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parahydrogen (pH2) matrix isolation spectroscopy

• molecules are isolated in cold, inert crystals
• solid parahydrogen offers an unparalleled cage-free environment

• evidence of significant asymmetry in the chiral-destroying dissociation rate of leucine’s 
lowest energy neutral form conformer induced by circularly polarized photons at 213 
nm

• The observed anisotropy factor for the lowest energy conformer of leucine was 
remarkably large, reaching 0.1─a factor of 13 times larger than observed for zwitterionic 
leucine in solid films, and nearly 40 times greater than the anisotropy reported in the 
electronic absorption spectrum of gas-phase leucine ensembles at room temperature.

• amino acids in interstellar space predominantly exist in their nonzwitterionic 
“neutral” form while in the gas phase or adsorbed to grain surfaces at low 
temperature. 

• investigate asymmetric photolysis of neutral amino acids to further substantiate the 
likelihood the extraterrestrial origin hypothesis

Motivation

Key findings



Schematic of the matrix isolation vacuum chamber, the deposition line and 
Knudsen cell setup, the UV irradiation geometry, as well as the geometry of 
the infrared light detection by the liquid nitrogen-cooled MCT detector.

Instrumentation



Figure 1. FTIR spectra of leucine in a pH2 matrix. The peaks marked by a black filled 
circle, red filled triangle, and blue filled square are the conformers Iba, Iab, and IIba 
respectively. The structures of Type I and II leucine conformers are also shown, 
where R represents the CH2CH(CH3)2 unit of leucine.
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Fig. S2. Relation between the observed decay 
rate constants, k, and the anisotropy factors g.
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Comparison with circular dichroism

• The negative anisotropy factor for d-leucine and the positive anisotropy factor for l-leucine 
at 213 nm are in the same direction as our photolysis observations

• the magnitude of the CD anisotropy is tiny in comparison, +0.002139 and −0.00191 for l- 
and d-leucine, respectively, at 213 nm

• pH2 crystal environment could have shifted the absorption peak wavelengths
• matrix orientation (orientational average of ⟨cos2θ⟩ is 1/3)
• overlapping CD peaks from different conformers tend to cancel out each 

other, resulting in markedly subdued overall CD magnitude



Results



Conclusion

• strong asymmetry favoring the destruction of d-leucine (or the 
enrichment of l-leucine) by r-CPL, was confirmed for the photolysis 
of Type I leucine by 213 nm light.

• observation of asymmetry of individual conformers, precisely 
analyze the individual contributions of conformers to the overall 
asymmetry in the photolysis dynamics.


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15

