spread across several monomer 
units, making parameterization more complex. The partial 
double bonds in the aromatic ring structure of PPy tend to 
switch upon doping, which alters charge distribution, 
bond lengths, and backbone flexibility (Brédas 1983). All 
of these details must be accurately captured to produce 
proper chain morphologies and properties.  
Results: Using QM, the minimized structures of both 
undoped and chloride-doped PPy oligomers were 
determined using the Hartree Fock (HF) 6-31G* basis set. 
Atomic partial charges were then calculated from the 
minimized structures using the CHELPG method to 
match the OPLS all atom force field. For doped PPy, MM 

parameters were determined for the doped PPy ring as 
well as adjacent rings, which also shared in the charge 
interactions with the dopant ion, making each doped 
“repeat unit” several pyrrole rings in length. The polymer 
backbone flexibility was quantified by computing the 
torsional energy profile of the backbone. As expected, a 
shift was observed in the partial double bonds in the 
aromatic ring structure between doped and undoped PPy, 
which also reduced the torsional flexibility of doped PPy. 
The pyrrole rings in doped PPy regions maintained a 
planar conformation with little flexibility, while undoped 
regions were more flexible and had potential energy 
minima at dihedral angles of approximately 30°. From 
these QM energy minimization and torsional energy 
profiles an OPLS-AA style molecular mechanics model 
for doped and undoped PPy was constructed.  
 Amorphous films of chloride-doped PPy were 
created in silico using the MM model and molecular 
dynamics to press them into the solid phase. The density 
of the simulated films was computed and compared to 
experimentally-measured values, which provides a good 
indication of the quality of the model (Rabias 1998). 
Additionally, experimental and simulated values for water 
contact angle were compared to verify the accuracy of the 
surface energy of the generated films (Kimura 2002). 
Conclusions: Though some uncertainty currently remains 
in the fundamental chemistry of PPy, its doping 
interactions, and its surface morphology, it has proven its 
potential in electronics and biomedical coatings. The MM 
model we have developed provides a platform to 
investigate PPy at a level of detail, both in spatial and 
temporal resolution, that is impossible with current 
experimental techniques. The validation of this model 
through density calculations and simulated water contact 
angle illustrates its accuracy and utility. These results 
increase fundamental understanding of PPy and establish 
a foundation for future study of PPy in various 
applications in electronics and biomedicine. Specifically 
for neural applications, this model will subsequently be 
used to characterize the interactions of PPy with affinity 
binding peptides. As computational power increases 
models such as this one, as well as the techniques used to 
generate and validate these models, will play an 
increasingly important role in materials research. 
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