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Key questions 
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•  Estimation of the excitation energies and CD 

•  Role of precursors ? 
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1)  precursor, cold environment 

        5-ethyl-5-methylhydantoin 
2) warming phase,  

    formation of the amino acid 

3) Isovaline,  

recondensation within ice 

The case of isovaline 



Wave-‐func2on	  approaches	  :	  unaccurate	  and	  unprac2cal	  in	  solids	  

Which theoretical approach ? 



Wave-‐func2on	  approaches	  :	  unaccurate	  and	  unprac2cal	  in	  solids	  

Density Functional Theory (DFT) and its time extension	  	  

Which theoretical approach ? 





Preliminary studies on crystallized amino acids and precursors 

1) precursor, cold environment 
    5-ethyl-5-methylhydantoin 

2) warming phase,  
    formation of the amino acid 

3) Isovaline,  
recondensation within ice 

DFT-LDA                      4.894 eV            4.697 eV 
DFT-B3LYP                  6.801 eV            7.412 eV 



CD	  absorp2on	  for	  gas-‐phase	  isovaline	  	  
using	  different	  approxima2ons	  

•  Energies are different 
      (even more when you consider the  
      directional dependence) 

•  But sign and shape of the CD is ok 

•  Agreement with literature 
     (Adrian-Scotto M., Antonczak S.,  Bredehoft 
      J., Hoffman S., Meirehenrich, U., 2010, 

Symmetry, 2, 935) 

CIRCULAR DICHROISM =  
absorption of left CPL  – absorption of right CPL   

FDP et al., MNRAS 2014 



CD	  on	  molecular	  units	  as	  extracted	  	  
from	  the	  solid	  matrix	  

Orientationally averaged CD for precursor in  
agreement with liquid solutions  
Sarker K. P., Takahashi J.-i., Kawamoto Y., Obayashi Y. T. K. K 
K., 2012, Int. J. Mol. Sci., 13, 1006 

No big influence of surrounding ice, agreement with thin  
film of isovaline: 
Takahashi J.-I. et al., 2009, Int. J. Mol. Sci., 10, 3044 

FDP et al., MNRAS 2014 



CD	  on	  molecular	  units	  as	  extracted	  	  
from	  the	  solid	  matrix	  (OEP-‐EXX)	  

Big difference between gas-phase and  
“solid state” molecule 

FDP et al., MNRAS 2014 



FDP et al., MNRAS 2014 

                    Circular dichroism via real time TDDFT  
                                            (OEP-EXX) 

5.16 eV   4.60 eV   

Peaks for the precursor are overall stronger in a region for C-C breaking of the ring 

Important role of the CD in precursors  
Pizzarello S., Schraderb D.,Monroea A., Lauretta D., 2012, PNAS USA, 109, 11949 

The VUV region is characterized by stronger CD 

A confined VUV CPL induces more efficiently L-ee in both (precursor and amino acid) 



Future:	  the	  Isoleucine	  serie	  

Very localized states, likely to correspond closely to the molecular orbitals 

Eg = 4.894 eV Eg = 4.697 eV Eg = 4.831 eV Very little dispersion 

DFT-GGA        4.894 eV 4.697 eV 4.831 eV 
G0W0              6.801 eV 7.412 eV 7.256 eV 
TB-mBJ          6.307 eV 6.818 eV 6.709 eV 

Eg (DFT) 4.894 eV 
Eg (G0W0)  6.801 eV 

L-‐isoleucine	   D-‐allo-‐isoleucine	   Racemic:	  	  LD-‐isoleucine	  
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Conclusions	  
Need for accurate energies of absorption peaks in solids 

Simple approximations work reasonably for the sign of the CD 

Precursors absorb at lower energies, enantioselective photolysis is bigger 

Need for fractal generation of amorphous structures 







Details	  

•  Which	  phase	  ?	  	  

•  TEMPO	  beamline,	  SOLEIL	  
•  A.	  Pernet	  et	  al,	  	  
•  Astronomy	  and	  Astrophysics	  552,	  A100	  

(2013)	  

•  What	  exists	  in	  literature	  un@l	  now	  ?	  
•  	  	  	  	  	  	  Many	  studies	  on	  gas-‐phase	  molecules,	  none	  on	  the	  condensed	  phase,	  none	  on	  

•  	  	  	  	  	  	  different	  energy	  ranges,	  none	  on	  direc$onal	  effects	  of	  the	  absorp$on	  	  




