
• Porous carbon fiber obtained from block copolymers show the most uniform pore distribution and size as well as the highest surface areas and
gravimetric capacitances.

• Block copolymer-based porous carbon fibers (PCFs) exhibit hierarchical porous structures, high surface areas, and exceptional electrochemical
properties. However, the design of block copolymers for PCFs remains a challenge in advancing this type of fibrous material for energy storage
applications.

The system is divided into 𝑛×𝑛×𝑛
bins. Each bin is assigned to PAN or 
PMMA based on which one has a 
higher mass fraction in that bin.

Molecular modeling of Poly(methyl methacrylate-block-acrylonitrile)
as Precursors of Porous Carbon Fibers

Introduction
• Porous carbon fibers (PCFs) made with block copolymers show controlled, hierarchical distribution of pore

sizes (see Figure below) as well as high surface areas, high gravimetric capacitances, and exceptional
electrochemical properties.

• However, the rational design of block copolymers as precursors for PCFs remains a challenge in advancing this
type of fibrous materials for applications such as energy storage because of the copolymers’ large parameter
space.

• Our goal is to develop a computational model of PAN-PMMA block copolymers to quickly analyze the
interfacial areas between the PAN and PMMA domains and to accelerate the materials discovery process.

• We construct all-atom models of PAN-PMMA block copolymers and perform molecular dynamics simulations
using LAMMPS with the PCFF force field.

Figure: Experimental results from Liu’s group showing the conversion of block copolymer precursors into PCFs [1, 
2, 3]. The pore sizes of the PCFs are controlled by varying the composition of each block in the block copolymers. 
Specifically, longer PAN blocks and shorter PMMA blocks yield smaller pore sizes.
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Designation PMMA 𝑀! kDa
(# monomers)

PAN 𝑀! kDa
(# monomers) 𝜑"#$

PMMA 
(# monomers)

PAN 
(# monomers)

BCP 39-13 39 (390) 13 (245) 0.25 20 13
BPC 39-36 39 (390) 36 (679) 0.47 20 34

BPC 39-149 39 (390) 149 (2808) 0.79 20 141
BPC 62-20 62 (620) 20 (377) 0.24 31 19
BPC 62-56 62 (620) 56 (1056) 0.47 31 53

BPC 62-200 62 (620) 200 (3770) 0.76 31 189
BPC 85-40 85 (849) 40 (754) 0.31 43 38
BPC 85-60 85 (849) 60 (1131) 0.41 43 57

BPC 85-215 85 (849) 215 (4052) 0.71 43 203
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Crosslinking
Enhanced nonbonded 
interaction between N 
and C atoms is used to 
mimic the crosslinking 
between PAN segments.

Simulation vs. Experiment

Interfacial Area Determination
The rectangular simulation box is divided into a lattice of bins. Each bin is assigned to either PAN or PMMA, 
based on their mass fractions in that bin. The interfacial areas between the PAN and PMMA bins are then 
computed, and the sum is taken as the interfacial area between the PAN and PMMA domains. 
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Summary
• We developed an approach to determine the interfacial area between the PAN and PMMA domains in PAN-

b-PMMA block copolymers, which is indicative of the surface area of PCFs made from such copolymers.
• Crosslinking between PAN segments can be modeled by introducing extra nonbonded interactions.
• Simulation results are consistent with experimental results. Both show that the interfacial area is maximized 

when the volume (or mass) fraction of either block is close to 50%.

Order Parameter Analysis
We studied the order parameter of systems, both melted 
and crosslinked, starting from different initial states.
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The interfacial area computed in this
manner depends on the resolution (i.e., the
size of bins), as shown below.

System Setup and Simulation Details
• We perform molecular dynamics simulations for a series of PMMA-b-PAN block copolymers with 

various block molecular weights and develop a model to characterize the morphology and compute the 
interfacial area between the PAN and PMMA domains.

• Block molecular weights in simulations are 1/20 of the corresponding block molecular weights in 
experiments.
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