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feature # wavenumber (DFT) wavenumber (expt.)
HBC-Cl D3d , (ud)3

A1 276 (A1g) 292
A2 415 (A1g, Eg) 412
B1 1095 (A1g) 1086
B2 1173 (Eg) 1157
D1 1259 (Eg) 1235
D2 1280 (A1g) 1259
D3 1336 (A1g) 1321
D4 1399 (A1g) 1376
G1 1500 (Eg) 1470
G2 1544 (A1g) 1514
G3 1567 (Eg) 1536
G4 1621 (Eg) 1589

HBC D6h

A0 279 (E2g) 279
A1 352 (A1g) 355
B1 1022 (A1g) 1007
D1 1282 (E2g) 1255
D2 1184 (A1g) 1150
D3 1325 (A1g) 1304
D4 1426 (A1g) 1402
D5 1384 (A1g) 1363
G1 1499 (E2g) 1476
G2 1647 (A1g) -
G3 1650 (E2g) 1606
G4a 1635 (E2g) -
G4b 1578 (E2g) 1533

Table 4 List of observed and computed (unscaled) Raman features in

HBC-Cl and HBC. The G and D features of HBC have also discussed

previously 21. Experimentally feature G2 is unresolved because it is very

close to the strong G3 feature, while feature G4a is too weak to be

observed.

2.3 Raman spectroscopy of HBC-Cl

The Raman spectra of HBC and HBC-Cl are reported in Figure
8. The two molecules display a similar spectral pattern, domi-
nated by features which have been attributed to G and D modes
in HBC19,21. The analysis of the nuclear displacements computed
by DFT for the G and D Raman lines displays typical and recogniz-
able patterns which can be put in correspondence between HBC
and HBC-Cl.

Following the labeling scheme adopted in Figure 8, here be-
low we discuss and compare the nuclear displacement patterns
of selected modes of HBC and HBC-Cl which are associated to
relatively intense experimental Raman lines. The complete list of
modes is reported in Table 4 and further details are given in the
Electronic Supplementary information.

In both HBC and HBC-Cl the mode A1 is assigned to the in-
phase collective breathing of the molecule along a radial direc-
tion (Figure 9b). The collective breathing of HBC (feature A1,
observed at 355 cm−1) is significantly red-shifted in HBC-Cl (fea-
ture A1, observed at 292 cm−1). This is due to the mass effect
of the heavy chlorine atoms at the molecular edge. Interestingly,
the A0 feature observed in HBC (assigned to a doubly degenerate
mode which involve mainly the CC stretching of aromatic core –
see Figure 9a) is characteristic of HBC: no similar mode is com-
puted or observed in HBC-Cl.

Fig. 9 Representation of the low wavenumber (A region) normal modes

of HBC and HBC-Cl relevant for Raman spectroscopy according to DFT

calculations: (a) the A0 doubly degenerate mode of HBC; (b) the

compared breathing modes of HBC-Cl and HBC; (c) the degenerate A1g

and Eg modes computed at 415 cm−1. For in-plane modes red lines

represent displacement vectors; CC bonds are represented as green

(blue) lines of different thickness according to their relative stretching

(shrinking). For out-of-plane modes the size of blue/red circles of the

molecular sketch are proportional to nuclear displacements in the z

direction.
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HBC (1304 cm−1) and HBC-Cl (1321 cm−1) proves the similar
π-conjugated nature of the two molecules, independently of pla-
narity. A thorough analysis of the different stable conformers of
HBC-Cl, carried out by geometry optimization with DFT meth-
ods, revealed that a rich variety of structures, including chiral
enantiomers, can be obtained by suitable chemical substitution
at the edges of HBC. While, in the case under study, the lowest
energy conformation with achiral (ud)3 conformation is the struc-
ture found in the crystal3, we can infer that the introduction of
selected edge substituents and/or synthetic pathways could give
rise to novel structures, for instance based on propeller-shaped
chiral units. These could exhibit appealing chiroptical properties,
similar to the class of helicenes25.

4 Experimental and computational methods

Samples of HBC and HBC-Cl were synthesized as described
in26 and3, respectively. Micro FT-IR measurements on all the
molecules were carried out with Nicolet Nexus equipment
coupled with a Thermo-Nicolet Continuµm infrared microscope
and a cooled MCT detector (77 K). The spectra of the samples
(as powders) were acquired by using the diamond anvil cell
technique with a 15× infrared objective (64 scans, 1 cm−1

resolution). Compared with the KBr pellet technique, the micro
FT-IR setup allows recording spectra with a minimal sample
amount. The micro-Raman measurements reported in this work
have been carried out with a Jobin-Yvon Labram HR800UV
equipment using laser excitations at 458 nm and 325 nm, which
have been selected to optimize the Raman signal and keep the
fluorescence background as low as possible. All DFT calculations
reported in this work have been carried out using Gaussian0920

adopting the B3LYP functional and the 6-31G(d,p) basis set.
The computer rendered representations of the molecular models
reported in Figure 3 and Figure 1 have been obtained with the
program YASARA27. The representation of the molecular orbitals
reported in Figure 4 has been obtained with the open source
program Avogadro (version 1.1.1)28. A set of post-processing
programs developed at Politecnico di Milano has been used to
generate the representation of the vibrational normal modes
and simulate the Raman and IR spectra from the results of DFT
calculations.
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