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Abstract

● Goal: further understanding of molecular self-assembly, noting how it is 

affected by chirality

● Results obtained by individually exploring homochiral and racemic samples

● Each enantiomer assembled in trimers

● Orientation varied by chirality

● Racemic mixture shows chiral selectivity



Motivation

● Molecular self-assembly is present everywhere in nature

● Helps us understand how proteins form and function

● Establishes an understanding of how chirality affects self-assembly

● Can lead to building proteins, drug development, and how life works 

● Why is all life based on only the L-enantiomer of amino acids?



Procedure
● All experiments were carried out at 

the Argonne CNM Laboratory.  
● L-proline, D-proline, and a racemic 

mixture were separately deposited and 
imaged over a Cu(111) surface 

● The data collected from the microscope 
was distributed and analyzed 
throughout the group.  

● Data was filtered and analyzed using a 
program named Gwyddion

Ultrahigh vacuum scanning tunneling microscope at Center 
for Nanoscale Materials 



Results
● Both L- and D-proline form molecular trimers as base units that then assemble into larger 

hexagonal tilings 
● The length of each hexagonal figure was also measured from the outermost edge of two trimers 

opposite from each other. Nine different hexagons were measured, and the mean of the distance 
was taken to find the average diameter. 



Each D-proline hexagonal 
group of molecules has an 
approximate average diameter 
of 3.05, with an approximate 
deviation of 0.4. 

Each L-proline hexagonal 
group of molecules has an 
approximate average diameter 
of 3.2095 with an 
approximate deviation of 
0.126. 

Due to the similarity, it is likely that 
the type of proline plays no role in 

determining the size of each 
hexagonal figure, but rather that the 
size of each figure simply varies at 

random. 



The orientation of these tilings have a 
significantly different angle; L- and 
D-proline have an approximate difference 
of 30 degrees between the hexagonal 
shapes after analysis, with a variation of 
around 10 degrees

In addition, each base unity in D-proline is oriented at an approximate 
180 degrees rotation compared to L-proline, due to chiral differences 
that affect intermolecular bonding. 



Next Steps
● The self assembly of chiral amino acids on different surfaces needs to 

be further tested and improved. 
● Studying different amino acids based on their chirality and properties 

could help benefit the medical field. 
○ A polar chiral amino acid may completely alter the protein’s 

position. 
○ An alkali metal surface may change the organization of the 

trimers. 



Conclusion

● We discovered patterns in assembly… 
○ Able to distinguish the exact angle between molecules of proline and also see what shape each 

chiral variations of proline assembles in 
● We overcame limitations

○ National helium shortage limited low temperature experiments so we completed our experiment 
at room temperature

○ Visitation and data restraints due to the Covid-19 pandemic so we researched remotely 
● To further this research we would…

○ Examine other amino acids and biomolecules 
○ Look at racemic mixtures of those molecules
○ Observe the differences in assembly on variations of metallic surfaces
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