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Abstract: Structure-property correlations in the thiahelicene family 
are often not trivial since most of the functional groups present on the 
helical scaffold modify the conjugation size of the π-system.  Selecting 
fluorine containing groups to provide strong inductive effects without 
interacting with low-lying orbitals of the system could be the way to 
overcome the issue. Here we report a study on three fluorine-
functionalized tetrathia[7]helicenes highlighting interesting 
correlations between the position of the functional groups and the 
conjugated skeleton properties. Helicenes Heli-F2 and Heli-CF-F2 
were prepared by photoinduced isomerization-electrocyclization (the 
Mallory photocyclization) of the corresponding fluorinated 
benzodithienyl-ethenes Alk-F2 and Alk-CF-F2, which were prepared, 
in high yields, through stereo-conservative Stille reaction. Notably 
these helicenes were found to display green phosphorescence 
around 530–550 nm and the studies suggest an efficient spin orbit 
coupling mechanism in these high-energy triplet non-planar 
conjugated molecules. Both helicenes and their precursors were 
thoroughly characterized by means of optical and electrochemical 
measurements while DFT calculations enable to define a rationale on 
their structure-property correlations. 

Introduction 

Organic p-conjugated systems (both small molecules and 
polymers) and polycyclic aromatic compounds [1] have attracted 

great scientific and industrial interest over the last decades being 
a versatile class of optoelectronic materials which found 
widespread application in technologies such as OLEDs (organic 
light emitting diodes), non-linear optical devices, [2] OFETs 
(organic field effect transistors), [3] photodetectors and OPV 
(organic photovoltaics). [4] They combine optical and electrical 
features similar to those of semiconductors with the physical and 
chemical properties of organic materials. They also offer several 
advantages in terms of processing costs and mechanical 
properties. In addition, upon proper functionalization of the p-
scaffold, the electronic properties and the solid-state 
intermolecular interactions can be tuned over a wide range. [5] 
Diaryl-ethenes and the corresponding chiral helicenes [6] that can 
be prepared from them have received special attention. Helicenes 
are polycyclic aromatic molecules with nonplanar, screw-shaped, 
skeletons formed by ortho-fused aromatic or heteroaromatic 
rings; [6b,7] the intrinsic C2-symmetric chiral helix endows helicenes 
with high optical rotations, strong circular dichroism [8] and 
circularly polarized luminescence. [9] These features, together with 
their interesting electronic properties, have encouraged their 
investigation and possible applications in several fields, such as 
in asymmetric organic- and organometallic catalysis; [10] for chiral 
recognition in biological applications [11-13] and chiral 
electroanalysis; [14] in nonlinear optics, in optoelectronics and 
phototransistors. [10,15] Examples of their unique features in 
electronics have been reported, exploiting circular-polarization 
induced phenomena. [16] 
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While carbohelicenes are composed solely of benzene rings in 
the backbone, heterohelicenes contain at least one 
heteroaromatic ring in the screw skeleton. Thia[n]helicenes [17] or 
aza[n]helicenes[18] are named after incorporation of at least one S 
or N atom, respectively, and [n] indicate the total number of rings. 
The presence of heteroatom(s) has a great impact on the 
geometric parameters and the electronic structure of the helix, 
affording unique functions and chiroptical response. [19] Among 
the heterohelicenes, tetrathia[7]helicenes feature seven 
condensed rings, four of which are thiophenes and three are 
benzenes. The helical pitch spans over a wide range of values 
enabling this framework to accommodate a large variety of even 
sterically demanding groups. [20] 
In this frame, the knowledge and understanding of the correlations 
between structure, conjugation and effect of functionalization is of 
paramount importance for any practical exploitation. Although 
several functional groups, such as CHO, COOR, CN and others, 
have been inserted in the thiahelicene scaffold, [21] and the 
properties of the corresponding derivative studied, all these 
groups alter the size of the helical p-system as the result of an 
extension of the delocalization over the functional group itself. 
This fact could shift and blur the intrinsic helicene electronic 
features and electronic localization/delocalization.  
In contrast, fluorination (replacement of hydrogen atoms in C-H 
bonds with fluorine atoms making stronger bonds) does not alter 
the conjugation size of molecules and has been used to switch p-
type organic semiconductors into n-type one. [22] It proved to 
effectively tune and/or improve the properties of many classes of 
conjugated materials. [23] Selective fluorination of molecular 
structures often leads to deep changes in their physical and 
chemical properties and/or confers new functional properties, 
including e.g., high thermal and oxidative stability, enhanced 
hydrophobicity, specific F…H–C intermolecular interactions and 
an inverted charge density distribution in fluoro-aromatic 
compounds. [24,25]  
Most important, the strong inductive effect and the negligible p-
donor ability of F atoms on a conjugated system can serve in the 
specific case in which and electronic perturbation of a conjugate 
system is desirable without affecting the p-size of the molecule. 
[26] We previously reported on the investigation of both fluorine-
free and fluorine-based 1,2- bis(benzo[1,2b;4,3b']dithiophenyl)-
ethenes (Alks) systems both as the molecular precursors of the 
corresponding tetrathia[7]helicenes (Helis) and as fluorophores in 
organic semiconductors and OLEDs. [28] Besides, a few examples 
of selectively fluorinated carbo [4]-,[17] [5]-,[18] [6]-,[19] and [7]-[20] 

helicenes have been reported in the literature. 
In this work, aiming to systematically explore the electronic 
properties of tetrathia[7]helicenes, we have studied two series of 
fluorinated systems (Heli-F2, Heli-CF, Heli-CF-F2 and Alk-F2, 
Alk-CF, Alk-CF-F2, Schemes 1 and 2), in comparison with the 
two parent unsubstituted molecules, Heli-H and Alk-H as 
benchmarks, together with the known alkyl substituted Heli-C3 
and Alk-C3. Our designed structures feature either perfluoro alkyl 
chains (herein indicated as the -CF group) as functional groups at 
the a- position of terminal thiophene rings, and/or fluorine atoms 
(herein indicated as -F) bound on the ethene double bond in Alk 
and on the 7,8 positions of the helicene backbone. Both -CF and 
-F substituents do not change the size and extension of the 
conjugated scaffold in either Alk or Heli, thus allowing for a 
significative systematic comparison of electronic perturbations.  

Here we also describe the synthesis of new molecules Alk-F2, 
Alk-CF-F2, Heli-F2, Heli-CF-F2, complemented by detailed 
photophysical and electrochemical studies also supported by DFT 
and TDDFT calculations. 

 
Scheme 1: Structures of the investigated tetrathia[7]helicenes, Helis. 

 

 
Scheme 2: Structures of the investigated bis(benzodithiophenyl)-ethenes, Alks. 

Results and Discussion 

Synthesis 

Tetrathia[7]helicenes are commonly synthesized by a 
photochemically promoted electrocyclization starting from 1,2-
diarylethene precursors. Therefore, to obtain Heli-F2 and Heli-
CF-F2 the proper 1,2-difluoroethene precursors Alk-F2 and Alk-
CF-F2 were prepared through a two-step procedure including the 
stereo-conservative Stille cross-coupling (Scheme 3) of 2a and 
2b with the (E)-difluorodistannylethene (3) followed by the 
photochemically induced electrocyclization reaction (Scheme 4). 
In detail, the synthesis of the aryl iodide 2b was accomplished 
starting from 1b [27] employing the synthetic approach previously 
reported for the preparation of 2a. [28]  
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Alk-F2 and Alk-CF-F2 have been synthesized, by reacting the 
(E)-difluorodistannylethene (3) with two equiv. of the iodo-
benzodithiophene 2a and 2b, respectively, in a THF/DMF solution 
and using Pd(PPh3)4 as catalyst in the presence of CuI (Scheme 
3). [29]  Alk-F2 (83% yield) and Alk-CF-F2 (84% yield), precipitate 
from the reaction mixture thus simplifying the isolation procedure 
which hence consists in a filtration and repeated washes with n-
hexane. 
The two yellowish solid products are barely soluble in organic 
solvents as previously reported for other E-diarylethene systems 
given their flat structure that induce strong p-p intermolecular 
interactions. [21c,28]   

 

Scheme 3. synthetic procedure for the preparation of Alk-F2 and Alk-CF-F2. 

  

Scheme 4. photochemical cyclization procedure for the synthesis Heli-F2 and 
Heli-CF-F2. 

Helicenes Heli-F2 and Heli-CF-F2 were prepared by 
photochemical electrocyclization [30] starting from the 
corresponding Alk-F2 and Alk-CF-F2 precursors (Scheme 4). 
Alk-F2 and Alk-CF-F2 were suspended or dissolved, respectively, 
in benzene and a catalytic amount of PhSSPh was added;[31] the 
mixtures were irradiated, in a 250 mL photo-reactor equipped with 
an immersion, quartz-coated, 125W medium-pressure mercury 
lamp for about 8 hours until disappearance of the starting reagent. 
The reaction proceeded with comparable or slightly lower rate 
with respect to that of the E-Alk-H[21c] while resulted much slower 
compared to the rapid photocyclization of Z-Alk-C3 to Heli-C3. 
[21b,28]  
The crude mixtures were purified by column chromatography on 
silica gel affording pure Heli-F2 and Heli-CF-F2 in 23 and 30 % 
yields respectively. In addition, some decomposition tars eluted 
with methanol and difficult to characterize were obtained.  
As well known, the photocyclization reaction[32] implies an E to Z 
isomerization of the double bond in the excited state, followed by 
electrocyclization and oxidation to the final helicene structure. 
Therefore, the formation of the target Heli-F2 and Heli-CF-F2 
implies that E to Z photoisomerization of difluoro ethenes Alk-F2 
and Alk-CF-F2 occurred, although this process has hardly been 
reported so far. [33] 

Electronic spectroscopy 

 
1 Optical absorption and photoluminescence properties of Alks. 
Figure 1a shows the absorption spectra, in CH2Cl2 solutions, of all 

the alkenes; for sake of comparison the absorption of the parent 
benzodithiophene (BDT) is also included. Alk-C3 is the only 
member of the series in Z configuration and displays a peculiar 
behaviour with a broad featureless absorption between 280 and 
350 nm which can be related to typical non-rigid structures with 
sterically demanding groups; [34] it is bathochromically shifted of 
ca 30 nm with respect to BDT and its absorption locates over 80 
nm higher in energy with respect to the other group members. 
This indicates that, in the Z-configuration, the conjugation extends 
through the ethene bond beyond the BDT moiety but is not 
effective to warrant the full communication between the two BDT 
units. All the alkenes in E-configuration are characterized by a 
highly structured absorption band between 350 and 450 nm and 
molar absorptivity ranging from 4×104 to 5.3×104 cm-1M-1.  
Alk-H can be regarded as the reference alkene in the E-series 
allowing to monitor the electronic perturbations induced by the 
substituents. Alk-H spectrum is characterized by four clearly 
resolved peaks (like those of BDT), spaced by 1400-1500 cm-1, 
between 330 and 420 nm (lmax = 416 nm, emax = 5.3×104 cm-1 M-

1). The almost 100 nm redshift with respect to BDT and Alk-C3 
indicates an efficient conjugation extending over the two BDT 
moieties through the E-ethene bridge as also observed in the SI 
DFT section. The fluorination of the double bond in Alk-F2 (lmax = 
411 nm) slightly blue-shifts the absorption by 5 nm with respect to 
Alk-H, whereas a red-shift is observed upon introduction of the 
perfluorohexyl chains (-CF) in Alk-CF (lmax= 419 nm). The 
absorption of Alk-CF-F2 (lmax= 413 nm), which has both a 
fluorinated ethylene bridge and perfluoroalkyl chains, lies 
between that of Alk-F2 and Alk-CF. 
Figures 2 and S1 show the emission and excitation profiles of 
Alks at RT and 77K; Table 1 summarizes the major photophysical 
parameters.  
All the E-alkenes show structured emissions (with vibronic 
breathing mode of ca. 1500-1600 cm-1) which mirror the 
absorption profiles; small or negligible Stoke shift characterizes 
Alks emissions in both RT and 77K experiments; together with 
very small rigidochromic shift (see Table 1), the data are indicative 
of the rigid molecular framework and the strong coupling of 
ground (S0) and excited (S1) states. Alk-CF and Alk-H feature the 
highest fluorescence quantum yields (QY, respectively 0.53 and 
0.41) while fluorination of the double bond leads to a consistent 
decrease in QY (0.26 for Alk-F2 and 0.11 for Alk-CF-F2). All E-
alkenes display fast fluorescence lifetimes in the nano- and sub- 
nanosecond scale fitted with a biexponential function indicating 
the presence of at least two competitive deactivations processes. 
Those include E/Z isomerization and the S1 to T1 intersystem 
crossing facilitated by the presence of the thienyl moieties. [35]  
Instead, Alk-C3, given its Z-configuration, efficiently and quickly 
converts into Heli-C3 [21b,28] in diluted solution at RT along the 
excitation beam path of the Xe lamp (see Figure S1, lexc. = 350 
nm, the excitation and emission profiles recorded for Alk-C3 
match those of Heli-C3). On the contrary, in the rigid 2MeTHF 
matrix at 77K, photoisomerization-cyclization no longer occurs, 
and the molecule displays its real broad unstructured emission in 
the 370-600 nm range (Figure 2c).  
 
2 Optical absorption and photoluminescence properties of 
helicenes (Helis). Figure 1b reports the molar absorptivity spectra 
of the helicenes and Figure 1c shows a comparison between BDT, 
Alk-H and Heli-H.  
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Figure 1. Molar absorptivity of a) Alks; b) Helis in CH2Cl2 solution; c) 
comparison of optical absorptions of BDT, Alk-H and Heli-H. 

Table 1. Photophysical properties of Alks (CH2Cl2, room temperature; 2MeTHF, 
77K), tave, average lifetime in case of multiexponential decay fits 

 Room temperature (CH2Cl2) 77K (2MeTHF) 

Compound labs (nm) lem 
(nm) 

QY tave 
(ns) 

lem 
(nm) 

tave (ns) 

Alk-C3 310 / (0.01)  430 0.74 

Alk-H 416 428 0.41 0.75 427 0.90 

Alk-CF 419 429 0.53 0.77 429 0.92 

Alk-F2 411 421 0.26 1.13 420 0.84 

Alk-CF-F2 413 422 0.11 0.59 421 0.77 

  

 
Figure 2. Excitation and emission spectra of a) Alk-F2 and b) Alk-CF and c) 
Alk-C3; 77K, 2MeTHF frozen glass; RT, CH2Cl2 diluted solution. 

All helicenes show two distinct set of absorptions; the first one, 
with molar absorptivity ranging from 1.6×104 to 2.7×104 cm-1 M-1, 
is located between 350–420 nm and consists of two main 
vibrational progression and a slightly resolved shoulder at shorter 
wavelength. The second set of transitions are located below 340 
nm. 
In analogy to the Alk series, Heli-H is taken as the reference 
compound for the analysis of the functionalization effects as well 
as for the effect of benzannulation with respect to Alks. [19,36] The 
low energy band, which correlates to transition of HOMO to LUMO 
character, is particularly helpful for the understanding of the 
electronic perturbations of the helical system deriving from 
fluorination, either on the central benzene or on the terminal 
thiophene (see Scheme 3). When two fluorine atoms are present 
on the central benzene ring in the 7,8 positions (Heli-F2, lmax= 
383 nm), the absorption maximum slightly blue-shifts by 4 nm with 
respect to the unsubstituted Heli-H (lmax= 387 nm). 
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Table 2. Photophysical parameters of Helis in CH2Cl2 at room temperature and in 2MeTHF at 77K.   lf refers to the maximum of the fluorescent emission; lp refers 
to the highest energy peak of phosphorescence; singlet-triplet gap S1-T1 calculated as the difference between lf - lp (cm-1); Huang-Rhys parameter, S, calculated 
as the intensity ratio between the first two vibronic satellites I1/I0 of phosphorescence (P) and fluorescence (F); tave, ave indicate the average lifetime in presence of 
multiexponential decays 

 Room temperature (CH2Cl2) 77K (2MeTHF) 

Compound labs (nm) lf (nm) QY tf (ns) lem (nm) tave (ns) lp (nm) tp (ms) S1-T1 (cm-1) F/P ratioc S 

Heli-H 387 403 0.06 0.74 396 
 

1.11 530  
515 a  

124 6385 
5835 b 

0.55 0.57(F) 
1.36(P) 

Heli-C3 390 401 0.10 0.88 395 
 

1.20 543  
520 a  

137 6830 
6090 b 

0.93 0.64(F) 
1.32(P) 

Heli-CF 397 408 0.06 0.67 404 
 

0.93 535  
526 a  

105 6042 
5740 b 

0.70 0.67(F) 
1.18(P) 

Heli-F2 383 393 0.09 0.58 389 
 

0.90 550  
524 a  

121 7530 
6625 b 

2.61 0.74(F) 
1.24(P) 

Heli-CF-F2 390 401 0.10 0.56 399 
 

0.97 555  
524 a  

92 7040 
5975 b 

1.90 0.75(F) 
1.22(P) 

[a] refers to the wavelength (onset criterion) corresponding to the 5% intensity of the phosphorescent emission lp; [b] gap calculated using the lp onset criterion. [c] 
Calculated from the integrated area of the fluorescence (F) and phosphorescence (P) at 77K (Figures 3 and S2b) 

    

Figure 3. Absorption, excitation, and emission spectra of Heli-F2 and Heli-CF (RT, CH2Cl2 solution; 77K, 2MeTHF frozen glass); SF, SP, lf, lp, lpa reported in panel 
b) are described in the footnote of Table 2. 
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On the contrary, the slight donating character of alkyl groups in 
Heli-C3 (lmax= 390 nm) results in a slightly red-shift of 3 nm with 
respect to Heli-H. 
In Heli-CF (lmax= 397 nm), the functionalization on the positions 
2,13 of terminal thiophene rings with perfluoro alkyl chains, 
produces a 10 nm red-shift in comparison to the parent Heli-H. 
When both perfluoroalkyl chains and fluorine atoms are present 
as in Heli-CF-F2, the absorption maximum at 390 nm is the result 
of a combination of the opposite effects of the substituents.  
CF groups, beside the observed small bathochromic shift above 
350 nm, are also responsible for a significant spectral modification 
at higher energy. In fact, below 270 nm Heli-CF and Heli-CF-F2 
display an intense transition (not present in the Heli-H and Heli-
C3 systems), likewise a well resolved band, consisting of two 
peaks, appears at 310-330 nm (Figure 1b).  
Absorption profiles provide a quite useful tool to evaluate the 
effect of torsion/annulation on the effective conjugation (i.e., 
optical bandgap). [37] Comparing the absorption of each Alk with 
the corresponding Heli derivative (see Figure 1c for Heli-H and 
Alk-H) we observe, on average, a 25-30 nm blue-shift (e.g., lmax 
= 411 nm in Alk-F2 and lmax = 383 nm in Heli-F2) suggesting that 
ortho-benzannulation and helical torsion result in a decrease of 
the conjugation.  
Figure 3 reports the photoluminescence spectra of the Heli-F2 
and Heli-CF in CH2Cl2 at RT and in rigid 2MeTHF matrix at 77K, 
while in Figure S2 are reported all the helicenes studied. The data 
are summarised in Table 2. 
At room temperature, in fluid solution, all the helicenes display 
structured fluorescence, featuring two peaks around 400 nm, 
whose excitation spectra perfectly overlap the UV-Vis ones; 
although the Stokes shifts in the range of 10 nm are signature of 
the p-p* nature of the involved transition, the emissions are 
somehow less resolved compared to the case of the precursors 
Alks, pointing to a less rigid framework (see below). Fluorescence 
QY for the studied molecules range from 0.06 to 0.10 and 
radiative lifetimes are in the sub-nanosecond regime. These 
values are similar and even higher compared to helicenes with 
analogous size such as carbohelicene. [38] Once doped in a rigid 
matrix of PMMA (2% w/w) on quartz substrate, helicenes retain 
their fluorescence QYs in air (ranging 0.06-0.07) with only small 
variation with respect to the solutions; these data and the 
collected photophysical parameters of PMMA films are reported 
and summarised in Table S1.  
At 77K in rigid matrix, the fluorescence emission undergoes a 
small rigidochromic blue shift and gains a more pronounced 
structure featuring three peaks spaced by ca 1350-1450 cm-1, as 
evident from Figure 3. Therefore, in the rigid matrix some 
distortions and vibrational coupling modes between the involved 
transition states are silenced (i.e., helical pitching). 
The most important feature that emerges from the low 
temperature investigation relates to the emission bands between 
520 and 700 nm (Figures 3 and S2). These bands display some 
vibronic features and are characterized by relatively long radiative 
lifetime in the range of 80–150 ms (Table 2). At room temperature, 
this long wavelength photoluminescence was not observed in 
solution, but it is clearly visible once helicenes are casted as thin 
film embedded into PMMA matrix (Figure S2c). The 
photoluminescence experiments, conducted on the PMMA doped 
film in air and nitrogen saturated environment (or high vacuum 
evacuated Schlenk tube), unambiguously demonstrate the 
oxygen quenching effect on the 520–700nm emission. The 

presence and formation of either ground state dimeric aggregates 
or excimers as the origin of these bands can be excluded given: 
(a) the low chromophore concentration in the 2MeTHF matrix as 
well as in the PMMA film, (b) the nearly identical UV excitation 
profile matching the solution absorption, and (c) the absence of 
raise time component in the long wavelength emission. 
Therefore, the emissions between 520–700 nm can be attributed 
to the phosphorescence of the thiahelicenes, [39] a phenomenon 
that, to the best of our knowledge, has never been deeply 
surveyed in tetrathia[7]helicenes except for a recent report on 
gold phosphanes. [40]  
Phosphorescence results from the fast intersystem crossing (ISC) 
of the lowest excited S1 state into the triplet T1 one[41] followed by 
radiative T1 - S0 transition. In fact, the excitation spectra measured 
for the fluorescence (S1 - S0) and for the phosphorescence 
transitions perfectly match each other. The related ISC and 
phosphorescence processes in this type of structure arises from 
two different contributions: the non-planar helically twisted 
structures which has been proved to be responsible of ISC 
enhancement and the presence of sulphur heteroatoms along the 
conjugated system that can significantly enhance ISC through the 
introduction of low-lying n - p* states (involving the lone pairs on 
the thiophene atom) that couple to the p - p* states of triplet 
multiplicity. [42] 
 
3 Photophysics of the T1 state. [43] Considering the size of the p-
system of helicenes, featuring seven ortho-condensed aromatic 
rings, the T1 state locates on average at quite high energy, ca 
520–550 nm (18000–19000 cm-1). As references, naphthalene 
(two condensed rings) has its triplet emission located at 21200 
cm-1, phenanthrene (three ortho-condensed rings) at 21730 cm-1, 
anthracene (three para-condensed rings) at 14927 cm-1 and 
benzophenanthrene (four ortho-condensed rings) at 20020 cm-1. 
[44] 
The triplet lifetimes (tp, table 2) are noticeable short (ca. 0.1 s) 
compared to that typical of most organic molecules (tp of ca. 1 to 
10 s). Likewise, lifetimes are nearly one order of magnitude 
shorter in tetrathia[7]helicenes than in carbohelicene and 
azahelicene systems in similar conditions. [39,42,45] Such significant 
shortening underlines that the triplet-to-singlet transitions, both 
radiative and non-radiative, are significantly allowed in 
thiahelicenes and therefore spin-orbit coupling (SOC) [46] is quite 
efficient.  
In this helicene series, the singlet-triplet gap (S1-T1), as the energy 
difference between the 0-0 fluorescence peak and the 
phosphorescence onset (defined herein as the wavelength λpa 
whose phosphorescent intensity is 5% of the λp one, Figure 3b) 
ranges from 5700 to 6600 cm-1. This gap is interestingly small, 
somehow comparable to the S1-T1 gap of phenanthrene-like 
molecules, and, together with the short lifetime, is one of the 
origins of the remarkable high phosphorescence intensity. [44] 
Interestingly, the ratio between the fluorescence and the 
phosphorescence integrated areas (F/P, Table 2) is smaller than 
1 for Heli-CF and Heli-H (being respectively 0.7 and 0.55), 
approaches unit in Heli-C3 and, in the fluorine substituted 
systems significantly increases being 1.9 in Heli-CF-F2 and 2.6 
in Heli-F2 (Table 2).  
Heli-CF is the only helicene featuring a well resolved triplet 
emission while the other systems are characterized by three 
broad peaks which smear one over the other in the 7,8 F-
substituted helicenes. 
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Most polycyclic aromatic systems, characterized by planar 
extended structures (e.g., naphthalene, anthracene, 
phenanthrene, triphenylene) display structured fluorescence as 
well as phosphorescence at 77 K in rigid matrix with the typical 
1400–1500 cm-1 peak breathing. [47] Therefore, parameters other 
than C-C and C-H vibrations must be considered for helicenes to 
shed light on their phosphorescence. Unfortunately, there is not 
such an extended literature data concerning these studies on 
helical systems. According to some literature references, [45] the 
shape of the T1 emission is the result of vibration and breathing of 
the helical motif in the triplet state (i.e., changes in the helical 
pitch). In fact, the millisecond phosphorescence decay regime 
would allow helix breathing modes which, by geometry 
rearrangements (see Huang-Rhys parameter below), broaden the 
vibronic satellites.  
An evaluation of such modes can be performed from the analysis 
of the Huang-Rhys parameter, S (calculated as the intensity ratio 
between the first two vibronic satellites I1/I0 of each band). Since 
S is proportional to the coordinate displacement, (DQ)2, of the two 
potential energy surfaces involved in the emission process (S0 
and T1 in the present situation), an S parameter <1 indicates that 
vertical transitions occur between similar potential surface 
coordinate (and therefore similar geometry of the involved states); 
on the contrary, as S become larger (>1), the two potential 
surfaces are displaced (by a DQ) and therefore the excited and 
ground state geometries substantially differ. In the studied 
helicenes, SP ranges between 1.18 to 1.36, therefore suggesting 
a significant geometry distortion of the T1 state. In contrast the S1 
states originating the fluorescent signals are all characterized by 
SF largely < 1.  
 
 
Electrochemical characterization:  
 
The redox properties of fluorinated tetrathia[7]helicenes Heli-CF, 
Heli-F2, and Heli-CF-F2 have been investigated by cyclic 
voltammetry (CV) in CH2Cl2 (granting excellent solubility for all 
compounds) and in acetonitrile (ACN), because of the larger 
window of available potentials for reductions, and therefore 
affording better resolution of the reduction peaks located at the 
most negative potentials.  
Heli-H and Heli-C3 have been included as non-fluorinated 
benchmarks for Heli-F2 and Heli-CF-F2 concerning 7,8 -
positions.[36] Due to the lower solubility of Heli-C3 and Heli-CF in 
ACN, the mixture ACN/toluene 1:4 was employed, thus improving 
their solubility while still granting a significant amount of polar and 
coordinating ACN solvent. It must be remarked that, on account 
of the different polarity and coordination ability of CH2Cl2 and ACN, 
differences in CV patterns can be observed even after 
normalization against the Fc+|Fc intersolvental reference couple, 
pointing to solvent effects in the electron transfer processes and 
on subsequent chemical steps.  
A synopsis of normalized CV features is provided in Figures 4 
(CH2Cl2) and Figure S15 (ACN or ACN/toluene); key parameters 
are summarized in Table 3 while full CV data are reported in Table 
S3.  
Heli-H and Heli-C3 feature a chemically irreversible first oxidation 
peak, corresponding to a complex process including more than 
one electron transfer step (by comparison with the first reduction 
peak considering the CV patterns in ACN reported in the SI) and 
one or more chemical steps; this can be ascribed to the formation 

of a radical cation mainly localized in the a positions of the 
thiophene terminals on account of the tendency of the molecules 
to electro-oligomerize as previously described.[36] The electron 
donating effect of the alkyl chains  in Heli-C3 respect to Heli-H 
should result in a negative shift of both first oxidation and first 
reduction potential respect to Heli-H; however, a significant shift 
by ca. 100 mV is observed for the reduction potential, while it is 
nearly unperceivable in the oxidation case.  A possible 
explanation could be in terms of an additional effect related to the 
steric hindrance of the alkyl chains, which could hamper first 
oxidation, resulting in a positive potential shift contribution, and 
likely also first reduction, resulting in a negative potential shift 
contribution. It must be however underlined that both inductive 
and steric hindrance effects could be of different extent for first 
oxidation and first reduction if the corresponding active sites have 
significantly different location on the conjugated system. 
Changing the weakly electron donating propyl chains in positions 
7,8 with two strongly electron accepting fluoride atoms (Heli-F2) 
results in a significant shift of both first oxidation and first reduction 
potential in the positive direction. (Figures 4 and S15, Table 3). 
This shift is slightly (CH2Cl2) or significantly (ACN) higher for the 
reduction peak than for the positive one, which might point out, 
like in the above benchmark case, to the radical anion and radical 
cation to be somehow differently localized in the aromatic system. 
In particular, the radical cation might be localized somehow farer 
away from the 7,8 positions, which is also in agreement with the 
radical cation coupling process on the a-thiophene terminals 
formerly observed in several thiahelicenes, [36] However, while 
Heli-C3 was able to oligomerize, albeit much slower than Heli-H, 
Heli-F2 is not; therefore, fluorine atoms hamper oligomerization 
more than propyl chains on the same 7,8 positions. 
Focusing on the Heli-F2 first reduction process, it is accounted for 
by a monoelectronic peak in ACN (similarly to Heli-C3); such peak 
appears chemically irreversible at 0.2 V/s scan rate but gradually 
becomes chemically reversible with increasing scan rate, pointing 
to formation of a radical anion undergoing a subsequent chemical 
step of moderate rate constant, appreciable in the experiment 
timescale range. Moreover, a second monoelectronic reduction 
peak, close to the first one and tending to reversibility with 
increasing scan rate, can be perceived for Heli-F2 unlike Heli-C3 
(on account of the above-mentioned inductive effect resulting in a 
positive shift of all signals). Globally considering such twin-peak 
first reduction system, it could account for two equivalent, 
reciprocal interacting redox site moieties. 
Functionalization of the 2,13-thiophene positions with 
perfluorinated chains results in an even stronger positive shift on 
the first oxidation potential of Heli-CF than the one observed in 
Heli-F2. This can be justified in terms of both the strong electron 
attracting inductive effect[48] and the steric hindrance effect of the 
perfluorinated chains bound to the a positions of the terminal 
thiophene rings. Each perfluorinated chain linked to the p system 
provides, in addition, a new electrochemically reactive group in 
the investigated potential range. In fact, the huge reduction peak 
observed at much more positive potentials than the one localized 
on the tetrathiahelicene system in Heli-F2, should account for a 
complex, multielectronic process which, according to Uneyama 
et.al., [49] can be associated to reductive C–F cleavage on the 
perfluorinated chains, initiated by electron uptake by the adjacent 
p system (electroreductive cleavage of simple perfluoroalkyl 
chains do take place, but at much more negative potentials). [50] 
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It is also interesting to compare the CV pattern of Heli-CF with 
that Alk-CF (Figure S15a). While the first reduction process 
related to the perfluoroalkyl chains practically coincides for the 
two molecules, this is not true for the first oxidation process, 
involving the conjugated backbone. In the case of Alk-CF, 
oxidation is located at less positive potentials respect to Heli-CF, 
which looks consistent with the above discussed better 
conjugation efficiency of the quasi-planar system respect to the 
helical one, in spite of the latter featuring an additional aromatic 
ring, which however looks of negligible effect on the global 
conjugation (actually, in thiahelicene systems alternating benzene 
and thiophene rings, electronic properties are mostly determined 
by the thiahelicene rings) while more determining appears the 
loss of planarity. Notably, in the Alk case first oxidation peak is 
monoelectronic and chemically and electrochemically reversible, 
pointing to facile electron transfer to the π system and to the 
formation of a stable radical cation, which is consistent with the 
terminal positions being capped by the perfluoroalkyl chains 
(which should also favour localization of the radical cation rather 
on the middle than on the terminals of the aromatic system). 
Moreover, a first oxidation two-peak system is observed, which 
could correspond, once more, to the oxidation of two equivalent, 
reciprocally interacting redox centres, corresponding to the two 
benzodithiophene units communicating through the central 
double bond.  
Finally, Heli-CF-F2 combines the features of Heli-CF and Heli-F2. 
Its reduction peak coincides with the Heli-CF since it is 
determined and localized on the perfluoroalkyl chains; its 
oxidation peak is displaced at very positive potentials, as a 
consequence of the inductive effects of both the F atoms on the 
7,8-positions and the perfluoroalkyl groups on the 2,13-ones, as 
well as, possibly, also of their steric hindrance). Even for this 
molecule, as for the former ones, no significant deposition of a 
conducting film was observed, in accordance with the thiophene 
terminals being capped. 
 
Theoretical calculations.  
 
Ground state geometries of the Heli and Alk systems were 
optimized by DFT BL3YP/6-31G* theory level which was shown 
to provide good consistency with experimental X-ray parameters 
as previously reported. [51] The first six excited states (both singlet 
and triplet) were calculated by TD-DFT BL3YP/6-311G*.[51] The 
main data on Helis are collected in table 4 (extended data and 
those of Alks see the DFT section in the supporting information, 

table S4) and the calculated vertical, Frank-Condon, transitions 
are found to nicely reproduce the experimental trend for the two 
class of molecules. [52] 
Together with the singlet ground state, optimized triplet states 
were also calculated for the helicene group. As the result of DFT 
and TDDFT calculations, compared to reference Heli-H (lcalc = 
385nm), Heli-CF (lcalc = 395nm) display a red-shifted absorption, 
whereas Heli-F2 (lcalc = 384nm) is only slightly blue-shifted. 
TDDFT spectra show that in both Heli and Heli-CF the lowest 
energy absorption pertains to a degenerate process which adds 
both the HOMO to LUMO transition (lowest energy) and an almost 
isoenergetic (HOMO-1 to LUMO and HOMO to LUMO+1) one. On 
the contrary, in the F substituted Heli-F2 and Heli-CF-F2 this 
second transition is found at slightly higher energy (9 to 12 nm 
spacing) (Table 4; simulated spectra are reported in SI). 

 

Figure 4. Synopsis of the normalized CV curves of the studied helicenes in 
CH2Cl2 solvent. 

The calculated HOMO energies (table 4) significantly follow the 
corresponding experimental CV values (measured with the 
maximum criterion, table 3) whereas small positive deviations (ca. 
0.15 eV) are observed in the LUMO energies of Heli and Heli-F2.  
Heli-CF as well as Heli-CF-F2, featuring electroreductive C-F 
cleavage of the perfluoro alkyl chain do not allow for similar 
comparison..

Table 3. Summary of redox data obtained at 0.2 V/s scan rate in CH2Cl2 for the fluorinated helicenes investigated in this work and benchmarks Heli-H and Heli-C3 

 First reduction peak / V 
(Fc+|Fc) 

First oxidation  
Peak / V (Fc+|Fc) 

Energy levels. maxima criterion Energy levels, onset criterion 

Compound 
max onset onset max 

LUMO 
/eV  

HOMO 
/eV  

Eg  
/eV 

LUMO 
/eV  

HOMO 
/eV  

Eg 
/eV  

Heli-H[36]  -2.59 -2.41 0.69 0.86 -2.23 -5.68 3.45 -2.41 -5.51 3.1 

Heli-C3 -2.67 -2.46 0.71 0.87 -2.13 -5.67 3.54 -2.34 -5.51 3.17 

Heli-F2 -2.52 -2.34 0.82 1.01 -2.28 -5.81 3.54 -2.46 -5.62 3.17 

Heli-CF -2.20 -2.00 1.01 1.18 -2.60 -5.98 3.38 -2.81 -5.81 3.01 

Heli-CF-F2 -2.32 -1.98 1.17 1.31 -2.48 -6.11 3.63 -2.83 -5.97 3.14 
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It is worth noting that, even without accounting for solvent 
interactions, calculated and experimental data practically overlap.  
According to both experimental and calculated frontier orbital 
energies, the largest electronic effects are provided by the 
functionalization of the 2 and 13 positions of the helicenes 
whereas smaller perturbations are introduced upon 
functionalization of the 7 and 8 positions (table 4).  
Figure 5 shows the HOMO and LUMO orbital plots together with 
the triplet spin density (minimized triplet state) of two 
representative systems, Heli-H and Heli-F2. The other two terms 
of the group display similar orbital pattern (see supporting 
information). Noticing, the presence of the fluorine p-orbital in both 
the HOMO and LUMO of 7,8-difluoro substituted helicenes is 
evident although clearly do not participate in electronic 
delocalization. 
The low energy triplet vertical transitions inferred from TDDFT 
calculations, lie near the onset of the phosphorescence emissions 
at 77K (table 4 and 2) and the pictorial representation, provided 
in figure 5, highlights how this surface tend to localize on the 
central aromatic rings of the helical framework (phenanthrene 
like) rather than delocalizing on a larger portion of the conjugated 
p-system like the HOMO and LUMO orbital. Indeed, this feature 
is not surprising and corroborates the finding of the high energy 
triplet state or, in other words, the small S1-T1 gap. In fact, S1-T1 
gap depends, among other factors, on the spatial overlap (in 
quantum mechanics, twice the exchange integral) between 
singlet state and triplet states. [43]  

Table 4. Lowest calculated singlet transitions (f, oscillator strength), HOMO and 
LUMO energies, and S0-T1 (nm) energy gap derived from TD-DFT calculations 

Compound l (nm) 
[ f ] 

HOMO 
(eV) 

LUMO 
(eV) 

DE (HOMO-
LUMO) (eV)  

S0-T1 
(nm) 

Heli-H 
0.2774D a 
   B to T 

384.85(0.2121)  
384.70(0.0834) -5.68    -1.99    3.69 516.3 

Heli-CF 
3.7959D a 
   T to B 

395.02(0.1900) 
393.71(0.0889) -6.05    -2.45 3.60 526.9 

Heli-F2 
3.3190D a  
   B to T 

384.63(0.2172)  
375.67(0.0837)    -5.83 -2.15 3.68 518.0 

Heli-CF-F2 
0.7653D a 
   T to B 

395.34(0.1949) 
383.68(0.0900) -6.19 -2.60 3.59 529.4 

[a] computed dipole moment, the dipole axe lays orthogonal to the helical C2 
symmetry axe and cross the central benzene ring passing in between the two 
terminal thiophene ring; the versus is herein indicated as B to T or T to B 
accordingly to its orientation, respectively from benzene to thiophenes or the 
opposite. 

Comparing the two triplet surfaces in figure 5, it is evident: i) the 
different contribution of the sulphur atoms adjacent to the central 
benzene ring (remarkably smaller in Heli-F2) and ii) the different 
shapes and the presence/absence of a nodal plane on the central 
benzene ring. The latter characteristic leads to different distortion 
modes in the triplet geometries compared to the ground state 
ones as depicted in figure 6 (and may explain the worst resolution 
of the phosphorescence emission in Heli-F2). The former 
evidence (weakest contribution of the S atoms in Heli-F2 spin 
density) may explain instead the origin of the lower P/F ratio 

observed for the two 7,8 -difluoro functionalized helicenes in 
terms of different efficacies of ISC/SOC. 
 
Conclusion 

Two (E)-1,2-difluoro-1,2 bis-(benzo[1,2b;4,3b']dithiophene)-
ethenes (Alk-F2 and Alk-CF-F2) have been synthesized in high 
yields by means of stereoconservative Stille cross coupling on 
(E)-difluorostannyl ethene. All Alk systems display blue 
fluorescence emission with QY significantly affected by the 
presence of fluorine atoms on the ethene bond. Alk-F2 and Alk-
CF-F2 have been submitted to the photochemically induced 
oxidative cyclization achieving, in satisfactory yields, the 
corresponding helicenes (Heli-F2 and Heli-CF-F2), therefore 
selectively endowing the helicene framework with two fluorine 
atoms on the 7,8 positions. Electrochemical and photophysical 
studies have been carried out and the results analysed with the 
aid of TDDFT calculation. With the good agreement of the 
compared data, structure properties correlation can be easily 
backed to the functionalization points (2,13 thiophene positions 
and 7,8 benzene ones). 
 

  

Figure 5. HOMO (bottom), LUMO (top), triplet spin density (middle) pictures of 
Heli-H (left) and Heli-F2 (right). 

  

Figure 6. Summary of geometrical distortions on going from the ground state to 
the triplet one: bond contractions (blue arrows), bond lengthening (red arrows). 

The most appealing property of thiahelicenes, that emerges from 
these studies, relates to their relatively high phosphorescent 
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emission which is found to be comparable to that of phenanthrene 
or benzophenanthrene. The S1-T1 gap in the order of 6000 cm-1 
(like phenanthrene molecules) and the short phosphorescence 
radiative lifetimes, in the order of 0.1 seconds, indicate a 
remarkably efficient ISC dynamics of thiahelicenes with respect to 
the family of carbo- or aza-helicenes. It is also found, from 
voltammetry and optical studies as well as from DFT 
investigations, that the position 2,13 provide an asymmetrical 
electronic perturbation more effective on the LUMO whereas 
positions 7,8 provide more balanced perturbation on HOMO and 
LUMO. Theoretical studies highlights, among other features, the 
strong contribution of the sulphur atoms to the triplet spin density 
surface. Hence, low lying, sulphur n electrons significantly 
contribute to enhance ISC and reflects on the efficient 
phosphorescence emission. It is to note that position 7, 8 also are 
capable for producing larger structural distortion of excited states.  
. 

Experimental Section 

Compounds Alk-H, [21c] Alk-C3, [21b] Alk-CF, [27] Heli-C3[21b] and Heli-CF[36] 
have been previously reported and synthesized accordingly. Unless 
otherwise specified, all reactions were performed under nitrogen 
atmosphere. All reagents and solvents were obtained from highest grade 
commercial sources and used without further purification. Anhydrous 
solvents (from Sigma-Aldrich) were purged with nitrogen before use. The 
reactions progress was monitored by TLC with silica gel plates and by 
HPLC. All chromatographic separations were carried out on Merck silica 
gel (60Å, 230–400 mesh). Melting points were obtained with a Büchi B-
540 melting point apparatus and are uncorrected. 1H NMR and 13C NMR 
spectra were recorded on a Bruker AC300 and AMX 300 MHz 
spectrometers; chemical shifts (d) are reported in parts per million with 
respect to the solvent residual peak. High Resolution Electron Ionization 
(HR-EI) mass spectra were recorded on a FISONS-Vg Autospec-M246 
spectrometer. ATR FTIR were recorded as solid powder on an Shimadzu 
IR-Affinity 1S spectrometer with 4cm-1 resolution on a diamond crystal. 

The two alkenes Alk-F2 and Alk-CF-F2 have been prepared by means of 
the Stille coupling reaction between E-1,2-difluoro-1,2-ditributylstannyl-
ethene, 3, and the corresponding substituted iodo-benzodithiophenes 2a 
and 2b. Heli-F2 and Heli-CF-F2 have been prepared from the 
corresponding alkene precursors by means of photochemical cyclization. 
3 has been synthesized as previously reported in the literature.[54]  

Synthesis of 7-tridecafluorohexyl-2-iodo-
benzo[1,2b;4,3b’]dithiophene (2b): 

A n-BuLi 1.25 M solution in hexane (1.84 mL, 2.3 mmol, 1.15 eq) was 
added dropwise under stirring and nitrogen atmosphere to a solution of 1b 
[27] (1.02 g, 2 mmol) in dry THF (12 mL) at –78 °C. The solution was stirred 
for 30 min at –78 °C. A solution of I2 (1.01 g, 4.0 mmol, 2 eq) in 4 mL of 
dry THF was added dropwise. The progress of the reaction was monitored 
by TLC (light petroleum, Rf 2a = 0.47; Rf 20b = 0.53). After 40 min, the 
solution was quenched with 20 mL of aqueous solution of Na2SO3 and 
warmed to room temperature. The THF was completely removed under 
reduced pressure; the residue was extracted twice with 20 mL of 
CH2Cl2/Et2O (10:1). The organic phase was dried over Na2SO4 and the 
solvent removed under reduced pressure affording 1.238 g of compound 
2b as white solid in quantitative yield. HRMS calcd for C16H4F13IS2: 
633.85956; found: 633.85916. 1H NMR (300 MHz, CDCl3) d= 7.75 (d, J = 
8.7 Hz, 1H), 7.82 (d, J = 8.7 Hz, 1H), 7.93 (s, 1H), 7.98 (s, 1H) ppm. 13C 
NMR (75MHz, CDCl3) d = 79.4 (Cq, C-I), 110.8, 115.0, 119.0 (m,Cq C-F), 
118.3, 119.8, 125.1 (t, CH 8), 131.6 (CH), 130.1 (t, 2J = 28.6 Hz, CqCF); 
131.7, 136.3, 138.4, 142.1 (Cq arom) ppm; 19F NMR (282.23 MHz, CDCl3) 
d= –81.1 (s, 3F), –102.1 (s, 2F), –121.7 (s, 4F), –123.1 (s, 2F), –126.4 (s, 

2F); MS (EI): m/z (%) = 634 (M+,95), 507 ([M-I]+, 15), 365 ([M-(C5F11)]+, 
100), 238 ([M-(I+(C5F11)]+, 45). 

General procedure for the coupling with stannane 3: [29]  

To a stirred solution of (E)-(1,2-difluoro-1,2-ethenediyl)-bis-
tributylstannane 3 (0.5 eq) and halides 2a, b (1.01 eq) in 4 mL/mmol of 
THF/DMF solvent mixture (1/1 v/v), 0.5 eq. of CuI and 0.05 eq. of 
Pd(PPh3)4 (5 mol %) were added at room temperature. The reaction 
resulted to be exothermic and the stirred mixture quickly turned into a 
yellow-brown suspension. The progress of the reaction was monitored by 
TLC (light petroleum/CH2Cl2, 8:2) and 19F NMR analysis was employed to 
follow disappearing of the reactant 3. After stirring for 3 h, the 19F NMR 
chemical shift of the (E)-(1,2-difluoro-1,2-ethenediyl) bis [tributylstannane] 
( d3 = –159.1 ppm) [29] had disappeared and a new singlet was observed. 
The reaction mixture was diluted with 60 mL/mmol of THF/Et2O/CH2Cl2 
5:3:1 and treated with 20 mL of 10% aqueous NH3; the organic phase was 
then washed with brine and water and then the solvent removed under 
reduced pressure. The residue was washed several times with n-hexane 
and centrifuged to afford the target compounds.  

 Alk-F2: Yield= 83%. HRMS calcd for C22H10F2S4: 439.96334; found: 
439.96262; subl. 226-228 °C. 1H NMR (300 MHz, CDCl3) d = 7.62 (d, J = 
5.4 Hz, 2H), 7.76 (d, J = 5.4 Hz, 2H), 7.80 (d, J = 8.6 Hz, 2H), 7.87 (d, J = 
8.6 Hz, 2H), 8.04 (s, 1H) ppm. 1H NMR (300 MHz, THF-d8) d = 7.76 (d, J 
= 5.4 Hz, 2H), 7.88 (d, J = 8.7 Hz, 2H), 7.92 (d, J = 5.4 Hz, 2H), 7.94 (d, J 
= 8.7 Hz, 2H), 8.20 (s, 1H) ppm 13C NMR (75MHz, THF-d8) d = 119.0, 
121.2, 121.6, 123.0, 128.3 (Cq arom) ppm; 19F NMR (282.23 MHz, THF-
d8) d = –142.2 (s, 2F, =CF) MS (EI): m/z (%) = 440 (M+,100), 220 ([M/2]+, 
25). 

Alk-CF-F2: Yield= 84%. HRMS calcd for C34H8F28S4: 1075.90618; found: 
1075.90730; mp 161-163 °C. 1H NMR (300 MHz, CDCl3) d= 7.75 (d, J = 
8.7 Hz, 1H), 7.82 (d, J = 8.7 Hz, 1H), 7.93 (s, 1H), 7.98 (s, 1H) ppm. 13C 
NMR (75MHz, CDCl3) d = 79.4 (Cq, C-I), 110.8, 115.0, 119.0 (m,Cq C-F), 
118.3, 119.8, 125.1 (t, CH 8), 131.6 (CH), 130.1 (t, 2J = 28.6 Hz, CqCF); 
131.7, 136.3, 138.4, 142.1 (Cq arom) ppm; 19F NMR (282.23 MHz, CDCl3) 
d = -81.1 (s, 6F), -102.05 (s, 4F), -121.7 (s, 8F), -123.1 (s, 4F), -126.45 (s, 
4F); – 143.8 (s, 2F, =CF) MS (EI): m/z (%) = 1076 (M+,100), 807 ([M-
C5F11]+, 15). 

Photocyclization to helicenes, general procedure: 

In a 250 mL photoreactor, equipped with a quartz jacket, cooled immersion 
medium pressure 125W Hg lamp, the alkene was dissolved or suspended 
in benzene and a catalytic amount of PhSSPh was added. While bubbling 
air into the solution, the reaction was irradiated. After complete conversion 
of the starting material, the solution was washed with an aqueous Na2SO3 
solution. The organic layer was dried over Na2SO4 and the solvent 
removed under reduced pressure. The crude was purified by means of 
column chromatography on silica gel, with n-hexane as the eluent, 
affording the proper Heli. 

Heli-F2: Reaction time, 9 hours, Yield, 23%; HRMS calcd for C22H8F2S4: 
437.94769; found: 437.94669. 1H NMR (300 MHz, CDCl3) d= 8.05 (d, J = 
8.5 Hz, 2H), 7.96 (d, J = 8.5 Hz, 2H), 6.93 (d, J=5.6 Hz, 2H), 6.70 (d, J= 
5.6 Hz, 2H) ppm. 13C NMR (75MHz, CDCl3) d = 119.0, 122.1, 125.3, 125.4 
(CH arom); 127.8, 130.7, 136.4, 137.3, 137.6 (Cq arom); 143.2 (dd, C-F, 
1JC-F = 249.1Hz 2J C-C-F =15.9 Hz). 19F NMR (282.23 MHz, CDCl3) d = –
143.4 (s, 2F, =C-F) MS (EI): m/z (%) = 438 (M+,100). 

Heli-CF-F2: Reaction time, 8 hours, Yield: 30%. HRMS calcd for 
C34H6F28S4: 1073.89053; found: 1073.89280. 1H NMR (300 MHz, CDCl3) 
d= 8.13 (d, J = 8.7 Hz, 2H), 8.08 (d, J = 8.7 Hz, 2H), 7.06 (s, 2H) ppm. 13C 
NMR (75MHz, CDCl3) d = 111.0, 115.0, 119.0 (m,Cq C-F); 121.9, 121.9, 
127.7 (CH arom), 127.0, 130.7, 134.2, 138.4, 139.5 (Cq arom); 143.7 (dd, 
C-F, 1JC-F = 294.7 Hz, 2J C-C-F =15.4 Hz) ppm; 19F NMR (282.23 MHz, 
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CDCl3) d = –81.2 (s, 6F), –102.9 (s, 4F), –121.8 (s, 8F), –123.3 (s, 4F), –
126.5 (s, 4F); – 142.0 (s, 2F, =C-F) MS (EI): m/z (%) = 1074 (M+,100). 

Optical spectroscopy: UV-visible spectra were measured with a Hewlett-
Packard 4853 diode array spectrophotometer. Steady-state emission 
spectra were measured using a Photon Technology International 
QuantaMaster model C-60 spectrofluorimeter, correcting them for the 
photodetector response. Phosphorescence lifetime measurements were 
performed using the same fluorimeter equipped with a microsecond xenon 
flash lamp or using an IBH Fluorocube fluorimeter, equipped with a blue 
LED (lmax = 405 nm) by time-correlated single-photon counting. 
Nanosecond lifetimes were measured by TCSPC methods on an 
Edinburgh FS980 equipped with a 375 pulsed laser. Lifetimes were fitted 
with multiexponential decay curves and average lifetime was calculated 
according to 𝝉𝒂𝒗 = ∑ 𝛼#$

#%& 𝜏#' ∑ 𝛼#$
#%& 𝜏#⁄   , where m is the nth component 

of the fitted decay and a is the pre-exponential value of the nth component. 

Luminescence quantum efficiencies (QE) were measured using a 
Hamamatsu C9920 system equipped with a xenon lamp, calibrated 
integrating sphere and C10027 photonic multichannel analyser. The QE 
measurements were carried out at room temperature in dichloromethane 
(CH2Cl2) solutions. Low temperature measurements were performed in 2-
MeTHF frozen glass at 77K; 2% (wt/wt, 100mg/mL PMMA) PMMA doped 
film were spincoated onto a quartz substrate and the emission spectra 
recorded at room temperature, in both air and nitrogen filled atmosphere 
(or hgh vacuum evacuated Schlenk tube), as well as at 77K. 

Cyclovoltammetric studies: Fluorinated tetrathiahelicenes Heli-CF, Heli-
F2 and Heli-CF-F2, precursor Alk-CF and tetrathiahelicene Heli-C3 
(included as non-fluorinated reference) were characterized by cyclic 
voltammetry, CV, at potential scan rates ranging from 0.05 to 5 V/s, at 
concentrations ranging 0.00025-0.001 M in both CH2Cl2 and ACN (in some 
cases 1 : 4 ACN + toluene mixed solvent) with 0.1 M tetraethylammonium 
perchlorate TBAP as the supporting electrolyte, deaerated by N2 purging. 
The ohmic potential drop was compensated by the positive feedback 
technique.  The experiments were carried out using an AUTOLAB 
PGSTAT potentiostat of EcoChemie (Utrecht, The Netherlands) run by a 
PC with the GPES 4.9 software of the same manufacturer.  The working 
electrode was a glassy carbon GC disk embedded in TeflonÒ (Amel, 0.071 
cm2); the counter electrode was a platinum wire. The operating reference 
electrode was an aqueous saturated calomelane (SCE) having a potential 
of -0.485  V (CH2Cl2), -0.39 V (ACN), and -0.495 V (ACN+toluene 1 : 4) vs 
that of the Fc+|Fc couple (the intersolvental redox potential reference 
currently recommended by IUPAC).[55]  The optimised polishing procedure 
for the working disk electrodes consisted in surface treatment with a 
synthetic diamond powder of 1 mm in diameter of Aldrich on a DP-Nap wet 
cloth of Struers. Electrochemical polymerization ability was tested by 
repeated CV cycling in the potential range of the first anodic peak at 0.2 
V/s potential scan rate, followed, in case of film deposition, by CV stability 
tests consisting in repeated cycling in monomer-free solution. 

Theoretical calculations: DFT and TD-DFT calculations were performed on 
the Alk systems as well as on their Heli derivatives with the Gaussian09[54] 
computational package. For computational purposes propyl chain in Heli-
C3 were replaced by hydrogen atoms and the perfluorohexyl chains in 
Heli-CF. Heli CF-F2, Alk-CF and Alk-CF-F2 were replaced with simple -
CF3 group. Ground state geometries have been optimized at the DFT 
B3LYP/6-31G* theory level; [51] the first six singlet and triplet transitions 
have been calculated by the TDDFT B3LYP/6-311G* from the optimised 
ground state geometry; HOMO and LUMO energy levels are reported from 
the B3LYP/6-311G* calculations. Triplet state geometry optimisations 
employed the unrestricted version of the B3LYP/6-31G* formalism starting 
from the minimized singlet ground state structures. Chemcraft 
computational suite (www.chemraftprog.com) was employed to render 
HOMO and LUMO orbitals and TD spectra.  

The data that support the finding of this study are available in the 
supporting material of this article. 
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Fluorination of tetrathia[7]helicene backbone disclosed important functionalization related structure-electronic alterations in 
perspective important in the design of novel chiral derivatives. [7]THs also show brilliant green phosphorescence resulting from 
enhanced SOC due to S-atom effect and distortion-annulation.  
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