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Importance of chirality 
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Importance of chirality 

Determination of absolute configuration (legislation) 



Chiroptical Methods 

•Chiral molecules interact differently with left- and right-circular 

polarized light! 
circular polarized 

superposition of linear polarized 

plane waves (phase shift!) linear polarized isotropic 

E-field vectors 

Refractive index 

Absorption 

Speed of light in medium 

Extinction coefficient 

L: left, R: right 



Linear polarized light - Circular polarized light 

Plane of linearly polarized light 

is turned by angle a 

Linear polarized light can be viewed as a superposition of left- and right-

circular polarized light 

Polarization state after 

transmission of linear polarized 

light through a non-absorbing 

sample 

cL = cR cL ≠ cR 

a 



Circular dichroism (CD) 

Differential absorption of left- and right-circularly polarized 

light leads to elliptically polarized light. 

•equal velocity of light 

•equal absorption 

 

optically inactive 

•unequal velocity of light 

•equal absorption 

 

Optical rotation, ORD 

•unequal velocity of light 

•unequal absorption 

 

CD 

Polarization state of an incident linear polarized plane wave after the sample 



Ellipticity 

tan(q)=a/b 

Q: Ellipticity 



CD / VCD: Physical basis 

Remember: Absorption  

Oscillator strength 
Molar absorption 

coefficient  

Electric transition dipole moment 



Rotational strength  

Ellipticity  

CD / VCD: Physical basis 

Magnetic transition dipole moment 

There must be a parallel component between mel and mm! 

CD / VCD  



CD / VCD: Physical basis 

There must be a parallel component between mel and mm! 

Examples CD (electronic transitions) 

Coronene 

Optically inactive 

Helicenes 

Optically active 



Experimental set-up for VCD measurements 



Vibrational circular dichroism (VCD) 

VCD spectra of both enantiomers 

•Analogous to CD but in the infrared 

•CD: electronic transitions 

•VCD: vibrational transitions 

Heptahelicene 
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T. Bürgi et al. New J. Chem., 2004, 28, pp 332–334 



Heptahelicene 

VCD spectra 

IR Spectra 

Experiment 

Theory 
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DFT: B3LYP, 6-31G(d,p) 



Cationic [6] helicene 
Determination of absolute configuration 

J. Lacour et al. Angewandte Chemie International Edition 52, 1796 (2013) 

DFT: B3LYP, 6-31G(d,p) 



Cationic [6] helicene 
Several conformers 

J. Lacour et al. Angewandte Chemie International Edition 52, 1796 (2013) 

DFT: B3LYP, 6-31G(d,p) 

4 



Cationic [6] helicene 
Calculated VCD spectra for several conformers 

J. Lacour et al. Angewandte Chemie International Edition 52, 1796 (2013) 

DFT: B3LYP, 6-31G(d,p) 

4 



Diazaoxatricornan Derivative 
Calculated conformers 

J. Lacour et al. J. Am. Chem. Soc., 2008, 130 (20), pp 6507–6514 

DFT: P3PW91, 6-31G(d,p) 

4 



Diazaoxatricornan Derivative 
Calculated IR and VCD spectra for several conformers 

J. Lacour et al. J. Am. Chem. Soc., 2008, 130 (20), pp 6507–6514 

VCD IR 

DFT: P3PW91, 6-31G(d,p) 



Diazaoxatricornan Derivative 
Comparison experiment - theory 

DFT: P3PW91, 6-31G(d,p) 

J. Lacour et al. J. Am. Chem. Soc., 2008, 130 (20), pp 6507–6514 

IR 

VCD 

Calc. 

Exp. 



Cinchonidine 
Comparison experiment - theory 

T. Bürgi et al. J. Chem. Soc., Perkin Trans. 2, 2002, 1596–1601 

DFT: B3LYP, 6-31G(d) 

Simulation (VCD) : 70% Open(3) + 15% Closed(1) + 15% Closed(2) 



Molecular knots 
A challenge... 

F. Vögtle et al. Angewandte Chemie 113, 2534-2537, 2001  



Molecular knots 

F. Vögtle 
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Summary VCD 

•Powerful tool to determine the absolute configuration 

of molecules 

•Sensitive to structure (conformation) 

•Information only through comparison with theory 

•Challenges: 

•size of system 

•flexible molecules (conformers) 

•solvent effects 
 



Raman spectroscopy 

a 

Efficiency: Typically only one Raman photon per 106 -107 primary photons! 
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Raman spectrum of L-cystine 

Raman spectrum of L-cystine 

Rayleigh 

Raman 

Stokes 
Raman 

Anti-Stokes 

Relative intensity of 

Stokes and Anti-Stokes! 

(temperature!) 



Raman Optical Activity (ROA) 

ROA is a tiny difference in the intensity of Raman scattering from chiral 

molecules in right (R)- and left (L)-circularly polarized incident light (ICP): 



Two-Group Model of ROA 

ROA is generated by interference between light waves scattered independently 

from two achiral anisotropic groups held in a twisted chiral arrangement. L. D. 

Barron and A. D. Buckingham, J. Am. Chem. Soc. 96, 4769 (1974). 

 



L. D. Barron and A. D. Buckingham, Mol. Phys. 20, 1111  (1971) 

Basic theory for ROA 



ROA spectrometer (Glasgow, Barron) 

ICP ROA 



Different geometries for scattered circular 

polarization (SCP) ROA 



ROA spectrometer (Prof. W. Hug) 

SCP ROA 

Now in Geneva 



Raman and ROA spectra of (-)-b-pinene  

Calculated 

Measured ROA 1990 

(Barron, Glasgow) 

Measured ROA 2007 

(Hug, Fribourg, 

20 min, 8,5 ml sample) 

Measured Raman 



ROA of b-pinene 



ROA of chirally deuterated neopentane 

W..Hug et al., Nature 446, 05653, 2007 


