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In this work, monomeric 3-([7]helicen-9-yl)thiophene was synthesized
and used for the preparation of a polymeric film by electrosynthesis.
The polymer prepared was characterized using Fe(CN)¢> /4~ and
Ru(NH3)63+’ 2* redox probes, scanning electron microscopy and
vibrational spectroscopy. The electropolymerization approach pre-
sented here provides a new option for the immobilization of helicenes
onto solid supports.

Helicenes are molecules with a broad range of applications in
physical and chemical research and technology development.*
One of the main fields of interest is the design of helicene
derivatives and polymers, resulting in novel species with
tailored physico-chemical properties leading to better stability,
solubility, adsorbability and higher applicability in analytical
chemistry, materials science and optoelectronics.> The newly
prepared helicene derivatives were shown to be effective in the
development of materials with chiroptical properties useful for
molecular-based electronic applications. Other studies were
focused on the interaction of helicenes with bio-
macromolecules and the preparation of helicene foldamers.
With respect to the unique optical properties of helicenes,
selected derivatives also have potential as fluorescence active
probes and dyes."

The main goal of this work was the preparation of a mono-
meric helicene conjugate with thiophene that could be useful
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through electropolymerization of [7]helicenyl-
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for the preparation of polymer systems utilizing an electro-
synthetic approach. The main focus of this work is the
thiophene-mediated electropolymerization of the monomer
and thus the formation of a thin film of helicene on solid
supports. Thiophenes or their polymeric structures are inten-
sively studied species with applications in electronics, the
development of optical and electrochemical sensors, bio-
analysis and biomedicine in general.?

To the best of our knowledge, there has been no study
dealing with a simple polymer backbone e.g. poly(thiophene),
poly(phenylene-vinylene) etc., bearing helicene moieties as a
conductive or optically active component. The incorporation of
optically active helicenes into a semiconducting polymeric
backbone could lead to the discovery of as yet unexplored new
materials combining chirality with electrical conductivity, e.g.
circularly polarized devices.*

The first step was the preparation of a conjugate of thio-
phene and racemic [7]helicene. The main prerequisite was the
fact that thiophene undergoes electrooxidation, resulting in the
formation of poly(thiophene) conductive films onto solid
supports (electrodes).” The monomeric unit, 3-([7]helicen-9-yl)-
thiophene, was synthesized using the methodology developed
by ourselves® starting from commercially available 9-bromo[7]-
helicene by means of Suzuki coupling with thienylboronic acid,
catalyzed by XPhos and Pd,(dba); with K;PO, as a base, for
details see Section 1 in ESL.}

In the next phase of the experimental work, 3-([7]helicen-9-yl)-
thiophene was used for the electrosynthesis of the polymer
(Fig. 1) onto carbon materials. Glassy carbon (GC) and carbon
fiber (CF) electrodes were used. The electropolymerization
process was performed by immersing the above electrodes into
an acetonitrile/0.1 M tetrabutylammonium perchlorate (ACN/
TBAP) electrolyte containing 1 x 10 M 3-([7]helicen-9-yl)
thiophene monomer. The electrode was then polarized from
0 to +2.5 V (vs. Ag/AgCl; m kca) using cyclic voltammetry (10
cycles) at a scan rate of 100 mV s~ (for further details, see
Section 2 in ESIT). The acquired cyclic voltammetry (CV) records
at the GC electrode are shown in Fig. 2. The formation of the
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Fig.1 Schematic representation of poly[3-([7]helicen-9-yl)thiophene]
structure.
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Fig.2 Background corrected cyclic voltammograms of 1 x 1073 M 3-
([7Ihelicen-9-yl)thiophene (dotted line) and thiophene (full line) at GC
electrode in ACN/0.1 M TBAP, 10 cycles, scan rate 100 mV s,

polymer layer is indicated by a decrease in the anodic currents at
a potential of around +1.5 V in the 2nd and consecutive CV
scans. Poly[3-([7]helicen-9-yl)thiophene] is formed (Fig. 2, dotted
line) more easily than poly(thiophene) (Fig. 2, full line) under the
same experimental conditions. The thiophene CV records are in
good agreement with previously published data under similar
experimental (nonaqueous) conditions.” The [7]helicene moiety
could also undergo an electrooxidation reaction at carbon
surfaces, but without forming a deposit, as shown using the 9-
bromo[7]helicene control sample (see Section 3 in ESIf). In
addition to the GC electrode, the same procedure was used with
a CF electrode, because CF can be easily examined microscopi-
cally for visualizing the poly[3-([7]helicen-9-yl)thiophene] depo-
sition onto the carbon material. The formation of the deposit
was observed by scanning electron microscopy (SEM). Untreated
and electrosynthetically treated CFs are marked A/A’ and B/B’ in
Fig. 3, respectively (for other details, see Section 3 in ESIt). The
thicknesses of electrodeposited layers were measured under
different scan rates and number of CV scans (Fig. S5 in ESIT). It
was shown that there is a positive correlation between polymer
formation and decreasing scan rate and increasing number of
scans applied. After the application of 10 scans at a scan rate of
5 mV s ' the thickness of the deposit formed onto CFs was
ca. 4.5 pm.

Both electrodes were modified with poly[3-([7]helicen-9-yl)-
thiophene] repeatedly, where Al,O; (0.05 pm) mechanical pol-
ishing was used for GC electrode surface renewal between
individual experiments. Regeneration of the surfaces of fragile
CFs was performed according to a recently published protocol
based on sinusoidal-wave potential cycling.®
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Fig. 3 Scanning electron micrographs of CFs. (A/A’) untreated and (B/
B’) coated with poly[3-([7]helicen-9-ylithiophene]. For other micro-
graphs and control experiments, see Section 3 in ESI.{

Under the same polymerization conditions as in Fig. 2, the
interfacial properties of the poly[3-([7]helicen-9-yl)thiophene]
layer were examined using a ferricyanide Fe(CN)s>~"*~ redox
probe (Fig. 4). CV measurement was performed with 1 mM
potassium ferricyanide at a bare and a polymer-modified elec-
trode. The bare GC electrode gives a typical redox couple, which
is in agreement with previously published data.® After electrode
modification, the complete disappearance of the ferricyanide
redox couple current response indicates that the deposit formed
onto the GC electrode is compact and defect-free, i.e. imper-
meable to the low-molecular redox probe. The ferricyanide
redox probe exchanges electrons via the ‘surface-sensitive’
mechanism."” In addition to ferricyanide, a hexaammine-
ruthenium(mr) chloride Ru(NH;)s>"** probe,** the electrochem-
istry of which is not ‘surface-sensitive’,’* was used to evaluate
the electron transfer properties of the electrodeposited layer.
The current response of Ru(NH;)s>"?* was not completely
reduced after GC surface modification by the polymer. This
finding probably indicates that the poly[3-([7]helicen-9-yl)-
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Fig. 4 CV records of 1 mM potassium ferricyanide recorded in 0.1 M
KCl on poly[3-([7]helicen-9-yl)thiophene] modified (full line) and bare
(dashed line) GC electrode. The poly[3-([7lhelicen-9-yl)thiophene]
layer was prepared under the conditions given in Fig. 2. For other
details and control experiments, see Section 2 in ESL{
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Fig.5 Comparison of Raman spectra of polymer with 3-([7]helicen-9-
ylthiophene monomer (offset scale).

thiophene] deposit is partially able to transfer electrons (‘elec-
tron tunneling’ at a limited rate), which is in agreement with the
conductive properties of poly(thiophene) films and strictly
m-conjugated helicene systems.'” A detailed investigation of the
selectivity of poly[3-([7]helicen-9-yl)thiophene] to the redox
probes compared to poly(thiophene) is shown in Section 2
in ESL+

For characterization of the polymer in comparison with the
3-([7]helicen-9-yl)thiophene monomer, FT Raman and FT-IR
spectra were recorded. The polymer solid was prepared using
an Au strip via the same procedure as in Fig. 2. During elec-
trolysis at the Au strip, the polymer was released as a precipitate
that was centrifuged, washed, dried and used for spectral
experiments. The Raman spectrum of the precipitated product
exhibits broadened characteristics, corresponding to a mark-
edly disordered polymer material. However, the features of the
helicene skeleton are usually observed at shifted positions,
becoming comparable with nanocrystalline carbon or
graphene-based materials (e.g. the bands at 1603, 1362, and
1327 ecm')® (Fig. 5). The Raman characteristics of the poly-
thiophene moiety are weak, but the positions are comparable
with the data published for substituted poly(thiophene)s, e.g.
(ref. 14). Similar observations were obtained in the infrared
spectra, for details see Section 4 in ESL.}

Conclusions

Here we synthesized the conjugate of [7]helicene with thio-
phene where thiophene functionality enables a single-step
electropolymerization procedure and thus the immobilization
of [7]helicene onto solid supports. The electrochemically
generated poly[3-([7]helicen-9-yl)thiophene] formed a compact
deposit on carbon materials under nonaqueous conditions,
which was shown using cyclic voltammetry, SEM and vibra-
tional spectroscopy. This polymer opens up new possibilities for
the development of novel helicene-modified surfaces with
applications in materials science and electronics, e.g. stationary
phases for separation approaches, circularly polarized light
detection and circularly polarized electroluminescence devices.*
The conditions driving the deposit thickness, role of the heli-
cene moiety in thiophene-mediated electropolymerization
reaction, details on the polymer structure and preparation of
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the thiophene conjugates with optically pure forms of [7]heli-
cene will be investigated in more detail in subsequent studies.
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