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2-Br-hexahelicene

Comparison of calculated ECD spectra (black trace) of
P-2-Br-hexahelicene with superimposed experimental ECD
spectra of(+)-2-Br-hexahelicene and ()-2-Br-hexahelicene
(grey and dashedline respectively). Phys Chem Chem Phys 2009, 11, 9039-9043

VCD and IR spectra for (-)-2-Br-hexahelicene 
compared with spectra calculated forM-2-Br-hexahelicene.

ROA and Raman spectra for (-)-2-Br-hexahelicene 
J. Phys. Chem. B 2013,117, 2221-2230
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D and G lines are observed in the Raman spectra of the closest PAH  mirror-symmetric analogue, 
namely Coronene and for Graphene as well. They are quite important in electron-phonon
coupling.

Helicenes exhibit also interesting fluorescence phenomena, which have a weak chiral character, when helicenes are simple, or have a strong chiral character when
they host hetero-atoms.  We monitor this effect by measuring CPL (Circularly Polarized Luminescence) which is opposite for enantiomers.
In the first case CPL bands are substituent sensitive (vibronic origin) In the second case CPL is helical sensitive (electronic origin)
(Abbate et al., J. Phys. Chem. C 2014, 118, 1682)                                                                  (Longhi et al., J. Photobiol. Photochem.: Chemistry 2016, in press)  
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IR and VCD fingerprints of the PAH 
hydrogenated edge: CH out-of-plane bending

Recently the AC of 2-Br-hexalicene was confirmed also by
vibrational circular dichroism (VCD) and density functional
theory (DFT) calculations20 and further determined via Raman
optical activity (ROA);21 further vibrational optical activity
(VOA) studies on these compounds can be found in refs 22−26.
A few studies had been made in the past on helicene (2)27

employing circularly polarized luminescence (CPL).28

Taking advantage of the fact that six-membered helicenes are
in all cases enantiomerically stable, in this work we investigate
four types of hexahelicenes: 5-aza-hexahelicene (1), hexahelicene
(2), 2-methyl-hexahelicene (3), and 2-bromo-hexahelicene (4;

see Scheme 1). For them, depending on sample availability, we
have run VCD (in the present work we report data for 1; for 4
this had been done previously20); for all four compounds 1−4,
ECD and CPL spectra will be provided and interpreted on the
basis of current TD-DFT calculations.19,20,29−32 A unifying view
in the interpretation of all spectroscopic data for all the different
helicenes has been found in the recent computational works of
Inoue et al.,31,32 who had introduced the useful concepts of
helical sense-responsive and substituent-sensitive features for the
interpretation of ECD spectra of helicene-based systems (in the
course of this writing we will abbreviate the former features asH,

Scheme 1. P-Configuration of Hexahelicenes Examined in This Study: 5-Aza-hexahelicene (1), Hexahelicene (2), 2-Methyl-
hexahelicene (3), and 2-Bromo-hexahelicene (4)a

aRepresentation taken with Gaussian ancillary code Gaussview.29.

Figure 1. Comparison of the experimental VCD spectra of both enantiomers of 5-aza-hexahelicene (1) with calculated VCD spectra for the P
enantiomer of 1 in the fingerprint region (top two panels). Comparison of IR absorption experimental and calculated spectra for the P enantiomer of 1 in
the same spectral region (for experimental conditions and computational details, see text; computed wavenumbers have been scaled). Labels a−h are
useful for the discussion in the text and correspond to normal modes of Figure 2

The Journal of Physical Chemistry C Article

dx.doi.org/10.1021/jp4105695 | J. Phys. Chem. C 2014, 118, 1682−16951683

Recently the AC of 2-Br-hexalicene was confirmed also by
vibrational circular dichroism (VCD) and density functional
theory (DFT) calculations20 and further determined via Raman
optical activity (ROA);21 further vibrational optical activity
(VOA) studies on these compounds can be found in refs 22−26.
A few studies had been made in the past on helicene (2)27

employing circularly polarized luminescence (CPL).28

Taking advantage of the fact that six-membered helicenes are
in all cases enantiomerically stable, in this work we investigate
four types of hexahelicenes: 5-aza-hexahelicene (1), hexahelicene
(2), 2-methyl-hexahelicene (3), and 2-bromo-hexahelicene (4;

see Scheme 1). For them, depending on sample availability, we
have run VCD (in the present work we report data for 1; for 4
this had been done previously20); for all four compounds 1−4,
ECD and CPL spectra will be provided and interpreted on the
basis of current TD-DFT calculations.19,20,29−32 A unifying view
in the interpretation of all spectroscopic data for all the different
helicenes has been found in the recent computational works of
Inoue et al.,31,32 who had introduced the useful concepts of
helical sense-responsive and substituent-sensitive features for the
interpretation of ECD spectra of helicene-based systems (in the
course of this writing we will abbreviate the former features asH,

Scheme 1. P-Configuration of Hexahelicenes Examined in This Study: 5-Aza-hexahelicene (1), Hexahelicene (2), 2-Methyl-
hexahelicene (3), and 2-Bromo-hexahelicene (4)a

aRepresentation taken with Gaussian ancillary code Gaussview.29.

Figure 1. Comparison of the experimental VCD spectra of both enantiomers of 5-aza-hexahelicene (1) with calculated VCD spectra for the P
enantiomer of 1 in the fingerprint region (top two panels). Comparison of IR absorption experimental and calculated spectra for the P enantiomer of 1 in
the same spectral region (for experimental conditions and computational details, see text; computed wavenumbers have been scaled). Labels a−h are
useful for the discussion in the text and correspond to normal modes of Figure 2

The Journal of Physical Chemistry C Article

dx.doi.org/10.1021/jp4105695 | J. Phys. Chem. C 2014, 118, 1682−16951683

Recently the AC of 2-Br-hexalicene was confirmed also by
vibrational circular dichroism (VCD) and density functional
theory (DFT) calculations20 and further determined via Raman
optical activity (ROA);21 further vibrational optical activity
(VOA) studies on these compounds can be found in refs 22−26.
A few studies had been made in the past on helicene (2)27

employing circularly polarized luminescence (CPL).28

Taking advantage of the fact that six-membered helicenes are
in all cases enantiomerically stable, in this work we investigate
four types of hexahelicenes: 5-aza-hexahelicene (1), hexahelicene
(2), 2-methyl-hexahelicene (3), and 2-bromo-hexahelicene (4;

see Scheme 1). For them, depending on sample availability, we
have run VCD (in the present work we report data for 1; for 4
this had been done previously20); for all four compounds 1−4,
ECD and CPL spectra will be provided and interpreted on the
basis of current TD-DFT calculations.19,20,29−32 A unifying view
in the interpretation of all spectroscopic data for all the different
helicenes has been found in the recent computational works of
Inoue et al.,31,32 who had introduced the useful concepts of
helical sense-responsive and substituent-sensitive features for the
interpretation of ECD spectra of helicene-based systems (in the
course of this writing we will abbreviate the former features asH,

Scheme 1. P-Configuration of Hexahelicenes Examined in This Study: 5-Aza-hexahelicene (1), Hexahelicene (2), 2-Methyl-
hexahelicene (3), and 2-Bromo-hexahelicene (4)a

aRepresentation taken with Gaussian ancillary code Gaussview.29.

Figure 1. Comparison of the experimental VCD spectra of both enantiomers of 5-aza-hexahelicene (1) with calculated VCD spectra for the P
enantiomer of 1 in the fingerprint region (top two panels). Comparison of IR absorption experimental and calculated spectra for the P enantiomer of 1 in
the same spectral region (for experimental conditions and computational details, see text; computed wavenumbers have been scaled). Labels a−h are
useful for the discussion in the text and correspond to normal modes of Figure 2

The Journal of Physical Chemistry C Article

dx.doi.org/10.1021/jp4105695 | J. Phys. Chem. C 2014, 118, 1682−16951683

IR

VCD

Abbate et al., J. Phys. Chem. C 2014, 118, 1682

HELICENES 

ARE SYSTEMS OF n ORTHO-FUSED BENZENE RINGS 
(n=5,6,7, etc.) POSSIBLY DECORATED OR WITH SIMPLE 
SUBSTITUTIONS

At Room Temperature: Simple Helicenes with n=5 racemize
Simple Helicenes with n≥6 enantiomerically stable

They possess large π−conjugation and large specific optical rotation (for n=6, [α]D ≈ 4000)
Absolute Configuration established through ECD (left & Centre) and VCD (=IR-CD) spectra (right) 


