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Section 1: Introduction and Background

Micelles, self-assembled structures formed by surfactant molecules, 

have vital roles in biological, industrial, and pharmaceutical 

applications, such as drug delivery and personal care products. The 

basic properties of micelles, such as their ability to encapsulate 

hydrophobic substances in their core, have been well established. 

However, the dynamics of rare events like micelle scission—when 

micelles break apart into smaller units—remain poorly understood. 

Specifically, how variations in surfactant tail length affect the 

energy required for micelle scission is not well-documented in the 

literature. This study addresses this gap by investigating the 

influence of surfactant tail length on the scission energy of 

wormlike micelles using molecular dynamics simulations. 

Understanding these dynamics can help optimize formulations for 

drug delivery and materials science applications.
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Energy of Wormlike Micelles Formed by a Cationic Surfactant with Long 

Unsaturated Tails.” Langmuir : The ACS Journal of Surfaces and Colloids, U.S. 

National Library of Medicine, pubmed.ncbi.nlm.nih.gov/15491184/

“Intermolecular and Surface Forces.” ScienceDirect, 

www.sciencedirect.com/book/9780123751829/intermolecular-and-surface-forces. 

Section 2: Methods and Materials:
• Study focus:

• The study used molecular dynamics (MD) simulations to examine wormlike 

micelles formed by surfactant molecules with varying tail lengths.

• Simulation setup:

• Simulations were performed using the OpenMM molecular dynamics package 

on the FSU High-Performance Computing (HPC) cluster.

• All-atom models of surfactant molecules with different hydrophobic tail lengths 

were constructed to represent detailed molecular interactions.

• Periodic boundary conditions were applied to simulate bulk solution behavior 

and eliminate edge effects.

• System preparation and equilibrium:

• The system was equilibrated using energy minimization steps followed by NVT 

ensemble simulations (constant number of particles, volume, and temperature) to 

achieve stable conditions.

• Scission event and energy determination:

• Scission events were triggered by applying forces to fragment the micelles.

• The energy required for scission was determined by analyzing changes in 

potential energy during fragmentation.

• Data analysis:

• Data analysis and visualization were performed using Python with custom 

scripts.

• Results were averaged over multiple simulation runs to ensure statistical 

significance and account for variability in micelle behavior.

Section 3: Results Pending
• Impact of surfactant tail length on micelle scission energy:

• Longer surfactant tails result in more stable micelles, requiring less energy to 

break apart.

• Shorter surfactant tails lead to less stable micelles, which are more prone to 

fragmentation and need lower energy for scission.

• Structural differences based on tail length:

• Shorter tails produce more compact micelles.

• Longer tails form more elongated micelle structures.

• Correlation between tail length, structure, and scission energy:

• Longer tails contribute to more robust micelle formation.

• Structural differences directly influence the energy required for scission.

• Key takeaway: 

• Surfactant tail length significantly affects micelle stability, structure, and 

fragmentation behavior.

Section 4: Discussion and Future Considerations
• Consistency with existing literature:

• The study supports previous research showing that surfactant properties, such as tail 

length, significantly influence micelle stability.

• Key findings:

• Longer surfactant tails lower the energy required for micelle scission, offering 

insights into the molecular dynamics of micelle fission.

• Study limitations:

• The use of all-atom models, while more detailed than coarse-grained models, may 

not capture all complexities of real surfactant systems.

• The study focused only on wormlike micelles and a single set of conditions 

(temperature and pressure), without considering other types of micelles or 

environmental variables (e.g., pH, salt concentration).

• Suggestions for future research:

• Incorporate more detailed atomistic models and explore a wider variety of surfactant 

types.

• Consider different environmental conditions (e.g., pH, salt concentration) to gain a 

broader understanding of micelle behavior.

• Perform experimental validation and additional simulations to optimize micelle 

formulations for practical applications, such as drug delivery and industrial uses.
These images illustrate the molecular dynamics simulation of 

wormlike micelles formed by surfactant molecules with 

varying tail lengths. The simulation visualizes the micelle 

structure in a dynamic state, highlighting the self-assembled 

surfactant molecules. The surfactants' hydrophobic tails are 

shown interacting within the core of the micelle, with 

structural differences based on tail length. Longer surfactant 

tails result in more elongated micelles, while shorter tails lead 

to more compact structures.
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