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Light: the next handy reagent for pharmaceuticals and agrochemicals



 Event Horizon Telescope, 2019 
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"Breakthroughs in technology, connections between the world's best radio observatories, and innovative algorithms all came together to open an entirely new window on black holes."Team of 200 scientistsNetwork of 8 linked telescopesScale of black hole: 40 billion km across�



  Earthrise, William Anders, NASA 
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The best images teach us about our place in the universe



 Co Rentmeester, 1984
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They inspire us to strive to new heights



 Wilhelm Rontgen, 1985
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And show us what we’re made ofWilhelm Conrad Röntgen1895The Hand of Mrs. Wilhelm Röntgen



    The Inner Life of a Cell, XVIVO, Cellular Visions and Harvard 
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But as we look deeper, Step size of 8nm
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New materials and microscopes that allow us to visualize dynamic processesApart from cool movies, they also open the possibility for new technologies
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Turn to another animal, the snail
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Approximately 50% of drugs and 40% of agrochemicals are chiral 

Of these, more than 90% are sold as mixtures of both 
enantiomers 
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Of all the drugs, herbicides, and pesticides on the market, about half are comprised of exclusively chiral compounds.And of these, more than 90% sold as mixtures of both left and right molecules-these include the pain reliever advil, which takes ~30 minutes for pain relief, but would only take 12 minutes if enantiopure-likewise, the wrong enantiomer in the antidepressant-prozac causes migraines and heart palpitations-And in a number of herbisides and pesticides, the wrong enantiomer can leave residues in soil with potentially enormous ecological impact, including colony collapse of bees and organ failure in birds, fish, and larger mammals.Unfortunately, separating chiral molecules is incredibly challenging – they are identical in all scalar physical properties like mass, density, and charge.



  Can we use light to separate enantiomers?
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What my lab would like to address is whether we can use light…
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You can imagine an array of these optical fibers near a mixture of chiral molecules(*define enantiomer)



 Right circularly 
polarized light 
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If the array is illuminated with right circularly polarized light, then all of the R-enantiomers will be drawn to the surface, whereas all of the L-enantiomers will be left in solution – effectively separating the mixture and enabling purification.



Yang Zhao and Amr Saleh 
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Can we make these structures? Using state-of-the-art nanofabrication, it’s now possible. This slide shows a microscope image of top view of such a coaxial optical fiber. The aperture is seen in black, and a concentric grating is patterned around the aperture to help increase the amount of light that gets through
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To get a better view of the glass channel, here we’ve zoomed into the optical fiber. The optical fiber channel is just about 50nm across. This is about 2000 times smaller than the width of a typical hair (100um) and about 5-10 times smaller than most viruses. So how would light interact with a chiral molecule? We can calculate the force that light would exert on a chiral specimen
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Right circularly polarized light, 5 nanometer R-enantiomer
 

Y Zhao & J. Dionne et al. ACS Photonics (2016) 
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For RCP illumination, a right-handed molecule would be pulled toward the aperture



 

 

    

0 

2.5 

Pulling force (pN
) 
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Y Zhao & J. Dionne et al. ACS Photonics (2016) 
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With the molecules tending to align around the glass ring
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Left circularly polarized light, 5 nanometer R-enantiomer
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For LCP, meanwhile, the right-handed molecule would barely feel the light – illustrated by a much weaker pulling force
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And would also be repelled away from the coaxial apertureBased on the sign and magnitude of the force, can detect chirality, and hence structure
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It deflects up or down depending on when the light is off or on - when light is off, no force; when light on, about 60pN of force. pico = 10^-12. For reference, the amount of force you exert with your fingers when sending a text message is about 0.5N. SO this is a really tiny force – but enough to pull on really small structures like molecules
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When the chiral nanospecimen is at a particular height above the optical fiber, the pulling force is considerably higher for RCP than for LCP, shown here as actual force maps over the optical fiber. In other words, the right-handed spiral is pulled toward the optical fiber with RCP illumination, whereas with LCP, it’s barely touched.
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Another way to plot these results is to consider the force as the height above the optical fiber is varied. Here, positive values correspond to a repulsive force, whereas negative values correspond to attractive forces. This plot is the the crux of this talk, showing that a right-handed enantiomer is repelled from the aperture when illuminated with LCP, but strongly attracted to the aperture when illuminated with RCP. You can think of this as light initiating an optical handshake – or going back to our snails, 
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perhaps an optical smooch - with enantiomers – paving the way for light-driven separation of drugs, herbicides, and pesticides, and ultimately facilitating a healthier population and a healthier planet
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