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Asphaltene aggregation
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Yen - Mullins Model

• Implications
• Complex nature
• Research activities

• Experimental investigation
• Computational approach



Multiscale phenomena



Model PAHs
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Triphenylene (TPN) derivatives

hexa-tert-butylhexa-peri-hexabenzocoronene (HTBHBC) and derivative 



TPN derivatives in toluene

DLS shows initial aggregation, 
followed by dissociation

NMR-DOSY shows nanoaggregates



TPN derivatives in toluene/heptane

DLS shows immediate aggregation, 
and there was no dissociation

NMR-DOSY shows nanoaggregates



TPN derivatives in toluene
TPN-C0 TPN-C3

TPN-C10 TPN-CNAcid



TPN-C0 TPN-C3

TPN-C10 TPN-CNAcid

TPN derivatives in toluene/heptane



Molecular arrangement in the aggregate
Calculated distances between the centers of mass (COM) for 

one molecule with the other six molecules, over 100 ns

TPN-C0 TPN-C1

TPN-CN TPN-CNAcid

TPN-C0 stays dispersed
TPN-C1 aggregates 
TPN-CN aggregates – not all the time
TPN-CNAcid aggregates



Molecular arrangement in the aggregate
Calculated distances between the centers of mass (COM) for 

one molecule with the other six molecules, over 100 ns

TPN-C1

TPN-C3

TPN-C5

TPN-C10

TPN-C1 aggregates 
TPN-C3 aggregates – several stacks 
TPN-C5 aggregates – nanoscale
TPN-C10 aggregates – nanoscale



Summary

o Aggregation of PAH is determined by a balance of factors: π-π 
interactions, polar groups, steric hindrance, degree of solvation

o Molecular structure of PAH is key
o Polar groups, e.g. amide and acid, facilitate the formation of 

macroaggregates
– Less sensitive to solvent

o Side chains might help in forming π-stacked nanoaggregates
– When the alkyl chain is suitably long

o Limitations of our investigation
– Small aromatic core
– Could have included more heteroatoms such as sulfur
–
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