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ABSTRACT: Petroleum, as one of the most complex molecular mixtures 

on Earth, presents a significant scientific challenge in understanding its 

molecular composition. While tremendous strides have been made in 

characterizing petroleum molecules and enabled its refining for fuel 

products, the shift towards clean and renewable energy necessitates a 

deeper comprehension of its chemical structure. This understanding opens 

avenues for utilizing petroleum molecules beyond combustion, including 

in petrochemicals, polymers, and materials.  

This seminar addresses three key questions: (a) Do we already understand the structure of petroleum? (b) What recent 

advancements have been made? (c) What are the implications? Through a brief literature review, I will show that the single 

molecular imaging with non-contact AFM offers unparalleled advantages in elucidating structure of individual molecules 

in petroleum mixtures. Many of these structures are novel, presenting opportunities for innovative applications. I will share 

some recent research on characterizing the aromatic molecules in petroleum pitches, with insights emerge into their role in 

the formation of carbon fiber and other carbon materials. These early results hold promise for reducing emissions in steel 

and concrete industries and for applications such as battery electrode materials, hence contributing to energy transition. 

(Image credit: Y. Zhang, "Application of Noncontact Atomic Force Microscopy in Petroleum Characterization: 

Opportunities and Challenges", Energy Fuels 2021, 35, 18, 14422)  
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2023 IUPCA Young Observer Award by USNC/IUPAC. 

 

Persons who require special accommodations to attend this lecture should call 713-498-9703 as soon as possible. 
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