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Method of Synthesis: 

Abstract: The goal of this project was to synthesize an organic ligand that can be 
used to make a coordination complex with the appropriate structural features to 
produce frequency doubled light. Partial synthesis of the ligand was accomplished 
as confirmed by proton nuclear magnetic resonance (1H NMR) spectroscopy and 
electrospray mass spectrometry. Additional steps remain to be explored and 
completed, yet it is expected that the chiral nature of the target ligand will fulfill the 
structural criteria necessary for frequency doubling in the crystalline phase.  
Conceptual Background: 
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Scheme 1: Synthesis of 4,5-dinitrobenzene-1,2-diamine

Scheme 2: Synthesis of Chiral Complex
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Conclusion: Completion of the synthetic procedure remains to be done. However 
several difficult steps toward the target complex were elucidated, particularly 
compound 9 which involved peptide coupling with L-valinol. The result of this 
project contributed to a larger body of research involving synthesis of interesting 
frequency doubling coordination complexes. 

1H NMR (300MHz, CDCl3) 
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High intensity light passes through a  crystalline medium and light of twice the 
frequency is produced. Output intensity is described by hyperpolarizability, β.  
Main criteria are structurally  dependent : 
• Must be non-centrosymmetric, have a low-energy charge transfer transition, 

and produce high dipolar oscillation when exposed to ω.  
• Features: [e- donor]-[π bridge]-[e- acceptor]     

• Target: [Cu(I)]–[π bridge]–[dinitro] 
• Cuprous ions (Cu(I)) donate d-electrons to the π scaffolding of the 

ligand while dinitroquinoxiline groups act as electron acceptors. 
Can be used in fiber optic cables, biological dyes, or optical information technology. 

β ∝
µge2 µee − µgg  

Ege2  
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